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BJIACTUBOCTI IIEPIOINYHUX CTPYKTVP,
VTBOPEHUX BIIOPIJIKVYBAHHSIM HAHOYACTUHOK
CPIBJIA B IIOJIIMEPHIN MATPUIII METO/JI0M
TOJIOTPA®IYHOI JIITOI'PA®II

Locaidotcero saacmusocmi 06’emnur 00Ho- ma 0808UMIPHUT NEPIOOUMHUT CMPYKMYD, YMEOo-
PEHUL HAHOUACTNUHKAMU CPIOAG 8 NosimepHit mampuyi. OcobausicIo CMPYKMYp € me, o
mepmo- abo GomocmuMysbOSAHUT CUHMES HAHOUACTNUHOK CPIbAa 6100Y8aEMbCA 6 NoAiMeD-
HIT MAMPUYL 3 NONEPEOHBLO PO3NOJIAEH020 MEMOJOM 20a02padinnol aimozpadii npexypcopy
memany. Ha ocrosi npocmopoeozo pidkokpucmaniutozo Mo0ysamopa ceimaa onmumi3o8aHo
cxemy bazamonyurosozo 20a02padiunozo 3anucy. Pozezasdaromoves meranizamu Gopmysamnms
nepiodunHur cmpykmyp nid dicto iHmepPepenyitinezo noad i CuHMe3dy HAHOYACTUHOK CPIbAQ.
Buswaemvca 36°A30% CNeKmMpasvHULT B8AGCMUBOCTNEN OMPUMAGHUT CMPYKMYP 3 TAPAKMEPU-
CMUKAMU HAHOYACTNUHOK M T TPOCMOPOSUM PO3TLOJIAOM 8 NOAIMEPHIT MATPU.

Katrwwoei c.io6a: MeTagonoiMepHi HAHOKOMIIO3UTH, KJIACTEpH Cpibjia, HAHOYACTUHKHU CPi-

6s1a, rosiorpadivuna jgitorpadis.

1. Beryn

YV pozpobiii HOBuX MaTepiasiB st HPOTOHIKH, HAHO-
KOMIIO3UTH HA OCHOBI OIITUYHO IIPO30PUX MATPUIH i3
BBeseHnMy HaHowactuHKamu (HY) 6aaropoganx Me-
TaJIiB CTaJIN BarKJINBOIO OOJIACTIO TOCIIYKEHb, OCKIIb-
KO TIi MaTepiajd BOJOMIIOTh YHIKATbHUMU ONTHTHU-
MHI Ta €JEKTPOHHHMHE BJIACTHBOCTAMHE. 1x crerudi-
9Hi BJACTUBOCTI B OCHOBHOMY TIOB’sI3aHi 3 TIPOsI-
BOM e(eKTiB KBAHTOBOI'O i JIieJIEKTPUIHOTO OOMerKe-
HHsI, a TakoXK 30y/kenHsM B HY merasy Jrokasb-
HUX [I0BEpXHeBUX I1a3MoHiB [1-5]. HanokommozuTu
Ha OCHOBI JIETOBAHOI'O CKJIa 1 HOJIIMEpIB HAWOIIBII
MMIIPOKO BUKOPHUCTOBYIOTHCSA B POJII MaTepiasiB s
Jinifinol 1 HemiHifiHOl onTukwU, JazepHOl i3UKH Ta
onToeseKTpoHiku [2-4]. V nopisHsHHI 31 CKJIOM, II0-
JiMepHu, Ha, J0JaTOK JO BHUCOKOI BapiabeJabHOCTI IX
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CTPYKTYPHU 1 BJIACTHBOCTEM, BITHOCHO JIEIIEBi Ta JI0-
cuTDb TpocTi y BurotossenHi. [lomimepni maTpurii Mo-
KyTh 3abe3rmedyBaTu pi3HOMAHITHI Bapiarii BaacTu-
BOCTell, TAKNX K TiapodiabHicTh a60 TiapodoOHICT,
€JIEKTPOI30JISAIINHI Y1 TPOBiJHI BJIACTUBOCTI, a Ta-
KOXK MEXaHIYHy TBEpIiCTb abo0 IJIACTUYHICTH MaTpU-
mi. [losimepn Takoxk € edexkTuBHMUME cTabitizaTopa-
vu Mertamiganx HY, mepermkomkarodn ix arperaril
[2]. T mapemTi, BukopucTaHHsT POTOMOMIMEPHUX KOM-
IIO3UIIiH BIAKPUBAE MOXKJIUBICTH OTPUMYyBaTH CyOMi-
KpoHHI Tepioguuni posnogaim HY y marpuri mpo-
CTHM OJHOCTAIIHUM METOMOM rojorpadidmnoi ¢poro-
nosivepusarii [6, 7]. YV Ham gac Taki HAHOKOMIIO3W-
TU TIUPOKO JIOC/TIJIZKYIOTHCS 1 BXKE 3aCTOCOBYIOTHCS
y PI3SHOMAHITHUX TaJly3dX, HAIPUKJIAJl, y POJI CeH-
copis [8-10], sixk onTmuni obmexxysaui [11] i dimnb-
Tpu [12, 13], ;uist onTHYIHOrO KOJyBaHHsS 1 30epexKe-
HHs jganux [14, 15], a1st mocusieHHs 3a paxyHoK 30y-
JIPKEHHSI TIIA3MOHIB CIIOHTAHHOI (DbJIyOpeCIeHItii i Bu-
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MYIIIEHOIO0 BUIPOMIHIOBAHHS Yy XAOTUYHUX JIa3epax
[16, 17] Tomo.

CrekTpaJsibHe TOJIOYKEHHsI Ta IHTEHCUBHICTDH IIjIa-
3MOHHOI'O PE30HAHCY 3aJIeXKaTh fAK BiJl BJIACTUBOCTE
okpemux Metasiesux HY i ix nmpocTopoBoi opranizariii,
TaK 1 BIacTUBOCTEN JjiesiekTpudHol Marpurg [11-14].
Ile BimkpmBae MOXKINBOCTI KEPYBAHHS IIJIA3MOHHUMHA
BJIACTUBOCTSIMUA HAHOKOMIIO3UTIB, IO IPOCTiIle pe-
aJIi3yBaTH NIPU BUKOPUCTAHHI MOJIIMEPHUX MATPUIIb.
Hespazkatoun Ha Te, MO JOCJI/XKEHHSI ¥ [IbOMY Ha-
psiMi By ThCsl JIOCUTH JIABHO, MOIIYK TEXHOJOTTIHO
IIPOCTUX 1 EKOHOMIYHO OOI'DYHTOBAHUX METO/IIB CTBO-
peHHsI CTPYKTYP i3 33JlaHNMU BJIACTUBOCTSIMU 1 J10Te-
[I€P 3aJIUMIAETHCH AKTYAJIHHOIO 33/[a4€l0.

