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[IpeacraBiieHO pe3yibTaTH JOCTIIKEHb XapaKTEePUCTUK THTEPKAISIIMHO PO3LUIMPEHUX HAaIliBIIPO-
BiTHUKOBUX Marpuilb InSe Ta GaSe 3 iHKANCyIbOBAaHUM MiXK TXHIMH IIapamMH B-IUKIOACKCTPUHOM
(B-CD). BeranoBieHo xapakTep 3MiH 4aCTOTHOI JucIepcii iMIIeaHCy, TaHTeHca KyTa BTpaT Ta Ii-
€JIEKTPUYHOT MPOHUKHOCTI CHHTE30BaHUX apXITEKTYp 3aJ€XKHO BiJ BMICTy OpPraHiYHOTO KaBiTaHIY
NIPY OCBITJICHHI 1 B MAarHITHOMY T10J1i. 3HalICHO YMOBH, NP SIKMX CHHTE30BaHi HAHOTi1OpHIU OyoyTh
LiKaBUMH 3 TOUYKH 30py CEHCOPIB €JIEKTPOMArHITHOTO TOJIsl T KBAHTOBUX aKyMYJISITOPiB €IEKTPUIHOL
eHeprii.

Kuarouosi ciioBa: nrapysari HamiBripoBigauKH InSe Ta GaSe; B-IIMKIIONEKCTPUH, CHCTEMa «TOCIoaap-
ricTby», iepapxiyHa apxXiTeKkTypa, iMnenanc, piarpamu HaiikBicra, fienekTprudHa MPOHUKHICTh, TaH-
TeHC KyTa €JIEKTPUYHMX BTPAT.

MVYJIBbTUIIOLIAPOBBIE ITOJYITPOBOJHUKOBBIE
KJIATPATO-KABUTAHJHBIE KOMIIJIEKCHI
U3 ®PAKTAJIM30BAHON 'OCTEBOI CUCTEMOM
T. H. bumanwk, U. U. I'puropuak, ®@. O. UBamumun

[IpencraBiieHb! pe3ynbTaThl UCCIEIOBAHUN XapaKTEPUCTUK MHTEPKAISIIMOHHBIX PACIIMPEHHBIX TTOJTY-
MIPOBOAHUKOBBIX MaTpull InSe n GaSe ¢ MHKATNICYTMPOBaHHBIM MEKIY WX CIOSMH [B-TIHKIOAEKCTPUHOM
(B-CD). YcraHOBJIEH XapakTep H3MEHEHUI YacTOTHOW JUCIIEPCHH UMITCAAHCa, TAHTEHCA YITIa MTOTePh
Y JVIIEKTPUIECKON TTPOHNIIAEMOCTH CHHTE3UPOBAHHBIX apXUTEKTYP B 3aBUCUMOCTH OT COMEPKAHUS
OpPraHMYECKOTO KaBUTaH/AA MPH OCBEUICHWH W B MarHUTHOM 1ojie. HaleHs! yCIOBHs, TPH KOTOPBIX
CHUHTE3UPOBAHbI HaHOFI/I6pI/I)II)I GYJIYT HUHTEPECHBI C TOYKU 3pCHUA CEHCOPOB SJICKTPOMArHUTHOTO ITOJIA
Y KBaHTOBBIX aKKyMYJISITOPOB JIEKTPUUYECKON SHEPTUU.
KuroueBblie ciioBa: ciouctsie nomynpoBoanuku InSe u GaSe; B-IMKI0IEKCTPUH, CHCTEMA «XO3IHH-
rOCTbY», HEpAPXUUECKasl apXUTEKTypa, UMIIEJAHC, nuarpaMMbl HallkBucTa, quajaeKkTpudecKkas npo-
HUIAEMOCTb, TAHI'CHC YIJIa SJICKTPUYCCKUX IMOTCPhb.

MULTILAYER SEMICONDUCTOR CLATHRATES-CAVITAND COMPLEX
WITH A FRAKTAL GUEST SYSTEM
T. M. Bishchaniuk, I. I. Grygorchak, F. O. Ivashchyshyn

The research results of characteristics of extended semiconductor InSe and GaSe matrix by in-
tercalation with encapsulated between their layers of B-cyclodextrin (B-CD) were presented. The
character of changes of the impedance frequency dispersion, loss tangent and dielectric constant of
the synthesized architectures depending on the content of organic kavitand at light and in the mag-
netic field was set. The conditions under which synthesized nanohybrides will be interesting in terms
of electromagnetic field sensors and quantum battery electric energy were found.

Keywords: layered semiconductors InSe and GaSe; B-cyclodextrin, host-guest system, hierarchical
architecture, impedance, Nyquist diagram, dielectric constant, loss tangent.

BCTYII

BypxnuBuii po3BUTOK pOOIT B ramy3i cympa-
MOJICKYJISIPHOI XiMii 32 OCTaHHE ACCATHIITTS
SACKpaBO TMPOUTIOCTPYBAB BAXKJIUBICTh 1 Tep-
CIIEKTHUBHICTh TaKUX HOCHIIKEHL. BomgHouac

BUBYCHHIO (DI3UYHHUX BIACTUBOCTEH CyIIpamo-
JICKYJSIPHUX apXIiTEKTyp, 3arajoM, 1 KJIaTparis,
30KpeMa, TMPHUCBIYCHO CYTTEBO MEHIIE YHC-
no my6mikamiii. Ix amaniz maB 3Mory 3po6u-
TH BHCHOBOK, IO HAWOUIBII HAOIMKEHUMHU
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JI0 TIPAKTUYHOTO BHKOPHUCTaHHS € pPe3yabTaTh
JIOCITI/DKEHb HaIiBIPOBITHUKOBUX KJIaTpaTiB
— (OHOHHHUX CTEKOJ, KOTPl € OHHUMU 3 Haii-
OUTbII  MEPCHEeKTHUBHUX TEPMOEIEKTPUUHUX
MatepiamB. [lpakTHyHO 3HaAWIEHO pIIICHHS
rimore3u Crneka [ 1, 2] mpo ¢hopMyBaHHS CTPYK-
TYp, B IKHX €1a003B’13aH1 aTOMU MOXKYTb KOJIU-
BaTUCsl B 0OMEkeHOMY 00’eMi, 3a0e3meuyroun
HU3bKY TEIUIONPOBIAHICTh IPU BUCOKIN €JIeK-
tporposigHocTi [3]. [I{o % cTocyeTbes 1HIIMX
HATPSMKiB, TO B OCHOBHOMY II¢ POOOTH, TIpHU-
CBSYCHI PO3PAXyHKY EJIEKTPOHHOI CTPYKTYpH
(nuB. Hanpukian, [4]).

