Du3suka y TexHuka nostyrnposogHukos, 2011, Tom 45, Bbirnt. 11

NMonapnsaynoHHbIe XapaKTepPUCTUKN MOBEPXHOCTHOIO MNJa3MOHHOro
pe3oHaHCa B HaHOKJ1aCTepHbIX MyieHkax SnO,

© B.C. lpuresuyl, J1.C. Maxcumenko*, ME. Matsw*, O.H. Muwyx*, C.I1. PygeHko*,

b.K. Cepgera*, B.A. CumbiHTeiHa, J1.H. Qunesckas

Opecckuii HauuoHansHbI yHuBepeuTeT M. .U, MeuHunkoBa,
65082 Opecca, YkpaunHa

* UHeTuTyT domanku nonynposogHukoB um. B.E. Nawkapesa HauuoHansHol akageMnmn Hayk YKpauHsl,

03028 Kues, YkpauHa

(Monyverna 11 anpensa 2011 r. [NpurAata K neyaru 16 anpesia 2011 r.)

MeToi0M TIOJISIPU3AIMOHHOM MOIY/SIITMA  3JIEKTPOMAarHATHOTO HM3JIyYEeHHsI HCCIISOBAaHBL OCOOSHHOCTH BHY-
TPEHHEr0 OTpakeHHs, 0OYCIIOBJICHHBIE IOBEPXHOCTHBIM IUIA3MOHHBIM PE30HAHCOM B HAHOPa3MEPHBIX IUICHKAX,
coleprKaIiX KIacTepsl Je(eKTHOrO JHOKCHIA 0JI0Ba B IMAJICKTPHIECKON MaTpHIle CTEXHOMETPHYECKOI0 COCTaBa.
B mnanazone ymH BoyH A = 400—1600 HM H3MepeHB! YITIOBBIE W CHICKTpaJIbHBIE XapaKTEPHCTHKA KO3 PHITMEHTOR
oTpaxkeHAs K2 I Rﬁ HU3JIY9CHAS S- U pTIOJSIPH3AIAA B WX TOJISIPA3AITAOHHON PA3HOCTH £ ::Rf——Rﬁ.IIonyquHHe
SKCIepAMEHTAJIbHBIE XapaKTePACTHKA (60, 1) (6 — yToJ ajieHns] M3IIydeHHs]) OTPaKaIoT 0COOSHHOCTH ONTHISCKIX
CBOWCTB, CBSI3aHHBIE CO CTPYKTYpoii U Mopdosoriell 1mieHok. OGHapyKeHBl OBEPXHOCTHBIE I1JIa3MOH-TIOJIIPHTOHHL,
a TaKke JIOKaJIbHBIE IUIA3MOHBL, BO30YKIaeMble s- H p-IIOJISIPH30BAHHBIM H3JIyYSHHEM, OIPEIesIeHB HX YacTOTHHIS
U peJlaKCallOHHBIe CBOMCTBA. YCTaHOBIICHA CTPYKTYPHAs! TyBCTBHTEIIBHOCTh METOIMKH HCCIISIOBAHUS TIOBEPXHOCT-
HOT'O IJIA3MOHHOTO PE30HAHCA VB IVIEHOK JHOKCHIA 0JI0Ba

1. BsepeHune

AKTyaJIbHOCTb 33[ad 10 CO3JAHHI0 U HCCJIEAOBAHHIO
HOBBIX HAHOPA3MEPHBIX MATEPUAJIOB OIPABIBIBACTCH Kak
(YyHIAaMCHTATIBHBIM HHTEPECOM K HX CBOMCTBAM, TaK H
OTKPHIBAOIIEHCST BOSMOXXHOCTBI) HX HPUMCHEHHS B TBEp-
HOTEJIbHOH BIleKTpoHHKe. Mccienopanue HaHOPa3MepHOIo
okcupa ooBa (SnQO; ), B 4aCTHOCTH, MOTHBUPYETCSI €0 MHO-
TOYHC/ICHHEIMA IPUMEHEHHSIMA KaK PO3PAYHOrO BIIEKTPOTI-
HOI'0 Marepuaja, ra3oBoro AaT4uKa, KaTaau3aTopa OKHCIIH-
TepHEX Iporeccos [1]. K mepedmHio chep mprIoKeHnst STux
HAHOCTPYKTYD CJEAyeT M00aBUTh TAKKEC H BO3MOXHOCTB
VIPABJICHUSI CBETOBHIMH IIOTOKAMH B BEIIECTBAX, B KOTO-
prx HabIIoMaroTes A(QQEKTH TOBEPXHOCTHHIX MIA3MOHHEIX
pesonancos (III1P).

Pabouass Mopestb 00BEKTa HCCIICNOBAHMH (IUICHKH JIBY-
OKHCH 0JI0Ba) (OPMHPOBATACH C YICTOM CICIHPUKH €ro
IIOBEPXHOCTH, ONPEACIACMON ABOACTBEHHON BAJICHTHOCTDHIO
Sn. ImerHO 5Ta 0COOEHHOCTH OOECIEYHBACT OOPATHMEIE
MPEBPAIICHUST COCTaBa MOBEePXHOCTH SNy OT CTEXHOMET-
prdeckoro Sn** 10 BoccTaHOBJIEHHOTO Sn’T B 3aBUCUMOCTH
0T XUMHIYECKOr0 MOTCHIHAIA KHCIopona cucreMstl [1]. Boc-
CTAHOBJICHHE NTOBEPXHOCTH MOTH(DHUIAPYET €€ DIEKTPOHHYIO
CTPYKTYPY H IPHBOTUT K 0O0Pa30BAHHI TIyOOKHX DJICK-
TPOHHBIX YPOBHEH B 3aIPEIMEHHON 30HE. DTO 00ECIEINBACT
MOHIDKEHNHE PA0OTHI BEHIXOMA DJICKTPOHOB, HAMYHE CBOOOM-
HBIX HOCHTEJICH 3apsiia B MaTepHajie M, KaK CJCNCTBHUE,
BO3MOXXHOCTb HaOJIoneHnst B HeM sijieHus [1I1P.

B mocsemHee BpeMsl IPH HCCIICNOBAHHM MATEPHAJIOB
HOJIYIIJT PACIPOCTPAHCHUE METOM, HHOOPMATHBHAS CIIOCOO-
HOCTBb KOTOPOro ycunmBaercsa cponctsamu IIITP. ITpuusa-
TO cudTarh, 4r0 sipjieHue IITIP XapakTepHO B OCHOBHOM
ST TAaKUX MeETajuIoB, Kak cepedpo, 30JI0TO, alioMUHUH
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7 Meflb, IJIe AUAJISKTPHYCCKas MPOHANAEMOCTh TPHHAMACT
B BWIAMOM [HAIlA30HE H3JIYYCHHUSI OTPHIIATEIIBHBIA 3HAK
(mokasaresb UPEIOMIICHEST MEHbIE emuHuIe) [2,3]. 1o
ACHCTBUTENBHO TaK, C€CIM UMETh B BHAY, YTO HADIIONCHHC
9TOTO SIBJICHUSI OCYIICCTBIBICTCS PETHCTPAIUCH BEJIMIHHEL
K02 (hhHUIHEHTA OTPAKCHUS C IIOMOTIBIO OTHOH M3 pPacipo-
CTPAHEHHBIX OLTHYECKUX cxeM — reomerpusi Orro [4] win
Kpeumana [5].