OpHuM i3 crocobiB KepyBaHHS TIJIA3MOHHUME BJIa-
CTHBOCTSIMA HAHOKOMIIO3UTIB € CTPYKTYPYBAHHs Ta-
KUX MaTepiajiB Ha MiIKDOHHOMY i CyOMIKpOHHOMY PiB-
ugx [15, 16]. Buopsgakosani crpykTypu 3 cyOMIKPOH-
HUM TePIiOIOM MOXKYTh BUKODPHCTOBYBATHCS B POJIL
CeHCopiB (8], 11 CTBOPEHHS OUTHIHOT aM’aTi Ta Hell-
poHHUX Mepex [17], y poui qudpaxiiiaux eseMeHTiB
HOBOT'O THITY 3 HaJ[BUCOKOIO CIEKTPAJHHOIO JINCIIEePCi-
eo [18,19], a6o pe30HATOPIB XBUJIEBOJHUX JIa3epiB 3
POBIO/IIIeHNM 3BOPOTHUM 3B’s13K0M [20].

i1t ofepKaHAs MEPIOIUIHUX CTPYKTYD MOIiMeEp—
metastigai HY romorpaditanm MeTo10M BUKOPHUCTO-
BYIOThH JIBA OCHOBHI CITocOOHU. Y MEPITIOMY BUIAJKY €T
situ cuuaTe3oBaHi HY BBOAATH y MOHOMEpPHY CyMiI,
a IMOTIM MPOBOISATEL (POTOMOIIMEpPH3aIliio B iHTepde-
penritinomy mosi. O6’emua CTPyKTypa (HOPMYyETbCS
B IIpoIieci mosriMepu3ariii B pe3yibTaTi B3aeMoaudy3il
MOHOMEpa 1 HAHOYACTUHOK i CTabIIi3yeThCs 3a paxy-
HOK TIOBHOI TostiMepum3ariil mapy. Takwmit migxins mae
Hu3Ky Henoutikis. Ilepmr 3a Bce, HY metastiB Jrerko
arperyioTb B MOHOMepax. Jljisi oTpuMaHHST TOMOTEH-
HOI cyMimnri X HeoOXiTHO TOKPUBATH OOOJIOHKAMU, SKi
TepenmKoKaoTh 3aunanaio HY, mo yckmagHioe Te-
XHOJIOT'10 BUTOTOBJIEHHS ejieMeHTiB. OKpiM TOTO, JjIst
3alKCy BUCOKOYACTOTHUX CTPYKTYP HEOOXiIHO BUKO-
PHUCTOBYBATH BUIPOMIHIOBAHHS 13 JOBYKHWHOIO XBIJI
350-500 M, a came B IIBOMY /[lialla30HI PO3MIITEH]
CMYTH ILTA3MOHHOT'O TIOTVIMHAHHS HAHOL/IBIN YacTO BU-
kopucroByBannx HY meranis (Ag, Au, Cu). Ile npu-
3BOJIUTH JI0 MIOTJINHAHHS BUIIPOMIHIOBAHHS, SIKE 3allU-
Cy€ CTPYKTYPH 1 HEOITHOPIHOCTI 110 TJINOWHI peecTpy-
0900 IIapy, 1 THM caMuM OOMEXKYE JIOMYyCTUMY KOH-
nentparnito HY y Buxinmiit MomoMepHiit cymimi.

Parmime Mmu 3amporionyBanu in situ METOI, BUTOTOB-
JIEHHSI TIEPIOIUIHUX CTPYKTyp Ha ocHoBi HY cpibsa
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[21]. Biu nossgrae y Tomy, 1mo y BUXiJIHY MOHOMEDHY
CyMIIIl BBOIATH PO3UUH IPEKYPCOPY METAILY, 3 SKOTO
dopmytorbess Ag HY miciist rosiorpadivnoro samucy.
OCKIJIbKH PO3YMHU IIPEKYPCOPIB, HAIPHUKIIA, 300Ta
9n cpibJjia MOMINHAIOTH B jiamna3oni A < 350 HM, roJIo-
rpadivHuii 3annc MOYKHA TPOBOIUTH ¥ BCHOMY BUIU-
MoMmy giamazoni. MoxkHa Takok 3abe3medanTu OibIm
BHUCOKY KommenTpariio HY meranis, HiXK Ipu BBEICH-
Hi IX y IlepealIoJiMepHy CyMiIl.

Y miit poboTi Mu JOCTIIKYyEMO 0co0auBOCTI (HOp-
MyBaHHS, CTPYKTYPY Ta ONTHYHI BJIACTUBOCTI OIHO-
i neoBuMipHEX (1D, 2D) dboroHHMX KpHCTAIIB, BUTO-
TOBJIEHUX N S$itU METOJOM i3 3aCTOCYBaHHSM OPWTi-
HAJILHOrO (DOTOIOIMEpHOrO KoMo3uTy. OOGroBopro-
emo mexauizm cuaTesy HY B mostimepwiit maTpuri i
BIUIMB CTPYKTYpU3allil HAHOKOMIIO3UTA HA BJIACTHUBO-

cri HY.

2. BurorosJjieHHsi OJTHOBUMipHUX
Ta ABOBUMIPDHHUX IMEPIOMIHAX CTPYKTYD

Eranun BuroroBienus 00’€MHUX MEPIOAUMIHUX CTPY-
KTyp MeToAaoM roJorpadiunoil Jjitorpadil mpoisrro-
CTPOBaHO Ha puc. 1.

Buxinpa kommosuriis MmicTmia cymim 6idyHKITIO-
nagpHux MoHomepis: TI'M-3 — numerakpusiar Tpue-
riterrikomo (70 sar.%) ta AIII'T — akpui-6ic(upo-
nisenriaikosns)2,4-rosxyinenauyperan (30 Bar.%). ¥V
pouii tpekypcopy Ag HY 3zacrocoByBaBcs pozdumn
AgNO3 B aneronirpuii. st BUTOTOBJIEHHST TPEKYP-
copy 0,1 r mopomiky AgNOg pozunnsiiim B 1 Mt arte-
TOHITPWILY 3a KiMHATHOI Temmeparypu. OTpumaHmii
pO3UnH OyJI0 BBEJIEHO Y MOHOMEDPHY CYMIIl ¥ KiJTbKO-
cti 30 06.% BiIHOCHO IO MOHOMEDY.

Cucrema dotoininiarop — cencubisiizaTop: KeToH
Mixaepa (KM) (1 Bar.%) i xamdopxinon (CQ)
(5 Bar.%) zabesnedyBajia CBITJIIOUYTIUBICTD KOMIIO-
3uril y cuekTpasibaomy miamazoni 440-500 M. Ilooi-
MepHi mapu popMYyBANCH Y PE3YJIbTATI PAITKAILHOT
doTomnomiMepu3aliil KOMIIO3UIIT i1 TI€10 BUITPOMIiHIO-

Tonorpadiunuii

Monomepu + I

®dotoiniuiarop +
Po3uMH npexypcopy
MeTany

= g

Iparka
HoiMep - IPeKypcop

VYO onpomineHHs
a00 TepMo0OpoOKa

Iparka
nomimep - HY meramy

®doTtononiMepHa
KOMITO3HITist

Puc. 1. Burorosienust 06’€MHUX NIEPIOAUIHUX CTPYKTYP
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Puc. 2. CuexTpu NOIVIMHAHHS IIapy KOMIIO3MINI 3 aleTOHi-
rpuwioM o (6l mosHauku) i micsist (YOpHI MO3HAYMKH) OLHO-
pinsaOl doronosimepusariii BUIpoMiHIOBaHHAM i3 A > 400 HM.
JliBopy4 (KpyTJli HO3HAYKH) MOKA3aHO 3araJbHUI CIIEKTp, Ipa-
BOpy4 (KBaJpaTHI MO3HAUKHU) — JIJAHKA CIHEKTPa IIOTJIMHAHHS
kaM@pxiHoHa, 36iabmena y 100 pasis

BAHHS 3 JIOBYKUHOIO XBUJII 13 BKa3aHOT'O CIIEKTPAJIBHO-
ro jiamazony. [logpobutli BUTOTOBIEHHST KOMITO3HUITIT
Bukjasiero B [21]. Peakifina 31aTHiCT KOMIOBHUIIT
30epira€ThCsl HE3MIHHOIO ITPOTSATOM MICSI(S 38 TE€MIIe-
parypu 10 °C.

