OI3UKA I XIMIA TBEPAOI'O TUIA
T. 11, Ne 3 (2010) C. 657-662

Y JIK 537.31:537.226.2

PHY SICS AND CHEMISTRY OF SOLID STATE
V. 11, Ne 3 (2010) P. 657-662

ISSN 1729-4428

JI.C. Cemko, C.M. Maxno, O.1. Kpyuek, ILII. 'opOuk

EaexTpo@dizuuHi BI1acTUBOCTI HAHOKOMIIO3UTIB HA OCHOBI
NOJIiBIHUIXJIOPUAY Ta HAHOKPHUCTAJIIYHOIO HIKeJII0

Incmumym ximii nosepxni im. O.0. Yyiika Hayionanenoi akademii nayk Yxpainu,
eyn. I'enepana Haymosa 17, 03164 Kuis, E-mail: Stmax@ukr.net

JlocnnipkeHO  3aJISKHOCTI  JTICNIeKTPUYHOI INIPOHMKHOCTI Ta IHMTOMOrO O00'€MHOr0 EJEKTPUYHOrO OHOpY
HAHOKOMIIO3HTIB Ha OCHOBI IONIBIHUIXJIOpHAY Bif BMicTy HaHOKpucTaniyHoro Ni B 00J1acTi HU3BKUX 1 HaJBHCOKHX
4acToT. J{is NMPOrHO3yBaHHS 3HA4YEHb AiCJICKTPUYHOI IPOHUKHOCTI W NMUTOMOro 00'€MHOrO €IeKTPUYHOIO OIOpYy
3anexHo Bix BMicTy Ni 3ampornoHoBaHi BUpasy, THIOBI Uil Teopii mepkomsuii. BusHaueHo 3Ha4eHHs (pakTanbHOL
posmiprocti Dy menepepsuux kimactepis IIBX i Hanokpucranmiunoro Ni nobnmsy mopora mepkonsmii B cucremi

HOJiBIHUTXIOpUA-HaHOKpHCTATiYHH Ni.

KitrouoBi cjioBa: HaHOKPUCTAJIIYHUIA HIiKeNb, MOJIIMEp, Ai€NIEKTPUYHA MPOHHUKHICTB, €JEKTPOOIip, HaJBHCOKI

4acCToTH.

Cmamms nocmynuna 0o pedakyii’ 17.12.2009; npuiinama oo opyky 15.06.2010.

Beryn

Ilepexim 1O BHCOKMX TEXHOJNOTH TOTpedye
CTBOpPEHHS MIPUHIAIIOBO HOBHX MaTepiais,
(GYHKIIOHATBHI ~ TapaMeTpHd  SKUX  BHU3HAYAIOTHCS
BJIACTHBOCTSIMH ~ MiKpooOyacTei, 1o (OpMYIOThCS

3aJaHMM YHHOM, MOHONIApiB Ta HaHOOO emiB [1].
JluzaiiH Ha TakoMy piBHI Moxe OyTH 3IilicHeHMH 3a
y4acTI0 KJIACTEPHUX CTPYKTYp, HAHOPO3MIpHUX 1
HAHOKPUCTAIIYHUX YacTHHOK [2]. YV 3BSBKYy i3 UM
BEIUKY yBary B Hall 4ac NPUAUISETHCS (POPMYBaHHIO
CTPYKTYPH ¥ BIIaCTHBOCTEW HAaHOKOMIIO3UTIB, JI0 CKIIAIy
SIKUX BXOJATh HAHOYACTHHKHM METAIiB 1 MOJiMepiB. Y
psimi poGit [3-6] HamMu MOKa3aHO, IO BapilOBaHHSI
BMICTY HAHOKPHCTAJIIYHOT'O HIKEJI0 B CUCTEMI MoJimMep -
MeTajJ J03BOJISIE OJEp)KyBaTH ONHODITHI MaTepiaiu 3

KOMILJIEKCOM LIHHUX noip yHKII OHATEHIX
BJIACTHBOCTEH (tmp okum Jliara3oHoM 3MiHH
ENEKTPUYHHUX T4 MAarHITHUX XapaKTePHCTHK, YYTIHUBICTh
OO0  BIIMBY  rasomomiOHux  cmonmyk).  CrymiHb
JIUCTIEPCHOCTI, XapaKTEePUCTHKH TIOBEPXHI Ta

