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OCOBEHHOCTH HOINTOEHUA TEPATEPIIEBOT'O ®OTOHA
B CPEJIE, COJEPKAIIEA HAHOYACTHUIBI METAJLJIA

K.A. Monoocanos, H.7K. Kaiipvies, B.M. Jleneexun

AnHomayusi. Cpepa, copepxaliasi MeTannuMyeckue HaHo4YacTuubl, B [AuanasoHe TeparepLeBoro W3nyveHus,
obnagaeT YpesBblYaliHO HENMUHEWHON 3aBUCUMMOCTBIO KO3 dULMEHTa NOMMOLLEHNs OT pakTopa HanonHeHns cpeppl
HaHo4YacTMLaMM — napamMeTpa, xapakTepusytolero obbEMHYyI [OMo, 3aHMMaeMylo HaHovacTuuamu B cpege.
OcobeHHOCTb MOrMOTUTENbHBIX CBOWCTB TakoW cpefdbl B TOM, YTO €€ 3pdeKTUBHbIA KOIPDULMEHT MOrMoLEeHNs
obecneynmBaeTcsl BCEM MHOXECTBOM HaHo4acTul, a HaubomMblUylo BEPOATHOCTb MOMMOLEHN ()OTOHa MOXHO
obecne4nTb B HaHodacTMLax Ha Kpaw cpefbl (B YaCTHOCTW, B Teparepu-MHpaKpacHOM KOHBepTepe — Ha Kpato,
obpalléHHOM K WHdpakpacHoi kamepe). VIMEHHO Takue KpaeBble HaHOYaCTWLbl, HarpeTble MOrMoLeHHbIMU
hOTOHaMK, CTaHOBATCA WCTOYHMKaMU WH(PAKPACHOrO U3MyYeHUS U MO3BOMSAT BM3yanu3npoBaTb WCTOYHUK
TeparepLeBoro M3nyYeHuss — co3faTb ero u3obpaxeHne C MOMOLLbI MHdpaKpacHoM kamepbl. [ns paspaboTku
Teparepu-MHdpaKpacHOro KOHBepTepa, NpeAHasHa4YeHHOro Ans BU3yanu3auun pakoBOW TKaHW, BbINOMHEHa OLeHKa
dakTopa HanonHeHns cpedbl U COOTBETCTBYIOLEN KOHLEHTpauuM HaHoyacTul, 3onota AvameTpoMm 8,5 HM Ans
nsnyyvernus ¢ yactoron 0,38 Ty, obecneyrBatoLen HaMBOMbLLYIO KOHTPACTHOCTb M30OPaKEHUS rpaHuLbl PakoBOW
1 3p0poBon Buonornyeckon TkaHW. PakTop HanonHeHus crneayet BolbupaTe B AnanasoHe 0,5-0,6, 4To cooTBeTCTBYET
KOHLeHTpaumam HaHodacTuy, (1,5+2)-10"° mm-=.

Krioyegble criosa: BuU3yanusauusi; KOHBEPTEpP; KOHLUEHTpauusi; MaTtpuua; HaHodyacTuua; rformnolleHne; pakosas
GuoTKaHb; Teparepl; hakTop HanosIHeHUs!; POTOH.

