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M3ydeHo BIMsIHNE TOKAITBHOM ITOPHUCTOCTH B U30TPOITHBIX AUCIIEPCHO-YIIPOYHEHHBIX METAJNIOMATPUUYHBIX
KOMITO3ULIMOHHBIX MaTepualiaX, U3roTOBJIEHHBIX METOAOM PEAaKILIMOHHOIO JIUThSI, HA CTATUCTUYECKOE pac-
npeaeaeHne aMIUINTyI OOpaTHOPACCEeSITHHBIX IIMPOKOIIOJIOCHBIX MMITYJIBCOB IIPOIOJIbHBIX YIBTPa3BYKO-
BBIX BOJIH. JJ1s1 5TOM LieJIM MPUMEHSIETCSl CriellMalbHbIN JJa3epHbIA ONTUKO-aKyCTUUYECKUI MpeoOdpa3oBa-
TeJIb, KOTOPBI MO3BOJISIET peaar30BaTh JIa3epHOE BO30YXKIACHUE U IThe303JIEKTPUUYSCKYIO PEruCcTpaIiio
yJAbTpa3ByKa IMPpU OJHOCTOPOHHEM JOCTYIIE K 00pa3Lly uwin usaeiauto. MceienoBaHbl ABE CEpUM aTlOMOMAT-
PUYHBIX KOMIIO3ULIMOHHBIX MaTEPUANIOB: YIIPOYHEHHBIX TOJIBKO i1 Sifu CUHTe3UpOBaHHBIMU Al;Ti uHTEp-
METANIMIHBIMY YaCTULIAMU B pa3aIn4yHoOit 00beMHOI KoHLeHTpatuu (0.04—0.115), a Takcke Al;Ti c no6as-
JIEHeM HaHOYACTUII CHHTETMIECKOTO ajiMa3a B 00beMHOIT KoHLeHTpanuu 0.002. [TocienHue ycKopsioT
npouecc cuHTe3a Al;Ti yactui 1 npuBondT K Moaudukanuu ux ¢Gopmel U pasmepos. 7151 obenx cepuit
KOMIIO3UTOB pacrpeaeieHne aMIUINTYI 0OpaTHOPACCESIHHBIX YIbTPa3ByKOBBIX UMITYIbCOB aIllIPOKCUMM--
pyeTcsl rayCcCOBCKOI (pyHKILIMEN pacTipenesieHUs1, IPUMEHUMOM AJ1s1 60JbIIOTO YKca CTAaTUCTUYECKU He-
3aBUCHUMBIX BEJIMUYMH. DMIIMPUIECCKH ITOydYeHHAsI 3aBUCHMOCTD ITOJIYIIMPUHBI 3TOTO pacIipeleJeHUsI OT
JIOKaJIbHOI MOPUCTOCTU KOMIIO3UTOB ABYX CEPUIi alllIPOKCUMUPYETCSI OOHOI U TOM Xe OJIM3KOM K JIMHEN -
HOM (DYHKIIMEN He3aBUCUMO OT pa3Mepa 1 KOHIIEHTPALIMK YIIPOUHSIOIINX YaCTUI. DTa GYHKIIMOHAIbLHAS
3aBUCHUMOCTb MOXET MCIT0JIb30BAaThCS IJISI KOJIMUYECTBEHHO OLEHKU JIOKAJTbHOU MOPUCTOCTU KOMITO3ULIM-
OHHOTI'0 MaTepuaJia KaK Ha CTaIu1 €0 U3TOTOBJISHMS, TaK U B IIPOIIECCe IKCIUTyaTalluy IeTajei U U3OSINIA.
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BBEAEHUWE

MeTamioMaTpUIHbIe KOMIIO3UIINOHHBIE MAaTEepU-
anel (MKM) o0amaioT psimioM YHUKAJbHBIX (pU3M-
KO-MEXaHMYECKNX XapaKTEPUCTUK, KOTOpHIE O00y-
CJIaBIMBAIOT WX MNPEUMYIIECTBA IJIs M3TOTOBICHUS
pPa3IMYHBIX OTBETCTBEHHBIX AETANCH M Y3J10B, TAKMX
Kak, HalIpuMep, aBTOMOOMIILHBIE TPUBOIHBIC BaJIHI,
POTOPHI TOPMO30B BBICOKOCKOPOCTHBIX ITOE3I0B M
KOMIIOHEHTHI aBMALIMOHHBIX ABUTaTeneil. Takumu
XapaKTEpUCTUKAMU SIBJISTIOTCSI OTHOCHUTEJIBHO HM3-
KU1 yIeJIbHBINA BEC B COYETAHUM C BBICOKO MPOYHO-
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CTBIO M XKECTKOCTBIO, a TaKXK€ BBICOKOI BSI3KOCTBHIO
pa3pylueHusi, TEPMOCTOMKOCTbIO U M3HOCOCTOMKO-
cTtbio [1—3]. BO3MOXXHOCTH ONMTHMAaJIbHOIO BBIOOpaA
MaTeprajaoB MaTPULIbI 1 apMUPYIOIIETO HATIOJIHUTE-
JIs1, a TaK3Ke TeXHOJIOTUM X COBMEIIEHUSI U 00paboT-
KM TI03BOJISTIOT co3path MKM, HanboJiee TToIHO OT-
Beyarolle TpeooBaHUSIM KOHKPETHBIX YCJIOBUM 9KC-
IUIyaTaliu neTajeit u y3iaoB (cM., Harpumep, [4—7]).

B mocniennue gecaTUIIETHS YCIIEITHO Pa3BUBAETCS
npou3BoacTBo MKM meTomoM Tak Ha3bIBa€MOTO pe-
AKIMOHHOTO JINThSI — in Sif CUHTE3a apMUPYIOIINX
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¢a3 HemocpeaCTBEHHO B IMpollecce U3rOTOBJIECHUS
Matepuana. IOt ¢as3bl GOPMUPYIOTCS B BUIE TYyTrO-
TUIaBKUX BBICOKOTIPOYHBIX MHTEPMETALIUAHBIX CO-
eIUHEeHUI B pe3yJibTaTe 9K30TEPMUUYECKUX peaKkiuit
B3aMMOJIEHCTBUS pacrjiaBa MaTpUllbl U 1O00ABOK pe-
aKIIMOHHO-aKTUBHBIX METAJUIOB UJI UX OKCUIOB [8—
12]. XuMuueckue peakiui in situ GoOpMHUPYIOT B MaT-
pulie TepMOAMHAMUYECKU CTaOWJIbHbIE apMUPYIO-
e asbl, UMeIoIIMe TPOYHYIO CBSI3b C MAaTpULIeit 3a
CYeT JIyYllIero pelieTOYHOTO COOTBETCTBUSI, a TaKXkKe
CBOOOMHBIE OT 3arpsiI3HEeHU#I MOBEPXHOCTU pazjea.
OnHako B Takux MKM BO3MOXHO TOSIBJIEHUE HEKO-
TOpPOM “yCcamo4yHOi1” IMMOPUCTOCTU HapPsIAy C HEOTHO-
POIHO pacrpeae/ieHHOH MOPUCTOCThIO, 00pa3oBaH-
HOli rasamu, pacTBOPEHHBIMM B pacIlJIaBIeHHOM
cMecH M “3axBayeHHBIMK~ B MaTepuaje I10Cie Kpu-
crayummzauuu [8, 9].

HepaBHOMepHOE pacnpenesieHe TOPUCTOCTH TT0
00BEMy TOTOBOTO MaTepHalia SIBJISIETCS OCHOBHBIM 1
Hanbonee KPUTUUECKUM TIPOM3BOACTBEHHBIM JIe-
¢dexroMm mMmooObix MKM, HM3roTOBICHHBIX METOIOM
JuThst. OHO HE TOJBKO IPUBOAUT K JIOKATbHOMY
pa3ympoYHEHUIO CIyJalfHBIX obOjlacTeil B MaTepuase
[13], HO M UTpaeT KIIIOYEBYIO POJIb B 3BOIOLIMH IIPO-
Iecca TOBPEXICHMS IO MeMCTBHMEM BHEITHUX Ha-
TPY30K, ITOCKOJIPKY B METANTMYECKUX MaTepraiax B
VCIIOBUSIX HATPY>KEHUS TTOPHI TEMCTBYIOT KaK [IEHTPHI
3apOXIECHUS W Pa3BUTHS TPEIIMH (CM., HaIIpuMep,
[14]). Takum oOpa3om, pa3paboTKa OIEpPaTUBHBIX
Hepa3pymalommX MeTOIOB KOHTPOJIST W KOJHWde-
CTBEHHOI OIIEHKW JIOKAJTBLHOUN IMOPUCTOCTH JIMTHIX
MKM umeeT 601bl110€ 3HaU€HUE KaK JIJIsI COBEPIIEH-
CTBOBaHUSI TEXHOJIOTMY WX U3TOTOBJICHUS, TaK W TSI
MOHUTOPWHTAa W3MCHEHUU CTPYKTYpPHI M OIEHKH
OCTaTOYHOTO pecypca MaTepuaja B Ipollecce IKC-
TUTyaTalliy U3IEITHIA.

