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BnuaHue TeMneparypbl Ha yaapHylo COXNMaeMOCTb N OTKOJIbHYIO
NMPO4YHOCTDb ABC-nnactuka B cnabbix YOAPHbIX BOJIHAaxX
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HccnenoBaHo BIMSIHEE TEMIEPATyPhl HA IPOYHOCTHBIE XapakTeprcTikn ABC-macTrka (Comommep aKpuIOHUT-
puta, OyTamuieHa M CTHPOJIa) IPU BEICOKOCKOPOCTHOM JiehopMUpOBaHuy. VI3MepeHa ero OTKOJIbHAsI IPOYHOCTD MPH
MaKCHMaJIbHOM HampspkeHu ynapaoro cxarus 0.6 GPa B muanasone HavyasbHBIX TemrepaTyp ob6pasuos 20-115°C.
[penyioxkeHo OOBSCHEHHE aHOMAJIBHOMY POCTY BCJIMYMHBI OTKOJIBHOW MPOYHOCTH IIPU MPEBBILCHUH TEMIEPaTyphl
CTEKJIOBaHHs HAa OCHOBE aHAJIM3a BO3MOMKHOI'O HM3MEHEHMS BHYTPEHHEH CTPYKTYpbl IlocTpoeHbl 3aBHCHMOCTH
CKOPOCTH YIapHOii BOJIHBI OT MacCOBOil CKOpOCTH (yIapHble annabaTel) B IMAMa3OHEe MaKCHMAJIBHBIX HAIPSKECHIH
yaapHoro cxatust ot 0.1 1o 1.0 GPa npu pasnmdHBIX TemmepaTypax.
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BBepeHune

ABC-utacTik — comosmMep TpeX MOHOMEPOB: aKpHIIo-
HUTpUJIA, OyTafieHa U CTUPOJIa — CETONHSA ABJIAECTCS OHUM
U3 CaMbIX NMEPCHEKTUBHBIX KOHCTPYKIMOHHBIX MOJMMEPHBIX
MaTepuasioB. AktuBHoe nmpuMeHeHne ABC-mactuka B Ka-
gecTBe mpomykTa ia 3D-medatm BMmecTe ¢ ero Mexa-
HUYECKAMH CBOWCTBAMH IIPEIIOJIaracT €ro IIHMPOKOE HC-
MOJIb30BaHNE B PasIMYHBIX OOJIACTAX MPOMBIIICHHOCTH.
B cBs3u ¢ Bo3MOXKHOU dKcmTyaranuent msnenmii 3 AbC-
IUTACTHKAa B TOM YHWCJIC TPH IOBBIIICHHBIX TEMIIEpaTypax
W UMITYJIbCHBIX Harpyskax OCTaeTCsl aKTyaJIbHbIM BOIIPOC O
€ro CBOMCTBaxX NPH BHICOKUX CKOPOCTAX Ae(opMHpOBaHHS
B IIMPOKOM JHana3oHe Temreparyp. B mepsyoo ouepens
3TO CBA3aHO C TEM, 4YTO OOJIBIIMHCTBO TEOPETHYECKUX
U MaTEeMaTHYECKHX MOJIeJIed, ONUCHIBAIOIMX pa3pyllcHHE
MOJIMMEPHBIX MaTE€pHasIOB IPU BBICOKHX CKOpPOCTSX Aedop-
MHPOBaHHsl, OOBIYHO OMNMPAIOTCS HAa 3KCIEPUMEHTAJIbHBIC
JaHHbIEC IPEUMYIIECTBEHHO 110 MOJIMKapOOHaTy, MO0 MOJH-
MeTuiMeTakpuiary [1-5].

Conporusnenne AbBC-utactrka pacTsruBalomyM — Ha-
NPSOKCHUSIM B KBa3HCTATHYCCKUX YCJIOBUSIX HATPY)KEHHUS
ucciaenoBanoch B paborax [6,7]. Bbuto ormeueHo, dTO
IpU KOMHATHOHM TeMmIepaType mpeesa TEeKydeCcTH, MO-
ayap IOHra wm ckopoctp nedopManmmoOHHOTO YHpPOYHE-
HHSA YBEJIMYMBAIOTCSI C POCTOM CKOpPOCTH Aedopmaiyu, a
TaKXe IpeyiokeHa (peHoMeHosorndeckass MOMEsb, OIH-
ceBaomas mnosefeHue nepopmarmu AbBC-miactuka npu
OVHAMUYECKHX PpAaCTATHBAIOIINX HanpshkeHUsX. B pabo-
Te [7] ObuUla OTMEYEHA CXOXKECTb MEKIY IKCIICPUMEH-
TaJbHBIMH JIaHHBIMH, IIOJyYCHHBIMH [UISI HMCXOTHOTO Ma-
Tepuajga W I 00pasioB, Npomenmmx npouenypy 3D-
MIeYaTH.
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BinusiHue TemmepaTypsl M CKOPOCTH Je(hOpMHUPOBAHUS
NP CKaTHU Ha XapakTep paspymeHus ABC-miactuka B
IuamnasoHe ckopocTeii nepopmarmu 1000—4000s~! pac-
cMoTpeHo B pabore [8]. Bputo mokasaHo, 4ro u3-3a pas-
MSATYeHHUs MaTepuajia ¢ pPOCTOM TEeMIepaTyphl CHUKAETCsH
CKOpPOCTh Ie(hOPMUPOBAHUS, a TaKkKe ObUIa OTMEYCHA Ips-
Masi 3aBHCHMOCTb MEXKIY CKOPOCTBhIO IehOPMUPOBAHUS U
MIPAJIOKEHHOM Harpyskoil. Poct ckopoctr nedopmupoBanus
BILIOTH 710 3Havenus 4000 s~! nmpuBOAMT K MOMHOMY paspy-
[ICHUIO 00pasIoB.

