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AHHOomayus: Npu nccnenoBaHUAX OTKOJIbHOW MPOYHOCTU Pas/IMYHbIX META/IoB 4SS pernctpaumu npoduneit
CKOpOCTM cBOBOAHOM NOBEPXHOCTU Yallle BCEro UCMO/b3YHTCA MHTepPhEPOMETPUYECKNE MeToabl, paboTatowume
8 BUAMMOM U BAMKHEM MHOPaAKPACHOM AManasoHe AJIMH BOJIH. Micnoib3oBaHWE AaHHbIX MeToA0B TpebyeT xo-
poLuei NoaroToBKM NOBEPXHOCTU Ucciegyemoro obpasua. B atom oTHoweHWn 60/1bLLON MHTEpEC NpeacTaBaseT
nHTepdepomeTp, paboTatowmii B MUIIMMETPOBOM AManasoHe paaMoBOH. B aaHHOM paboTe onucaHbl NpuH-
umnbl PaboTbl PaSMOUHTEPDEPOMETPA, UCMONb3YEMOTO A/ PETUCTPALMMN NEPEMELLEHNA U ONPeaeNeHns CKo-
pocTn cBob6OAHOM NoBepxXHOCTM 06pasLa B NJIOCKOBO/IHOBOM 3KCNepumeHTe. 1A NnpoBepKM paboTocnocobHo-
CTU METOAMKMU MPOBEAEHbl SKCMEPUMEHTbI MO YAAPHOMY Harpy»KeHuto obpasLoB U3 aJtoOMWHMEBOTO CrJjiaBa
[016T. C nomowbto MHTEpPepomMeTpa onpeaenanacb CKOpocTb cBO60AHON NoBepxHOCTU 0bpasua Npu Bbixoae
Ha Heé BOJIHbI Harpy3ku. Mo NpoduIto CKOPOCTM CBOBOAHOM NOBEPXHOCTM ONpPeaeNfNach OTKOMbHAA NPOYHOCTb
uccnegyemoro matepuana. Mpu cpaBHEHUM MOJIYYEHHbIX PE3Y/IbTaTOB M Pe3y/ibTaToB APYrMX aBTOPOB, MOJy-
YEHHbIX C UCMO/Ib30BAHMEM APYIUX METOLOB, NOJyYeHO Xopollee cooTeeTcTeue. CaenaH BbiBO, O BO3MOXKHO-
CTU MPUMEHEHUA JAHHOW METOAMKM NPU U3YYEHUN OTKONIbHOM MPOYHOCTU B NMJIOCKOBOJIHOBbIX IKCMEPUMEHTAX.

Kntouesoie cn108a: pafvonHTEPGEPOMETP, PErncTpaLusa nepemeLleHus, CKOpoCTb CBOBOAHON MOBEPXHOCTU
06pasua, OTKONbHbI UMMYIbC.

BBenenue
B nporecce skcrtyaTaliii HECYIIUE U 3allIUTHBIE
KOHCTPYKLIMHM Pa3IMYHONM TEXHUKH B PE3YNIbTATE
MPHUPOAHBIX U TEXHOTEHHBIX KaTacTpod, Teppopu-
CTUYCCKHUX aKTOB MOI'YT HCHBLITHIBATH MHTCHCHB-
HBIC BO3IICI710TBI/I$I YAapHOTI'O U B3PBIBHOI'O Xapak-
Tepa. B pe3ynbrare mogoOHBIX BO3JACHCTBUN KOH-
CTPYKLHOHHBIE MaTepuajibl IOABEPIarOTCs Aei-

CTBUIO yJapHbIX BoOJH. I[Ipu »TOM B3aumojei-
CTBHE BOJIH HArpy3KU U pa3rpy3Ku, BO3HUKAIOIINX
B pe3yJbTaTe OTPaXKCHUs BOJH CKaTUS OT CBO-
OOHBIX ITOBEPXHOCTEH, MOXKET IPUBECTH K OT-
KOJIbHBIM Pa3pyIICHUSIM.