OrnHako, KaK Hef[aBHO 110Ka3ano [6], sisrenue TP MOXHO
HAOIIONATh JAKE TaM, TAC OHO CIad0 PETHCTPUPYETCS C
TOYKH 3PEHUS TPAIUIUOHHBIX METOIOB. Peusb miaet o cpaBHH-
TEJTFHO HOBOM MCTOJIC PETHCTPAIUH ONTHICCKH aHU30TPOI-
HBX 23((}EeXTOB, (YHKIMOHHPOBAHHE KOTOPOTO 0A3MpyeTCst
Ha NOJsIpH3anuoHHOR Monyssinuu (IIM) aiexTpoMarHuT-
HOro wm3jtydenusi [7]. B OIHOM M3 BapHAHTOB DPEATM3AIUN
METOfA PE3Y/IBTATOM HM3MEPCHHST SIBJISICTCS MApameTp, Ha-
3BIBAEMBIN HOJSIPH3ANNOHHON PA3HOCTRI0 KO2(D(hHUIHEHTOB
OTpaeHus H3Tydenmit p = Ry — R, BEKTOP ByIEKTpHHe-
CKOTO TIONST BOJIHE KOTOPEIX COOTBETCTBCHHO HEPIICHMH-
KY/SIPEH M NApaJUIeNieH IUIOCKOCTH HajeHust (OITHYECKOH
ocu). TToBhIIeHHbIE O0HAPYKUTEILHAS U HHHOPMATTMOHHAST
CIOCOOHOCTH DTOTO IAPaMETPa HEOMHOKPATHO ITOKA3AHEI
IIPU ACCIIENOBAHAN PA3HOOOPA3HBIX D(MOPEKTOB AMILTHTYIHON
u (a3osoi aamszoTponnu [6,8].

XOpoTo U3BETHO, YTO SIBJICHHE OTPAXKCHHS, B TOM YHC-
Jie BHYTPEHHETO, B YCJIOBUSIX KOTOPOro Hambosiee ynoOHO
npomsBoauTh u3Mepenue [P, asiseTcss B COOTBETCTBHH
¢ Gopmymamu Operertst [9] B HOIIBIION CTEICHH 3ABUCSIIIM
OT COCTOSIHHS MOJIAIPH3ANHUH HICKTPOMATHATHOH BOJIHEL JTH
ABa 00CTOSITEIIBCTBA CTHMYIHPYIOT HCIOJIB30BAHAC METONA
IIM B W3y4eHHH HAHOPA3MEPHBIX KJIACTCPHBIX IICHOK [H-
okcupa 0108a. OcoOEHHOCTb TAKOrO TUIIA 00BEKTOB COCTOUT
B TOM, YTO B OTJIMYAE OT HAHOPA3ZMEPHBIX METAJUTHYCCKIX
IUICHOK HX CBOHCTBA OMPENEIISTIOTCS HE TOJIBKO COCTOSTHHEM


mailto:grinevich@onu.edu.ua

1526 B.C. I'puHeBwy, JI.C. MakcumeHko, W.E. MaTsw, O.H. Muwyk, C.IN. Pygexko, B.K. Cepgera..

Twn o6pa3ya d, Hm
T4.P1 230-400
T4.P0.5 420
T2.P0.1 350
T2.P2 160
T0.5P0.1 80-100

noBepxHoOCTK obpasua, HO U ero 06bEMHbIMU 0COBEHHOCTS-
Mu. TT03TOMY MOXHO HafeATbcs, YTo MeTod MM okaxetcs
WHO(PMATUBHLIM [OMNOMHEHWEM K TakKOMYy LUIMPOKO pac-
NpoCTpaHeHHOMY METOAY WCCNefoBaHUA HaHOPa3MepHbIX
06beKTOB, KaK aTOMHO-CM/10Bass MUKPOCKOMMUS.

OnbIT wucnonb3oBaHnMa wmetoga 1M  nokasblBaeT, 4TO
Mnofly4aemMble C ero MomoLbi0 XapakKTepucTUKW napameTtpa
nonspusaunoHHoi pasHoctu p(0, 4, &, ...), roe 0, 4, é —
COOTBETCTBEHO Yro/ nageHus cBeTta, A/IMHA BO/HbI, TOMLWMN-
Ha NAeHKN U T.[., ABNAKTCA MHOrO3Ha4YHbIMWU Y MHOr0OBapu-
aHTHbIMK MO QopMe. B HUX cofepXaTcs CBefeHUA Kak 00
ONTUYECKUX CBOMCTBax MccnefyembiX 06bLEKTOB, Tak U 06
X MOpP(ONIOrun U CTPYKType.

Ocob0ro BHMMaHWA NpU 3TOM 3aCNYXXWBAKOT OMpejeneH-
Hble MPenMyLLecTBa UCMONb30BAHUA NNEHOK, COCTOALLMUX U3
OTAENbHbIX MU KOHTaKTUPYIOLLMX MeXay co60l yactuy, no
CpPaBHEHWIO €O CN/OWHOW NneHKoW. B uyacTHoOCTM, BCneg-
CTBME HaNMyunsa KPUBU3HbI NOBEPXHOCTU Y YacTuUL, MPOUCXO-
OWUT OTMeHa 3anpeTta, CBA3aHHOIO0 C pasfinymeM BOJHOBbIX
BEKTOPOB MpW B3aMMOAENCTBMM CBETOBOrO MW3NyYeHUs W
nnasMoHHOro B036yXaeHus B nneHkax [10]. Bonee Toro,
3TOT 3anpeT, Kak YCTaHOBMEHO Hamu paHee [8], cCHMMaeTcA
TakXe u AN UCXOLHOro COCTOAHMUA MofApu3auumn musnyde-
HUA B TOM CMbIC/le, YTO He TONbKO P-MONSPU30BaHHOE, HO
N 5-nofapu3oBaHHOe U3MTyYeHWe OTHOCUTENIbHO MIOCKOCTH
nageHnsa Bo3byxpaaeT B KnactepHoi nneHke MIP.

M3BecTHbl uccnegosaHua T[NP B HaHOKOMMO3UTHbIX
nieHKax, NpeAcTaBnAOWMX CO60N MeTannnyeckme Knacre-
pbl Al, Aun, 1TO B AN3NEKTPUYECKOWA MaTpULLe OKCUAHBIX Ma-
Tepuanos \Y03, 8n02« THO2 [11]. B HacTosAwei paboTe uc-
cneflyeMble HaHOCTPYKTYPUPOBAHHbIE NNEHKN OKCMAa 0/10Ba
paccMaTpuBalOTCA KakK HaHOKOMMO3WTHbIe, NpeacTaBnfto-
wme coboil knacTepbl AeheKTHOr0, HECTEXMOMETPUYECKOTO
okcuga onosa (8nOX) B AM3INEKTPUYECKO MmaTpuue cTe-
xunomeTtpuyeckoro 8n02. Takum 06pa3om, MHTeprpeTayus
UX CBOWCTB Ha OCHOBE 3KCMEPUMEHTaNbHbIX Pe3ynbTaToB
uccnegosanua MIMP, nony4yeHHbIX TEXHUKON nonspusayu-
OHHOI MOAYNAuMKM, COCTaBNAeT 3afadvy LaHHOWN paboTsbl.

2. TexHonorusi nosiyyeHnss o6pasuoB
N TEXHMKA 3KCNepuMeHTa

MpurotosneHne 06pas3LoB MPOBOAUNOCLE MO METOAMKeE,
[eTanbHO onucaHHOW B pa6oTe [12]. MpuHUMNWaNbHO 3Ta
MeTOAMKa cofepxana clefytolme 3aTanbl: NPUroTOB/IEHME
pactBopa nonumepa (MBA) B auLeTOHe; NPUrOTOBNEHME

CogepxaHvne AXOAO
B UCXOAHOM pacTBope, %

CopgepxaHue NBA
B MCXO4HOM pacTeope, %

5 1
4 05
2 0.1
2 2
05 0.1

pacteopa npekypcopa Sn02 B aueToHe; COefjHeHWE 3TUX
[IByX pacTBOpPOB, HaHeCeHWe Ha MOLNO0XKY BpaliaTe/lbHbIM
METOLOM C WCMNOMb30BaHWEM UeHTpUdyrnposaHums (spin-
coating), BbICylIMBaHWE W OTXWr. B KayecTBe npekypcopa
[BYOKUCW 0/10Ba MCMO/Ib30Bann KOMMJIEKC [uX/iopAunale-
TunauetoHaTa onosBa (AXAAO). MoAN0XKKON CAy>XWno no-
KPOBHOE CTeKNo 22 x 22 MM. O6pasLbl BblAepXUBanucb npu
KOMHaTHOW TemnepaType B TeyeHue 15MuH LNS yAaneHus
aLeToHa, a 3aTemM NofBepranancb OTXWUIY Ha BO3Ayxe npu
TemnepaTtype 600°C B TeueHue 64 [NAa Tepmopasfoxe-
HUA oOpraHuyeckux coctasnawwmx nneHkn (AXAAO nu
MBA) un yganeHus NpoAykKToB Mx pacnaga. Mocne omkura
Ha MOAJNI0XKe ocTaBancad AWOKCMA 0/10Ba, 06pasytoLuiics
npu Tepmopacnage AXAOAO, 4To nokasaHo B paboTax
Mo MCcnefoBaHUIO CBOMCTB YyKasaHHOro npekypcopa [13].
MBA npuMeHAancs gns CTPYKTYpPUPOBaHUA NEHKU Ha aTane
NMPUroTOB/IEHNSA pacTBOPa U HaHECEHUS ero Ha MOAJI0XKKY.

