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Bo3yxy. B oOpasiiax komnosuuu IIMMA — cTekiiomu-
KaHUT pa3psil, KaK MpaBKiIo, COMPOBOXKAAICS Pa3pbIBOM
UCCIIeyeMOro MaTep1aa, Yyto NoKa3aHo Ha puc. 7.

BbiBoAbI

1. B KoMMo3u1Msx ¢ TOHKUMM CIIOUCTBIMU MaTepua-
JaMu ToHo# mopsnka 20...40 MKM (JJaKkOTKaHb,
19 u [IDT® nneHku) pa3BUTHE paspsifia COMpO-
BOXIAEeTCs MPOOOEM MIEHKU 1 BHIXOJIOM KaHaa Ha
MX BHEIITHIOI0 TOBEPXHOCTb.
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MONEBAS 3ABUCUMOCTb KOMMEKCHOWM AUINEKTPUYECKOWN NMPOHULIAEMOCTU
NOJINSTUNEHA, HANONHEHHOIO LLUPKOHATOM TUTAHATA CBUHLIA

C.H. Tkauetko, O.C. lechne, C.M. Nebenes

OCIM HW Bbicokmx HanpsixeHwia FOY BMO TNY
E-mail: polymer@hvd.tsk.ru

lMpuBeaeHs! pesynbTaTel CCIEA0BaHMS 0EBbIX 3aBUCUMOCTEN KOMIIIEKCHOW AMINEKTPUYECKOV NMPOHULAEMOCTY MOINITUIEHA, Ha-
OSTHEHHOTO YNbTPAANCIIEPCHBIM MOPOLLKOM LIMPKOHATa TUTaHaTa CBUHLA. YCTaHOBIEHO, YTO 3aBUCUMOCTb &"=f(g’) Ha KOMMIEKCHOM
M70CKOCTY [10 M 1OC/IE OMPEAENEHHOIO yPOBHS BO3AEVICTBYIOLUErO HAMPAXEHWS annpOoKCUMUPYETCS ABYMS QYHKUMAMU. TMHENHON —
npu U<Uy, 1 aebaesckovi = npu U>Uye, rae Uy, = 3HaveHune HanpsxeHus py KOTOPOM HaY1HAETCA HEMHENHAS 3aBUCUMOCTb &"=F(g’).
TNpeanoxer cnocob pacyera 3NeKTPUHECKON MPOYHOCTY KOMMO3MLIMOHHBIX MOSIMMEPHBIX MATEPMATIOB M0 NaPaMETPaM CrekTpa AMAIeK-

TPUYECKOM penakcaumm.

Knio4eBble cnoBa:

LvsanekTpudeckasn npoHnLaeMoCTb, 3EKTPUYECKas MPOYHOCTb, MOINSTUIIEH, UMPKOHAT TUTAHAT CBMHLA.

BBepeHue

B [1] moka3aHo, YTO METO/ AUAIEKTPUUECKOIA CITeK-
TPOCKOINMH JaeT MOJHYK WH(POPMALMIO O MOBENEHUU
KOMIIO3UIIMOHHBIX IMOJMMepHBIX MaTepuaios (KIIM) B
CI1a00M 3JIEKTPUYECKOM I10JI€ B OIpeAeIeHHOM TeMIIe-
paTypHO-YaCTOTHOM JMara3oHe U MO3BOJISIET IPOTHO-
3MpPOBaTh U3MEHEHHUE MX CBOMCTB B 3aBMCUMOCTH OT CO-
CTaBa MOJMMEPHOI MaTPUILIbl U KOHLEHTPALIMK HaTOI-
Huteseil. OnqHako 1S LesieHanpaBieHHOTO Peryanupo-
BaHu coctasa U cBoiictB KI1IM HeoOxonnmo uccieno-
BaHUE KOMIUIEKCHOM AMAJIEKTPUYECKON MPOHULIAEMO-
CTU HeE TOJIbKO B CJIa0OM, HO U B CHJIBHOM 3JIEKTpUYe-
CKOM ToJie. DTO 00YCIOBIEHO TeM, UTO BBEAECHKE B TI0-
JIMMEPHYIO MaTpuIly MOAMMUIMPYIONIMX T00aBOK He-
OPraHMYECKOTO MPOMCXOXKIEHMS MOXKET 00YC/IaBIuBaTh
nHoe nopeaeHre KITM B ciIbHOM 3JI€KTpUYECKOM I10-
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Jie BCJICNCTBIE YCHIICHNMS JIOKAJTBHOTO TIOJST Ha TpaHu-
1LIax pasfena MojMMepHast MaTpylia — HaIlOJTHUTENb [2].