Ha pumc. 2 nokazano CHeKTpu NHOIIMHAHHS IIa-
Py KOMIIO3HWINI 3 alleTOHITPUJIOM JO i HicJsd OJHOPI-
aHOI (boTomoTiMepu3artii BUIPOMIHIOBaAHHAM i3 A >
> 400 aM. KOpoTKOXBHILOBA CMyTra TOTJIMHAHHS 3
MaKCUMyMOM Ha A ~ 358 M Hasjexkutb KM. Ciabka
JOBTOXBIJIBOBA CMYTa 3 Amax ~ 450 HM Bimmosimae
n — m nepexoay B Mmosekysi CQ. 3a #oro onrumanb-
HOl KOHIIEHTPAIIil KoediIieHT MOrInHAHH Ha, JIOBXKH-
mi xwmn 3amucy K < 5 em~!. Takum umsOM, TIpH
ToBIIMHI peecTpytodoro mapy d < 100 MM 3amuc
BiZOyBa€ThCA TPAKTUYIHO y 3aJaHOMY IIOJI, IO 3a-
6e3nedye OMHOPIAHICTD I'PaTKu 3a TOBIUHO©. OKpiM
TOTO, SIK BUJIHO i3 puc. 2, y mporieci 3amucy BigdyBa-
€ThCsl HE3BOPOTHE (POTOIEPETBOPEHHSI CEHCUOLIIZAaTO-
pa Ta iHimiaTopa, IO TPHU3BOJIUTH JIO Jerpajalii ix
CMYT TIOTJIMHAHHSI.

Tapu g7t roporpadivHOro 3anucy BUTOTOBJISLIN-
Cd PO3MINIEHHSM KpaIljl BUXIIHOI PiKOI KOMITO3H-
il Mi2K JIBOM& CKJISTHUMU ITJIKJIQTKAMU, PO3/ILIE€HN-
MU KaJaibpoBaHuMU crieficepaMu HEOOXiTHOT TOBITUHA
(10-50 mkm). Iicsist BOro CBITIOYYTIMBHIL AP eKC-
ITOHYBaBCs 1HTEP(MEPEHIIITHOI KAPTUHOIO sl 3aIlU-
¢y rojorpadidHOl I'PATKH MOIiMeP—IIPEKYPCOP MeTa-
ay. Ilicisa romorpadidHoro 3amucy s mogiMepu3a-
Ii1 3aJINIITKOBUX MOHOMEPIiB B 00JIaCTi 1M0O3a I'PATKOIO
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ITOBEPXHs 3pa3Ka OIPOMIHIOBaJIach OmHOpigHnM YD
BUITPOMIHIOBAHHSIM.

HY cpibaa yTBOPIOIOTHCSI, TOJIOBHUM MHOM, B IIPO-
meci JI0MATKOBOI OOpOOKM TI'pATKH IOJIIMEP—TIIPEKyp-
cop. s mporo micis 3ammcy BUJAAJSIOTH ONHY i3
MIKJIAI0K, sSKa Iepes IuM Oysia obpobJieHa aHTH-
aJIre3ifHUM TOKPUTTAM, & TOTIM T'PATKy IIporpiBa-
10Th 3a Temmeparypu 1 = 75 °C mporsirom 1 roju-
uu. TepMooOPOOKY TOBTOPIOBAJIN JTOTH, TTOKU BETAYH-
Ha JudpakiiiHol epeKTUBHOCTI 7) JoCsrajia MaKCHU-
MaJIBHOT'O 3Ha4UeHHs 1 crabinizysasnacsa. Ha koxkaomy
eTali TpoOBOAWBCA KOHTPOJIb TapaMeTpiB rpaTku. Ak
MIPaBUJIO, CyMapHUil 4ac TEPMOOOPOOKW HE TEePEBU-
mtye b roaun. BigHoBsenHs cpibia MOKHA TPOBOIUTH
i masgxoM ompomiHeHHsT TpaToK Y@ BUIPOMIHIOBAH-
HsIM, [IPOTE IIPOIEC BiTHOBJIEHHS Y IIHOMY BUIIAJIKY
iiJtle 3HAYHO TOBLIBHIIIE, HiXK TIPU TePMOOOPOOIT.

2.1. TI'onozpagiurutl 3anuc
1D i 2D cmpyxmyp

Hnsa Burorosnennss 1D rparok 3acTocoByBaJjach
CTaHJAPTHA CXeMa TIoJiorpadidHOro 3amucy JIBOMa
Iy YKaMu, sika 3abe3rnedye hopMyBaHHS OPErTiBChKUX
rpaTok mpormyckaiodoro tumy. [IpocropoBmit mepion
I'PATOK 33JIaBABCS KYTOM CXOJ2KEHHS IIy9IKiB aproHO-
Boro Jjazepa Ar' i3 mopxkumoo xBmii A = 488 HM
abo TeepaorinbHoro MBL-III-473 i3 A = 471 um. 3a
moromoroo ArT j1azepa 3aImcyBaiIch 'PaTKH 3 IPO-
CTOpPOBHUM mepiofioM B miamazoni Bix 0,45 1o 1 MKM,
3 TBepmoTinmbauM MBL-IT1-473 mazepom dopmysa-
JICS I'PATKH 3 MaKCHUMAaJIbHUM IIepiofioM 3,5 MKM.
Jljist MOHITOPHWHIY IIPOIIECY yTBOPEHHsI I'DATKu Oy-
sio Bukopucrano He-Ne yazep (A = 632,8 um). 3a
JIOTIOMOT'OI0O CHCTEMU PEECTPAIlil B peKUMi peabHO-
ro 9acy KOHTPOJIIOBAJIA IHTEHCUBHOCTI JIa3ePHUX IIy-
ukiB: I;, — AKUH TpOHIIOB Kpi3hb rpatky Ta Ilgi —
nudparosanoro na ii crpykrypi. Audpaxkiiiina ede-
KTUBHICTH I'DATOK 1) BusHadauacd gk 1) = it/ (L +
+ IL4if), y JaHOMY BUIIQJKY HE BPAXOBYETLCs BinOu-
Te 1 po3cisiHe BUITPOMIHIOBAHHS & TAKOXK HMOTJIMHAHHS
CepeOBUIIA.

