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NHO®OPMATUBHOCTHh TAPAMETPOB CUTHAJIOB AKYCTUYECKOI 9MHUCCHU MPU
PA3SPYHIEHNHN KOMIIOSUITMOHHBIX MATEPUAJIOB

Anomauis

Pozenanymo napamempu cuenany axycmuuHoi
eMicii, axui popmyemovcsa npu pyinyeanui Komno-
3uyiiinozo mamepiany. Bcmanosneni meopemuuni
ma excnepumeHmanviHi 3aKOHOMIpHOCMI 3MiHU
napamempie cuznanié aKycmu1Hoi emicii 8 3anedxc-
Hocmi 6i0 weuOKOCMi HABAHMAICEHHA Mamepiany
(meudxocmi pozeumxy npouecy pyYuHYEanHs).
Bu3snauena ingpopmamuenicmo napamempie cuena-
A6 axycmuunoi emicii npu pyunyeanni Komnosu-
uititnux mamepianie.

Abstract

There were considered characteristics of
acoustic emission signal, which formed at destruc-
tion of composite materials. There were also deter-
minated theoretical and experimental regularities
of the acoustic emission signals changes in depend-
ence of materials loading speed (speed of develop-
ment destruction process). In addition informatio-
ity characteristics of acoustic emission signals at
destruction of composite materials was defined.

ITocranoBKa mpoGIeMbl

B TOK€ BpeMd, Ha/In4yne aHaJIUTUYECKOI'O BbIpa-
skenus juisa curnaia AD [18], dopmupyemoro B mpo-
1mecce pas3pylreHuss KOMIO3UIMOHHOTO MaTepHaa,
MTO3BOJISIET TTPOBECTU MCCIEOBAHNST OCHOBHBIX 3aKO-
HOMEPHOCTEHl W3MEHeHUsI MapameTpoB GhopMupye-
MOro curtajia A3 B 3aBUCHUMOCTU OT BJIUSIONINX
dakTopos.

3ajgaun Hcciie10BaHUST

B paGore OyayT paccMOTPEHBI HapaMeTphl
curHana A9, dopMupyemMoro TpU paspylieHun
KOMITO3UITMOHHOTO MaTepuasa, MoJydeHbl pacueTHbIe
BBIPAKEHUST U 3aKOHOMEPHOCTH M3MEHEHUsI apameT-
POB CHTHaJIa B 3aBUCHMOCTH OT CKOPDOCTH Harpy:ke-
HUS MaTepwaia (CKOPOCTH pa3BUTHU Ipollecca
paspymenus). byner omnpeneneHa mHGOPMATUBHOCTh
napamMeTpoOB CUTHAJIOB AD TIpPU Pas3pylIeHUU KOMIIO-
3UIMOHHBIX MaTePUAJIOB, a Takke MPOBEIEHO
COTIOCTABJIEHNE TEOPETUYECKUX Pe3yJbTaTOB C
Pe3yJIbTaThl SKCIIEPUMEHTATBHbBIX UCCJIEJOBAHUI.

PacueTrHpie COOTHOMIEHHUS s o1peaeJeHnus1

3HaYeHUIl nmapaMe€TpoB CHUIHAJIOB aKyCTI/I‘-leCKOﬁ
IMUCCHUHU TIpH pa3pyumi€eHHU KOMIIO3UIIMOHHBIX
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MaTepHaJioB