Tak, B [1] ObUTa cAemaHa OlleHKA BETMYMHBI JIOKATb-
HOTO TMOJSl ISl TOJUATUIIEHA HU3KOM IMJIOTHOCTH
(ITOHTT), HamoJIHEHHOTO MOPOIIKOM LIMPKOHATA THUTa-
Hara cBuHIa (LITC) mo dopmyne Jlopentua. IIpu KoH-
uentpauuu LITC C=40 06. % nokanbHOe 1oJie B HEMO-
JISPHOU MaTpuIIe YBEMYMBAETCSI TPMMEPHO B 3 pasa no
CpaBHEHUIO ¢ E, 4T0 MOXET MPUBOAUTH K JIOKATbHOMY
npo0OI0 TUAIEKTPUKA B CUITBHOM BJIEKTPUYECKOM TI0JIE.

OueBMIHO, YTO YCUJIEHNUE TI0JIS B IOKAJIHbHOM 00be-
Me I13JIEKTPUKOB HOJKHO IIPUBOAUTH K CHIDKEHMIO UX
DJIEKTPUYECKOM MPOYHOCTU B JTI00OM JIMana3oHe ya-
CTOT BHEIIHETO 3JIeKTPUYECKOro MmoJis. To ecTh, MOBHI-
HIEHHE 3JIEKTPOPU3NUECKUX XapaKTepUCTUK (YIe/Ib-
HOT0 0OBEMHOTO COMpPOTUBICHUS P, U AUBNEKTPUYE-
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CKOI1 MPOHMIIAEMOCTH) 3a CUET BBEICHUS MOIU(UIIL-
pyioliux 100aBOK MPU HAMPSKEHHOCTH BHEIIHETO
anektpudeckoro noast £<10* B/M MoxeT naBath JOX-
HyI0 MH(pOopMaIuo o Bo3MoxHoM noBeneHnn KITM B
00J1aCTH CUJIbHBIX SJIEKTPUUECKUX TTONEH.

B 371011 CBSI3U 1ie/1bI0 JAHHOH PaOOTHI SBJISIOCH MC-
ClIeIOBAHME BIUSHUS HAMPSXKEHHOCTH BHEUIHETO
ANEKTPUIECKOrO TIOJST Ha JeHCTBUTENBHYIO &' U MHU-
MYIO €" COCTaBIISIIOIIME KOMIJIEKCHON AU3JIeKTpuye-
CKOW TIPOHMIIAEMOCTH TIOJNUATUICHA, HANIOJIHEHHOTO
YIBTPaJMCIIEPCHBIM TIOPOLIKOM IIMPKOHATA TUTAHATA
csuHua (LITC) u ycTaHOBIEHHE B3aUMOCBS3U MEXY
napaMeTpaMy CIEeKTpa AU3IEKTPUIECKON peakcalun
1 3NIeKTpryecKoit mpoyHocThio KITM.

MeTogmka 3KCnepuMeHTa 1 00pasyibl

O6mbexTamu uccnenoBaHus spisiuch KITM Ha oc-
HOBE IMOJMATUIeHA HU3Koi miotHoctu (10803-020
['OCT 16337-77). B xauecTBe HaNOMHUTEISI UCTIONB30-
BaJIcs yabrpamuciepcHslii mopomok LITC, co cpenHnm
pazMepoM cepuueckux JacTuil okoso 1 Mkm. J{uanex-
tprdeckas mporuiiaeMocth LITC £=1600...1700 [3].
KoH1eHTpaIis HamoMHUTENS B TIOJTMMEPHON MaTpHIIe
nsmensach ot 10 10 40 06. %, T. K. ipu GOJIbIIEM Ha-
MIOJTHEHUH PE3KO YXYMIIATCs (DU3MKO-MeXaHMYeCKue
cBoiictBa KIIM.

OO6pa3upl A1 M3MEPEeHN KOMIUIEKCHOM IUdIeK-
TPUYECKOW TMPOHULIAEMOCTH TPEICTABISIU CO0Oi
MJI0CKOTapasieibHbIe TNIACTUHBI JuamMeTpoM oT 50 1o
75 mM. TommuHa 00pa3uoB A u3MeHsuiach ot 0,25 10
1,2 mM. ToYHOCTH M3MEPEHUST TOJIIUHBI 00Pa31I0B CO-
CTaBIsIa +1 MKM, a pa30poc 3HaYEeHUH A IO M3MEPH-
TEJBHBIM 3JIEKTPOIOM He TipeBbimai 2 %. [ns obecre-
YeHHsI KOHTaKTa MEXIy U3MEPUTEIbHBIMU 3JIEKTPOIa-
MU ¥ 00pa3lloM Ha €ro MOBEPXHOCTM HAHOCHUJIMCh
ANIEKTPObI U3 cepedpa. DIeKTPUIECKoe COMPOTUBIIE-
HUe clios cepebpa He mpeBbiiano 3 Om.

