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Cpenu pa3iaugHBIX CIOCOOOB M3MEHEHHUS TBEPIOCTH MAaTEPHUAIOB IIHPOKO M APPEKTHBHO HCHOIB3YETCS UX Ja-
3epHasi 00pabotka. [Ipu 3TOM HaOMIOAAaETCsS YETKO BBIPAXKEHHOE M3MEHEeHUE (PU3NYECKUX CBOMCTB OOIyUeHHBIX 00-
pasuoB. IIpu 5ToM He HabIrOAETCSl HU U3MEHEHHE COCTaBa BELIECTBA, HU KAKUX-THOO BHIPAKEHHBIX (ha30BBIX Iie-
pexozoB. B paboTe MeToI0M PEeHTIeHOBCKON AH(PaKTOMETPHH OOHAPYKEHO U3MEHEHHE KPHCTAJUIMUECKON CTPYK-
Typhl THTaHa B 30HE BO3JIEHCTBHSA Ha MX IOBEPXHOCTH JIa3€PHOTO M3Iy4eHHs C IUIOTHOCTBIO motoka 104 - 10°
Br/cm?. TlokasaHo, 4TO TIpH JAeHCTBUY JIA3€PHOTO M3ITydeHHsI Ha MOBEPXHOCTh THTAHA €r0 KPHCTAJIMYECKas CTPYK-
Typa MEeHseTCsl B 00JIyYeHHOH 30HE C PaBHOBECHOM Ha MCKaXCHHYIO (MMEIOIyo GopMy Mapajuleienunesaa, OTiIn-
HyI0 OT Ky0a). CrenaHo mpearoiokeHne O CBs3M 0OHapyXeHHOro 3¢ddexra ¢ 0COOEHHOCTSIMU TEMITEPaTypHOTO
Harpesa MOBEpPXHOCTH MeTaJlIa.

Knrouegvle cnoga: nazepHOe W3IIydeHHE, PEHTTCHOBCKAs AM(PAKTOMETPHSA; H3MEHEHHE KPHUCTALITMYECKON
CTPYKTYPBI; aHU30TPOITHOCTb TEIUIOBOTO PACIIUPEHHS METaIlIa.

MODIFICATION OF THE CRYSTAL STRUCTURE
OF TITANIUM BY LASER RADIATION

Sergey Vasilijev, Anastasiya Sitkevich
Yanka Kupala State University of Grodno,
22 Ozheshko Str., 230023 Grodno, Belarus,

s.vasilijevi@grsu.by, rotkevich_al(@grsu.by

Laser radiation is a high-energy and intense source of light that can expose materials to various types of effects.
In recent years, interest in studying the influence of laser radiation on the structural changes of irradiated samples
has significantly increased, as it can create new opportunities for the development and improvement of various
industrial and scientific processes.

Among the various methods for altering the hardness of materials, laser processing is widely and effectively
used. This results in a pronounced change in the physical properties of the irradiated samples, without any
observable changes in the composition of the substance or any distinct phase transitions.

It should be noted that the mechanisms of the impact of laser radiation are not yet sufficiently studied. To
uncover the physical essence of these mechanisms, it is necessary to develop models that can describe the diverse
processes.

In this study, X-ray diffractometry revealed changes in the crystalline structure of titanium in the area affected
by laser radiation with a power density of 10* — 10° W/cm?. It was shown that when laser radiation acts on the
surface of titanium, its crystalline structure changes in the irradiated zone from equilibrium to distorted (taking on a
shape of a parallelepiped, different from a cube). A hypothesis was made regarding the connection of the observed
effect with the characteristics of the thermal heating of the metal surface.

Keywords: laser radiation; X-ray diffractometry; change in crystalline structure; anisotropy of thermal expansion
of metal.

