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B nanHoit paboTe mpoBeneHbBI peppakKTOMETpUUECKHNE UCCIeNOBaHUS TUAPO30JIei, comepXaliux Ha-
HoYacTUIIHI aiMaza. O6pasiibl T UCCIIENOBaHMS ObUTM TIOJyYeHBI M3 IMTOPOIITKA ajiMa3a CTaTUYeCKOTO
CHHTE3a, TIPOIIEAIIEIo PeaBaApUTEIbHYIO CTAHIAPTHYIO OYNCTKY OTMBIBAHUEM B CHJIBHBIX KHMCIIOTaX
M YJIBTPa3BYKOBYIO 00paboTKy. [Tocie TOMOIHATETEHOTO MHOTOKPATHOTO OTMBIBAHHUS, IIEHTPU(YTHU-
pOBaHMSI, YIBTPa3BYKOBOI1 00pabOTKU M OTCTaMBaHUs B TeYCHUE Mecsiiia ObLIN MOJIydeHbl 0Opa3Ilbl,
YaCTHIIbI KOTOPHIX OTJIMYAIUCH T0JIei aMOp(HOro yriepona B HUX. PazMep yacTuil B o6pasiiax ObUT Me-
Hee 100 HM. JIns1 aHanu3a JaHHBIX pePaKTOMETPUUECKUX UCCIIEAOBAHUI ObLIM MOJydeHbl (DOPMYJIbI,
MO3BOJISIIOIIME 110 pe3yJbTaTaM M3MEpPEHUI IMoKa3aTesIsl IPeJIOMIICHUS U IUIOTHOCTH 30J1eil, comepka-
LIMX YACTHUIIbI aJIMa3a, ONPENeISITh T0JII0 aMOP(HOI0 yIjiepona B YaCTHULIAX ¥ TOJIIIUHY ITIOBEPXHOCTHOIO
CJ10s1, KOTOPBIi OH 06pa3syeT. CoracHO MPOBeACHHBIM pe(pakTOMeTPUYSCKIM UCCIIETOBAHUSIM, OIIpe-
JieJIEHbl COOTHOLIEHMS MEXIY MOJISIMU KPUCTAJUIMYECKOTO ajiMa3a U aMOp(HOro yriepona B 4acTHULIaX.
[IpoBeneHHbIE NCCIEOOBAHMS TI0OKA3AIM, YTO PePPAKTOMETPUICSCKUIA aHAIN3 COCTaBa YaCTHULL MOXET
OBITh UCIIOJIb30BAH [IJIsS1 KOHTPOJISL KAUueCTBa MPU IIPOMBIIUIEHHOM OJyYeHUM HAHOAJIMAa30B.

Knwoueswvie crosa: HaHoanIMa3, aMOp(HLIi yriepon, pedpakliys, paccessHie CBeTa, 3JIeKTPOONTUUECKUIA Me-
TOI, PEHTTeHOCTPYKTYPHBIN aHaIN3
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BBEAEHUNE

OnTuyeckre METOIbl SBIISIIOTCS MOIIHBIMU MH-
CTPYMEHTaMM, MO3BOJISIOIIMMU MPOBOAUTHL HEpa3py-
IIAOIINI aHAIN3 KOJTOUIOB M CyCIIeH3Uii, KOHTPO-
JINPOBATh NX YCTOMYUBOCTb.

3osu anMasa, TojyyaeMble Pa3MYHbIMU CIIOCO-
6aMu, 061aal0T SIPKO BBIPAXXEHHBIMU ONITUYECKUMU
cBoiicTBaMU. K TakuM CBOMCTBaAM OTHOCSITCS JTIIOMU-
HecueHus [ 1], mommomeHne u paccessHAe cBeTa [2—
5], snekTpoonTuueckuii apdekr [6—8]. JlromuHec-
LIEHTHOE U3JydyeHUe OOJIbIION MHTEHCUBHOCTU CO3-
Jgaercs nedeKraMyu BHYTPU 1M Ha MOBEPXHOCTHU YaCTHUIL
anMasa [9—12]. Beicokasi KoaryassiMOHHasi yCTOHYM -
BOCTb TMAPO30Jieii aJiMa3a U UHEPTHOCTb YaCTHIL CO-
3MJTA IIUPOKUE MEPCIIEKTUBBI U151 UX MCTIOJIb30BaHUS
B KayecTBe METOK JIJIsl OMOCUCTEM B MEAUIIMHE B3aMEH
MOJYyNPOBOAHUKOBBIX KBAHTOBBIX TOUEK, 00Jana0-
II1X BBICOKOI TOKCMYHOCTBIO [13, 14]. M3yyeHue orr-
TUYECKOW TUIOTHOCTU 30JIEW HAHOAJIMa3a MO3BOJIMIIO
TMOATBEPAUTH TUTIOTE3Y O CYIIECTBOBAHUM Ha MOBEPX-
Hoctu yactull nenodek I[Manmm [15]. Takke oTMeya-
JIOCh, YTO Ha MIOBEPXHOCTHU YaCTHII aJIMa3a BO3MOXHBI

MonubUKaIMU yriaepoaa, coaepXaliye m-3J1eKTPOHBI,
CIOCOOHBIE TIepeMellaThCs M0 MOBEPXHOCTU aHa-
JIOTUYHO CBOOOIHBIM BJIEKTPOHAM B MeTajiiax [16].
BaxxHbIMU 3a7a4aMu SIBJISIIOTCS MOJIyYeHUE YCTONUIN-
BBIX 30JIcif HaHOAJIMa3a M U3yYeHNe KWHeTUKU obpa-
30BaHUS arperaToB U3 YacTUIl. MeTOIbl CTATUYECKOTO
W IUHAMUYECKOTO CBETOPACCESTHUS HCITOJIb3YIOTCS
TP aHAJIN3€e pa3MepoB 1 (GOPMBI YaCTHII, OIIpenee-
HUY opora ux Koaryasauuu [17]. DnekTpoonTuyeckre
METO[IbI TTO3BOJISIIOT ONpeAeasaTh GYHKIMU pacnpese-
JICHUSI YaCTUII MO0 pa3MepaM U 3HAYSHUSIM MOISIPU3Y-
€MOCTH B MOJUAUCIIEPCHBIX CUCTEMAX, a TaKXKe U3y-
yaTh KUHETUKY KOAryJisiliMK 30JIeil aiMa3a Ha CTaauu
0o0pa3oBaHUsI arperaToB U3 Majoro ymMcia yactuii [ 18].
OHM TaKXe MCTIOJb30BaHBI TIPU UCCICTOBAHUN TIOJISI-
pU3YeMOCTH ¥ TIOBEPXHOCTHOM TMTPOBOIUMOCTH YaCTHIL
ajgMasa B BOIHBIX 3eKTpoauTax [19].