Cpenu pa3IMIHBIX COBPEMEHHBIX METOIOB Hepas-
pYILIAIOIIeTo KOHTPOJISI METAJIOB, ciilaBoB 1 MKM
Hanbosee MOMYISIPHBIMU SBIISTIOTCST  YIIBTPa3ByKO-
BBIE METOMBI OJ1aromapsi CBoeit OTHOCUTEBbHO TTpo-
CTOTE, OIepaTMBHOCTH, GE30TTaCHOCTH W BBICOKOI
YYBCTBUTEIBHOCTH K HaJIW4IWIO TopuctocTh. Ilo-
ciemHee OOYCIOBIECHO BBICOKOM 3(D(DEKTUBHOCTHIO
paccesTHUS YIIBTPa3BYKOBBIX BOJTH Ha Ta30BBIX MOpax,
CYIIECTBEHHO 3aBUCSIIEN OT COOTHOIIEHUS pa3Me-
pOB TIOp W IUTMHBI 30HIUPYIONIECH BOJHBI (CM., Ha-
npumep, [15—17]). Takum oGpa3zom, KOIUMIECTBEH-
Has omHeHKa mopuctoctu B MKM, dopmupyemoii
ITOpaMU pa3MePOM OT TECATKOB MUKPOMETPOB IO He-
CKOJIBKUX MUWJIJTAMETPOB B 3aBUCUMOCTH OT YCIIOBUI
W3TOTOBJICHUST KOMITO3UTA, TPeOyeT M3MEepeHMs Xa-
PaKTEpUCTUK PACCEeSTHHBIX YIbTPa3BYKOBBIX BOJH B
IIIPOKOM CITEKTPaJIbHOM THUAIla30He OT TOJei 10 Ie-
catkoB Merarepit [ 18]. st peanu3aliny TaKuX U3Me-
peHUI1 B yKa3aHHOM YaCTOTHOM IHAIla30He IIeJIecO-
06pa3HO MPUMEHEHHUE JIa3epHOTO TEPMOOTITUIECKO-
ro MeXxaHW3Ma BO30YKICHHMS YIbTPa3ByKa — OTITUKO-
akyctudeckoro acddekra [19]. IIpu mnornomeHuun
UMITYJIbCOB TPAIULIMOHHBIX JIA3¢POB C MOMYJISIIIME
MOOPOTHOCTH B MeTaJUIaX, CIUIaBaX U KOMITO3UIIMOH-
HBIX MaTepuajax aMIUTMTyIa BO30YXKIaeMBbIX 30HIM-

PYIOIIUX YJIBTPa3BYKOBBIX UMITYJILCOB MOXKET JOCTH-
raTh IeCITKOB aTMocdep IIpU JJIUTEILHOCTU UMITYJIb-
ca OT eIVHMUII 1O COTEH HAaHOCEKYHI (B 3aBUCUMOCTU
OT JJIUTEILHOCTHU JIa3€PHOI0 UMITYJIbCca U TEIUIO(DU3U-
YeCKMX XapaKTepUCTUK Tomoliarolieit cpenpl). [Tpu-
MEHEHME TaKMX YIbTPa3BYKOBBIX UMIIYJIbCOB I03BO-
JISIET CYILIECTBEHHO ITIOBBICUTH JTOCTOBEPHOCTH OMa-
THOCTUKM CTPYKTYPHI, a TAK3KE€ TOUYHOCTh U3MEPESHUI
MEXaHUYECKUX 1 aKyCTUYECKUX CBOMCTB Pa3IMIHBIX
TBEPIbIX TEJI, B TOM YMCJIE€ CUJIBHO ITOTJIOMIAOIINX 1
paccenBalONINX YIbTPa3BYK KOMIO3UIIMOHHBIX Ma-
TepuanaoB (CM., HarpuMmep, [20—25]).

Llenbro HacTosIIIE paGOTHI SIBJIsIETCS pa3paboTKa
JIa3epPHOI OINTUKO-aKyCTUUECKOM METOTUKM KOJIU-
YEeCTBEHHOM OLIEHKU JIOKAJIbHOM MOPUCTOCTU METa-
JIOMATPUYHBIX KOMIO3UIIMOHHBIX MaTEepUaoB, MO-
JIy4YEHHBIX METOJIOM PEaKLIMOHHOTO JIMThS HA OCHOBE
AJTIOMUHUS,, YIIPOYHEHHOTO X Sifit CHHTE3UPOBAHHBI-
MU MHTEPMETAUIMAHbIMU YacTuiamu Al;Ti B pas-
JIMYHOI KOHIIEHTPALUM, a TaKXKe MOTU(PULIMPOBAH-
HOTO HAHOYACTULIAMU CUHTETUYECKOTO ajiMasa. Me-
TOOWKA OCHOBaHA HA aHaJu3e CTAaTUCTUYECKOIO
pacripeieJIeHUsT aMIUIUTYH IIMPOKOMOJIOCHBIX WUM-
MMYJIbCOB MPOAOIbHBIX YILTPAa3BYKOBBIX BOJTH, 00OpaT-
HOpacCesTHHBIX Ha CIydaifHO pacHpenesieHHBIX I10-
pax B IMIPO3BYYEHHOM OObeMe KOMITO3UTA U 3apeTh-
CTPUPOBAHHBIX MNpPU OJHOCTOPOHHEM HOCTyNEe K
o6pasiy. OcHOBHAas ues 3aKJTI09aeTC B MOTYYeHUN
SMIUPUYECKOTO (HPYHKIMOHAITBLHOTO COOTHOIICHUS
MEXIY JIOKAIbHOI ITOPUCTOCTHIO B IIPO3BYYECHHOM
yJacTKe o0pasia U IUPUHOIN CTaTUCTUYECKOTO pac-
MpeaeleHnus aMIUIUTyd OoOpaTHOpacCESTHHHBIX MM-
MMyJBCOB B 3TOM y4dacTtKe m1si MKM c¢ pasnuaHoi
00BbEMHOIT KOHIIEHTpaLeil THTEPMETAJUTMAHBIX Ya-
ctull Al;Ti. ITockosibKy pu 3TOM He TpedyeTcst nmpe-
LIM3UOHHBIX M3MEPEHMUI TOJIIIUHBLI 00pa3loB, JTaH-
Hasl METOIMKA MOXKET IMPUMEHSITbCS IJISI OIIePaTUB-
HOM OUAarHOCTUKM BO3HUKHOBEHUST U  POCTa
JIOKQJIbHOM MOPUCTOCTU B U3IEJIUSIX CIO0XKHOI (hop-
MBI B ITPOLIECCE KCIUTYaTallUu.

NCCIEOLOBAHHBIE OBPA3ILIBI
KOMIIO3HUTOB

Hccnenosanueie MKM (nanee Al/Al;Ti komrmo-
3UTHI) OBUTM M3TOTOBJIICHBI METOIOM PEaKIIMOHHOTO
JUThS 1 nmoapooHo onmcaHbl B [11]. IlepBasg cepust
o0Opaszuos (1) 6bL1a mojydeHa IMyTeM MeXaHUIeCKOTO
3aMeIIMBaHMS TOPOIITKAa TUTAHA CO CPETHUM pa3Me-
poMm vactuir 200—400 MmkMm (0ObeMHAasI KOHIIEHTpaA-
s 0.03) B pacmaB amoMuHust Mapku A99 (TOCT
11069-2001). Bropas cepmst obpasiioB (2) oranda-
JIach OT TIepBOit moGaBIIEeHWEM B CMeCh paciiiaBa Al ¢
rmopomkoM Ti YacTWIl CHHTETUYECKOTOo ajaMasa Cco
CpeIHMM pa3MepoM Topsaka 50 HM M 0OBbeMHOMN
koHueHTpanneit 0.002. mst o6enx cepuii BpeMsI BBI-
IEepXKA T TOJYIeHHON CMecH TIpU TeMIlepaType
750°C nepen paznuBKoii B rpac¢uToBbie (DOPMBI CO-
crapsiio 0, 20, 60 1 90 MUHYT IS YeTBIpEX pas3iind-
HBIX 00pa3IioB KOMITO3UTOB B Kaxknoit cepun. Beeme-
HUE B pacIjiaB aTIOMUHUS PEaKIIMOHHO-aKTUBHOTO
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Tabmmna 1. XapakTepucTUKU uccaeqoBaHHBIX 006pa3ioB Al/Al;Ti koMmo3uToB