BBenenue CTPYKTYpPhl MaTEpHaJIOB 3HAYUTEIHHO BO3-

JlazepHoe wu3IydYeHHE SIBISIETCS BBICOKO- poc, Tak Kak 3TO MOXKET CO37aTh HOBBIE BO3-
SHEPTCTUUCCKUM U HWHTCHCUBHBIM HCTOYHH- MOXHOCTHU [JIA pa3pa60TKI/I U YIIyUIICHUA
KOM CBETa, KOTOPBIII MOXET MOABEpraTh Ma- pPa3IMYHBIX TMPOMBIIIICHHBIX ¥ HAYYHBIX
TEpUAJIBI PA3JIUYHOTO THUIA BO3ACHCTBHIO. B npoueccoB. JIazepbl yCNEMHO UCTIONb3YIOTCS
MOCTIEAHUE TOJIbI MHTEPEC K HCCIEIOBAHUIO BO MHOTHX OTpAacCisiX HapOJHOTO XO3SHCTBa,
BO3I[€fICTBPI$I JIa3€pHOro HU3JTy4YCHHUA Ha BO MHOTHX 00JIaCTSIX HAayKH, B BOCHHOM [¢C-
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Je, B MEIUIIMHE, B KOCMHUYECKUX IPOTpam-
Max ¥ T.Ja. [Ipu4rHO#t 3TOrO SIBISIOTCS YHU-
KaJIbHBIC XapaKTePUCTHKHU JIA3ePHOTO H3ITY-
YCHHUS: €r0 MOHOXPOMATHYHOCTh, KOT€PEHT-
HOCTh, BO3MOXXHOCTh KOHIICHTPHPOBATh W3-
Jy4aeMyl SHEPrui0 B Mayoil 00JiacTé mpo-
cTpaHcTBa (TIOpSAKA JUTMHBI BOJHBI H3JTyde-
Hus) 3a odeHb Manoe spems (1076 ¢) mpu
OOJBIIUX 3HAYCHHUSAX IJIOTHOCTH TMOTOKA
MommHocTH u3aydennus (1o 10'° Br/em?).

VYkazaHHbIe BBIIIE OCOOCHHOCTH H3ITyde-
HUS HaXOJAT IUPOKOE MPUMEHEHUE TP 00-
paboTKe pa3IuYHBIX MAaTEPHAIIOB.

Crnenyer, oHaKO, OTMETUTh, YTO MeXa-
HU3MBI YKa3aHHOTO BO3JCUCTBHS JIa3ePHOTO
U3IYYCHHS CIlle HEIOCTATOYHO HW3YYCHBI.
st packpbiThs (PU3MUECKON CYIIHOCTH dTUX
MEXaHU3MOB HEOOXOIUMO IOCTPOCHHE MO-
neneil, TO3BOJIIONUX OMUCHIBATh Pa3HOO00-
pa3HbIe MPOLIECCHI,

Pe3yabTarsl M HX 00Cy:KIeHHE

B kadecTBe MCTOYHMKA BO3ACHCTBUS HA
obpasnpl TuTaHa (T1) MPUMEHSUIOCh U3JTyde-
Hue nasepa ['OP-100M ¢ qyuHON BOTHBI U3-
nydenus A = 0,69 mxM. Jlazep paboran B pe-
KHMe CBOOOJIHOW T€HEpaluu, 4YTO Jajo BO3-
MOXKHOCTH TMOJIy4aTh UMIYJIbCHI C JJIMHON T
=~ 1,2 Mc, a Takxe BapbUpoBaTh 3Hepruio E B
npenenax ot 5 no 50 JIx. Ha puc. 1 npuse-
neHa (Gopma J1a3epHOTO HMITYJIbCa, BO3/CH-
CTBYIOIIIETO Ha o0Opaszell.