METAJIJI HAHOBOJIYKUOJIOPY BAP UOIPOHYH
TEPATEPI] ®OTOHYH XKYTYYCYHYH O3I'OUOJIYKTOPY

K.A. Monoocanos, H.7K. Kaiipvies, B.M. Jleneexun

AHHomauyus. HaHobenyk4yenepy 6ap YelripeHyH Teparepu XblLUTbIKTapbiHAArbl HyprapAbl XyTyy KO3MULMEHTUHNH OLLION
YelpeHyH HaHobenyk4yernep MeHeH ToNTypynyy dakTopyHaH (6.a. Yevipepery HaHobenyk4enep aanereH kenemayH
YIYLWYH MYHe3[ee4dy napameTpAeH) Ke3 KapaHabirbirbl 6Te Cbi3bIKTyy amec 6onyn caHanat. MbiHAan YempeHyH XyTyy
KacueTTepUHMH e3revenyry — aHbiH addekTmBayy XyTyy koaddurumeHTn aHaars 6onroH 6apabik HaHobenykyenepayH
KONTYry apKbifyy aHbIKTanar )aHa pOTOHAOPAYH 3H bIKTbIManAyy XyTynyLyH YoNpeHYH YeTuHaern (Mucansl, Teparepl-
MHPPaKbI3bIN KOHBEPTEPUHAE — MHAPAKbI3bIN KaMepara kaparaH YeTuHaer) HaHobenykyenep apkblnyy Kamcbl3 Kbinca
6onoT. POTOHAOPAY XaKLbl XyTKaH Byn 4yeTTern HaHobernykyenep bicbiaT Aa, MHMPaKbI3bi HypnaHyyHyH Gynarbl
6onyn kanelwart, Aemek, Teparepl, HypnaHyycyHyH OynarbiH cypeTTeere — WMHGPaKbI3bll kamepaHblHbIH Xapaambl
MEHEH aHblH CYPeTTeNyLUYH Ty3yyre MyMKYHUYyNyk 6epeT. Pak TKaHbIHbIH CypeTTenyLUyH anyy Y4yH KOMAOHIoHro 6omno
TypraH Teparepu-MHPaKbI3bi KOHBEPTEPUH TY3YY MakcaTbiHAa YeWpeHyH TOnTypynyy (akTOpyH xaHa ara Tyypa
kenyy4y avametpu 8,5 HM BONroH anTbiH HaHOOeNyKYenepyHyH KOHLEeHTpaumsceiH 6aanoo xyprysynreH. baanoo 0,38
Ty XelWTbIrbIHAAMLI HypRaHyy Y4yH xypryayngy. Cebebu, byn xXbllUTbIKTa pak xaHa Guonornanbik Tasa TkaHaapablH
YeK apacblHblH CYpPOTTeNyLUYHYH 3H >OrOpKYy KOHTpacTyymyryH kamcbisgaca 6onot. TonTypynyy daktopyH 0,5-
0,6 onanasoHyHAa TaHAoo Kepek, byn HaHobenyk4enepayH (1,5+2)-10" MM~ KOHUEHTpauuscbiHa Tyypa Kener.

TylyHOyy ce30ep: XyTyy; KOHBEpPTEp; KOHLUEHTpauus; matpuua; HaHobenykye; cypeTTee; pak GuoTkaHbl; Teparepl;
TONTYpynyy dakTopy; OTOH.
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FEATURES OF TERAHERTZ PHOTON ABSORPTION
IN AMEDIUM CONTAINING METAL NANOPARTICLES

K.A. Moldosanov, N.Z. Kairyev, V.M. Lelevkin

Abstract. In the terahertz radiation range, a medium containing metal nanoparticles has an extremely nonlinear
dependence of the absorption coefficient on the factor of filling the medium with nanoparticles — a parameter
characterizing the volume fraction occupied by nanoparticles in the medium. The peculiarity of the absorption properties
of such a medium is that its effective absorption coefficient is provided by the entire set of nanoparticles, and the
highest probability of photon absorption can be ensured in nanoparticles at the edge of the medium (in particular, in
a terahertz-to-infrared converter — at the edge facing the infrared camera). It is these edge nanoparticles, heated by
absorbed photons, that become sources of infrared radiation and make it possible to visualize the source of terahertz
radiation — to create its image using an infrared camera. In order to develop a terahertz-to-infrared converter intended
for visualization of cancerous tissue, the filling factor of the medium and the corresponding concentration of gold
nanoparticles with a diameter of 8.5 nm were assessed for radiation with a frequency of 0.38 THz, which provides the
highest image contrast of the margin of cancerous and healthy biological tissue. The filling factor should be selected in
the range of 0.5-0.6, which corresponds to the concentration of nanoparticles (1.5+2)-10" mm-=.

Keywords: visualization; converter; concentration; matrix; nanoparticle; absorption; cancerous tissue; terahertz; filling
factor; photon.

