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C O M M U N I C A T I O N E S  B R E V E S  

I-ISIE HOqHbIE �91 E KTPOSIIOMIA H ECL[EHTH blE 
K O H H E H C A T O P b I  H A  O C H O B E  Z n S - C u ,  M n  

~~. l/I. BEPFYHAC, ~, M. jqIIIHH, B. B. KOJIOTI-.(OB ri H. dl. ,/J, AHHJIOBA 

MOCI~BA, CCCP 

(IJocTyrIl4.no 30. V. 1967) 

KOHCTpyKRH~ tl napaMeTpbl 

Ha CTeH~nHHy}O n0~Ia0n<Ky cO c~OeM SnO 2 cy‰ B naKyy~e 
tUaXTa ZnS + CuCl 2 ri NteTa~~nqecI<n~ Mn Hnrl iUaXTa Zns + CuC12 + MnCl 2. 
Flocne npoKanKn cy£ Ha ero n0BepXHOCTb HcnapneTcn c~o~ SiO (100--  

500 A), 3aTeM 3ner<Tpo~l. Marr n3~yqeHHa rr nprixo~,nTCn na 
580--590 HM. ~lpKOCTb ero 3.rleKTp0.rIIOMriHecIleHllriI4 (~)fl) MO;S<eT ‰ OqeHb 

BbJCOHO¡ 10000 HHT aaBaan n~enHn TO~mriH0m 0,4 MK npn .anpfl>xeHHriri 70 s 
(BS~ri3n npoSo~). PaSoqne apr<ocTn 20 nriT MO>KHHO rioayqaTb nprl cpanHnTeabno 
Hri3HOM Hanp~x<eHHH - -  OHO:aO 20B B ri~eHHe TO3]IIJ, riHOH 0,35 MH. rlpri 3TOM 
~fMeeTc~t TpexKpaTribI~ 3anac 3~eKTpriqecKo~ HpoqHOCTri. BpeMa rio3qy)'<H3Ha, 
T. e. BpeM~l cnaAa ~pK0CTH B 2 pa3a 3aFepMeTri3Hp0BaHHBIX ti II0~BepFHyTblX 
20-qacoB0~ o6KaTKe [UIeHOK, paBH0 TblC~Iqe qac0B Ha qacTOTe 2.104 tu.  H a  
0CHOBe 3THX nlleHOK M0)KHO C03AaBaTb OHTriK0-3neKTpOHHble yCTpO~CTBa. 

H3Merie.rie riHTeFpaYIbHO¡ 5tpH0CTH B 0T Harlpq)KeHrigl V Ha 6 - -7  rl0p~IAKOB 

onuc~maeTc~ CTerieHH0¡ qbyriKtme¡ B ~ V ~, r~Ie ~ = 9 - - 1 8 .  B£ npo£ 
CTerieHb ~r yMem, tuaeTcn. 3aBriCHMOCTb B OT qaCTOTbl [ ~0 MaKCHMyMa To)He 

cTeneriHan B = f a  r3e t5 = 0 ,4 - -  1.3HaqeHH~ cTeneHe¡ x ti fl oripeAennu)Tcn HOH- 
LteHTpaL~He~ CU ti Mn, xapaKTep0M TeXHO.rlOFHqecHo¡ o‰211 rlneHKri ~ He 

3aBHCaT 0T KOHCTpyKTriBHBIX [iapaMeTpoB KOH~eHcaTOp0B, TaKriX KaK conpo- 

~rmneHrie Sn02, TO~mHHa SiO, TonmriHa ZnS [1 ]. 
To~ qepe3 KOH~eHCaT0p ~ OCHOB.O~ e~~OCT~O¡ Ha yp0BHHe apHOCTa 20 

ri~T ripH f = 5 " 1 0  ~ ra  OH Ha n0p~AOH £ aI<TriBHOrO. O6a c~eAy~oT 
3aKoHy OMa. I-Ipri Aa3lbHe~meM B03paCTaH~tri ~pK0CTH COrip0TriBJ~eHrie 

KOH~,eHCaT0pa HaqriHaeT ria~,aTb. Ha Bcex qaCTOTaX Ha‰ rlOCTO~HHa~t 

COCTaB3I~IOLRa9t TOKa In, HaHpaB~eHHe KOTOp0~ BceI'Aa COOTBeTCByeT MHHyCy Ha 
SnO 2. l-lpH HH3KOM ypoBHe 5tpKOCTH T0K In Ha HeCK0,rlbKO rip0~l~,KOB MeHbIlle 

aKTHBHOFO TOKa, B‰ npo£ OHri cpaBHHMbL ,/],~~t TOKa In H riHTerpa~bHOh 
~IpKOCTH B HMeeT MeCTO napanne~lH3M B xapaHTepe ri3MeHeHH~ OT V ti [. B qaCT- 

HOCTri T0N I~ ~ V  n, FRe CTer~eHb n paBHa cTerleHH ~r B 3aBHCriMOCTri /~ 0T V. 