IIpu wuccnenoBaHUM OTKOJIBHOM TMPOYHOCTH
pPa3IUYHBIX METAJUIOB M CIIJIABOB IIMPOKOE IPH-
MEHEHHME HaIUTH MHTEP()EPOMETPUICCKIE METOIbI
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Puc. 1. O600mEHHAs CTPYKTYpHAs cXeMa HHTepdhepoMeTpa

W3MEpPEHHsI CKOPOCTH JIBUXKCHUSI CBOOOJHOW TO-
BEPXHOCTH 00pasia, Mmoj| ACHCTBHEM BBIXOISIICH
Ha Hee BONHBI Harpy3ku. Haumbonee vacto B mc-
CIIC/IOBAHMSX  HUCIONB3YIOT  HHTEpdEpOMeTp
VISAR [1, 2] u PDV [3, 4], pabotatommue B onTu-
YecKOM M OJIMDKHEM HH(paKpacHOM Iuana3oHe
JUUH BOJIH. [laHHBIE MHTEPPEPOMETPBI NPEIbSIB-
JISIIOT JTOCTATOYHO BBICOKHE TpeOOBaHUS K Kade-
CTBY oTpakatoieii moBepxHoctu. K Tomy xe ObI-
BAlOT CIIy4au, KOTJla 30HIUPYIOUIHMNA JTyd HHTEp-
(depoMeTpa IMIOXO OTpaXkaeTcsi OT MOBEPXHOCTH
uccieayeMoro oopasiia, 00 oTpakaromas CIo-
COOHOCTh TOBEPXHOCTH CHJIBHO YXYJAIIAaercs B
nporecce dKcnepuMenTa. [Ipu 3ToM TOBBIIIEHHE
MOIIIHOCTH JIA3€PHOTO M3TY4EHHs HE BCEr/a Npu-
BOJIUT K MPHEMIIEMOMY pe3yJbTaTy M3-32 YMEHb-
IICHUSI OTHOLIECHUS CUTHAJI-IIYM B PErUCTpUpYE-
MOM CHTHAJIe HHTepPEPEHIINH.

B 3TOM OTHOIIEHHHU OOJBIION HMHTEpPEC Mpel-
cTraBisier HHTepepoMeTp, padoTaromuil B M-
JUMETPOBOM JMamna3oHe JJIMH BOJH. Y JaHHOTO
npubopa TpeOOBaHMS K Ka4decTBY OTpaKarolleH
MMOBCPXHOCTU 3HAYHUTCIBHO HMIKC — IICPOXOBa-
TOCTb MOXET AOCTUIaTh HCECATBIX z[onef/i MUJIN-
METpa, a paaAuoOBOJHBI B MUJUJIMMETPOBOM JUalia-
30HE OTPaXKAIOTCSl OT MOBEPXHOCTH JIFOOOTO MPO-
BojiALIEro Tena. JlaHHble CUCTEMbl HallIU MpUMeE-
HCHUEC B HCCICHOBAHUAX ACTOHAIIMOHHBIX IIPO-
meccoB [5—8], Taxke M3BECTHO WX MPUMEHCHUE B

Oammmctuyeckom dkcnepumente [9]. IlonsTHO,

YTO JaHHBIC METOJBl WCCICIOBAHUS JIBHKCHUS
HUMEIOT HEeKOTophlie orpanudenus. [Ipexne Bcero,
3TO OTCYTCTBHE BHU3yaim3anud Hu Oojbmas o00-
JIacTh 3aCBETKH, TaK KaK aHTeHHa uHTepdepomer-
pa M3IyYaer B JIOCTATOYHO IIUPOKOM TEIECHOM
yrine. OnmHako Asl TUIOCKOBOJHOBOTO DJKCIIEpH-
MEHTa, TJIe MOBEPXHOCTh 00pasiia JBUKETCS Kak
eIMHOE IIeoe Ha OOJNBIIOW TUIOMAIH, 3TO Orpa-
HUYEHHE HE SBIIAETCS pemaronmM. B nanHoil pa-
0oTe omnrcaHO MPUMEHEHHE pajnonHTep(epoMeT-
pa [6, 7] ¢ WIMHOI BOTHBI M3ITydeHUS 3,2 MM IS
W3MEpEHHsI CKOPOCTH CBOOOTHO MOBEPXHOCTH.