Beenenue. Panee Mb1 pazpabarsiBanu teparepi-ungppakpacusie (TTu-UK) xonseprepsr [1-10] ams 3a-
Jad BU3yaIU3alid UCTOYHUKOB TI'Il H3IydeHus], KOTOphIe MOKHO OBLIO OBI MCITONB30BATh B 33[a9aX OHKO-
jorud (U1 TUarHOCTUPOBAHMS, HAIPUMeED, 3a00IeBaHUN KOXKH), B KPUMHHAINCTHKE U B oOmacTu Oe3omnac-
HOCTH (IJ1s1 OOHAPYKCHUS MPEIMETOB, CKPBITHIX MO OJCKIOH, Hepa3pyLIalonIero KOHTPOIS CONEPKIMOTO
KOHBEPTOB W T. I.). B wacTHOCTH, OBIJIO MoKa3aHo [1], 4TO MpH MCMOIB30BAaHUM HAHOYACTHI] 30JI0TA JIHA-
METpOM 8,5 HM JJIsl BU3yaJH3alud PaKOBOH TKaHU BBITOAHO BBIOparh yacTory 0,38 TI'm. OHa mo3Bonmia OBl
o0ecTeunTh HanOOIBIITYI0 KOHTPACTHOCTh IPAHMIIBI PAKOBOH U 3I0POBOM TKaHHU — BAYKHYIO HH(OPMAITHIO IS
XUPYpra-oHKOJIOra.

OcraBaJicsi HeBBISICHCHHBIM BaXXHBIH BOIIPOC: KaK 00eCeYnTh BBICOKYIO (He MeHee 0,95) BeposiTHOCTh
nornomieHust TI' ¢porona Hanouactuned B TI'u-MK kouBeprepe?

W3 tpeboBanms, 9T0 (HOTOH, MIPOHUKHYB B Cpedy ¢ KO((PHUINCHTOM MOITIOIIEHHS 0 HA TyOuHy /, 101-
JKeH NOIVIOTUThCSA B HaHOYACTHUIIE, HAXOAALIecs Ha 3TOH ke rybuHe /, ¢ BeposTHocThio 0,95 cienyet, 4to
BEPOSTHOCTh MPOHUKHOBEeHUS ()OTOHA Ha ITyOmHY / paBHa p = exp (— a-/) < 0,05. Orcrona a-/ > 3, u TpedoBa-
HUE K ko3 durmenTty nornomienus: o> 3// . Hike (B Tabmuie 1) Mbl yOeAUMCS, 9YTO ¢ 3TUM TpeOOBaHHEM CO-
IJIacyrOTCs TO0OpaHHbIe HAMU 110 TpaduKaM dKCIIepUMEHTAIbHOU paboThl [11] k03(h(UIMEHT MOTIIOMEHHS
a~ 10° em™ u hakrop HanmoaHeHus (00BEMHAs qoist Hanodactui B cpene) £= 0,32 mis /= 1-107 cm.

Koadpdunument nommonieHns cpes ¢ HaHOYACTUIIAMU OKAa3bIBACTCsS OYCHb HEIMHEHHOHN (yHKimel ¢ax-
topa HanonHeHus f u yactotrel TI'm m3myuenns [11]. Obecneuenue BepositHOCTH Toriomienus T horona
0,95 cBomutcs k moadopy (hakropa HanonHeHus f s KOHKpETHOW pabouell YacTOThl KOHBEPTEpa, U Jaliee,
1o mogoOpaHHOMY (HaKTOpPy HAITOTHEHUS — OMPEICICHUIO TIPUEMIIEMOT0 KOd((HUITECHTA ITOTIIOMICHUS CPEIBI
C HAaHOYACTHIIAMH.

Ouenka eéepoamuocmu noznowienus Ty pomona nanouacmuueit memanna ¢ TlIy-UK xonsepme-
pe. Pabounm »nementom TI'i-MK xoHBepTepoB sABIsACTCSA MaTpPUIla, IPO3pavdHasi B 00IaCTH PETUCTPHPYEMOTO
TI'n m3mydyenus u B obnactu padounx mimH BoH UK Kamepsl, copepikamas MHOXXECTBO HAHOYACTHII-HAHO-
npeoOpazoBateneil (pucyHok 1). B Takux HaHOYACTHIIAX MPOUCXOAUT NpeBpamnieHne saeprun T ¢poToHOB
B TEIUIOTY, a HAarpeThle HAHOYACTULIbl CTAHOBATCS BUAUMBIMH 17151 UyBcTBUTENbHOM MK Kamepsl v ciocoOHbI
(hopmupoBars n3o0paxenue ucrodnuka T m3mydenus B UK myyax (cMm. paboTsl [1, 2] ¥ CCBUIKH B HUX).