Nzmepenne &'n ¢" KIIM ocymiecTBIsI0Ch B CTaH-
JapTHOM CUCTEME 3JICKTPOIOB C MOMOIIbIO M3MEpH-
teabHOro Mocta Haefely Trench Tettex AG Instrument
NP 9aCTOTe BHEIIHETo aneKTpudeckoro mons 50 Ii B

nuanaszoHe ot 2 1o 11 kB. [TorpemiHocTs u3MepeHus &'

" &"He npesbiana 2 u 5 %, COOTBETCTBEHHO.

OO0pasipl s onpeaeneHuss NpoOMBHOIO Harpsi-
xenud (U,,) mpu A>0,5 MM U3roTaBIMBaINCh METOIOM
TOpSIYEro MPeccoBaHusI ¢ yrIyOieHeM, Mo hopMe co-
OTBETCTBYIOLIMM (hOpPME BBHICOKOBOJBTHOTO 3JIEKTPO-
na. Jnsg McKiIoueHus: CKOb3SIIIUX pa3psiaioB Mo IMo-
BEPXHOCTU U TIOBBIILIEHUS] HANPSKEHKWS BOSHUKHOBE-
HUS YaCTUYHBIX Pa3psaoB 00pasiibl MOMEIIATUCh B
SYENKY, 3aMIOTHEHHYIO TPaHC(HOPMATOPHBIM MACIIOM C
ANEKTPUIECKON MPOYHOCThIO He MeHee 50 KB/mMM. Hc-
MBITAHUST 00pPA3IOB MPOU3BOAUINCH B OTHOPOIHOM
anekTpuueckoMm moje. IIpoboit obpasLoB ocylecT-
BJISJICS TIPU TUTAaBHOM TIOIbEME MEPEeMEHHOr0 Hampsi-
xenust f=50 Ii1 co ckopocthio 2 kB/c. Usmepenue
NPOOMBHOTO HAMpPSKEHUS! MPOM3BOAWIOCH C TIOMO-
IIBIO JIEKTPOCTATUYECKOTO KIoBodabTMeTpa C-196 ¢
kimaccom touHocTd 1,0. TIpy cooTBEeTCTBYIOILEH TON-

IIMHE UCTIBIThIBAJIOCH He MeHee 10 oOpasioB. [loBepu-
TEJbHBIA UHTEPBaN [UIA CpelHero 3HadeHud U, u
3IEKTPUYECKON MPOYHOCTH E,, 00pasLioB pacCumThI-
BaJics 1o popmyie [4]:

c
N (D

e t, — Kputepuii CThIOIEHTA ITPY TOBEPUTEIBHOM Be-
postHOCTH 95 %; & — cpenHeKBaApaTUYHOE OTKIOHE-
nue U, um E;; N — obliee KOIMYecTBO 00pasiios
JIAHHOI TOJIIMHBI.

AU, E,)=2t,

mp ?

3KCI1€pVIMEHTaJ1beIe pe3ynbTatbl N NX 06(y)KD,eHVIe

N3BecTHO, YTO BBEAEHNE MEJIKOAMCIIEPCHOIO Ha-
MIOJTHUTENISI B 00beM IOJIMMeEpa CYIIECTBEHHO MOMIM-
(uLMpyeT ero CTpyKTypy ¥ CBOMCTBA 3a CUET MexXpa3-
HBIX B3aMMOJENCTBUII M 00pa3oBaHUSI TPAHUYHOTO
CJI0S BOJIM3M YacTHIl HamomHuTeNs [, 6]. [lpu atom
CTaOMJIbHEIE CBOMCTBA HAIIOJHEHHBIX IIOJIMMEPOB MO-
TyT OBITh ITOMYYEHBI JIUIIb IIPH OIPENeICHHOI CTere-
HU TeTePOr€HHOCTH CUCTEMBI ITOJUMEP-HAIOJIHUTENb.
B [1] moka3aHo, yto nipu HaronHeHuu ITOHIT mopor-
KoM cerHetoasekTpuyeckoit kepamuku LITC ¢ obbe-
MHoM KoHleHTpauueil C=40 006. % >pdekTrBHOE 3Ha-
YEHUE NEUCTBUTEIbHON COCTABISIONIENA KOMITJIEKCHOM
JVBJIEKTPUYECKON MPOHULIAEMOCTH &,y TIPU 4ACTOTE
50 Tir Bo3pacTaeT moYTH B 5 pa3 MO CPaBHEHUIO C
IIDHII. Kpome Toro, Heo0XoaAUMO YYMTHIBATh, YTO B
oramune ot [IOHII, nuanekrpuyeckass NMpOHMIA-
€MOCTb KOTOPOTO He 3aBUCUT OT HANpPsSKEHHOCTH BHe-
mHero sjexkrpudeckoro mojs, LITC sapusercs cerne-
TO3JIEKTPUKOM, IJISI KOTOPOTO XapaKTepHO HaIMvKe
JOMEHHOH MOoJsipu3aluu, o0ycIaBIMBaIOIIEl Helu-
HeliHy10 3aBUcUMOCTb £=f( E).