IInpoxuit HaydHBIN MHTEPEC MPEACTABISIOT KOM-
MO3UTHBIE MaTepHaJbl, B COCTaB KOTOPHIX BXOIST ajl-
Ma3 1 aMopHbIit yriepox [20, 21]. Takure KOMITO3UTEI
HUCIOJIL3YIOTCS TIPU IIPOU3BOACTBE IIeHOK. CTpyK-
TypHBIE 000JIOYKM HEKPUCTAJIMYECKOTO yIiepoaa Ha
TMOBEPXHOCTU YACTHUI] aJIMa3a BO MHOTOM OIIPEIECISIOT
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CBOMCTBA CaMMX YaCTHUI] U MaTEpPUAJIOB, COdEpKaIIIX
takue yactuunbl [22, 23]. Kak mokasanu ucciaegoBa-
HUS, GYHKIIUOHAJIBbHBIC TPYMIITHI OIPEACISIOT OITH-
YyecKMe CBOMCTBA KaK HaHO-, TaK 1 MUKPOAaJIMa30B,
a TakXXe OUCIIEPCHBIX CUCTEM, B KOTOPbIE OHU BXOASAT
[24]. Ecu B XUOKKUX JUCIIEPCHBIX CUCTEMAaX, COAepXKa-
IIMX MUKPOYACTUIIBI, ”THTEHCUBHOE paccestHue CBeTa
JacTULIAMU OIIpeeiisieT UX OCHOBHBIE OINTUYECKUE
CBOIICTBaA, TO B ciydyae XUJIKUX JUCIEPCHBIX CUCTEM
€ HaHOYACTUIIAMMU, CJIa00 paccerBaIOIIUMMU CBET, ped-
pakToMeTpUYEeCKre MCCIeN0BaHUSI MOTYT MIpeaocTa-
BUTH BaXKHYI0O MH(pOpMaAIIMIO KaK O BHYTPEHHEM, TaK
¥ IIOBEPXHOCTHOM COCTaBe JacTuil. Pe3yibraTel nc-
cJIeMOBaHUI MOKa3aTesIsl IpeIOMJICHUS TUAPO30JIei,
comepxXalux HaHopa3MepHbIe YaCTUIIBI, B COCTaB KO-
TOPBIX BXOIST KPUCTANIMUECKUM aiMa3 U aMOpP(HBIN
YIJIepO, IIPEACTaBACHbl U aHAIU3UPYIOTCS B JaHHOM
paoore.

TEOPETHUYECKAA YACTDb

Ecau nucnepcHas cuctemMa COAepXUT MaJjble Mo
CPaBHEHMIO C JNIMHOU CBETOBOI BOJIHBI YaCTHUIIbI (pe-
JIeeBCKHE YacTUIIbl), TO OHW PacCeuBalOT CBET Kak
JIUTIOJN, TIOMEIIEHHBIE B OAHOPOIHOE JIEKTpUYE-
CKO€ MoJie CBETOBOW BOJHBI. EciM KOHILIEHTpalus
YacTUIl JOCTaTOYHO BbIcOKas, B chepe, fuaMeTp Ko-
TOPOI HE MPEBBIIIACT JJIMHY CBETOBOU BOJHBI, HAXO-
JIUTCST OOJIBIIIOE YMCIIO YaCTHUll, a HaBeAEHHbIE CBETO-
BOW BOJTHOU MX 3JIEKTPUYECKUE JUTTOIbHBIE MOMEHTHI
YCWJIMBAIOTCS MOJISIMUA APYTUX YACTULL, TO pepaKIus
CBeTa B TaKO# NUCIIEPCHOM CUCTeMe aHaJIOTU4YHa ped-
pakiuy MojeKyasspHoro pactopa [25]. Takoii mon-
XOJl paHee paccMaTpuBajCs MPU U3YYEHUN CaXU IS
onpenejleHus MokazaTessl MpeJjoMieHus rpadura
[26]. ITpy ManbIX KOHIIEHTPALMAX YACTUI] B TUCTIEPC-
HOW CHCTEME OHU PACCEUBAIOT CBET KaK OJWHOYHBIE
YacCTUIIBI.

Ilokazarenb npeaoMIeHUs TAKUX TUCTIEPCHBIX CH-
CTEM CJIeyeT CUMTATh KOMIJIEKCHBIM, JaXKe €CJIM Ja-
CTUIIBI M TUCIIEPCUOHHAS Cpela He TTOIJIONIAIOT CBET,
TaK KaK MPOXOISIIMil yepe3 IUCTIEPCHYI0 CUCTEMY
CBETOBOI JIyY TepsieT MHTEHCUBHOCTb MO MPUYMHE
paccesiHUsI cBeTa yactuiiamu. I1pu onucanum pedpak-
IIUY CBETA NMCIIEPCHBIX CUCTEM MOXHO MCIIOJIb30BATh
aMIUTUTYIHYIO (QYHKIIMIO pacCcessHUsI, KOTOpast OIpe-
TENSIeTCS CyMMO aMITTMTYTHBIX QYHKIIUIA paccesTHUS
yactull. st otaenabHol chepruyecKoit yacTUIIbl aM-
MTyaHas GYHKIMs paccestHust (0, @), eciu moa-
raTh aMIUIUTYAY Maaaiolleil BOJHbI PaBHOW €NMHUILIE,
onpeneneHa ¢opmysoii [27]:

—ikr+iwt

e
u= Sj(ﬁ, (P)T,

IIe 4 — paccesiHHas BOJIHA Ha OOJIBIIOM PAcCCTOSIHUU
OT YaCTHUIIBI, K — BOJTHOBO BEKTOD, ¥ — PACCTOSTHHE IO
YaCcTUIIBI, (® — YaCcTOTa Mafalolieii CBeTOBOiT BOHEI.

BE3O u np.

IIpu onucanum pedpakumm HEOOXOOMMO paccma-
TpUBATh paccesiHue BIepel, YTO COOTBETCTBYeT U = 0
u@=0.

ITpu HU3KOM KOHIIEHTPAIIMU YaCTUII ITOKa3aTeIn
MPEeJIOMJIEHUSI TUCTIEPCHOM CUCTEMBI M, U JUCIEPCU-
OHHOI Cpenbl M OJM3KNA U MOXHO T0JIaraTh, 4to [27]

m, —m, = —i-2nk'>S(0), (1)

N

N
e S(0) = ZSj(O), k' =2m|m,| /A, A — TMHA cBeTO-
j=1

BOI BOJIHBI B BaKyyMe, N — 4MCJI0 YacTHll B €AMHUILIEC
o0BeMa.