HenaBHo Hamu B poOoTi [5] cuHTE30BaHO KiTa-
TpaT HOBOTO TUITy — HAHOT1OpUAM30BaHY CTPY-
ktypy IV cranii emenonyBanss GoTouyTiuBoro
HAIIBIPOBITHUKA 3 CETHETOCNEKTPUYHUM Pil-
KM KpHUCTalioM. B oTpuMaHoMy Kiarpari BUSIB-
JICHO TaKl IiKaBi e(PEeKTH sIK TIraHTChKE 3HAYEH-
HS JIIEJIEKTPUYHOT IPOHUKHOCTI ITPHU 3HAUYECHHAX
TaHTeHCa KyTa eJIEKTPUYHUX BTPAT MEHILUX BiJ
1, IposIB SIBUIIIA «B1J €MHOT» EMHOCTI Ta BILTUB
YABTPA3BYKOBOI MIC/SAIl HA MPOLECH CTPYyMO-
MIPOXOKCHHS B HAIPSIMKY, MTEPIICHIUKYIISIPHO-
My 10 HaHompoulapkiB. B maniif po6oti Oyno
CHUHTE30BaHO CYMPaMOJCKYISIPHUNA aHCaAMOIb
MPUHIUIIOBO HOBOI apXiTEKTypH, B SIKii TOCTb-
OBHM KOHTEHTOM B HEOpPraHiyHiil MaTpuii €
KaBiTaH][ 3 BIACHOIO TOCTHOBOIO MiACHCTEMOIO,
(dbopMyIOun TaKUM YMHOM TOCTHOBY l€papxito.
JlocnmipkeHHsT TakuxX aHcamOmiB HacaMmmepen
JACTh 3MOTY MIINTH 10 BIAMOBIAI Ha BaXKIIUBE
MUTAHHS MPO ICHYBaHHS 3MIHU MEXaHi3My MO-
JICKYJISIPHOTO PO3Mi3HABAHHS MOJEKYISIPHUMU
KaBiTaHJIaMU y BUIBHOMY CTaHi Ta BKJIIOYEHU-
MU B CHJIOBE T10JI€ KPUCTAJIYHOT HEOpraHigYHOT
rpaTtk, iX cTabuIbHICTh. OYIKYETHCS TaKOXK
MosiBa HOBUX (DI3MUHUX SIBUIL Ta €(eKTiB, AK1
MaTHMYTh BOKJIUBE TIPAKTUYIHE 3aCTOCYBAHHS.

METOJIUKA EKCIIEPUMEHTY

B ekcnepumentax 0a3oBUM 00’€kToM (Mare-
piajioM — «rocrojapemM») CIyXKHIIU IIapyBaTi
HamiBOpOBiTHUKK ceneHin ramis (GaSe) Ta
cenenin inais (InSe). Buporeni meronom bpin-
»MmeHa-CTokOaprepa MOHOKPUCTAIHM BOJOALTH
SACKpaBO BUPAXKEHOIO IIAPYyBaTOK CTPYKTY-
pOIO 1 p Ta N-TUIIOM MPOBIAHOCTI, BIAMOBIIHO.
[[Inpuna 3a0opoHEHOI 30HU (32 ONTHYHUMHU
naHuMu) ckianana 2,02 eB mis mepmioro Bumy

MOHOKpucTainiB Ta 1,22 eB — g qpyroro. Sk
no0pe BijoMo [6—7], BOHU XapaKTepHU3YIOThb-
Csl HAsIBHICTIO TaK 3BaHUX «TOCTHOBUX)» IO3HU-
i — OpIEHTOBAaHUX MEPIEHIUKYISIPHO 10
kpucrtanorpadiunoi oci C obmacteit aiit ciiad-
KUX BaH-Jep-BaaJbCOBUX CHJ. BrpoBakeH-
HS B O3Hau€HI BHYTPIKPUCTAIIUHI HMPOMIKKHU
YYyXKOP1IHUX 10HIB, aTOMIB UM MOJIEKYJI BiOME
Ak sBuIle iHTepkassii [8]. OcobmmuBoCTI Kpu-
cTaiiuHo1 Oy/I0BHM IILOTO MaTepiaxy HE BUMara-
I0Th TPENU3iHHOT MeXaHiuyHOi 1 XiMiuyHOi 00-
POOKM TOBEPXOHB, MEPIEHIUKYISIPHUX 10 OCI
C, 1 3yMOBTIOIOTH iX MiJABUIIEHY 1HEPTHICTH 10
azcopOiii CTOpOHHIX aTOMIB 4X MOJIeKyI. Bin-
CYTHICTb 001pBaHMX 3B’513KiB Ha LIUX MOBEPXHSIX
3a0e3mneuye JTy>kKe Maly IIBUAKICTb TOBEPXHEBOI
pexomb6inaii. KpiMm TOro, MoHOKpucTaizam ce-
JICHIJIaM 1HIIFO 1 TajIito BJIaCTUBA BUCOKA (OTO-
YYTIUBICTh Y BUIUMIN 00JIACTI CIIEKTPY.

3 iHmoro 00Ky, ChOTOJHI IIMPOKOTO IMpaK-
TUYHOTO 3aCTOCYBaHHS HaOyB OpPraHIYHHM Ka-
BITaHJ — IMKJIOJAEKCTPUH, 30KpemMa Horo [3-
dopma (B-CD) [9]. Moro yHikansHa CTpyKTyp-
Ha OCOOJUBICTH, @ camMe MOAUI TiAPOo(IIbHUX
1 rizpooOHUX Tpym, 0OyMOBIIOE HE3BUYANHI
¢izuko-xiMiuHi BIacTUBOCTI. HaliBaxxmuBimoro
cepe HUX — 3JIaTHICTh 3BOPOTHBO 1 CEIEKTUB-
HO 3B’I3yBaTH OpraHiyHi, HeopraHiyHi, 0ioJo-
Ti4HI MOJIEKYIH, (POPMYIOUN KOMIUIEKCH BKITIO-
YEHHS 3@ TUIIOM «TiCTb-TOCTIONAP».

Bucoka enekTpoHHa TyCTMHA YCEpeaMHI
nopokHUHU B-CD Moke aKTUBOBYBaTH €JeK-
TPOHU MOJIEKYT «TOCTei», IO MPHU3BOIUTH
0 3MIHHM CHEKTPalbHUX BJIACTUBOCTEH SIK
BKJIFOUCHHUX MOJEKya, Tak 1 cammx [-CD.
KommiekcoytBopenns 3 -CD moxke momiTHO
3MIHIOBaTH MOYATKOBUI CIEKTp MOIIMHAHHS
MOJICKYJ. Y TBOPEHHSI KOMILJIEKCIB BKJIIOYCHHS
13 B-CD mnpu3BOauTh TaKOXK A0 301TBIICHHS
KBAHTOBOTO BHUXOJY (uIyopecleHIii 6aratbox
cnoiyk. OcTaHHIM 4acoM MOSIBUBCS IHTEPEC /10
B-CD gepe3 1oro BUKOPUCTAHHSI K KUTBIIEBOTO
KOMIIOHEHTA y KOHCTPYIOBaHHI Pi3HOMaHITHHX
CYIIPaMOJIEKYJIIPHUX apXiTEKTYp, TAKUX K PO-
TaKCaHH, IOJIIPOTAKCAHU, INCEBAOPOTAKCAHU 1
kareHaHH. L{i ancamOi BOJIOJIIOTh YHIKATbHOIO
CTPYKTypOIO Ta BIACTUBOCTAMH, 3aBISKU
SAKUM MAalTh TOTEHIIHHE 3aCTOCYBaHHS SIK
MOJIEKYJISIPHI MTepeMHKadl Ta MOJIEKYISpHI Ma-
HIMHU.
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OCKiJbKH B-IIUKIOAEKCTPUH Oe3M0CcCepeHbO
Hi B GaSe, Hi B InSe He BIpoBamKyeTbcs, TO
1t (hOpMyBaHHSI IHTEpKaIaTHUX HAHOCTPYKTYP
OyIa 3acTocoBaHa HACTYITHA TPbOXCTaiiiHa cXe-
Ma «KpucTayoimkenepii» (puc. 1). Ha meprmiit
cTadii y BHUXITHY MAaTPHUIIO BIIPOBAKYETHCS
HITPUT HATPII0 METOJIOM INPSIMOTO €KCIIOHYBAaH-
H$ B 10T0 pO3I11aBl HaMiBIIPOBITHUKOBOI'O MOHO-
Kpuctany. B pesynbrari n-cragiifHoro ynopsa-
kyBaHHs [10, 11] BigcTanb MK BIAIOBIIHAMU
1apamMu CyTT€BO 3pocTae (puc. 1).