IHocTaHoBKa 3KCIePUMEHTA
WnTepdepomerp MHUIUITMMETPOBOTO TUaNa3oHa —
YCTPOWCTBO, TMpeaHa3HAYeHHOe U1 H3MEepeHus
nepeMenieHnid U cKopocTed (U3NYecKuX OoOBeK-
TOB, KOTOPBIE CIIOCOOHBI OTpa)kaTh PaJlOBOIHBI
MUJUTMMETPOBOTO Juana3oHa. JlaHHblid uHTEpdE-
pOMETp peanu3yeT cxemy MailkenbcoHa B pajiuo-
nuranazone. O000mEHHAsT CTPYKTYpHAs CXeMa HWH-
Tepdepomerpa mpencrarieHa Ha puc. 1. OH co-
CTOHT M3 TeHepaTopa AJIEKTPOMAarHUTHBIX Koeba-
HUW MIJDIMMETpoBoro auamnasona (1), HeB3amm-
HOTO Pa3BA3BIBAIOLIETO YCTPOWCTBA — IMPKYIISA-
Topa (2), anteHusl (3), mpuéMHoOro ycrpoiictsa (4)
u OJIOKa perucrpanuyd U o0pabOTKH JaHHBIX (Oc-
nutorpada) (5). BbIcokouacTOTHBIC 3JIEMEHTHI
CXEMBI COCTMHEHBI BOJTHOBOJIHBIM TPaKTOM (6, 7).
Uccnenyemspiii 00bekT (8) MOXET HaXOIUTHCS B
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HEIOCPEICTBEHHOM KOHTAKTE C aHTEHHOW HHTEp-
(depomerpa, MO0 HA HEKOTOPOM YHAJICHHH OT
Hee. Cpena Mexay anTeHHoM (3) U o0ObekToM (8)
JOJDKHA OBITH PaJinoNPO3pavHOi.
HuTtepdhepomerp paboraer cieayroiuM odpa-
3oM. CoznaBaemble reHepaTtopoM (1) HempepsIB-
HBIC DJIEKTPOMArHUTHBIE KOJEOAHUsSI TIOCTOSIHHOM
MOIIIHOCTH Ha (PUKCHUPOBAHHOW YAaCTOTE Uepe3
3JIEMEHTHl BOJTHOBOJHOT'O TpakTa (6) M pa3Bs3bl-
Baloliee yCTPONCTBO (2) MOCTYMAOT Ha aHTCHHY
(3) u m3mywaroTcs B OKpyXKaromyto cpeny. Passs-
3BIBAIOICE YCTPONCTBO — ITUPKYIATOp (2) mpen-
HA3HAYEHO JJISl TOr'0, YTOOBI CHTHAN C TeHepaTopa
(1) mommagan Tombko B aHTEHHY (3) ¥ HE TMPOXOIIT
HampsMyIo B TpakT nNpuéMHUKa (4), U B TOXKE Bpe-
MsI OHO MPEMATCTBYET MPOXOXKICHHIO TMPUHSATOTO
aHTeHHOM (3) curHana B reepatop (1) u Hampas-
JIieT 3TOT curHai B npuémuuk (4). Ecnu Ha myTH
W3TYYCHHBIX aHTEHHOW HHTepdepoMeTpa paauo-
BOJTH TOSIBJISIETCS JTF000€ MPEISTCTBHE, MPOUCXO-
JUT UX OTpaykeHue. YacTh dHEpruu OTPaKEHHBIX
OT TIPEMSATCTBUSL BOIH BO3BpallaeTcs Ha aHTCHHY
(3) u uepe3 ameMeHThI BOTHOBOAHOTO TpakTa (6) u
pa3Bs3bIBaIONIEE YCTPOMCTBO (2) MOCTymaer Ha
BXOJ MpUEMHOTro ycrpoicTtsa (4). Ha apyroit Bxoxq
NPUEMHOr0 YCTPOMCTBA Yepe3 3JIEMEHThI BOJIHO-
BogHoro Tpakra (7) ¢ reneparopa (1) momaercs
ONOpPHOE KoJleOaHWe, YacToTa KOTOPOrO OJHO-
3HAQ4YHO CBSI3aHAa C 4YacTOTOM M3Iy4yaeMOM DIIeK-
TPOMArHUTHOM BOJIHBL. B nmpuéMHOM ycTpoiicTBe
(4) mpoucxoaut mnpeoOpa3oBaHHE MPUHATOTO C
aHTeHHHI (3) curHania, IPOILYKTOM KOTOPOTO ABIIS-
ercd mapa KBaJpaTypHBIX CUTHAJIOB Ha YacTOTe,
paBHOI Pa3HOCTH YACTOT MPUHUMAEMBIX H H3IIY-
yaeMblXx WHTepdepomMeTpoM pamuoBonH. bymem
Ha3bIBaTh ATy Mapy KBaJIPaTypPHBIX CHUTHAJIOB HH-
TepdeporpamMmoii. [lanee B ycTpoicTBE perucTpa-
uU 1 00pabotku (5) BeIMONHsETCS 00paboTka B
nudpoBoit GopmMe HHTEPPEPOrpaMMbI: BHIUNCIIS-
ercs Tekymias (a3a W 4actora. Pe3ynbraThl BbI-
YHCIICHUI PErUCTPUPYIOTCS Kak (QpyHKIMH BpeMe-
uu. [Ipu nonHo# perucrpanun HHTEPHEpPOrpamMMel
B IIpOIIECCe M3MEPEHMI €€ 00paboTKa MOXKET BbI-
TIOJTHATHCS TIOCIIE 3aBEPILIEHUS KCIIEPHMEHTA.
Texymas ¢a3a u MrHOBEHHasi 4acTOTa MHTEp-
(eporpaMMbl, COOTBETCTBEHHO, HECyT MH(popma-

