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JreKTpoOHHasa NpoBOAUMOCTb

[MpoBOoAMMOCTb,  OOycnoBneHHast  OBMXKEHMEM  ONEKTPOHOB  BO  BHELLIHEM
9NEKTPMYECKOM Mosie, MOXET OblTb ODHapy)XeHa BO BCeX Knaccax AWU3neKTPUKoB
(razax, XuakocTtax, kKpuctannax). OgHako B cnabblX 9neKkTpUYECKUX Monsix
9NEKTPOHHbLIN BKNad B obLiee 3Ha4eHne NpoBOAMMOCTM O, Kak NpaBuro, BecbMa marl.
[leno B TOM, YTO 3M1EKTPOHbI, NOABMAIOLLNECH B AN3SIEKTPUKAX MO PasHbIM NpuYnHaMm,
CBOMM 3MEKTPUYECKUM TOMIeEM WHAYUMPYIOT NONspu3aumio B OKpyXalowmx KX
HEUTparnbHbIX YacTuuax U 3adepXuBaroTCAa BO3HUKLIEW nonspusaumen. B TBepabix
OV3reKTPpUKax 3MneKTPOHbl 3axBaTbiBalOTCA AeddeKTaMn CTPYKTYPbl UNKU NepexonaT B
MarionoaBmMKHOE NONSAPOHHOE COCTOHAHME.

KoHueHTpauua HocuTeneun 3apaaa, B OTnnyme ot UX NOoABMXKHOCTU, XapaKkTepusyeTcs
BECbMa pPe3KoW (9KCNOHEHUManbLHOM) TeMnepaTypHOM 3aBUCUMOCTbIO. B cny4vae
PaBHOBECHbLIX HOCUTENEN MPU OCTAaTOMHO BbICOKUX TeMMepaTypax pacrnpenernieHme

bepmun — [dunpaka nepexognT B Kriaccuyeckoe pacnpepernieHne bonbumana. MoxHo
rnokasaTb, YTO

kT

YTO TemreparypHas 3aBUCMMOCTb MPOBOAMMOCTU XOPOLLO anrnpoKCUMUPYETCH
doopmynoun

.n =2 (2um,,h_2kT)"’ exp (— L ) ,

0=Ae:u:p(-—- %)
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TemnepaTtypHasi 3aBMCMMOCTb MPOBOAMMOCTU OU3NEKTPUKOB

a — C OAHUM BMOOM HOcuTenen 3apsana; 6 — ¢ AByMS BUaamu, OTNMYaoWmMMmcs
9Hepruen akTmeaumn, B — NPOBOANUMOCTb B Crlydae HenpepbIBHOro pacnpeneneHns
aKTUBaALMOHHOW 3HEPrn HocuTenen 3apsaa (ctekna, cutannbil).

ccnepoBaHue TemnepaTypHOW 3aBUCUMOCTU apendoBom
NOABUXHOCTU HOCUTESEN YKa3blBAEeT Ha Ype3BblYalHO HU3BKYIO
BENUYNHY NOABUXHOCTU, KOTOpPasi B COTHU U TbICAYN pa3
MEHbLLE, YEM B MOSTYNnpPOBOAHMKAX.



[Mpumep — nposBoaumocTb CdF,

CdF, npeacraenset cobon MOHHOE CoeMHEHNE CO
CTPYKTYpOM pritoopmTa U LUMPUHON 3arnpeLleHHOn
30HbI 7,6 9B. HoMUHanbHO 4YncTblie KpucTansibl UMEKT
aneKkTpuyeckyto nposoamMmMmocTb nopsiaka 108 Cm / cm
brnarogaps noHHomMy TpaHcnopTy (Tan and Kramp
1970).