Pe3synbraThl uccaenoBaHus 3aBUCUMOCTEN &, tgo,
&"=f(E) KIIM nokasaiu, 4TO Npu KOHLEHTpaLU1
LITC C=10 06. % (Tabm. 1) TOBHIIIIEHWE HATIPSKEHHO-
CTH BHEIIHETO 3JIEKTPUYESCKOTO OIS WM YPOBHS UC-
MBITATEIbHOTO HAMpsDKeHWsT (IIpUM OMHOM M TOH Xe
TOJIIMHE TU3JIEKTPUKa) B 3,5 paza MPUBOIUT K YBEJIHU-
yeHuto ¢ mpumepHo Ha 1 %, a ¢” — B 3,5 paza. [lpu
C=30 m 40 06. % (tabn. 2, 3) & Bo3pacTaer Ha 20 U
30 %, coOTBETCTBEHHO, a £"— B 5...6 pas.

VBennmueHue NEUCTBUTENbHOM M MHHUMOKM cocTa-
BJISIIOIUX KOMIUIEKCHOM AUAIEKTPUUECKOM TPOHMIIA-
emMocTH, ocobeHHo mipu C>30 06. %, CBUIETENBCTBYET
0 TOM, YTO IUCTIEPCHS KOMILICKCHOM TMANEKTpUUe-
ckoii mponunaemocty KIIM mpu ¢ukcupoBaHHOI ya-
CTOTE BHEIIHETro 3JIEKTPUUYECKOro MO 00yCI0BICHA
MPEXE BCETO HEJIMHEMHOM 3aBUCMMOCTBIO MOJISIpU3a-
LUK OT HANPSDKEHHOCTH TOJISl B KepaMUuecKoil ¢ase.
[Tpuyem, Haubonee CyIIECTBEHHBIM 3[€Ch SIBISETCS
TOT pPe3yJbTaT, YTO 3aBUCUMOCTb &=f(¢’) Ha KOM-
TUIEKCHOM TIIOCKOCTH 1O Y TOCIE OMpeae]eHHOTO
YPOBHS BO3IEHCTBYIOIIETO HAMPSIKEHUS! aIpPOKCH-
MuUpyeTcs 1ByMs QYHKLMSIMU: TMHEHHOM — nipu USUj,
u nebaesckoii — npu U> U, e Uy — 3HaueHue Ha-
MpsDKEHYSI TPY KOTOPOM HauMHAaeTCsl HeJTMHeHas 3a-
BUCUMOCTb &'=f(¢g), puc. 1.
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Tabmuua 1. Pe3ynbTaTsl M3MepeHun ', tgs, & Ans KoMnouLmm
M13+10 06. % LITC (A=357 mkm)

U, kB ' tgs, 107 g"

2,0 3,325 0,32 0,01
2,5 3,330 0,37 0,012
3,0 3,333 0,42 0,014
3,5 3,337 0,50 0,017
4,0 3,341 0,55 0,018
4,5 3,343 0,63 0,021
5,0 3,347 0,70 0,023
5,5 3,350 0,78 0,026
6,0 3,354 0,90 0,030
6,5 3,359 1,02 0,034
7,0 3,363 1,09 0,037

Tabnuuya 2. Pe3ynibTaTsl M3MeEpeHun &', tgs, &" Ans KoMnouLmm
M13+30 06. % UTC (A=542 mkm)

U, kB &' tgs, 107 g"

2,0 8,021 3,00 0,241
2,5 8,182 4,00 0,327
3,0 8,319 4,55 0,379
3,5 8,420 5,56 0,468
4,0 8,550 6,60 0,564
4,5 8,626 8,50 0,733
5,0 8,756 10,2 0,893
5,5 8,782 11,5 1,010
6,0 9,0Mm 14,2 1,280
6,5 9,300 16,7 1,553
7,0 9,436 17,8 1,680
7.5 9,695 18,9 1,832