L0 O TIepeMelIeHNH M MTHOBEHHOH CKOpPOCTH
MTOBEPXHOCTH, OT KOTOPOW MPOU3OILIO OTpakeHUE
W3Iy4aeMoOl HHTEPPEPOMETPOM PAJAUOBOIHBI —
uccienyemoro ooOnekra (8). CBs3p MapamMeTpoB
uHTepeporpaMMbl € TapaMerpamMH JIBHKCHUS
HCCIIelyeMoro o0bekTa 00ycloBlieHa 3(PQeKToM
Homuiepa. B npubimkeHny nafaromero Ha 00beKT
W3JIy4EHHSI IUNIOCKOM MOHOXPOMAaTHYECKOW BOITHOM
JUIS. TIOCTYMATENbHO JBHXKYLIEHCA OTpakarolen
MMOBECPXHOCTHU 3Ta CBA3b MOXKCT 6I)ITB IMoJIydyCHa 13
ypaBHEHHUsI IUIS TeKymled (as3bl IUIOCKOH OTpa-

JKEHHOM BOITHBI ((t)

d(t) = o,t —kx
rIe My — KPYroBasl 4acToTa IaJafolieii BOJHBI,
t — Tekymiee Bpems; k = 2an/A — BOJHOBOE

YKCII0 MAJaoniell BOJIHBI, N — ITOKa3aTeib Ipe-
JIOMJIEHHS CPEIBl, B KOTOPOH IBIKETCS OOBEKT;
A — JUIMHA BOJIHBI B CBOOOIHOM IIPOCTPAHCTBE;
X = Xo +2V't — paccrosHue OT aHTEHHBI HHTEP-
(hepoMeTpa 70 OTpaXKaroIlel MOBEPXHOCTH B MO-
MEHT BPEMEHH t; Xo — HaydajgbHOE PACCTOSHUE OT
AHTCHHBI MHTEp(EpOMETpa J0 OTPaKAIOIICH I10-
BEPXHOCTH, V — CKOPOCTh IBH)KEHHUS OOBEKTa.
W3 ypaBHeHMs CeIyeT, uTo MpHpaineHue (asbl
A 3a Bpems At paBHO
Ap =@, —4mnVAt/ A,

rme @9 =myAt — mnpupaimieHue (pas3pl ONOPHOTO
curHana. CpemHsis Ha HWHTEpBaje At CKOPOCTh
o0bekTa OyneT paBHa

V=—(Ap/At—w,)r/4m,

rae A@/At = o(t) — MrHOBEHHas 4acToTa MPUHH-

MaeMoro CurHaza, a  pa3HOCTh  YacToT
{o(t) — @y} = Q(t) — MOIICPOBCKMIA CABUT 4a-
CTOTHI IPUHUMAEMOT'0 HHTEp(EPOMETPOM CHTHa-
Jla OTHOCHTENILHO YaCTOThI U3JIy4aeMOro MM CHT-
Haua.