OcCHOBHble napaMeTpbl 06pasL0B NpuBeAeHbl B Tabnule.
3fecb faHHblE O TO/LWMHE NIEHOK, YCPeAHEHHON No NoBepX-
HOCTW uccnegyemoli naowagkn (1 X 1MKM), NonyyeHsl U3
nsmepeHnin metogom ACM C MOrpewHoOCTbIO, He NpeBbllla-
owWwen 2% B NPUBELEHHOM [ManasoHe.

Ha BcTaBke K puc. 1 npusegeH pesynbtar ACM-uccnego-
BaHMA TMOBEPXHOCTM pa3mepom 1000 x 1000 HM o06pas-
ua T4.P1 B Buge ha3oBoi TONOMOrMN C MOMOLLbIO MPOMBbILL-

Size, nm

Puc. 1. T'uctorpaMmma BepOSATHOCTHO-pasMepHOro cocrasa 006-
pasua T4.P1: dypbe-cnekTp npoduas MoBepxXHOCTU (CnaoLLHas
NVHWA), pa3noXeHne Ha rayccuatbl (7,2) n cymma rayccuaHos (3).
Ha BcTaBke — hasosas ACM-Tononorus.
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JICHHOT'O aTOMHO-CIJIOBOTO MHKpOCKoma (nanoscope Illa
Digital Instruments, USA). W3 dypoe-pasnoxenus npodhu-
7Sl THOBEPXHOCTH IIOJyY€HA THUCTOTPAMMA BEPOSITHOCTHO-
pa3sMEpHOIo coCTaBa IUICHKH, H300pakeHHas Ha puc. 1
CIUTOMHON ynuHUeH. M3 rucrorpamsl, anmpoKoCHMHPOBAH-
HOH (yHKIusMu laycca, BHIHO, 9TO IUIEHKA COCTOHT W3
ABYX TPYII KJIACTEPOB, COPA3MEPHBIX IO BEJIMYMHAM 32-
HEMAEMHIX IUIomane# B rucrorpamme. OfqHa W3 HUX OXBa-
THBACT pasMepsl B auanaszoHe S0—200HM ¢ BKCTPEMYyMOM
upu 137 HM, a BTOpast ¢ BKCTpeMyMoM Ipu 310 HM 3aHMMA-
et amamazoH 200—500 aM. OTMETHM, YTO CONOCTABJICHUE
BA3YJIbHOH OLCHKHM IUICHKH C €€ IIPUBCICHHOH KOJIMYe-
CTBECHHOW XapPAKTEPUCTUKOW IO3BOJIACT CHEIATH BHIBOA O
TOM, 9TO OOJIBIIHME KJIACTEPH! SIBJISIOTCS OTACILHEIMH KOH-
IJIOMepaTaMi, COCTOSIIUMHE M3 00Jiee MEJKHX KJIACTEPOB,
Pa3fCIeHHBIMA HAHOMETPOBEIMH 3330PaMH  TEPMHIHMECKOTO
npoucxoxkienus. Kax Oyger BHAHO B HajbHeimeM, 3Ta
0COOCHHOCTP IJICHKH CKA3BIBACTCS HA (POPME €€ CHEKTPATIhb-
HBIX XapakTePUCTHK. Y CTAHOBJICHHAS KJIACTEPHAS CTPYKTYPa
IUICHKH, UMEIONIast OOJTBIIIOe KOJIMIeCTBO NE(EKTOB (rpanu-
IHL PA3eIa KPUCTALINTOB U KJIACTEPOB), CiocofCTByeT 00-
PA30BAHAIO JIEKTPOHHOH IJIa3MHI B UCCIICAYEMBIX ILICHKAX.

O0pa3nel PacIoIaraInch Ha OTPAKAIICH MOBEPXHOCTH
HMOJIYIWIMHAPA IOJIHOTO BHYTPEHHETO OTPAXKCHHUS, H3TO-
TOBJIGHHOT'O M3 IUIABJICHOI'O KBapIa, II0Ka3arellb IIPEsIOM-
JeHust KoTtoporo n= 1.45 ompenensii KPUTHICCKHH YyToi
0, = 42°. VICTOYHUKOM H3JIyY€HHSI SIBJISIACH CHCTEMA U3
JIAMITEl HAKAJIMBAHASI © MOHOXPOMATOPA ¢ IPU3MOH ApeHca
Ha BEIXOmHOHN mienu. M3mepsiancs Ko3(hOUIHEHTH BHYTPEH-
HErO OTPAKeHHS uITyuenuii R} w K>, TOJAPH30BAHIHEX
HEPICHIUKY/SIPHO M MAPAJUICIIBHO (S- W p-HOSBIPH3AIIHS
COOTBETCTBEHHO) OTHOCHTEIIBHO IUTOCKOCTH IIAJICHNUsI CBETA,
a TAaKKe MX TOJSIPU3AIMONHAS PasHOCTh o = Ry = R B
3aBUCHMOCTH OT yIJIa HafcHHUs CBeTa € B OIHOM CITyJae
W OT JUIMHEL BOJMHK B gumamazoHe A = 400—1600HM B
apyrom. Jig BX H3MepeHHs HCnosp3oBanacs IIM, cyrts
KOTOPOH ICTANBHO U3JIOKEHA B [6]. 31eCh BKPATIIC OTMETHM,
YTO POJIh MOMYJISIUA B YHOMSHYTOH pPaboTe COCTOsUIA
B IIOOYEPETHOM OOJYYECHHH HCCIEAyeMoro odpasma s- u
P-IIOJISIPM30BAHHBIM H3JIydeHHEM 0e3 M3MEHCHHUSI HHTCHCHB-
HOCTH 2JICKTPOMArHUTHOH BOJIHEL [IpH 3TOM "acToTa Momy-
st ObUTa HACTOJIBKO HEU3KOH (SOKII), 4To He BiHsIIA HA
YACTOTY DJIEKTPOMArHUTHON BOJIHEL