Ocoboe BHMMaHUE CTOUT YHEIWTb BJIUSAHHUIO TeMIepary-
PblL U Ilepexofia U3 KPUCTATIMYECKOTO COCTOSIHUS B CTEKJIO-
oOpa3Hoe Ha MPOYHOCTHBIE XapakTepucTuku AbC-mnactuxa.
Tak, B pabote [9] Obuta MoKa3aHa 3aBUCUMOCTb MEXaHHYe-
CKHX CBOICTB OT CKOPOCTH Jie(hopMally IIPH TeMIIepaTypax
HIDKE TEMIICpaTyphl CTEKJIOBAHHS, XOPOIIO OIHMCHIBAIONIAS
MOBEICHHE MaTeprajla B paMKaX BPEMEHHOTO ITOIXOMIa, Kak
9TO MPOUCXOUT B MeTaiUiax. Takke B padoTe mogpoOHO 13-
JIOKEH XapaKkTep pa3pyLICHHs M IPOAHATM3UPOBAH XapaKTep
3apOXKACHUSA M PACIPOCTPAHEHHUS TPEIIMH 110 MaTepHay.

ConpoTuB/ICHNE PACTATHBAIOIINM HANPSHKCHUAM TIPH
yIApHBIX Harpyskax B IIMPOKOM [HAIla30HE TEMIIePaTyp,
BKJTIOYAIONIAM TEMIIePaTypy CTCKJIOBaHUs, OBUTO UCCIIENOBa-
HO JUTs TOJIMMETHIIMETaKpuiiaTa u nosinkapbonara 8 [10,11].
[TokazaHo, YTO NpPH HPEBHIIICHAN TEMIIEPATYPhl CTEKJIOBa-
HHsL BEJINYMHA OTKOJIBHOI MPOYHOCTH 3HAYMTEJIBHO CHIDKA-
eTCsl, TAKKe YMEHBINAIOTCSA 3HAYCHUSI OOBEMHOU CKOPOCTH
3BYyKa, PY 3TOM HAKJIOH YIAPHBIX agmabar ocTaeTcs Mmpak-
TUYECKH HEM3MCHHBIM.

UccnenoBannsi MOJIMMEPHBIX MaTepUasioB B IHANA30HE
TEeMIIepaTyp, BKIIIOYAIOMEM TEMIICPaTypy CTEKJIOBAaHHMS I10-
JIMIMEPOB, HAYaThl JIMIIb B caMoe MocienHee Bpems. AHa-
JI3 SKCIICPUMEHTAJIBHBIX JAHHBIX OCJIOKHEH, B YaCTHOCTH,
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HemoCcTaTKOM WHpopMamun 00 OOBEMHON CKIMaeMOCTH
B [Mala3oHe HHU3KUX W yMepeHHbIX mapienmid [12]. Lle-
JIBIO HACTOSIIEH paboTHI SIBJISAETCH MCCIICIOBAHME BITHSHUS
TEMIIepaTypsl Ha YIApHYIO CXKAMAaeMOCTb W IPOYHOCTHBIC
xapaktepucTuku ABC-IiacTuka B Auana3oHe Temieparyp
ot 20 mo 115°C, Bxmouawomero B cebsd ero mepexom B
CTEKJIOO0pa3sHOe COCTOSHHUE.

1. Marepuan n nocraHoBKa
3KCnepuMeHToB

OKCrepuMEeHTHl IpoBefeHsl ¢ oopasnamu AbC-mactuka
Mapkn 2332 xommanuu CUBYP tommmuoit 2 + 0.1 mm
n 44+ 0.1 mm, nuamerpom 30 mm, BbIpe3aHHBIMH U3 Of-
HOT'O JIUCTA COOTBETCTBYIOIIEH ToimmHbl. HavanbHasg Tem-
nepaTypa oOpasloB BapbHpoBajack B amamazoHe ot 20
no 115°C. lns onpeneneHust TeMIEpaTyphl CTEKJIOBaHHsA Tg
AbC-mutactuka ucnosb3oBaics meron auddepeHmanbHOI
ckaHupyroieil kanopumerpun [13], u ObUIO ycTaHOBIIE-
Ho, yTo Tg = 105°C. M3mepeHHass METOIOM TMAPOCTaTHIe-
CKOTo B3BelNBaHMA IJIOTHOCT ABC-macTuka cocTaBuiia
po = 1.040 g/lcm?, u3mepeHHas NPOOIBLHASI CKOPOCTD 3BYKA
paBHa C| = 2.199 km/s.

VYmapHO-BOJIHOBOE HArpyXeHHE HCCIIEIyeMBIX 00pasIoB
MPOBOIWJIOCH C UCIIOJIb30BaHMEM ITHEBMATHYECKOU CTBOJIb-
Hoit ycraHoBk:m amameTpoM S50 mm. Ilepex skcnepumen-
TaMH TpHEMHAsi KaMepa M CTBOJI ITHEBMATHYECKOH ycTa-
HOBKHM BaKyyMUpOBaucCh. OTKOJIbHAsA MPOYHOCTb U3MeEps-
Jlach IpH Harpy<eHud oOpasLoB TOJIIMHOM 2mm ajo-
MHHHMEBBIMU YIapHUKaMH TOJIIMHON 1mm, KoTopble pa3-
TOHSTICh A0 ckopocT 250m/s. CxemMa 3KCHEpUMEHTOB
1O OIpENeSICHNI0 OTKOJIBbHOI mnpounoct ADBC-mactuka
NokazaHa Ha puc. 1,a. MakcumasibHOE HaIlpsKeHHE CKa-
Tusi B ADBC-tutacTmke mpm Takoil IOCTaHOBKE COCTaB-
gano 0.58 GPa. Kpome Toro, mpu KOMHaTHON Temriepa-
Type OBUIM IPOBENEHBI SKCIEPUMEHTHl IO H3MEPEHUIO
OTKOJIbHOHM mnpouHocT ADBC-miacTvka Ipu HarpyXeHUu
AJIIOMMHHUEBBIMA ~ yoapHuUKamu ToamuHod 2 u 0.9 mm,
pasorsaHHelx 10 ckopoctm 360 m 190m/s, d4ro co-
OTBETCTBYET MAaKCHMaJIbHBIM HanpsbkeHusM cxkartusa (.86
u 043 GPa.