Bpems OO0beMHast KOHLIEHTPAIUs KOMITOHEHTOB
Pacuetnas |M3mepenHasi| CpemHss
Ne ob6pasiia BhLICPAKH ) ) MJOTHOCTD | TIOTHOCTH | IOPUCTOCThH
T | T AT | e | (%
1-1 0 0.94 0.02 0.04 — 2751 2741 £ 14 | 0.36 = 0.51
1-2 20 0.929 0.016 0.055 - 2753 2685+ 14 | 2.47 £ 0.51
1-3 60 0.902 0.006 0.092 — 2762 2725+ 14 | 1.34 £ 0.51
1-4 90 0.885 0.000 0.115 — 2766 2748 =+ 14 | 0.65 £ 0.51
2-1 0 0.946 0.022 0.03 0.002 2751 2739 + 14 | 0.44 £ 0.51
2-2 20 0.937 0.019 0.042 0.002 2753 2661 £ 14 | 3.34+0.51
2-3 60 0.913 0.01 0.075 0.002 2759 2634 £ 14 | 4.53 £0.51
2-4 90 0.891 0.003 0.104 0.002 2766 2627 =14 | 5.02 £0.51

TUTaHA NIPUBOAUT B pe3yJIbTaTe in Sifu SK30TepMUYe-
CKOI1 peakumy K oOpa30BaHUIO MHTEPMETAUIMIHBIX
da3 cormacHo (a3oBoit muarpamMme coctosTHIS Al—T7i;
IIpU JAHHBIX YCIOBUSIX 00pa3yeTcs IPeuMYIIECTBEH-
Ho TpuamoMuHuia tutaHa Al;Ti. Ilpu yBenuueHuu
BPEMEHU BBIIEPXKKM CMECHU B pacrjiaBe pacTeT 00b-
€MHasl KOHLIEHTpalusi U CPeaHUid pa3Mep YacTUIL
Al;Ti B nonyyeHHOM Komnosute [11]. st onHoro u
TOTO XK€ BPEMEHM BBIACPKKHU J00aBIeHME HaHOYa-
CTUII aJIMa3a MPUBOAUT K YCKOPESHUIO POCTa U MOA-
dukanmu pacnipeneneHus no pazmepam yactuu Al;Ti
B oOpasiax cepuu 2 1Mo CpaBHEHUIO ¢ 00pa3laMu ce-
puu 1. Takke BIUsSHWE HAHOYACTUIL ajiMa3a MpOsIB-
JISIETCS B YAYYIICHUN TPUOOJIOTUYSCKUX XapaKTepy-
CTUK MOJyYEHHBIX KOMITIO3UTOB [11].

Bce uccnemoBaHHbIe 00paslibl MPEACTaBISIN COOO
TUTOCKOMNapajieabHble TG OBaHHbBIE TUCKU TUAMET-
pom D= (50 = 0.1) mm u Tommnoi H = (5 = 0.005) Mm.
IMopucrocTs {P) (06beMHast KOHLIEHTPALIUS TA30BbIX
nop) B obpasie, yCpeaTHEHHas 110 BCEMY €ro 00beMy,

paccunThiBanach Kak (P) = (1-p/p,)x100%, rme
(dakTryeckass WIOTHOCTh 0Opa3La P ONpenessuiach
M0 pe3yJibTaTaM eTro TMAPOCTATUYECKOrO B3BEIIMBa-

HUSI B JUCTWUIMPOBAHHOM BOJE, IUIOTHOCTD P, TBEP-
noit (pa3pl oOpasia (6e3 Iop) pacCUUTHIBANIACh IO MU3-
BECTHBIM IUIOTHOCTSIM 1 OOBEMHBIM KOHIIEHTPALIMSIM
KOMIIOHEHTOB KOHKPETHOIO KOMIIO3MTa COIVIAaCHO
npaBuiy cMeceit. ITorpenrHocTu rpu pacyeTe mopu-
CTOCTHU 00pa3110B ONPEASSIUCH MOTPEITHOCThIO MPU
BBIYMCIIEHNU MX IutoTHOCTH (14 xr/M3), KOTOpas, B
CBOIO OYepeb, €CTh Pe3yJbTaT CYMMapHOM MOrpel-
HOCTM M3MEpeHUil MacChl M rabapuToB 0Opa3lioB.
XapaKTepUCTUKM KCCIIEAYyeMbIX 00pa3loB IBYX Ce-
puii IpeacTaBieHbl B Tabaulle; repBasi Hudpa B HO-
Mepe oOpaslia COOTBETCTBYET Cepuu, BTOpasi — KOH-
KPETHOMY BPEMEHM BBIIEPXKKU CMECU B paclljaBe.
Bo Bcex o0Opasmax obenx cepuil pacripenejacHue
VIIPOYHSTIOIINX YACTUIL 110 00beMY OBLJIO MpaKTHU4YE-
CKU paBHOMEpPHBLIM [11], moaToMy 00pas3mbl cuMTa-
JINCH U30TPOITHBIMU IO aKyCTUIECKUM CBOMCTBAM.
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PacnpeneneHue mopucTocTM BO Bcex oOpaslax
KOMITIO3UTOB cepuu 1 ObUIO MpaKTUUYECKU paBHOMEP-
HbIM, YTO MOATBEPKIATOCh J1a3epHO-YJIbTPa3BYyKO-
BBIMM U3MEPEHUSIMU TUCTIEpCUU (Pa30BOI CKOPOCTHU
MPOJIOJIbHBIX aKyCTUUYECKHMX BOJIH B IISITU TTIPOU3BOJIb-
HO BBIOpaHHBIX OOJIACTSIX B KaXXIoM obGpasle [26].
Pesynbrarhl ja3epHO-yJILTPa3ByKOBOTO ompeaese-
HUS JIOKAJIbHOU MOPUCTOCTU P B IISITU TIPOU3BOJIBHO
BBIOpaHHBIX 00JIACTSIX KaXXI0To 00pasiia Cepuu 2 TeM
JKe MEeTOIOM MpeAcTaBjieHbl Ha puc. 1. BumHo, uto
pacripeieJieHUe MOPUCTOCTH B 0Opa3liax 3TOu cepuu
cyliecTBeHHO HepaBHoMepHoe. [lo-Buanmomy, 310
00YyCJIOBJIEHO HEOJHOPOAHBIM YBEJIUUYEHUEM CKOPO-
CTU 3K30TepMUYeCcKoil peakunu cuHre3a Al;Ti B 1o-
KaJIbHBIX 00JIACTSIX pacrljiaBa Ipu J00aBJIeHUN HAHO-
yacTUll ajiMa3a M COOTBETCTBYIOIIUM HEOIHOPO-
HBIM TEeperpeBoM 3TUX objacTeil, MPUBOASIIUM K
00pa3oBaHUI0 U3OBITOYHON JIOKATLHON TTOPUCTOCTU
B KPUCTAJJIM30BAHHOM MaTepuae.

JABEPHBIM OTITUKO-AKYCTUYECKUU
IMPEOBPA3OBATEJIb

bnok-cxema akcriepuMeHTaIbHOM YCTaHOBKU JLJIST
peajim3aliu KOJUYECTBEHHOU OILIEHKU JIOKaJIbHOM
nopuctoct B MKM 1nipu odHOCTOPOHHEM IOCTYIIE K
o0pa3slly Uiy U3JeJINI0 MpeacTaBieHa Ha puc. 2.

71 1a3epHOTO TEPMOOIITHIECKOTO BO30OYKIESHMS
ITIPOKOTIOJIOCHBIX VIIBTPa3BYKOBBIX UMITYTbCOB 1 MIX
ITbE30JIEKTPUIECKOI PETUCTPAIIH B 3XO-UMITYJTbC-
HOM peXXNMe UCITOIb30BaJICs JIa3epPHO-YIBTPa3ByKO-
BOIi IIpeoOpa3oBareb, IIOAPOOHO OIMCAaHHEIHN B [27,
28]. JlazepHbIii UMITYJIbC, IEPETaBa€MBIii ITO OIITOBO-
JIJOKOHHOMY KaOeJto, TamaeT Ha JINIEBYIO TTOBEPX-
HOCTB o0pa3ua miu usnaeians n3 MKM; ripu rorJolie-
HUU 5TOTO MMITYJTbCa TIPOUCXONNT HEeCTAaITMOHAPHBII
HarpeB U MOCJIeayIolee TeTUIOBOe pacIiiipeHue pH-
TTOBEPXHOCTHOTO CJIOST KOMIIO3WUTA. DTO TIPUBOIUT K
BO3HUKHOBEHUIO IBYX OMTMHAKOBBIX UMITYJILCOB PO~
MOTBHBIX YIBTPA3BYKOBBIX BOJIH, PAacIPOCTPaHSIO-
IMUXCS B TIPOTHUBOTIOIOKHBIX HaIlpaBlIeHUIX. OOuH
WMITYJIbC, OTMEUYEHHbIN 1T (poii / Ha puc. 2, pacIpo-
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Puc. 1. Pacnipenenenue nokanbHOI mopuctoctu P B 00-
pasuax Al/Al;Ti KoMImo3uToB cepuu 2.