Puc. 1. Cranii popmyBaHHS IOpUAHUX MYJIBTHILAPOBUX
HaHOCTPYKTYyp KoHQirypanii GaSe<p — CD>. Ha Bcrasii
Ipe/ICTaBIeHa XIMIYHA CTPYKTypa B-IIUKIOAEKCTPUHY

HactynmauM kpokom Oyna JeiHTepKassiis
HITPUTY HATpil0 3 KPUCTAIy IIIAXOM HOro
eKCTparyBaHHs  BIPOJOBXK I’ AITUKPATHOTO
24-rOAMHHOTO IMKIY Ta BHUCYLIYBaHHS TpHU
temneparypi 110 °C i noHnxenomy Tucky. [e-
IHTepKaJlbOBaHI MaTpHIll 32 paxyHOK mocial-
JICHUX BaH-JIeP-BaajJbCOBUX 3B’SI3KIB Ta MO-
IU(HIKOBaHUX BHYTPIKPUCTAIIYHUX CHIIOBUX

MOJIIB CTAJIM TPUIATHUMHU JIO BIPOBAKEHHS
B-knonexctpuny. Tomy Ha Tpetiit cTaaii npo-
BOJIMJIM 1HTEPKAJALII0 OPTaHIYHOTO KaBiTaHIY
B PO3MIMPEHY KPHUCTAIIYHY TPaTKy METOIAOM
MPSIMOTO €KCIIOHYBAaHHS MpPHU KIMHATHIN TeM-
neparypi B 10ro HACHYEHOMY PO3YHHI BOJHOMY
posuuHi. [Ticns nboro 3pa3ku 3 BBEACHUMU MTPO-
IapkaMu  (-IIUKIOAEKCTPUHY BUCYIIYBaJIUCS
JI0 TIOCTIHHOI Macu. 30inbineHHs BMicTy B-CD
B po3mmpeHux Marpuisx GaSe ta InSe nocsra-
JIY TIOETAITHUM JIOTHTEPKATIOBAaHHSM 3pa3KiB 3
MOTIepEeIHIM BMICTOM FOCTHOBOTO KOHTEHTY. Ha
KOXXHOMY TEXHOJIOTIYHOMY eTari MpPOBOAUBCS
rpaBiMeTpudHUI anami3. [lani, Ha 06uaB1 rpaHi
(mepneHAMKyIsApHI A0 KpucTaiorpadiyHoi oci
C) oTpuMaHOi HAHOCTPYKTYPH HAHOCWIJIM KOH-
TaKTH.

IMIienaHCHI BUMIPH MTPOBOAMIIMCS B HAIPSIM-
Ky Kpuctanorpadiunoi oci C B iana3oHi 4acToT
10°—10° T'y 32 TOMOMOTOK BUMIPIOBaJIBHOTO
xomiiekca «AUTOLAB» ¢ipmu «kECO CHE-
MIE» (Tonanais), YKOMILIEKTOBAaHOTO KOM-
n’rotepaumMu niporpamamu FRA-2 ta GPES.
YacToTHI 3a7I€KHOCTI KOMIUIEKCHOTO IMIIEIaHCY
Z aHajizyBanucs rpadoaHaTITHYHIM METOIOM
B CEPEIOBUII TPOrpamMHOro makety ZView 2.3
(Scribner Associates). [ToxuOku anmpoxcumartii
He nepeBuityBaiu 4 %. locmimkyBaHi 3pa3-
KM TaKOX OCBITIIOBAINCS BUIUMHUM CBITIIOM,
YU JI0 HUX TMPUKIAIATIOCS MOCTIMHE MarHiTHE
NoJje TEPNEeHANKYISPHO A0 HAHOMPOIIAPKIB
HarnpyxeHicTio 2,75 kOe.

PE3YJIBTATHU TA IX OGTOBOPEHHSI

Ha puc. 2 HaBezieH1 4aCTOTHI 3aJI€KHOCTI Jiiic-
HOI CKJIQZIOBOi KOMIUIEKCHOTO IHUTOMOTO iM-
nenancy (ReZ(w)), meprneHIuKyIsIpHOTO 10
IUTOIMH HaHoMpouIapkiB GaSe /10 1 micst BIpo-
Ba/)KEHHS P13HOT KIIBKOCT1 B-LIUKIIOEKCTPHHY.
Bunno, mo wnpw KIMHaTHIA TeMmIeparypi
(293 K) 0e3 HaknamaHHs 30BHIIIHIX TIOJIIB
Re Z(w) nna BuUXigHOT pO3MIUPEHOI MaTPHIIL
GaSe Bene cebe 3BUKIMM YHHOM: HHU3HKOYAC-
TOTHA BITKa MEPEXOAUTh y HU3CIAIAIOTY IPU
BUCOKHX YacTOTaX 3a PaxyHOK BKJIATy Iepe-
CKOKOBOI MPOBITHOCTI MO JIOKQJII30BaHUX CTa-
Hax 1moou3y piBHs Depmi, abo mporieciB 30y-
JKCHHSI — 3aXOIUICHHS iX y XBOCTH 30H YU B
30HU JieToKanizoBanux crauis [12, 13]. Iepme
BrpoBakeHHs B-CD (kpuBa 2) mpu3BOIUTH 10
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Maiike I’ ITHKpaTHOro pocTy Re Z(®) B HU3b-
KOYAaCTOTHHUX 1HTEpBajax, 3yMOBJIEHOI I'OJIOB-
HUM YMHOM 30HHUMHM HOCISIMH.
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Puc. 2. YacToTHi 3aMeXHOCTI peajabHOI CKIaJ0BOi IH-
TOMOTO IMIIEaHCY, TEPICHIUKYISIPHOTO 0 IIapiB PoO3-
mupenoi marpunii GaSe 3 iHkancymboBaHuM B-CD anis
y=06(2),y=1003) ta y = 20(4) monsapaux %, BUMipsHi
npu Temneparypi 293 K B tempsiBi. (1) — posmumpena
KpHCTaJIIYHA MATPHLIS

102

36umpmenas  kutbkocti B-CD 'y  posmmpe-
HUX BaH-Jep-BaanbcoBux obmacTsx (GaSe no
10 momsipHuX % NPaKTUYHO HE MIHSE PICT
Re Z(®) B 3a3HaueHOMY YaCTOTHOMY 1HTEpBaJl,
NpOTE€ BUIO3MIHIOE XapaKTep YacTOTHOI 3a-
JISKHOCTI Y CEpeqHbO- Ta BUCOKOYACTOTHHUX
(1 Ty <f<10° I'n) iHTepBasiaX, yCyBarO4H, 30-
Kpema, nedopmartiii cepeHbOUYACTOTHOI BITKH
JIHCHOI CKJIAOBOI KOMILIEKCHOTO 1MITEaHCY.
ITpu nocsaruenni 3naueHHs y = 20 moi. % cro-
CTEpIraeMo 3MEHIIEHHS HU3bKOYaCTOTHUX 3HA-
4eHb Re Z, Ta MosiBy J0MAaTKOBUX OCHMJISIIN
HaWHM3bKOYACTOTHIMIO! BITKM (KpuBa 4 Ha
puc. 2).