JJ1s1 MOCTPOCHHMS 3a8BUCHMOCTH CKOPOCTH YIAPHOU BOJIHBI
Us OT MaccoBoil CKOpocTH Up (yaapHoil anmabaTsl) ObuTa
BBIIIOJIHEHA BTOpas cepus SKCIEepUMEHTOB. Cxema Harpy-
KeHUsl MoKa3aHa Ha puc. 1,b. YmapHo-BOIHOBOe Harpy-
’KEHHME OCYIIECTBJISUIOCh ATIOMUHHEBBIM YHIAPHUKOM TOJ-
mMUHOM 7 mm, pa3orHanHoro o ckopocreit 210 = 10 m/s
wm 260 £ 10 m/s. Harpyxenue obpasua ocylecTBIIsIIOCh
Yepe3 aIOMUHUEBBIN SKpaH TOIIMHON 5 mm, Ha KOTOPOM
pasMelnach HccilenyeMblil obpaser; TOJMMIHUHOM 4 mm ¢
HEeH3BECTHOIl ymapHOil agnabaToil 1 HaTPHEBO-U3BECTKOBOE
crexio TomummHOM 1.2mm. CyTe [aHHOro MeTofa 3a-
KJI0YaeTcd B TOM, 4YTO IIOCjie IIPOXOXKICHHUS YHAapHOM
BOJIHBI 4Yepe3 oOpasell NPOMCXOOUT MHOTOKpaTHas pe-
BepOepalysi BOJIH B CTCKJITHHOW IIACTHHE—CBHUICTEIIC.
MakcuMalibHBIe HANPSDKCHUST CKATHA (Opax) [PU TIEPBOM

Impactor, Al | | Impactor, Al |

vy i vy
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Puc. 1. Cxema 3KCIIepuMEHTOB 110 YIapPHOMY Harpy:KEeHHMIO U PerH-
cTparmu npoduieil CKOpoCTH CBOOOMHON MOBEPXHOCTH 0OpasiioB
ADBC-mmacTuka TpH KOMHATHOM U IOBBIIIGHHOH TeMIepaTypax.
a — V3MepeHHe OTKOJIbHOW HMPOYHOCTH, b — MOCTPOCHUS 3aBH-
cumocreit Us—Up.

[IepeOTPa)KeHUH BOJIHBL B HATPHEBO-U3BECTKOBOM CTEK-
sge cocrasmm 0.82 mm 1.02 GPa cooTBeTcTBEeHHO, YTO
3HAYMUTESIbHO HIDKE JMHAMUYECKOI'o Ipefiesia yHIpyrocTH
(oueL) mamHOro crekia. 3HaveHusi (Oygl) UIT HATPHEBO-
M3BECTKOBOrO CTEKJAa II0 MaHHBIM pabotsl [14] cocras-
asmor or 3.5 mo 7GPa, T.e pesepbepanmsi BOIH B
HATPUEBO-U3BECTKOBOM CTEKJIe B STHX SKCIEpHMEHTax
MPOUCXOOUT B ympyroit obsactu. Mcmonb3yemast ToOJ-
[IMHA CTeKJa TpH Ooyiee BBHICOKOM 3HAYCHHU CKOPOCTH
3Byka (B crekie C; = 5.720km/s) mo3BosiseT MONYYHTDH
HECKOJIbKO TepeoTpaKeHWiI BOJIH B CTeKJe Oe3 B3au-
MOJICHCTBUSI C BOJIHOM CXXaTH OTPXKEHHOH OT HKpaHa.
Takass MOCTaHOBKAa JaeT BO3MOXKHOCTb OIPENCIUTb Cpa-
3y HECKOJIbKO TOYEK Ha YOapHOW aguabaTe B OIHOM
SKCHEPHMEHTE.

Bo Bcex skcmepuMeHTax ¢ IOMOLIBIO JIa3epHOro JIo-
OIUIepoBcKoro uamepuressi ckopoctu VISAR [15] ¢ pas-
peuieHHeM ~ 1ns perucTpupoBasach CKOPOCTb CBOOOM-
HOIl TOBEPXHOCTH OOpa3sloB Kak (YHKLIHUA OT BpPEMEHU
Uts(t). OTpakeHHe J1a3epHOro H3JIy4CHHs] IPOUCXOIMIIO
OT aJIOMUHHEBOH (hOSIBIU TONIIMHON 7 um, MPUKJICCHHON
K 00pasily ¢ HOMOIMIBIO IBYXKOMIIOHEHTHOTO 3MOKCHUIHOTO
KJles, paboumil [Mama3oH TeMmepaTyp KOTOPOro BKJIIOYa-
eT JOCTHTaeMble B SKCICPHMEHTaX TeMIeparypbl oOpas-
1oB. HarpeB o0OpasioB OCyIIECTBJIAJICS C HOMOLIBIO Ke-
PaMITYEeCKOro HarpeBaTelisi ¢ HUXPOMOBOW CHHPAJIbIO, KO-
TOpBEI pa3Memajicss JUMOO y THUIBHOW ITOBEPXHOCTH 00-
pasua (puc. 1,a), mubo pacrosarajics Ha aTIOMHHHEBOM
skpane (puc. 1,b). KoHTpoms TeMmmeparypbl ocCyIecTs-
JIAsIcA ABYMSI XpOMeJIb-alloMesIeBBIMU TepMonapamu. OpHa
TepMonapa BKJIEHMBaJlach C Topla obOpasua, apyras — B
oOpaser] Ha ygajJleHHHM ~ 6—7mm OT MecTa perucrpa-
MM CKOPOCTH CBOOONHOHM ITOBEPXHOCTH B CIIy4ac OIpe-
IeJIeHUs. OTKOJIbHOM IPOYHOCTH WJIM B MECTO KOHTaKTa
CTEKJIO—00pasell B CEpUH SKCIEPHUMEHTOB MO H3MEPEHHUIO
3aBucEMocTH Us—Up. PasHuIa MeXIy MOKa3aHHUAMH TEPMO-
nap He npessimana 2—3°C. Ucnosnp3oBanue IByX TepMonap
MO3BOJISUIO OTHO3HAYHO KOHTPOJIMPOBATDH IMPOLECC CTEKIIO-
BaHus. CpemHss CKOPOCTb HarpeBa 0OpasliOB COCTaBJIssIA
~ 0.05°Cs.
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Puc. 2. TIpodumi ckopocTi cBOGOMHOI MOBEPXHOCTH 0OPas3IoB
ABC-riactuka tomumHOi 2mm npu 20°C mpu  HarpyKeHud
aJIOMHHHEBBIMU  yAapHUKaMu TosmmuHoi 0.9, 1 m 2mm co cko-
poctsamu 190, 250 n 360 m/s cOOTBETCTBEHHO.