KuHrcnu m lNpeHep (1962) obHapyXunu, 4To nocne
nerMpoBaHnUs HEKOTOPbIMU TpexBasieHTHbIMU
anemeHTamMmu u HarpesaHus B napax Cd npoBoanmMocTb
kpuctannos CdF, cTaHOBMTCA aNEKTPOHHON, U
npoBoauMocTb yBenuuuneaetcs 0o 1 Cm / cMm. Takoe
npeobpasoBaHne B NOSYNPOBOAHNUKOBOE COCTOSAHME
csonctBeHHo CdF, 1 cBA3aHO ¢ anekTpoHamu,
KOTOpble B NpoLiecce TePMUYECKOro OTXKura B napax
Cd 3ameLLaloT NoHbI BHeOpeHUs pTopa, KOMNEHCUPYS
OOMOSTHUTENBbHBIN 3NTIEKTPUYECKUIN 3apsas JTErMPYOLLMX
9J1IEMEHTOB.
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OHepreTnyeckme 30Hbl KpUCcTansioB CO CTPYKTypon dritoopuTa.
Langer J.M. Cadmium fluoride — from physics to applications // Postepy Fiziki. —
1980. — v. 31. — Ne 5. — p. 435-450.
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FREE CHARGE CARRIER EFFECTS IN CADMIUM FLUORIDE

J. D. Kingsley and J. S. Prener
General Electric Research Laboratory, Schenectady, New York
(Received March 7, 1962)

We have found gptical absorption and conduc-
tivity due to free electrons in single crystals of
CdF, doped with several trivalent rare earth ions.
CdF, has a band gap of* 6 ev and the fluorite struc-
ture. This is the first observation of a large con-

centration of conduction electrons in an ionic crys-
tal with such a large band gap. e
It was shown by the determination of the crystal

field splitting of the low-lying Eu™® levels as ob-
tained from an analysis of the fluorescence spec-
trum of CdF,:Eu that, for concentrations of Eu
in the range 107 to 10™® mole fraction, charge
compensation is ordinarily achieved by means
of interstitial fluoride ions.? Earlier measure-
ments of the x-ray lattice constant and density of
CdF,:Ce™® yielded the same conclusion at larger
impurity concentrations.® A similar conclusion
holds for CaF, doped with trivalent ions.*® We
have now found that charge compensation can
also proceed by means of electrons in the con-
duction band or in shallow (0.06 ev deep) traps.
When CdF,:Sm*® crystals of about 0.1 cm?® are

heated in a saturated cadmium metal vapor at
500°C, for times as little as 15 minutes, the
originally colorless crystals become colored
blue uniformly and transmission measurements
from 0.4 u to 6.0 yu show a continuously rising
absorption. In crystals containing 10=® Sm the
absorption coefficient varied as x*%, and crys-
tals containing 10™* Sm yielded a A%° dependence.

The resistivities of these crystals, as obtained
by a four=-point probe method, were about 1 ohm
cm. Both thermoelectric power and Hall meas-
urements indicated n-type conductivity with a
room~-temperature mobility of 7 to 10 em?/volt
sec and carrier concentrations from 5x10'7 to
10'%/cm3.

We propose that heating j resul
tWﬁl F~ ions to the
surface and the diffusion of electrons in from the
surface, CdF, being then formed at the surface.
In CdF,:Sm™ Na'*!, in which the substitutional
Na' ion compensates the charge of the Sm™® jon

no colaratjion was observed nor could pure CdF,
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OkpawunBaHue

Two methods of heat treatment were found

to yield conductivity in the CdF,:M*3
crystals. The first was firing in cadmium
vapor. The crystal and a piece of high
purity cadmium metal were heated a
t=500°C for 1 hr. in a sealed, evacuated
(about 10 mm. pressure) quartz tube.

Identical conditions were used in the second

method except that no cadmium metal
was used.