MopyssiTop HOJSIPA3AIy PAcIIoIarajics nepe 00pasnoM
U, QYHKITMOHHPYST B PEXHUME THHAMHICCKOH YETBEPTHBOJI-
HOBOH (ha30BOH IUTACTHHKH, IPe0OPA30OBHIBAT MHPKY/ISIPHO
MOJISIPH30BAHHOC M3JIYYCHHE M3 CTAMOHAPHOTO COCTOSIHHUS
B IIEPHOANICCKH M3MEHSIOMEECs JIHHEHHOE. ASIMYTEI T10JIS1
BOJIHEI OBUTH OPHEHTHPOBAHHI MAPAIICIBHO H IEPICHIN-
KYJSIDHO OCH NOJIyIMJIMHApA. B TakoM ciydae pesysibrar
HU3MEPEHHST, PETACTPUPYEMBIN HA YACTOTE MOTYJISIAH, SIBJISI-
€TCs TOJIIPU3ANHOHHOA PA3HOCTRIO s- U p-QOYHKIHH, apry-
MEHTAMH KOTOPEIX B JAHHOM CJIy4ae SIBJSIIOTCS JUIMHA BOJI-
HBI (3HEPrusi) ¥ yroj orpaxenns csera. LlesecoobpasHocTh
UCIIOJIB3YEMON METOMUKH 3aKII0YACTCS B TOM, UTO IOJY-
YAEMBIH PE3YJIBTAT SIBJISETCA (DM3WICCKOH PA3HOCTBIO JIBYX
ciraraemsiX. 110 9TOH IpHYMHE OH CTAHOBHUTCS TOCTOBEPHBIM
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JaXe TOTTa, KOTAd CUTHAJ PA3HOCTH MEHBINE YPOBHS TTyMa
KKJIOro U3 ciaraeMeix. OcoOeHHO DTO BAKHO NMPU HATNYHH
JOJITOBPEMEHHON HECTAOMIBHOCTH, KOTOPas, KaK MPaBHIO,
COIIPOBOJKMAET TPOIECC PETUCTPANNH 3ABUCHMOCTEH IO
otnesbHOCTH. Kpome Toro, (pM3mdeckoe B HAHHOM CITydae
BEMUTAHUE DKCICPHUMEHTATIbHBIX (DYHKIMH IO3BOJISICT 32
CUCT ,,3aHyNICHUST” (BRMUTAHMST 00X OCOOCHHOCTEH) T10-
BEICHTH JOCTOBEPHOCTH U3MEPEHUSI YCIJICHASM UMEIOTIHX CSI
HE3HAYUTEJIbHBIX OTJIHIAH.

HoOaBiieHne K ONTHYESCKOM CXeMe JIMHEHHOrO MOJISIpU3a-
TOPA TO3BOJISLIO UCIOJIB30BATH €€ IS H3MEPEHHUs Koa(h(hu-
IHEHTOB OTpaenust Ry u R;. Jiis 9TOT0 OH yCTaHABH-
BAJICS MOCJIE MOTYIISITOPA TAKAM 00pazoM, 9TOOBI €ro 0oCh
COBIAJJIa B OTHOM CJIYYAa€ C OCBIO MOJIYITHIIMH/PA, & BO BTO-
poMm OpUTa nepneHauKyysIpHa ei. [lonsipusarop urpaiz posis
OKHA, KOTOPOE YCTAHOBKOH BpANICHHMEM HA HPOINYCKAHHE
U3JIYYCHHUS COOTBETCTBYIONICH IOISIPH3AIIN O0SCIeINBAIIO
npu paboTaIeM MOIYITOPE MEPEeMEHHBI CHTHAT HA
doronerexrope. UnenTHQUKANUS S- WIH p-IOJSIPU3AINAH,
00yCIJIOBJICHHASI a3MMYTOM JIMHEHHOTO IIOJISIPH3ATOPA, IPO-
U3BOMIIACE IT0 COOTHOIICHUK) BEJIMYHH CUTHAJIOB, IOJTYICH-
HBIX [IPH OTPAXKEHAHN U3JIYYCHHUS OT MOIYIIIIAHPA C YACTON
OTPAXKAIOMIEH MOBEPXHOCTHIO, KOTOPOE BO BCEM [IHANIA30HE
VIJIOB MEHBIIE KPUTHIECKOTO, € < O, YIOBIETBOPSCT B
cooTsercTBHE ¢ Gopmymamu Ppenerst yeosnio R > R

Crnenyer o0paTHTh BHHMAHHE TAKX€ HA TO, 9TO H3MeE-
pseMBIe  KO3(Q(UITHEHTH OTPAKCHAS OTHOCATCS K HWHTCH-
CHBHOCTH M3JIyYCHHS W MX a0COJIFOTHBIC BEJIMYUHBI BCETIa
SIBJSTIOTCSL MOJIOKUTENBHEIMA. OHAKO 9TO 3aMEYAHUE HE
KacaeTcsl MmapameTpa ©, BEJIMYMHA KOTOPOTO B 3aBUCH-
MOCTH OT COOTHONICHHSI ONPEACISIEMBIX €ro CJIAraeMbIX
MOXeT IpuHAMAarh 3Ha4deHus o < (. Kak Oymer BHmHO B
TAJIPHEHTIIEM, DTO MMEET MECTO B CJIydae ,,aHOMAaJIbHOTO
orpaxenms pu K} < R, TPOSIBISIOMErocst B HEKOTOPHIX
CIIyYasX B MNAIA30HE VIJIOB, OOJBIIHX KPHTHUCCKOTO Ogr.
ITockoIbKY W3MEPEHHsT NPOBOMIIMCH C HCIOJIb30BAHHEM
dasouyscruTenpHOr0 HanoposabT™MeTpa (lock-in), To 3HAK
mapaMerpa ¢ KammOpOBAICH 1O COOTHOMmEHHo R: > R,
HOJTYYaeMOMY OTPOKEHHEM OT YACTOH MOBEPXHOCTHU IIOJIY-
IITHHAPA. DTa MPOIEAYPa OCYIICCTBIISLIACH YCTAHOBKOH B
OTMEYCHHOM H3MEPHUTEILHOM MPUOOPE COOTBETCTBYIOIETO
3HAYCHHUs (Ha3bl OMOPHOrO CHTHAJIA, KOTOPEIM SIBJISICTCS Ie-
PEMEHHOE HANPSDKEHAE MUTAHUS MOIYISITOPA TOJISIPU3AIIAH.

3. Pesynbtathl namepeHuns
n obcyxpeHune

O0cyxneHne pe3ysIpTaToB OyAeT NIPOBOAUTHCS C IO3H-
il popmynn Operensi B BUAC YPaBHEHHS, OIHCHBAIOIIE-
TO 3aBUCHMOCTH K03(pduIHeHTOB OTpamenns Ry n Ko, a
CJICTIOBATENIBHO, U BEJIMIAHEI TOJISIPU3AIINOHHON PA3HOCTH 0
OT yIJIa TAJeHHsl CBeTa €. DTO yPAaBHEHHE IPUBEICHO B
pabore [6] ¥ HOJYYEHO METONOM MATPHUIHOTO mpeodpa3osa-
Hust Ghopmyn PpeHesss It TPEXCIIONHOH MOJIENH: CTEKI0—
IUICHKA—BO3AYX, B KOTOPOH KJIACTCPHAS IJICHKA CUUTACTCS
IUIOCKOH ¥ OMHOPOMHOH C B(OQOEKTUBHBIMH OITHYCCKUMH
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Puc. 2. JKcnepuMeHasbHble (IMHWM)  YII0Bble  3aBUCUMMOCTU
KO3(PhULMEHTOB BHYTpPeHHero oTpaxkeHuns A3(0), ARP{0) w napa-
meTpa p(0) B o6pasue T4.P1 B cpaBHEHUW C pacyeTHbIMK (TOYKWM)
XapakTepucTkamu. PacuyeT BbINOAHEH MPU Chefyowmx 3Haye-
Huax napametpos: A= 500HM, n = 1.61, Kk = 0.1, dp = 290HM,
B = 300HM. Ha BCTaBKe — WNAKOCTPaLMA Pa3/IMYHON CTENEHN
PE30HAHCHOT0 B3aMMOZEWCTBYUS, XapaKTepu3yemMoro BesMyvHaMu
Adp n B 06pasue T4.P1.

napametpamu. OCHOBaHWEM [/ TakKOro noAgxoga CAyXuT
npexge BCero 10T (akT, YTo MUccnefyemble nneHkn obnaga-
I0T, K&K CBUAETENbCTBYIOT pesynbTaTbl ACM-uccnefoBaHui,
rnagKo MOBEPXHOCTbK C HE3HAUYMTE/IbHON OTHOCUTENbHO
TONWMHBI MJIEHKW LLEepoX0oBaToCTbio. B TO Xe Bpemsd, npu-
HUMas BO BHMMaHWe TakKyto 0COGEHHOCTb 06pa3LoB, KakK uX
CTPYKTYpHast HEOJHOPOAHOCTb, N O4HOBPEMEHHO Y4YUTbIBaSA
HecopasMepHOCTb K1acTepPoB W UCMOJb3YeMbIX ASIMH BOJH
N3NyYeHunin, XxapakTepmsauno nx AN3NeKTPUYeCcKUX CBOMCTB
IPPEKTUBHLIMW ONTUYECKUMMW NapameTpaMyu Mbl CUMTaEM
ABNAETCS ONpaBAaHHOW.