2. Pesynbrartbl namepeHuit

Ha puc. 2 npencrasiensl npoduim cKOpocTH CBOOOTHOM
noBepxHocTn oOpasnoB AbC-miactuka TommuHON 2 mm,
NOJTyYeHHBIC TPH KOMHATHOW TeMIleparype MpH Harpy-
JKEHHU aJIOMUHUEBBIMU yfapHukamu TtoimmHoi 09, 1
nu 2mm co ckopoctamu 190, 250 u 360m/s cooTBet-
CTBEHHO. MakcuMaJsibHble HallpsHKeHHsl CKaTusl, peajiusy-
eMBle B 3THX SKcnepuMeHTax, coctaBwim 043, 058 u
0.86 GPa. Ha mpoduifx OTCYTCTBYIOT HpPHU3HAKU YIIPYToO-
ro pedopmupoBaHHMS B BHAE BBIXOAAa Ha CBOOOIHYIO IIO-
BEPXHOCTb YIIPYroro IpeIBECTHUKA. Permcrpupyercss BB
XOI Ha CBOOONHYIO IOBEPXHOCTb TOJIBKO IIACTHYCCKOM
BOJIHB Ckarus. [locie NOCTMIKEHWS] MAaKCHMAaJIbHOM CKO-
POCTH TIOBEPXHOCTH PETUCTPUPYETCS BBIXOH YaCTH BOJIHBI
pa3pexeHys, NpeUIecTBYIOIEed OTKOJIbHOMY Pa3pyLICHHIO.
Ha mpoduifx HoBepXHOCTH OTKOJIBHBI MMITYJIBC HE pe-
TUCTPUPYETCA. YBEJMYCHHE MAaKCUMAaJIbHOTO HallpsKEeHUS
CKaTusl TPHUBONUT K POCTY CKOPOCTU YHAPHOW BOJIHBI
U COOTBETCTBEHHO BOJIHBl Pa3peXEHHs, YTO HPUBOAUT K
YMCHBIICHNIO BPEMCHHM BHIXOHA Ha CBOOOIHYIO MOBEpX-
HOCTh MOMEHTa OTKOJIbHOTO pa3pylieHusi (IITPUXOBasH JIH-
HUS).

Ha puc. 3 npencrasiensl npodumm cKOpocTH cBOOOTHOM
noBepxHocTn oOpasnoB AbC-miactuka TommuHON 2 mm,
MOJTyYCHHBIC B [IMalla30HE HAyaJIbHBIX Temreparyp or 20
go 115°C npu HarpyXeHuM aJIIOMUHUEBBIM YIApPHUKOM
TonuMHOM 1 mm, pasorHaHHBIM [0 ckopoctu 250 m/s.
C pocToM TeMnepaTyphl CKOPOCTb CBOOOIHON MOBEPXHOCTU
MEeHfeTC He3HAYUTesIbHO, HEMHOT'O CHIKAsCh IPH IPEBBI-
IIEHUM TeMIIepaTyphl cTekyioBaHus. Bpemsi Bbixoma Ha Io-
BEPXHOCTb OTKOJIBHOI'O MMITYJIbCa, OTMEUCHHOE CTPEJIKaMH,
IUTSL BCEX IKCIIEPUMEHTOB COBIIAJACT.

M3 BoONHOBBIX TpoduIel BUIHO, 4YTO XapakTep OT-
KosbHOTO paspymenus AbC-mmactmka mnpu Temmeparty-
pax Hmwke TemmepaTypsl crekyoBanus (20, 60 u 95°C)
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OoJiplle HANIOMHIHACT MPOIECC IUHAMHYECKOTO paspyle-
HUsi B 2jactoMmepax [16], 4eM B TepMOIUIaCTax, TaKUX
KaK MOJIMMETHIMETaKpriaT u nosmkapbonar [10,11]. Tlo-
cjle BBIXOfla Ha IIOBEPXHOCTb YaCTH BOJIHBI Pa3peKeHUs
IIPA PACTSHKEHUU OTKOJIBHBI HMITYJIbC HE PETHCTPHUPYET-
cd. B TedeHue IMTENBHOIO BpPEMEHH IPOHUCXOOUT TOp-
MOXXCHHE OTPHIBAIOMIETOCS MOBEPXHOCTHOTO CJIOS, KOTO-
pBI COXpaHSIET CBSI3b C OCHOBHOH dacTpio oOpasma. Ta-
KM 00pa3oM, Kak W B pE3NHE, M3MEPEHHOE 3HAYCHHE
OTKOJIBHOW TIPOYHOCTH MOKET XapaKTEepPH30BaTh YCJIOBHUS
3apOXKICHUS MUKPOHECIUIOMIHOCTEH, HO HE YCJIOBUS IIOJI-
HOrO pa3pbiBa. 3aTAHYTOE YMEHBIICHHE CKOPOCTU CBO-
60HOI MOBEPXHOCTU TIOCJIE BBIXOZlAa Ha HEE OTKOJIBHOIO
umIysbca onpenensercs conporusieHueM AbBC-miactuka
pacTKEHHIO.