PAUL F. WELLER Electrical and Optical

Properties of Rare Earth Doped Cadmium
Fluoride Single Crystals, Inorganic
Chemistry Vol. 4 , No. 11, 1965 p. 1645
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Figure 1.—Log p vs. 103/7 for CdF; single crystals doped with
0.1 mole 9, ThF;, ErF;, YbE;, and YF;,



MexaHn3m okpawimBaHUA

(2) Electronic, n-type conductivity is produced in CdF, crystals doped
with Nd, Sm, Gd, Th, D%, Ho, Er, Tm, YD, Lu, Y, and Sc by Cd or
vacuum firing at 500°C but not with La, Ce, Pr, Eu, or U doping.
Room temperature resistivities are all around 1 ohm cm., electron
concentrations around 108 e-/cc., and mobilities about 10
cm.?/v.sec. in the conducting crystals.

(5) The intense infrared absorption of the Cd or vacuum treated
samples (yi C .
but 1s identical at 77 and 6°K. It is essentially the same for all
conductivity-producing dopants.

(7) The electron-donor levels and impurity conduction levels can be
associated with an electron shared by the 12 Cd nearest nelo?hbors
to the substituted M3*. Then charge fransfer between the Cd
"impurity" levels can account for the intense infrared absorption
observed in the conducting crystals.

PAUL F. WELLER Electrical and Optical Properties of Rare Earth
Dolped Cadmium Fluoride Single Crystals, Inorganic Chemistry
\ol. 4, No. 11, 1965 p. 1645

ielding blue cr stals? decreases between 300 and 77°K.

(1) Pure CdF: cannot be made conducting by heat-
ing to S00°C in Cd vapor but must be doped with a
trivalent impurity which will substitute for a Cd ion,

(2} The trivalent impurity cannot be charge com-
pensated by sodium impurity if coloration is to occur,
but one must allow compensation by a native defect.

(3) Spectroscopic and density measurements indicate
that this defect is probably an interstitial fluoride ion.

(4) Coloration of CdFy:M* with radioactive cad-
mium shows that there is no diffusion of Cd over
appreciable distances into the crystals.

(5) Quantitative measurements of the amount of Cd
liberated when the colored crystals are heated in
vacuum gives a dependence of the amount of Cd in-
troduced on the Cd vapor pressure during coloring
which is in accord with the hypothesized mechanism.

(6) Changes in the fluorescence spectrum of the tri-
valent impurity (e.g., Sm*") imply that the associated
fluoride interstitial is removed from the vicinity of the
Sm*t ion when the crystal is heated in Cd vapor.,

J. S. Prener and J. D. Kingsley Mechanism of the Conversion of
CdF, from an Insulator to a Semiconductor J. Chem. Phys. 38,
667 (1963)



OkpawunBaHue

Cnocobbl okpawmeaHus CdF, —Re3*

1. [porpes. B napax Cd (Mnu gaxe NpocTo
B BaKyyme) B OTNastHHOW amnyre npu
T>200°C (06b14HO 500°C)

2. OkpalwumBaHue B Tensioson Tpyde (metoA
Ban [JoopHa 1961). MeToa nonyyeHusa

HEHACbIWEHHbIX MapoB C KOHTPONNPYyEMbIM He

AaBrneHneMm, B NpUHUMNE, MOXET NMPUMEHATLCAH
KO BCEM BELLECTBAM, KOTOPbIE UMEIOT

HWU3KOE AaBneHne napoB B NX TPOMHOWN TOYKE,
Takmm Kak Na, K, Rb, Cs, Zn, Cd, Hg, S, Se, Teu P
(XKenTtbin).
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Puc. 1. Cxema ycTaHOBKH “TernoBasd TpyDa”. [ — yerpoii-
CTBO [IJIF HalycKa refins, 2 — BaKyyMHas KaMepa H3 He-
paapelOmed CTANN, 3 — BAKYYMHEIRA 3aTBOP, 4 — MaHHITY-
JTHATOP A8 NepeMellleHHs KOHTelHepa ¢ oDpasioM, 5 —
TpyOKa K BaKYYMHOMY Hacocy, 6 — BOJoOXTaXkKIaeMBIA
XOMOUILHHK, 7 — Nedk, & — KoHTeliHep, Y — oKpallliBae-
MEIll oOpazsell.