Pemenne ypasuenus (8)
OTHOCHUTEIbHO Tjo, HE TIO3BOJISIET OTPENETUTD
MOMEHT BPEMEHH, COOTBETCTBYIOIINN MaKCUMATbHOMN
aMILIUTy/e  curHajsa A3D, B SIBHOM  BUJIE.
AnajornyHbIM 00Pa30M HEBO3MOKHO OIPEIENUTh B
SIBHOM BHJe U [JINTEJBHOCTD CHUTHama A 1T,
[Toatomy pemenre ypasueruii (2)...(5) BO3MOKHO
MPOBECTH TOJIBKO YHCJEHHBIMH MeTomamu. /lpyrumm
CTIOBaMU uccaeoBaHye 3aKOHOMEPHOCTEH
M3MEHEeHUs TTapaMeTPOB CUTHAJIOB AJ, C IOCTPOEHNU-
€M COOTBETCTBYIOIINX 3aBUCUMOCTEN, MOKHO TIPOBEC-
TH YHCJICHHBIMU MeTojiaMu. [Ipu aToM HeoGXoauMo
3a[aThCsI 3HAUYEHUSIMU TIapaMETPOB Y, To, top, BXOMI-
mux B (1), a TakKe ONPENeSUTh 3HAYEHUS Ty U Ty
[l mpoBeneHUs pPacueToB 3HAYEHUE MOMEHTOB
BPEMEHU Ty0 MOXKHO OTPENeNUTh M3 rpadudecKux
3aBUCUMOCTEH M3MEHEHUST aMIUIUTY/IBl CUTHATOB AD
BO BpPEMEHU, KOTOPble OYAYT TOJydYEHBI JJIsT 3aaH-
HBIX BEJIMYMH CKOPOCTU @ U3MEHEHUS MPUIOKEHHOTO
HanpsukeHus. /lmuTenbHoCTH CUTHAIOB AD T, TaKKe
MOTYT OBbITH ONpejieJieHbl 13 rpahuIecKuX 3aBUCH-
MOCTell WM3MEeHEHUs aMIUIUTY/bl CHUTHAJIOB AD BO
BpeMenu. OIHAKO B CBsI3U C HEKOTOPBIM ACHUMIITOTHU-
YeCKUM HU3MEHEHUEM aMIUIMTY/Ibl curHajia AJd 1o
3aaHeMy (POHTY [JIUTEIbHOCTh CUTHAJA B IIPOLIECCE
paspyiieHns KOMIO3UITMOHHOTO MaTepuasa T, MOXK-
HO ONPEEJUTh U3 YCJIOBUS BHJA
U(t = ty) <<Upax(t = Tmo)- €))

[Toatomy TIpu TIPOBEIEHUU YMCJIEHHBIX PaCueTOB
OyneM TIoJlaraTh, 4YTO JJIMTENBHOCTh CUTHama A
paBHa T, = 2T,0. Takoe 3HaUeHUe IJIUTEJbHOCTA CHUT-
Haja AD He IPOTUBOPEUUT Pe3yJibTaTaM MOJEeTUPO-
BaHWsl, TIOJIydeHHBIM B pabote [18].

MopeaupoBanne 3aKOHOMEPHOCTEH W3MEHEHHS
napaMeTpOB CHTHAJIOB aKyCTHYECKOH SMHCCHU

PacueTpl mpoBOMIIMCH B /IBa JTala, MPU YCIOBUH,
yto BenmumHa (1/ytp) AT HAYAIBHOTO 3HAYEHUS
1aroM Tpupanienust mo Bpemenn. [lo pesyibratam
pacueta cTpomscss TpahuK H3MEHEHHUS aMILTUTYIbI
curHajia AD BO BpeMeHU B OTHOCHUTEJIbHBIX €JIMHU-
nax, t.e. rpadpuk Buga () = U(t)/up. Onnospe-
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MeHHO (hOPMHUPOBAJIACH ABYMEpHast TabJWIa 3Haue-
HUW OTHOCUTEJNbHBIX aMIUTUTYJZ CHTHajia Ad OT
BpeMenn. ITo Tabuuile onmpenessinch MaKCUMasbHast
AMILIUTY/IA , MOMEHT BpeMeHU , COOTBETCT-
BYIOIIMII JaHHOHM aMIINTyJe, U [UIUTEeJbHOCTb

curHanma AJD. Ha BTopom arare, B cooTBeT-
CTBUU C IIOJYYEHHBIMM JAHHBIMU, [IPOBOJUJICH
pacyeT SHEpruu , MOIIHOCTH 1 IJIOMIQJU 11071
orubaroreil curHana . Pacyersl napameTpoB cur-
Hazma AD TIpOBOAWJINCH Ha HWHTEpBaje BPEMEHH,
paBHOM ero juurtesbHocT . Ha ciemyromem mare
OCYIIECTBJISJIOCh U3MEHEHMe 3HAYEeHUs ), C COOTBET-
CTBYIONIUM TiepecyeToM Besimuunbl (1/%1p), U TIpoite-
Jlypa pacyeToB TOBTOPSIACH.