CTPYKTYPOYTBOPIOIOY] BJIIACTUBOCTI TAKUX HAHOYACTHHOK
y TOJIMEpHid MaTpulll BiIirpaloTh iCTOTHY pOJIb TpPHU
¢opMyBaHHI  BIacTMBOCTEHl  HaHOKOMMO3WTIB. He
JIUBJISTYMCH Ha IHTEHCHUBHI JIOCII/PKEHHSI HAHOKOMITO3HTIB
y cucremi nomiMep — Ni [6] Hemae 10CTaTHBOT ACHOCTI B
MUTaHHAX, IO CTOCYIOThCS 3aKOHOMIpPHOCTEH 3MiHH
JUENeKTPUYHOI TPOHUKHOCTI Ta €JIEKTPONPOBiTHOCTI
HAHOKOMTIIO3HTIB B obnacti HajBucokux vactot (HBY), a
TaKOX IIPO BIUIUB 3MIHM YacTOTU eEJIEKTPOMAarHiTHOTO
OISt Ha eNneKTpodi3nHi XapaKTepUCTUKH
HAHOKOMIIO3HTIB 1 MOJOXKEHHS IOPOTiB IEepKOoIALii B
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cuctemi monimep — Hanokpuctamigauidi Ni. IIpore Taki
BIIOMOCTI HEOOXiJHI JUIsI PO3POOKHM MaTepialiB JyIs
BUT'OTOBJICHHS 3aXHUCHHUX eKpaHiB Bif it
€JIEKTPOMArHITHOIO BUIIPOMIHIOBAaHHs, BHpPOOIB, MIO
BHUKOPHCTOBYIOTHCS B PaJIOTEXHIIll Ta MIKPOEJIEKTPOHILI.

Merta poOOTH: AOCTIPKEHHS 3MIHM KOMIUICKCHOI
TEeTIEKTPUYIHOI IPOHUKHOCTI (€) Ta MATOMOr0 06'EMHOTO
enekTpooropy  (p)  HAHOKOMIIO3WTIB HA  OCHOBI
TIOMiBIHIIXJIOPH Y (IIBX) BiJl BMICTY
HaHokpuctamiunoro Ni y pi3HHX [iamasoHax dYacToT
€JIEKTPOMArHITHOTO BHUIPOMIHIOBAaHHS 1 BUSIBIICHHS
BIUIMBY YaCTOTH Ha eIeKTPO(]i3HyHi XapaKTepPUCTUKU
[IUX MaTepiaiB.

|. OO’ €KkTH Ta METOIM TOCTiNKEHHA

Jns  opepaHHS HAHOKOMIIO3UTIB K B sDKyde
obpano [IBX — moximep MmpOMHCIOBOIO BHPOOHUIITBA
Mapku A4009, a eJeKTPONpOBIAHUA KOMIIOHEHT —
HAHOKPHUCTAIIYHUI HiKeNb, CHHTE30BaHUM 3a CHEiaIbHO
PO3pOOJICHOI METOAMKOK. HaHOKpUCTaTIUHUA HiKeNb
omepskyBanu  nuiixom  BigHosiaenus com  NiCl,
rimodocditom HaTpito B JyxHOMY cepenoBumn (pH =
8,5..9) y mpucyrHOCTI JiraHmy IUTpaT 1ioHa,
aHAJIOTIYHO, K OMUCaHo B [5].

3pazku HAHOKOMITIO3HTIB BUTOTOBJISUTH 3a
METOANKOI [5], BHKOPHCTOBYIOUHM TOMOICHI3AIIi0
mopomikiB Ni ta TIBX i3 HacTymHMM mpecyBaHHSAM
IUIIBOK  TIpH HarpiBaHHi. ToBmmHa  3paskiB
HaHokoMnosuriB  cranoswia 0,5+ 0,05mMm. Bwicr
HAHOKPHUCTAIIYHOI'O HIKENI0 B KOMIIO3MTaX 3MiHIOBAIA
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Bix O mo 95 % wmac., mo cranosuio (0 - 0,74 06'emHoi
qacTku 0).

Jlns BU3HAYCHHS CEPEIHBOrO po3Mipy dacTUHOK Ni
Ta HOro Ki1acTepiB, a TAKOXK VISl JOCHTIPKEHHSI CTPYKTYPH
OTpUMaHHUX HaHOMAaTepialiB BUKOPHCTOBYBAIU ONTHYHY

Ta eNeKTpOHHY Mikpockomito. Cepenid  po3mip
KpPHUCTAITIB Ni BU3HAYAIH, BUKOPHUCTOBYIOUH
PEHTIEHOCTPYKTYPHUI aHai3. Penrrenorpamu
peectpyBaiin  Ha gudpakromerpi  JIPOH—-4-07 vy

BUIIPOMiHIOBaHHI MimHoro amoma (A =1,54178A) 3
HikesneBUM (IIBTPOM Y BIIOUTOMY MYYKY Ta TEOMETPIEI0
3rigHo bperra-bpenTaHo.