A.C.lWLeynuH, T.C.CemeHoBa 1 gp.
OnTtuka n cnektpockonua 2007, 103, 677



|| the radius a of the ground
n",'state electron orbit is about 7
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'/ 3.M.Langer et al. phys.stat.sol
66,537 (1974)

SE

e

\1.'—
‘7.
]
R
3

Fig. 3. The superimposed absorption
spectra of the lightly doped CdF, with
Y (6. 8] and Gd [7], as well as the com-
puted photoionization background using
(4) with the value Ep = 105 meV.
CdF,:Y: 5x 1047 em™3? [6), ~— = —
1x10Y em=2 [8]; CdF,:Gd: ... -
1 x 1077 em~2 [7], — « — » theory
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[10NONMHUTESNBbHLIN 3MIEKTPOH HE
3axBaTblBaeTcA Ha ypoBHU Ho3*
a pacrnonaraeTcsa Ha ypoBHe
OTLLEeNNEeHHOM OT 30Hbl
NpPOBOANMOCTU
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MoHHaA aneKkTponpoBOAHOCTb

B nocTosiHHOM aneKkTpu4eckoM nose B Cry4yae HanpaBreHHOro ABMXXEHUS
MOHOB MEPEHOCUTCS HE TONbKO 3MEKTPUYECKUI 3apsid, HO U YacTb
BelLlecTBa AnanekTpuka. Hocutenu otpuuatensHoro 3apsiga — aHUOHbl —
ocaXkaarTca 1 paspshkaroTca B 0b6nacTy aHoaa, a HoCUTenNu
MONOXUTENBLHOMO 3apsiga — KaTUOHbl — OcakaalTcs B obnacTu katoaa.
Onpenensisi KONNYECTBO NepeHeceHHOoro MoHaMKn BeLLLECTBA, MOXHO

YyCTaHOBUTb, Kakne UMEHHO MOHbI Y4aCTBYIOT B NMpoLecce ‘H
3MNEeKTPONPOBOAHOCTU B AMANEKTPUKAX.
Ha puc. npuBegeHa npuHumMnuanbHasa cxema akcnepumeHTa TybaHaTa, Ag

KOTOpPbIN ABNSETCA NPAMbIM JOKa3aTeNlbCTBOM

Hann4nsa B BeELLECTBE MOHHOM NPOBOAMMOCTU (TaK XKe KaK 3KC-

nepuMeHT Xonna CBMAETENLCTBYET O HANNYNN 3SIEKTPOHHOTO

Unn OblpodHOro Toka). Msydanuck xnopug cemHua (I1)PbCl, n -
mMoandmkauma noguaa cepebpa Agl, kotopasi aBnsieTca ctabunbHOM npu
Temnepartype Bbiwe 145°C. Tybanart 6pan Tpu TabneTku umMnuHOpuUYeCcKomn
dopmbl, cipeccoBaHHble U3 ocaxaeHHoro Agl, B3BewmnBan ux 1 noMmewian
CTOMKY Mexay cepebpsHbIM aHO4OM M NIaTUHOBLIM KaToA4oM, Maccehl
KOTOpbIX 6b15IM N3BECTHBLI. BeCc aHoAa yMeHbLIaeTcs Ha BENMUYMHY, NOYTH B
TOYMHOCTW paBHYO Becy cepebpa, OTNOXMBLLEroCS B KYNTIOHOMETPE, U YTO
YMeHbLLEHNE Beca aHO4a paBHO NpupalleHnio Beca Katoga v nepsou
TabneTkun (Npy NPOXOXOEHUN TOKa OHWU ObINN CKITeeHbl BMecTe). Taknum
obpasom, 66110 NokasaHo, YTo NPOBOANUMOCTL 6-Agl ABNSETCA NOSTHOCTLIO
KaTMOHHOWN.