Eciu kBaspaTypHble COCTaBIISIOIINE HHTEPDE-
Qs =Asin[p(t)] u

T0 a3y wuHTEpPepOorpaMmbl
dopmyne  [10]

porpaMMbl  0003HAYUTH

Qc = Acos[o(t)],
clienyer  OLEHHMBaTh IO
¢(t) = arctg[Qs/Qc].

Harnsnno npunnun pabotsl paguoHTepdepo-
MeTpa MPOMUTIOCTPUPOBAH Ha puc. 2.
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Puc. 2. PaguonnrepdepoMeTpruieckuii METOI U3MEPCHHUS

Sin{et} MeTpa u3Mepsuics poQHITh
CMEILIEHUSI CBOOOMHOM I10-
obpasiia

BpPpEMCHHOM HWHTCPBAJIC I10-

BEPXHOCTHU Ha

1% psaaka 10 mkc. 3atem myTéM

YHCICHHOrO uddepeHiu-

pOBaHHSI CTPOWIICS  TIPO-
¢uIb cKkopocTH CBOOOIHOM
oOpa3iia.

IIPOBOM-

MMOBEPXHOCTH
OKCTIEPUMEHTHI

B oskcniepumenTe ucmonszoBasicsi uHTEpdEpO-
METp C JUIMHOM BOMHBI 3,2 MM. PaccMoTpuMm cxe-
My (puc.3) NOJKIIOYEHUS aHTEHHO-(QUIEPHOU
cucrembl (ADC) pammonnrepdepomerpa K dKcme-
puMeHTanbHON cOopke. Hccnenyemsiit  oOpasert
(TTOBEpXHOCTh METAJUIMYECKOW IUIACTHUHBL, 1) 00-
Jy4aercs C MOMOIIbI0 KOHHYECKOTO JTUAJIEKTPHU-
YeCKOro pymopa (2) ¢ IHUPUHON TUArpaMMBbI
HampaBlieHHOCTH +15° mo HymsaMm. Paccrosuaue ot
TOpIIa Pynopa J0 HCCIeAyeMoro odpasia cocTaB-
nser 40 mm. Pymop coeaunsiercss ¢ mHTEpdEpo-
METPOM TOCPEICTBOM TOHKOTO TMPSMOYTOJBHOTO
IdJIeKTprudeckoro BonHoBona (3). Pamuyc 30HBI
MOKPBITHS MCCIEAYeMOro obpasiia paauou3iyde-
HHUEM cocTaBsier npuMepro 10 MM, mpu paanyce
obpasia 45 Mm.

JKcnepUMeHTATbHbIE Pe3yJbTaThl
Jig mpoBepky BO3ZMOXKHOCTH MPUMEHHUMOCTH pa-
auonHTephepoMerpa Il OTKOIBHBIX HCCIIe0Ba-
HUW B IUTOCKOBOJHOBOM YJIAPHOM 3KCIIEPUMEHTE
ObLIa TIPOBEJICHA CepHsl U3 TPEX OIBITOB. Y CIIOBHS
WX MPOBENEHUS NMpUBeAeHbI B Tadmuue 1. B kax-
JIOM M3 ONBITOB C IOMOIIBI0 pamuouHTepdepo-