cTpaHsieTcs “Biiepen” BrIIyOb KOMITO3UTA (30HINPY-
IOILIMIT MMITYJIbC), 2 BTOPOIl (OIMOPHBIIN) UMIYJIbC 2
pacripocTpaHsieTcsl “Haszan” 4depe3 IPU3MY-3BYKO-
MPOBOJ K IIUPOKOMNOJOCHOMY Tbe30MPUEMHUKY.
AKYCTMYECKHI KOHTaKT obOecIieuynBaeTCsl ITOCpem-
CTBOM TOHKOTO CJIOST TUCTUJUTMPOBAHHO BOIBI MEX-
Iy JIMIEBBIMU TIOBEPXHOCTSIMHU TIPU3MBI M 0Opasiia
NP UX MJIOTHOM PYYHOM MPUKUME IPYT K APYTY.

st BO30Yy:KAeHUS yIbTPa3ByKa B paboTe UCHOb-
3oBasicsd Nd:YAG na3zep ¢ AuogHoit HaKayKoi 1 MO-
Iyasuueii OOPOTHOCTU: SHEPrUusi B UMIYJIbce 95—
100 MKJI3x, XxapakTepHasi JJIUTEIbHOCTh UMITYJIbCa 9—

JlazepHO-yJIbTPa3ByKOBOM
npeobpa3oBarteib

IMbezonpueMHuK |
C TIpeAyCUTATEIEM

IMpusma_

W3 OprcTeKia

EERETE
S

Kommno3ur

10 HCc, yacTOoTa MOBTOPEHMS UMITYJIbCOB 1 KI'11, TI01IE -
peYHoOe pacIiipeacaeHue MHTEHCUBHOCTU B JIA36pPHOM
IMy4YKe OJIM3KO K raycCoBoMy. JlazepHEBIil My4OK, BbI-
XOMISIIINK 13 BCTPOSHHOIO B IIPe00pa30oBaTesib pa3b-
€Ma ONTOBOJIOKOHHOTO KabeJst, GhopMUPYETCs COOM-
palolieii JIMH30i B IPaKTUYECKM KOJUIMMUPOBAH-
HBII My4OK C XapaKTEpPHBIM PaguycoM a, = 2—3 MM
Ha 00JlyyaeMoll MOBEPXHOCTU KOMIIO3UTa. XapakK-
TEPHBIM paguyCc 30HIUPYIOLIETO YILTPa3ByKOBOIO
IMy4YKa Ha JIMIIEBOM MOBEPXHOCTU KOMIIO3UTa COBIIA-
JlaeT ¢ paguyCcoM JIa3€pHOIO My4yKa U paBeH a,. s
apaMeTpoOB JIAa3€PHOIo M3JTy4YeHUsI, UCIT0JIb3yeMOTO
B 9KCIEPUMEHTaX, PeaIM3yeTCsl TEPMOYIIPYTUii Me-
XaHU3M BO30YXIEHMS yJIbTpa3ByKa 0e3 MOBpeXe-
HUS 00JIydyaeMoii ITOBepXHOCTU KoMmo3uTa [19].

ITpu pacnpocTpaHeHUU B KOMIIO3UTE 30HANPYIO-
LU UMIYJIbC / YACTMYHO paccerBaeTcsi B 0OpaTHOM
HaIpaBJIeHUM Ha CIy4aiiHO pacrnpeae/ieHHbIX Heol-
HOPOMHOCTSIX CTPYKTYPbI MaTepuajia B Ipo3By4YrBae-
MOM oObeMe oOpaslia (ra3oBble MOPHI, YIIPOUHSIO-
II1e YaCTULIbl, 3epHAa-KPUCTAJIIUTHI MaTpulibl). Co-
BOKYITHOCTb TaKWX PACCEeSIHHBIX YJIbTPa3BYKOBBIX
MMITYJIbCOB 0003HaYeHa ngpoii 3 Ha puc. 2 U IIpe-
CTaBjiseT Co0Oil TaK Ha3bIBa€MBbIil ““CTPYKTYPHBIM
mrym”. Eciiv mopucToCcTh He MpeBbIIIaeT HECKOJbKUX
MPOLIEHTOB, B KOMIIO3UTE Peainu3yeTcsl peXKUM OJHO-
KPaTHOTO paccessHUS yJbTPa3ByKOBBIX BOJIH Ha Mopax
(cM., Hampumep, [29] U uMerolMecs] TaM CCBUIKM).
B aTOM citydae roJyiHast aMIUIMTy1a pacCesTHHOTO CUT-
HaJjia OT KaXK/I0i KOHKPEeTHOM 00J1acTu B 0Opa3slie sB-
JISIeTCS KOTEPEHTHON CyMMOI aMIUIUTYH CUTHAJIOB,
paccesiHHBIX Ha BCeX Mopax, TJOKaAJIM30BaHHBIX B 9TOM
obnactu. JIpyrumu ciioBamMu, aMIUIMTyaa oOpaTHO-
paccesiHHOTO CUTHaJla 3aBUCUT OT OOBEMHOM KOH-
LEHTpaLH IT0p (IIOPUCTOCTH).

WmmynbcHEBIIT

] Nd:YAG nazep

Omnro-
BOJIOKOHHBI
Kabenb

Cucrema coopa
1 00pabOTKM JaHHBIX

Puc. 2. biok-cxeMa 3KCepMMEHTaIbHOM YCTAHOBKH C JIa3€PHO-YJIbTPA3BYKOBBIM MpeoOpa3oBaTesieM JIIsl KOJTMYECTBEHHOMN
OLIEHKU JIOKAJIbHOI MOPUCTOCTU METAJIOMATPUYHBIX KOMITO3ULIMOHHBIX MAaTepUaJIOB.
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Puc. 3. (a) — HopmupoBaHHbIe BpeMeHHbIe TPOhUIIN YIbTPa3ByKOBBIX UMITYJILCOB, BO30YXXIaeMbIX B MATPULIE U3 AITIOMUHUS
n 1ByX obnacTax oopasua Al/Al;Ti koMno3ura ¢ pas3JInIHON| MOPUCTOCTBIO P; Ha Bpe3Ke B YBEJIMUYEHHOM MacIITabe MOKa3aH
CTPYKTYpHBIi 1IIyM. (6) — HopMupoOBaHHBII aMIUIMTYIHBIN CIIEKTP 3apeTUCTPUPOBAHHOTO OIMIOPHOTO CUTHAJIAa, BO30YyKAaeMO-

rO B aJTIOMUHUEBO MaTrpuue.

METOJIUNKA OBPABOTKHA
YIBTPA3BYKOBbBIX CUTHAJIOB

Ha puc. 3a moka3zaHsl IIprMepbl HOPMHUPOBAHHBIX
BpeMeHHBIX Tpoduieii U(f) ynbTpa3ByKOBbBIX CUTHA-
JIOB, BO30YXKAAaeMbIX MpPU TOMIOIICHUMN Ja3epHOIo
WMITyJIbCa B TIPOMU3BOJBHO BBIOpaHHONW 00JaCTH
MPaKTUIECKU OECIOPUCTON MAaTPULIbI U3 aTIOMUHUS
M B 00JIaCTSIX C Pa3JIMYHON MOPUCTOCTHIO P B 00pa3lie
Neo 2—3 (o6nactu 2 u 3 Ha puc. 1). 3aperucTpupoBaH-
HBII TPOMUIb OMOPHOTO UMITYJIbCA ONpPEAeIISIeTCS B
OCHOBHOM TOTIJIOIIEHEeM U AU(paKILMeil yIbTpa3By-
KOBBIX BOJIH B ITpu3Me-3BykonpoBoe [19]. Heznauu-
TeIbHOE OTJIMYME Ha BpEMEHHOM OTpe3Ke 3.5—4 MKc
CHUTHAJIOB, BO30Y:XJAaeMBIX B MaTpUIle U ABYX oOJa-
CTsIX 00pasiia, 00yCIOBJIEHO BO3MOXHOM Bapualuei
aKyCTUYECKOTO KOHTAKTa IPU MPYKUME TTPU3MbBI K
MOBEPXHOCTU 00pa3lia, a TakXKe HEeKOTOpOil HecTa-
OMJILHOCTBIO BpEMEHHOTO MPOd U MHTEHCUBHOCTHU
Ja3epHBIX UMNYJIbCOB. BnustHue mmocienHero gpakro-
pa oOyC/IOBJIEHO TEM, YTO IIPM MAHHBIX YCJIOBUSIX
BpEeMEHHOM TPoduIb BO30Y:KIaeMOTO YJIETPa3ByKO-
BOTO MMITYJICA B KOMITO3UTE TTOBTOPSIET OTMOAIOIITYIO
MHTEHCUBHOCTHU Jla3epHOT0 uMityabca [19].