Puc. 1. ®opma nazepHOro mMITynbca (IleHa AEICHUSA
no ocu opauHar — 50 kBt). CkopocTh pa3BepTKH 5
MKC/nien

Hcnonp3oBanuch MMEHHO TakHU€ MOBTO-
PSAIOLIUECS JIa3epHbIE UMITYJIbChI, TTOCKOIBKY

OHM JaBaJd Hauboyee SPKO BBIPAKEHHOE
U3MEHEHHE CTPYKTYphl 00JIyueHHOro obpas-
1a.

s onpeneneHns CTPyKTYypHBIX HU3MEHeE-
HUM 00pa3LoB U3 TUTAHA (CILIOLIHBIE MOJIH-
KPUCTAJZIMYECKHE), 10 U NIOCIIE BO3AECUCTBUSA
JIa3€pHOT0 U3JIY4YEHUS, IPUMEHSIICS pPEeHTTe-
HoBckui mudpakromerp APOH-2.0. B nu-
(dpakToMeTpe UCHOIB30BATIOCH H3ITyuYCHHE
auHud Ko oT TpyOKM ¢ MEIHBIM aHTHUKATO-
TOM Akal = 1.54051A, Aka2 = 1.54433A.

Pe3ynbTaThl pacueToB NpEACTABICHBI HA
puc. 2. BepTukanbHblE JTUHUU COOTBETCTBY-
I0T TEOPETUYECKHU PACCUUTAHHBIM 3HAYCHUAM
U, [TOJIy4YEHHBIM Ha OCHOBE CTPYKTYpbl TUTa-
Ha.

BuaHo, 4To nipu BO3E€MCTBUHM HA THUTAHO-
BBl 0Opasel u3iaydeHus pyOMHOBOIO J1a3epa
¢ q~ 5'10* Br/em? popma QyHKIMH MeHSET-
csi. OTO CBUIAETENbCTBYET 00 M3MEHEHUM
KOHIIGHTPAaUUHN Je(PEKTOB KPUCTATIIUNIECKOM
pewmeTkl B 00pabOTaHHOM Ja3epHBIM U3IY-
YEHHEM 30HE.

P(u), otH. en.
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Puc. 2. Koppensmuonnsie gpynkmum P(u) ans tutano-
BBIX 00pa3noB. 1 — no o0iydeHus, 2 — mocie Ja3epHo-
ro 00JTydeHUs

OueHnBasi BBICOTY IEPBOTO IKCTPEMyMa
KOPPENSIUOHHBIX (YHKIMKA 10 U Tocie 00-
Jy4eHUsI, TOIYyYeHO, YTO TPaHCHOPMAIHH
NoJIBEpPKEHO 0K0JI0 60% siueek.

Hcnone3yst ypaBHEHHE TEILUIOPOBOIHO-
CTH, OBUI TIOCTPOEH TpapyK U3MEHEHUS TEM-
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nepatyp B Ipoleccax HarpeBaHUs M OXJja-
KJACHHUS TUTAHOBOM TUTACTUHBI.

Crnenyer y4ecThb, YTO HarpeBaHue oOpas-
[[OB MPOUCXOJUT TOJBKO B MOMEHT BO3[Cil-
CTBUS JIa3€PHOT0 W3JIyYy€HUs, BO BCE Apyrue
BpEMEHa MJET NPOLEecC OXJIaXICHHUs (OCTHI-
BaHus). [Ipenmnonaraercs, 4To MUYKU Ja3ep-
HOT'0 M3JIy4YEeHMsI JJIUTEIBHOCTBIO T ~ 1 MKC,
Harpesarolue odpasell, MOJalTCs C UHTEp-
BaioM t = 10 MKc, 3a 3TO Bpemsi 00JacTh
nsATHa (OKYCHUPOBKHM Jla3epa OCTHIBACT Ha
paccuuTaHHele, Mo Metoauke [1-3], 3Haye-
HUSL.

Hcxonnas TeMIeparypa  IUJIaCTUHBI
To=300K. B Teuenune 1 mkc oHa moasepra-
€TCs Ta3epHOMY BO3JIEHCTBUIO, B pe3ysbTare
YEero MpOUCXOJIUT €€ HarpeB J10 TeMIEpary-
pol T1.