JIUCh C 00pasllaMH U3 ajlko-
muHEeBoro craBa J[16T, cmoiicTBa KOTOpOro
JIOCTaTOYHO XOpOIIO u3ydeHbl. OOpa3ipl 1uamer-
pom 90 MM u TommuHOM 10 MM mOaBepraIuch
yaapy IUIaCTUHOM, W3rOTOBJIEHHOM M3 TOr0 K€
MaTepuana. [loBepxHocTH 00pa3loB He TOJBEp-
ranuch nutudoske. Pasron miactuHbl — yaapHH-
Ka TOJIIMHON h 10 HeoOXoaMMOl CKOpPOCTH OCy-
HIECTBIISUICS C MTOMOIIBIO Ta30BOH IYIIKKA Kalnuo-
pom 57 mm [11, 12]. Tak xak oOpa3upl U yJapHU-
K{ OBUTM M3TOTOBJICHBI M3 OJHOTO MaTepHhala, TO
MaKCHUMaJbHOE 3Ha4eHHE MaccoBOi ckopoctu U B
BOJTHE CKaTHsI, BO3HUKAIONIEH B oOpasme mnpu
yJape, paBHO MOJOBUHE CKOPOCTH ynapa V. Ilpu
BBIXOJI€ BOJIHBI HArpy3kKM Ha TBUIBHYIO IIOBEpX-
HOCTh 00pa3iia CKOPOCTb CBOOOJHOH MOBEPXHO-
cti W paBHa YIBOCHHON MaccoBod ckopoctu U
[13], 1 MakcuMaJbHasl CKOPOCTh CBOOOMHOW MO-
BepxHOCTH W, JIOIKHA OBITH OJM3Ka K CKOPOCTH
yaapa V, KOTopasi u3Mepsu1ach ¢ MOMOIIBIO 3JIEK-
TPOKOHTAKTHBIX JaTYHUKOB. Ycnosusa IIPOBCIACHUA
SKCIIEPUMEHTOB M PE3YJbTAaThl U3MEPEHUN ITPUBE-
JeHsl B TabOmuie 1.

CurHaiel JIByX KBaJpaTypHBIX KaHaJOB HH-
TepdepomMeTpa PErucTpUPOBATUCH MHOTOKaHAIb-

®)

\
—_—T—

K MHTepdepomeTpy

2
—

)))

1 00BEKTa UCCIIEN0BAHUS

ar

Puc. 3. Bzaumuoe pacronoxenne ADC untepdepomerpa

HBIM IUQPPOBBEIM ocuuiuiorpagoM ¢
gactoroil muckperusamuu 20 [T
[Mpumep wuHTEpdEpOrpaMMBI, 3aperu-
CTpUpOBaHHON B 3kcriepumenTe Nel40
TIpeJCTaBIIeH Ha pHC. 4.
Unrepdepomerp perucTpupyer
OveHnst Ha BpEMEHHOM WHTepBalie 00-
nee 100 mkc. Kaxmoe komebanue Ha
uHTEpdeporpamme
MEPEMEICHNI0 TIOBEPXHOCTH HCCIIe-

COOTBETCTBYET
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Ta6mmua 1. JIBa MAaKCUMyMa, pa3JelE€HHBIX Bpe-
MEHEM paBHBIM TPUMEPHO OIHOMN

Ne Vo, Mm/c h, mm Wi, m/c o,, MIla MHKpOceKyH e, [Tociie MaKCHMyMOB
CKOPOCTH Ha Bcex rpaukax ciemyer

137 220 3 209 1200 OBICTpEII criaj 3a BpeMs mopsiaka |
138 42 42 232 1300 MKC J0 MHUHHMyMa ckopoctd W,
mepes; TaKk Ha3bIBa€MbIM "OTKOJIb-

140 267 5 259 1500 HbIM" uMmmynascoM. Jlanmee ciemyer
HapacTaHUE CKOPOCTHU, CBS3aHHOE C

JyeMoro o0pasiia Ha IMOJIOBUHY JUTHHBI BOJHBI T.€.
Ha 1,6 Mmm. Takum oOpa3zom, HHTEPPEPOMETP CIIO-
COOCH PErucTpupoBaTh OOJIBIIKE TIEpEeMEIICHUS,
YTO HECOMHCEHHO ABJIACTCA Ba>XHBIM JOCTOHH-
CTBOM JaHHOTO METOJIa PErHCTPaIiH.

