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YAAPHO-3AIIUTHBIE ITOBEPXHOCTHU AJIIOMUHUEBBIX CIIJIABOB,
MOINPHUIHUPOBAHHBIX CHJIBHOTOYHBIM PEJIATUBUCTCKHUM
IJIEKTPOHHBIM ITYYKOM

H. U. bazanees, C. E. [lonenu, B. ®. Kienukos, B. B. JIutBunenxo,
0. ®. Jlonun', A. I'. [Tonomapes', B. T. YBapos'
Hncmumym snekmpogusuxu u paouayuonuwvix mexvonoeuti HAH Yxkpaunoi,
Xapwvkos, Ykpauna,
'Hayuonanvholii Hayunsiii yenmp «XapbKoscKuil (puzuko-mexHudeckutl uHCmuniymy,
Xapvkos, Ykpauna
IToctynwia B pegaknuro 27.03.2017

B pabore paccMoTpeHa BO3ZMOXKHOCTH HCIIOIB30BaHUsI 0OpaOOTKH KOHCTPYKIIMOHHBIX aJFOMHHUEBBIX
CILIaBOB CHJIBHOTOYHBIM PEIIATHUBUCTCKUM ITYYKOM BJICKTPOHOB C LEJIbIO YIIYUIICHUA UX MEXaHUYCCKUX
XapakTepuCTHK. V3ydeHbl 0COOCHHOCTH TIOBEPXHOCTEH M3JI0Ma 00JIacTH 00pasIioB, MOIU(MHUIIMPOBAH-
HOU M3JIy9IeHUEM, YCTAaHOBIICHB! APQEKTHl YBEITUICHISI MUKPOTBEPIOCTH, H30TPOITHOW OPHUCHTAITNH 3€-
PCH. C,I[eJ'IaHBI MPEATIOIOXKCHUS O MCPCIICKTUBHOCTU TAKOI'O BH/Ja 06pa60TKI/I JJIA q)OpMPIpOBaHI/IH JCMII-
(UPYIOMINX TOKPBITHH.
KiroueBrbIe ci0oBa: aTlOMHHHAEBBIC CIIJIaBbI, CUIBLHOTOYHBIN peJ'ISITI/IBI/ICTCKI/Iﬁ SHCKTPOHHBIﬁ ITYY0K,
o0y4enne, Monu(UKaIus CTPYKTYPHI.

YAAPHO-3AXHUCHI IIOBEPXHI AJIIOMIHIEBUX CIIJIABIB,
MOANPIKOBAHUX CHWJIBHOCTPYMOBHUM PEJIATUBICTCBKUM
EJIEKTPOHHUM ITYYKOM
M. 1. Ba3aJjees, C. €. [lonenn, B. ®. Kinenikos, B. B. J/luTBuHenko,

1O. ®@. Jlonin, A. I'. [lonomapsos, B. T. YBapos
B po06oTi po3missHyTa MOXKIJIMBICTE 3aCTOCYBaHHS OOPOOKM KOHCTPYKIIMHHUX aJIFOMIHIEBUX CILIaBIB I10-
TY’)KHOCTPYMOBHM PEJISITUBICTCHKUM ITyYKOM €JIEKTPOHIB 3 METOIO IMOKPAIICHHS 1X MEXaHIYHUX XapaKTe-
pucTUK. BUBYEHO 0COOIMBOCTI MMOBEPXOHB 371aMy 0OJIacTi 3pa3KiB, MOIU(IKOBAHOT BUTIPOMIHIOBAHHSIM,
BCTAHOBJICHI e(eKTH 30UIbIIeHHS MIKpPOTBEPAOCTi, 130TpomHOi opieHTamii 3epeH. I[lpumyckaeTbes

MEPCIEKTUBHICTD TAKOT0 BUAY 00pOOKH 1ist POpMyBaHHS JeMII(YIOUHX TIOKPHTTIB.
KonrouoBi ciioBa: anoMiHi€eBi CIUIaBu, MOTY>KHOCTPYMOBHH PENSITUBICTCHKUI €EKTPOHHUH MyUOK,
ONPOMiHEHHSI, MOAU(DIKALisl CTPYKTYPH.