MoHHaA aneKkTponpoBOAHOCTb

[Tocrne NpunoXXeHust aNekTpPUYeCcKoro nonsa HEKOTopoe
KONIMYECTBO AN 3apsKEHHbIX cnabocBA3aHHbLIX MOHOB (M3
MX obLlero konnyecTea n, B eauH1LEe obbema) 3a eguHULY
BpPEMEHW NpeoaorieBatoT NOTEHUManNbHbIN Bapbep N Takum
obpa3omM pakTU4YecKkn y4acTBYIOT B npouecce
9JIEKTPONPOBOAHOCTMN.

oHHas yoenbHas npoBOAUMOCTb BbipaxaeTcs opMynown

= ot v
0= "ear P ("‘ AT )

B obuwem cnyyae ¢ ydeToM cO6CTBEHHOW (BbICOKOTEMMEPATYPHOW) N NPUMECHOM
(HU3KkoTEMNEpPATYPHOM) NPOBOAMMOCTEN 3aBUCUMOCTb o(T) MOXHO BblpasuTb

crnepyroLlen gopMysion:

¢ = A, exp(— By/T) + As exp(— By/T)



Tunbl gedeKkToB

HDedekTbl no WoTTkn 06bI4HO NpeobnagatoT Hag

| aedektamm no PpeHkento B NNOTHOYNAKOBAHHbIX

‘ Kpuctannax, roe obpasoBaHne Mexaoy3esibHbIX aToMOB
3aTpygHeHo n TpebyeT OTHOCUTENbHO BonbLIOWN 3Hepruun. B
YaCTHOCTU, OHM AOMUHMPYIOT B YNCTbIX LLIENTOYHO-
ranonaHbIX Kpuctannax.

KT no HKern (napa PpeHkens) — TodeYHbIn
AedekT KpucTanna, npeacrasnsaowmin cobon napy,
COCTOSILLYIO M3 BaKaHCUN N MEXO0Y3€eSTbHOro atoma (MoHa).
Ob6pasyeTcs B pesyrnbrarte nepemMeLleHmst atoma (MoHa) 3
y3na KpuUCTanimyeckomn peLleTkn B Mexaoyanme, To eCcTb B
Takoe MNOoNoXeHne, KOTopoe B UaearbHOW peLLeéTke aTtoMbl
(MOHBI) HE 3aHMMAaIOT.

B kpuctannax ¢ 60nbwLmMMn MexaTtoMHbIMU MPOMEXYTKaMu
aedekTbl N0 PpeHKento BO3HMKAOT C 6onbLlen
BEPOATHOCTbIO, YEM B NSIOTHOYNAKOBAHHbLIX KpUCTannax.
Tak, OHM TUMNYHbBI ANA YNCTbIX KPUCTaNoB ranoreHnaos
cepebpa. B otnnume ot gedektos no LWoOTTKM, nx
obpasoBaHue He BNUSIET HA NNIOTHOCTbL Kpuctanna,
MNOCKOSbKY MUrPaLnsa MoOHa He NPUBOANT HU K UBMEHEHUIO
00bEMa, HM K NIBMEHEHMIO Maccbl Kpuctanna. Hanbonee
BEPOATHO 06pa3oBaHue aedekToB no GPpeHKento B criyyae
MoHOB Manoro pasmepa (Li+,Ag+, F-), B cTpykType Tuna
doriroopuT (B aHMOHHOM noapeLueTke) u ZnS (BopuuT, B

- KaTMOHHOW NOApPELLETKE), a TaKkKe Npn Hann4num

_~ CTEXMOMETPUYECKMX 0eEKTOB.