Uit MOHOAUCIIEPCHBIX CUCTEM C MAaJIbIMU 4Ya-
CTULIAMU, KOTOPKIE TOJISIPU3YIOTCI B T10JIe CBETOBOIA
BOJTHBI KaK OTAEIbHbIEC YACTUIIBI, aMILUTUTYIHYIO (DYHK-
1o I guctiepcHoii cucteMsl S(0) MOXHO IIpeacTa-
BUTH COOTHOIIeHUEM [27]:

: @)

. 2
S5(0) =0cN(zk’3 + k"o |.
IIpu onpeneneHUM MOJSIPU3YEMOCTH YACTUIIHI O,
Bxondieit B (2), MOXXHO MCIIOJIb30BaTh COOTHOIIIEHUE
[28]:

3V mf) - mg
= (3)
4n m, + 2my
B KOTOPOM V — 00beM YacTUILIBI U m, — ToKa3sareJsb
npeaoMiIeHUsT yacTulbl. Eciau yacTUIIBI MOMIOLIA0T
CBET, TO /M, — 9TO KOMILICKCHAsI BETMYMHA.

YuutsiBas (3), o./N MOXHO IPEACTaBUTh COOTHOILIE-
HUEM

2 2
_39 mp_m()

aN =2 """
A m; +2my’

4

B KOTOpoM O = V- N — oObeMHas 10l YacTULL B AUC-
MNEPCHOM CUCTEME.

IToacraBus (4), (3) u (2) B (1), npUXoauM K COOT-
HOILIEHUIO:

’3 2 2
KV my—my

_39 mf)—mg
2\ mi2m " om kv om
m, m, m, m,

m, — my=

s

)

Ecnu V << A3, To BTOpOIi 4IeH B CKOOKAX MaJI, U UM
MOXHO ITpeHeopeyb. OOBEMHYIO JIOJII0 YaCTUIL, MOKHO
OIpPEeNeINTh, €CJIU U3BECTHBI INIOTHOCTU AUCIIEPCHUOH-
HOI Cpelbl P, IUCTIEPCHON CUCTEMBI P U YACTHLL P,
Benuuuny 6 MOXXHO MpeacTaBUTh COOTHOIIIEHUEM:

e — ps - pO (6)
pp - p()
a ¢ yueToM (5) MHKpPEMEHT MoKa3aTesl MPeJoOMIEHUS
M MOXHO NpeacTaBUTh COOTHOLLIEHUEM:
Ne2 2024
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2 2
m, —m, 3 m, — m

M= - . _
ps - pO 2(pp - pO) mf) + 2m§

(7

IlpaBas yactb (7) He 3aBUCHUT OT m, U p,. [padpuk
3aBUCUMOCTHU M, OT P, — 3TO MpsiMasi IMHUS, TAHTEHC
yIja HakJIOHa KOTOpO#l — 3TO MpaBasi 4acTb COOTHO-
meHus (7). Jleast yacth (7) MOXeT OBITh OmpeAeieHa
BKCIIEPUMEHTAJIBHO, €CJIM BApbUPOBATh KOHIIEHTPA-
LIUIO YacTUIl B UCCIEAyeMOM AUCIIEPCHOI CUCTeMe
1 BKCIIePUMEHTAIBHO OTPENeIsATh BOSHUKAIOIINE TTPU
3TOM M3MEHEHUs m U p,. Ecnu 3HaueHus p,, py U m,
U3BECTHBI, TO 1, MOXET OBITh OMPENENICHO KaK pelie-
Hue ypaBHeHus (7). B coorHomienue (7) He BXOOST
pa3Mepsl YaCTHII, 1 OHO IIPUMEHNMO K TTOTUIHCIIEPC-
HBIM CUCTEMaM, €CJIM YaCTHUIIbI MaJIbl.

Eciu yactuiibl cousmMepuMbl ¢ IJIMHOK CBETOBOI
BOJIHBI, TO BKJIQJl YaCTULl B IMOKa3aTeslb IPEIOMIICHUS
IUCTIEPCHOI CUCTEMBI CYIIECTBEHHO CHIKAETCS ITPH
yBEJIMYEHUU pa3MepoB YyacTull. B ciyyae moHoauc-
MEPCHOI CUCTeMBI, colepxalieil chepuuyeckue Ja-
CTUIIBI, 0OIIIee cooTHOoLIeHue (1) MOKHO mpeobdpas3o-
BaTb K BUIY

35,(0)8

wn” o

mg — my, =—

3meck r — paguyc yactui, S,(0) — Mx aMIUTUTyAHAasT
byHK1IHS.

IIpu onpenenenuu S,(0) MOXXHO UCITONIb30BaTh Te-
oputo Mu, tnassl VI u VII [29]. OnpenenuB 3aBUCH-
MOCTb /M, — My OT Pa3MEPOB YaCTHUL, MOXHO OLIEHUTh
00JIaCTh UX U3MEHEHUS, IJIST KOTOPOM COOTHOIIIEHNE
(7) npumeHumo. YucieHHBIMU METOIAMMU, COTJIACHO
Teopur Mu, ObUIM MPOBEASHBI pacueThl 1eHiCTBUTE]Ib-
HBIX YacTell MoKa3aTeseil MpesoMIeHNs] YacTULL #, IPU
HUCnonb3oBaHuM (8), M1t HauOOJIbIIEH JIMHBI BOJTHBI
(A = 657.2 HM) KUCITOJB3YEMOTr0 HaMU pedpaKToOMe-
Tpa. 3aBUCUMOCTHU OT pa3mepa » pa3HOCTHU H, — N, =
= Re(m,; — m;) 1711 BOOHBIX IUCIIEPCHBIX CUCTEM C Ya-
CTMLIAMM ajiMa3a U rpacduTa npeacTaBiIeHbl Ha puc. 1.
[Tpu pacyeTax 1moJjarajaoch, YTo oObeMHas 10Jisi 6 He
MEHSIeTCS.

Kak moxHo Bunets u3 puc. 1, npu r < 100 HM us-
MEHEHME pa3MepoB YacTHI] c1abo BIusIeT Ha (1, — n,)/
(p; — py)- B 31011 0GMACTM pasMepoOB YaCTUL, MOXKHO
HCIIOJIb30BaTh cooTHOoIIeHue (7) Ipu AJIUHE BOIHEI
657.2 um. Ilpu GoabIINX JJIUHAX BOJIH COOTHOIIIE-
Hue (7) Takxe nmpuMeHnuMo. OmHaKo, Kak ClenyeT u3
puc. 1, yBemmuenue pasmepos r B obsactu 100—200 M
MPUBOIUT K CYLLECTBEHHOMY YMEHBLUEHUIO (1, — H,)/
(py — py)- Ipum > 200 HM, KaK BUIHO U3 puUC. 1, B 1UC-
MEPCHBIX CUCTEMaX C YaCTUIIAMU ajiMa3a OTHOIIIEHUE
(n,—ny)/(p;, — py) — MPeHEOPEKMUMO Masiasi BEeJIMUMHA,
a B CJIyJae 9acTUII TpachuTa OHA YMEHBIIaeTcs Oojee
YyeM B JIBa pasa.