3KcnepMMeHTanbHble pe3ynbTaTbl B BUAE 3aBUCUMOCTEN
KO3 (PULMEHTOB OTpaxeHna A3 1 AR n ux nonsapusaLnoH-
HOM pasHOCTW p OT yrfa nageHus n3ny4vyeHus nNpuBeLeHbl Ha
puc. 2 ana o6pasua T4.P1 B conocTaBneHUn ¢ pe3ynbTaToM
pacyeta. MpuunHa ansa Bbl6opa AAWMHBLI BOMHbI A = 500 HM
OypeT BMAHA M3 fanbHeliwero o6CyXAeHWsd, a Mnoka cne-
[YeT HanOMHUTbL, 4YTO XapakTepHbiM, M0 OnpejeseHuto,
npusHakom Hanuuua TMIMP B mMeTanimyeckmx OAHOPOAHbIX
NMeHKax ONTUManbHOW TOAWMWHbI ABNAETCH Y3KWUIA MO Yr-
NOBOW KoopAuHaTe W rny6oKuini no amnauTyge nposan B
MYHKLUK

M3 puc. 2 BUAHO, YTO XapakKTepHble ocobeHHocTwu TP
UMEKT MecTo He TONbKo B K2R0), HO U BUAHBI Ha Kpu-
Boii $12{0), koTOpas B AManasoHe Yrn0B Bbllle KPUTUYECKO-
ro, 0 > 00 = 42°, cofepXWUT OTMeYEeHHbI cnag 3HauvyeHui

pnHeBn4,J1.C. MakcumeHko, V.E. MaTaw, O.H. Muwyk, C.IN. PyaeHko, B.K. Cepgera...

KO3(hpuumeHTa oTpaxeHmMs. TOT hakT, 4TO 3TOT CMaf OKasbl-
BaeTCA 605ee NPOTAHKEHHbIM NO CPABHEHWUIO C aHA/IOTUYHOWA
XapaKTePUCTUKOWA OAHOPOAHLIX MO TOJMLMHE MeTanInye-
CKUX TNJIEHOK, He MPOTUBOPEYUT MNPUpofe BO3HUKHOBEHUSA
ABneHus MMP B 06bekTax chepnyeckoi nnu 61M3KON K Heit
topmbl [10]. Bce geno B TOM, 4TO yron nageHus ceseta 0
B AaHHOM C/nydvae CrefyeT OTCUMTbIBaTb He OT MOBEPXHO-
CTU NNIEHKW, a OT MJIOCKOCTKW, ABNAOLWENCA KacaTenbHOMN
K MOBEPXHOCTM KfacTepa M NO3TOMY pacnonaratolieics
OTHOCUTENbHO MAOCKOCTW MAEHKW NOA HEKOTOPLIM YF/IOM.

3HaveHMs nokasaTenei npenomaeHus (N) u nornowe-
HUS (K) KnacTepHbIX MNMEHOK AWOKCWAA 0noBa B [W3neK-
TPWKe, HEO6X0AMMbIE AN BblUNCNEHUA KOIPDULNEHTOB A2,
A2 n napameTpa /9, 6bIM NONMy4YeHbl W3 YCNOBMSA COBNa-
JeHVNs pe3ynbTaToB pacyeTa U 3KCNepMMeHTa, JOCTUIHYTO-
ro MeTooM MHOronapameTpuyeckoil noaroHku. Cornacue
3TUX [aHHbIX ObIIO NOAYYEHO C WUCMO/b30BaHUEM HEKOe-
ro WCKyCcCTBEHHOro npuema. Ero cyTb cocTosna B TOM,
4YTO B YKasaHHOM B [6] ypaBHEHWM WCMOMb30BaHbl MOAM-
(hmumpoBaHHble Gopmynbl PpeHens. Pusmyeckas npupopa
mMogndukaumm 6asupyetca Ha TOM, 4TO ANA KNacTepHOMN
nneHkn (B oTAMYMe OT OAHOPOAHON) B 5-NONAPM30BAHHOIN
BOJIHE TaKXe MMeeTCH KOMMOHEHTA No/s, OPUEeHTUPOBaHHasA
B 06LieM cfiyyae BAO/Ab HOPManu K MOBEPXHOCTU KnacTepa.
YueT 3T0ro 06CT0ATENLCTBA BbINOMHEH POPManbHbIM 06pa-
30M B BUAe pasnuyarolimxcs TonwuH ob6pasua (c/5, ép) B
Hanpas/leHUAX NOJA BOJIHbI C OPTOrOHa bHbIMMW a3uMyTamu.
MPMMEHNMOCTb TaKoro MNPUOGAMKEHUA He MNPOTUBOPeYnT
MOHATUIO aHU30TpONUK (OPMbI, pedb 0 KOTopoW maet B [9).
Kasanocb 6bl, yBefMyeHWe MNOAFOHOYHbLIX MapaMeTpoB 3a
cyeT pfobaBneHWs elle OAHOTO HEU3BECTHOrO YCMOXHSEeT
npouecc cornacoeaHmsa. OfHaKo OnbIT NoKasasn, 4To Auana-
30H Bapuaunii 3Ha4eHNn KOHCTAHT OrpaHNyYMBanNCcs HecKosb-
KUMW efHULaMM BO BTOPOM 3HakKe nocne 3anatoi. Moato-
My NpW W3BECTHOM TO/WMWHE MNAEHKN NOoAGOPOM BENUYMH
nokasaTeneii MPeNOMAEHNS W MOTNIOWEHNSA B OFPaHNYeHHOM
AunanasoHe NOArOHKa He cocTasnana Tpyaa.

MonyyeHHble 3HAYEHUA OMTMYECKMX KOHCTaHT HaxogaTcs
B /IOFMYECKOM COrfacum € AaHHbIMUW, U3N0XEHHbIMK B [14].
Mo nosogy HabnoAaloLWerocs pacxoXAeHWs B YrnoBbIX 3a-
BMCMMOCTAX ClefyeT OTMeTWUTb, YTO NJeHKa BCNeACTBME ee
HebOoMbLWOW KANHOBMAHOCTM HEOAHOPOLHA B Mpejdenax CBe-
TOBOrO NATHA, pa3Mep KOTOPOro BO3pacTaeT C YBENUYEHNEM
yrna. Kpome Toro, reomerpuuyeckas opma KnacTepos B
06Lem cnyyae He ABNSeTCSA CHepnyeckoii, YTO MOXHO 6blfo
Obl 0TPa3nTb JOMONHNTENbHBIM YC/IOBUEM. TeM He MeHee Ha-
6niogatoLLeecs cornacue pacyeTHbIX U U3MEPEHHbIX JaHHbIX
Ha puc. 2 saBnsaeTca 6onee YeM yA0BNETBOPUTENbHBIM.