ALUMINUM ALLOYS SHOCK PROTECTIVE
SURFACES MODIFIED BY HIGH CURRENT ELECTRON BEAM
M. 1. Bazaleeyv, S. E. Donets, V. F. Klepikov, V. V. Lytvynenko,
Yu. F. Lonin, A. G. Ponomareyv, V. T. Uvarov

The possibility of structural aluminum alloys processing by a high current relativistic electron beam in
order to improve their mechanical characteristics is considered. The features of the fracture surfaces
of the sample region modified by irradiation are studied. The effects of increasing the microhardness,
and the isotropic orientation of the grains are established. Assumptions about the prospects of this
type of treatment for the formation of damping coatings are made.

Keywords: aluminum alloys, high-current relativistic electron beam, irradiation, structure
modification.

BBEJIEHUE

Pa3paboTka NpUHITUIIOB MOJTy4YeHUS yIapHO-
3alIMTHBIX ITOBEPXHOCTEMN SABIISIETCS OJHOU U3
KJIFOUEBBIX 3aj1ay oOecrieueHust 0e30mMacHoC-
TH, KaK 3J0pPOBbS JIFOACH, TaK U TEXHUUECKUX
cucteM. Cpeln MHOXECTBA CYIIECTBYIOIIUX

NOAXOA0B K PELICHHUI0 3TO NMpoOiIeMbl Mbl
OCTAaHOBHMMCS Ha PacCMOTPEHUU TEXHO-
JIOTHHU TOJIy4YE€HUSI YINPOUYHEHHBIX NMOBEPX-
HOCTEH MeTalJM4YeCKUX IIACTHUH NyTeM
00JyyeHus: UX CUIbHOTOYHBIMH PENSITUBUCT-
CKMMH 3J1eKTpoHHBIMU nyukamu (CPOIII).

© Bbazanees H. 1., Jonen C. E., Knenukos B. ®@., JlutBunenko B. B., 35

Jlonun 0. @., ITonomapes A. I, YBapos B. T., 2017



YJAPHO-3ALJUTHBIE IIOBEPXHOCTH ATIOMHUHHEBBIX CII/IABOB, MOJH®HIL[HPOBAHHBIX...