Tabmuuya 3. Pe3ynbTatsl M3MepeHun &', tgs, " ans KoMno3vumm
[13+40 06. % LTC (A=584 MKkm)

U, kB g tgs g"

2,0 12,405 0,050 0,620
2,5 12,709 0,065 0,826
3,0 13,099 0,079 1,035
3,5 13,480 0,100 1,348
4,0 13,545 0,110 1,490
4,5 13,929 0,150 2,089
5,0 14,262 0,170 2,425
5,5 14,688 0,200 2,938
6,0 15,223 0,200 3,045
6,5 15,534 0,200 3,107
7,0 16,041 0,200 3,208

®opmanbsho, pu ULV, 3aBucuMocTH &'=fg)),
puc. 1, OmUCBIBAIOTCS YPaBHEHUSAMM MPSIMbIX JTMHUI C
Koa(duLreHToM Koppensiuuu R>0,98:

£"=0,5036-¢-1,6709; (C=10 06. %); ?)
£"=0,6027-£'~4,6063; (C=30 06. %); 3)
£"=0,6621-£'-7,5998; (C=40 06. %). 4)

CootsetctBeHHO, pu U> U, 3aBUcUMOCTH &"=f{&)
OIMCBIBAIOTCS YPABHEHMSIMU OKPYXKHOCTH:

(£-3,411)+(£"+0,034)=0,00734; (C=10 06. %); (5)
(e-11,08)+("+0,587)’=7,784; (C=30 06. %);  (6)
(£-16,54)+(&"+0,0517)°=11,325; (C=40 06. %). (7)
IIpsiMag nuHUS TepecekaeT IMOJYyOKPY:XKHOCTb B

IBYX TOYKax. l'[epBaﬂ TOYKa MNEPECCYCHUsSA COOTBET-
CTBYCT 3HAYCHUIO HAIIPAXKCHUA U(]Ka BBIIIE KOTOPOIo
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HauMHaeTcsl HelMHelHas 3aBucumocthb &' =f{ U), BTO-
pasi — COOTBETCTBYET YpOBHIO HampspkeHust U, mpu
KOTOPOM HaOJIIONAlOTCsl MaKCHMaJbHBIE 3HAYCHMS
&' U 186, =8 /€ TIE €, — 3HAUCHUE NEUCTBU-
TEJbHOM COCTABIISIONIEH KOMILIEKCHOM TU3IeKTpUYe-
CKOI1 POHMIIAEMOCTH, COOTBETCTBYIOIIEE LIEHTPY IO~
JIyOKPYKHOCTH.
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Puc. 1. 3aBucumocty "=f(g') ans KIMM Ha ocHose OHT ¢ pa3-

JINYHON KOHLIEHTpaLmen HanonHutens LITC: a) 10, 6) 30;
B) 40 06. %. [lnanasoH ot 2,0 go 7,5 kB

C npyroii CTOpoHbI, TMHEHAs YacTh 3aBUCUMOCTH
&"=f(&) npu U<U,, onuchIBaeTCs ypaBHEHUEM:
g"=ag'U /Uy, ®)
rie &" U &) — 3HaueHUs] MHUMOM U JAEHCTBUTEIBbHOMN
COCTaBJISTIOLIMX KOMIUIEKCHOM AUAJIEKTPUYECKOM MPO-
HUIIaeMOCTH TIPU i-OM YpOBHe HanpsikeHus U; o —
K03(D(OUIMEHT TIPOTIOPIIMOHATBHOCTH.
HenuneitHas yacTh 3aBUCMMOCTU &'=f(g') npu
U> U, ¢ DOCTaTOYHO XOpPOIIMM TPUOIMKEHUEM arl-
MPOKCUMUPYETCS ypaBHEHUEM 1e0aeBCKOro THUMA:
o = Ae
i 20
1+(U,/U))

rie Ag — IIUPUHA AUCTIEPCUM KOMILJIEKCHON AUAJIeK-
TPUUYECKOM MPOHUIIAEMOCTH.

Ipu U=U, e =€, a &"=¢",,,,, TO3TOMY TOUKA IIepe-
ceueHus (8) u (9) momkHa COOTBETCTBOBATH YCJIOBUIO
Ag Ae

©)

acU /U, — =2 =22 10

(Xgl i (U3 1+(UK/U[)2 2 ( )
Tak kak Ae=2-¢",,,, To u3 (10) HaxomUM

U=Uye a/ (e,0)=Uptgd,/a, (11)
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N
_ Z tg61 Ui /UOK

3mech o == , The tgd;, — 3HaYeHHe TaH-

N
TeHca yIiia U3 IeKTpuIecKuX moteps mpu U; N — xo-
JIMIECTBO TUCKPETHBIX M3MEPEHHIA.