[Tpucytricts B-CD B po3mmupeHiii marpuii
CeJICHI Iy TaJisl BUKJIMKAE PICT (OTOUYTIIMBOCTI
(puc. 3a), HameBHO dYepe3 KOMIICHCAIll0 BH-
X1IHOT PpO3UIMPEHOI MaTpHlli, BKa3ylO4Hd Ha
JIOHOPHI BJIACTUBOCTI OPraHIYHOTO KOHTEHTY
B Marpuill GaSe. Ane HaWOUIBII HEOPAUHAP-
HUM €()EKTOM € TI0sIBa OCIHJISAIIHHOT YaCTOTHOT
mucriepeii Re Z(®) mpakTHyHO 7151 BChOTO J10-
CJIIJPKEHOTO YaCTOTHOTO 1HTEPBaJy, BUKIMKAaHA
OCBITJICHHSIM.

30utpmenas Bmicty B-CD ycyBae cuiibHi
oCUWISLI{, aje TUIbKM Y HHU3bKOYACTOTHIN
obnacTi, a mpu Horo nocsrHeHHi 20 mon. %
CYTTEBO 3MEHIIYIOThca ociminii Re Z(w)
y3[0BXK BCHOIO JOCHTIIKEHOTO YacTOTHOTO
1HTEpBaTYy.
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Puc. 3. HacToTHi 3aJI€KHOCTI pearbHOI CKIIAJI0BOI MTUTO-
MOTO IMITe/IaHCy, TTIEPIICHINKYIISIPHOTO JI0 MIAPiB PO3IIHU-
penoi matpuri GaSe 3 iHKancynsoBaHUM B-CD mns y =
6(2), y =10(3) ta y = 20(4) momsapHUX %, BUMIpPSIHI IIPH
temmeparypi 293 K npu ocBiTienHi (a) Ta B MarHITHOMY
moni (6). (1) — po3mmupeHa KpucTaxigHa MaTPHUIL MIPH
OCBITJICHHI

HaxknanaHHst MarHiTHOTO TOJISL y3/10BXK KpH-
cranorpadiynoi oci C HanpyxeHicTio 2,75 kKOe
MaJIOTIOMITHO MiHsI€ YaCTOTHY 3aJIeXkHICTh Re Z
JUI BUXIHOI PO3IIMPEHOI MaTpHULi CeleHiay
raJio, X04 3a BETMYMHOIO BUKJIUKAE ii 2,5-Kpat-
He 30inbeHHs. OCKUIBKY I JaHOT reoMeTpil
BHUMIPIB JIOPCHIIIBCHKOIO CHJIOKO CJTiJ 3HEXTYBa-
TH, TO CIHOCTEPEXYBAaHUH Uil PO3LIMPEHOI
Mmatpuri GaSe (6e3 B-CD) momarHuii MarHi-
TOPE3UCTUBHUM e(PEeKT HANIMOBIpHIIIE I0-
B’A3aHUI 13 3€€MaHIBCHKOKO JIOKAJI3alll€ro
HOCIIB CTpyMy Y BHUJO3MIHEHIH PO3LIMPEH-
HSAM CTPYKTYpl (7 HEpO3LIMPEHOT MaTpuill
BIUIMB MarHiTHOTO 1oJjist He ikcyBaBes). s 11
HaHOTiOpuaiB 3 f-CD BIUIMB MarHiTHOTO IMOJIS
€ OararorpaHHimuM. Tak s HAWHIKYIOTO
CTyHeHs 1HTEepKaJALii MarHiTHE IoJie 1HILilo€e

@IIT ®UII PSE, 2014, . 12, Ne 3, vol. 12, No. 3

363



MYIIBTHITOIIAPOBI HAIIIBIIPOBI/THUKOBI KIIATPATO-KABITAH/THI KOMIIVIEKCH...

3HayHl ocuwiaii Re Z B HM3bKOYACTOTHO-
My iHTepBam (puc. 30), HATOMICTh BHIIA KOH-
neHTpamis roctboBoro B-CD 3abesmeuye ix
Bi3yamizaiito y cepenHbodacToTHoMy (1—
100 I'm) inTepBami (puc. 36, xpusa 3). s
JIOCITIPKEHOTO HAaWBUIIIOTO 3HAYEHHS BMICTY Op-
TaHIYHOTO KaBiTaHJa CIIOCTEPIraeThCs Mepexis
BiJl IOATHOTO (7151 BUX1HOT PO3IIMPEHOI MaT-
puli) 10 BiI’€MHOr0 Mar”iToomopy p / p,,~
300 %. Ilpu BigmoOpakeHH1 MOBHOTO IMIIEAAHCY
B KOMIUICKCHIN TUIOMIMHI 3 KOOPAMHATHUMU
OCsIMH HOTO JTIMCHOI 1 YIBHOI YaCTHH (J1iarpama
HaiikBicTa) Hacamriepes Ciiji O4iKyBaTH HOTO
0araTto3HauyHOCTI JJII YaCTOTHUX 1HTEPBAJIIB
ocumsnii Re Z(w).

B [14] mamu Oyno mokaszaHo, 110 OCTaHHI
IOB’sI3aH1 3 MOSBOKO 1HAYKTUBHOIO BIATYKY
00’exta. [IpuHAriqHO 3a3HAYMMO, IO SIBHIIE
«B1’€MHOT» €EMHOCTI JIOCTaTHBO JOOpe BigoMe
3 JITepaTypHUX JKEpell, X04 HOro MeXaHi3m
OCTaTOYHO HE 3’sICOBaHUU 1, MaOyTh, BiH HE
Mae euHoi mpupoau [15, 16]. 3a a6k 3a-
raJbHUM MEXaHI3MOM, 1HIYKTUBHA TOBEIHKA
BUHUKA€ HaBITh TOAI KOJNU 3apsi] BBOTUTHCS
B IIapu Majux a00 HaaMaluX pO3MipiB, TOO-
TO, JMiarma3oHy JeKUIbKOX HaHoMmeTpiB [17].
AHanizyroun moOymoBaHi romorpadu imrie-
naHcy (puc. 4) ciijg 3BEpHYTH yBary Ha Te,
o0 JUIsi HEepPO3LIMPEHOro 3pa3Ka CeJeHiTy
rajgito mgiarpama HaiikBicta Mae BUIVIAT
iBKOJIA, KWW 1 B11OOpa)ka€ €MHICHUH BIATYK
nokanizoBaHux ctaHiB. [licis po3mupenHs (6e3
B-IMKI0AEKCTPUHY ) BOHA TPAHC(HOPMYETHCS 10
TPHOXIYTOBOTO BUINIAAY (pHC. 4a), IO BKa3ye
Ha (hOpMYBaHHS €HEPreTUYHOTO peibedy At
HOCI{B CTpyMy 3 TphOMa YacaMH peJiaKcailii i Ha-
SIBHOIO CHCTEMOIO PiBHIB NPWIMIIAHHS, SK1 3y-
MOBIIIOIOTh TIEPEXiJ CEPeTHHOYACTOTHOI BITKU
B [V («IHAYKTUBHUI») KBaJpaHT IUIOMINHU
KOMIUJIEKCHOTO iMriefancy. [lbomy BiamoBigae
TpaHcpopmalliss eKBIBaJIGHTHOI EJICKTPHYHOI
cxeMmu BiJ napanenbHoi RC-nmaHku 10 BUITISAY,
300pa’keHOMY Ha BCTaBIll 70 puc. 4. B Hiii erne-
MeHT nocTiiiHoi (a3u CPE, immenanc sxoro y
KOMIUICKCHIH TUIONIMHI BUpakaeThes sk [ 18]:

Zep= K'G0),
(e K — koediieHT NponopiiiHOCTI; Y — CTe-
MIEHEBUH TIOKAa3HUK, 110 TI03Ha4Yae (a3oBe Bij-
XWJICHHS) Ta BiJ0oOpa)ka€ pO3MOAUICHICTh €M-
HOCTI JJII KOXKHOTO PeNIaKCaIlifHOTO MPOIIecy.