JlaHHasi TeXHOJOTUS, KaK MpaBUIIO, IPEa-
CTaBJISIET UHTEPEC C TOYKH 3PECHUS MPUIAHUS
MOIU(PHUIIUPYEMOH MTOBEPXHOCTU TPeOyeMBbIX
HKCIUTYaTAIlHOHHBIX XapaKTePUCTUK: MUKPOT-
BEPAOCTh, CTOMKOCTh K UCTHPAHUIO, KOPPO3HU-
OHHasl CTOUKOCTH U JIp. BmMecTe ¢ TeM u3BecTHO
[1, 2], 9To MexaHU3M MOTUPUITUPYIOIIETO JACH-
ctBusa CPOII 3akmtouaercs B paAualliOHHOM,
TEMIIEPaTypPHOM H yAapHO-BOJIHOBOM BO3EH-
ctBud. IIpu sToM ry6uHa MmoauduuupoBaH-
HOTO CJIOSI 3HAYUTEIBHO MPEBbIIACT CPEAHUN
npo0er a51eKTpoHOB B Marepuaie. Kpome Toro,
TaKoW Moka3aTesb, KaKk 3HaUeHHEe MUKPOTBEp-
JOCTU U3MEHSETCS IEPUOTUUECKH 110 ITyOHnHe
macTuHbl. Takum oOpa3zoM, pa3ynpouyHEHHbIE
MPOCIONKU MOTYT AeMI(pUPOBATH BOZMOXKHBIE
BHEILIHKUE yaapHble Bo3aencTus [1, 3]. Taxxe
HaM¥ OBUIO YCTaHOBJICHO, YTO MPEIBAPUTEIb-
Has 00paboTka aroMuHUEBBIX cri1aBoB CPOI1
MPUBOJUT K CYIIECTBEHHOMY YIYUILIECHUIO MO-
Ka3aresel uxX CBepXIUIacTUUeCKol Aedopmanuu
[4]. Eme O6osiee HenpeackazyeMo U3MEHSIETCS
pacmpejesieHue MIOTHOCTH AUCIOKAUU Mo
00beMy 00lyyaemMoro Marepuajia u UxX opu-
eHTauus B npoctpanctse [1]. PaccmaTpuBas
NPUBEICHHBIN epedeHb 3 PeKkToB, BOSHUKAIO-
[IUX MIPU 00y4YeHUU METaNTNYeCKUX TIAaCTUH
CPDII, ¢ Touku 3peHHss BOBMOXHOCTH TMOMY-
YEeHHUs yAapHO 3aIUTHBIX MaTepUaIoB, MOKHO
CKa3aTh, YTO OHU MPEJICTABIISAIOT ONPEEIICHHbIE
TEXHOJIOTHYecKue nepcnekTunbl. [loHnmast mos
00O00IIIEHHBIM OIPEIEIEHUEM YIAPHO-3aLIUTHOE
CBOICTBO Marepuala, ero criocoOHOCTb KOHBEP-
TUPOBaTh KHHETHUYECKYIO SHEPTHUIO yaapsrolie-
ro mpeaMeTa B COOCTBEHHYIO BHYTPEHHIOIO
HHEPIHIO0, a TAK)KE B SHEPIUI0 COOCTBEHHBIX
nedopMmaryii BO BCeX HaIpaBJICHUSX, 32 HCKITIO-
YeHUEM HarpaBJIeHUs, B KOTOPOM PaCIOIOKEH
3alIUIIaeMblii 00bEKT, MPUOIU3UTHCA K pea-
JTU3anuu moJg00HOT0 TPeOOBaHUS BO3MOXKHO
IIyTEM CO3JaHUs ONPENEICHHON aHU30TPOIIUU
B OpHEHTAIlMU 3€PEH CIJIOLIHOTO MaTepua-
Ja ¢ U3MEHEHUEM HaIpaBJICHUs] OCU MIPEUMY-
[IECTBEHHOI OpHEHTANH Ha CyOMUKPOHHBIX
MIPOCTPAHCTBEHHBIX MMEPUOJIAX, CO3aHMS Xa0-
TUYECKON MOPUCTOCTHU U INIOTHOCTH JUCIIOKA-
nuid. OZHUM U3 UHCTPYMEHTOB JOCTHIKCHUS
yKa3aHHBIX dQPEKTOB B MpeesiaX CIIONTHOTO
0o0beMa MOHOJIMTHOTO Marepualna sBJseTCs
o0nyuyenus ero CPOII. [Tockonbky peub uuer
0 Xa0TUYECKOM paclpeieICHUN XapaKTePUCTUK

00BEKTa YMECTHO MCIIOIB30BaTh anmapar Gppax-
TaJILHOTO aHAJIM3a [Tl KOJTMYECTBEHHOM OIICHKH
UX BIMSHHS Ha MapameTpsl AedopManuu npu
IMPUITOKCHHOM YCUJINH.