ITpu onpeneneHU MHUMOI YaCTH TTIOKa3aTess rpe-
JIOMJICHUS M, MOXHO MCIOJIb30BaTh HedenoMeTpude-
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Puc. 1. 3aBucumocts (n, — ny)/(p, — py) OT r NpHU
A =657.2 HM.

ckuit Mmeton. OgHAKO MPU UCCASAOBAHUSIX TOJUIANC-
MEPCHBIX CUCTEM 3TUM METOAOM HEOOXOIUMO YUUTHI-
BaTb paclpencicHue YacTUll 110 pa3MepaM, Jaxe eCiiu
YaCTULBI MaJIbl. DTO CBSI3aHO C TEM, UTO paccesiHHasl
YacTUILIAMU CBETOBAsl SHEPTHsl, KOTOpas oIpeneseT
MHTEHCUBHOCTb MPOXOISIIEro CKBO3b IMCIEPCHYIO
CUCTEMY Jyda, CYLIECTBEHHO 3aBUCHUT OT pa3MepoB
vactull. B manHoii paboTe mpencTaBieHbl pe3ybTaThl
HCCJIENOBAHUA NEMCTBUTEIBLHOM YaCTU m,.

TEXHUKA SKCITEPUMEHTA

[Mpu sKCIIEpUMEHTAIBHBIX MCCIEN0BAHUSX OIIPEE-
JISUTKCD: TTOKa3aTe Iy MpeIOMIEHNUsS BOIHBIX AUCITEpPC-
HBIX CHCTEM ajiMa3a, 0ObeMHas TOJIs YaCTHIL B HUX,
KPUBBIE peJlakcalliy 3JeKTPOOINTHYECKOTo 3ddeKra,
HaO0JII0IaeMOT0 B AVCIIEPCHBIX CUCTEMAX, SJIEKTPOH-
HO-MUKPOCKOTINYECKNE CHUMKH YaCTHUIl U CIIEKTPBI
PEHTTEHOCTPYKTYPHOTO aHAIM3a JUCIIEPCHOM (a3bl.

IIpu onpeneneHun oOBEMHON JOJM YACTUILL MC-
MOJIb30BAIOCh COOTHOIIEHUE (6). Bxonsaimme B 310 co-
OTHOIIIEHHUE TJIOTHOCTU JTUCIIEPCHBIX CUCTEM U JUC-
MEPCUOHHOI Cpeabl OBIJIM ONpeneIeHbI IPY MTOMOIIN
totHomepa DMA 5000M ¢ tounocTbio 5% 107 r/cm?.

I1pu onpeneneHun abCONIOTHBIX 3HAYEHUI MMOKA-
3aTesieil MpeJoMIIEHUS UCCIEN0BAHHbBIX TUCHEPCHBIX
CHCTEM UM JUCIIEPCUOHHON cpelbl ObLT UCIOJb30BaH
pedpakTomeTp Abbemat WR/MW. TouHoCTb U3Mepe-
HMI ITOKa3aTeNs MPelOMIIEHUS IUCIEPCHOM CUCTEMBI
coctasisuia 4x 107> nD. /1151 OTHOCUTEIbHBIX U3Me-
peHuit ObLT UCIoab30BaH MeTon Penest. UaMepeHus
ObLIIM MPOBEAEHBI C TMTOMOIIBIO pedpakTOMeTpa UH-
tepdepennnonHoro tuia — UTP-2. TounocTs Takmx
n3MepeHuii 6pu1a He Hike 1x107° nD.

[Tpu ompeneneHUM CpeagHUX Pa3MEPOB F YACTUI]
HaHoaliMa3a MCHOJb30BaH CTAaHAAPTHBII METO.X
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Puc. 2. Pactipenenenue yacTuil ajiMasa 1o pa3Mepam.

auHamuyeckoro paccesHus csera (JAPC merton). I1pu
MPOBENCHUN DKCIEPUMEHTATbHBIX UCCSIOBAHUI ObLIT
HCIIOJIb30BaH cepuitHbiil mpuodop Photocor Complex.

BnekTpoonTuueckuit meton (DO MeTom) UCTIONb-
30BaH [JIs onpenaeeHus: ¢GpyHKUUN pacrnpeaeaeHus
M0 pa3MepaM YacTHull HaHOaJIMa3a U arperatoB U3 HUX
B oOytacTu pa3mMepoB O6ojiee 25 HM. TOYHOCTE ee ornpe-
nenernus D0 meTonoM Boiie, yeM JIPC meTomoMm, HO
B0 MeTon He MPUMEHUM K JUCIIEPCHBIM CUCTEMaM,
KOTOpbIE pa3pyllIaTcs MPU BO3ACHCTBUY HA HUX UM-
MYJAbCHBIX 3JEKTPUYECKUX MOJEH, CO3AaI0IIUX OPU-
€HTallMOHHYIO YIopsiAoYeHHOCTh yacTull. Mccieno-
BaHHbIC B TaHHOI pabOTe AUCIIEPCHbIE CUCTEMbI HE
00J1a1aJI1 BBICOKOH 3JIEKTPOIPOBOIHOCTHIO U ObLIU
YCTONYMBBI K BO3JAEUCTBUIO HA HUX 3JEKTPUUYECKUX
nojeit. B 3oisx anmasa u rpacduta SIpKO BbIpaxKeH
3JIeKTpuuecKuil nuxpousm (B/1). A UMEHHO, IpU OpU-
€HTallMK YaCTUIl B DJIEKTPUYECKOM T0JIe MOSIBISIETCS
CBOICTBEHHAs! AUXPOU3MY Pa3HOCTb 3HAUEHUI ONTU-
YeCKOi MIOTHOCTHU IS JIyueit cBeTa, MoJISIpu30BaHHbIX
napajuieJibHO U TepHeHAUKYJISIPHO 2JIeKTPUUECKOMY
TIOJTI0, CO3MA0IIeMy OPUEHTAIIMOHHYIO YITOPSIIOYEH-
HOCTb YacTull. D] MOXHO OMNpeaeuTh KaK pa3HOCTh
HaBeNeHHBIX JIEKTPUIECKUM TTOJIEM OTHOCUTEIbHBIX
U3MEHEHUN ONTUYECKON TNTOTHOCTH TSI 9TUX JTyYeil.
PenakcaiinonHas 3aBucuMocTb DJI cBsizaHa ¢ (PyHK-
uel pacrpeneeHUs YaCcTHIL IO pa3MepaM COOTHO-
menueM [30]:

N(t)= jexp(—6D,t)AK(r)(p(r)dr. 9)

3nech N(f) — penakcallMoHHasi 3aBUCUMOCTb DI,
¢(r) — dyHKUMSA pacnipeneseHus] YaCTULl IO pa3Me-
pam, D, — KOHCTaHTa BpalareabHoit nuddys3un Ja-
CTHII U arperatoB (OHa MeHSIETCS 0OpaTHO TIPOTIOPIIH-
oHasbHO ). Eciu ipu onpenenenun N(7) UCnosb3y-
etcs 6enblii ceet, T0 AK(r) = Cr?, C — K03(DDULIUEHT

BE3O u np.