PesynbTaThl TPOBE/ICHHBIX pacyeToB, B BUJE
3aBUCUMOCTEN M3MEHEeHUs TapamMeTpoB cUTHAIOB AJ
OT CKOPOCTU TPUJIOKEHUS HANPSIKEHUsT B OTHOCH-
TEJIBHBIX eJUHUIAX, & UMCHHO: C)y )y ()
u (), nokasansl Ha puc. 1. I3 puc. 1 Buano, yro
¢ BO3pacTaHueM CKOPOCTH IIPUJIOKEHUS HallpsIKeHUs
HaOJTIOIaeTCsT BO3PACTaHWe aMIUTUTY/IBI, SHEPTUH 1
MoImHOCTH curHanma AJ. OpHaKo, ecan aMIIATyaa
CHUTHAJIA YBEJUYUBAETCA IIPAKTUYECKU JIHHEHHO
(puc. 1, a), To sHEPrUsd U MOITHOCTb (DOPMUPYEMOTO
CUTHAJIA UMEIOT HEeJIMHEHHBIN XapakTep BO3pacTaHUs
(puc. 1, 6, 2). B Toxxe Bpems, ¢ Bo3pacTaHUEM IIPUJIO-
JKEHHOTO HATPSKEeHUs HaOJIIo/laeTcs  yMEHbIIeHUE
JumtesibHocTH curHasia AJ. Ilpuyuem nannoe ymenbiie-
HI€e JJIUTENbHOCTH SIBIseTCs HeqHeiinbiM (puc. 1, 0).
Anmipoxcumanus moJydyeHHbIX JaHHBIX [10Ka3ajia, 4To
3aBUCUMOCTA WM3MEHEHUS JHEPIUH, MOIIHOCTH U
JUTATELHOCTA CUTHATOB AD XOPOIIO OTHMCHIBAIOTCS
dyukumeit Buga

(10)
rae Y — uccaenyembiii mapameTrp AD (aHEPTHs, MOTII-
HOCTb, JJIUTEIBHOCTDL); m, ¥, h — KOoa(h UIMEHTHI

AMMPOKCUMUPYIONIETO BHIPASKEHUS.

CoryacHO TOJIyY€HHBIM JTAHHBIM KOA(DGhUIIMEHTDI
anmpokcuMupyiomniero Boipakenus (10) wumeioT
cjaenyioniie 3HAYEHWS: [ dHepTuu A  —
m =—1,1122-10-14, »=1,1031-10-14, 2 =0,00215; mua
MomHocT — m=4,7866-10"14, r=-51492-10"14,
h=-0,01663; nna maurensHoctu — m= 14,0609,
r=-137647, h=10,00335. Ilpu arom aucrepcus
(cranjapTHOE OTKJIOHEHWE) Jijisl 33J[aHHOU BEPOST-
HOCTH COCTaBJisteT: it aHeprum — s2=1,274-10736,
p=09852; nma wmomHocTH — $2=6,3251-10734
p=09928; mna pmurempHOCTH — $2=24015-1076,
p=0,9938.

HenwneiiHocTh BO3pacTaHusl 9HEPrUU M MOIII-
HOCTU cuUTHaJa AD TIpU JWHEHHOM BO3paCTaHUU
AMILIATY/BI 00YC/IOBJICHA BJIUSTHUEM JIJIUTEJBHOCTH.,
[leficTBUTeTbHO, B pacyeTHBIE BBIPAKEHUST [JIST
SHEPTrUU W MOIIHOCTH CUTHaja AD, COTJIACHO BbIpa-
skeHnt (3) m (4), BXOAWT JJTUTETBHOCTHh CUTHAJA,
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KoTOpasi, ucxoas us puc. 1, 6, ¢ BospacTaHuem
CKOPOCTH TIPUJIOSKEHUST HATIPSIKEHUS] UMeeT HeJIMHeH-
HBIN XapakTep M3MEHEHUsI.