Thd
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MoHHasa nposoaumMocTb Lak,
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Fig. 2. The bulk ionic conductivity of pure LaF3 and of sev-
eral La; _,Ba,F3_, solid solutions: (a) (Lc axis): 1: x = 0,
2:x=300x1072,3:x=1.30x 10°%,4: x = (7.1-9.52)

X 1072 (b)) (N e axis): 1:x=0,2: x=7.9 X 1073, 3:x = 00 400K noHHoe aBwkeHne hTopoB MPONCXOANT NPEVMMYLLECTBEHHO B NOApPeELLETKe

2.1%x 107%,4:x = (6.72-8.56) X 1072, F,

Tuconut LaF, obnanaet TpuroHansHon cummeTpuen (P3c1), ¢ Tpemsa CTPYKTYPHO HESKBMBANEHTHLIMM
nosuumnammn noHos gtopa (F1, F2 n F3). ObHapyXeHO, YTO aHMOHbI bTOpa HEAKBMBASIEHTHLI HE
TONbKO CTPYKTYPHO, HO N AMHAMUYECKU, NoHbI B crnoax F1 6onee nogBukHbl. M3BECTHO, YTO MOHHas
noaBmxkHoCTb B LaF, obycnosnusaetca aedekramu LLoTtTkn. MNosiBneHne ppeHkenescknx AedeKkToB
BepOoATHO Nuwb npu Temnepartypax Boiwe 1000 K. MNpn temnepatypax 0o 400 K noHHoe aBmxXeHue
NPOMUCXOOUT NpenMyLLeCcTBEHHO No noapewletke F1.



YacToTHasa 3aBUCUMOCTb NPOBOOAUMOCTM

YacToTHas 3aBUCMMOCTb NPOBOAMMOCTN HEKOTOPbIX
AN3NEKTPUKOB NPU pasHbIX MeXaHn3mMax npoBOAUMOCTU U
Temnepartypax (no A. NoHuepy):

1- KOBarneHTHbIN KpucTann Kkpemuusa npu 4,2 K
NPOBOANMOCTb KOTOPOro obycrioBrieHa «npbhkKKaMm»
3MIEKTPOHOB;

2- NoHHbIN kpuctann AlLO,, 77 K;

3- MonekyndapHbIN Kpuctann aHtpaueHa, 300 K;
4- pocpatHoe cTekno P,O.-FeO-CaO 300 K;

5- MoHOOKUCb KpemHus, 300 K;

6- TOHKME nneHkn cteapnHoBou kncrnoTol, 300 K;
7- amopdHbIn cerneH, 300 K;

8- amopHbIN As,S.,, 300 K .
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OBLWKMM O5s BCEX HUX ABMISETCA CTENEHHOW 3aKOH n3MeHeHns o(m), yCTaHOBIEHHbIN A.
loH4epowMm:
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[MPUYNHBbI YHaCTOTHOU 3aBUCUMOCTM

TennoBble OBMKEHUS 3apPSKEHHbIX YacTUL, JIoKannaaumns KOTopbIX onpeaensieTcd
HabopoM NoTeHUManbHbIX MUHAMYMOB U 6apbepOB, BO BHELLHEM 3fIEKTPUYECKOM Nose
NPUBOAAT B ANSNEKTPUKE KaK K MPOBOANUMOCTHU, TaK 1 K nonapusauun. B obnactn HU3kmx
yacToT (0~0) npeobnagatoT npouecchl nNonspmusaunm, NOTOMy YTO NPOCTPAHCTBEHHOE
OBWXEHME 3apsiKeHHbIX YacTuL, B MOYTM NOCTOSAHHOM MOSfe OrpaHN4YeHo NoTeHumnanbHbIMU
bapbepamun, gedekTamu CTPYKTYpbl U rpaHuuamMn pasgena, Kotopble nNpensTCTBYOT
MNOSTHOMY NEPEHOCY ANEKTPUHECKUX 3apsA0B OT 3reKTpoaa K afiekTpoay.