B HamHx I~~eHHaX aMI~ariTyRa OTpriLr BO.[IHbI ~pKOCTri B_ (no 3HaKy 
Hanp;~~eHH~ Ha SnO2) HpeBocxoR~tT a~n~riTyRy riOSIO)KHTe5IbHO~ B+, caeRoBa: 

Te~IbHO qbaKTHtteCKri napa~ne~ri3~ riMeeT MeCT0 Me)KRy TOKOM I~ H OTpHt~a- 
TedIbHO¡ BO~IHO~ B_.  
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IIpoRecci, l, yqacTBylolRae 13 3JIegTp0JIIOMHHeCReHiIHH llJleHOqHblX g0H~eHCaTOpOB 

Bo36y~~eHrie H H3~yqeHHe �91 B ri~eHKax 0cy~eCTB~~eTC~ 3a 0,~HH rlo~y- 
rlepHo~. B 3TOM Mbl y6eAH~IriCb, HaK.rla~hlBa~ O,/~HH0qHbIe /-/-HMrly.rlbCb[ Ha CrlHy- 
cor~aa~bHoe Hanp~~eHrte [2]. PaccMoTpn~ o6pa3oBaHne 0TprmaTe~bHOfi S0~IHb~ 
spI<0CTrt B _ .  B xapaKTepe rt3~teHeHrm B_. u In rtMeeTcu rlapa~~emt3~. Oqem~~tHo, 
OHrt qb0pMHpyroTC~ 8 pe3y~bTaTe OAHr~X npotteccom FlocaeAHHe rlpeAcTaB~~mTC~ 
Har• 8 c~]ez, ymuleM BH~Ie. Ha SrlO 2 -3ne~(Tpo~Ia B ZnS I4H~eKTHpyIoTC~I neps~qHble 
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P t i c .  1. a - -  3aBHCHMOCTH B OT E ~ ~ ~  n~eHoK pa3HblX TO.rlIHHH; b - -  3aBHCHMOCTH I n  OT E 
~yI~t Tex  )-~e l'LqeHOl( 

3neI<TpOH~l. l-IpH np0xo>l<AeHrm qepe3 nner~Ky qaCTb I4X ycKop~[eTCft ,~0 3Heprrm, 
~0CTaTOqHO~ ~YI~I y~lapriofi HOHI43aI2HH ILeHTp0B aKTrmaTopa rtnri petueTKH. 
B pe3y~bTaTe He T0YibK0 pa3BriBaeTc~ JIaBHHa 3JIeKTpOHOB, 0TSeTCTBeHHa9 3a 
dpOpMHp0BaHrle ToKa In, H0 H rt3ayqaeTc9 327. FIocJle)IHn~ conpoBo)~~(aeT peKoM- 
6rtHattrtm 3neKTp0HOB C ~blpKaMH, C03AaHHbIMH y~apHofi rlOHHSatiHefi. HesaBH- 
CHMO 0T MexaHri3Ma rlepeAaqH 3HepFHH, Bbl)Ie3l~Im~e~c~ HpH peKoM‰ 
Mn-ReHTpard, 3aKOH 3aTyxartH~ �91 ,~o.~~eH ‰ 9KCF!OHeH~HaY/bHBIM, TaK 
Kat< peI<OM6HHupyeT HepaBHoe qacno n0pTHep0u (3~eI<TpOH08 MHOrO 60~bme, 
qeM RhrpoI<) [3]. EcaH yRapHaa HOHH3aIIH~I yqacTByeT :B O)opMnposaHuHl, ~i 
TO 0HI4 )IOJl~Hbl paCTH C Hanp~~eHH0CTblO rIOJl~[ E npu II0CTO~tHHO~ TOIIIIIHHe 
II~eH~<H d H c T0.rIII~HHfiO rI~eHKH npH E = const. I-lpitqeM B xapaKTepe rt3MeHe 
H H H  3 T H X  Be . I IHqHH , ~ O ~ ) K e H  ‰ napa~~e~H3M. O l]apa~~le:i~3Me B xapa~(- 
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Tepe II3MeHeHH~t In H B_  0TV yn0MI4Ha3J0Cb Bblllle. C i~eJIbtO 0£ 3aBH- 
CHM0C'rH In H B 0T d npH E = const HaMH £ Hccae)IOBaHbl 4 cepHH nneHOK c 

pa3H0~ KOHl/eHTpaRHefi Cu. B npejIe~ax Ka~~ofi cepHH IJ.rleHKH 0TJlHqaJH4Cb 
T0nbK0 T03UlHH0fi. Ha pnc. 1 npHBe~leHbl pe3y~BTaTbI ~J~~ cepHH C Kont~eHTpa- 