IIpu Temnepatype 115°C OTKONBHBII UMIYJIBC CTaHO-
BUTCA Oosiee BbIpaeHHBIM. OCHOBBIBasCb Ha NAHHBIX pa-
60Tbl [9], MOXXHO MpPENIOJIOKUTh, UTO OOBSCHCHHE JaH-
HOTO SIBJICHUSI MOXKET JIe)KaThb B MEXaHW3MaX pa3pyllCHUs
MaTepuasia. ABTOPHl OTMEYAIOT, YTO B OTJIMYMAE OT HU3-
KOTEMIIEPaTyPHBIX SKCIIEPHMEHTOB, IT€ YETKO BBIPAKCHA
CJIONCTOCTb, BO3HMKIIAs B pe3yjbTaTe crocoda H3rOTOB-
JieHns1 00pasIoB, MpH JOCTIKeHNH TeMnepaTtypsl B 100°C
MaTepHual HAaYMHAET TOMOTCHU3HPOBATHCS.

OtkosnpHass npoyHocTh ADBC-utactrka ompenensiiach

C  MWCNOJNL30BAHMEM  COOTHOWIEHUS  Osp = 1/200Cp X
x (Auts +6) [17,18], tme po — HavyajbHas IUIOTHOCTb,
Cpb — oObeMHasi CKOpPOCTb 3ByKa, § — IIONpaBKa Ha

UCKa)XeHUE TPOo(QMWIs CKOPOCTH BCJICACTBHE Ppa3JIMYUs
CKOpOCTEll ynpyroro (poHTa OTKOJIBHOIO HMIyJbca U
CKOPOCTH IJTACTUYECKOH YacTH NMaJaionieil BOJIHBI pa3rpy3Ku
nepen HUM. Tak Kak mpu ymapHoMm cxatun ABC-mumactuk
HE TPOSIBJISIET YNPYIWMX CBOWCTB, BEJIMYMHA IONPABKH &
IIpA pacdeTe OTKOJIbHOHM MPOYHOCTH NMPHHUMAJIach PaBHOM
Hymo. AUfs — JIEKPEMEHT CKOPOCTH, pa3sHHIAa MEKITY Mak-
CHMAaJIbHBIM 3HAYEHHEM CKOPOCTH CBOOOIHOM MOBEPXHOCTH
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Puc. 3. TIpo¢pumu ckopocTn CBOGOTHON MOBEPXHOCTH 00pas-
noB ABC-mactika B amamasoHe Temmeparyp ot 20 mo 115°C
IPH HArPY)KCHUM QJIIOMUHHCBBIM YIAPHUKOM TOJIIMHON 1 mm
co ckopoctbio 250m/s. CrpenkamMy yKasaHbl MOMEHTHl BPEMEHH
OTKOJILHOT'O pa3pylIeHHsI.



128 N.A. Yepenaros, A.C. CasuHbix, I'B. lapkywmH, C.B. PasopeHos

60 6 v T T T T T T T T T
L - |
| |
50 B
. | " . n ]
g 40| i
<
30 e 190 m/s 7
= 250 m/s |
® 360 m/s
20 B
1 L 1 L 1 L 1 L 1 L 1
20 40 60 80 100 120
Temperature, °C
Puc. 4. 3aBucHMOCTb BEJMYMHBI JIEKPEMEHTa CKOPOCTH

ABC-mmacTuka OT TeMIepaTypsl IPH Pa3IMIHbIX CKOPOCTSX yaapa.
[TyHKTHpamMu TOKa3aHbl TEMIICPATYpPbl Hayaja U OKOHYAHHS CTCK-
JIOBAaHHUSL.