Ha puc. 30 nmoka3aH nmpuMep HOPMHPOBAHHOIO
aMILUTUTYAHOTO crnekTpa S(f) 3aperucTpupoBaHHOTO
OMOPHOTO YJIbTPa3BYKOBOI'O UMITYJIbCa, BO30YyXKIae-
MOTO B aJlloOMUHMEBOM MaTpulle (f — JyacTtoTa yjb-
TPa3ByKOBOI BOJHBI). TOYHO TaKOil K€ CIIEKTp
MMeeT 30HAUPYIONIMI UMITYJIbC, BO30YXXIaeMbIii B
MPUIIOBEPXHOCTHOM cJjioe Jrodoro oopaszua MKM u
pacrpocTpaHsIOLIMiicsa Brilyob 3TOoro oopasua. Pa-
Oouasi 1moJjioca 4acTOT MO ypOBHIO 1/e cocTaBiser
0.25-9 MTu.

XapakTepHblii pa3Mep MHTEPMETALUIMAHBIX 4a-
CTHUIL BO BCEX HCCIIemyeMbIX obOpasmax (5—20 MKM
[11]) MHOTO MeHbIIIE [UIMH YIBTPa3ByKOBBIX BOJIH A
UL paboydeil moaockl yacToT (A = 1.3 MM Ha 4acToTe
f= 5 MTI'u, ¢pazoBasg CKOpOCTb NPOOOJIBbHBIX YIbTpa-
Nel 2021
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3BYKOBBIX BOJTH B aIOMUHMEBOM Matpuiie C= 6350 m/c,
B Al/AlTi xommosutax C = 6250—6550 M/c [26]).
IToaTOoMy BO Bcex oOpasliax peaanusyeTcs paJeeBCKU
pEeXUM paccesiHUsI YJIbTpa3ByKa Ha 4yacTuuax (CM.,
Hanpumep, [30]). B npubiukeHUM OTHOKPATHOTO
paccesstHUSI KO3((PULMEHT paccesiHUSI Ha HEOTHO-
POIHOCTSIX Ha OMpeAeeHHOI YacToTe ornpeaessieTcst
KaK TpOM3BEJeHUE TOTNEePEUYHOro CEUYCHUsT paccesi-
HUS HA 3TOI YacToTe MJIsl OTASIbHON HEOJHOPOTHO-
CTU Ha YMCJIO HEOJTHOPOAHOCTEN B eIMHUIE 00beMa.
MBI OLIEHWIN CEYEHUE PACCESTHUS TIPOIOJILHBIX YiIb-
TPa3BYKOBBIX BOJIH Ha yacTtulle Al;Ti MakcuMasibHO-
ro paguyca (=10 MKM) Ha 4acTOT€ BEpXHEM IpaHULIbI
paboueii monockl (9 MT'n) ¢ ucnonbzoBaHuem dop-
My (27) u (28) u3 [30], a Takke paccurTaid COOTBET-
CTBYIOIIM KO3(MUIIMESHT paccessHUS O Ha 3TOI Ja-
CTOTE IJIs MAKCUMAJIbHO 00 beMHOM KOHIIEHTPALlUKU
yactull Al;Ti (0.115). TTosiyueHHBI pe3yibTaT cocTa-

B o = 0.01 cm~!. OueBunHO, B paboueii rosnoce 4ya-
CTOT MPaKTUYECKU He OyJeT 3aperucTpUpoOBaHO Yiib-
TPa3BYKOBBIX CUTHAJIOB, PacCEesIHHbIX Ha 4acTuIlax
AL;Ti. B TOo e BpeMsl CUTHAJIbI, PACCESIHHbIE Ha MO-
pax ¢ XxapakKTepHbIMU pa3MepaMu B IECSTKU U COTHU
MUKPOMETPOB, TUMTUYHBIMU 151 JIUTHIX aTlOMUHUE-
BBIX CIIJIaBOB [29], MOTYT JOCTOBEPHO PETrUCTPUPO-
BaTbCs B paboueii 1oJjioce YaCTOT UCTIOJIb3yeMOro Jia-
3€pHO-YJIbTPa3BYKOBOTO TpeoOpa3oBaresis. Takum
00pa3oM, 3aperucTpMpoOBaHHbBIN CTPYKTYPHBIHN 1ITyM
B MICCJIEIOBaHHBIX KOMMO3UTaX (pOpMUPYETCsI CUTHA-
JJaMM OT MOp Pa3JIM4YHBbIX pasMepoB, 3¢hGhEeKTUBHO
pacceMBalolIvX yJIbTPa3ByKOBbIE BOJIHBLI B paboueit
MOJIOCE YaCTOT.

PaGouee BpeMeHHOE OKHO IJII TIOJTHOTO YJIbTpa-
3BYKOBOTO CUTHAJIa Ha PHC. 3a COOTBETCTBYET BpeMe-
HU Tpo0era 30HAUPYIOIIETO UMITYJIbCa OT TPaHULIbI
Mpr3Ma-o0pasell 10 THUTbHOM MOBEpXHOCTH 00pa3na
u obpaTHO. J1j1s1 JaIbHEHUIIeTo aHaIM3a He TpeOyeTCs
peruCTpUpPOBaATh CUTHAJ, OTPAaXXEHHBIM OT TBIIbHOIA
IMOBEPXHOCTH OOpa3IlOB WM W3HEIWiA; COOTBET-
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Puc. 4. PacripeneneHust o6paTHOpacCesTHHbIX CUTHAJIOB 110 ITyOuHe d B IByX obuacTsx obpasua Al/Al;Ti koMmnosuTa ¢ pasznnd-
HOI TTopucTocThio P. “ba3oBasi TMHUSI” COOTBETCTBYET PAa3HOCTU CUTHAJIOB B ABYX 00JIaCTSIX 00pa31ia aIlOMUHUEBOI MAaTPULIBI.

CTBEHHO, OTCYTCTBYET TPeOOBaHME HA HAIMYUE Y HUX
IUIOCKOITapasuleIbHbIX moBepxHocTei. [1pu pacmpo-
CTpaHeHWHU B 00Opa3slle 30HAUPYIOIINN UMIMYJIbC Ya-
CTUYHO paccenBaeTCsl Ha Mopax, pacloJOXKeHHbIX Ha
pa3HBIX IITyOMHAX B IIPO3BYyYMBAEMON 00JacTU 00-
paszna. ObpaTHOpaccessTHHbIE CUTHAJIbl PErUCTPUPY-
JOTCSI KaK HeperyJIsipHble MUKW Ha “XBOCTE” OMOPHO-
ro NMITyJibca (Bpe3Ka Ha puc. 3a) 1 oOpas3yloT CTPyK-
TYPHBIA IyM. AMIZIMTYOa A O0OpaTHOPACCESTHHOTO
CUTHAaJIa B KOHKPETHBI MOMEHT BPEMEHU ¢ 3aBUCUT
OT pa3Mepa M KOHLIEHTpallMU MOP, TOKAJTU30BaHHBIX
Ha rryouHe d = Ct/2, tne C — (pa3oBast CKOPOCTb ITPO-
JIOJIBHBIX YJIBTPA3BYKOBBIX BOJIH B UCCJIEAYEMOM 00-
pasue [27].