[Ipodumu ckopocT CBOOOAHOHN MOBEPXHOCTH
W, IMMOJTYYCHHBIC B ONbITaX, NPCACTaBJICHbBI Ha
puc. 5. Tak Kak CTBOJ ITyIIKH

BBIXOJIOM Ha CBOOOJHYIO IIOBEPX-
HOCTb OTKOJIbHOT'O HMIIYJIbCA, TO €CTb BOJIHBI
CKaTHusl, OTPaXEHHOW OT 30HBI OTKOJBHOI'O pa3-
pymenus. Kak Obuto oTMedeHo B [2] OTKONBHOE
paspymenue cruiaBa J[16T umeer 3aTsSHyTHIH Xa-
paKTe€p — OTKOJBHBIM HMMIYJIBC HMMEET OYEHb
TUTaBHOE HapacTaHHeE.
B skcnepuMeHTax TakKe ONMpeneNsuIiCh Mak-

HE BaKyyMHpOBaJCs, Ha Iie-

pelHel  4YacTh  BOJIHOBBIX

npoduiiedd BHIHO BIHSHHE

N L Al ﬁﬂ fla

o
[5)

cmaboil BONHBI CHKATHS, CBS-
3aHHOM C BO3IYLIHOM ynap-
HOM BOJIHOM Ilepel yHapHU-

o

KOM. MakcuMaipbHele 3Hauye-

Ampl [volts]

HUSI CKOPOCTH CBOOOIHOMN TIO-

st
Il

BepxHOCTH W| TIPUBEIEHHI B
Tabmue | U omIMyaroTcs OT

il
iy

U3MEPEHHOM CKOPOCTH yjaapa 1o
Vo He Oonee yeM Ha 5%. Jlnu-
TCIBHOCTD HUMITYJIbCOB Ha

pHUC. 5 COOTBETCTBYET YJBO-

Puc. 4. DxciepuMenTanbHast HHTEpheporpaMma

1 2 3
t [sec] X 10-4

GHHOMY BpeMeHH mpobera

BOJIH MO TOJIIMHE IIJIACTUH W, m/c
yIapHUKOB. B skcnepumeHnte

Nel38 B KauecTBe ILIACTUHBI

YAApHHKA
JIBa CKJICEHHBIX IUCKa TOJI-

UCIIOJIb30BAIUCh 200

mHOM 2 MM. Tak Kak MeXIy

HUMU UMeNCd HeOOIbIION

100

3azop ~ 0,1-0,2 MM, ompene-
JSABIIMKCS IIEPOXOBATOCTHIO

IMMOBCPXHOCTU U  HAJINYUEM

KJesi, TO NpoQUiIb CKOPOCTH 0
CBOOOJ/IHOM TTOBEPXHOCTH IS
3TOTO DKCIEPUMEHTAa HUMEeT

1 2 3 4

Puc. 5. IIpodunu ckopocT CBOOOTHOM TOBEPXHOCTH

T, Mmkc
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CUMAJIBHBIC PACTATHUBAIOIINE HAIIPSXKCHUA B 06-
paste [14]
6, =0,5p,¢, (W, =W, ) +3,

rae Gp MaKCHUMaAJIbHbIC paCTHFI/IBaIOH_[I/Ie
HanpsoKeHus (IpY HaJW4YMU OTKOJA G, COOTBET-
CTBYET OTKOJIbHOM MPOYHOCTH); Py — IUIOTHOCTH,
Co 3ByKa; W,

MakcuMajibHasd CKOpPOCTb CBO6OZIH01>1 ITOBCPXHO-

00BEMHAST  CKOPOCTH

ctu; W, — CKOpOCTh CBOOOJHOM MOBEPXHOCTU B
MHUHUMYME II€PECA OTKOJIbHBIM HMITYJIIBCOM; 6 —
VIPYTroIulacTHuecKasi TOMNpaBka Ha HWCKaKEHHE
MpoQuIIst CKOPOCTH BCIEACTBUE PA3IUUUsl CKOPO-
cTedl ()pOHTa OTKOJBHOTO UMITYJIbCAa M CKOPOCTH
IJIACTUYECKOM YacTH MaJarollel BOJIHBI pa3rpys3-
ku nepen HuMm. OmHaKo, Kak OoTME4YeHo B [3], B
16T  pemakcarus
HaTPsHKEHUH TPH OTKOJIE MTPOUCXOUT CTOIb ME/I-

