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CEKLWA Ne 3
COBPEMEHHbIE NOAXOAbI NOBbIWEHNUA 3®PEKTUBHOCTHU
OBYYEHUA PU3UKE

YIK 387.14

C.M. Bapatwyx', M. Bepmens?, C./. Anywjuk 1, M. Cyposey?

1 - Benopycckuli 20cydapcmeeHHb i azpapHb i mexHUYecKull yHusepcumem, MuHck
2— Wremumym cpusuku, yHusepcumema M. Kiopu-Crriodosckod, Jobnun, Monbiua

U3YYEHWUE CTPYKTYPbI MOBEPXHOCTW NEPCNEKTUBHbLIX MATEPUAIIOB
AN CONHEYHbIX INEMEHTOB B PAMKAX MEXXBY30BCKOW
CTYQEHYECKOW HAYYHOW NABOPATOPUU

BeepneHue. CTyaeHyeckie HayyHble nabopaTtopui SBRSIOTCH HEOTHEMIEMON YacTblo MPoLec-
Ca COBEPLUEHCTBOBAHMWE NOAFOTOBKI MOMOAbIX CTIELMANMCTOB B MIOBOM YHUBEPCUTETE 1 CO3aHINe
YCIOBWIA 4N peanu3aLim TBOPYECKUX CIOCOBHOCTEN CTYAEHTOB, AKTUBHO Y4aCTBYHOLUMX B Hay4HO-
WccrnefoBaTenbCkon, MHHOBALMOHHONM AesTenbHocTW. Haubonee uHtepecHo ydactve B CHUI,
MO3BONAIOWMX B3AWMOLENCTBOBATL CO CTyAeHTaMu u3 Apyrux BY30B w faxe crtpaH, uTo
CTaHOBUTLCH BO3MOXHBIM C NepexoaoM 6enopycckoro 0bpasoBaHus Ha CTaH4apThl eBPONECKoN
CUCTEMbI 0DY4eHUs. B 4acTHOCTW MpU M3ydyeHWe CBOICTB MONMYNpOBOAHWKOB B pamkax CHWJT
FI'ATY| npoBOAATCS UCCEA0BaHUs CBOCTB MOBEPXHOCTEN PaA3NYHbIX MOMYNPOBOAHNKOBBIX KOM-
MOHEHTOB, B TOM YMCTE B COAPYKECTBE C MOMOABIMM UCCNIESOBATENAMN NPOXOLALLMMMY 0ByyeHue
Ha (akynbteTe Ouankn, Matematkn uMHdopmatukn yHusepeuteta M. Kiopu-Cknogosekon,
MobruH, Monblua. Tak Npy M3y4eHUn CTyaeHTaMi BO30BHOBNAEMBIX UCTOYHMKOB SHEPTIAM MHTEpe-
CTHbIM NMPELCTaBNSETCA U3yunTb U NepCnekTUBHble PoTonpeobpasoBaTenu Ha rmbKMx NoanoxKax,
KOTOPblE BBUAY WX Maroro BECA, BICOKOW YAENbHON MOLHOCTM W TOKUM BO3MOXHOCTSIM MOHTaXa
[1] npefcTaBnaOT ONpeaeneHHbIil uHTepec. Kpome Toro, rmbkue CONHEYHbIE 3MEMEHTHI NO3BONSAOT
MCTIONb30BaTh PYNOHHYHK) TEXHOMOMMIO, YTO 3HAYUTENBHO YMPOLLAET MPOM3BOACTBO. OfHUM 13 Haw-
Bonee nepcnekTUBHbIX YHKLMOHANBHBIX COEAMHEHNA SBNSETCS YETbIDEXKOMMOHEHTHOE NONYNpo-
BOfIHMKOBOE coeavmHerne CuaZnSnSes (CZTSe). 310 nepcnekTUBHBIA MaTepuan Ans TOHKONMEHOY-
HbIX COMHEYHbIX BMEMEHTOB, Gnarogapst COOTBETCTBYHLLE LUMPUHE 3anpeLLeHHol 30HbI (1.0 3B),
BbICOKOMY KO3(H(PULIMEHTY NOTMOLLEHNS U3My4YeHUs B BUGMMOM uanasoHe (6onee 104 cm-t) v npo-
BogumocTn p-tuna [2]. CZTSe COmepXUT LUMPOKO PacmpOCTpaHEHHbIE AELIEBbIE 1 HETOKCUYHbIE
KOMMOHEHTBI. IADEKTUBHOCTb (DOTOSNEKTPUYECKOTO NPeodpa3oBaHms ANs CONHEYHbIX ANEMEHTOB
Ha OCHOBE [aHHOro Matepuana coctaenset 6,1 % [3] Ha rMOkUX MeTanmuyeckux MoAMOoXKaXx.
Heobxomumo u3yyaTb MUKpOCTPYKTYPY W TOMOrpacputo MOBEPXHOCTM MOLMOKEK KAk OAWH U3
OCHOBHbIX (haKTOPOB NOBLILUEHNS 3MEKTUBHOCTI CONHEYHBIX 3MEMEHTOB [4, 5.