Hna KITM ¢ pa3nnyHbIM 00beMHBIM COIEpPXKAHUEM
HAIOJHUTENIS 3HAYCHUS O, €'y U €, PACCUMTAHHBIC
u3 (2)—(9), cocrapmsior: a=0,0073; &",,=0,05;
£,=3,41 — mpu C=10 06. %; a=0,00796; &",,=2,2;
&,=11,2 — mpu C=30 06. % u a=0,1182; &",,=3,5;
£,=16,3 — mpu C=40 06. %.

Pesynbratel pacuera Uy, U, E,=U,/A, E=UJ/A,
& U g=¢, st KIIM pas3nuyHoi TOMLUMHBI IpUBE/e-
HBI B Ta0. 4, rne V=S A=nr*A — 00beM OU3IeKTPU-
Ka, OTpaHNYESHHBIH TIJIOLIANBIO U3MEPHUTENTHHOTO 3JTEK-
Tpona ¢ paguycoM =20 MM.

Tabmua 4. PacqeTHble 3HaYeHNs KPUTUYECKMX NapamMeTpoB Ass
KIM ocHose [13HIT ¢ pa3inyHou KOHLEHTpaLmen

HarlosIHnTens
C06] U, [Us 0B OTEO] [T (om — ~
% [10°B| B |B/m |Bm | |5 P
A=2,510"wm;
4182|8,365 | 16,73 | 33,46 Vs 110
50 | 10,0 | 14,0 | 28,0 A=3,5710 ;|
V=4,486-107 ’;
10 3,35 341
59 | 11,83 | 11,80 | 23.66 Vb 28310
A=110" m;
8.365| 16,73 | 8.37 | 16,73 V1 25710
A=3-10"m;
2,925|7,344 | 9,75 | 24,45 V23767107 v
— 10 0
4,0 9,873 7,38 | 18,20 A=5,4210 m;
V=6,8110" M":
30 8,55 |12 e
4705|1611 | 6,274 | 15,48 Voo 210
A=110"Mm;
5,434 13,41 | 5,434 | 13,41 Vet 25710 ¢
A=2,810"wm;
2,77 | 4,923| 9,814 | 17,58 Ve 1810
— 104 v+
4,0 7,267 | 6,85 | 12,44 A=58410"m;
V=7,338-107 wr";
40 13,55(16,3——Ze o
4,768|8,664 | 5,745 | 10,44 Ve 04310
A=110" m;
5234| 9,51 5,234 9,51 Vo1 257104

Ha puc. 2 npeacraBieHsl 9KCIIepUMMEHTAIbHBIE 3a-
BUCUMOCTU CPEIHMX 3HAUYEHWii MPOOMBHOTO HAMpsi-
xenud Uy, KIIM ot Tonuumnsl. BiuaHo, 4To npy oxHoi
1 TOM Xe TOJIIIMHE AUAIEKTpUKa A=1 MM MOBBIILIEHHE
KOHIIEHTpallMK HAmoJHUTENST B 4 pasza MPUBOIMT K
yMeHbuenuio U, mpumepHo B 1,7 pasa.

Ilpu cpaBHEHUM SKCIEPUMEHTANbHBIX TaHHBIX
(puc. 2) ¢ pesyasTaTamu pacueta (Tabj1. 5) MOXHO 3a-
METUTB, uTo 3HauyeHus U, (B mpenenax JOBEpUTEIb-

HBIX TpaHUI]) COOTBETCTBYIOT U, paccuMTaHHBIM
o (11).

D10 03HauaeT, uto U, COOTBETCTBYET HAMPSKEHUIO
Havaja MOHM3aLMOHHBIX mpoueccoB B KIIM 3a cuer
YCUJIEHHS JIOKAJIBHOTO TIOJI Ha TPaHWIIEe pa3iena I10-
JMMep — HaTodHUTeNb, a U, ABIdeTcs KPUTUIECKUM
YPOBHEM HAMpPSLKEHUs, TMPU KOTOPOM TPOMCXOAUT
npo0oii auanekTpuka. Apyroit uHTepecHbIi (akT 3a-
KJII0YaeTcsl B TOM, YTO CpeIHUE 3HAUCHUS &, U &, JUISt
KIIM paznuuHoi TOMUHbBI, cooTBeTCTBYIOIIME U, 1
U,, ¢ omm0OKoiA, He npeBbIIIaoIei 5 %, IBISIOTCS Be-
JIMYMHAMU TIOCTOSTHHBIMM M 3aBUCSIIMMH TOJBKO OT
KOHLEHTpAlMK HATIOJTHUTEIS B OJTMMEPHON MaTpHIIE.