M3 puc. 2 Takxe cneayeT HeoBbIUHbIA C MEPBOro B3rasga
BbIBO4 O TOM, 4YTO ABneHue MNP B MeTannogmanekTpuue-
CKUX KN1aCTEPHbIX MAeHKax MOXeT 6blTb 3apermcTpMpoBaHo
N B ciyyae BO36YXAEHNA NOBEPXHOCTHbIX NJ1a3MOHOB HEMo-
NAPU30BAHHbIM U3yvyeHnem. HeTpyaHO BMAETb, 4YTO OTMe-
UeHHas Bbllle )opMa K1acTepoB MPUBOAUT K PE30HAHCHOMY
B3aMMO[ENCTBUIO U3NYYEHUA C WX 3NEKTPOHHON CUCTeMON
He TONbKO A8 P-MONSAPU30BAHHOTO UW3NYYEHUs, Kak B
cnyyae CMOWHbIX OAHOPOAHbLIX METaNAMYecKUX MEHOK,
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HO W anda 5-nonapusauuun. bonee TOro, ecnM y4yecTb, 4TO
06 MHTEHCMBHOCTW PE30HAHCHOrO B3aMMOAENCTBMUSA CBUAe-
TEeNbCTBYKT amnanTyfbl 3KCTPEMYMOB COOTBETCTBYHLLUX
BETBEW nonspusauumn, To0 U3 HepaBeHCTBa KO3I((ULMEHTOB
oTpaxeHuns B obnactu pesoHaHca L\3p> KRBsp (BcTaBka
Ha puc. 2) cnegyeTt, 4To (opma KnacTepoB u(uam) ux
LV3NEKTPUYECKOe CTEXMOMETPUYECKOE OKpYyXeHue 6onee
npeanoYvYTUTENIbHO MO YC/N0BUAM BO3HMKHOBeHMA TP ang
5-nonspusauun. Mog 3TUM yYCNOBUEM WMEETCA B BUAY
COOTHOLLEHWE, Ha3biBaeMOe YcnoBuvem (Ha3oBOro CUMHXPO-
Hu3ma [3],

O]

BbiTEKalLliee M3 paBeHCTBA BOSHOBbIX BEKTOPOB BO30OYX[a-
lowWen M nnasMoHHo BonH. 3pecb £0, £\(co) M 82 —
peanbHble 4acTU KOMMMEKCHON AU3NEKTPUYECKON MNpPOHKU-
LaemMOoCTM MaTepuana NpWM3Mbl, MeTanINYeCcKONn MMAEHKN W
BHeLLHEN cpefbl COOTBETCTBEHHO. YpaBHeHUe (1) BbipaXkaeT
paBeHCTBO MNPOEKLUWM BOMHOBOTO BEKTOPa W3My4YeHuUs Ko
(neBas 4acTb), pacnpoCcTpaHAKLWEroca B nNpuame nog pe-
30HaHCHbIM yrioM 05p, Ha MeTaNMYecKyt MAeHKY, U BeK-
Topa K8p NNa3MOHHOI BOMHbI, pacnpoCTpaHAoLeics BAONb
noBepxHocTW. OG6GOCHOBAHHOCTb MPWB/IEYEHUNS W3BECTHOTO
COOTHOWeHMs (1) cocToMT B TOM, YTO OAWMH M3 ero napa-
MEeTPOB, a UMeHHO 05p, 6yayumn aprymeHToMm gyHkuum p (0),
UNNIOCTPUPYET BO3MOXHOCTb BO30OYXAEHNS NOBEPXHOCTHOM
NNasMOHHOW BOMHbI B LIMPOKOM AMana3oHe Yr/i0B 3a cueT
HemnaoCKoi MOBEPXHOCTU KNacTepos.

O pe30HaHCHOM B3aMMO[ENCTBUN CBUAETENbCTBYIOT Tak-
e CMeKTpanbHble XapakKTepucTuku napametpa p (H) ans
006pasy0B, pas3nMyaloWwmMxcs TONLWMHON W KOHUeHTpayuei
[UOKCMAa 0n0Ba, NpuBefeHHble Ha puc. 3. 3gecb Besfde
coXpaHeH abCOMOTHLIA 3HaK MapamMeTpa p M B 4aCTHOCTM
[ONS TPEX 3aBUCMMOCTEN OTpULLaTeNbHbIA 3HAK COOTHOLLEHUS
p = A3 —Ll oTHOCKTCA K peanbHO WM3MepAeMbiM Beauyun-
Ham. N3 puc. 3,a CTAHOBUTCA MOHATHOW MpuUYKMHa Bbibopa
ANWHBbI BOMHbI 4N1S YIN0BOM 3aBMCMMOCTM napametpa p(0),
n306paXKkeHHOM Ha puc. 2 ana ob6bpasua T4.P1. BugHo, yTo
B Anana3oHe AnuH BofH A = 400—500 HM Ha KpuBbIX p (H)
LNs Bcex 06pa3LoB xapakKTepHO Hanuyue akcTpemyma. Mpu
3TOM OTpMLATE/bHbIA 3HaK XapaKTepucTUK CBUAETENbCTBY-
€T 0 BbINONHEHNW COOTHOLIEHUSA < AQ 1 COOTBETCTBEHHO
0 BO30OYXAEHUN MOBEPXHOCTHLIX M/Ia3MOHOB KaK 5-, TakK
U pP-NONApU30BaHHbIM MW3/ly4YeHWEeM, UTO coOrjacyetca c
YrI0BbIMW 3aBUCMMOCTAMU (pUC. 2) KaK KPUBbLIX H3 1
TakK ¥ UX NoNspuU3aLnoHHON pasHoCTU.

Bonee TOro, BeNMUMHA W 3HAK NapameTpa p W NONOXEHUS
3KCTPEMYMOB KPWBbIX HaxofATCA B ONpefefneHHON Koppe-
NAUMKU C TONWMHOM 06pa3yoB M KONMYECTBOM MpeKypcopa
8nC>2 B UCXOL4HbIX pacTBopax. M3 conocTaBneHusa napamer-
poB 06pasyoB C BEANYMHON W 3HAKOM MNONAPU3ALUOHHOW
pasHOCTM p cnefyeT, YTO YyBe/lMYEHME KOHLeHTpauuu npe-
Kypcopa 8nC>2 npuBoAUT K YMEHbLUEHUIO MO WKaie OpAnHaT
amnauTyabl napametpa p. CnefyeT 06paTuTb BHUMaHWe,
4yTO faHHble ans obpasuya T2.P2, cornacytouimecs ¢ Habno-
[laemMoli TeHAeHL e, NpuBeieHbl B YBEIMYEHHOM MacluTabe,
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Puc. 3. CrnekTpabHble 3aBUCHMOCTY MOMAPU3ALMOHHONA pasHOCTH
p(X) npu yrne nageHns 55°. a — o6pasupl T4.P0.5 (7), T4.P1 (2),
TO5P0.1 (3), T2P0.1 (4) m T2.P2 (5). b — o06pasubl T4.P1
1 T4.P0.5, yBennUeHHbIN AnManasoH AANH BOSH.

MHaye XapakTepucTuka NpakTUYecKu cnamsanacb Obl C OCbHO
abcumcc. Koppensuus BeNMYMH KOHLEHTpaLuW Mpekypco-
pa W pe30HaHCHOIW 4acToTbl Ka4yeCTBEHHO COOTBETCTBYET
TeHAEeHUMW, COrnacHo KOTOPOI yBennyeHWe MPOBOAUMOCTHU
BELLECTBA MPUBOANT K YBE/IMYEHWIO YACTOThI.

O Hanuyuu B UCCNefyemblX TMJIEHKAX Pe30HaHCHOro
B3aVMOJENCTBMA elie OfHON NpuMpoAdbl CBUAETENbCTBYET
puc. 3, b, Ha KOTOPOM MpefCTaB/EHbI CMEKTPasibHbIE KPUBbIE
p (4) ana asyx obpasyoB B paclIMPEHHOM fuanasoHe AAUH
BONH. OfHa M3 HWUX uMmeeT 3kKcTpeMym npu A~ 950 HM,
XapaKTepHbIl ANs pe3oHaHCHOro adekTa, a BTopas BCnes-
CTBME OrpaHWYeHHOCTM [uanasoHa TOMbKO TEeHAEeHUU K
BO3pacTaHWI0, KOTOpas, BHE BCAKOro COMHEHWA, [O/DKHa
npuBecTn K aKcTpemymy. [pupofa 3TUX 3KCTPEMYMOB
OyfieT ycTaHOBNeHa NpPoBejeHNneM COOTBETCTBYIOLLEro Crek-
TpanbHOro aHanusa.