criaBe pacTATrUBaIONINX
JICHHO, 9TO He (DOPMHUPYETCS YETKO BHIPAKEHHOIO
OTKOJIBHOTO MMIIYJIbCa ¢ M3JIOMOM B TOYKE Iepe-
X07Ia OT Crajia CKOPOCTH K €€ BO3pacTaHuIo, U I0-
npaeka 6 = (. [lomydeHHble ckopocT Aedopma-
MM ¥ MaKCHUMaJIbHBIC PACTATUBAIOIINE HAMPSHKE-
HUS TS KQXJI0T0 OIbITa MIPUBEICHBI B Tabuie 1.
Crnemyer OTMETHTh, YTO 3HAYEHHS OTKOJIBHOM
MPOYHOCTH, TMOJIyYCHHBIC B JTAHHBIX JKCIICPUMEH-
Tax, ONMM3KH K 3HAYCHUAM, TIOJTYUEHHBIM APYTHMHU
aBTOopamu [2, 15].

BriBoabI

Ha ocHoBaHuMM HpOBEAEHHBIX HKCIEPHUMEHTOB
MOXKHO CJielaTh BBIBOA O TOM, YTO METOJMKA
OlpeneNneHrs OTKOJIBbHOM MPOYHOCTH B ILIOCKO-
BOJIHOBBIX JKCHEPUMEHTAaX C HCIHOIb30BAHUEM
paauouHTepdepoMeTpa IMO3BOJSET MPOBOJHUTH
W3MEpPEeHHUs C JIOCTaTOYHOW I MPaKTHYECKHX
neneit morpemHocteio. Cienyer Takke OTMETHUTb,
YTO OTJINYHE MAaKCUMAJIbHOTO 3HaYEHUS CKOPOCTHU
CBOOOHOM TOBEpXHOCTH W OT CKOPOCTH yjaapa
Vy vHe npeBocxoaut 5%. JlanHoe oTiMune MOXET
OBITH BBI3BAHO KaK BIIMSHUEM BOIHBI Pas3rpy3KH,
CIEAYIONIEN 3a BOJIHOM C)KaTUA M MOCTENEHHO J10-
TOHSIONIEH €€, TaK M HEOONBIIMM OTKIOHEHUEM
yAapHHKa OT HOpMaJi TP yAape.
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VELOCITY MEASUREMENT OF FREE-FORM SURFACE FOR SHOCK-LOADED
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Abstract: Supporting and protective structures of various equipment may be affected by severe impacts of
shock and explosive nature during operation. Structural materials are subjected to shock waves because of
such impacts. That said, the interaction of loading and unloading waves caused by pressure wave reflection
from free-form surfaces might result in spall fractures. Interferometric methods are widely used in research
of spall strength for various metals and alloys to measure motion velocity of specimen free-form surface un-
der impact of loading wave directed to the surface. VISAR and PDV interferometers operating in optical and
near-infrared wavelength range are most often used in research. These interferometers have quite high re-
quirements for reflecting surface quality. There are also cases when interferometer’s probing beam is poorly
reflected from free-form surface of the specimen under research or when the surface reflectivity is much de-
graded during the experiment. That said, power boosting of laser emission does not always result in accepta-
ble outcome due to reducing of signal-to-noise ratio in the recorded interference signal. With regard to this,
an interferometer operating in millimeter wavelength range is of great interest. This device has much lower
requirements for reflecting surface quality (the roughness may be as high as tenths of a millimeter, and radio
waves of millimeter range are reflected from the surface of any conductive body. These systems find use in
detonation process investigation and they are also known to be used in ballistic experiment. Experiments on
shock loading of aluminum alloy specimens were performed to test the technique efficiency. Velocity of spec-
imen free-form surface was defined when a loading wave exited onto it using an interferometer. Spall
strength of the material under study was determined after velocity profile of free-form surface. A good
agreement was achieved when comparing the obtained results and the results of other authors received by
using other methods. The conclusion is drawn about the possibility of using this technique to investigate spall
strength in plane-wave experiments.

Keywords: radio interferometer, motion detection, velocity of specimen free-form surface, spall strength.
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