¥ MIHHMAJIBHBIM B BOJIHE pasrpysku (puc. 2). 3aBHCUMOCTb
mwiotHoctd ABC-mtacTuka oT Ha4aJIbHON TeMIlepaTyphl Obl-
Jia B3sta u3 pabotel [19]. Ha puc. 4 mpuBeneHbl IEKPEMEHTHI
CKOPOCTH CBOOOJHON INOBEPXHOCTH, B3fITblE M3 Ipoduieit
CKOPOCTH CBOOOJHOH IOBEPXHOCTH, NPEACTABJICHHBIX Ha
puc. 2 u 3. Ilpuy KOMHaTHOU TeMIlepaType B OTJINYKE
or mnosmkapbonata [l1] yBenMdYeHWe WHTCHCUBHOCTH
YOApHOTO CXaThsl NPUBOMUT K YBEJIWYCHHIO BEIMIMHBI
AUfs B mccilemyeMoM OWamna3oHe maBieHwmil. Ilpm pocrte
TeMrnepaTrypsl 0Opas3loB /[0 TEMIIEpaTypsl CTEKJIOBAHUS
ICKPEMEHT CKOPOCTH CHIDKAeTCs HE3HAYWTENIbHO, a IOCIIe
3aBEpPIICHHUS MPOIECCca CTEKJIOBAaHHUS — PE3KO BO3PACTACT.
3HavyeHNs OOBEMHON CKOPOCTH 3BYKa ONPENESISINCh BO
BTOPOH CEpHUHU SKCIEPHMEHTOB IIPH peBepOepary ypyrou
BOJIHBI B HaTPUEBO-N3BECTKOBOM CTEKJIE C MCIOJIb30BaHUEM
Tosicroro obpasua ABC-miactuka (puc. 1, b). IsmepeHHbie
IpOo(QUIN CKOPOCTU CBOOOIHON IMOBEPXHOCTH CTEKJITHHOM
IUTACTUHBI-CBUZIETEJII B [HAlla30HE HAayaJIbHBIX TeMIepa-
Typ 20—115°C mpu Harpy:xeHHUHM aJTIOMHHHUEBBIM YIApHU-
KOM TOJIIMHON 7 mm, pa3orHaHHOro no ckopocreit 210
u 260 m/s, mpencrasieHsl Ha puc. 5. Ha mpodmiax cko-
pocTH CBOOOTHOW MOBEPXHOCTH PETHCTPUPYIOTCS CKauKH
CKOPOCTH, SABJISIOINMECS PEe3yJIbTaTOM MHOT'OKPAaTHOTO Iie-
PEOTpaXCHUS] YIPYrodl BOJHBI B BHAC BOJIH CXATUS TIPH
orpaxkeann oT ADBC-wiactmka, oOJagaromero MeHbIICH
IMHAMUYECKOH >KECTKOCTBIO, M BOJIH Pa3peKEHHs MpPU OT-
paXeHNH OT CBOOOTHOM MOBEPXHOCTH CTeKJIa. [la aHamm3a
MOJTYYEHHBIX PE3yJIbTaTOB Opayuch NepBble 2—4 CTYIECHHU B
Ka)X[IO0M 3KCIHEPUMEHTE, OTJIMYAIOIUecs IJIafIkKuM (POHTOM
U OTCYTCTBHEM 3HAYMTENbHBIX ocruyutanuil. [To mepe pocra
TeMIepaTypbl CKOPOCTb CBOOOTHOI MMOBEPXHOCTH MOCJIE BhI-
XOfla MEePBOH M MOCJIENYIOINX BOJH CKAaTUsl HE3HAYUTEIbHO
yMeHbIIaeTcsi. Bpemsi Beixoma Ha CBOOOHHYIO ITOBEPXHOCTD
MePEeOTPAKCHHBIX YIPYTUX BOJIH ONpPENesIsieTCs TOJIIMHON
CTEKJIAHHOHN IUTACTHHBI W TOMIMIWHOH (omnbru. Pesymbrarsl
U3MEPEHAN C XOpOILIEH TOYHOCTBIO JEMOHCTPHUPYIOT pa-

400 T T T T T T T T T T T T a
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0 500 1000 1500 2000
t, ns

|
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Puc. 5. Ipodumu ckopoctu cBOGOMHOI MMOBEPXHOCTH 0Opa3-
LIOB HATPUCBO-U3BECTKOBOIO CTEKJIAa B JHMAala3OHE TeMIEpaTyp
20—115°C npu HarpyxeHHH QTIOMUHHEBBIM YIAPHHUKOM TOJIIIHU-
HoOU 7 mm, pasorransoro no ckopoctu 210 (a) u 260 m/s (b).

BEHCTBO BpEMEH [JIl KaXKIOH CTYNEHH BHYTPH KayKIOTO
skcriepumenTa. OTHOIIEHNE TOJIIUHBI CTEKJITHHOU IJIaCTH-
HBl C YY€TOM HAakJICCHHOH (osIbrM K pas3HUIC BPEMEHH
MEKIy BBIXOZaMH Ha CBOOOHHYIO IMOBEPXHOCTb CTYIICHEH
C XOpOIIEHl TOYHOCTBIO OIpEnessieT HW3MEPEHHOE 3Hade-
HHUE TPONOJIbHOM CKOPOCTH 3BYKa HATPHEBO-M3BECTKOBOTO
CTEKJIa.

Ha puc. 6 npencrasiieH nmpuMep BOCCTaHOBJICHHBIX 3Ha-
YEHMI [1aBJIEHUA M MAacCOBOHl CKOPOCTM Ha KaKIoH ,,CTy-
NeHbKe™ TpH peBepOepalid BOJIHBL B CTEKJIE OQHOTO W3
npoduseil CKopocTu cBOOOIHOIN MOBEPXHOCTH, MOKa3aHHBIX
Ha puc. 5. Ilpu Bexone ynapaoii BoiHbl U3 ABC-mactuka
B CTEKJIO 00a Marepraja MpuoOpeTaloT OIMHAKOBYIO Mac-
COBYIO CKOpPOCTh M HaBiyicHHe. COOTBETCTBYIOIAs TOYKA Ha
P—u mmarpamme ompenessieTcsi Kak IepecedeHrue yaapHOi
aguabaThl CTEKJIa, IOCTPOCHHOH M3 3HAYEHUs CKOPOCTH
CBOOOIHOI MOBEPXHOCTHU, PAaBHOM HYIIO, 1 U33HTPOIBI pas-
IPY3KH, TOCTPOGHHOH M3 3HA4YEHHS CKOPOCTH CBOOOIHOMU
MOBEPXHOCTH, PABHON CKOPOCTH CBOOONHON IOBEPXHOCTH
Ha HepBoOil crymeHbke. B obiactm ympyroro medopmmpo-
BaHWS CTEKJa 3€PKAJIbHO OTpa)kKeHHass annabaTa OTHOCH-
TEJIbHO TOYKH HEPECeYCHHUs JODKHA MOJTHOCTBIO COBIAATh
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Puc. 6. P—up muarpamMMa ynapHO-BOJHOBBIX B3aHMONCHCTBHUIA B

9KCIepUMEHTaX N0 U3MEPEHUIO YAapHOU aguabaThl.