g rpaTok 3 IPOCTOPOBUMU IIEPIOJAMH B MEXKaX
0,4-1,0 mxMm BuOpano ToBiuHy >10 MKM, IO Bij-
noBigHO 10 mapamerpa Kyka—Kueitna [22] mosBosisie
OTPUMYBaTH I'PATKN OperriBcbKoro tuiry. B risomy Bu-
magKy crocrepirasgucs Jjume 0 ta —1 gudpakiiitai
TOPSIAKA. Bemnauny aMIuiiTy i MOIYJISIN] TOKA3HY-
Ka 3aJIOMJIEHHS 7] MOXKHA BU3HAYUTHU 32 (POPMYJIOIO

ISSN 2071-0194. Yxp. pis. orcypn. 2018. T. 63, N 10



Baacmusocmi nepiodunwHur cmpykmyp

Im6 2

SLM

Laser

rJ\» N
| 7™

=N

Mr,,

QYay

Puc. 3. ExciepumeHnTajibHa YCTAHOBKA JIJIS IIECTHUILYYKOBOro 3amucy 2D crpykTyp: Laser —
Art mazep, ki1, k2 — xosmimaTopu, SL — mpOCTOpPOBHiT MOYJIATOP CBIT/IA, 3 33JAHUM ITPOCTO-
posuM posnojaiiom a3 Im, SF — npocroposuii dinbrp, BS — npusMoBa cucrema po3/iijeHHs
Ja3epHoro mydka, Mrj_g — n3epkadgia, 0 — kyt, Ph — borouytiiuse cepeposuiie

Korenbauka [23], mo a10 MOXKJIHUBICTb 06IHCIIOBA-
TH 7q:

At cosflg arcsin |/
N md ’

ni

ne 0 — kyr Bperra B cepenoBuini, d — TOBIIMHA
I'paTKH.

11106 3abe3meunTu OPErriBCbKUil pexKuM TudpaKitil
JJIS TPATOK 3 MEPIooM 3,5 MKM, X MiHIMaJIbHA TOB-
IMWHA MOBUHHA JopiBHIOBATA H0 MKM.

st dopmyBanus 2D mepiogndaux CTPyKTYp Me-
TogoM rosorpadivnol mitorpadil [24] sassuuail Bu-
KOPHUCTOBYIOThH Oararorrydkosi cxemu. st ojepzka-
HHsI HEOOXI/IHOI KIJIBKOCTI ITyYKiB, TOJIOBHMM YHHOM,
3aCTOCOBYIOThCs Ipu3Mu [25] abo pizHoro Tumy -
dpakIiiiai eJeMeHTH, B TOMY YHCJ IPOCTOPOBI MO-
mynsitopu cBiTia [26]. Tun exemenTiB Ta X po3Tanty-
BaHHS MiAOUPAIOTHCS TAKUM YHHOM, 100 3a0e3mevn-
TH HeOOXiTHY reoMerpito iHTepdepeHItiitHol KapTHHI
i, BIANOBIZIHO, CHIMETPIIO Ta PO3MIP eJIeMEeHTapHOI KO-
Mmipku dorornoro Kpucrana [26-28]. Pazom 3i 3mi-
HOIO KIJIBKOCTI ITYyYKiB Ta KYTiB MiK HHUMHU, CTAHO-
BUTH iHTEpeC TAKOXK KepyBaHHs (HAa30BUMHU CITiBBiI-
HOIIIeHHsIMU MiXK iHTepdepyrounMu myukamu [29], 1o
Jla€ JI0JIATKOBY MOKJIUBICThH BILIUBATU HA PE3YJIBTY-
IOYUH PO3MOJILT iIHTEHCUBHOCTI B MJIOMIWHI 3amucy. ¥
[30] Mmu 3anpononyBasiu MoaudIKaLilo CXeMH 3aIucy,
B gAKiil 171s popMmyBaHHS iHTEpMEPEHITIHHOT KAapTHHA
3aCTOCOBYETHCsI IIPOCTOPOBUIT MOLysIATOp cBiTsia. Ha
puc. 3 MU IPUBOJIUMO CXEMY 3aIUCY MIICTHOMA Ty IKa-
MM, KA JTa€ MOXKJIUBICTH (POPMYyBaTU IeKCATOHAJIBHI
crpykrypu. Po3srisHemo pobory Takoi cxemu. Koiti-
MOBaHHUH IIyYIOK BUNPOMIHIOBAHHS Jia3epa IIPOXOIUTH
Jepes MPOCTOPOBUii MojaysATop cBitia SLM mporry-
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CKAIOYOT0 TUITY, SIKAN 3MIHIOE PO3OALT (ha3u TAKIM
IUHOM, 00 CTBOPUTH IICTD MYJKiB PiBHOI IHTEHCHB-
mocti I1_¢ i3 3amanumu daszamu ®;_g B KOKHOMY 3
Hux. Im — wromuua SLM, Ha sKiii moKa3aHa reoMe-
Tpig po3TallyBaHHS IIYYKiB, TEeMHUM BiJIMiU€HO 30-
HU 3arajJibHOTO IydYKa, 1Mo He 3aidigui. lIpocToposmii
dinerp SF Buminse ocnoBuumii mopsimok SLM, 6ioky-
IOYM IIYYKW BUIUAX IOPSAJIKIB, TOYMHAa04YN 3 *+1 1mo-
psakiB. Cucrema npusm BS Hampabiisie mydyku 10
mzepkasn Mri_g (nmokasano Mri_y4), siki GopMyoTh
iHTepdepeHIliiiHy KapTuHy 3 HEeOOXiTHUM IePioIoM.
XBunboBuit BekTOp k; KOKHOI j-cBiTioBOI XBHIi (11O~
Ka3aHo [j_4) JIeKUTHh Ha IIOBEPXHI KOHYca i3 KyTOM
poskpurTa ¢ i Mmae xommnonentu kj x, kjy, kjz, 1e
Bich Z 30iraerncd i3 Biccio koHyca. IHTepdepentiii-
He 1ojie (popMyeThcst B 00’e€Mi TepeTHHY BKa3aHUX
XBUJIb, JI€ PO3TAIOBAHO CBITJIOUYT/INBE CEPEIOBUIIE
Ph. 3uinroroun pisuuiio ¢as3 Ta KiabKicTh 3amucyio-
qux mydKiB 3a jgoromoroo SLM i BS mu maemo mo-
JKJIUBICTB (POPMYyBaTU KPUCTAJU PI3HOIO THUILY CHMeE-
Tpil. Bapro 3a3HaunTu, mo s jeskux (piKCOBAHUX
BigHOmeHsb a3 B iHTepdepyrounx IIydKax BiICyTHS
nudpakiiiifia po30iKHICTh y3I0BXK oci Z B 30HI IX
uepexpurTs [29].