1,0x10°
5,0x108

&

X

X

o

2
—Ilm Z

Puc. 4. liarpamu HaiikBicra, moOymoBaHi Ui HarpsM-
Ky, TIEPIECHANKYISIPHOTO JI0 MIAPiB PO3LIMPEHOT MaTPHIIi
GaSe 3 inkancynpoBanuM B-CD B xinekocti 6-(3), 10-
(2) Ta 20-(1) Mo % mst Temneparypu 293 K B Tempssi
(a), mpu ocBiTICHHI (6) Ta B MarHITHOMY 1107 (8). (4) —
po3mpeHa KpucTajaidHa MaTpuIld, (¢) — eKBiBaJCHTHA
SIICKTPUYHA CXeMa
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Komn’rorepHa  mapameTpu4Ha  iJ€HTH-
¢ikalis eKBIBAJICHTHOI EJIEKTPUYHOI CXEMH
PO3LIMPEHOi MaTpUIll B CEPENOBHUIIl TaKe-
ta ZView 2.3 (Scribner Associates) nana 3Ha-
uenns L,=1,8"10° I'm. Ilicia BHpoBajKeH-
HS PB-IUKIONEKCTPUHY YAaCTOTHUH TIE€HE3UC
miarpam  HaiikBicTa CyTTEBO YCKIIQIHIOETHCS
BIZIOOpaKEHHSIM E€HEepreTUuHuX Oap’epiB st
CTPYMOIIPOXO/DKEHHST Yepe3 MpPOIapKu [-IHK-
JIONEKCTPUHY Ta MDK(a3Hy MeXy Marpuus ||
KABITAH/HUH KOHTEHT. IX MOJIENIOBAHHS JIO
CKBIBAJICHTHHUX EJICKTPHYHUX CXEM € CKJIaTHOIO
3a1a4ero0, sIKa BUXOIUTh 33 paMKH JIaHOi poOOTH.

Ak 1 cmig Oyno oOdiKyBaTH, OCIHJIALIAHA
yactoTHa aucriepcis Re Z(w) mpu ocBiTieHH]
1 B MarHiTHOMY I10JIi € CIPSI’KEHOIO 3 SIBUIIAMU
BIJIMOBIAHO BiJI’€éMHOI (POTOEMHOCTI Ta BiJ €M-
HOI Mar"iToeMHOCTI. B 00MIBOX BUITaIKaX BOHU
€ HaiCTOTHIIITUMHU JIJISl BMICTY OpTaHIgYHOTO Ka-
BiTaHy 6 Moin. % (puc. 46, 48).

[TopiBHIOIOUM  BJTACTUBOCTI  PO3MIMPEHOL
Marpuiii GaSe 10 1 mICHsA BIPOBAKEHHS
B-IMKIOMEKCTPHHY Ta aji3yloud BIUIMB Ha
HMX OCBITJIEHHS 1 MarHiTHOIO I10JIs, MOYKHA 3a-
NPOTIOHYBAaTH HACTYITHE TMOSCHEHHS CIOCTE-
PEKYBAHOTO TIEpediry MPOIECy CTPYMOITPOXO/I-
xeHHs. Toil (akrt, 1m0 MarHiTHe TM0Je Yy
PO3IIUPEHI MarTpuil iHIMIIOE TIraHTCHKUHN
MarHiToomip, KUl BIACYTHIM y HEpO3LIMpeHii
MAaTpHIli, T03BOJSE JINTH BUCHOBKY, IIO B pe-
3yNnbTaTi PO3LIMPEHHS MOAU(]IKyeThCS eHepre-
TUYHUA CHEeKTp JAedexTiB 3 (hopMyBaHHSIM
CMYTH JIOKaJi30BaHHX CTaHIB MiA piBHEM
depMmi 3 TYCTHMHOK CTaHIB HIDKYOKO, HDK Haj
HuM. Came 3eemMaHIBChbKa JIOKaizamis (z1eno-
Kajri3allis) 1 BUKJIMKAE TITaHTCHKUNA JOAaTHUIN
(Bi1’€MHUIT) MarHITOOMIP, SIK 1€ CIIOCTEPITragocst
i La .Ba, ,Mn, [19]. Buposampkenss B-CD
BUKJIMKAE JOIATKOBE PO3LICTUICHHS CMYT CTaHIB
1 (hopMyBaHHsI 1aMIIIIKOBOT'O MiHI30HHOT'O CIIEK-
Tpy. BiacHe ocTtaHHIM 1 3yMOBIJI€HI YacCTOTHI
OCHMJISIIIT MarHiTooOmopy i, MOXIHUBO, (OTO-
NPOBIAHOCTI. 30UIbIIEHHS BMICTYy OpPraHiYHOTO
KOHTEHTY, 3MEHIIYIOUH JUCKPETU3aLiI0 eHep-
TETUYHOTO CHEKTPY, MiHS€ TYCTUHY CTaHiB 1
301IBIIIy€ PYXJIMBICTH ONEPEK HAHOMIPOIIAPKIB,
B pe3yJIbTari 4oro i 3MeHIyeThest ReZ, cnocre-
piraeTecsi mepexiJ BiA JOAATHBOTO IO BiT’€-
MHOTO MAarHiTOPE3UCTHBHOTO €(eKTy Ta MiHi-
MI3YIOTBHCS OCIIMJIAIII.

CuHTe30BaHl HEOpPraHiYHO/OpraHiyHI Ha-
HOriOpuau HaOyBalOTh I[IKABUX 1 MOJIApU3a-
IHHUX BIACTHUBOCTEW, pE3yJIbTaTu JOCHi-
JOKCHHSI SIKUX HaBeleHi Ha puc. 5 Ta 6.
Buxonsuu 3 npakTU4HOi METH — 3aCTOCYBaH-
HsI 1X 1151 BACOKOAOOPOTHUX KOHICHCATOPIB pa-
JI1049aCcTOTHOTO Ailama3ony. s anammizy Opanucs
JI0 yBarW JaHi, SSIKAM BIIMOBIJAIOTh 3HAYCHHS
TaHI'eHCa KyTa €JIEKTPUYHUX BTPAT MEHIII BiJ
omuauii. [liii ymMOBI BIANOBITa€ YaCTOTHUH
intepBan 1—10° I'm. Hacammepen 3a3Haum-
Mo, 110 niepuie BipoBakeHHs 3-CD B ocHOB-
HOMY MIiHSI€ TUTBKM YaCTOTHY AMCIIEPCiiO tgo
PO3IIUPEHOT MAaTPHIIL, B TOW Yac K 301IbIICHHS
BMICTY OpraHiyHOro KoHTeHTy 1o 10 momn. %
BUKIIMKA€ MOro 3MEHIIEHHS Y3I0BX yCiel
JOCIIKEeHOT ®-0ci. BMicT B-niukinonekcTpuny
20 moin. % peBepcye L0 3MiHY, HAllEBHO 4e-
pe3 picT KoHmeTpalii HOCiiB cTpymy. Hakma-
JAaHHSI MarHITHOTO MOJsI MEePHeHIUKYISIPHO 10
HAHOTIPOIIAPKIB 1HIIIIOE TIOJABIIE 3MEHIIIEH-
HS TaHTeHCa KyTa EJEKTPHYHUX BTPaT, OCO-
OJIMBO — y BUCOKOYACTOTHIN 00JacTi (puc. 56)
JUIsL TTOJIBINHOTO BMICTY OpPraHIYHOTO KOHTEH-
Ty. IIpn ocBiTieHHi, sk 1 caif OyJl0 O4yiKyBaTH,
TaHTEHC KyTa eJIEKTPUYHHUX BTPAT pOCTe 3a pa-
XyHOK 30UIbIICHHS €JIEKTPOHHOI MPOBIIHOCTI
(puc. 50).