METOAUKA MPOBEJAEHUSA
9KCIHEPUMEHTA

[TockonbKy, OHUM U3 TPeOOBAaHUM K yIapHO-
3allUTHBIM MaTepHaliaM SBISIETCS UX JIer-
KOCTh M NMPOYHOCTh, B KauecTBEe 00pa3LoB
ObpLIM BBIOpaHbI allOMUHUEBbIE cIlaBbl J[16
(91,9 % Al; 4,8 % Cu; 1,5 % Mg; 0,8 % Mn;
npumecu Fe u Si 1o 0,5 %) u AMr6 (92,197
% Al 0,1 % Cu; 6 % Mg; 0,6 % Mn; 0,4 % Fe;
0,4 % Si1; 0,2 % Zn; 0.1 % Ti; 0,003 % Be). K
TOMY >K€ aJIOMUHHEBBIE CILIaBbI ceifuac pacc-
MaTPUBAIOTCS KaK KOHCTPYKIIMOHHBIN MaTepuan
JUIsl U3TOTOBJIEHUS Ky30BOB aBTOMOOUJIEH, B TOM
Yucie U3 coo0paxeHnii 6€30MacHOCTH Mmacca-
YKUPOB TIPU PE3KOM TOPMOKEHUU.

OOnyyeHue MPOBOAUIN HA UMITYJIbCHOM
anekTpoHHoM yckoputene HHI[ XDTU [5]:
TEMII-A (Tok — 2 KA, sHeprust 3J1eKTPOHOB
0,3 MaB, nutenbHOCTh UMITYJIbCa — 5 MKC).

®pakrorpaduueckue UCCIeT0BaHUSA TPO-
BOJMJIM C HMCIOJb30BAaHUEM PACTPOBOIO
anekTpoHHoro Mmukpockomna JEOL JSM-840.

OBCYXJIEHUE MMOJYYEHHbBIX
PE3VJIbTATOB

OO0pas3ipl 00Ty4aeMbIX MaTepUaioB TOTOBHIIN
B BUJIE, IPUTOJTHOM IJIs NOCHEAYIOIINX MeXa-
HUYECKUX Je(popMaliuil B pa3IMuHbIX PeKUMaX.
OOGiy4anach, TOIBKO paboyasi 4acTh 0Opas3IloB.
[Tocnie 0OayyeHMs HAa TOBEPXHOCTH HAOIIONA-
JIMCH CJICABI OIUIABJICHUS pHUC. 1.

Puc. 1. O6pa3ip! amroMUHAEBOTO CIutaBa AMro6, oopaboras-
Horo CPOII

Ha puc. 2 nokaszana ¢pakTorpamMma u3Jjo-
Ma obinyueHHoro cruiaBa AMr6. Ha puc. 2a
C JICBOI CTOPOHBI BU/IHA TIEpETIIaBICHHAS TyY-
KOM 00JacTh MUILIEHHU, I KOTOPOH Xapak-
TEPHA BBITAHYTOCTH 3€PEH MEPIECHIUKYIISIPHO
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MMOBEPXHOCTH, Ha PUC. 26 TpencTaBieH ¢par-
MEHT [IEHTPaJIbHOM YaCTH MJIACTUHBI C OOJIBIIUM
yBennyeHueM. J[uaMeTp BOJTOKOH COCTaBIIs-
€T MEHee OJIHOr0 MUKpOHa. MUKPOTBEPAOCTh
B 3TO# obnactu Ha 20 % BbIlIE, YeM B TITyOu-
He oOpasna. BEITAHYTOCTh BOJIOKOH MOXHO
00BSACHUTH GOPMHUPOBAHUEM BOJIH CHKATUS-
pacTsokeHus B o0beme MuineHu. Jlamee cie-
nyeT 00JacTh TeMIepaTypHOTO BO3IEHCTBUS
U 00JIaCTh yIapHO-BOJIHOBOTO BO3JICHCTBUS.
B Hamem ciydae mapaMeTpbl MydKa TaKOBHI,
YTO BBITIOJTHSACTCS YCIOBUE BO3HUKHOBCHHS
yJIapHBIX BOJIH COMIACHO COOTHOIIEHUIO [ 1]