3. BaactuBocTti 1D 06’eMmHUX

cTpyKTyp nojimep—Ag HY

3.1. Mexaniam ymeoperHs

nepioduuHuxr cmpykmyp noaimep—Ag HY

Mexanizm opMyBaHHsST I'PATKU TMOKA3aHO Ha puc. 4.
Bceranosieno, mo mig gac dporomnosimMepusarii y ie-
PiOIMYHOMY CBITJIOBOMY TIOJIi OCHOBHI KOMIIOHEHTH,
TaKi K MOHOMEDHA CYMINI Ta PO3YHUH IPEKYPCOPY
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Y® ado
TepMiuHa
nocT-
00podka
— MOHOMEDP
® — AgNO,+CH,CN
« —AgHY

Puc. 4. Mexanizm ¢popMmyBaHHs I'DATKH

MeTaJy, 6epyTh yIacTh y HE3BOPOTHOMY (DOTOIHITY-
KOBAaHOMY MacCOIIEpEHECEHHI MiXK OCBITJIEHUMU Ta He-
OCBiTJIeHUMU O0JIACTAMU iHTEepdEPEHITiitHOT KapTUHU,
o 3abesnedye CTablIbHICTE OTPUMAHOI CTPYKTYPH.
Pozunn npekypcopy BuUTICHSETHCS 3 MOJIMEPHOI Ci-
TKHU, dKa (POPMYETHCS 1 PO3MIIIYETHCS TMEPEBAYKHO
B IITPpUXaX T'PATKH, IO BiJMOBIJAIOTH 30HAM BHCO-
Kol iHTeHCUBHOCTI B iHTepdepeHiiiniit kapruni. Pos-
YUH TpeKypcopy andyHaye B HeocBiTeHi 3ouu. [Tos-
Ha MOJIiMepHu3allisi KOMIIO3UTa 3abe3ledye yTBOPEH-
Hsl 00’€MHOI CTPYKTYpH, IO CKJIAJAETHCHA 3 Iepio-
JAYIHO PO3TAIOBAHUX OOJacTeil: mojiMep Ta, IOJIi-
Mep, 3b6aradeHuit mpekypcopoM metasty. llomasbimia
TepMiuHa 06pOOKa 3pa3Ka CIPUYUHSIE BUIIAPOBYBaH-
Hs po3unHHuKa Ta dopmysanus Ag HY, mepesaxkuo
B THX 00JIACTSIX CTPYKTYPH, #Ki MICTITH MeTaJIeBUil
IPEKyPCop.

Posrisinemo  zierasibHilie MexaHisM cuHTE3y Ag
HY. Bignosigao mo cyvacHux ysisiesb [31], mpomec
CHUHTE3y HAHOYACTHHOK CPibJia B PO3YMHI MOHOMEDA 3
clutio cpibsa i BIZHOBHUKOM MPOXOIUTH CTAJIII0 Bi-
Hopyrenns Agh, yrsopenns Kiacrepis Ag, i 36imbIme-
HHsI PO3MipiB HAHOYACTHHOK IpH 00’€IHAHHI KJIacTe-
pis: Agt + e~ — Ag, (atom), zAg, — Ag, (HI).

AHajni3 MexaHi3My Ta BILUIUBY Pi3HHX KOMIIOHEHT
KoMnosumnil Ha ¢oTo- i TepMmosigHosaenna Agt mo-
Tpedye OKpPEeMOTro MOC/iKeHHsI. B JaHOMY BHUIAJIKY
MU MOXKEMO IIPUBECTHU PsiJ MipKYyBaHb, sIKi y3TOIKY-
I0TbCs 3 BijoMuMu ganumu 3 (oTosinHosaenna Agt.
®PoromnoriMmepr3aliisi aKpUJIOBHX MOHOMEPIB 3 BUKO-
pucranssim doroininiaropa KM Bimoma masHo [32]:

KM + KM % KM{, ) + KM{_y). (1)
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®oroximiune meperBoperrs KM mpuzsBomnTh 10
YTBOPEHHST KETUJIHLHOTO KME“ H) i aMiHOAJKIIHHOTO
KMZLH) pamukasiB. OcraHHIl € aKTUBHUM paiKa-
JIOM, SKHl iHIIIIOE JIAHIFOTOBY PEAKINIO PaJInKasIb-
HOT ntostimepu3artii. J[jist 301bIIeH ST BUXO/LY aMiHOAJI-
KUTBHOTO PaJUKaJIa TpaauIiiitao pazoMm 3 KM Bukopu-
croBy10Th GeHzodenon [33]. B namiit ininioouiit cu-
cremi B poJii cencubinizaTopa mosiMepu3ariil 3aMicThb
6en3odenony ukopucrano CQ. Bin He Tijnbku 10-
IVIMHAE Ha JIOBXKWHI XBHJII 3aIUCy, &, Ha BiIMIHY Bif
6en3odeHony, Mae He OJIHY, a Bl KapOOHLIBHI IpyIIH,
IO CHPUs€ OLIBIITOMY BUXO/Y aMiHOAJKIIBHUX PaJIU-
KaJIiB:

KM + CQ % KM{_yy, + CQ{, g (2)

fx 3azmagasiocss BuUIle, yTBOPEHUIl aMiHOAJIKIIb-
HUU paJTuKaJI KMLH) iHIIiTO€ peaKIlifo MmojiMepu3a-
1ii. Y CBOIO Yepry, KeTUJIbHUI PaJImKa CQ’(k 1) MOZKe
BigmoBmoBaTu AgT 3a cxemoro:

Agt+H +0~ 25 A +HT + O

IIpu BumapoByBaHHI AlETOHITPUILY BiIOYBAETHCSI
KOHJIEHCAIlist 1 Kpucrasizariis saaummkosoro AgNO;z 3
yTBOpeHHsIM cycriensil nanodactuHok AgNOjs B Ma-
TpHUIl, AK 1€ Ma€ Micle 3 rajoreHizamm cpibia B
marpuni 3 kexaatunu [34]. Iomasnbmie HarpiBanHs
MIPU3BOJIUTH JIO TEPMOCTUMYJILOBAHOTO BiTHOBJIEHHS
Ag(I) (omHOBaJIEHTHOTO CpibJIA) 1 yTBOPEHHS HAHOYA-
CcTUHOK cpibsia. JlocmimKeHHs CIIEKTPIB IOTVIMHAHHS
KOMIIO3UTA 1 OTPHUMAHOI'0 3 HBOT'O TOJIMEPHOIO IIa-
Py 10 1 micad HarpiBaHHA IOKa3aJjid, 10 HAr'piBaHHS
3pa3KiB CYNPOBO/ZKYETHCS 3MEHIIIEHHSIM iHTEHCUBHO-
CTi cMyTH TOTJIMHAHHST KeToHa Mixjiepa, To6TO 3MeH-
meHHaM foro KoHnenTparii. lle nae miacraBy mpuiy-
CTHUTH, IO YTBOPEHI B TEPMOCTUMYIHOBAHIX PEAKIIi-
sax (1), (2) paukam KM, ) 1 (abo) CQ( ) Bigi_
rpaioTh iCTOTHY POJIb B TEPMOCTUMYJIHOBAHOMY BiJI-
HOBJIEHH] cpibsia. KpiM Toro, HarpiBaHHSI CTHMYJIIOE
nporiecu audy3il, MO TaK0XK MOXKE CIIPUSATH aKTUBa-
Ii1 TIpoItecy BiJTHOBJIEHHS.

3.2. Cmpyxmypa ma cnexmpasvHi
saacmuesocmi s'pamox noaimep—Ag HY

IlepiommunicTs poznoxiry HY B momimepwniit maTpuri
Oys10 miaTBepIKeHo HocaimKenasaM 1D rpaTku 3a m10-

IIOMOT'OI0 €JIEKTPOHHOT'O MIKPOCKOIIa IIPOITYyCKAI0IOr0o
Tuiry. Meroguka eKCIepuMEHTY JETAJIHHO OIHMCAHA Y
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[21]. Ha mikpodororpadii (puc. 5, a) BumaHo, mo cde-
puanai HY i3 cepemmim miameTpoM 9acTUHOK OJIM3HKO
5,25 M (o = 1,37 HM, puc. 5, 6) yTBOPIOIOTH IITPUXH
I'PaTKH.