B crapoii pabore 1978 r. [11], korma BMECTO TEPMHUHOB «TeparepreBoe U3IyUCHUE» U «HAHOUACTHUIIA
elIé MCIONIb30BAIM apXam3Mbl «far infraredy (manbHee WH(pPaKpacHOE M3NIy4eHUE) U «ultrafine particley
(yapTpaMainasi 4acTuila), a 4acTOTy W3Iy4YEeHHs M3MEpSsUTH B CAMHUIEAX «CM '», ObLIM OIMyOIMKOBAHbI II€H-
HBIE cerofiHs Tpadukn o ko3¢ GHUINEHTE TOMIOMICHUS CPEIbl, COAEpIKaNIe HaHOUYaCTUITBI amfoMHuHuS, B T
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Pucynok 1 — Teparepi-uH(ppakpacHblii KOHBEpTEp —
MaTpulIla, cojepxKalias MeTaJuIndeckre HaHoyacTupl [ 1, 2]

JTMara3oHe 4acToT KaK (yHKIUK 0OBEMHON nonu f HaHOYACTHUI] B Cpe/ie U B 3aBUCUMOCTH OT YacCTOTHI U3-
nydenusi. CeronHAIIHIA «pEeHEeCCaHe» MHTepeca K CTapbiM rpadukaM BeI3BaH mpoodiemoit moriorienus TI '
(OTOHOB B MOIOOHOM Cpejie B CBSI3M € pa3pabOTKOM He CyIIECTBOBABIINX MPEXKIIE IETSKTOPOB, CIIOCOOHBIX
obecneyuTh BU3yan3aluuio HcTouHUKOB TI'1 n3nyuenus.

XoTst ynmoMsiHyThIe ucciiegoBanus [11] ObuUIA BBITIOTHEHBI AJIi HAHOYACTHUI] AJTFOMHHUS, UX MOXKHO TIPH-
MEHHUTb U JJIi HAHOYACTHI] 30JI0Ta OJiarojiaps CXOKECTH METAJIOB — 00a MMEIOT OJUHAKOBBIA THUI KPUCTAJI-
JMYECKOH peméTKN (TpaHeeHTPUPOBaHHAs KyOnueckas) 1 Onm3kue 3HadeHns MOCTosTHHBIX pemetkn (0,405
oM y Al u 0,408 aM y Au [12]), a 2IEKTPOHBI OMUCHIBAIOTCSI B paMKaxX TEOPUH CBOOOIHBIX IJIEKTPOHOB.
MpI mosiaraeM, 4To 3Ta padoTa MO3BOJISET BBISIBUTH, 110 KpailHeW Mepe, TIIaBHbIe 0COOSHHOCTH MOTIONICHHS
TI'11 GoTOHOB HAaHOYACTUIIAMH 30JI0TA B MaTPHIIE.

U3 rpaduka Ha puCyHKE 2 BHIIHO, YTO KO3(D(PHUIIMEHT NOIJIONICHHUS 0L MATPHUIIBI C HAHOYACTHIIAMHU CTpPe-
MUTEJIBHO U HEIMHEWHO YBEJIMYMBACTCs ¢ pocToM (akropa HamoiaaeHus f mexay 0,2 u 0,35. [loaTomy B 31O
e obacTu m3MeHeHus gakropa f OyneT emeé OpICTpee YMEHBIIATHCS BEPOSTHOCTD p MPOHUKHOBEHHUS (DOTOHA
Ha MyOuHY / BriyOb MaTpHILIbl ¢ HAHOYACTHLIAMU, p = exp (— o).

[Ipoananusupyem curyanuto ¢ noromenruem Tl ¢poToHa B cpefie, comeprkanield HAHOYACTUIBI METaJ-
Ja, MpH pa3HbIX (paxTopax e€ HamoJHeHUs. PaccMOTpUM JaHHbBIE 17151 HAHOYACTUL AIOMUHUS Ha MpUMeEpe
pUCyHKa 2.