JlienexkTpuyHa TPOHMKHICTH B3IOBX KpH-
cranorpadiyHoi oci C HalCyTTeBIIIE MIHAETHCS
miclisl JOCATHEHHS BMICTY P-IMKJIOAEKCTPUHY
10 mon. %. B npomy pasi y BUCOKOYACTOTHIM
obmacti &(®) HalyBae SICKpaBO BHPAKEHOTO
OCIIWIALIIHHOTO ~ XapakTepy, JIEeMOHCTPYIOUYHU
AHOMAJIPHY YaCTOTHY JMCIEPCIF0 — PICT Jie-
JEKTPUIHOI MPOHUKHOCTI 31 30UTBIIEHHSAM Ya-
ctotd. Bona Moxke OyTu 3yMOBIIEHA IOSIBOIO
JOJIATKOBOI MOJIsipHU3allii MpU MEPECKOKOBOMY
MIEPEHECEHHI 3apsiay 10 JIOKAJTi30BaHUX CTaHAX
noOnu3y piBHs Depmi.

CrnocrtepexxyBaHi Ha puC. 6a BUCOKOYACTOTHI
ocruiAlii  €(®) MOXYTh CIYXHTH IIE OJl-
HUM TIATBEP/DKCHHSM MIHI30HHOTO —Xapak-
TEpy CMyT JIOKaJi30BaHUX CTaHiB, cQop-
MOBaHOTO MOJICITIOIOU UM MOTEHII1aJIOM
HAHOMNPOILAPKIB OPraHiyHOTO KOHTEHTY. Y
BCSKOMY pa3l HE3allepeyHUM € MO3UTUBHUI
MPAKTUYHUN acleKT s TEeXHOJOrii paji-
O0YaCTOTHHX KOHIECHCATOPIB — MOEAHAHHS BU-
COKOTO 3HAYEHHS JICJICKTPUIHOI TPOBIAHOCTI 3
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HU3bKUM 3HAYCHHSM TaHTeHCa KyTa elieK-
TPUYHHUX BTPAT y PaAiovacTOTHOMY Jiara3oHi.
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Puc. 5. YacToTHI 3a/Ie)KHOCT] TaHI'€HCa KyTa eJICKTpHY-
HUX BTpPAT, NMEPHEHUKY/ISIPHOTO 10 IIapiB PO3IMIUPEHOT
marpuni GaSe 3 iHkancynsoBaHuM B-CD B kiibkocTi
6-(2), 10-(3) Ta 20-(4) Mot % , BUMIpSIHI I TEMIIEparypi
293 K B TempsiBi (a), IpH OCBITIIEHHI (0) Ta B MArHITHOMY
o (8). (1) — po3mmpeHa KpucTaiiuHa MaTpUIsL

OCBITJICHHS BUJAMMHM CBITJIIOM BUKIHKAE
3MEHIICHHSI  JIeIeKTPUYHOI  MPOHUKHOCTI,
HATOMICTh MAarHiTHE TOJIé — HAaBMaKH CIpHU-
YuHsE i1 TIraHTCHKUH PICT, K JJI pO3IMIUPEHOT
MaTpHIli, TaK 1 1 HaHoriopuay 3 10 mon. %

BmicToM B-CD.

104

10° 4

104

10°% 4

102§

101 T T T T
102 10° 104 10° 10°

.
102 10° 10
f,Hz
6
Puc. 6. YacToTHi 3a/1€5)KHOCTI JieJIeKTPUIHOT IPOHUKHO-
CTi, TIEPIEHIUKYIISPHOI JI0 IapiB PO3IIMPEHO] MaTpHIIi
GaSe 3 inkancynpoBauM B-CD B xinbkocti 6-(2), 10-(3)
ta 20-(4) moxn. %, BumipsHI pu Temneparypi 293 K B
TeMpsBi (a), TP OCBITICHHI (0) Ta B MarHITHOMY IIOJi
(8). (0) — po3mmpeHa KpUcTaJiuHa MaTpHIA O0e3 HaKIIa-
JTAaHHS MarHiTHOTO Mo, (1) — po3mmupenHa KpucTariqaa
MaTpHIL B MAarHITHOMY TTOJTi

B ocrannbomy Bumanky ocumiAnii gie-
JEKTPUYHOI  MPOHUKHOCTI  Bi3yalli3yIOThCS
B3JIOBX YChOTO aHaJi30ByBaHOTO YaCTOTHOTO
nianazony. PicT mienekTpuyHOi TPOHHUKHOCTI

366

OIIT ®UII PSE, 2014, 1. 12, Ne 3, vol. 12, No. 3



T. M. BIIAHIOK, 1. I. TPUTOPYAK, ®. O. IBAIIIMIIWH

y MarHiTHOMy TIOJli CBITYUTH TMPO TPOSIB
KOJIOCAJILHOTO MarHiToeMHicHOTro edekrty. Po-
3yMIHHS WOTO MEXaHi3My € CKJIaJHUM. MarHi-
TOCNEeKTpUKU (muB. orsia [20]) He Manu mpa-
KTUYHOTO 3aCTOCYBaHHS 4Yepe3 HaJA3BUYANHO
MaJji BenuuuHH gaHoro edekty. Tiubku Hemo-
JTABHO TOsIBMJIacA MyOuiKallisi Mpo BUSIBICHHS
edekty riranTcbkoi MarHitoemHocti (I'ME)
[21]. ITim HuUM po3ymilOCS JOCATHEHHS B
TbMnO, Benuunnu

_ &(H)-¢(0)
o g0)

(me e&(H) 1 &(0) — BIANOBIIHO Ii€NEKTPUYHI
INPOHUKHOCTI B MAarHiTHOMY Iojii 1 6e3 HbO-
ro) necarb BiAcoTKiB mpu Hu3bKUX (<18 K)
temmneparypax. lle BigkpuBae mepcrneKkTU-
BU 3aMiHM TPAJUIIAHO BUKOPHUCTOBYBAHUX
IHIYKTUBHHUX TOJIOBOK JIJIsI 3YMTYBaHHS 1H(OP-
Mamii 3 MardiTHUX HOCIIB Ha €MHICHI MarHiTo-
€JIEKTPUYHI €JIEMEHTH, IO J03BOJISIE 3MEHIIH-
TH PO3MIPH 1 BTPaTH B HUX.

B Hamomy BUTIQJKy BeJMYHWHA MAarHiTOEM-
HOCTI ¢ JJIs BMICTYy OPraHi4HOIO KaBITaHIY
20 mon. % mMae Big'eMHE 3HA4YEHHS, a A
JIBOX 1HIIMX CTPYKTYp carae Bix 109 o 279 %
(s kimpKocTi iHKancyiapoBaHoro B-CD 6 Ta
10 mon.% BignmoBigHO) Ha wactoti 50 k['1r 3a
KIMHaTHUX Temrieparyp. O4eBUIHO, 1110 B JaHO-
My pasi MexaHizm ' M€ € BiAMIHHUM Bif] TOTO,
mo peanizyerscs B [21]. Moro, y cBiTni Bume-
HABEJICHOT0, HaWOLIbII HMOBIPHO TOB’SA3aTH
3 3€EMaHIBCKOI MOAM(IKAIIEI EHepPreTHy-
HOTO CIIEKTpY, SIK II€ YCITIIIHO OyJI0 3po0JieHO
aBTopamMu [19] nis MosicCHEHHS TIraHTCHKOTO
MarHiTOpe3UCTUBHOTO €(EKTy MpU KiIMHATHUX
Temmneparypax B La  Ba  ,MnO,.