HOpMUpOBKH [31]. Onpenenus 3aBUCUMOCTD N(f) aKc-
TEPUMEHTAIIBHO, MOXXHO PACCUMTaTh O(F) KaK pelieHue
WHTErpajibHOro ypapHeHus (9). B naHHoii ctatbe npu
omnpeneneHun N(f) NCIOIb30BaIach CO3MaHHAsI aBTO-
paMu SKCIIepUMeHTaIbHAd ycTaHOBKa [19], a hyHKIMS
¢(7) onpenensiiach METOAOM peryisipuzauuu [8§].

[Ipw mpoBeneHNM peHTTeHOCTPYKTYPHOTO aHAIN3a
YacTUL UCITOab30BaH nudpakromeTp R-axis Rigaku
(B nccnenoBaHmAx ObUTO Ucoab3oBaHO CoK —u3-
ayderue, A = 1.789 A), a npu nonydeHnu 371eKTpOH-
HO-MHUKPOCKOITMYECKNX CHUMKOB MCIIOIb30BaH CKa-
HUpyou1ii Mukpockon Zeiss Supra 40VP.

NCCIHEAYEMBIE JUCITEPCHBIE CUCTEMbI

ITpu nonyyeHuM oOpa3LOB AJIs1 UCCIeAOBaHMS ObLI
HUCMOJb30BaH KOMMEPUYECKHUI MOPOIIOK, coaepxKa-
1M YyacTUllbl HaHOAIMa3a CTaTUYECKOTIO0 CUHTE3a,
NpOLIEAIINI TpeaBapuUTEIbHYI0 OYUCTKY. s mpo-
BElEHUS MCCJIeN0BaHUM MOTpedoBagach ero J10Mo-
HUTeNbHasA ourcTKa. CoracHO JUTepaTypHbIM TaH-
HBbIM, YacTUlIbl, 00pa30BaBIIMECS B MPOLECCE CUH-
Te3a, MocJie UX OYMCTKU KUCJIOTaMU U MEXaHWYeCKOM
OUYMCTKHU COAEPXAT BHYTPEHHIOIO KPUCTALIMYECKYIO
CTPYKTYpY ajiMa3a, MOKPHITYI0 000JIOUKOI 13 yriiepona
uHbIX Gopm [32]. TToce OMOIHUTEIBHOI OUYNCTKMU,
BKJIIOUAOLIEN OTMbIBAaHUE B IUCTUUIMPOBAHHOI Bojie
W MHOTOKpaTHbIE€ 1 Yepenyrolrecs: yabTpa3ByKOBYIO
00paboTKy U LieHTpUdyrupoBaHue, Obljia MoayYeHa
aucriepcHasl asa, He coaepKaBiliasi KpYIMHbIX YaCTHUI]
U arperatoB u3 HuX. [ucTorpamMma pacrpeneneHus ya-
CTHII aJIMa3a B IucHepcHoi (ase mo pasmepam d (d —
CpelHuil pa3Mep Ha CHUMKE), MOJy4YeHHasl 10 pe3yiib-
TaTaM 00pabOTKU 3JEKTPOHHO-MUKPOCKOITUYECKUX
CHUMKOB YacTU1I, ITpe/icTaBlIeHa Ha puc. 2.

C uenbio onpeneaeHust B 1ucIiepcHoit ¢aze an-
JIOTPOTIHBIX (POPM yIiIepona, OTIMYHBIX OT KPUCTAILIN-
YEeCKOro ajiMa3a, ObLI ITPOBEACH €€ PeHTTeHOCTPYKTYP-
HBII aHaIM3, KOTOPBIN MoKa3aJj, 4YTo AucrnepcHas dasa
ajMasa cojepkaja MoJUKPUCTATUIMYECKYIO CTPYKTYPY,
CBOMCTBEHHYIO arperaTaMm M3 MajibIX YacTHUIl, COAEP-
XKaluM 1o0aBKu aMopgHoro yriaepoaa. Jlajgee B rpo-
lIeCCE CEAMMEHTAIIMU B TEUEHUE Mecsl1la B3BELIEHHAs
B Boje aucriepcHasi ¢asa ¢ppakiMOHUpOBagach Ha
CJIOW, OHOPOJHbIE MO COCTABY W pa3jnyaloliyecs 1o
1IBETY, Pa3/ieIEHHbIE YETKO BbIPaXXEHHBIMU TPaHU-
namu. g vcciaeqoBaHUil ObIIM BbIAEIEHBI YETHIPE
o0pasua, MoJyYeHHbIX B XO[Ie CEAUMEHTAlMU U3HA-
YyaJIbHOU aucrepcHoi cucteMbl. OTTeHOK M3MEHSIICS
OT TEMHOTI'0-CEepOoro s BepxHero cios (obpazell
Ne 1) mo cBeT0-ceporo st HUKHETO cost (o6paselr
Ne 4). [MonyyeHHble 0Opa31bl OBLTA UCTIOTB30BAHBI
JJ1s1 TIPUTOTOBJIEHUST TUAPO30JIEi C conepKaHWeM Ya-
cturl meHee 0.01% mo macce. BerpsixuBaHue M yabT-
pa3BykoBasi 06paboTKa MO3BOJISLIM TMOAIEPXKUBATH
30JI1 ¢ HEU3MEHHBIMU OINTUYECKUMU CBOMCTBAMU
B T€YEHUE JJIUTEbHOTO U HEOOXOAUMOTO ISl Uccie-
JIOBaHUI BPEMEHMU.

Ne2 2024
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Puc. 3. ®ynkimu pacrnpeneaeHust 4acTHI] IT0 pa3Mepam.