JJ1se KOTMYEeCTBEHHOM OLIEHKUW BIIMSIHUS TIOPU-
CTOCTM Ha aMIUIMTYOHOE pachpenciecHue odpaTHO-
paccessHHBIX YJIbTPa3ByKOBBIX CUTHAJIOB IIpe1iaracT-
Ccd aHaIM3UPOBAaTh PAa3HOCTh MEXIYy CUTHAJIOM
CTPYKTYPHOTO IIIyMa B KaXKJIOM KOHKPETHOM 00Opasiie
KOMIIO3UTAa U CUTHAJIOM, 3aperiCTPUPOBAHHBLIM Ha
TOM X€ Bp€eMEHHOM MHTepPBaJie OT IPaKTUIECKU Gec-
MOPUCTOI MAaTpULIbI U3 aIIOMUHUS. Takast pa3HOCTb
MO3BOJISIET UCKITIOUUTh BIUSIHUE AU(MPAKLIUUA U TT0-
[JIOIIEHUS YIbTPa3ByKa B MPU3Me-3BYKOIIPOBOAE Ha
3aperMCTPUPOBAHHYIO aMIUIUTYY PACCEIHHBIX CHUT-
HAJIOB, MTOCKOJBKY TIPU PACIIPOCTPAaHEHUN B IPU3ME
CUTHAJTBI ¥ OT MaTPUIIBI, U OT KOMITO3UTa O paru-
PYIOT ¥ MOIJIOIIAIOTCS OMMHAKOBO. AHAJIU3 yKa3aH-
HOI pa3HOCTU CHUTHAJIOB HAaYMHAETCSI OT 4 MKC IO
BpeMeHHOM miKane (CM. puc. 3a) Wi MCKIIOYECHUS
BO3MOXKHOTO PACXOXICHUS peain3aliiii BpeMeHHBIX
npoduiieil OMOPHBIX CUTHAJIOB, BO30YXIaeMBIX B
MaTpulie u oopasiiax. Bpems =4 MKC COOTBETCTBYET
MIPUXOAY CUTHAJIA ¢ IITyOMHBI mopsaka 1.3 MM B KOM-
MO3UTAaxX C YYETOM BpeMeHU mpobera yjabTpa3ByKa B
npusMe (3.6 mxc). Takum o6pa3oM, TMaNa3oH CKa-
HUPOBAHUS T10 TIIyOMHE B MCCIEAYEMbIX KOMITO3UTAaX
cocrasiser 1.3—5 MM (5 MM — ToIIIIMHA BCeX 00pa3-
moB). Ha puc. 4 mokazaHa COOTBETCTBYIOIIAsl pa3-

HOCTh CUTHAJIOB, TIOJTy4eHHAasI 11 IBYX obacTeii 06-
pasna Ne 2—3 ¢ mopucroctsamu 3.5 u 7.7% u ycpen-
HeHHas 1o 20-Th BpeMEeHHBIM TOYKaM; I0 ocu X
OTJIOKEHA TJIyOMHa d B oOpa3lie. 31ech Ke IToKa3aHa
Tak Ha3bIBacMas “0a3oBas JIMHUS’, COOTBETCTBYIO-
111as1 pa3HOCTHU ABYX CUTHAJIOB, 3apPETMCTPUPOBAHHBIX
B JIByX IPOU3BOJILHO BEIOPAHHBIX 00JIACTSIX OECIio-
pucToro obpasna MaTpulibl U3 amoMuHuSA. HeHyme-
Basi pa3HOCTb O0YCJIOBJIEHA 2JEKTPUUECKUMU IITyMa-
MU M ILIyMaMyd OUCKPETM3alluy CUTHajla, a TakXkKe
BO3MOXKHOIM Bapuvalyeil akKyCTUYEeCKOro KOHTaKTa
IUIST pa3HBIX peaju3alluii, U TpenAcTaBisIeT COOO
“anmapaTHBIN IIyM”, IETEeKTUPYEMBIii Taxke B OecIio-
PUCTBIX MaTepUaJiax.

Ha puc. 4 BugHO, 4TO yBenMYeHUE ITOPUCTOCTU
MIPUBOIUT K BO3PACTAHMUIO aMILIUTYIbI 0OpaTHOpac-
CESTHHBIX CUTHAJIOB. DTO OOBSICHSIETCS IIPUHIIMIIOM
CYIIEPHO3UILIMHU: YIBTPA3BYKOBOM CUTHAJ C aMIUIUTY-
Joit A, MpUXOISIINIA C KaXKIOil KOHKPETHOM IiIyour-
HBI B IPO3BYYMBAE€MOM YYacTKe KOMIIO3MUTa, IIPE-
CTaBIISIET COOOM CYMMY CUTHAJIOB 3JI€MEHTAPHBIX aK-
TOB pacCesHHUs Ha Mopax, JIOKAJIM30BaHHBIX Ha 9TOM
r1youHe. YeM BBIIIE TOPUCTOCTh, TEM OOJbIIE aM-
wnTyga A oOpaTHOpacCesIHHBIX CUTHAJIOB, “TIPOM3-
BOIMMBIX’ KaXXIbIM ITOIIEpEYHBIM CEYSHUEM 00pa3iia
MPU TTPOXOXKICHUN 30HIUPYIONIETO YJIbTPA3ByKOBO-
ro mMmmyiabca. TakuM oOpa3oM, 4eM BBIIIE ITOPU-
CTOCTh OOpa3ia, TeM OoJbllle IIMpUHA pacrapeaesie-
Hust N(A), tne N — 3T0 cyMMapHOE YHCJIO CUTHAJIOB
(TOYEK) C JaHHOK KOHKPETHOM aMIUIUTYIOI A Ha BCeM
BPEMEHHOM TpeKe 3aperMCTPUPOBAHHOIO CTPYKTYp-
Horo myma. MiomocTpanust 3TUX pacCyKIeHU TpU-
BelIeHa Ha pUC. 5, Tae moKa3aHbl pacupeaeaeHus N(A)
JIJTsI CTPYKTYPHOTO IIIyMa B 0OCYKIaeMBbIX BBIIIIE 00J1a-
cTax oopasua Ne 2—3 ¢ mopucrocramu 3.5 u 7.7%.
Kak BugHO, amrmmmtyaHoe pacipeneiacHue N(A) mist
0OoJjiee TTOPUCTOI OOJIACTH IMPaKTUYECKUA B IBa pasa
IIMPE, TOCKOIbKY OHO COAEPXUT CUTHAJIBI C aMILIH-
TyZaMu, BOOOIIE OTCYTCTBYIOIIMMU B CTPYKTYPHOM
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IIIyMe OT MeHee ITOpUCToit obmact. Taxke 3mech Imo-
Ka3aHO aMIUIMTYIHOE paclpenelieHre I “6a30Boit
JIMHUN”, COOTBETCTBYIOIIEH pa3HOCTH OGpaTHOpAac-
CEeSTHHBIX CHUTHAJIOB B IBYX OOJIACTSIX MATPUIIBI U3
amomuHus (puc. 4).

[ peaym3alin KOJIMYeCTBEHHOM OLICHKY ITOPH-
CTOCTU TIpeIyiaraeTcsl MCIOJIb30BaTh COOTHOIIICHHE
MEXIY BEJIMYMHON MOPUCTOCTA P W MOIYIIUPUHOMN
AA 110 ypOBHIO 1/e aMIUIUTYOHOIO pacIlipenciacHUs
N(A) niist Bcex UCClieNOBAaHHBIX 00pa3loB KOMIIO3U-
TOB. [10CKOIBKY aKTBI pacCesTHUS Ha CIIyJaitHO pac-
MIpeeJIeHHBIX TTopax SBJISIOTCS CTaTUCTUYSCKU He-
3aBHUCHUMBIMH, COTJIACHO IEHTPAIBbHON IIpeneTbHOMN
TeopeMe 3KCIIEPUMEHTAIBHO TTOIYYeHHBIE pacIipe-
neneHusi N(A) MOryT OBITb aIIIPOKCUMUPOBAHBI
rayCcCOBCKOI (DyHKIIHEH pacIipeneIeHus

2
X — X,
y:NoeXp(Toj 5 (1

I Y COOTBETCTBYET YMCTY /N CUTHAJIOB C JAHHOM aM-
TUTMTYIOM X Ha BCEM BPEMEHHOM TpeKe CTPYKTYPHO-
ro myma, AA — TMOJylIMPUHA paclipeaesieHUsT 10
ypoBHIO 1/e. Takue raycCoBCKHME amIIPOKCHUMAIINN
BCEX PACCMOTPEHHBIX BBIIIIE pacTipeieieHUi moKa3a-
HbI Ha pUC. 5 CTUIOIIHBIMU JTUHUSIMU.

SKCITEPUMEHTAJIbBHBIE PE3VJIBTATDBI
N OBCYXIEHUWE

Ha puc. 6 npencTasieHbl pacrpeneieHUs aMITUT-
Ty N(A) obpaTHOpacCCesTHHBIX CUTHAJIOB B 00pasiiax
Al/Al;Ti komno3utoB cepui 1. [lokazaHHbIE pacmpe-
JIeJICHUST UIS1 KaXKIIOTo oOpaslia SIBJISIIOTCS pe3yJibTa-
TOM YCPEIHEHMUsI 10 pacHpeaesICHUSIM, MOJTy4YeHHBIM
B IISITU CJIy4aiiHO BBIOpAHHBIX 00JIACTSIX (TaK Ha3bl-
BaeMoOe€ ycpelIHeHue 1o aHcaMmO0J110). Takoe ycpenHe-
HUE MPaBOMEPHO, MTOCKOJIbKY, KaK YKa3bIBaJOCh BbI-
e, B oOpa3uax cepun 1 HaGmII0maI0Ch paBHOMEPHOES
pacrpenejieHre nmopucroctu. Maciurabd Ha puc. 6 1o
ocHu X, COOTBETCTBYIOIIEH aMITJIMTyIaM oOpaTHopac-
CESIHHBIX CUTHAJIOB, BBIOpAaH OJMHAKOBBIM IS BCEX
pacripenesieHuii i1 HarIsIMHOM JEMOHCTpaluu UX
VIIMPEHUS TIPU BO3pacTalolleii MOpUCTOCTU o0paslia.

st 06pas31oB cepun 2 aHAJOTUYHbIE pacIipeie-
JneHus1 N(A) ObUIM MOJYYeHBI A KaXKI0M U3 MSITU
obJracTeit ¢ UBMEpEeHHOM JTOKaJIbHOM ITOPUCTOCTHIO P
B KaxknoM obOpasiie. Ha puc. 7 mokazaHbl IpuMephl
TaKUX pacnpeleeHUuil, MOJy4eHHbIX 0e3 ycpemaHe-
HuUs o aHcamoio. Pacnipenenenus N(A) mist ob6aa-
creii 2 1 3 B obpa3sie No 2—3 OblJIM pacCMOTPEHBI BbI-
LI€ TIPYM ONKMCAHUM NPOLELYypPbl OOpabOTKM YJIbTpa-
3BYKOBBIX CUTHAJIOB.