[1o Mepe noBbIWEHNA YacTOTbl CHavana ogHu, a 3aTtem Agpyrue 3apsaXeHHble YacTuLbl He
yCneBaloT 3a BpeMS YETBEPTU Nepmoaa NPUNOXKEHHOIO HanpsikKeHnsa OOCTUTHYTb MECT
nokanumsauum n, HENPEpPLIBHO crieaysa 3a U3MEHEHNEM 3IEKTPUYECKOro Noss, AakoT BKag
y>K€ B NPOBOANUMOCTb.

[Tpyn aTOM BKNag OT X ABUMXEHMA B NONAPU3aLMIO «BbIKNHOYaETCA», BCNEACTBUE YEro
NpoucxoauT yMeHbLUeHne (ancnepcus) . bonblioe pasnuyne B BENNYNHE
noTeHUuarnbHbIX 6apbepoB 1 AnnHbI cBO6OAHOro npobera 3apsiKeHHbIX YacTul
00bACHAET HENpPEpPbIBHbIN POCT MPOBOANMOCTU (M COOTBETCTBYIOLLEE CHUXKEHUNE €) B
OYEeHb LUIMPOKOM YaCTOTHOM MHTepBane.



Pe3lome

1. B 3aBncumocTn ot omanyeckon npmpoabl HocuUTeneun 3apsana aMekTponpoBOgHOCTb
OV3NEKTPUKOB BbIBAET ANEKTPOHHOM, NONSAPOHHON, MIOHHOW. MexaHn3m

nepeHoca 3apsiga BO BHELLUHEM MNoSie MOXHO pasaeninTb Ha ApendoBbin (3N1IEKTPOHbI,
NOSISIPOHbI DOSbLLOro pagnyca), NPbPKKOBbLIN (NONAPOHLI Masioro pagnyca, NoHbl) U
ANPDY3NOHHBIN(3NEKTPOHbI, MOMNAPOHbI, UOHbI).

2. BennunHa npoBoanMOCTN ONANEKTPUKOB 3aBUCUT KaK OT KOHLIEHTpauUun, Tak U oT
NOABWXHOCTU HOCUTESNEN 3apsaa. Belcokas nonapmnsyeMoCcTb HEKOTOPbIX AN3NEKTPUKOB, C
OLHOW CTOPOHbI, CHUXAET BESIMYMHY NPOBOANMOCTHN, TaK KakK YyMeHbLUAeT NOABUXKHOCTb
HocUTenen BCcneacTeme aBTonokanmsaumm aTux HocuTenen, Kotopble «obpacTatoT»
CBA3bIBAOLWMMN UX OBUXKEHNE CMELLEHUSMMN KpUcTannuyeckon petetkn. C gpyron
CTOPOHbI, 6onbLUuasi NoNAPU3yeMOCTb U BbICOKAs AN3NEKTpUYeckass NPoHNLAEeMOCTb
0CnabnsaoT CUnbl KYNTOHOBCKOMO B3aMMOAENCTBUA 3apsiKeHHbIX YacTul, U TEM CaMbiM
MNOBbLILLAIOT BEPOATHOCTb reHepaunm HocuTeneu 3apgaaa, T. €. NPMBOLAT K BO3pacTaHUIO UX
KOHUEHTpauuun, a cregoBartenbHo, K pOCTY NPOBOANUMOCTMN.

3. NpoBOANMOCTb ONANEKTPUKOB SKCMOHEHLUMANbHO BO3pacTaEeT C NOBbILLIEHUEM
Temnepartypbl. B CUNbHbLIX 3NeKTpUYecKux rnonsax oHa pacTeT npu ysennyeHum
Hanps>XXeHHOCTW Mosis U BCNeacTBMe MHEPLMOHHOCTM HOCUTENeN 3apsaaa Ha BbICOKUX
YacToTax MOHMXAETCS C POCTOM YacToThbl. B obnacTtn HM3KMx 4YacToT BKNad B NpOBOANMOCTb

Aa€eT 3ana3biBaollada rnordapm3auunsd, scrnegcreme 4ero o C Bo3pacCtaHnemM 4aCctoTbl MOXET
AOBbILLIATbCA.