PaHee mpoBeneHHBIE MCCIENOBAaHUS CBETOpacce-
SIHMS 30J1eit anMasa [33] mo3Bonin 3aKII0YUTh, YTO
YaCTHUIIBI aJIMa3a PacCerBaloT CBET Kak cepruyecKkue
JaCTUIIBI, HECMOTPSI HAa TO, YTO UMEIOT HEeTIPaBUIbHYIO
bopmy. DTO TTO3BOJISIET UCITOIB30BATh IIPU UCCIIEHO0-
BaHWM BOTHBIX TUCTICPCHBIX CUCTEM ajiMasa (hOpMYITbI
(7) u (8), noaydyeHHbIe B MPEATOJOXEHUU, YTO Ya-
CTULIBI TIOJISIPUBYIOTCS B T10JIE CBETOBOM BOJIHBI KakK
chepuyeckue.

PE3VJIBTATbBI

7151 BceX BBIACTEHHBIX (PpaKIIdil 3JIeKTPOONTIYIEC -
CKMM METOIOM OBbLTH ONpenesieHbl (DYHKIIMHU pacrpe-
JeJeHus yacTull mo pasmepam ¢@(r). O6pasusl Ne 1,
Ne 2, Ne 3 u Ne 4 conmepkanu 4acTHULIbI U arperaTthl, OT-
nuyatouecs mo padmepam. OyHKmnmM @(r) 3TUX 00-
pa3LoB MpeAcTaBIeHbI HA puC. 3.

KonTponbabie namepenus metogoM IPC cooTBet-
CTBOBAJIM TIPEACTABICHHBIM Ha pHC. 3 pe3yiabraTaM.
HudpakTorpamma, rojydyeHHasi Mpu peHTreHOCTPYK-
TypHOM aHanuse (CoK —u3nyuenue, A= 1.789 A) nuc-
nepcHoi ¢ga3bl 3TUX 00pa3loB, NMpeAcTaBIeHa Ha
puc. 4.

Kak BugHo u3 puc. 4, B obysactu yrioB nudpak-
muu 51.3°, 90.3° u 112.3° nna Bcex 06pas3LioB HAGIO-
Jal0TCs MUKW, CBOMCTBEHHbIE ajiMa3y. B obsiactu yria
30.5° mist Bcex o6pasLoB IMPUCYTCTBYET MUK, XapaK-
tTepHBIi 11 rpadura 2H (30.5°) m 3R (31.0°). u-
pOKOoit TToJIoce ¢ MaKCMMyMOM TIpu 20° COOTBETCTBYET
amopdHbIit yriepoa. [Tuku, xapakTepHble s Tpa-
(buTOMONOOHOU CTPYKTYPHI U aMopdHOro yrieposa,
yKa3bIBAlOT Ha TO, YTO YacTh yIJiepola B YacTUIAX
BCeX 00pa3lioB HAXOAUTCS B COCTOSTHUU OTIUYHOM
OT aJIMa3HO# KpucTaummueckoii pemretku. Komuue-
CTBEHHasI OIlcHKA coiep:kaHus aMopdHOro yriaepona
Ne2 2024
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Puc. 4. IlndpaxrorpamMmma aucrnepcHoit asbl.

B OTOM cJiy4ae He TIpeACTaBIIsieTCs BO3MOXHOM. Of-
HaKO MOXHO YTBepXKIaTh, UTO IJIST TIepBOTO 0Opasiia
IoJIsT aMOpP(HOTO yIiepona B YacTUIIaX OOJIbIIe, YeM
IUTST OCTaJIBHBIX.

O0ObeMHas I0JIS YaCTUIL B MCCIIETOBAaHHBIX 00pa3-
max 0 MeHsuIach MX pa30aBiIeHUEM IUCTUIMPOBAH-
HOIi Bomoil. MakcUMaJlbHO AOITyCTUMAsI IJIsl U3Mepe-
HMS IOKa3aTes IpeioMJIEeHUsT 00pa3loB 00beMHas
JOJISl YaCTUII 3aBHUCeIa OT MyTHOCTH 00pa3LoB U He
npesblmana 3+ 10~*. Pasz6aBineHueM oOpas3LoB AuUC-
TWUIMPOBAHHOM BOAOI OBIJIA MOJIYYEHBI TUCIICPCHBIC
CHCTEMBI, IJIsI KOTOPBIX 3KCIIEPUMEHTAJIBHO OMpee-
JISUIUCh UX TJIOTHOCTb P, U MOKa3aTesb Mpejaomiie-
Hus n, = Re(m,). nst o6pasua Ne 4, pazmepsl yacTHULL
B KOTOPOM OJIM3KU K JJIMHE CBETOBOM BOJIHBI, BIIUS -
HUSI YaCTHUIL Ha ITOKa3aTesb IIPEJIOMIIEHUS BBISIBICHO
He ObLIO. DTO CBSI3aHO C KpaiilHe MaJIbIM OTIIMIUEM
okKasareJis IpeJIOMIIEHHST TUCTIEPCHBIX CUCTEM, T10-
JIy4eHHBIX U3 3TOTO 00pa3lia, OT IoKa3aTels IpeIoM-
JIEHUS BOIbI, Jaxe MPU MaKCUMaJbHO JOMYCTUMOI
0 MYTHOCTH JJISI JAaHHOTO 00pa3iia 00beMHOI 1o1e
yactuy O = 0.33-10~%. JIns AMCIIEPCHBIX CUCTEM, CO-
JepXallrxX YacTULILI OCTaJbHBIX 00pa3loB, 3aBUCU-
MOCTH #, OT P, ObUIM IMHEHHBIMU. 3aBUCUMOCTD A, OT
p,, onpeneneHHas 151 oopasua Ne 2, npencrabieHa
Ha puc. 5.

Ha pwuc. 5 Takke mpenctaBiIeHbl TEOPETUISCKH pac-
CYMTAHHBIE TIPU UCIIOJb30BaHUU (7) UBMEHEHUS Ieii-
CTBUTEIBLHOI YacTU TMOKa3aTess MPeJOMICHUS AUC-
MEePCHBIX CUCTEM MJISl ClIyvast YaCTULl, COCTOSIIIUX U3
aMop®dHOro yriepoaa, U 4acTHull, COCTOSIIIUX U3 all-
Masa, TSI KOTOPBIX MHKPEMEHT ITOKa3aTellsl TIpeIoM-
nenust (n, — ny)/(p, — p,) 661 paen 0.87 u 0.26 cm*/t
COOTBETCTBEHHO.

Tt obpaznos Ne 1, Ne 2 1 Ne 3 3HavueHus (n, — n,)/
(p, — py), OJy4YeHHBIE TPpU A = 657.2 HM, IPEACTaBJICHBI
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1.3325 -
& 1.3320 -
1.3315 -
0.9985 0.9990 0.9995
pS’ g/cm3

Puc. 5. 3aBucuMoCTb 1, OT p, Ipu A = 657.2 HM. Touku —
SKCTIEPUMEHT, YaCTHUIIBI alMa3a — IITPHUX, YACTHIIBI
amopdHOro yriepona — MTPUXITYHKTHUD.