RSl (M)
S

rae [ — MHTEHCUBHOCTH nyyka, C, — mpo-
JOJIbHAsI CKOPOCTh 3ByKa B Marepuase MHIIe-
HHU, p — IUJIOTHOCTh, R, — NPOOET SJIEKTPOHOB
B MHIIICHH, JUTATEIIEHOCTh UMITYJIbCa, S — TIITO-
maabp 00ay4aeMoil MOBepXHOCTH, T — JJIH-
TENBHOCTh UMITYSbCa. Hanmnuue ynapHbIX BOJTH
MIPUBOJUT K BOSHUKHOBCHHIO ACMIIPUPYIOMICH
0071aCTH MEX Ty TIepeTUIaBIICHHBIM CJIOEM U 00-
JIACThIO TEMIIEPATyPHOTO U yAapHO-BOITHOBOTO
BO3JICMCTBHS.

P

10um

SEI 20kV x800

Fararin Matiesal Oaiversity

SEI 20kV xB00 10pm

Earasin Wational Ouivarsity Bag irrad W26 TIAEE WeiddES 88313

Puc 2. ®pakrtorpammbl H310Ma OOIYyYEHHOIO CIIjaBa
AMr6: a — neperuiaBlieHHas 4acTb o0pasua, 6 — IieH-
TpajbHas 4yacTh oOpasua

Takum oOpa3om, B pe3ynbrare oOIyudeHus,
MBI UM€EeM Ha OTPe3Ke TOIIIMHBI CIIJIOUIHOMN
IUTACTUHBI MaTepua, KOTOPhI XapaKTepu3yer-
Csl pa3JIMYHBIMU MEXaHUYCCKUMHU CBOHCTBAMH,
C XaOTUYHOM 3aKOHOMEPHOCTBIO pacrpeieIeHuUs
YOPYTUX CBOHCTB B IPOCTPAHCTRE.

Ha nudpakrorpamme, npuBeIecHHON Ha
puc. 3, HabnogaeTcss CHUKEHNE MHTEHCHUB-
HoctH nuka (111) gs oGmyuenHoro o6pasia,
YTO MOXKET OOBSICHATHCS TepepacipeieeHueM
AJIEKTPOHHON CTPYKTYpHI, B YACTHOCTH BO3-
MOYXHOTO H3MEHEHUS COOTHOIICHHS BAJICHTHBIX
Y KOBAJICHTHBIX CBsi3€il, 00yCIOBIEHHBIX CMellle-
HUEM K TOBEPXHOCTH JIETUPYIOILINX dJIEMEHTOB.
BeposiTHo, Tarkke, 4T0 00eTHEHNE TOBEPXHOCT-
Horo cnos ¢asoi AL,O,, 00ycoBieHo epeme-
[IMBaHUEM MPU OOTyYSHHUH TIEPETIaBIEeHHOTO
CJI0S M IecOpOLIMeil paCTBOPEHHOTO KUCIIOPOAA.

400 (200) nitial samole
Irradiated sample|

J, s
|

300 |

200 (220)

100 I

0
30 40 50 60

70 26, deg

Puc. 3. Tudpakrorpamma cruiaBa 0 U MOCIE OOTyUCHUSI

W3MmeHeHne opueHTalluK 3epeH, pacrpese-
JICHUH 3JIEKTPOHHOU CTPYKTYPBI U 3JIEMEHTHOT'O
COCTaBa MO3BOJISIET TOBOPHUTH 00 aHU3O0TPOITUHU
MEXaHUYECKUX CBOWCTB MaTepuasa, BOSMOXHOM
MOBBIIICHUH €T0 JeMIT(PUPYIONTNX CBOUCTB [6],
MOCKOJIbKY TpH MOJJ00HON aHU30TPOIUU MPO-
MCXOJUT BO3HUKHOBEHUE POTAIIMOHHBIX MOJ
B Tporiecce AehopMaIium.