Ha puc. 4 npusefeHbl [Be KpuBble U3 puc. 3, a UMEHHO
p(A) ans o6pasuoB T4.P0.5 u T4.P1, nepecumTaHHble B
4acTOTHble 3aBUCMMOCTM p(CO), T.e. MOKasaHHble B Mpu-
BbIYHOM AN WN306paXKeHWS Pe30HaHCHbIX SBAEHUIA BuUfe.
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Puc. 4. YacToTHble 3aBMCMMOCTM MapameTpa p 06pasuos
T4.P05 (7) n T4P1 (2), nepecunTaHHble U3 AaHHbIX puc. 3,a
1 HOPMMPOBaHHbIE Ha 3KCTPEMYM, B COMOCTaB/EHUN C (DyHKLWEN
HOpMa/IbHOrO pacnpefeneHus faycca (TOUKw).

-0.20 b

Puc. 5. YactoTHas 3aBMCMMOCTb MapameTpa p obpasua
T4.P0.5 (TOYKM), NepecunTaHHasi U3 COOTBETCTBYIOLLEW 3aBUCMMO-
cm p(X) (puc. 3,a), B COMOCTaBMEHWUN C (hYHKLME HOPMaIbHOTO
pacnpegeneHns aycca (CroOWHas NMHWA), PasNoXeHHOW Ha fge
KOMMOHEHTBI (LLTPUXOBAS).

Kpome TOro, fns HarnfgHoCTW OHW NpuBefeHbl K OAWHa-
KOBOM amnauTyge 3KcTpemyma. Kak BUAHO, MMeeT MecTo
NPaKkTUYecKn MOMHOEe CoBMNafeHue o06enx xapakTepucTuk B
npaBoi YacTW OT Pe30HAHCHOW yacToTbl 6 = 4.3-10150My,
4yTO CcBMAETenbCTBYeT 06 o6weli npupoje ABNeHUS B OT-
MeYeHHOM Amana3oHe 4acToT. MOCKONbKY B 3TUX 06pasuax
MPUroToBAEHNEM 3aKNafblBasoCb OfMHAKOBOE KOJIMYECTBO
npekypcopa AWOKCKMAA 0/10Ba, €CTb OCHOBaHMA CBA3bIBATH
COBMajeHne Pe30HaHCHbIX 4acTOT C OAWHAKOBbIM Konuue-
CTBOM B3aMMO/AENCTBYIOLMX C BOMHON LEeHTPOB. M0OCKONbKY
3TOT fManasoH HaxoAnTcs B6aM3N 06/1aCTN HaCbIWEHNS Anc-
MEePCUOHHON 3aBMCUMOCTM ©0(K), OMUCbIBAalOLLEl SBNEHUE
pe3oHaHca, MOXHO cfefnaTb BbIBO4 O TOM, 4TO MpuUpofa
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[LAHHOT0 3KCTpeMyMa CBA3aHa C /I0KafibHbIM MNAa3MOHHbIM
pe30HaHCOM Ha KNacTepHbIX YacTuuax.

OpHako KpuBble 7 M 2 Ha puc. 4 aBnsawTcsa 6onee
CMIOXHBIMUW, YeM (YHKLWUA 3/IEMEHTapHOro ocuunnaropa, o
YeM CBMWAETENbCTBYET ABHAA acMMMeTpusa QOpMbl KPUBbIX
OTHOCUTENbHO PE30HAHCHOW YacToThl W W, Kak CleAcTBue,
HecoBnajeHvne Kaxgoh M3 HUX C (YHKUWeli HOPMaibHOro
pacnpefeneHnsa (TOYKWM) B fMana3oHe 4acTOT, MEHbLUUX L .
3Tn obcToATeNbCTBa 00yCNOBMAN HEOOXO[MMOCTL MpuUMe-
HEHMA K MepBO M3 HUX MPOLeAYypPbl annpoKcuMauuu, npu-
yem ABYMA (yHKUusMM [aycca, pe3ynbTaT KOTOpOW npepg-
CTaBfieH Ha puc. 5. Kak BMAHO, annpoKcumauua okasanacb
HaCTO/IbKO MfeasibHOM, YTO N0O3BOJSINNA ONpPeLeNnTb rNaBHble
napameTpbl pe3oHaHCOB — 4acToTbl (co\9co2) M BpemeHa
penakcauuun (yb y2) BOAH. JIOTUYHO YBf3aTb MOJYYEHHbIN
pesynbTaT B BWAe ABYX KOMMOHeHT napameTtpa p(co) c
A4BYMSA rpynnamu KnacTepos, pasnuyarwmMMnucs pasmepamu,
npeAcTaBNeHHbIMW Ha puc. 1. Ecau MpuHATL, 4TO Bpems
penakcauuy 3Hepruy JoKaabHbIX M1a3MOHOB OMpefens-
eTcs MNpOLEeccOM pacCcesHUs Ha MOBEPXHOCTM, TO 3Haue-
HUA napameTpoB co\ = 4.4 «1015¢c-1 u y\ = 1.67 «10“ 3¢
YMECTHO CBfi3aTb C K/acTepaMu YBe/IMYeHHbIX Pa3MepoB,
a 02 =4-1015c-1 n y2= 1.02 +10“13c COOTBETCTBEHHO
C FPYNMoi KNnacTepoB MeHbLIUX PasMepoB.

3Ta Xe npouegypa aHannsa Obiia pe3ynbTaTUBHO Npume-
HeHa KO BTOpOWA, 60/ee CMOXHON 3aBUCMMOCTU W3 puc. 4.
B o6pasye T4.P1 Kkpome ABYX KOMMOHEHT, CBOMCTBEH-
HbIX o6pasyy T4.P0.5, B OTMeYEHHOM p[AMuanasoHe 4acToT
NPUCYTCTBYET elle OAHO PEe30HAaHCHOE 3NIEKTPOMArHUT-
HOe B3aMMOfEeNCTBME, a WMEHHO BO3OYXAeHWe B MieHKe
NNasMoH-NOAAPUTOHHON BOJMHbI, CBA3@HHOW C MexKnactep-
HbIM AWMNOMb-AUNONbHLIM B3aumogeiicTenem [15]. 370 B3a-
UMOJENCTBNE UNNIOCTPUPYETCA Ha puc. 6 JOMNONHUTENbHOW
KOMMOHEHTOW, KOTOpas B CyMMe C OCTallbHbIMW BYMS rayc-
cuaHamu (cymma — CnoLWHasa KpuBas) XOpoLo cornacyet-
CAl C 3KCNepMMeHTaNbHO 3aBUCMMOCTbLIO (TOYKM). YCN0BUS

-0.20 -
-0.15 -
a -0.10 -
-0.05 -
(O] | —— ' L~ =~
2.0 2.5 3.0 3.5 4.0 4.5
to, 1015H2
Puc. 6. YactoTHasa 3aBMCUMOCTb napameTpa p o6pa3u,a

T4.P1 (Touku), NepecuynTaHHasi U3 COOTBETCTBYHOLLENA 3aBUCMMOCTM
p(X) (puc. 3,a), B COMOCTaBNEHUM C (YyHKLUMEA HOPMaTbHOTO
pacnpegeneHuns aycca (CNAOWHas IMHMA), Pa3NOXKEHHON Ha Tpu
KOMMOHEHTbI (LITPUXoBas).
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€€ BOBHHKHOBEHHMS M CTEIICHb IPOSIBIICHAS 3aBUCSAT, B OT/IH-
Yre OT JIOKAJIBHOTO MOBEPXHOCTHOTO PE30HAHCA, HE TOJIBKO
OT o0INero KOJIMYecTBa B3aMMOJICHCTBYIONINX IIEHTPOB, HO
U OT Pa3MepoB, POPMBI KIACTEPOB M PACCTOSHUSI MEXKIY
HUMH, O 9eM CBHICTEIBCTBYST, HApuMmeD,|16].