BepositTHOCTh TIPOHUKHOBEHHST (POTOHA p = €Xp (— 0*/) 03HAYACT BEPOIATHOCTD, YTO (DOTOH NPOHUKHET HA
1youny [ cpenpl ¢ Ko3QQHUIIMEHTOM MOTIIOMIEHHS 0. ¥ el He TIOTTIOTHTCS.

[pu ¢dukcupoBanHOM / (TONIIUHE MATPHIBI C HAHOYACTHIIAMH B HEH) HAM HY)KHO BBIOpATh 3HAYCHUE
ko3 duImeHTa NorIoNIeH!s o (M COOTBETCTBYIOIICE 3HaueHue (akTopa f), mpu KOTOPOM BEpOSATHOCTH TIOTIIO-
nieHust (POTOHA HAHOYACTHIICH Ha TITyOMHE MPOHUKHOBEHUs / OyIeT OYeHb BBHICOKA, TO €CTh BEJIUYUHA p JO-
crarouno mana. [Iycts /= 0,1 mm = 1072 cM. [To rpaduky Ha prCyHKe 2 MbI ONPEACININ BETNYHHbBI KO3 du-
IUECHTOB IOTIIONICHUS 0, TSl Pa3HBIX BEIMYHH (paKTopa HAIoIHEeHus f.

Jannbie Tabnuibl 1 TTOKa3bIBAKOT, YTO TPU (PAKTOpE HANIOIHEHUS] MaTPUIbl HAHOYACTHIIAMH AJTFOMHHUS
pasmepom 8 M f = 0,32, ipu Tommumue marpuisl [ = 1072 cMm obecnieurBaeTcst HaaéxHoe moromienre TI '
¢dorona ¢ vactotoit 6 Tl — B mocnenHeld HaHoYacTUIle (HAXOASAIICHCS Ha KPar MaTpHIlbl, 00pamiéHHOM
k 00bekTHBy MK-kamepsr). 1 Takum 06pa3om, ¢ OOJIBIION BEPOSTHOCTHIO OYIET MIMETh MECTO HarpeB TOJIBKO
MOCIIC/IHAX HAHOYACTHUI] B MaTpPHIIE.

Takum oOpa3om, aHAU3 JaHHBIX TAOMUIBI | TOKA3bIBAaeT, YTO HAUOOJEE MpUEMIEMbIM (paKTOpOM Ha-
nonHeHus siBrsieTcs £ = 0,32. AHanM3 TakkKe MOKa3bIBACT, YTO UCS MCIIOJL30BaHUS HAHOYACTHIL [Tl BU3ya-
m3anuu T u3nydeHus onpasJaHHa — MaTpulla ¢ HAHOYACTHLIAMU TT03BOJIMIIA OBl peain30BaTh Ty HIEIO.

UrtoObl YBHIETh XOJ U3MEHEHHUsI BeposTHOCTH moromeHus TI' ¢oTroHa B TojIIe MaTpuUIlbl, OIICHUM
BEJIMYMHBI p TIPU MOCTOSTHHOM (paktope HanomHeHus 0,32 (TO ecTh IPU MOCTOSHHOM KO3((UIIMEHTE MOTI0-
ieHust cpespl oo = 10° cm™') npu pasHbIX riiyonHax npoHukHoBenust TT'1 ¢porona / B marpuy. [lycts / u3me-
usiercst ot 1-107 ¢m g0 1-1072 ¢m ¢ marom 1-107 cm.