J/He~ CU = 0. OHH IJpHHtlHHa~bH0 He 0TJ~HqaJH4Cb OT pe3yJlbTaTOB ~J1~ )IpyrHx 

cepnfi. Id3 pHc. I BHAH0, qT0 ~e~CTBHTe.qbH0 In H B paCTyT C d npH E = const. 
O~HaKO 3r0T p0CT npoAo~~aeTc9 ~Io onpe~e~eHHOfi KpHTHqecKo~ TOJIII[HHbI dkp, 
Ha~HHan C KOT0p0fi Ha£ He3aBHCHM0CTb B 0T d H In OT d npH E =cons t .  
Flp~ Hanp~D~eHl~gx; 6~H3~~x K np060fiH~~M, ~J~~ d ~ d~ Ha£ 3aMe~J~e- 

HUe p0cTa ~ ~ In OT E. ~TOT pe3y~BTaT 03HaqaeT, qTO pa3MHO)KeHile 3~eKTp0HH0fi 

2JaBHHbl H B035y)~ReH~e �91 Hp0~cxo~~T B onpeae~eHuon KpHTHqecK0fi TOJIII~HHe 

dk. B03M0)�91 pO3Ib d~ ~rpaeT pa3Mep 3epHa. FIoKa nJ~eHKa O~H0CJI0~Hafl H 
pa3MHO)4~eHI4e 3~eKTp0HH0~ J~aB~Hbl Hp0~0~I~aeTc9 BH~IOTb ~0 C~O~ SiO In 14 B 
paCTyT C d. I~or;(a nneH~a ~enaeTc~ ~ByXC~0fiH0fi H pa3MH0~eHHe naenH~~ 0rpa- 

HHqHBaeT CaM0 3epH0, TO Haq~Ha9 C TOJ~~RHHbl HJ~eHKH de, paBHOfi pa3Mepy 3epHa, 
pa3MH0~eHHe 3IaBI4Hbl 3aMe~IJ~geTC~ g~g flpeKpanlaeTc~. 

OJleKTp0Hb! )]aBHHbl, C03J~aHH0~ 3a cqeT y~apnofi HOHH3al/H~, J~0KaJ]H3ytOTOJ 

Ha aosymKax s£ SiO Han y rpaHml~[ 3epHa. Id T0n~~0 noche TepM~qecKoro 

BS~CSO£ 0HH pe~(0M6~HapymT C ~Is~p~(aMm O£ 3ap~,~, C03)IaH- 
HbLq 3THMH 3:IeKTpOHa~I4, He TOJ~bK0 yt~acT~ye'r n ~fl, HO H co3~aeT H0~e r~o~~pg- 

3aI/Htl. 1-Ioc:~e~Hee ~cK~]toqaeT 3flI Ham~x H3eHOK B HOCTO~HHOM YIodIe. ~efiCTBHeM 
noaflpn3a~/Hn MOCHO 0‰ H TOT qbaKT, qTO npu CItHyCOI4~a.rlBHOM Bo36y),K- 

ae~n~ aMn~¡ 3HaqI4Te~bHO £ qeM npH Bo36y)4(~,eHH~ nOJ~OB~HKaMH 

CHHyC0Hh. B nepBOM cayqae Tenno H norte n0Jl0~HTeJ~bHOr0 no~ynepHoAa pac- 

cacLmatoT 05~)eMH~ifi 3ap~n, C03;~aHHb~fi ~ 0Tp,UaTe~bH~I¡ noaynep .oa ,  BO BT0- 
p0M cayqae 3T0 aenaeT TO~bK0 Tenno. 

B r noao~<,TeabHo~ B0aH~~ B+ ynacT~ymT aHaaorHqHue 

npotleccb~, T. e. nepeHmmle 3~eKTp0.B~, yC~(Op~~cB ~ noJ~e y~,apHb~M MexaHH3MOM, 
c03hamT ~b~pK~. PeKOM6nHau~~ nocae~H.X C 3aeKTpOHaMn conpono>KaaeTc~ 33-I. 