3HaveHHs JilcHOI &' Ta ysABHOI CKiIamoBux &
KOMIUIEKCHOI JieJeKTPUYHOI IPOHUKHOCTI (¢ =¢' + i &"),
a TAKOJK ITUTOMOI'0 00'€EMHOTO €JIEKTPUUHOIO OIOPY (D)
3pa3kiB HAHOKOMITO3UTIB BH3HAYAIH JBOKOHTAKTHUM
meronoM Ha dacrorax 0,1; 1; 10 [’y 3a gomoMororo
npuwiany E 7-14. Benuuunu ¢ Ta &' Ha HaJBUCOKHX
yacrorax (HBY) BuMiproBaiu 3a METOAUKOIO, OMUCAHOIO
B [71, BUKOPHCTOBYIOUH HBU-inTepdopmerp.
EneKkTpornpoBiHICTh HAHOKOMITO3HUTIB (0y,) Ta MUTOMHI

enektpoorip (pn) Tpu  Jochmimkenni nwa HBU
PO3paxoByBaIM 32 HACTYITHUMH PiBHSIHHIMH:

Oxn = 21f & € » D

Pen= U Oy (2

nie f —dacrora €JIEKTPOMArHiTHOTO

BUIIPOMiHIOBAaHHS, &, —abcomoTHa JIeNeKTprUyHa

MPOHUKHICTH  BaKyyMmy, &' —YIBHa  CKJIaZoBa

TieTeKTPUYIHOIT IPOHUKHOCTI TIPU 3aJJaHili KOHIICHTpPAIIii.

[1. Pe3yabTaTu Ta ix 00roBopeHHs

3a J0IMOMOIOI0 3a3HAYEHHX METOIIB BCTAHOBJIEHO,
10 OTPUMaHi MOPOIIKM HaHOKpucTamigyHoro Ni MaroTh
HACTYIIHI XapaKTEPUCTUKHU. CEPeIHIH pO3Mip YaCTUHOK
2,5 MKM, HaHOKDPHUCTATITIB — 25 HM, NMUTOMa IOBEPXHS
cranosuts 0,5 M/T.

OcHOBHI pe3ynbTaTtu eKCIIePUMEHTAIbHUX
JIOCITI/PKEHb eNeKTpodhi3HIHNX XapaKTEepUCTUK
HaHOKOMNO3UTiB [IBX — HaHOKpUCTANIYHUIA HiKeITh

npeicTaBiieHi Ha puc. 1 - 3.

lge

35|
3 L
25+
2t

0 . . . .
0 002 004 006 008 01 0
Puc. 1. 3anexHocTi Jorapudma mieICKTPHUHOL
NPOHHUKHOCTI (¢) HAHOKOMIIO3UTIB BiJ BMICTY
nHanokpucramigaoro Ni, mpu 295 + 2 K Ha wacrorax

0,1 (kpusa 1), 1 (xpusa 2) i 10 kI'1; (kpuBa 3).
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Puc. 2. 3anexuicts aiiicuoi €, (a) Ta yaBHOI €
(6) ckmamoBOi  KOMIUIGKCHOI  JIi€IEKTPHYHOI

MPOHUKHOCTI BiJ BMiCTy HaHOKpuctamignoro Ni y
cucreMi IIBX—Ni na yacrori 9 I'T1.
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Puc. 3.  3anexuicte  jorapudmMa  IHTOMOTO
EIIEKTPOOIIOPY  Bi BMICTYy HAHOKPHCTAJIIYHOTO
Hikemto B cuctemi IIBX—Ni: 1 — Ha gacrori 1x['1; 2

— 91T

Jlns  BUBYEHHS CTPYKTYpH Ta  BJIACTUBOCTEH
komrosuniiiaux ~ marepiamie  (KM) y  mmpokomy
Jliama3oHi KOHILEHTpAIiil KOMIIOHEHTIB Ta iHTepIpeTanii
OTPUMaHUX pe3yNbTaTiB  BHKOPUCTaHA  KOHIIEIIIis,
3anpornoHoBaHa Hamu paximie [3-6, 8, 9]. Lls kouuernIis
IPYHTYETBCS Ha KJIACTEPHOMY ITIAXOJ1 Ta BUKOPHCTaHHI
SBHII HepKoiauii g0  (OpMyBaHHS  MOJIMEPHHUX
komnosumiitaux cucrem (ITKC), mpunimnax moai6HoCTI
Ta  CaMONOMIOHOCTI  KJacTepiB,  YSBICHHSAX  IIPO
yTBOpeHHs (paxraipHux crpykryp IIKC.

Ha opuc.1l mokasani 3ajexHOCTI Jiorapupma



Enexrpodi3nyHi BIaCTUBOCTI HAHOKOMITO3UTIB Ha OCHOBI. ..