QopmyBannsg HY Takoxk MMiaTBepKyeThCs 3MiHA-
MH B CIIEKTpaxX eKCTUHKIII rpaTrok. Ha puc. 6 noka-
3ani ciekTpu ekctuHKIH 1D i 2D crpykryp. Cmyru 3
MakCUMyMOM 1obsm3y 450 HM € XapaKTepHUMH IPU
30y/I2KEHHI JIOKAJIbHUX [TOBEPXHEBUX ILJIA3MOHIB B Ag
HY. Cmyra 3 makcumymoMm 360 HM HaJeKuUTh (HoTo-
ininiaTopy KM.

Y Tabauii HaBeJIEHO 3HAYEHHSI M1, OJEpPXKaHi Ha
JOBXKUHI XBWJI 632,8 HM /1 TPATOK 3 PI3HUM Tepi-
0JToM. 3MEHIIIEHHSI N 13 3POCTAHHSIM MTE€PIOJy I'DATKH
€ XapaKTEePHUM I CEPEJIOBUII, 3 TOJIMepHU3aIliiiHO-
JudysiiitHIM MexaHi3MOM (DOPMYBaHHsI CTPYKTYPH.
B nanomy BUIIaJIKy BOHO IOSICHIOETHCS 3MEHIIIEHHSIM
MOJTYJIATI] KOHIIEHTPAIIIl PO3YNHY TPEKYyPCOPY 3a pa-
XYHOK 301/IbINIeHHS MOBXKUHA nudy3iiiHOT0 mpodiry i3
3pocTaHHsaM Tepiomay. Binguaammo, 1o ogepKami 3Ha-
YeHHs M| € XapaKTEePHUMHU [jisd rojorpadidHux mo-
JIIMEDHUX HAHOKOMIIO3UTIB. TakKuM YMHOM, YTBOpPEH-
usg HY Ag cupudunnsie ipocTopoBy MOJYJISIIHIO JieJie-
KTPUYHOI CTaJ0] HAHOKOMIIO3UTA 1 3abe3medye dop-
MyBaHHS BUCOKOedeKTuBHuX 1D cTpyKTYyp.

Kondoxkampaa ckamyioda MiKPOCKOIIs T03BOJIIIA
BUBYHUTUA MeXaHi3M (opMyBaHHsS i TpaHcdopMmarril
00’€MHUX TOJIOTpaM ILIAXOM Bi3yaJizaril mpoduiin
PO3IOJILTY TIEHTPIB, IO X YTBOPIOIOTH 1 BUMiPIOBAHHS
IX JIOKAJIbHUX ONTUYIHUX XapaKTepucTuk. HecuHycol-
nmanbuuii posnomia HY Ag, mo dpopMmyerbest mpu He-
OTHOPIiAHIHT TToTiMepu3arltii B iHTepdEepeHItiiHOMY TT0-
Jii, HaBEJIEHO Ha puc. 7 y ¢opMi MpodiI0 JIOKaIb-
HOI ONTUYHOI T'YCTUHH, BUMIPAHOI IPU TTPOXO/IZKEHHI
CBiTJIa Kpi3b I'PpaTKy. BecranoBieno TakoxK, 1Mo B I'PaT-
Il TPUCYTHI KOMHIOHEHTH, IO JIIOMIHECIIOIOTH IpH
30y/eKeHHI y pisHux objacTsax cuekTpa. IIpocropo-
BHil PO3IO/iJT HOPMOBAHO! iIHTEHCUBHOCTI (hOTOTIOMI-
HecteHIii (PL/PLy,,x) BUsiBUBCs npoTudasHuM Bij-
HOCHO PO3TMOJI/Iy HMOTJIMHAHHS 30y/KyI0YOro CBITIIA,
TOOTO IHTEHCUBHICTD JITOMIHECIIEHTIIT 0OTacTe 3 HU3b-
KAM MOTJIMHAHHAM, IO BiIITOBIAIOTH MaKCAMyMaM
iHTEeHCUBHOCTI iHTEPMEPEHITIHHOTO OIS, IEPEBUIILYE
IHTEHCUBHICTD JIFOMIHECIIEHITi1 00J1acTel, po3TanioBa-
HUX y MiHIMyMaX iHTep(dEpPEHIiitHOrO TOJIsl.

JocutizkeHHsT iHTerpaJJbHOI JIIOMiHECITIEHTIIT TPATOK
[TOKA3aJId, 0 CIEKTPHU iX JIOMiHECIEeHI] Tpancdop-
MYIOThCH y nporeci mocrobpobku (puc. 8). Ilicssa 3a-
IIMCY B CHEKTPI CIIOCTEPIra€ThCs IMUPOKA CMyTa 3 Ma-
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Puc. 5. TEM-mikpodororpadisi crpykTypH (a) Ta ricrorpama
PO3IO/Ily HAHOYACTUHOK 3a po3MipoM (6)
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3x10°
2x10°

1x10°

TToxa3HuK eKCTHHKIIT, CM

0 T T T T T )
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A, HM
Puc. 6. Cuexrpu excruukuil 1D (xpusa 1) i 2D (kpusa 2)
CTPYKTYD

o
N
-
of
o
w

X, MKM

Puc. 7. Tlpodini onrtnunol rycrunu (IyHKTUPHA JIiHIA) Ta
HOPMOBAHOI IHTEHCHBHOCTI JOMiHeceHIil (CyiinabpHa JiiHis)
B3JI0B>K BEKTOpa I'PATKU

ITapamerpu 1D cTpykTypu

A, MKM d, MKM n, % ny
0,40 20 0,75 0,0135
0,95 20 0,87 0,0142
3,5 50 0,97 0,0056

KcuMyMOM Tipubsm3Ho 450 HM, 1m0 HaiibLIbIT iMOBIp-
o najexxkutb KM. Taka »k cmyra crmocrepiraerscs B
cnekTpi moJiiMmepHoro mapy, mo Mictute KM i CQ,
asie He micruTh Ag HY, ockijibKu 1pu #Or0 BUTOTOB-
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Puc. 9. Jlokanbhi cieKTpu JIIOMiHECIEHIN] I'PaTOK B OCBiTjIe-
HUX (TPUKYTHHUKH) Ta HEOCBITVIEHUX (KPY?KEIKH) OBIACTAX
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Puc. 10. Mikpodororpadii kpucranis (A1 = 3,5 MKM) Juis
A® =0 (a) rta A® = 67 (6). Ha BcTaBKax po3paxoBaHi po3mo-
Iy iHTEHCUBHOCTI B iHTepdEpEeHIiiHii KapTUHi

JIEHHI TIPEKYPCOP METaJy He JIOJABABCS JIO CYMIIII.
Ilig giero YO BunpoMiHIOBAHHS iHTEHCUBHICTH CMYTH
KM 3menrnryernest, i 3’9BIIsI€THCsT HOBA CMYTa 3 MAKCHU-
myMoM B okosri 500 uM. OckijgbKu Taka cmyra Bif-
CYTHsl B CHEKTpI JIFOMIHECIIEHIII TOJIIMEPHOIO IIapy
6e3 HY moxkHa mpuirycTuTH, 10 BOHA YTBOPEHA BU-
IPOMIHIOBaHHSIM CTabLIBHUX MPOJIYKTIB, siKi BUHUKA-
10Th y nporieci cuaresy Ag HY, abo kiacrepis cpibiia.
Cain BiIBHAYNTH, 10 B MPOIEC] IOCTOOPOOKHU B CIie-
KTPi 3’ABISAIOTHCA cMyTrH (He MOKa3aHi Ha PUCYHKY ),
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fAKI BIIIOBIZAIOTH MPOMIXKHUM TPOAYKTaM (DOTOCTH-
MysbBaHoro cuuredy HY i 3umkaroTh miciist 3akinge-
HHsI OOPOOKH.