Paznmuuus B cTpyKType yAapHOTO U3JI0Ma alTko-
MHHHEBOTO ciiaBa J[16 ObLIM onmKMcaHbl HAMHU
B pabote [7]. Bmecte ¢ Tem, maHHBIE
MpUBEJICHHBIE B paboTe [6] KacaTeapbHO BOJ-
HOBOTO XapakTepa IBUXKEHUS Ae(PEeKTOB Ha
rpaHMLE pa3fesia CpPea C pa3IMYHON CTPYK-
TYpO#, TalOT OCHOBAHHS MEPEOCMBICIHUTH
xapaxkTep usinoma Ha puc. 4. Kak BugHo Ha
puc. 4a, u3noM 00Ty4YEHHOW YACTU MHIIIE-
HU COTMPOBOXKIAJCS BBIJEICHUEM JHEPTUU
BHYTPEHHUX HANps)KEHUH, TPOABISIONICHCS
B BHUJE pOTalMii Me30MacIlITabHOrO YpPOBHH,
TOTJIa KaK B HEOOJyueHHOH 4yacTu puc. 40,
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pa3pylieHue peasu30Bajioch KaK XPyNKUH
MEKKPHUCTAJUIMTHBIN n310M. C TOYKH 3pEHHS
IIOIVIOLEHUS BHELIHEN YIapHOM DHEPrUU Mare-
puasioM, 0€3yCiI0BHO, IPENOYTUTEIbHEN SIBIIS-

g 5

Puc. 4. ®pakrorpamMmmsl ynapHoro uziaoma cruiasa J[16:
a — W3TI0M B OOITy4eHHOI 001acTH, 6 — HW3JIOM B HEO0O-
Jy4eHHOH obrmacti

€TCsl peanu3alys poTauii B 00IacTu paszena.

HennHeWHOCT, MOBEAECHUS MEXaHU-
YeCKMX CBONCTB aJIIOMHUHHEBOIO CIlJaBa
¢ MOIU(UITUPOBAHHBIM ITOBEPXHOCTHBIM CIIOEM
B YCJIOBHSAX MPUJIOKECHHS yIapHOW HArpys-
KM OyZleT cieoBaTh U3 MOIU(DHUIIUPOBAHHOTO
BbIpaxkeHust Xosuia-Iletya [8]

c=0,+F(d),
H=H,+F(d), @

IJle G — Mpeaen TeKy4ecTd, H — TBepaoCTh,
d — pa3mep 3epHa.

@OyHKIIMOHAJIbHAS] 3aBUCUMOCTh YKa3bIBaeT
Ha JJOBOJIbHO HEYCTAHOBJICHHYIO POJb pa3Me-
pa, GopMBI U OpUEHTAINH 3epHA, KaK pecypca
JUTSL TIOJTYY€HUS 3a/IaHHBIX CBOMCTB Marepuaa,
MPUYMHBI HETUHEHHOCTH U3 OTKJIOHEHUS B TO-
BeJICHUM MaTepuaia. HempeackazyeMocCTh 1o-
BEJICHUS CILIABOB C CYOMHUKPOCTPYKTYPHBIMHU
Y HAaHOMAacCITaOHBIMU pa3MepaMu 3epeH o0yc-
JIOBJIEHA UMEHHO MHOTO00pa3ueM MpOoIeCCOB Ha

TPaHUIIAX 3€pEH, KOTOPHIE SBIISIOTCS Y4aCTKaMH
KaK TeHepaliy U CKOIUICHHS], TAK U aHHUTHJIIS-
UM auciiokanuit [9]. Poab auciokaiimoHHOTO
B3aUMOJICUCTBUS TP JAedopMaIiiu MaTepraia
OTIMCHIBAETCS BBIPAXKEHUEM IS HANIPSKEHUS
rmiacTu4eckoro teuenus 9, 11]