" B
14 / /
12 / ;2/E/f

§ 10 I//i/ |

: g _ /

= 6 /!/// 3
4 /

2
¢ 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
A, MM

Puc. 2. 3asucumocts Un,=f(A) ans KIIM Ha ocHose M3HIT ¢
Pa3MMYHON KOHUEHTpaLmen HanonHutens: 1) 10; 2) 30;
3)4006. %

OTMeTHM, YTO YCTAHOBIICHHBIE 3aKOHOMEPHOCTH
M3MEHEHHUS NEMCTBUTENIbHOM U MHMMOM COCTaBJISIO-
IIMX KOMILIEKCHOM OUAJCKTPUYECKON MPOHMUILIAEMO-
CTA OT HAIpsDKEHHOCTH BHEIIHETO 3JIEKTPUUYECKOTrO
nonst ipu /=50 Tix ¢ mocToBepHOCTHIO 95 % TTO3BOISIOT
IIPOTHO3MPOBATh BEJIMYMHY ITPOOMBHOTO HATIPSKEHIMSI
wim ajaexkTpudeckoil mpouHocty KIIM Ha ocHoBe
[TOHIIT 6e3 ux mpobosi.

3aknoyeHne

B KOMMO3UIIMOHHBIX TTOMMEPHBIX MaTepraiax Ha
OCHOBE TOJIM3TUIEHAa HU3KOM TJIOTHOCTY HabJTI0AaI0T-
cs JIBe 00J1acTy TUCTIEPCUU KOMILIEKCHOM AM3IEKTpU-
YeCKOi MPOHMIAEMOCTU: MPU HAIMPSKEHHOCTH TOJS
E<E,, cBSI3b MEXXIy MHMMOI Y IEICTBUTEIBHOM coCTa-
BJSTIONIMMU KOMITJIEKCHOM TW3JEKTPUYECKON MPOHU-
1IAeMOCTH OIUCHIBAETCS JTMHEHHOM (yHKIMEH, a mpu
E>F, — ¢dynxuueit nebaeckoro tumna. IlpoGoit mu-
3JIEKTPUKOB Ha0JI01aeTCs TOTIa, KOTaa MHIMasi cocTa-
BJISIOIIASA KOMILIEKCHOM AMAIEKTPUYECKON IIPOHMUIA-
€MOCTH B HEJIMHEWHOM 00J1aCTH TOCTUTAET MAKCUMATb-
Horo 3HaueHus &, =Ag/2. OleHKa napaMeTpoB B JIU-
HEMHOW M HeJIMHEeHO 00IacTsIX CrieKTpa AU3IeKTpH-
YECKOW pelakcaluyl TO3BOJSIET PACCUUTATh SIEKTPHU-
YECKYI0 TMPOYHOCTh KOMITO3UIIMOHHBIX TTOJUMEPHBIX
MaTepuajoB ¢ JOCTOBEPHOCTHIO He MeHee 95 %.
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®OTOBOJIbTAUYECKWIA 3O DEKT B MNPO- U NbE303MEKTPUYECKUX KPUCTANNAX
b.X. Kapvmos

(DepraHcKIi TOCYLAaPCTBEHHBIN YHUBEPCUTET, Y3DekucTaH
E-mail: karimov1948@rambler.ru

O6HapyXeH v nccnenoBaH (oToBOMbTaNYECKUI S(PGHEKT B MMPO- U Mbe303MEKTPMYECKUX KpucTannax. OnpeneneHbl poToBoObTandqe-
ckme Ko3duUmenTsl Kjjy ANA MAPOINEKTPUHECKUX KpuCTanos ZnO u Kybudeckux Kpuctamios ZnS. OnpenesneHbl BenyiHbl
Kn=2-107° A-cm- (BT)", K5z=2-10"° A-cm-(BT)™ niput A=460 Hm 1 K5 =1-107 A-cm-(B1)™, K53=3-107° A-cm-(BT)™ npu A=600 Hm ang Zn0, a
TakXe (pOTOBOMLTANHECKMI KOIGHPULIMEHT Kiy=2-10° A-cm-(BT)™ ans kKybuyeckux Kpucranios Zns.

Knio4eBble cnoBa:

DoToBOMLTANYECKIN IHPEKT, (POTOBOMLTANYECKIY TOK, POTOBOSBTaNHECKUY TEH30P, OTOBOSbTANHECKME KOIGDPUUMEHTbI, MPO-
INEKTPUYECKII KprcTans, ZnO, ZnS, CreKTpanbHOe pacrpeneneHme, OnTUIeckoe noroLLeHue.