B Tabu. 1. [TorpemrHocTh MpeACTaBIEHHBIX 3HAYEHUI
cocrapJsiia 2%.

31ech clielyeT yYUTbIBaTh, UTO €CJIM YACTHIIA UMEET
TMOBEPXHOCTHBIN CJIOH, TO €T0 BIUSHUE HA MOJSIpU3a-
IIAI0 YaCTUIIBI B JIEKTPUUYECKOM TMOJIE CYIIIECTBEHHO
BbILIE BJAUSIHUSI BHYTPEHHEH yacTy yactuubl. B ciy-
Yyae MasibIX KOJJIOUIHBIX YaCTHUIL JaKe MOHOMOJIEKY-
JIIPHBIIA CJI0M, comepxalluii ancopoOupoBaHHbIE MOJIE-
KYJIbl HOBEPXHOCTHO-AKTUBHbBIX BELIECTB U UMEIOIIUIA
JIOTIOJTHUTEbHBIE XUMUYECKUE CBS3U, MOXET 3aMETHO
TMOBJIUSATh HA MOJSIPU3YEMOCTb YaCTHUIl B TUCTIEPCU-
OHHOW cpene, a 3HauuT, Ha pPa3HOCTh MoKa3aTteyei
TpesoMIIeHnd m, — m,. Takylo 4acTHIly MOXHO pac-
cMaTpuUBaTh KaK MHOTOCJIOHHYIO, U BXOISIIIUIA B CO-
OTHOLIeHHUE (7) MmoKa3aresib MPeJOMICHUSI M, TOTXECH
YUYUTHIBATh ONTUYECKHE CBOMCTBA MOBEPXHOCTHOIO
CJI0$1 YacTuIl.

Kaxk crenyer m3 Teopun, OCHOBHOM BKJIad B IO-
JISIpU3alIMI0 JBYXCJIOMHOTO IIapa BHOCHUT IOJISIpU3a-
1Ml BHEITHETO CJIOS, a MOoJspu3alus BHYTpEeHHEH
YacTH Iapa — JIMIIb Mayiast 1o6aBKa K OOIIeil oS-
puzauuu mapa [27, 34]. ®opmyna (3), mo3BoJSIOMIAS
OIPENeUTh MOJSIPU3YEeMOCThb YaCTHUIIbI, TPUMEHUMA,
€ClIM pa3Mep YaCTHII MaJl IO CPAaBHEHUIO C JUTMHOMU
CBETOBOIf BOJTHBI KaK BHE, TaK U BHYTPU YaCTUIIHI,
a MUMeHHO: 21| my|r << Au 21| m, |r << A. Ecn xe ya-
CTUIIA WJIM €€ IOBEPXHOCTHBIMA CJI0M BBICOKO3JIEK-
TPOTIPOBOMHBIC, TO JIEKTPUIECKOE TOJIE CBETOBOM
BOJIHBI HE MTPOHUKAET B YACTUILY, 1 BTOPOE HEpaBEH-
CTBO MeHsieTcsl Ha obpatHoe [27]. CnenyeT 3aMeTUTD,
9TO IUIST aaMasa U aMop(HOTO yriepona 3HaYeHUS
Re(m?) 61M3KY M TOISpU3aliis YaCTULIBI alIMa3a, Io-
KPBITOM cj10eM aMophHOTOo yriepona, c1ado 3aBUCUT
oT TomuuHel cinod. [ommomenne Im(m?) HapyKHBIM
CJIOEM CBETOBOI HEPTUHU TOJBKO OCIIA0ISACT BIUSHIE

BE3O u np.

Tabomua 1. DKcreprUMeHTaJIbHO ONpenelieHHBIC 3Have-
HUs (ns - nO)/(ps - pO)

Ne 1
0.49

Ne 2
0.44

Ne 3
0.43

Oo6paszen

(ns - nO)/(ps - pO)

MTOJIIPU3YEMOCTH BHYTPEHHEH YacTH YaCTUIIHI Ha ee
TTOJISIPU3YEMOCTb.

11 oMHOPOIHBIX YACTUII aJIMa3a cJeayeT Mojararh
m,=n,=2.42, eClii YaCTHLIbl MOKPHITHI CJIOEM aMOP-
dbHoro yrepona, To m, = 2.70 — i-1.29, a juist yacTui
C 9JIEKTPONPOBOIHO# MOBEPXHOCTBIO |/, | = oo,

[11OTHOCTh YAaCTUILIBI C TTOBEPXHOCTHBIM CJIOEM
(ABYCHOMHBIN 11ap) CYIIECTBEHHO 3aBUCUT OT TOJI-
IIMHBI CJIOSI, TaK KaK MJIOTHOCTU ajMa3a u aMop(HOro
yIiepoaa CylecCTBEHHO pa3inyaroTcs.

beimm paccuntaHwl 3HayeHus M = (m, — m;)/
(p, — Ppo) LUIsI BOOZHBIX AUCTIEPCHBIX CUCTEM, COAEPXKa-
IIUX YaCTHUIIHI, OTBEYAIOIINE BCEM TPEM PaCCMOTPEH-
HBIM ciiygasgm. [lonaramoch, 9YTO TTOBEPXHOCTHBIM
CJIOIf TOHKWI ¥ TJIOTHOCTD YaCTHUIIBI paBHA TIOTHO-
cTu anmasa p, =3.5 r/cm’. PesynbraTtel pacyera M o
¢dopwmyne (7) npeacraBiaeHbl B Ta0I. 2.

Bo3spacTtanue TOJIIMHBI 4 TOBEPXHOCTHOTO CJIOSI
cJ1abo BJIMSIET Ha TTOKa3aTesb MPpeIoMIeHUs YacTHUll,
OIIHAKO €ro BIMSHHUE Ha TIOTHOCTb P, YACTHIL He-
00XOIMMO YYMTHIBaTh, TaK KaK MJIOTHOCTH ajMasa
1 aMop(dHOTO yrjiepoJa CyIeCTBEHHO OTJIMYalOTC.
Y4uThIBas MIOTHOCTH anmasa p, U aMopdHOro yrie-
pona p,, a Takke 00BEeMHYIO JI0JTI0 3 MOBEPXHOCTHOTO
CJIOS1 B YACTHIIE, €€ TIOTHOCTH P, MOXHO MPEICTABUTH
COOTHOILICHUEM:

p, =U=PB)p,+Bp; (10)