OkcnepumeHTanbHas yactb. [ns nonyyenns nneHok CZTSe ucnonb3oBanach METOAMKa,
BKITKOYaKOLLas MOCe0BaTENbHOE 3NEKTPOXMMIUYECKOE OCAKAEHNE METanIMYECKUX MPEeKypCopoB
Cu-Zn-Sn Ha mMeTannuyeckyto onbry, NpeaBapuTENbHbI OTKMT Npekypcopos B atMocdepe 95 %
Ar + 5% Hz npu Temnepatype 350 °C B Teuenne 30 MuHYT u cenenmsaumio [6]. MoBepxHOCTb
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nnedok CZTSe wccnepoBanacs benopyckoi CTOPOHOM C MCMONb30BaHWEM aTOMHO-CHIOBOrO
mukpockona NT 206 B KOHTAKTHOM pexume. [ins oLieHKi NOBEPXHOCTU 6bINo BbIGpaHO He MeHee
NATV Nnowwagok ckaHmposaHus pasmepom 10 x 10 MKM C pasHbIX y4acTKOB MOBEPXHOCTH, 4TO
M03BONANO MPOBOAWTL YCPedHeHue napameTpos penbecha. ObpaboTka M3obpaxeHuit nposopy-
nacb CTy[eHTaMW NO paHee pa3paboTaHHOM METOpMKe omucaHHoi B[7]. Monbckue Konmerw
uccnegosanu Mopdonoriio moBepxHocTv nneHok CZTSe uccnenosany METOSOM CKaHMPYHOLLEN
ANEKTPOHHON Mukpockonuu (CIM).

PesynbTatbl u o6cyxaenme. Mpu u3y4eHnn NOBEPXHOCTU CTEKNa C HaHeCeHHbIM Mo nokpbl-
TveM, BbInn NONyYeHbl Tak e AaHHble 0 Tonorpacdi W LIepOXOBATOCTY NOBEPXHOCTM 1 NPOBEEH
CPABHUTENbHbIA @HanM3 B3yarbHbIX AaHHbIX.

Z, MEM

10

X. .?lK.\-I

Pucyrok 1- COM u ACM —cHumku coomeemcmeeHHO nogepxHocmu ocaxdeHHbIx nieHok CZTSe
Ha nodnoxkax Mo-thonbae

ACM-uccrenoBaHms nokasani, Y0 Ha moBepxHocTW mneHok CZTSe Ha mibkiX MOANOXKax
cchopMmpoBaHa 3epHUCTast CTPYKTypa. Ha MoBEpXHOCTU MOXHO BblAEMMTL 3epHa ABYX TUMOB: KpYMHble
nmenkve. [ins nneHok CZTSe xapaktepHbl criefyrowme pasvepsi 3eper: 400 x 200 1270 x 130 Hu,
Bbicota 160-194 HM. B cryyae nneHkv Ha cponbre Mo pasmep 3epeH 6 x 7.2 ul x 1.1 mkm
COOTBETCTBEHHO, 11 ORI MPMONM3NTENBHO OANHAKOBOW BbICOTHI ~280 HM, YTO XOPOLLO COrmnacyeTcs
C NapameTpamy, paccunTaHHbIMM o COM-u3obpaxeHusM.

Ha pucyHke BugHO, 4YTO Ha moBepxHocTM nneHok CZTSe Ha MOAMOXKAX BCEX TMOB
OTCYTCTBYIOT TPELUMHbI M MAKPOMOPBI, YTO YKa3blBaeT Ha BOMbLUYI0 KOMMAKTHOCTb 1 OBHOPOAHOCTE
cnos CZTSe, 00ycnoBneHHbIX JanbHeAWmmM POCTOM 3epeH W arnomepavveit Matepuana. CpegHuin
pasmep 3epeH nneHok CZTSe BO BCEX Cryyasx UMEET TEHAEHLMIO K YBENMUYEHWIO, YTO CTano
MPUYMHON POCTA LLIEPOXOBATOCTI NOBEPXHOCTI MNEHOK NO CPABHEHMIO C MPEKypcopamu.

3HaueHs napamMeTpoB LuepoxoBaTocTH nneHok CZTSe, ocaxaeHHbIX Ha Noanoxky Mo/ctekno
[8] w MeTannmMyeck1e MOAMOXKKN, HEOXMAAHHO Mano PaCXOAATCH, ECIM YYECTb, YTO MOAMOXKMA U3
(hOonbr M3HAYambHO XapakTepu3oBanuch 6omee BbICOKUMI 3HAYEHNSMY LLIEPOXOBATOCTH 1 Aedek-
TaMM BBWLE LapanuH, aTakke pasnuyHOA MOpPOmnorveit MoBEPXHOCTM MPeKypcopoB nocne
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npeaBapuUTensbHOr0  omkura.  [103Tomy MOpGONorUs MOBEPXHOCTU METaNNMYECKUX MOLMOKEK
0Ka3blBaeT HE3HAUUTENbHOE BAMSHUE HA MMKPO- W HaHOpemnbed MOMyNpOBOAHMKOBBLIX TOHKMX
MNEHOK, 4TO CornacyeTcs ¢ faHHbIMu [9].

3aknioyeHue. B pesynbTate MpoBEAEHMS COBMECTHBIX MCCNENOBAHUA CTYAEHTHI, y4acTBy-
towme B pabote CHWJT coenanv 3akmioueHne O BO3MOXHOCTM WCMONb30BaHWUS rvbKoW MeTan-
NM4EeCKoM (Porbrit B Ka4ECTBE NOAMOKKIA AN TOHKOMNEHOUHbIX COMHEYHBIX 3MIEMEHTOB, MOCKONbKY
nneHku CZTSe Ha CTEKNSHHOM MOAMOXKE CMOACNOEM MOMMOAeHa, M3y4YeHHble paHee, M Ha
MeTanmM4eckux qonbrax uMetoT 6nnakue 3HaueHms WwepoxosatocTer. CTyaeHTbI NOMyywnm OmbIT
COBMECTHBIX 1CCIEZ0BaHMIA C KONMerami U3 Apyroil OpraHu3almi, Ans u3ydyeHust npobnems npu
MOMOLL B3aMMOLOMOMNHSIOLLIX METOAOB.
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