¢ m33HTponoil pasrpysku. [locye cienyromero oTpakeHHs
BOJIHBI pa3rpy3ku oT ABC-muacTrka B Busie BOJIHBEI CXKaTUs
aJITOPUTM OINpefesIeHUs] NabHEHINNX TOYEK PaBEHCTBA /1aB-
JICHHHl ¥ MacCOBBIX CKOPOCTEH aHAJIOTWYEH OIPENEIICHHUIO
nepsoit. IIpu 3ToM ymapHas aguabaTa CTEk/1a BBIXOOHUT U3
TOYKH CO 3HAYCHHEM CKOPOCTH CBOOOTHOI IOBEPXHOCTH
IpefBIayIIeil CTyneHn, a agnabaTa, ONHCHIBAIOINAS BOJIHY
pasrpysKkd, U3 TOYKH CO 3HAYEHHEM CKOPOCTH CBOOOIHOMU
MOBEPXHOCTU Cileylomeil crymeHn. Kaxnas Takas Tod-
ka Ha rpaHune ADBC-uracTmk—crekno Ha puc. 6 oTMe-
YeHa KpacHbIM KBajpaToM. Toukd Ha puc. 6, OTMEYeH-
HBIC KPAaCHOH 3BE3/I0M, SBJIIOTCS MCKOMBIMH 3HAYCHUSIMHA
HaBJjieHHue—MaccoBas ckopocTb st AbC-mutactuka, mosty-
YEHHBIMU C IIOMOIIBIO 3€PKAJIbHOTO OTPa)KEHUS] OTHOCHU-
TEJIBHO TIepecedeHus ¢ ainadaToil TOPMOKEHHUS aJTIOMUHNS,
COBIIAJAIOIIEH CO 3HAYEHUEM CKOPOCTH yaapHuKa. Cxoxkas
MOCTAaHOBKA OKCIIEPUMEHTOB [JIl ONpenesieHUusl yHapHOU
anmuabaTel B TIOJIMMOYEBHHE ObUTa TpemIokeHa B pabo-

[20]. ManHble 06 M3MEHEHHMH CKOPOCTH 3BYKa M ILIOT-
HOCTH HAaTPHEBO-W3BECTKOBOI'O CTEKJIA B 3aBUCUMOCTH OT
TeMIeparypsl B3siThl n3 pabor [21-23]. M3 mnosy4eHHbIX
sapucumocreir P—Up mia ABC-rutactuka ¢ mMcnonb3osa-
HHEM cooTHomeHust P = pg - Us - Up ommpenensanach 3aBUCH-
mocTtb Us—Uj,.

Ha puc. 7 mpencraBiieHbl HOTyYCHHBIE 3aBHCHMOCTH
Us—Up nna ABC-miacTuka B HCCIIENyEMOM TeMIIEpaTyp-
HOM JMamna3oHe. 3Ha4eHHEe OOBEMHOH CKOPOCTH 3ByKa Cp
VI pacdeTa OTKOJIBHOW IPOYHOCTH NPHHUMAJIOCH DPaB-
HOH Cp B 3aBUCHMOCTH CKOPOCTH YyrmapHod BosHBI Us
OT MaccoBoil ckopoctH Up, Us = Co + bup, rae xosaddu-
IMEHT D ompenesnsieTcss HAKJIOHOM JIMHEHHOW 3aBUCHMO-
ctu. C pocToM TeMIepaTypbl MOJyYEHHbIE 3aBHCUMOCTH
Us—Up JieXaT HIDKe, 4YeM anuabaThl Ipu Oosee  HM3-
KO TeMmepaType, KakK CIIEICTBHE — C POCTOM TeMIIe-
paTypel CHMXaeTcsi OoObeMHas CKOpOCTb 3BykKa. HakiioH
yHapHBIX aguabat, XapakTepusyeMbx Koagduumentom b,
ocraeTcs MPUOJIM3UTEIBHO OIMHAKOBBIM 0 TEMIEpaTyphl

9 XXypHan TexHuueckon cusuku, 2024, Tom 94, Boin. 1

CTEKJIOBAaHWs, NP €¢ MPEBBIIICHAN HAOJIONaeTcss 3Ha4l-
TEJIbHOE CHIDKCHHE STOH BelMYMHBL CIIETyeT OTMETHTb,
YTO W3MEpPEHHOE 3HauyeHHe IIPOINOJIbHOM CKOPOCTH 3BY-
ka B ABC-tutactuke, mpd KOMHATHOU TeMIlepaType, paB-
Hoe 2.199 km/s, 3HaunTeIbHO HIDKE Co = 2.371 km/s, mosTo-
MY BBIXOJ YIPYTOro HpeIBECTHHKA Ha CBOOOIHYIO ITOBEPX-
HOCTb HEBO3MOJKEH.

Ha puc. 8 mnpencrasjieHbl NOJTyYeHHblE W3 aHaIM3a
BOJIHOBBIX Hpo(dmiieil 3HaYeHHs OTKOJBHOW HPOYHOCTH
ABC-miactuka B nuanasode temmepatyp 20—115°C. Bupn-
HO, YTO YyBEJMYEHHE TeMIEepaTyphl OOpaslloB 1O TeMIle-
paTypbl CTEKJIOBAaHHS IMPUBOOUT K IUIABHOMY CHIDKCHHIO
BEJIMYMHBI OTKOJIbHOM IpouHocTu. Havano crexsioBanus u
JaJIbHEHIINA HArpeB MPHUBOIUT K PE3KOMY TNMAJCHHUIO TaKHX
[IapaMeTpoB, KaK IUIOTHOCTb U OObEeMHasi CKOPOCTb 3BYKa,
HO IIpU 3TOM IIPOMCXONUT POCT JAEKPEMEHTa CKOPOCTU
Auts. BemmunHa OTKOJIBHOM MPOYHOCTH IMPU NPEBBHILCHAN
TEMIIepaTyphl CTEKJIOBAaHUS He IafaeT pe3Ko, Kak 5TO
OpoucXonuT s moymkapbonara [12] wm [IMMA [11],

Puc. 7. Pesymbratel usMepeHuil yaapHoit ammabatel ABC-
IUTACTHKA B auanasone temmeparyp 20—115°C.