BBepeHue

[Tpu ocBelieHUH KOPOTKO3aMKHYTOTO CETHETO-
3NIeKTPUKA Yepe3 Hero MpoTeKaeT CTAlMOHAPHBII TOK,
KOTOpHIi B [1, 2] Ha3BaH (oTOBOMBTAMYECKNM. BbITO
TI0Ka3aHo, YTO UMEHHO (POTOBOJIBTANYECKUIA TOK TIPU-
BOIMT K aHOMaJbHOMY (oToBosbTanueckomy (AD)
3 dEKTY B CETHETONEKTPUKE.

AHOMaJbHBII (hoTOBONBTaNYECKUiA 3¢ heKT, 0OHa-
PYXEHHBIIA [JIs1 CETHETORIEKTPUKOB BIEpBLIE B [1, 2],
aBisieTcs YacTHBIM ciydaeM AD addekTa, onuchiBae-
MOTO JUISl KPUCTAJIIOB 6€3 LIEHTpa CUMMETPUM TEH30-
POM TPEThLEro paHra o [2, 3]

J, = o, EE. (1)

ijk

CornacHo (1), mp1 paBHOMEPHOM OCBELIEHUH JIK-
HEWHO TMOJISIPM30BaHHBIM CBETOM OJHOPOIHOTO KpHU-
CTaJUIoB 0€3 LIigHTpa CUMMETPUHM (CETHETO-, TUPO- UIN
Mbe302JIEKTPUUECKOTO KPUCTajliia) B HEM BO3HMKAET
(boToBOJIBTAMYECKUi1 TOK J,, 3HAK U BeJIMUYMHA KOTOPO-
IO 3aBHCAT OT OPMEHTAIIMM BEKTOpA IONSAPU3ALNH
cBeTa ¢ npoekuusmu E, E.

KoMmoHeHTbI TeH30pa a; OTIMYHBI OT HyJA JUId

20 aeHTPUYHBIX TPYII cUMMeTpuM. Eciiu anekTpoibl
KPHCTaJIIa Pa30MKHYTb, TO (DOTOBOJBTANIECKHUT TOK J,;

J.
————1, e oy
Or +C7(p

TeHepypyeT oToHanpsKeHne U, =

i

98

M O, COOTBETCTBEHHO TEMHOBasg U (POTONPOBOIM-
MOCTb, [ — pacCTOsTHUE MEXIy d/eKTpoaaMu. IeHepu-
pyeMble (hoToHanpstkeHus gocturaiot 10°...10° B.

B coorBerctBuM ¢ (1) U cummeTpueil ToueuHOM
TPYIIIbI KPUCTA/Ia MOXKHO HamucaTh BbIpaKEHUS LISt
(oroBonbranmyeckoro Toka J. CpaBHEHHE 3KCIEpH-
MEHTaIbHOM yrioBo# 3aBucumoctu J(B) ¢ (1) mo3so-
JIAET ONpeeUTh (POTOBONBTANYECKUIA TEH30D oy WIN

y 1
doroposbranyecknit koadduimeHr K, =—a

ijk
a k

(o* — x0a(DpULIMEHT MOTJIOLIEHUS CBETA).

1. A® a¢pcheKT B NMpoaneKTpUUecKmUX Kpuctannax Zn0

Bce mccenyemble KprcTauisl 63 IEHTpa CUMMe-
TPUM MPEACTABIAIN COO0M MUANEKTPUKU C IIMPOKOH
3anpeléHHoi 30Hoi (E=2...7 5B) n Hu3KO0il NPOBO-
auMocTbio (0=107*...10~"° Om~"-cMm™"). [ToaTOMy Tpebo-
BAaHWUS, KOTOPHIE TPEIbABISIINCH K METOIMUKE KCIIe-
pPUMEHTa, B TIEPBYIO 0UYepelb 00YCIaBIMBATMCH MaJIbl-
MU BEJIMIMHAME U3MepsseMbIX TOKOB (107°...107°A).

B pabote ucnonb3oBaics IBYX3JeKTPOIHOM METO]
HEMoCPeACTBEHHOTO OTKJIOHEHUS [2].

K kpucrannam ZnO — mojynpoBogJHUKOBOTO Coe-
JuHeHus rpynmsl A"BY, 00/1aqato1iero BbICOKOH IMbe3-
03JIEKTPUUYECKOM aKTUBHOCTBIO, MPOSBISETCS TIOBbI-
LIEHHBI MHTEPEC B CBA3M BO3MOXHOCTBIO MX MCITOJIb-