[TozncraBuB 3HaueHue p, U3 cooTHoIeHMs (10) B co-
oTHoweHue (7) n yunuteiBad, yto Re(M) = (n, — n,)/
(p; — py), OOBEMHYIO 1OJTIO 3 MOXHO TPEACTABUTH CO-
OTHOIIICHUEM:

szA_pO_ 3 (ns_”oj_l
Ps—Pr 2P —P)\P— Py

(11)
- m?
xRe| ———F—
m, + 2my
OtHouteHue A/r s cpepruIecKoil YaCTULIbI:
ﬁ=1—\3/1—B (12)

r

ITO3BOJIACT OIIPEACINTDb TOJIIIUHY h ITOBEPXHOCTHOTI'O
CJI0A 9aCTull 3aJaHHOT'O pazMepa.

st oopastoB Ne 1, Ne 2 u Ne 3 3Hauenus B u h/r
npencrasieHbl B Tabs. 3. [lpu pacuerax, BBINMOJ-
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Taomuna 2. PaccuntanHblie 3HaueHUst M TIpy pa3Hoil To-
JIIpU3alK TTIOBEPXHOCTHOTO CJIOS YaCTHIL ajiMasa B BO-
JTHBIX 30JI5IX

Tosepx- Orcyr- | AMopdHBbIii OneKkTpo-
HOCTHBIi NPOBOIHBII
" CTByeT yIIepon o
cJI0it yacTuI croit
m, 242 | 270129 e
M, cm?/T 0.26 0.38 —i-0.17 0.60

159

Taommna 3. O6beMHast 10JIs ¥ TOJIIMHA CJI0sT aMOp(hHOTO
yIjepona B COCTaBe YacTHIL

O6pa3enn Ne 1 Ne 2 Ne 3
p
Meron (0.40—0.45) | (0.25—-0.27) | (0.21-0.24)
pedpakuuu
h/r 0.16 0.06 0.08
h, HM 4.8 3.9 6.8

HeHHBbIX TTo popmynam (11) u (12), monaraaoch, 4YTo
m, = 2.70 — i-1.29, a TWIOTHOCTH CJI0Os1 aMOPGHHOTO
yrepona p,= 2.15 £ 0.08 r/cm? [35]. Heobxonumbie
npu pacuete [ 3HaueHust (n, — n,)/(p, — P,) A1 ITUX
00pa3uoB npeacTapieHbl B Ta6A. 1. [Tpu onpeneneHuu
TOJIIITUHBI /1 TIOBEPXHOCTHOTO CJIOST YACTUIL UCTIONH30-
BaHbI HauboJIee BEPOSITHBIE 3HAYEHMUS F YaCTUIL B 00-
pasiax Ne 1, Ne 2 u Ne 3. 3HaueHus 4 Takke nMpeacTaB-
nieHsl B Tab1. 3. [lorpenrtHOCTh onpeneneHus 3, yIuThI-
Balollasi HETOYHOCTb OTpeaeIeHUsI P -, cocTapisiia 8§%.

BbIBOJbI

TIpoBeneHHbIC UcCIenOBaHUS TTOKa3aJiu, 4YTo ped-
pakKTOMETpUYECKUI MeTON NPUMEHUM K HCCIeaoBa-
HUIO IUCIIEPCHBIX CUCTEM, YACTHULIBI KOTOPBIX MaJjibl IO
CpaBHEHUIO C JJIMHOI CBETOBOM BOJHEI. B coueTanuu
C 3JIEKTPOOITUYECKUM METOAOM WJIM METOAOM JIMHAa-
MUYECKOTO CBETOpaccessHUs pedpakToOMeTpUIECKuUit
METOJI MOXKET ObITh MCITOJIb30BaH MPU U3YYEHUH CBOM-
CTB ITOBEPXHOCTHOTO CJIOSI YACTUII ¥ CTPYKTYPHI arpe-
ratoB u3 HuXx. I1pu uccaeqoBaHUM BOAHBIX AUCIIEPC-
HBIX CHUCTeM ajiMa3a Oblla oIlpeaesieHa d0JsI aMop-
¢Horo yriepoaa B yacTuilax U MpouM3BeAeHa OlleHKa
TOJIILIMHBI CJI0SI U3 HETO.

PaccmotpeHHas B JaHHO paboTe MeTOIMKA TT03BO-
JISIET TMPOBOAUTH BKCIIPEcc-aHaln3 KauyeCTBa OUYMCTKHU
HaHOAJIMa30B TIPU UX MPOMBIIIIEHHOM TTPOU3BOICTBE
JUJIS1 YACTHULI MaJIbIX TI0 CPAaBHEHMIO C IJIMHOI CBETOBOM
BoJiHbl. OHa CBA3aHa TOJIBKO ¢ UBMEPEHUEM TIJIOTHOCTH
U TIOKa3aTelisl MPEeIOMJICHUS KOJJIOUAHBIX pacTBOPOB
aJMasa, KOTOPble MOXKHO BBITIOJTHUTh OBICTPO U TOYHO.

BJIATOJAPHOCTD

AHalNl3 YacTUI M UX MOBEPXHOCTHU IMPOBOIUIICS
MpU MOAACPXKE PECYPCHBIX IIeHTpoB HayyHoro mapka
Cankr-IleTepOyprckoro rocyaapcTBEHHOTO YHUBEPCH-
TeTa: MeXIMCLUIUIMHAPHOIO PECYPCHOIO LIEHTPa IT0 Ha-
npasnenuo “HanorexHonorun”; ONTUYECKUX U JTa3ep-
HBIX METOIOB MCCIIeIOBaHN BelllecTBa; LleHTpa quarHo-
CTHKU (PYHKIMOHAJIBHBIX MaTEPUAJIOB JIJIST MEIUIIHEI,
(bapMakosioru ¥ HaHO3IEKTPOHUKU; DU3NYECKHUX Me-
TOIOB MCCJIeAOBaHUs MOBEPXHOCTU; PeHTreHomudpak-
LIMOHHBIX METOIOB KMCCIIEIOBaHUS. ABTOPHI OJ1aromapHbl
COTPYAHUKAM LIEHTPOB 33 OKA3aHHYIO MOAIEPXKKY.
Ne2 2024
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OMHAHCHWPOBAHUME PABOThHI

Pabora BeimonHeHa Tpu ee (pUHAHCUPOBAHUU U3
cpenctB CaHkT-IleTepOyprckoro rocymapcTBEHHOTO YHU -
BEpCHUTETA.

COBJIOAEHUE O TUYECKHWX CTAHIAPTOB

B nmanHoit pa60Te OTCYTCTBYIOT UCCJICAOBAHUA YECII0-
BCKa WJIN XXKUBOTHDbIX.

KOH®JIUKT UHTEPECOB

ABTODBI 3a8IBJISIIOT, UTO Y HUX HET KOHGIMKTA UHTE-
pecos.
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