80 T T T T T T T T T

700 ¢
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20 40 60 80 100 120
Temperature, °C

Puc. 8. 3asucumocts oTkosbHON mpouHocT ABC-mactika oT
HaYaJbHON TEMITEPATyphl, MyHKTHPAMH IOKA3aHbl TEMIICPATypPHI
Hayajia ¥ OKOHYaHHUSI CTEKJIOBaHMUSL
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a JIMIOb HE3HAYUTEJIbHO CHIDKaeTcs. [lpwdem, mo cpas-
HEHUIO C OTKOJIbHOH mpo4HocTeio ABC-myactuka, Hero-
CPENCTBEHHO Nepel IMPOLECCOM CTEKJIOBaHUS OHA Jlae
HECKOJIbKO Bo3pacTaeT. [IpuumHYy 3TOro SIBICHHS MOXK-
HO TOnpoOoBaTh OOBSCHUTH BJIMSHHEM KOHKYPUPYIOLINX
¢axropoB. C OOHOW CTOPOHBI, MPU CTEKJIOBAHHUH JIOJDK-
Ha IMOBBINIATbCA IOABWKHOCTH LIETOYEK IIOJIMMepa, YBe-
JIMYMBATBC €ro MOPUCTOCTh M, KaK CIICICTBHE, OJDK-
Ha CHIDKaTbCSl €ro CONPOTHUBJIAEMOCTb PACTATMBAIOIINM
HanpspkeHusM. C Ipyroil CTOPOHBI, YBEJIMYCHHE TeMIIe-
paTypbl 00pasloB, Kak MoOKa3aHo B pabore [9], mpuBoO-
IAT K YBEJIMYCHHIO TOMOTCHHOCTH MaTepuaia. Brosxe
BEPOATHO, YTO HMMEHHO HeogHopomHocTb ADBC-miactuka
SIBJISICTCSl TPUYAHON HEBBICOKOH OTKOJIbHOW MPOYHOCTH
IpY HU3KMX TemIileparypax. OueHka ckopocTeil aehopmu-
pOBaHMS B BOJIHE PAasrpy3Kd IIepell OTKOJBHBIM paspy-
IIEHWeM II0Ka3aja, 4YTo NpU pocre Temmepatryp oT 20
no 95°C peructpupyercsi HE3HAYWTEIBHOE YBEIWICHHC
ckopoctu aedopmuposanus ot 9.3 -10* go 11.2-10%s!
coorBercTBeHHO. [Ipm 115°C ckopocth nedopmupoBaHus
Hepel OTKOJIbHBIM Pa3pyLIeHHEM YMEHbIIIIach U COCTaBU-
ma5-10%s7 L

3akniovyeHue

IIpoBeneHsl 3KCIEPUMEHTEI IO YIapPHO-BOJIHOBOMY Harpy-
keHnio obpasnoB ABC-mactuka ammurynoit o 0.86 GPa
B muana3one Ttemmepatyp 20—115°C ¢ perucrparmeit
npoduieil CKOpOCTH CBOOOOHOH ITOBEPXHOCTH JIa3epHBIM
unteppepomerpoM VISAR. M3 ananmmsa BOJIHOBBIX IIpO-
¢wteil ycTaHOBJICHAa 33aBUCHMOCTb BEJIMYMHBEI OTKOJIBHOM
MPOYHOCTH OT TEMIEpPaTypbl MpPU MaKCUMAJIbHOM HaIps-
xkeann cxatust 0.6 GPa. 3apermctpmpoBaH He3HauHTEb-
HBIi POCT BEJIMYMHBI OTKOJIBHOW IPOYHOCTH MpHU Iepe-
XOle M3 CTEKJI000pa3HOro COCTOSIHHS B BBICOKOJIACTHY-
HOE, TIPEIJIOKEHO OOBSICHEHHE ITOTO SIBJICHHS BCIJICICTBHC
U3MEHEHNs BHyTpeHHEH CTpPyKTypbl marepuana. g pac-
4gera OTKObHON mpouHoctn ADBC-utactmka B wmcciemye-
MOM TEMIEpaTypHOM J[Wala3oHe IPOBENCHB H3MEpPEHUs
MaccoBOH CKOPOCTH M CKOpOCTH ymapHOi BoiHHL [lo mo-
JIyYEHHBIM 3KCIEPHMEHTAJIbHBIM JaHHBIM C HCIOJIb30Ba-
HHEM H3BECTHBIX XapaKTEPHCTHK HATPHEBO-M3BECTKOBOT'O
CTeKJla IMOCTpPOCHHBl yhaapHble anuadaTtsl ABC-mactuka B
IMamna3oHe MaKCHMaJIbHBIX HAIPSHKCHUH YTApHOTO CHKATHS
no 1GPa B mmamazone temmepatyp 20—115°C. C po-
CTOM TEMIIepaTypsl OObEMHasi CKOPOCTb 3ByKa — IIep-
BB 4JIeH JuHEeHHOo# 3aBucumoctH Usg = Co + bup — nma-
naeT, a KodpduumeHT b MeHseTcs HEe3HaYUTeIbHO [0
TeMIepaTypbl CTEKJIOBaHHS M PE3KO CHIDKAeTcs IpU ee
MIPEBHIICHATL

®duHaHcupoBaHue paboTbl

PaGora BHIIOJIHEHA C HCIIOJIb30BAaHHEM O60pyZ[OBaHI/IH
MockoBcKoro PErnoHaJIbHOT'O B3PBIBHOI'O HEHTPA KOJIICK-

TBHOrO moyb3oBanusi PAH mo teme TocymapcrBeHHOrO
samanusg No AAAA-A19-119071190040-5.
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