W3 nansbIX Tabmumbel 2 BUIHO, 4T0 TI'T OTOH MOXKET ¢ JOCTaTOYHO BBICOKOH BEPOSTHOCTHIO TOIJIO-
TUTBCS U B OTHOW M3 HAHOYACTHUI] B TOJILE MAaTPULBI (TO €CTh, HE JOXOJ 10 Kpast MaTpHIIbl). DTO HE YXYAIINUT

22 Becmnux KPCY. 2024. Tom 24. Ne 8



K.A. Monoocanos, HK. Kaiipvies, B.M. Jlenesxun

IOBL"I L T T L T Llll‘l:l

} DRUDE THEORY
105 B _
L —_— f‘L_JIBR |

.......... B

_____ n= MG
0% —
103 —
St -

E - -

S, l T
a0 I | T [ B A AN _
L Q.001 0002 0.005 0.01 i
10%- —
g' - —
5 x = 8nm T
1071 5-200cm ]
wodlben L0 1y vl 4 | IR

00l 002 005 Ol 02 05 10
f
Pucynok 2 — KoahhuipeHT momioieHus o Cpeibl ¢ HAHOYACTUIIAMH AJTFOMHHUS THAMETPOM 8 HM
B 3aBHCHUMOCTH OT (aktopa HanomHenus f 1t yactorer 200 em ! (6 TT'w). (M3 pabotsi [11, c. 34];
noapoOHoCcTH cM. B [11])

Tabmuua 1 — [TapaMeTpbl MAaTPHIBI ¢ HAHOYACTUIIAME ATIOMHHUS Pa3MepoM 8 HM
npu gactore Ty porona 200 em ! (6 TT') (Bemuuuns f 1 o — u3 rpaduka puc. 2).
TommuHa MaTpuiel pasHa [ = 1-102 cm

f o, cM! ol p

0,30 2,5-10 0,25 0,779
0,31 10? 1 0,368
0,32 10° 10 4,5-10°
0,33 5-10* 5-10? 7,1-10218= 0
0,34 5,5-10% 5,5-102 1,4-102%= 0
0,35 6-10* 6-10? 2,6:1020'= 0
0,40 10° 10° 5,1-10%=0

Tabnuia 2 — BepositHocTh ipornkHoBeHus p TI'n hoTtoHa B cpey
C HAHOYACTHIIAMH AJTFOMHUHUS pa3MepoM 8 HM KakK (yHKIIHSI
rry6uHb! ipoHukHOBeHMs (pu = 0,32 ma=10cm ™)

[, <107 c™m 1 2 3 4 5
ol 1 2 3 4 5
p 0,368 0,135 0,050 0,018 0,007
[, x1073 cm 6 7 8 9 10
o/ 6 7 8 9 10
p 0,0025 9,1-10* 34-10* 1,2-10* 45107
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xapakrepucTtuk TT-MK-xoHBepTepa, Tak Kak THIMYHAS TTyOHHA pe3kocTH 00bekTiBa MK-kaMepsl, HComs-
3yeMoil 11t coBmectHoi padotel ¢ TT'i-UK konBeprepom, coctasiser = 0,3 mum [1], To ecTh Oosblie TOMILIHU-
ubl Matpuisl / = 0,1 mm. [Tostomy o6bexTuB MK-kameps! OyneT BOCIPHHUMATE HATPETYIO B TOJIIIE MATPHUIIBI
HAHOYACTHUILY TaK k€, KaK 1 HAaHOYACTHILY, HarPETYIO Ha MMOBEPXHOCTH MaTPULbI (Ha BBIXO/E U3 HEE).

O6cyxnenne. Mpl BBIMOTHWINA aHaMM3 JIsl 9acToThl 6 TI1. A kak OymaeT MEHSThCS KOA(PPHUIIMESHT
MODVIOIICHHS TP TOM JKe (paKTOpe HAIONHEHWs, HO IpH Jactorax MeHbiie, yeM 6 TI'n? Hac mHTepecyer
«venurHCcKasy yacrora 0,38 TI'. Ha aToT Bompoc oTBevaeT rpaduk Ha puCyHKe 3, 3aMMCTBOBAHHBIN U3 TOM
ke crarbu [11]. Tyt Het rpaduka must £ = 0,32, Ho U3 00mIero XapakTepa HOBEICHHS IPAPHIKOB IS pa3Ind-
HBIX 3HAYCHH  MOXKHO TIPEAIOIOKUTh, YTO U3MEeHEeHHEe KodddunenTa nornomenus u s f = 0,32 moiaér
AQHAJIOTUYHBIM 00pa3oM.