T=1, +ocubp%, 3)

i€ p — IJIOTHOCTb IUCIIOKAITHA, T,— HampsbKe-
HHUC TpeHI/ISI HpI/I B3aMOICHUCTBUU ,Z[BI/I)KyH_II/IXCH
JTUCIIOKAITUH ¢ PEIIETOYHBIMU Jie(heKTaMHu, oL —
MOCTOSTHHAS! B3aUMOJCHCTBUSA JUCIOKALUI IpyT
¢ apyroM. B ciyuae cyniecTBeHHON aHM30TPO-
MUY B OPUEHTAIIMHU 3€PEH, KaK 3TO MIPOUCXOAUT
BCJICOCTBUC 06Hy‘-ICHI/I$I, OINHaAMHUKa N3MCHCHUA
IJIOTHOCTH JTUCIIOKAIMI 0€3 ydeTa COCTOSHUS
TpaHMUI] 3€PEH OMHUCHIBAETCS BBIPAXKEHUEM |9,
10]

o [P, 1 up—| hup® +£

- 9 (4)
i \d n, % ‘

rae A, X/,— paccTossHUSI ¢CBOOOIHOTO TPO-
Oera AMCIOKAalMM MEXAYy aKTaMH JIBOMHOTO
MIOTIEPEYHOTO CKOJIBKEHHUS, ¢ — CKOPOCTB TIepe-
MEIIEHUS TUCIIOKAIIMNA BIOJIb MJIOCKOCTH CKOJIb-
KEHHUS, h — XapaKTEPHOE BPEMS aHHMTUJIALIMH
IUCIOKAalMi, 3aBUCSIIEEe OT TEMIEpaTyphl
Y SHepruu JeeKToB yIakoBKH. B rpaBoii yactu
ypaBHeHHS (4) MpuUBEICHA Pa3HOCTh MEXKIY
MHOrooOpa3uemM MeXaHU3MOB POXKACHUS U aH-
HUTWISLUH JACIOKANNi, 6osiee moApOOHO OmHu-
caHHas B [9], HO KOTOpasi MOATBEPKIAET, UTO
IIPU IPEUMYIIIECTBEHHON peaan3aui TOro Uiu
MHOTO MEXaHH3Ma MbI TIOJTYYHM CYIIECTBEHHO
paznuYHbIC 3HAUCHUS NIl HAIIPSKCHHS TUT1ac-
TU4eckoro TeueHusi. OTMeyaemMble HAMH BBILIE
3¢ deKTh yBETHMUYSHNUS MUKPOTBEPAOCTH B MOJIU-
(UIMPOBaHHOHN MOBEPXHOCTHOM 00IaCTH AIOT
OCHOBaHHWE OKUAATh YBEIMUYCHUS TIpe/eia Te-
Kkyuectu [11].

BbBIBO/IbI

Monudukanus TOBEpXHOCTEH aIFOMUHHEBBIX
CIIJTaBOB MaTepHaloB NMyTeM 00paboT-
KM CHUJIIBHOTOYHBIMU PEISITUBUCTCKUMHU
AJIEKTPOHHBIMU NYYKAMH IO3BOJISIET YBEIH-
YUBATh 3HAYEHUE MUKPOTBEPJOCTH B MOBEPX-
HOCTHOW 0051acTH, TAKUM 00pa30M MOBBIIIAS
3HAYCHUE HANPSOKEHUS TPEIIMHOOOpa30BaHus,
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JIOJITOBEYHOCTH 1o/ Harpy3kou. Co3nanue pas-
HOHAIIPABJICHHOCTU B OPUEHTALINN 3€PEH MOJIU-
(HULPOBAaHHON U OCHOBHOM 00J1aCTH, TO3BOJISAET
paccMarpuBaTh CUJIbHOTOYHBIN PEITUBUCTCKUN
AIIEKTPOHHBIN My4OK, KaK HHCTPYMEHT MOIU(HU-
KallUl MEXaHUYECKHUX CBOMCTB aJIOMUHUEBBIX
crutaBoB. PaboTa BITIOJTHEHA MTPU YaCTUYHON
noayiepxke npoekra HAH Ykpaunst Ne 62/17-H.
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