KOHKpETHPIM TOATBEPKACHHEM OTOrO (AKTA SIBIISIETCS
BO30YKIEHNE HOBEPXHOCTHOH IJIA3MOH-TIOJIIPUTOHHOH BOJI-
HBl, MPOSIBISIIONIEECS B OOPAa30BAHHH PE3OHAHCHOTO BKC-
TPeMyMa CICKTPATILHON XaAPAKTEPUCTHKH mapaMerpa o(w)
mis obpasna T2.P0.1 (puc. 3,5) B OKPECTHOCTH JJINHBI
BOMHEL A = 980HM, W B TCHACHIMH KPHUBOH mis oOpas-
ma T4.P0.5, xotopass ¢ BEICOKOH BEPOSITHOCTBIO OJLKHA
IOPUBECTH K PE30HAHCHOMY BKCTpeMyMy. WMEHHO 3TOT
PE30HAHC, OTCTOSIIINA HA JOCTATOYHO OOJIBIIOM PACCTOSTHUH
oT JokampHOTO B oOpasmax T4.P0.5 m T2PO.1, npubnn-
KICh [0 9YACTOTE K JIOKAIBLHEIM (@1, @, HA puc. 6) B
obpasue T4.P1, ysesuunBaeT aMIUIATYLYy COOTBETCTBYIOMICH
KpHUBOH Ha pHC. 3, 4a.

HeTanpHEIE OPUYUHB  NPOUCXOXKJIECHAST  OTMEUYCHHBIX
0COOCGHHOCTEH B CHEKTPAJIBHBIX XAPAKTEPHCTHKAX MOTYT
OBITH 3a7a4ell OTACIBHOTO HCCIISA0BAHMS. BESICHEHNIO 5THX
OPUYMH MOTYT CHOCOOCTBOBATH CBEMCHHS O MapaMeTpax
JIOKQJIBHOTO W HOJSIPETOHHOTO — PE30HAHCOB. Takummu
CBEICHISIMH SIBJISIIOTCS TIOJTydICHHBIE M3 (QyHKnui laycca
UL TPeX KOMIIOHEHT Ha pHC. 6 PE3OHAHCHBIE YaCTOTHI
w; = 43810, @y =3.67-10", w3 =23-10"In
I BpeMeHa peJakcalud  Kojebammit  y; — 11071,
o =0.71-1071, 3 = 0.48 - 10" Pec.

4. 3aknoueHue

OO61mue IPUHIKIE BOSHUKHOBEHUs siBjienusi [ITTP [3] ne
HCKIYAI0T BO3MOXHOCTH Ha6HIO):[eHI/IH €TI0 B IIPOBOAAMINX
IJICHKAaX JIHOKCH/IA 0J10Ba. TeM He MeHee, 33 MCKIIIYeHHEeM
HeboubIoro uccienosanust [17]), HaM HEM3BECTHH IyOJIH-
Kall{ C M3JIOKEHHEeM [eTAJIBHBIX PE3yJIFTaToB ero HabJIo-
nenust. Leecoo6pasHoCTh e IPOBEIASHHsT HCCJISIOBAHMH
B OTOM HANPABJICHUN TUKTYCTCS HC TOJIBKO OTMCYCHHBIMH
BO BBegeHHH 00CTOSITEJIBCTBAMH, HO M HaOJIIONABIICHCS
CHUJIBHOH peaKiyel mapamMeTpa p Ha H3MEHEHHE KaK OlITHYe-
CKMX CBOWCTB IUICHKH, TaK W IAPAMETPOB BHEIIHEH CPEIBL
HOBTOMY TICPCICKTUBHBIM NMPEACTABIISICTCST UCIIOJIb30BAHUC
STHX CBOMCTB HE TOJBKO B CCHCOPHBIX IIPUJIOKCHUAX, HO U
B (Qu3ndecKkux 3amadax OmmxHEro mosst. OmHAKO HX pelre-
HUC BO3MOXHO IIPU COOTBCTCTBYIOIMICM TCXHOJJIOTHICCKOM
00eCIeUeHNN W IOIYYCHNH IJICHOK C KOHTPOJIHPYEMBIMH 1
BOCIIPOU3BOIUMBIMH ITAPAMETPAMH.

Yro ke Kacaercsl LOCTABJIICHHOW B paboTe 3ajadd, To
3[eCh II0KA3aHO, B YACTHOCTH, YTO OTPHIATENIBHHIH 3HAK
HOJBIPU3AIMMOHHON PasHOCTH (,,AHOMAIIBHOE® OTPAYKCHHUE )
p = Ri — R} CBHICTEIHCTBYET O METAIUTHYECKOH TPHpone
HOIVIONIEHNst B IUIeHKaX. ONHAKO, KAK HAMH YCTAHOBJIEHO
pamee [8], OMAA30H OTPHIATEIPHEIX 3HAYCHUH MHAPAMCT-
pa o u GopMa ero yIjioBOil 3aBHCHMOCTH IIPH 3TOM
CYIIECTBEHHO PA3JIMYAOTCS JUISL CIUIOMIHBIX M KJIACTEPHBIX
IUICHOK. TaK, YBCJIMICHHAS €TI0 TIPOTSIXKCHHOCTD B TUAITA30HE
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yIII0B, OOJIBIIUX KPUTHUECKOIO, CBA3AHA UCKIIIOUHTENIBHO C
KJIaCTEPHOH CTPYKTYpoH BemecTsa. DTOT (DaxT, IONTBEp-
)KHGHHbIﬁ HE3dBUCUMBIMH HCCJICAOBAHUAMHA, UMECT OCHOBA-
HUSA JJIA UCIOJIB30BAHUSA €0 B KAYCCTBC THMATHOCTHYCCKOI'O
cpencrBa. Kpome Toro, mosryueHHBIE B paboTe pesyipTa-
TH I03BOJISIIOT IIPH COOTBETCTBYIOIIEM OOOCHOBAHHH pe-
1aTh Ba)KHefIH.IyIO 3a1a1y KOMIIO3UTHBIX HAHOMATCPHAJIOB,
a4 WMEHHO OIpeneisTs (Gopmy kiactepoB. MHQOpManus
0 Heil MoxeT OHITh IIOJy4eHa U3 COOTHOIIEHHH BeJH-
quH K2 1 RY . XapakTeprsylonwX CTeNeHb Pe3oHaHCHO-
TO B3AUMOACHUCTBHS, d TAKKC B YIJIOBOM H CIICKTPAJIbHOM
3aBHCUMOCTSIX I1apamerpa . MCIosb3oBaHHAs METOIHKA
CHEKTPAJIbHOIO aHAJIN3a L03BOJIAET LOJIYIUTh CBENEHHS O
NIPHPOAE PE3OHAHCOB, MX YACTOTHHIX M PEIAKCALMOHHBIX
HmapamMeTpax, a TAKXKC CBS3AHHEIX C HAMH CTPYKTYPHOM H
KPUCTAJUIMIECKOM COBEPIICHCTBE 00Pa3IOB.

ABTOpH OJaromapHsl COTPYMHHKAM Kadepasl (H3uKA
TREpHoro Tena, npodeccopy biomerty VIIVIY Axnenn3
yuusepcurera (. Axranms, Typrusi) 3a IIOMOIb B IIPHIO-
TOBJIeHHH 00pas3nos, a takke Oxcane Jlntsun (MHCTHTYT
bmuxn nomynposogaukos uM. B.E. Jlamkapesa Harmo-
HAJIPHOH aKajleMHH HAyK YKpauHel) 3a mnomors B ACM-
HCCJIEOBAHMSX.
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Abstract Methods of modulation of polarized electromagnetic
radiation were used in the work for the surface plasmon resonance
phenomenon investigation. Peculiarities of internal reflections,
caused by surface plasmon resonance in nanosized composite films
containing faulty tin dioxide clusters in stoichiometric matrix were
studied. The angle and spectral characteristics of K2 and Rﬁ
reflection indexes of radiation with s- and p-polarization, both
with their polarization difference p = K% — Rﬁ are measured in
the wavelength range of 4 = 400—1600nm. The obtained exper-
imental characteristics p(0,1) (8 — angle of incidence) reflect
peculiarities of the optical properties connected with film structure
and morphology. Both surface plasmon—polaritons and local
plasmons excited by s- and p-polarized radiation were detected.
Their frequency and relaxation properties were obtained. The
surface plasmon rasonance investigation procedure is established
to be sensitive for tin dioxide film structure.
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