JIEeNeKTPUIHOL MIPOHUKHOCTI (&) 3pasKiB
HAHOKOMIIO3HTIB Bif BMicTy HaHOKpuctamumgaoro Ni,
Bumipsiaux mpu 295 + 2 K Ha vacrorax 0,1 (kpusa 1), 1
(xkpuBa 2) ta 10 x['r (kpuBa 3); a Ha puc. 2 — &', Ta &5,
Ha yactoti 9 I'Tu. Sk BHOHO 3 PUCYHKIB IIi 3aJIKHOCTI
MaloTh CTPHOKOMOAIOHMI XapakTep, THIOBUH s
cucteM i3oiatop (momimMep) — MPOBIAHUK. AHAMI3 IHX
3aexXHocTel  cBigumTh, 1o cucrtema IIBX—Ni wmae
noporu nepkossiii (0;) Ha wacrori 0,1 k['1r O, = 0,063 Ta
0,070 o6'emuoi wactku Ha uvactotax 1 i 10 xI'm. Ilpum
IBOMY 3i 30UIBIIEHHSM YacTOTH 3MIHHOTO CTPpYMY
CIIOCTEpIraeThcsl 3HIKEHHS 3HAa4eHb ¢'. AHaJoriyHa
TEHAEHLIS 3MIHA &' JUI1 HAlOBHEHMX KOMIIO3UIIMHUX
MarepiaiiB crioctepiraiacs B [10].

Awnani3 3anexHocrel €', = f(0) 1 &, = f(0), 19 &'
= f(0) ilg &",,, = f(0) na gacrori 9 I'T'r cBigUaTh TAKOK
PO CTPUOKOMOAIOHY 3MiHY &'y, Ta &",, TpPHU 30UIBIICHHI
BMmicty Ni B obmacti mopora TepKOJsMii Mpu MiaAXomi
smiBa (0<0.). Tlpu 1bOMy /ISl IMX XapaKTEPUCTUK
TIOPOTH TEPKOIIALIi crocTepiratoThest B obmacti no 0,1
06'emuoi wactku Ni.

3anexxHocti  jorapu)Ma  ITMTOMOTO  00'€MHOro
EIEKTPOOTIOPY Py BiZl BMicTy HaHOKpHUcTaTiuHOrO Ni ()
Ha pi3Hux yacrorax (1 —1 kI'u, 2 — 9 I'To) npencrasiexi
Ha puc. 3. [Ipu mociioKerHi pyy, (0) Ha gactorax 0,1, 1 Ta
10 kI'11, BCTAaHOBJICHO, IO 3HAYCHHS Py, MAIOTh ONHM3BKI
3HAYCHHS MPHU OqHAaKoBOMY BMicTi Ni i mpakTuuHO He
3aJe)arth BiJl 4aCTOTU 3MIHHOI'O CTpyMy. Bu3HaueHHs Ha
IMX dYacrotax 3HaueHHs 0. y cucremi I[IBX — Ni
cranoButh 0,077 + 0,002 Ta He 3aJI€KUTH Bij YaCTOTH B
ILOMY Jiara30Hi 4acToT.

Panime [5] mpu AOCTIIKEHHI 3aJEKHOCTI Py Bil
Bmicty Ni aHajoriyHux 3paskiB HAHOKOMIIO3WTIB
YOTUPU3OHJOBUM IOTEHIIOMETPUYHUM METOJOM TIpU
nocriftnomy ctpymi ([depxkcranmapt 20214-74) Gyio
BCTaHOBJIEHO, 110 cucreMa IIBX-Ni mae omguH mopir
nepkoysnii  mpu 0 =60,=0,095 o00'eMHOI YacTKH.
IopiBusuHsa 3HayeHb O, o1 cuctemu TIBX—Ni,
00YKCIIEHHX 32 TAHUMH 3aJICKHOCTI |9 i (0), BuMipsHIX
NpU TOCTIHHOMY ¥ 3MIHHOMY CTpYMi, CBIIYHTH IpO
JIeN0 HIKYe 3HAYEHHs 0, IpH 3MIHHOMY CTPYMi.

[epexix 10 HAJBUCOKMX 4YacTOT HPU3BOJMUTH M0
3MIiHH 3HAYEHBb Py, OJHAK XapakTep 3aJeKHOCTI g piy
£(0) 3amumiaeTbCs TAaKUM K€, K 1 HA HU3BKMX 4acTOTaX.
Ipu npomy 3Ha4eHHs 0. s 3amexHOCTi 1g pry =f(0)
3MIIIyeTbCST B 00JAacTh HU3BKUX KOHIEHTpAIlii 1
nocsrarots 0, = 0,05 06'eMHOI YacTKH.