JocitiizKeHHS TPOCTOPOBOrO PO3MOIIY CIEKTPa
JIIOMIHECIIEHTIIT I'PATKH IMOKa3aJ10, IO CTPYKTYypa CIie-
KTpa He 3MIHIOEThCS B 00JIACTAX T'PATKHU, SKi Bijmo-
BiIalOTh MakcHMyMaMm 1 MiHiMyMam iHTepdepeHIiii-
HOT'O TIOJIS, TOJI 9K IHTEHCHBHICTH JIIOMiHECIIEHITT B
HicTh B HeocBiTIenux obactsax (puc. 9). Ha Bigmimy
BiJI CIIEKTpiB Ha pHUC. 8 y IIbOMY BHUIIAJKY MH CIIO-
cTepirajy CTPYKTYpPHY CMYTy BHIpOMiHIOBaHHA. Ha
HaIll MOV, y CIEKTpax Ha pUC. 8 CTPYKTYPa MOXKe
MAaCKyBATHUCS 3aJUIIKOBAM BUIIPOMIHIOBAHHSM IIPO-
JAYKTIiB, IO MOKE CIIOCTEPIraThCS y pPe3yabTaTi He-
3aBEPIIEHOCT] IIPOIIECY CUHTESY.

Opiepzkani pe3ysibTaTu BKa3yOTh Ha OLIBIT BHUCO-
Ky KBaHTOBY e(dEeKTUBHICTH JIIOMiHECIeHIl B obJsa-
CTSIX FOJIOIPAMHU 3 HU3BKUM IIOTJIMHAHHAM i, BiIITOBiI-
HO, HU3BKOIO KOHIEHTpallieo cpibma. Ile moBoauTsb,
0 BKA3aHe BUIIPOMIHIOBAHHS He MOXKe Hajexkarn Ag
HY. Bimomo, 1110 JIOMIHECIIEHTHUMA BJIACTHBOCTIMU
BOJIOIIOTH KJIacTepu cpibsa 3 po3mipom <1 HM, 110
CKJIAJIAIOTHCS 3 JIEKITbKOX aToMiB cpibsa i gki mMu
HE CIIOCTEPIraeMo Ha eJIEKTPOHHOMIKPOCKOIITHUX 30-
OpaxkenHsix. ¥ [21] 6ysno mokasaHo, Mo Ha BiaMiHy
Biz BigHOCHOI KoHmenTparili HY B ocBiTieHux Ta He-
OCBiT/IeHUX iHTEepEPEHITIHHIM T0JIeM 00JaCTAX T'pa-
TKU, SKa JOPIBHIOE 1, BIJIHOCHA MOJLYJISAIiS KOHIIEH-
Tparii npekypcopy cranoBuTbh npubsuzuo 0,75. Too-
TO, HE3BAYKAIOYN HA HASIBHICTH MPEKYPCOPY METAIY B
0box obsactsax, HY 3 posmipamu >1 HM yTBOpPIOIO-
ThCH JIUIE B HEOCBiTIIeHUX obsactax. Lle moxke 6yTu
pPe3yJIbTaTOM TOTO, IO HIBHjKe (PDOPMyBaHHS B OCBi-
TJICHUX ODJIACTSX 3IIUTOI MOJIMEPHOI CITKHU ITePENKO-
JI?Ka€ YTBOPEHHIO YACTUHOK 3 po3mipom >1 um. Ilpo-
IeC TaJbMY€EThCs IC/I YTBOPEHHSI HEBEJIUKUX KJla-
cTepiB cpibia, sdKi MOXKYTb 3yMOBJIIOBATH JIIOMiHe-
CIEHIIII0 y BKa3aHUX 00JACTIX. 3pODJIeHe TIPUITY IIIEH-
He TTOTPEOYE TI0/IaJIbINOI IEPEBIPKH.

4. Baacrusocri 2D 06’emHux
cTpyKTyp nojsiimep—Ag HY

Hamu 6ysmo po3paxoBaHO pO3IOJIii iHTEHCUBHOCTI B
iHTepdepeHIIiitHiii KapTUHi, YyTBOPEHiil micThOMA IIy-
gkamu. Ha puc. 10 (BcTaBKu) mOKa3aHi pPO3MOJi-
JI IHTEHCUBHOCTI /I8 PI3HUX MeKCaroHaJbHUX CTPY-
kryp. g Bunagky puc. 10, a cymapuunit nabir da-
31 Mixk nyukamu (mepmuM i ocranaivm) A® = 0, s
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puc. 10, 6 cymapuwmii Habir dazu cranoutb AP = 67r.
Orpumani HaMU Pe3yJILTATH Bi/ITOBIIAIOTH CTPYKTY-
pam, omcarum y [29].

3aCcTOCOBYIOUN IIECTUIYYKOBY CXEMY, MU OTPHMa-
s 2D oToHHI KpuUCTaIU, CTPYKTYpa SIKAX BiIIO-
BiJla€ BKa3aHWUM HA BCTAaBKaX PO3PAXOBAHUM CTPY-
krypam. Mikpodororpadil kpucrasiB HaBeneni Ha
puc. 10, a, 6. 306paxkenuss orpuMaHni npu GoKycy-
BaHHI HAa IIOBEPXHIO KPHUCTAJIA.

3adikcoBaHO TEPEPO3IOILI 30H, sIKI BiAIOBIIAI0TH
repeBaxkHiit KoureHTparnii mojgimepy i HY npu 3mi-
Hi (a30BOro 3CyBy MiXK 3aIUCYIOUNMHI IIydKaMu. K
Oyo BkazaHo panime, Ag HY yrsBopoomoTbcs B 30-
HaX, AKi BANOBiIAIOTH MiHIMyMaM TOJs, KyJIu Y
IIporieci mosriMepu3ariii KOMITO3UILT T yHIye PO3UNH

[lopiBHABIIN PO3MOLIM TOJIA 1 KAPDTUHY CTPYKTY-
pY, MU BCTAHOBHJIH, IO CBITJIi 30HM Ha 300parKeH-
Hi BiAMOBiTAIOTH MaKCHMyMaM IIOJisI, TOOTO JIi/IsTH-
KaM IepeBaxkHol KOHIeHTpAIil nosimMepy, To/i gk Ag
HY posramoByroTbcs y TEMHUX JISHKaX 300pake-
HHs. TakuM YHHOM, U HYJIOBOMY (ha3zoBoMy 3CyBi
(A® = 0) mosiMepHi 30HU YTBOPIOIOTDH IMIECTUKY THU-
KU, PO3MIILYIOYNCh Y KyTaxX i B IIEHTPi IMIECTUKYTHU-
ka. IIpu 3cyBi daz mix 3anucyrounvu mydkamu (Bu-
nagok AP = 67) MECTUKYTHUKU YTBOPIOIOTH JIiJIsH-
KH, siKi 36arageni Ag HY.