«Memunuackas» gacrora 0,38 TT'm B enununax «cm '» pasna 0,38/0,03 = 12,7 em . BungHo, uto mist
ATOH YacTOTHI HEJb3s MCIOIB30BaTh PACCMOTPEHHYIO Marpuily TonmmHor / = 0,1 MM ¢ ¢akTopoM Hamo-
uenuns f=0,32. JlefictButensro, mis yactotsl 12,7 cm!' u st £ = 0,32 mo pucynky 3 (mo abpucy rpaduka)
rpy6o ouerum o = 5-107" em!. Dro B 10%/5-107' = 2-10° pa3 menblie ko3pPUIMEHTA TOIOMICHUS IS Ya-
crotel 6 TI'i. B pesynbrare, marpuia tonmmaoi 0,1 MM ¢ ¢aktopom HamonHeHus f = 0,32 na yactore 0,38
TI' Oynmet mpo3padHoii, u HaHodacTUIl He oroTIT TI 1 goron, a UK-kamepa He «yBuauT» Harperoit TI 'y
¢dboTroHOM HaHOYACTHUIIHI 30510Ta. OTCIONA clieayeT BbIBOJ: eciin Ha dactoTe 0,38 TI'm mcmonmb3oBarh mpex-
HIOIO mapy mapamerpoB o~ 10° cm™ u /= 0,1 MM, TO HyKHO yBenn4uTh (hakrop HarmoaHenus f 1o ~0,5-0,6.

Jormyckast, 9To 3TOT BBIBOJ NPUMEHHUM U JUISI HAHOYACTHIL U3 30JI0Ta TUAMETPOM 8,5 HM, OLICHUM KOH-
[EHTPALUIO # HAHOYACTHII 30JI0TA B MaTpHIle, KoTopast odecneuria Obl Gpakrop HamoiueHus f ~0,5-0,6. 1o
ompenenenuto, n = N/V, tae V — o0b€M mMarpuiibl, copepskaiieid N HaHOJacTHIl 3070Ta auamerpom D. Torga
cripaseuBo cootHomenue: -V = N-(4/3)-n-(D/2)*. Orcrona: f = n-(4/3)n-(D/2)*, u 111 KOHIIEHTPAIMHU TIO-
ayuum: n = 6-(f/n-D?).
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10" DRUDE THEORY, p=I ]

.| —— BR
——— MG .

a [cm"]

=5 | [ A | |
20 50 100 200

1% [cm"]

Pucynok 3 — Koa(huimeHT nmoronieHus o cpeibl ¢ HAHOYACTUIIAMH AJTFOMHHUS THAMETPOM 8 HM
B 3aBUCHMOCTH OT YacCTOTHI JUIsl TpeX 3HayeHul Qakropa HanonHenus f (13 padorsr [11, c. 35];
noapoOHocTH cM. B [11])
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Jus cmyqaes £= 0,5 u f= 0,6 npu qtuamerpe HaHOYACTHI] 30510Ta D = 8,5 HM IMMOJIyYnUM, COOTBETCTBEHHO,
n=1,6-10" mm> u n = 1,9-10"5 mm~>. Takum oOpaszom, Ha «MeauiHCcKoi» gacrtore 0,38 TI'1y ciaenyer uc-
T10JIb30BATh MATPUILYy C HAHOYACTHUIIAMH 30JI0Ta JUAMETPOM 8,5 HM MpH KOHILIEHTPAIUSIX HAHOYACTHIL B JIha-
nazone (1,5+2) 105 mm.

BaxxHo mipesiBuIeTh BEPOSITHBIE TEXHOJIOTHYECKHE TTPOOIeMBI, CBI3aHHbIE ¢ peanu3anueit naen TIn-UK
KoHBepTepa. M3 mpou3BeEHHBIX OLIEHOK BHJIHO, 4TO HaHowactuibl Metamia B TI-MK koHBeprepe 3aHu-
MAaroT 3HAUYUTEIBHYIO YacTh 00beMa MaTpuIilsl. Bo3aMoXHO, 3TO 00yCIOBHT TpyAHOCTH m3rorosienus TIm-
UK xonBeptepa. B 3To# CBsI3U, MOXKET OKa3aThCsl IEPCIIEKTUBHBIM TTO/IX0/I C BHECEHUEM HAHOYACTHI] 30J10Ta
B MeMOpaHy U3 MOIMITHIICHIIMKOIS, HCCICAOBAHHBIN B padoTax [13, 14].