BripoBajpkeHHST B-IIMKIIONEKCTPUHY B €K-
BIIUCTAaHTHO po3lupeny marpuiio InSe (sx
1 nnst GaSe) 30ubITy€e AIACHY CKIIAJOBY KOM-
IUICKCHOTO IMHTOMOTO IMITEJJaHCY, IMEPICHIN-
KyJSIPHOTO JIO TUIONIMH HAHOMPOIIAPKIB, OJI-
HAK Ha BIJIMIHY BiJ] ocTaHHKOTO picT ReZ(w)
31 30unpmeHHsAIM BMicTy [B-CD € MOHOTOH-
uuMm (puc. 7). Ii wacroronesanexHicTs B 10-
cuth mupokomy intepsaii (107 < o < 10° ')
CBITYUTH MPO OCHOBHUU BKJIAJ B MPOBIIHICTH
30HHUX HOCIiB, T€HEPOBAHMX 3 MIIKHX JO-
HOpPHUX pIBHIB NpU KIMHATHIA TeMmmeparypi.

8000 -

7000
B e

6000 - SRR s,

5000 A
4000 4

Re Z, Ohm*cm

3000 4
20004

1000“ b | e | T il T il e | e | T
10#4 10 102 10" 10° 10" 102 10°® 10* 10°
f, Hz

Puc. 7. YacToTHI 3aJIe)KHOCT]I peanbHOi CKJIaJ0BOi MH-
TOMOTO IMIIE/IaHCYy, TIEPIEHIUKYISIPHOTO A0 LIapiB Po3-
mupeHoi Marpuui InSe 3 iHkancyneoBanuM [(-CD B
Kinpkocti 6-(2), 10-(3) Ta 20-(4) Moin. % , BUMIpsIHI TIpH
temrieparypi 293 K B TempsiBi, npu ocBimieHHi (L) Ta B
MarHiTHoMy noni (M). (1) — po3mupena KpucraiiyHa
MaTrpuIs

3 1BOro K PUCYHKY KOHCTaTyeMO LiKaBHH
daxr: 31 30utbmeHHSIM BMICTY 3-CD MOHOTOHHO
pocte #oro dorouyTiuBicTh. BomHouac mar-
HITOOMIp € HEMOHOTOHHOI (YHKIIIEIO BMICTY
OpraHi4HOro KaBiTaH1y. BiamosiaHi rogorpadu
IMITEIAHCY TIPEICTABIISIIOTH COO0I0 HE3aBEPIIEH1
(BHACITIIOK TEXHIYHOI CHPOMOXKHOCTI BHKOPH-
CTOBYBAaHOTO BHMIPIOBAJIBHOTO KOMILIEKCA) Y
BUCOKOYACTOTHIN (poHOHHIN) obmacti myru.
SAx BumHO 3 puc. 8, miarpamu HaiikBicta sk
JUIL BUXIJTHOI PO3MIMPEHOi MaTpuli, Tak 1 3
B-IMKIIONEKCTPHHOM, 1 BUMIpSHI SIK B TEMPSBI,
TaKk 1 TpU OCBITJICHHI YM B MAarHiTHOMY IMOJi
€ 3arajoM OJHOTUIIHMMH, 32 BHKIIIOUCHHSIM
10 Mon. % opraHiuyHOro KOHTEHTY B TEMpsBI 1
npu ocBiTIeHH1 Ta 20 Mo, % — Ipu OCBITJICHHI.
Jlis HUX TOSIBISIOTHCS HAaWHM3bKOYACTOTHIIII
KBa31ITOPU30HTAIBbHI IJITHKA 3 BUCOKOYACTHUM
(xpuBi 3L 1 4L) Ta HU3bKOYACTOTHUM T€HE3HCOM
(xpuBa 3).

IMniegancHi Momeni Ayis OTpUMaHUX TPHOX
BU/IB HH3BKOYACTOTHOTO TEHE3HCY Jiarpam
HaiikBicta MoXyTh OyTH mpencTaBieHi Ha-
CTYIHHMHU C€KBIBAJICHTHUMHU EICKTPUYHUMHU
cxemamu (puc. 9). Ilepma 3 HEX BimoOpaxkae
€MHICHUH BITYK JIOKAJIi30BaHUX CTaHIB, BKa-
3ylOUd Ha BKJAJ Yy 3arajbHy IPOBIJHICT
NEPECKOKIB HOCI{B 3apsAay IO JIOKali30BaHUX
ctaHax moOmusy piBHs Depmi, abo mporecu
30y/KEHHSI — 3aXOIUIEHHS IX Y XBOCTHU 30H
Yy B 30HM JEJIOKaJi30BaHUX cTaHiB. Jlpyra €
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ANPOKCUMATOBHOIO ISl HU3BKUX YacTOT 1 Mi-
CTUTh €MHICTh C,, MapajeNbHO M’ €IHAHY 10
nociigoBHoi RC-nmaHku, sika Moke OyTH IO-
TPaKTOBaHa SIK KBAHTOBA EMHICTb.
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Puc. 8. Jliarpamu HaiikBicT ,/u1s1 HaNpsIMKY, MEpIICHIN-
KyJISIPHOTO JI0 1IapiB po3iupeHoi marpuui InSe 3 inkar-
cyneoBanuM [-CD B kinbkocti 6-(2), 10-(3) ta 20-(4)
Mot %, noOynosani i Temreparypu 293 K B TempsiBi,
npu ocBiTieHHi (L) ta B MarHiTHOMY 1toiti (M). (1) —
po3IIMpeHa KpUCTaliuHa MaTpUIsL

Tak sk BOHa BI3yaNlI3y€TbCSl TUIBKU MPHU
OCBITJICHHI, TO MOXHa TOBOPUTH IPO CIIOCTE-
pPESKEHHSI HOBOTO sIBHINA — KBAHTOBOI (pOTO-
eMHOCTI. [i MexaHi3M Moxke GyTH HpesCcTaBIe-
HUI HAa OCHOBI BIJIOMOI KOHIEIIi KBaHTOBOI
emHocTi, BBeneHoi Jlypi [22]. Ilpu mpomy ii
napanenbHe Wi €IHaHHS OO0 TEeOMETPHUYHOT
€MHOCTI 3yMOBJIEHE KiHEUHICTIO YaciB TyHEIIO-
BaHHS, SK 11e Oyso moka3aHo B [23], abo x 3a
pPaxyHOK 3pOCTaHHSI TEPEKPHUTTS XBUIHOBHX
GyHKII HEpIBHOBAKHUX HOCIIB CYCITHIX Ha-
HOTIPOIIIAPKIB 3 KBAHTOBOKO eMHICTIO JIypi uc-
KPETU30BAHUX CTaHIB.