[IpoananizyBaBuM OTpUMaHi JaHi 3 MO3MLIi Teopii
MepKOJISILii i TOPIBHSABIIN 1X 3 JIITEPATYPHUMH JaHUMHU
[11-13] BcranoBieHO, 110 3HaUeHHs 0, 11 cuctemu [TBX
— wHaHokpucTamiuauidi Ni 3HaYyHO MeHIN, HIK I
aHAJIOTTYHOI CUCTEMH 3 TIOJIIKPUCTATIYHUMH YaCTUHKAMHU
Ni (0.~ 0,2 o6'emni vactku) [11]. LIi 3HaYeHHS TaKOX
MEHIII Yy MTOPIBHAHHI 3 BEIMYHHOIO 0., BU3HAYCHOIO IS
MoJIeJied  TPUBHMIPHUX  €JIEKTPOINPOBIIHUX  I'PATOK
(6. = 0,16), e icHye B3aeMOIis JIMIIE MK HAHOIMKIMMU
cycimamu [12]. 3HMKEHHS 3HAYEHHS OpOra MEPKOJIALT
B JIOCIII/DKYBaHill CHCTEMI B MOPIBHSAHHI 3 TEOPETHYHUMHU
(6. =0,16) 0OyMOBIEHO MiABHIIECHHIM AaKTUBHOCTI
YaCTUHOK HAHOKPUCTAIIYHOTO Ni o
CTPYKTYpPOYTBOPEHHsI B ToJliMepi. MOKHA MPHUITYCTUTH,
mo  ¢opMyBaHHS  (pPAKTAIBHOTO  HENEPEPBHOTO
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neckingenoro kmacrepa (HHK) Ni mo6musy mopora
MEepKOJsIii  BiOYBAa€ThCS 13  OKPEMHX INPOTSDKHHX
KJIACTEpiB LULIXOM arperamii YacTHHOK (Kiactep —
KJIacTep). 3MEHIIEHHS TIopora mepKosiii (y mopiBHIHHI
3 0, = 0,16) mus cucreM moniMep — MeTajIeBi YaCTHHKA
aBTopu poOiT [13-14] Takox MOB'A3YIOThH i3 YTBOPEHHAM
(HHK) meraneBuX 4aCTHHOK 3 arjIOMEpaTiB.

3 aHaJi3y KOHIICHTPAI[IHHUX 3aTeKHOCTEH &'y (0) =
f(0), p (B) = f(6) BCcTaHOBIEHO, IO Y BiANOBIAHUX
00J1acTsIX KOHIIEHTpALi CIIpaBeIIuBi CTEIIEHEBI BUPA3H
Teopii MepKOIALLII.

8IKM (e) - (ec - e)'V, 0<06< eC! (3)
(4)

Prm (e) ~p2(e_ec)_t ’ ec <f<1
TieNEeKTPUIHOT

e &'y — OificHa CKJIaloBa
MIPOHUKHOCTI HAHOKOMITO3HTIB; Pyy, P2 — MUTOMI 00'€MHI

CNEKTPUYHI OMOPH KoMIo3uta U MOHOMITHOro Ni
BIAMOBIMHO, 0, —mopir mepkoysAmii; V,t— KpuTH4HI
1HIEKCH.

3HaueHHS KPUTHYHUX IHOCKCIB BH3HAYANH, 5K

omcano B [9]. 3 ypaxyBauHsaM KoediieHtis Bupasu (3) i
(4) MaroTh BUTIISA:

&' (0) = (') “ (6,—0)", ©)

pKMt (0) =p2 o (Chs ec)_t ) (6)

ne. KoeQillieHTH o 1 03 XapakTepu3yloTh 3MiHY
3HayeHsb ¢ mijg BIumBoM Ni Ta OCTaHHBLOIO ITiJ BIUIMBOM
nomiMepy, BimnoBimHo. Hamm  BcraHoBieHO, 1O
3HAQYEHHs Vv TPH pI3HUX YACTOTAX CTAHOBIATH
0,73+0,02,at=16+0,1.

Bingomo, 1o as1st Mozieniei eneKkTpoIpoBiIHIX IPATOK
Ta CHUCTEM JEeNeKTPUK — IMPOBIJHUK 3 OIHUM IOPOrOM
nepkossii v=0,8+0,1,at=1,65+0,15[8, 9, 12, 13].

Tomy orpumani B maHiii poOOTI KPUTHYHI iHAEKCH
BIJIMOBINAIOTh JIiTepaTypHUMH JaHuMH. Ha puc. 4
o0y oBaHi 3anexHocTi |9 &'y = f(0) Ta Ig py = f(0) 32
eKCIIePUMEHTANPHUME ~ pe3ynbTaTamMu  (kpuBa 1) i
PO3paxyHKOBHM JaHUM (KpuBa 2) BiAMOBiIHO 0 BUPa3iB
(5) i (6). BimxuneHHs pO3paxyHKOBHX 3HAUYCHBb Py BiJ
eKCIIePUMEHTAJILHUX CTaHOBUTH 8 %0, mii &'y, — 10 %.

Takum  ymuoMm, Bupasu  (3)—(6) MoxHa
BUKOPHCTOBYBATH JIJIsl IPOTHO3YBAHHS 3AJIEKHOCTEH &'y
Ta pyy BiJl BMICTY €JEKTPONPOBIAHOIO KOMIIOHEHTa B
cHCTeMax JieJIeKTPUK — MPOBiTHHUK.