OueBUIHO, YTO TIPW PA3PyHIEHUH 0OPA3IOB KOM-
HMO3UIMOHHOI'O MaTepuasa 3aJlaHHOro pasmepa (ceue-
HUS) 1107l JIeHCTBHUEM BO3PACTAIONIErO HaIPSKEHUS
pasmep 006pasyOIUXCst TPEMUH WM WX TUJIOMA/h
NOJKHA ObITh HOCTOAHHON BeauduHou. IIpuuem
CKOPOCTb TIPUJIOKEHUSI BHEIHETO HAIPSKEHUs He
JIOJIKHA BJIUATH HA PasMep 0Opasyionieiicst TPEIMHBL.
OTO O3HAYaeT, 4TO MapaMeTpaMy CUTHAJIOB AJ uiu
nH(OpPMATUBHBIMU TTapaMeTpaMi, HecyuMu nHgop-
MaI1io O TlapamMmeTpax o6pasyoNuxcst TPEIUH, STBJIs-
I0TCSL TTAapaMeTPbl, KOTOPbIEe HE 3aBUCAT OT CKOPOCTH
NpUJIOKeHUsT HanpsokeHud. B cooTBercTBUM €
pe3yJbTaTaMy MTPOBEJICHHOTO MOJICTUPOBAHUS TaKUM
WHGOPMATUBHBIM TIapaMeTpoM AJ gBigeTcs TJIO-
ajib moJ KpuBoii curuana (puc. 1, d). 3aBUCUMOCTB,
npuBejieHHass Ha puc. 1, 0 omuChIBaeTCs JIMHEHHON
bynkmmeir Buza

(11)
rne d, q — KO3(DMUIMEHTHI ATMPOKCUMHUPYIOIIETO
BBIPAJKEHUSI, 3HAYECHUSI KOTOPBHIX paBHbL d = 8,338-10710,
q=-1,3196-10-16

[Ipu atom pucnepcus pist BepositHoctu p = 0,9632
cocrasister s2=6,371-10-28,

IKcnepuMeHTaIbHble 3aKOHOMEPHOCTH U3MEHEHN S
apaMeTpOB CUTHAJIOB aKyCTHYECKOI 9MHCCHU

JlJist TPOBE/ICHUST UCCIIEIOBAHNI GBI U3TOTOBJIC-
Hbl 00pasiibl 13 TBepAoro ciuasa Mapku BK4. O6pas-
1l UMeJu (GOPMY KPYTJIOH TIIACTHHBI C Pa3MepaMu:
rommuaa — 4 wmM; gauamerp 8 mMm. Ha kaxpoit
IJIACTUHE HAa PACCTOSIHUU 2 MM OT OJIHOTO W3 ee
KpaeB ObLT cHeJaH ONWHOYHBIL Hampes. Hampess
ObLIM  HAHECEHBI JJEKTPOUCKPOBBIM  CIIOCOOOM 1
UMeU OfiMHAaKOBble pasMepbl: mupuHa — 0,1 Mm;
raybuna — 1,5 Mm.

OG6pasIpl UCIIBITHIBAIUCH HA CABUT B CHEIUATBHO
U3TOTOBJIEHHOM TIpuciiocobennn. OMHAKO TeoMeT-
pUYECKHe TapaMeTpbl 3aKpelieHus: obpasia u
[IPUJIOKEHMST HATPY3KK BBIOMPANCH TAKUM 00pPa3oM,
YTO B 30HE YCTbS HAJpe3a CO3/IaBAINCh MAKCHUMAJb-
HbIe pacTATUBAIONINE HANpPsDKeHUs. MeToanka UCIbl-
TaHUH, cXeMa WX HaTrpPy:KeHUs, METOJMKAa PerucTpa-
1 o0paboTKM CUTHANIOB AD paccMOTPEHbI B
pabore [19]. Ucnbitanust o6pasiioB MPOBOAWIA Ha
paspeiBHOI MammHe FP-10 mpu ckopocTsix Harpyske-
aust 1 mM/MuH, 5 MMm/MuH 1 10 MM/MUH.