Pesynbrarsl, npeacTaBieHHbIE HA pyUc. 6 1 7, TIOM-
TBEPKAAIOT, UYTO JISI 00eUX cepUii 00pa3oB KOMIIO-
3UTOB LIMPUHA pacnpeAccHU aMILUIUTYI 0OpaTHO-
paccessHHBIX YJIbTPa3BYKOBBIX CUTHAJIOB HE 3aBUCUT
OT OO0OBEMHOI KOHIEHTpAllMM WHTEePMETaIMIHBIX
yactull Al;Ti, a onpenensieTcss UCKIIOUYUTENbHO TMO-
PUCTOCTBIO B IIPO3BYYEHHOM 00j1acT obpasua. Tak,
yBeJIMYEHUE JIOKATbHOI IIOPUCTOCTU B = 8 pa3 mpu-
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N

220

200 |:| AmoMUHUI

180 - Oo6pasert

160 - kommosuta Ne 2-3 0

140~ [ P=35%

120 [ P=77%

100 ‘
80 || |

i |

60

1
® ot AL

. |
—0.004 0

—0.006 —0.002

A, OTH. eqI.

0.002 0.006

Puc. 5. Pacnipenenenusi aMIinTya oopaTHOpacCestHHbIX
YJIBTPa3BYKOBBIX CUTHAJIOB B OECIOPUCTON MaTpulle U3
aJIOMMHMA U IBYX 00JacTax oopasua Al/Al;Ti koMmnosu-
Ta ¢ pa3imyHou rmopuctoctbio P. CrulonrHble JUHUU —
rayccoBckue ammnpokcuMauuu (1) COOTBETCTBYIOLIMX
pacripeeeHu.

BOJIUT K BO3PACTaHUIO MOJTYIIMPUHBI paciipeaeIeHUs
AA TipakTHUYeCKU B TPU pa3a Mpu OJMHAKOBOI MakK-
cuMainbHO# KoHlleHTpaluu Al;Ti B o6pasziiax Ne 1—4
u Ne 2—4 (puc. 6r u 7T COOTBETCTBEHHO). Takxke mIst
oOpasua Ne 1—4 ¢ mMakcuMMajabHOII OOBEMHONM KOH-
neHTpauuein dyactuul Al;Ti U nmpakTuyecku MMHU-
MaJIbHOI TIOPUCTOCTBIO BelUurHa AA CylleCTBEHHO
MeHbiie (puc. 6r), yem mjist oopasuoB No 1—2 u No 13
C MEHbIIUMU KOHLIeHTpalusaMu Al;Ti, Ho ¢ Gonblun-
MU IIOPUCTOCTSIMU (pucC. 66 1 6B).

Ha puc. 8 nokazaHa 3KCHEepUMEHTAIBHO TOJY-
yeHHasi 3aBUCUMOCTb AA(P) (TOYKM) IJIsT BCEX MPO-
3BYUYEHHBIX O0JacTeil ¢ pa3uYHON MOPUCTOCTHIO B
o6pazuax Al/Al;Ti komno3utoB obeux cepuii; Beau-
YUHBI AA OBUIU B3SITHI U3 PE3YJILTATOB aIllIIPOKCUMa-
UM TayCCOBCKOM (yHKuMei (1) aKcriepuMeHTallb-
HBIX pacrpeneneHuit N(4). B kayecTBe morpenrHo-
creit st AA ObLIA B3SIThl COOTBETCTBYIOIINE TaHHbIE
BCEX amMpOKCHUMAalIUii, MOTPEITHOCTU IJIsI CpeaHEi
MOPUCTOCTH 0Opa3lloB cepun 1 COOTBETCTBYIOT IaH-
HbIM M3 TaOJULbI, [JIS1 JJOKAJBHOU MOPUCTOCTU 00-
pa3LoB cepuu 2 — JaHHBIM puc. 1. BeanunHa AA npu
P = 0 cooTBETCTBYET MOJYIIUPUHE aMILUIUTYIHOIO
pacnpeaesieHus “anmnapaTHOTro IiyMa”, MoJy4eHHO-
O JIJIs MAaTPULIBLI U3 ATIOMUHMS. BUIHO, 4TO U1 ABYX
pa3HbIX cepuii 00pa3lioB IKCHEPUMEHTAJIbHAS 3aBU-
cuMocTb AA(P) B mpedeaax IMOTpelIHOCTEl MOXKeT
OBbITH AlMPOKCMMUPOBaHA MO METOAY HaMMEHbIINX
KBaJpaTOB OOHON U TOU Xe (pyHKIMEH, OJIM3KON K
JIAHEUHOM:

y = (1.03+0.6x"*)x107" ()



62

N (a)
160 I (P)=0.36%
140 - TayccoBckast anmnpoKCUuMalust
120k R>=0.8388
Ny =92.56336 + 4.27256
100 - xo = —0.00001 + 0.00005
80 AA = 0.00127 + 0.00007
60
40
20
0
— 0 0.004
—0.006 —0.002 0.002 0.006
N (8)
120 B (P)=0.36%
100 L rayCCOBCKaH arrmpoKcuMauus
R>=0.8239
80 Ny = 76.46629 + 4.22384
xo = —0.00002 + 0.00008
60 A4 = 0.00178 % 0.00011

40
20
0
—0.004 0.004
—0.006 —0.002 0.002 0.006
A, OTH. efl.
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N (6)
100 B (P =241%

TayccoBckas annpokcumariiust

80 R2=10.8459
Ny = 60.07437 + 2.68859
60 X0 =0.00002 + 0.00009

L\ A4 =0.0024 + 0.00012

40
20
0
—0.004 0 0.004
—0.006 —0.002 0.002 0.006
N (r)
140 I (P)=0.65%
120 layccoBckast annpokcumanus
R2=0.8784
100 Ny = 88.35153 + 3.2399
80 xo = —0.00004 £ 0.00005

A4 =0.0015 = 0.00006

60
40
20
0
—0.004 0.004
—0.006 —0.002 0.002 0.006
A, OTH. efl.

Puc. 6. PacnipesiesieHus: aMIiuTy o6paTHOpacCesiHHbIX YJIbTPa3ByKOBbIX CUTHaIOB B 06pasuax Al/Al;Ti KoMno3uToB cepuun
1: (a) — 1-1, (6) — 1-2, (B) — 1-3, (r) — 1-4. 3HaueHus cpeaHeii nopuctocty {P) 06pasia U NapamMeTpbl COOTBETCTBYIOILMX rayc-

COBCKHMX aHHpOKCI/IMaHI/Iﬁ IIOKa3aHbl Ha Ka>k[IOM PUCYHKE.

OTHOCUTEeTbHAsI TIOTPEITHOCTh OIpeaeIcHUs Tapa-
METPOB armnpokcuMauuu B (2) He npesbiiiaet 8%. B
BhIpaxXeHUM (2) 3HaUYeHME HE3aBHUCUMOII IepeMeH-
HOI1 X COOTBETCTBYET OPUCTOCTH P 0Opa3siia, BeIpa-
JKeHHOH B MpOIleHTaX, 3HaUeHNe TIEPEMEHHOM y Co-
OTBETCTBYET MOJIYITUPUHE pacrpenesieHrs AA.

Mg pacueTa paKTUIECKOM MTOPUCTOCTU P B Ipo-
3BYYE€HHOI 00JIacTH Komno3uTa ¢pyHKUus (2) ObL1a
npeobOpa3oBaHa B 3aBUCUMOCTb P(AA):

P =(1667A4 —1.717)""" 3)

nus3 KOTOpOI7I BeJIMuMHa P OIpeacIACTCA B ITPOLICHTAX.