B [8,9,15] 6ys10 moka3aHo, 1110 MOPOry MEPKOIIALIT i
KpUTHYHI  iHAekcH S, v, 1 €  BaXIUBUMH
xapakrepuctukamu — mporeciB  ¢opmyBanns  ITKC.
3navyeHHs 0. B 3HauHIA Mipi 3alexaTh BiJl YMOB
BuroroBneHHss KM, XiMmiuHOI mpupomu moiimepy,
XapaKTepPUCTUK HAIOBHIOBAYa Ta YMOB BHUIIPOOYBaHHS
KM. Ha BigmiHy Bix MNOpOriB MNepKoOJsMii 3HaYEHHS
KPUTUYHHX  IHAEKCIB HE 3ajexarb BiJI  yMOB
BUNIPOOYBaHHS ¥  XapaKTepu3ylOThb 3aKOHOMipHOCTI
(opMyBaHHS TEBHOTO THUMY (PAaKTAILHUX CTPYKTYp
komronentiB I[TKC. Bigomo [12,15,16], mio KpUTHYHHI
iH/IeKC [ TTOB'SI3aHUi 31 3MIHOIO CTPYKTYPHHUX OJMHUIID Yy

kractepi  (Horo HIUIBHICTIO), V—3  KOPEJIAIHHOI
JIOB’KHHOIO, t—i3 CKEJIeTOM HETIEPEPBHOTO
HECKIHYEHHOr0 Kjacrepa, IO SKOMY 3IiHCHIOETHCS
eNIEKTPONPOBIHICT Yy  3pa3Ky. Ilpm 1pomMy Mix
KPUTUYHUMU iHIeKCaMHU icHyE B32€MO3B'SI30K
[12, 13, 15] :
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0)

Puc. 4. 3anexxHocTi JorapumMiB MUTOMOTO e1eKTpoornopy (a) i mienekTpuuHoi npoHUKHOCTI (6) Bix
00'emuoi yacTku HaHOKpucTaniuHoro Ni y cucremi [IBX—Ni : 1 — excriepuMeHTaNbHO OfiepikaHa Ha
yacToTi 1 K['I1; 2 — TEOPETUIHO PO3paxOBaHa.

28=v,
t=2v,

(")
(8)

B [16] noka3aHo, 110 aj1st TpuBHMipHHX cucteM (d =
3) mix posmipom kmactepa (R), KiNBKICTIO B HbOMY
yactuHok N (a0o macoro kimactepa) Ta (hpaKkTalIbHOIO
posmipaictio (Dg) cripaBenBi 3a1€KHOCTI:

~ RDﬁ, (9)
R~N, (10)
f=1/Dy, (11)

BukopucToByIOUM 3HAUCHHSI KPUTUYHUX IHICKCIB Ta
Bupasu (2) — (6), (7), (8) i (9) — (11) mMu BusHAUWIH
3HAYCHHSA (paKTaJIbHUX PO3MIPHOCTEH BIAIOBIIHUX
nepkonsniianx kiracrepis [IBX ta Ni mo6musy mopora
TIEePKOJISAIIIT.

Po3paxyHKd TOKa3yrOTh, IO IS MEPKOJAIIHHOIO
knacrepa I[IBX 3nauenns v = 0,73 £ 0,02, f = 0,36
0,06, Ds = 2,74 £ 0,10. 3rizHo 3 eKcIepUMEHTAILHUMU
JMAHUMHM JUIA AieJICKTPUYHOI MPOHUKHOCTI MOKa3aHoO, IO
3HauenHs Dy s HHK nonieruneny (I1E) B cucremi I1E
— TepMopo3umpenuii rpadit cranosuts 2,60 = 0,04 [9)].
Otpumani 3HadeHHa Dy 1obpe  KopemomTh 3
miteparypuumu ganumu [9, 15, 16], a Takok CBiguaTh
PO JOCUTHh BUCOKY IIUIBHICTh YITAKYBaHHS KiacTepa
I1BX.

BukopuCTOBYIOUM JaHi 3 CISKTPOOIOPY Ta BHpasu
(3), (5), (8) Mu BcraHOBMIIH, IO YIS TEPKONSAIIHHOTO
kiaacrepa Ni mo6nu3y mopora nepkousmii 0, mpu miax o/l
npaBopy4 (0 > 0,) 3HayeHHs t 3HaxoaUTHCA B Mexax 1,6 -
17, p==040-0,42, a Dy = 2,38-2,50. Ha ocHoBi
aHai3y OTPUMAaHUX JIAaHMX MOYKHA BBaKaTd, IIO ICHYE
MEHIII [IiJIbHe yrakyBaHHs kinactepa Ni y MOpiBHSAHHI i3
knacrepoMm IIBX. Orpumani 3Hauenns Dy nepebyBaroTh
y Mexax Dg, BCTaHOBNIEHHMX ISl IHINMX TEPKOMALIHHUX
cucrem [9, 15, 16]. Tak, m1s MEepKOIAIIMHOIO Kiacrepa
Ni y cucremi IIE — Ni, Dg=25+0,05 [3]. Orxe,
oIep)KaHI JaHI CBiqUaTh TNPO 3arajbHi  3aKOHH
(dbopMyBaHHS TEPKONALINHUX KJIACTEpiB y CHCTEMax
TMOTIMEP—IIPOBiTHUK.