R, BCP

R1 R1 C1
sl s B S BN
Puc. 9. ExBiBasIeHTHI eJISKTPUYHI CXeMH J1s rogorpadis
imMITe1aHcy 6e3 HM3bKOYaCTOTHUX TOPU30HTAIBHHUX BITOK

(a) Ta npu iX TPUCYTHOCTI 3 BUCOKOYACTOTHUM T'€HE3H-
coM (6) 1 3 HI3PKOYACTOTHUM TCHE3HCOM (8)

I, Ha 3aKiHYEHHS, TPETS 3aCTYyIHA CJIEKTPU-
YHa CXeMa MOPIBHAHO 3 MEPUIOI0 MICTHTh J0-
JATKOBO KIHEUHUH €JeMEHT TMOCTiiHOI (a-
3u — BCP. Moro mnociigoBHe mix’ €qHAHHS
mo R1 BigoOpakae YacTKOBY IMIIEJaHCHY
HEOJHOPIAHICTh 00’€My 3pa3ka KIHEYHOi TOB-
uyHU [24].

3arajoM 3a3Ha4yeHa MPUPOAA PE3UCTUBHOT
pO3MoAiIeHOCTI Moxe OyTu pi3HOw. OnHak,
BHUXOJSYHM 3 TPAaBIMETPUUYHUX IOCIIKEHb Ki-
HeTuku BrpoBakeHHs B-CD B posmmupeny
Matpuiro InSe, HalpoOCTIiIIEe AOMYCTUTH, IO
3a3HAaUYC€HAa HEOJHOPITHICTh 3YMOBJICHA Ha-
CTYITHUM CIIOCOOOM po3TamryBaHHS (KepoBa-
HUAM EHEPri€l0 B3aEMOJIi MDK MOJICKYIaMHu
OpPraHiuHOIO rocTs) NPAKTUYHO PIBHUX MOPILIH
OpPTraHIYHOTO KOHTECHTY Ha KOKHOMY eTari
JOIHTEPKATIOBAHHS, CXEMAaTUIHO 300paKeHUM
Ha puc. 10.

X X X XXXX X XXXXX
X X X XX X XXXXX
X X X XXXX X XXXXX
IHTep- | noitep- |l ﬁt(gl:;ep-
Kansauis karnto-
BaHHA BaHHA

Puc. 10. CxemarnyHe 300pa’keHHSI MOXIIMBOTO PO3Ta-
mryBanHst B-CD B po3mmpeHii MaTpuili ceseHi Ly iHIis

BUCHOBKU

1. JlilicHa CKJIaJ0Ba KOMILJIEKCHOTO ITUTOMOTO
imnenancy (Re Z(w)), mepneHIuKyIsspHO-
ro J0 TUIOMHMH HaHompomapkiB GaSe e
HEMOHOTOHHOIO (DYHKIIi€t0 KUIBKOCTI 1H-
KarCyJlbOBAaHOTO [(-IIMKIOAEKCTPUHY, BiJ
SKOT TaKOX 3aJIeKUTH IMOsIBAa 1 YACTOTHA Bi-
3yamizaiis ocmisnii ReZ(w).

2. IlpucyTHICTb B-UMKIOAEKCTPUHY B PO3LIH-
pEeHIN MaTpuIll CeJIeHIAY Tallii0 CIPUINHSIE
pict ¢orouytnuBocti. [Ipu oMy HEopau-
HapHUM €(EeKTOM € TOosBa OCIWIISIIHOT
yacToTHOI aucnepcii ReZ(w) mpaktuyHo
JUTSL BCBOTO JIOCITIPKEHOTO YacTOTHOTO iH-
TepBajy, BUKJIMKaHA OCBITIICHHSM.

3. Jna GaSe<B-CD>y BIumB MaraiTHOTO HOJIs
€ OararorpanHimmM. Tak Ui HaWHIKYO-
rO CTyNeHs IHTepKaALii MarHiTHe ToJie
iHiioe 3Haudl ocuiranii ReZ B HHU3BKO-
YaCTOTHOMY IHTEpBaJli, HATOMICTh BHIIA
KOHIIEHTpallis roctboBoro B-CD 3abe3neuye
ix Bigyamizaliio y CepelHbOYaCTOTHOMY
(1—100 I'm) iaTepBam. s 10CIipKeHOTo
HaiBuioro 3HadeHHa y = 20 mom. %
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CIIOCTEpIraeThCs TMepexil BiA JO0AaTHOTO
(71 BUX1IHOT PO3MIMPEHOT MaTpuii p, ./ p
~ 250 % ) mo BiA’€MHOTO0 MarHiTOONOPY
p/p,,~ 300 %.

. B GaSe<p—CD>y BusiBneHo sBuIla Bia €-
MHOI (POTOEMHOCTI Ta BIJ'€MHOI MarHi-
ToeMHOCTI. B 00MABOX BHIIagKax BOHH €
HAWICTOTHIIIUMHU JJI1 BMICTY OpPIraHigYHOTO
KaBiTaHgy y = 6 moi. %.

. 10 mon. % BMICT PB-LUUKIONEKCTPUHY Y
(GaSe 3yMOBIIIO€ 3MEHILEHHS TaHI'€HCa KyTa
CIEKTPUYHUX BTpaT Ta CYTTEBY 3MIiHY
YaCTOTHOI JHcCIiepcii JTieNeKTpUIHOT Tpo-
HUKHOCTI Y3JIOBX YCi€l aociimkeHoi o-
oci. [loenHaHHS BHCOKOTO 3HAUEHHS Jie-
JICKTPUYHOI MPOBITHOCTI 3 HU3BKUM 3Ha-
YEHHSIM TaHT'€HCA KyTa eJIeKTPUYHHUX BTPaT
y palaioyacTOTHOMY Jiama3oHl 3acBif-
4yy€e TMEepPCHeKTUBHICTh C(HOpMOBaHUX Ha-
HOT10pHUIIB ISl KOHJEHCATOPOOYTyBaHHS.

. OCBITJIEHHA BHUIMMHUM CBITJIOM BHKJIMKAE
3MEHIICHHS J1eJIEKTPUYHOI MPOHUKHOCTI,
HAaTOMICTh MAarHITHE TIOJIE HaBIaK1
COpUYUHSE 11 TITAaHTCBKUU PICT, SIK AJIs
po3mMpeHoi Marpuii, Tak 1 A HaHo-
riopumry 3 10 mon. % Bmictom B-CD.

. BripoBakeHHsT B-IIUKIIONEKCTPUHY B €K-
BIJJUCTAaHTHO pO3LIMpeHy Marpumio InSe
30impmrye (sk 1 st GaSe) miiicHy CKiao-
By KOMIUIEKCHOTO IMHMTOMOTO iMIIEIaHCYy,
MEPIECHIUKYISIPHOTO 10 TUIOIIUH HAHOTIPO-
[IapKiB, OJJHAK HA BIAMIHY BiJ] OCTAHHBOTO
pict ReZ(w) 31 30inbiienusam Bmicty B-CD
€ MOHOTOHHUM. BogiHOYac, MOHOTOHHHM € 1
picT GoTOUyTIMBOCTI. MarHiToomip € HeMo-
HOTOHHOIO (DYHKITIEI0O BMICTY OPTaHIdHOTO
KaBiTaH.TY.

. ¥ InSe<B-CD>y cnoctepiraerscst HOBE SIBU-
1116 — KBaHTOBA (POTOEMHICTD. Ii mapanenbhe
17’ €JTHAHHS 10 TEOMETPUYHOI €EMHOCTI 3y-
MOBJICHE KIHEYHICTIO YaciB TYHEJIOBaHHS,
abo0 K 3a paxyHOK 3pOCTaHHS NEPEKPUTTS
XBHJILOBUX (DYHKI[I HEPIBHOBAKHUX HOCIIB
CYCIIHIX HAHOIIPOIIAPKIB 3 KBAHTOBOIO €M-
HicTio JIypi AMCKPETHU30BaHUX CTAHIB.
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