3arem cnenyer 10 MKc mepepbiB B pabore
Ja3epa, B TEUYEHHE KOTOPOTO MPOUCXOIUT
OCTBIBAHUE IUIATUHBI OT TeMueparypsl T1 10
temneparypsl Tz2. T2 onpenensiercst mo ¢op-
MyJIe.

[Tocne 3TOro cHOBa HPOUCXOAMUT HArpes
(ot T2 no T3) u ouepennoe oxnaxaenue (T3
1o T4) u 1.0. Ilpu 5TOM crefyeT yuuThIBaTh
3aBUCHUMOCTb HEKOTOPBIX IapaMeTpPOB OT
TEMIEPATyphl MPU OYEPETHOM pacueTe HO-
BOW TeMIEpaTypBhl.

W3 mpoBeneHHBIX pacdyeToB BHUAHO, YTO
nocne 17 nuuka (mpumepHo yepe3 177 MKc)
JAIbHEUIINI HarpeB IUIACTUHBI HE MPOUCXO-
JUT U JIOCTUTaeTcsl MaKCUMallbHasl TeMIlepa-
Typa B 680,20 K. DTta Temmneparypa HUXKE
temneparypsl miaasiaeHus (1941 K) u remne-
paTypsl OJTHOTO MpeoOpa3oBaHUs KpHCTa-
JUYECKOM CTPYKTYpbl M3 TI'€KCArOHaJIbHOU
motHoynakoBanHou (I'TIY) cTpykTypsl o—
Ti B 00BEMHO-IICHTPHPOBAHHYIO KyOHue-

ckyto (OLIK) ctpykrypy B-Ti. (1155 K). Co-
OTBETCTBEHHO, TpaHC(POPMALMU KpPUCTAIIIU-
YECKOH CTPYKTYpPBI B 00BEMHO-
LEHTpUpOBaHHYI0  KybOudeckyro  (OLIK)
ctpyktypy B-Ti He mnpoucxonut. Makcu-
MajbHas TEMIIEpaTypa HarpeBa COCTaBJISIET
58,8% oT TemmepaTyphl MOJHON TpaHCOp-
Malli¥ KPUCTAIIIMYECKOMN STUCUKH.

3akiro4yenue

[IpoBeeHHBIE HUCCIEAOBAHMS IOKA3aJIH,
YTO MPH BO3JACHCTBUU JIA3€PHOTO M3IIyUEHUS
Ha TOBEpXHOCTh Ti ero Kpucrayimyeckas
CTPYKTypa MeHseTcs B OOJIy4eHHOW 30He.
OOHnapy>xeHHBIN Y3PPEKT MOXKET OBITH CBS3aH
C @aHM30TPOIHOCTHIO TEIJIOBOI'O PACHIMPEHUS
MeTallIa.

[IpenyoxxenHass Mozieab MOXKET OBbITh HC-
MOJIb30BaHA JUIi KAayeCTBEHHOTO OMMCAHUS
HarpeBaHUs PacCMOTPEHHOr0 MaTepuala, 1o
KpaifHell Mepe B cilyuae HEOOJBIIOrO YHcia
BO3CHCTBYIOIMX Ha o0pasel HMILYJIbCOB
Ja3epHOTO M3IyYEHUs, XOTh U HE YUYUTHIBACT
HEKOTOpbIE MPOLIECCHl, TaKUe KaK 3aTpaTbl
9Hepruu Ha (Ha30BbIE TEPEXOJNbI, a TaKKe
ApyTUe MPOLECCHI, MPOTEKAIOIINE HE TOJIBKO
B 00JIydaeMbIX MaTepuasiaX, HO ¥ HEmocpe-
CTBEHHO BOJIM3M UX ITOBEPXHOCTH.
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