KpiM  BWINECBHKIAIACHOrO, BHKIHKAE  IHTEpPEC
3'iCYyBaTH NPUYMHY 3HIDKCHHS IOpOra IEpKONAIii B
cucremax I[1BX — nanokpucramigauid Ni mpu HBY —
MOCTI/DKCHHAX Y TOPIBHSAHHI 3 JOCTIKCHHSAMH Ha
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mocTiiHoMy cTpymi. Bigomo [5, 6], mo enekrpoorip Ha
noctiiHoMy cTpymi KM BusHauaetses Bupazom R, = Ry
+ R; + Rg, 1e Ry — cymaphmii enektpoorip gactok Ni, Ry
— omip 00yMOBIEHHMI KOHTAaKTOM dYacTHHOK Ni Mix
coboro, Rz—omip, 1o BUHMKAE TMpPH NPOTiIKAHHI
ENIEKTPUYHOTO CTPYMY 4epe3 3a30p MK YaCTHHKAMH.
Bcranorieno, mo B obmacti koHieHTparii 0, <60 <<1
s cucteM [1BX — Ni mobnu3y mopora mepKousiii npu
migxomi mpaBopyd Ry, >> Ry, Tomy Ry = Ry + Ras.

VY BuIaAKy AOCTI[DKEHb Ha 3MIHHOMY CTpyMi Ta
HA/IBUCOKMX 4YacTOTax Ha BIJAMIHY BiJ BHMIpiB Ha
MOCTIHHOMY CTPyMi, KOJH €JIEKTPOMPOBIMHI IUIAXH
yrBoproroTh ckener HHK, Ha BHCOKMX yacToTax BOHH
TIOPSAJ 3 JIAHIFOX)KKAMHU KOHTAKTYIOUUX YaCTOK MICTATh Yy
co0i 3a30pu MiX YacTKaMH, a CTPYMH 3CyBY 3aMHUKAIOTh
MPOMIKKM MDK “MEPTBHMH KIHISIMH® Ta UIYHTYIOTh
noBri et [17]. Y 3B'13Ky 3 1iuMm aBTopH [17] BBaXKatoTh
HEMOJMJIMBUM BUKOPUCTAHHS Teopii NepKosuii mnpu
JIOCHI/DKEHHSIX KOMITO3MLIHHMX MatepianiB Ha HBUY.
[pote Ha BiAMiHY Bif JyMKH aBTOpiB [17] MU mokaszasiu
MOXITUBICTh BUKOPUCTAHHS TEOPii HEPKOJSAIIT IS OMUCY

KOHLIEHTpALi HHOT 3aJIeKHOCTI P = f(6) pu
nocnimpkennsx Ha HBY.
CyrHicTh monsirac B TOMY, MO TMpH  IHX

JIOCHI/DKEHHSIX 4Yepe3 HecnpuiHsTTs Mertomom HBY
JIOCUTh MaJMX 3a30piB MK JIAHITIO)KKAMH KJ1acTepa,
HEMEepepBHICTh KJIacTepa BigUyBA€ThCS TPH  OiIbII
HU3bKUX  KoHIeHTpamisix Ni. Ile npuBoguTh 10
3HW)KEHHSI 3Ha4eHb 0. y MOpIBHSHHI 3 BEIMYMHOIO 0,
BH3HAYEHOIO Ha MOCTIHHOMY CTPYMI.

AHami3yloun JaHi HammMx MorepeaHix pobit [3- 9]
Ta Yy3araJbHIOIOYM pE3yIbTaTh LBOr0 JOCHIKEHHS
MOXKHa OIIIHUTU 1€papXiyHy CTpPYKTypy KinactepiB KM
MIpH JOCII/DKECHHI Pi3HUMH MeromaMu. Hampukmanm, s
JIBOKOMITOHEHTHOI ~CHCTEMH  IOJiMep TIPOBITHHK
(M’ IKuPi—TBepaWiA)  METOA  BH3HAYCHHS  MOJYJIS
NPY)XHOCTI € YYTIMBUM JIO BCIX BY3JIB TBEPIOTO
kaacrepa KM [18], mpu JOCHiKeHHI 3aIeKHOCTI
P = f(0) Ha TOCTIHHOMY CTpyMi BiqUyBarOThCS TiTBKH
BY3JIM HENEPEPBHOrO HECKIHYEHHOro Kiacrepa, a IpH
JIOCITIJPKEHH] MarHiTHUX BJIACTUBOCTEH CHCTEMH MOJIiMEp
- Ni OLIHIOETHCS CYKYITHICTh MarHiTHOro Kiacrepa [3].