Jpyras Bo3MokHast mpo0iiemMa: OTPBIB U BBITIAJICHHE HAHOYACTHUI U3 MaTpullbl. [lo-BuIMMOMYy, peleHun-
eM 3Toi mpobiemsl ObiTa ObI TpexcnoiHas crpykrypa TI'-MK koHBepTepa, cocTosmas U3 ciosi, mpo3pad-
Horo B TI'm nmanaszone (oH momkeH ObITh oOparieH kK uctounuky Tl mamydenus), coocrenno TI-MK
KOHBEpTepa, U ciost, mpo3padnoro B MK quamnasone (oH nomKkeH ObITh oOpamieH k 00bekTnBy UK Kamepsr).

Takum 00pa3oM, 0COOCHHOCTh Cpellbl ¢ HAHOYACTUI[AMH METayljia 3aKIr4acTcs B TOM, 4To €€ s dek-
TUBHBIN K03()(UIMEHT MOMIOIICHNUS 00CCTICUUBACTCS] BCEM MHOXKECTBOM HAHOYACTHI] METAJIJIa B TOJIIE CJIOS
MaTpuIel, a Hepruro TI' GpoToHa ¢ BEICOKON BEPOSITHOCTHIO MOINIOIIACT M HAIPEBACTCS JIMIITL HAHOUACTHIIA,
pacroNio)KeHHAs Ha Kparo ciiosi (MaTpuilbl). IMEHHO Takue KpaeBble HAHOYACTHUIIBI TO3BOJISIFOT BH3YaJIU3H-
poBath uctouHuk TI'Il U3IydeHus, T. €. co3aath ero uzoopaxenue B MK nyuax, Hadmonaemoe UK kamepoii.

3akiaodenue. ONCHKH MOKa3bIBAIOT, YTO BEPOATHOCTH mornomieHus T (hoToHa HaHOYACTHIIeH MeTall-
Ja B cpejie, coleprKaleii MHOKECTBO HAHOYACTHUII, MOXKET OBITh BBICOKOM MPH JOBOJBHO BBICOKOM (haKTOpe
HaIOJHEeHUs MaTpuIlbl HaHoyacTuamu (f~0,5-0,6) naxe B JOCTATOYHO TOHKUX cpenax-marpunax (~0,1 mm).
DT0 MOATBEPKIACT MEPCIIEKTUBHOCTD HAIIIETO MOX0a K MPoOIeMe BU3yaau3alii HCTouHuKoB TI 1| n3myue-
Hus ¢ iomonipio TI'i-MK KoHBepTEepOB, BHIMOTHEHHBIX B BUJIE MAaTPHUIIBl ¢ HAHOYACTHIIAMH MeTaJlja, CHa0-
KEHHBIX uyBcTBUTENHHOM UK Kamepoi.

Jst paboTel Ha «MeaumuHCKONR» yactote 0,38 TIIp ciaemyeT uenoipb30BaTh MATPUILy C HAHOYACTHIIAMHA
30J10Ta JUAMETPOM 8,5 HM IPH KOHIICHTPALUAX HaHOYaCTHIl B quarnasone (1,5+2) 105 MM,

MBI BBIITOJTHWIN OLIEHKH, OIHMPAsiCh Ha cTapyio padoty 1978 1. o mormomenun Tl n3mydeHus HaHOYA-
ctunamu amroMuHus. O4eBUTHO, YTO IS MTOTyHYeHHS 00JIee TOYHBIX JIAHHBIX IS MPAKTUIECKON peaTh3ariii
TI'n-MK xoHBepTEepOB ¢ HAHOYACTHUIIAMH 30JI0Ta, TPEOYETCs BHIOIHUTH CICHHAIBHBIC HCCICAOBAHUS O TIO-
romeHnu TT 1 M3TydeHus HAHOYACTUIIAMH 30JI0Ta B TIPO3PAYHBIX CpelaX-MaTpHIlax.

Hoctynuna: 29.05.24; peuensuponana: 12.06.24; npunsra: 14.06.24.
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