DyHKILMOHANIBHBIE 3aBUCUMOCTH (2) 1 (3) 6bUIH
MnoJiy4eHsbl isi oo6pa3ios Al/Al;Ti KOMIIO3UTOB TOJI-
muHOM 5 MM. [To3TOMY OHM MOTYT MCIIOTE30BaTHCS
IIJIST KOJIMIECTBEHHOM OIIEHKH JIOKAJBLHOM TTOPHUCTO-
CTH B TIPO3BYYEHHBIX O0JIACTIX 00pa3IOB U U3METHi
MMPAKTUIECKN TaKOM K€ TOJNIIMHBI 1 U3TOTOBJICHHBIX
13 TOTO Xe MaTtepraia. [1py1 ncrnob30BaHUM TaHHOMN
METOIUKM TSI OIIEHKU TTOPUCTOCTH B KOMITO3UTHBIX
WU3IETUSIX OOJBIIIECH MJTM MEHBITIEH TOMIIIMHBI aHAJIO-
TMYHbIE “KaImOpoBo4YHBIe” 3aBucuMocTd (2) u (3)

JIOJKHBI OBITH MOJIYYeHBI 11 00pa3IloB-CBUAECTEICH
COOTBETCTBYIOLIEI TOMIINHBI.

SAKJIIOYEHUE

B pa6GoTte mmpoBeaeHbI 3KCIIEpUMEHTaIbHbIC UC-
clieJOBaHUS BJIMWSHUS JIOKAJIBbHOM ITOPUCTOCTU B
U30TPOITHBIX TUCIEPCHO-YIIPOYHEHHBIX METAJLIO-
MATPUYHBIX KOMITO3UIIMOHHBIX MaTepHuaiax, u3ro-
TOBJIIECHHBIX METOJOM pPEaKLMOHHOIO JINThs, Ha
CTAaTUCTUYECKOE pacIpeesicHrue aMIUIUTyd oopar-
HOpACCEeSIHHBIX IIUPOKOIIOJOCHBIX WMITYJIbCOB
MMPOJOJILHBIX YJIbTPa3BYKOBBIX BOJIH. [IpeanoxeH-
Hasi METOAWKA MO3BOJISIET UCCIEAOBATh OOpa3Ibl
WU U3IETUSI IPU OJHOCTOPOHHEM JOCTYINE K 00b-
KTy KOHTPOJISI 6€3 U3MEePEHUS ero TOJIIIVHBI U pe-
TUCTPAllU JOHHBIX YJIbTPAa3BYKOBBIX 3XO-CUTHA-
noB. HMccnemoBaHbl 00pasnbl aJlOMOMATPUYHBIX
KOMITO3UIIMOHHBIX MaTEepHUAaIOB C Pa3IMYHON 00b-
eMHoM KoHueHTpauueii (0.04—0.115) in situ cuaTE-
3UPOBAHHBIX UHTEPMETALIUAHBIX YyacTull Al;Ti u
nopuctocTtbio (0.13—7.7%), paBHOMEpHO U HepaB-
HOMEPHO pachpeleieHHO o0 00beMy 006pa3lioB.
[MIuprHa CTaTUCTUYECKOTO pacHpeacaeHUs] aMILIN-
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BIMAHUE ITOPUCTOCTU HA CTATUCTUYECKOE PACITPEAEJIEHHUE

N (a)
120 - mm P=091%
rayCCOBCKaf[ arrpoKCuMaIus
100 R>=0.81918
Np = 88.42647 + 5.77233
80 Xo=7.587E—6 % 0.00008
60 AA=0.00153 £ 0.00012

40
20

0
—0.004 0 0.004
—0.006 —0.002 0.002 0.006
N (8) - 77%
100 - TayccoBcKast arnpoKCUMAaLUs
90 - R?=10.76199
80 No = 68.90781 + 4.23956
70 - xo = —0.00028 % 0.00026
60 AA = 0.00514 = 0.00039

0 0.00
0.002 0.002

A, OTH. efl.

—0.008 —0.004

4
—0.006 0.006
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% - (6) [ P=32%
l"ayccoscx(aﬂ arrpokcumMauusa
60 - R>=0.81413
Ny = 51.37258 % 1.96665
S0 Xo = 0.00005 + 0.00011
40 AA = 0.00274 + 0.00016

30
20
10

0
—0.004 0 0.004
—0.006 —0.002 0.002 0.006
N (r) . P 5.5%
100 (- TayccoBckast anmpoKcumanust
90 - R?=10.75039
80 + Np = 80.80482 + 5.23373
70 + xp=—0.0002 £ 0.00022
60 A4 =0.00422 + 0.00033

0

4
0.006

—0.004 0.00
—0.006 —0.002  0.002
A, OTH. efl.

Puc. 7. ITpumMepsl pacnipeneaeHui aMILIUTy I 0OpaTHOPACCESTHHBIX YJIbTPa3BYKOBBIX CUTHaIOB B o6pasuax Al/Al;Ti kommnosu-
TOB cepuu 2: (a) — 2-1, (6) — 2-2, (B) — 2-3, (1) — 2-4. 3HayeHUs JJOKaJIbHOI mopucToCcTU P B MPO3BYyYEeHHOI 001acTH 00pasua
M TTapaMeTphbl COOTBETCTBYIOIINX TaYCCOBCKUX AIlITPOKCHUMALIMIA TOKA3aHbI Ha KaXIOM PUCYHKE.

Tyl OOpaTHOPACCESIHHBIX YJbTPa3ByKOBBIX CUTHAJIOB
(CTPYKTYpPHOIO IIIyMa), allIpOKCHUMHPYEMOIO rayc-
COBCKOM (pyHKIIME, OIIpeAcsIeTCsI NCKIIOUYNTEIbHO

Oopaseinn
KOMITO3UTa
o 1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4

> ¢ m o 4 O 0O

P, %

Puc. 8. CooTHouIeHre MeX1y MOTYIIMPUHOM aMIUTUTY /-
HOTO pacnpeeieHusi 00paTHOPACCESTHHBIX YJIbTPa3ByKO-
BBIX CHUTHAJIOB U JIOKAJIbHOI MOPUCTOCTBIO B 0Opasiiax
Al/Al3Ti xomno3uros AByx cepuii. Touku — skcnepu-
MEHTAJIbHBIC PE3YJIbTaThl, CUMBOJI (x) mist P = 0 cooTBeT-
CTBYET IOJIyILIIMPUHE pacIipeie/icHUs “arnmnapaTHOro Iry-
Ma”, CIUTOLIHAsS TUHUS — PYHKIINS artmpoKcuManuu (2).
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BEJIMYMHOI ITOPUCTOCTU B IIPO3BYYEHHOI 00JIacCTU
MaTepuasia U He 3aBUCUT OT OOBEMHOI KOHIIEHTpa-
AW YIPOYHSIONUIMX YacTUI] B 3ToH obOmactu. s
NIBYX cepMit uccenoBaHHBIX 00pa3iioB Al/Al;Ti kom-
MO3UTOB MOJYYEHHOE SMIUPUUYECKOE COOTHOIIIEHE
MEXIY TMOJYIIUPUHON aMIUJIUTYIHOTO paclpeaese-
HUS CTPYKTYPHOIO IiIyMa U MOPUCTOCTHIO B MPO3BY-
YEeHHOIi 00JIaCTU KOMIO3UTa alllPOKCUMUPYETCS OJ1-
HOIi M TOi Xe (PYHKIIMEeW, OJIM3KON K JIMHEWHOI.
C ucrnionb3oBaHUEM 3TOi (PYHKIIMM ObIJIa TTOJydeHa
pacueTHas (opMyna sl omnpeneseHusl JOKaIbHOM
nopuctoctd B Al/AlLTi kommno3surax. JIokanbHOCTb
TECTUPOBAHUS B TIONEPEYHOM HampaBieHUU (110
IUIOCKOCTH 00pa3slia) COCTaBisieT 2—3 MM, UTO JaeT
BO3MOXHOCTb BBISIBJSITD YYaCTKU C TMOBBIIIEHHOM
MOPUCTOCTHIO B CUJIBHO HEOIHOPOJHBIX 10 CTPYKTY-
pe Mmarepuasiax. IlpenjiokeHHasi METOIAMKA MOXKET
KCIIOJIb30BaThCs IS OOHApPYXXEHUSI MOTEHIMAIbHO
OIMacHBIX Je(EeKTHBIX 00JacTeil C MOBBIIIIEHHON TT0-
PUCTOCTBIO B METAJUIOMATPUYHBIX KOMITO3UIIMOH-
HbIX MaTepuajax rnepea M3roTOBJIEHUEM AeTajeil u
U3IEINI, a TAKXKE MOXKET ObITh UHTETPUPOBaHA B CU-
CTeMy ONEPaTMBHOTO MOHUTOPUHIA CTPYKTYpPbl Ma-
Tepuajia B Ipoliecce dKCIUTyaTalluu U3AeI1M.
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