Takum 4yuHOM, Ui OiHAPHUX CHCTEM MOJIMEp-
€JIEKTPOIPOBITHUH KOMIIOHEHT BiZIMIHHICTH Y (hi3UUHHX



Enexrpodi3nyHi BIaCTUBOCTI HAHOKOMITO3UTIB Ha OCHOBI. ..

mporecax, IO BIAMOBIZAIOTE 3a Pi3HI IMOKa3HHUKH
BractuBoctelt KM, MOXyTh 3YMOBUTH HEBEIHUKY
PI3HUIIIO B 3HAUYEHHSX [TOpora nepkonsmii 0., orpuMaHux
3 (yHKIOIA 3aJIe)KHOCTEH IUX IMMOKA3HUKIB BiJ] BMICTY
€JIEKTPOIPOBITHOTO  KOMIIOHEHTA. [pore,  mus
MAaTEMATUYHOIO OIKCY 3aJISKHOCTEN Py, (0) Ta &', (0) B
MEBHUX KOHLEHTPALIHUX I1HTEpBajJax MOXYTh OyTH
3acTocoBaHi Bupasu Teopil mnepkomsmii. Ilpu 1mpomy
KpUTHYHI iHAeKcH f, v, t OymyTh XapakTepu3yBaTh
TOMoJOriI0 OynoBHU KiacrepiB kommoHeHTiB [TKC.

BucHoBkn

BcTaHoBIEHO 3aKOHOMIPHOCTI 3MiHM JilicHOI (¢') Ta
ysaBHOT (&") CKJIaJ0BHX KOMIUIEKCHOI JieeKTPUYHOL
NPOHUKHOCTI, @  TaKoX  I[UTOMOro  00'€MHOro
EJIEKTPUYHOTO OIOPY HAHOKOMIIO3UTIB BiJl BMICTY
HAHOKPHCTAIIYHOIO HiKellto B obsacti yacror 0,1 —1-—
10kl ta 9ITL.

Jns  mporHO3yBaHHS — 3HAYCHb &'y TA Py
HAHOKOMIIO3UTIB B 3aJI&KHOCTI BiJl BMICTY HIKEIIO
3aIpOIIOHOBAHO BHPA3H TUIIOBI ISl TEOPii MEPKOISLLI.

IMokazaHo, 1m0 3HAYeHHs MOpOra MEPKOJALIl Npu

nocmimkennsix Ha HBY y cucremi IIBX-Ni 3HaunO
umwkdye (0. = 0,05 00'eMHOI YacTKu) y TIOpIBHAHHI 3
sanexHocTsIME  |Q  peo, = f(0), docmimkenuMu  Ha
nocTiinomy crpymi (8, = 0,095 06'eMHOT yacTKu).

BusnayeHo 3HaueHHs (pakTambHOI po3mipHOcTi Dy
NMoOaM3y TIopora MEepKOJil HerepepBHUX KiacTepiB
IIBX (6 <6.) Ta Ni (6> 0,).

Cemko JI.C. — TOKTOp ~ TEXHIYHMX HAyK, CTapIIUi
HAyKOBHH CHIBPOOITHHK I[HCTHTYTy XiMii IMOBEpXHi M.
0.0. Yyiika HAH VYkpainu;

Maxno C. M. — xanauaat Gi3uKo - MaTeMaTHYHUX HAYK,
3aBigyBau Jlaboparopii enekTpodi3uku HaHOO' €KTIB
IHcturyry ximii moBepxHi im. O.0. Uyiika HAH
VYkpainu;

Kpyuek O.1. —vonoammii  HaAyKOBHH  CIIBPOOITHHK
Incturyry ximii moBepxHi im. O.0. Uyiika HAH
VYkpainu;

Topoux I1.I1. — noktop  (i3UKO - MAaTEMaTUYHUX HAYK,
npodecop,  3aBimyBau  Bigminy — HanomarepianiB
Incturyry ximii moBepxHi im. O.0. Uyiika HAH
VYkpainu.
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L.S. Semko, S.N. Makhno, O.1. Kruchek, P.P. Gorbyk

Electrophysical Properties of Nanocomposites Based on Polyvinylchloride and
Nanocrystalline Nickel

0.0. Chuiko Ingtitute of Surface Chemistry of National Academy of Sciences of Ukraine,
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Dependences of diglectric permeability and specific volume electric resistance of nanocomposites based on
polyvinylchloride on content of nanocrystalline Ni in a field of low and ultrahigh frequencies were investigated.
Expressions typical for percolation theory were proposed in order to forecast the values of dielectric permeability and
specific volume electric resistance depending on Ni content. Values of fractale dimension Dy, of continuous clusters
PVH and nanocrystalline Ni near of percolation threshold in polyvinylchloride-nanocrystalline Ni system were
determined.

Key words: nanocrystalline Ni, polymer, dielectric permeability, electric resistance, ultrahigh frequencies.
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