[Tonyuenuble pe3yabTaThl TOKa3ajd, YTO C
BO3paCTaHWEM CKOPOCTH HarpyskeHusi 00pasios
HAOJIOIaeTCsT  BO3pACTaHUE TMAPaMETPOB  PETUCTPH-
pyembix curdanioB AJ. Ilpm artom ammintyma u
IUTATETBHOCTh CUTHATOB AD BO3pacTaeT MpaKkThyec-
KW JINHEIHO, YTO BU/JHO U3 JAHHBIX, IPUBEJEHHBIX B
pabore [19]. B Toxe Bpems, sHeprus U MOIIHOCTbH
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CUTHAJIOB BO3pacraeT He JjuHeino (puc. 2, a, 0).
3aBUCUMOCTH HU3MEHEHUs] DHEPrud W MOIIHOCTU
cuTHAoB AD OT CKOPOCTH Harpy:KeHWsI OMNICHIBAIOT-
cs 9KCIIOHEHIINAJIBHON (QyHKIMEeH BHUIa

y = cebo, (12)
rjie o0 — CKOPOCTb HArpysKeHus:; ¢, b — Koadduimen-
TBI ANTIPOKCUMUPYIOIIETO BbIPAKEHUSI.

3uaueHust K03GhOUIMEHTOB ¢ U b U1 SHEPTUH U
MOIIIHOCTU CUTHAJIOB AD PaBHBL i1 9HEPruum —
¢=0,37, b =0,06; s momuoctu — ¢ = 0,20, b = 0,09.
[Tpu aToM pucniepcus (CTaHIAPTHOE OTKIOHCHWE) JIJIS
3a/IaHHOI BEPOSITHOCTU COCTABJISIET: JIJIS 9HEPTUU —
s2=0,00002, p =0,99932; nast morroctn — s2= 10,0001,
p=0,99807.

CuieryeT OTMETUTD, YTO XOJ IKCIIEPUMEHTATHHBIX
3aBUCUMOCTE M3MEHEHNUsT SHEPIUH U MOIIHOCTU CHUT-
HajoB AD OT CKOPOCTM HArpy:KeHUs MPHU pas3pylie-
HUM KOMTo3uiimonnoro marepuasia BK4 ornmyaercs
OT XO0/Ia TEOPETUIECKNX 3aBUCUMOCTEH. DKCICPUMEH-
TaJbHBIE 3AaBUCHMOCTU WMMEIOT $SBHO BBbIPAKEHHDII
HKCIIOHEHIINAIbHBIN XapakTep usMenenust. [logobHOe
pasyiuure B XOJ/le UBMEHEHUS 3aBUCUMOCTEN SHEPTUHU
U MOII[HOCTU CHUTHAJIOB, BEPOSITHO, 0OYCJIOBJIEHO TeM,
YTO KPOME TEPMOAKTUBAI[MOHHOTO MEXaHU3Ma pa3py-
MeHNsT KOMTIO3UTHOTO MaTephaja, KOTOPBIN 3aJ0KeH
B Mojiesib cutHanma AJ [18], BaskHBIMH, KaK OTMEYEHO
B [19], aBnalorca mexanudeckue gakropbl. lanuble
(baxTopsl, 6GE3yCITOBHO, OKA3bIBAIOT BJMSIHUE HA Pas-
BUTHE Tpollecca paspymienus. Hampumep, mapamerp
cTpykTypHOro ¢akropa B dopmyJie Kyprosa.

Pe3ynbpTaThl 9KCIIEPUIMEHTAIBHBIX HCCIIEJOBAHUI
TaKKe [MOKa3ajd, 9YTO TUIOM@Ah TOX Orubaroneit
PErucTpUpPyeMbIX CUTHATOB AD He 3aBUCUT OT CKO-
POCTH HATPY’KEHUSI U TPAKTUYECKU OCTAETCsI MOCTO-
SIHHOUW BeJMunHON (puc. 2, ). 3aBUCUMOCTb, TTPUBE-
JIeHHAsT HA PUC. 2, 8, XOPOIIIO OMUCHIBAETCS JTUHENHON
dyHkIMen Buga

S =A + Ba, (13)
re A m B — koapduimenTsl, 3HAYEHUST KOTOPBIX
paBubl: A =1,14; B=0,001.

[Ipu atom pucnepcus mist BepositHoctu p = 0,9978
pasta s2 = 0,0045.