Sk Bugno i3 puc. 10, 6 (BcraBka), nosgiMepna dasa,
sKa BIJITOBiZIa€ OCBITVIEHUM JIJITHKAM, TaKOXK CTDPY-
KTYpPOBaHa 1 yTBOPIOE MECTUKYTHUKN HABKOJIO JiJIsi-
HOK TIepeBaxkHOl Jokasizaiil Ag HY (remHi 30HU Ha
puc. 10, 6 (scraBka)). Ockinbku Ag HY yrBopioro-
Thesl Ge3mocepeTHLO0 B KPUCTAJI, 3MiHA PO3MIpIB 30H,
y SIKUX BOHU (POPMYIOTHCs, MOXKE BILJIUBATH HA PO3-
Mmip i kommenrpamito HY. V¥V [35, 36] Mmu mokaszanm,
[0 CTPYKTYPYBAHHS JOCJILZKYyBAHOIO HAHOKOMIIO3U-
Ta BIUINBAE Ha JUHAMIKY €JIEKTPOHHUX 30Y/I2KEHb B
Ag HY i nixcnroe HemiHiftHUI BiTYK HAHOKOMIIO3HU-
ta. OKpecjeHi mUTaHHS € IIKABAMH $K 3 HAYKOBOI,
Tak i MPAKTUIHOI TOYKH 30py i OyAyTh MIpeIMeToM
[IO/TAJIBIINX JIOCHIiI2KEHb.

5. Bucuosku

Y pesyabraTi AOCTiZKEHHST BIACTUBOCTEH 00’€MHUX
IepioINIHUX CTPYKTYP, yreoperux HY cpibsa B mo-
JIIMEPHIN MaTPHIT, BCTAHOBJIEHO TaKe.
Enexrponno-mikpockomiyai 300paxkenus ta dop-
Ma mpodiso JoKagbHOl onTudHOl rycTuHu 1D cTpy-
KTypu BKa3ye€ Ha HecuHycoimaabHuit posmomia HY
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Ag, 1m0 dpopmyeThest ipu HEOTHOPITHIH ToTiMepr3aIiil
B imTepdepentiitnomy mosi. Ilepioguana cTpykTypa
YTBOPIOETHCS YEPryBAHHSIM YHUCTO TOJIiMepHOl dha3u
Ta rojriMepHol (asu, 36aravenol Ag HY.

[IpocropoBuit po3mOILT IHTEHCUBHOCTI JIIOMiHE-
CIleHIIil € MpoTuda3HuM BiTHOCHO PO3IOJIIY JTOKAIb-
HOI'O TIOTVIMHAHHS CBITJIa B CTPYKTYPi, IO CBLIYUTH
1Ipo OLJIBINT BHCOKY KBAHTOBY €()EKTUBHICTDH JIOMiHe-
CIIeHIIil B 00JIACTSX TOJOTPAMHU 3 HU3BKUM ITOTJIU-
HAHHSAM 1, BIANOBIAHO, HU3BLKOIO KOHIEHTpalielo Ag
HY. Hait6inpim #iMOBIpHUM IMOSICHEHHSIM ITPOCTOPO-
BOI'0 PO3LOJILLY JIIOMiHECIEHI] € YTBOPEHHS B IIOJIi-
MepHiit ¢asi, Mo BiANoOBiIae MakcuMyMaM iHTEpde-
PeHIlifiHOT KapTWUHU, KJacTepiB cpibjia 3 po3mipom,
MeHIUM Bij 1 HM, SKi BOJIOJIIOTH JTIOMiHECIIEHTHUMU
BiacTuBocTsMu. LanbMmyBaHnHs yrBoperas Ag HY 3
po3mipoM >1 HM MoOKe OYTH Pe3yJIbTaTOM IIBUIKOTO
dopMyBaHHSI B MaKCUMyMax iHTep(epeHIiiitHol Kap-
TUHHY IILIBHOT 3MTUTOT MTOJIIMEPHOL CITKH, 1110 OOMEXKYe
nudy3iitHO KOHTPOJIbOBaHI peakiiil cuaresy HY.

TlosliMepHuii HAHOKOMIIO3UT 3abe3IeYye BUCOKUM
koHTpacT 2D cTpyKTyp 1 OMHO3HAYHO BimoOparkae
3MiHYy PO3MOJiIY IHTEHCUBHOCTI B iHTepdepeHIiitHii
KapTWHi, M0 BHKOPHUCTOBYETHCS I TOJOTPadidHO-
ro 3anucy. Brms cumMeTpil Ta mapamerpiB mepiomm-
YHOI CTPYKTYPH, & TAKOXK OCOOJIMBOCTEHl yTBOPEHHS
mostiMepHol ciTky Ha BiaacruBocti HY, siki dopmyro-
ThCs OE3MI0CEPEIHBO B CTPYKTYPOBAHOMY KOMITO3HUTI,
€ TIPeIMETOM TOJAIBININAX JOCTIIKEHD.

L5 poboma byaa suKOHAHG 30 NIOMPUMEKU 2PAHMY
Ipoepamu  Dyndamenmanrvrux Jocaidocens HAH
Vrpainu  “Qyndamenmanvti mpobaemu  CMEOpeH-
HA HOBUT HAHOMAMEPIAAIE Ma HAHOMETHOA021T”
(ITpoexm  3/17-H). Takooic 6UCAOBMOEMO NOOAKY
Dr. M. Stark ma Dr. V. Chechik (University of York)
3a nposedeni TEM sumiprosarms i 0-py @is.-mam.
nayk A.B. Benuamunosy (CII6 TVUTMO) 3a dono-
MO2Y Y JOCAIOHCEHHAT CTMPYKMYPHUT 0cobAUBOCTNET
J'pamox.
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V.O. Hryn, P.V. Yezhov, O.S. Kutsenko, T.M. Smirnova

PROPERTIES OF PERIODIC

STRUCTURES FORMED BY ORDERING SILVER
NANOPARTICLES IN A POLYMER MATRIX

USING THE HOLOGRAPHIC LITHOGRAPHY METHOD

Summary

The properties of one- and two-dimensional periodic structures
formed by silver nanoparticles in polymer matrices have been
studied. The thermo- or photostimulated synthesis of silver
nanoparticles using the holographic lithography method oc-
curs from a metal precursor previously distributed in the poly-
mer matrix. The scheme of multibeam holographic recording
is improved with the help of a liquid-crystal spatial light mod-
ulator. The mechanisms of periodic structure formation in the
interference field, as well as the synthesis of silver nanoparti-
cles, are considered. The relation between the parameters of
nanoparticles and their spatial distribution, on the one hand,
and the spectral properties of structures obtained in the poly-
mer matrix, on the other hand, is studied.
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