BbiBob1

PesynbTarthl MONENUPOBAHUSI 3aKOHOMEPHOCTEI
U3MEHEeHUs TTapaMeTPOB CUTHATIOB AD Ipu paspyiire-
HUU KOMITO3UIIMOHHBIX MaTEPUAIOB, COTJIACHO paspa-
6OTaHHOIT MOIe/In, B 3aBUCHUMOCTH OT CKOPOCTU
HarpyskeHus mnokasanu ciemyioiiee. C Bo3pacTaHuem
CKOPOCTH TIPUJIOKEHUs HAIPSKEHUsT aMIUTUTYIA
curHaza AD Bo3pacTaeT IO JMHEHHOMY 3aKOHY
usMenenus. [Ipu atom miurenbHOCTh cUrHAJIOB AJ
YMEHBINAETCH, & 9HEPTUS U MOIIHOCTD — BO3PACTAIOT.
OnpHako yMeHbIIIEHHWE JJIUTEIbHOCTH, a TaKKe
BO3pacTaHre SHEPTUM W MOIIHOCTH TPOUCXOIUT TI0
He JIMTHeITHOMY 3aKOHYy. B Toke Bpems, mapaMeTpoM,
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KOTOPBIIf HE 3aBUCUT OT CKOPOCTH TIPUJIOKEHUS
HATIPSIKEHWS, SIBJISIETCST TIIONIA/Ib IO/ KPUBOW CUTHA-
ga AD. OHa TpakTUYECKU OCTAETCST TOCTOSTHHON
esimunHoi. C  ydeTtoM TOro, 4To I 00pasIoB
OJTHOTO M TOTO K€ pa3Mepa He 3aBUCUMO OT CKOPOCTH
HarpysKeHusl IJIONaAb paspylierus (oOpasyrouencs
TPELIMHbI) SBJASETCS IOCTOSHHOM, TO, Ge3yCIOBHO,
MHGOPMATUBHBIM TapaMeTPOM CUTHAOB AJ sBJs-
eTcsl IUIOMAAb MOf Orubaroieil CUrHaaoB. JKCIEePU-
MEHTaJbHbIE Pe3yJIbTaThl, MOJyYeHHbIE TIPU Pa3pyIiie-
HUM KOMTO3UIMOHHOTO Matepuasa BK4, mokaszasu,
YTO aMIIUTYy/la W JJTUTEJTHHOCTh PETUCTPUPYEMBIX
curHasioB AD ¢ yBeJIUYeHHEM CKOPOCTU HArpy>KeHUs
Bospacraior juHeilHo. OJIHAKO PHEPTUsl ¥ MOIIHOCTh
CUTHAZIOB AD WMMEIOT JKCIOHEHIMATbHBIN XapaKTep
BozpacTanus. IIpy 5TOM ILIOMIAZb 10J OrubaIoIeit
CUTHAJIOB AD TIPAKTUYECKU OCTAeTCHd IMOCTOSHHOM
BEJIMYMHON, UYTO WMeEeT XOpOolllee COTJIACOBAHUE C
pe3yabTaTaMy TeOPeTUIeCKUX uccaeaoBannii. B Toxe
BpeMsi, Ppa3inuue B XapaKTepe Xoja W3MEHEHUS
TEOPETUYECKUX W IKCIEPUMEHTAIBHBIX 3aBUCUMOC-
TEll 9HEPIMM W MOIIHOCTH CHUTHAJIOB, BEPOSITHO,
00YCJIOBJIEHO TEM, UTO KPOME TEPMOAKTHBAIHOHHOTO
MeXaHU3Ma Pa3pylleHus KOMIIO3UTHOTO MaTepHuala,
KOTOPBIN 3a/I0KEH B MOJIEIb CUTHAMA AD, BayKHBIMU
ABISTIOTCS Mexanudeckue ¢daktopbl. /lanable daxTo-
Pbl, 6E3YCITOBHO, OKA3bIBAIOT BJUSIHUEC HA DPa3BUTHE
mporiecca paspymienus. Iloatomy wuccienoBanme
peob/IaIatoIero BAUSHIS TEPMOAKTUBAI[IOHHOTO U
MEXaHUYeCKOTO MEXaHU3MOB TIPU Pa3BUTHU TIPOIIECca
pa3pyIlieHus TPeCTaBAIeTCs Ba’KHBIM, C TOYKH
3peHusT ONTUMU3AINKN MOJENN Pa3pylieHuss KOMIIO-
3UIMOHHBIX MaTepuasoB, (OPMUPYEMBIX CHUTHAJIOB
AD, 3akoHOMepHOCTell Hu3MEHEeHUsI WX TapaMeTpoB
JUIST PeleHus BOIIPOCOB JAMATHOCTUKH.
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