TOJ~bK0 H0CTaBtR~KOM HepBHqHb~X 3~eKTp0HOB 3)~eCb ~BJ~~eTC~ He 3J~eKTp0~ 
(3TOMy MemaeT cno~ SiO), a 0£ 3ap~;~, ~oKaaH3y~mH~c~ no Bpe~n OTpH- 

RaTenBHoro nonynep•o)la Ha ~0nyLuKax OK0~0 CJ~0~ SiO ~Jm y rpan~R~~ 3epHa. 
3TH npe~cTa~neH,~ ~ax0;~UTCU ~ C00T~eTCTBnH C TeMnepaTypHbIMH 3aB.CI4- 

MOCT~IMH ri0a0~,Te~bH0fi B0~lHbI ~pKOCTH, CHflTbIMH npH pa3HblX Harlp~)KeHH~X 
(p.c.  2, Kp~B~~e a, b, c). H3 pHc. 2 S~;~HO, ~r0 B+ c p0CTOM TeMnepaTyp~i npox0- 

~IdT nepe3 MaKcI4MyM, np~~eM cK0pOCTb p0cTa yMeHbmaeTc~ C Bo3paCTaH~eM 

Har~p~~eHH~. OqeBHAH0, p0CT onpeheageTcs TepMHqecKHM BBICB060)J~j~eHHeM 
3~eKTpOHOB C ~OByIlleK, 3~qbeKTI4BHa~l r~y6~Ha KOTOpblX yMeHbmaeTc~ noJ~eM, 
a na~eHHe - -  HCTOI~eHHeM 3aHOJ~HeHHb~X ~OBymeK. ~J~~I~ cpaBHeHHfl Ha p~c. 

2 npH~e~eH~~ TeMHepaTypH~~e 3aBHCHMOr 0TpHUaTe~IbHOfi BOJmbl B_, np~ 06pa- 
30BaHHH KOTOpOfi HOCTaBU~I4KOM nepBHqH~~X 3JIeKTpOHOB ~B~fleTCfl KaTOJI,. H3 

pHC. BH~H0, qT00HI4 0TJ~HqatOTCfl 0T 3aBI4CHMOCTe~ JUIYl B+. B ~ccJ~e~ye~o~ 
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P u c .  2. TeMnepaTypHbm 3aBHCHM0CTH: a, b, c - -  R~q~ aMmI~TyR~[ B+, d -- ~:~fl aMn.~~Ty~b[ 
B_ np~ pa3Hb~X nanpfl~eH~a• (Haqa~bHb~e aMn~HTyRbl Co~MeuteHb0; e , f ,  g - -  ~I~~ HHTerpaJ~b- 

HO~ ~tpKOCTH 

riHTepBa~e TeMrlepaTyp Ha£ TOnbKO pOCT B_ c T. CKopocTb pocTa He 
3aBI4C~iT OT Hanpfl~(eHH~. OqeBH~H0, TeMnepaTypHu~ X0~ HnTerpa~bHofi ap-  
K0CTI, f B ~IOYI~'<eH 3aBl4CeTb OT Hanpfl)~eHH~ H C00THOI_UeHI~~[ B+ H B_ ~ RaHH0~ 
n.~eHKe. H a  pHc. 2 rlpHBe2~eHbl 3aBHCHM0CTH /3 0T T, [Io~yqeHHbIe Ra~[ pa3HblX 
o£ BI4~IH0, qT0 B M0:~eT rlp0X0)I~ITt, qepe3 MHHHMyM (KpnBaa e), 
Bo3paCTaTb C T (~pHsaa f ) ,  He MeH~tTbC~I C T (KpHBa~ g). 

C T0qKH 3peHnfl pa3BHBaeMo~ Mo~Ie~H MO)4~H00‰ no~e~leHHe rI~e- 
H0qHblX KOH,~eHCaT0p0B npr~ HMHy~bCHOM B036y:~ReH~H. BBe~eM o6o3HaqeHnfl: 
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Pttc. 3. 3aBHCHM0CTH aMrI2IHTyA B+ H B_  0T R.rII4Te.rlhH0CTH qbp0HTa �91 t 

C +  14 C _  - -  ]UIHTeYlbHOCTH rlOYIO)KHTeYlhHOFO 14 OTpI4RaTeJIbHOFO H - H M n y ~ b C 0 B ,  

A t+ 14 A t _  - -  ~YIHTe.rlbH0CTH HX ~pOHTOB, t o - -  CKBa)4(H0CTb Me~l<~y HI4MH. 

Hcc~e~OBaHH~/ rlpOBO~H~HCb Ha ypOBH~X ~pNOCTH 01<0~0 1 HHTa. OKa3aJlOCb, 

qTO C B03paCTaHHeM ~JIHTeYlbH0CTH qbpOHTa OAH0r0 3HaKa OT 2 0  AO 6 0 0  Mt<ceK 

HpH HeI43M~HHOH II, YlHTeYlbH0CTH Apyroro o£ B0.rlHBI ~lpl~OCTI4 yMeHbtnamTC~ 

(pHc. 3). FIpH B03pacTauHH ~ e  C OT 0,1 AO 500 MceK BOCHa TOfi n<e noaapHOCTH, 
KaK ~ BO36y~~amnlH¡ HMIIyYlbC, He MeH~IeTC~I, BOYlHa rlpOTI�91 no~~p- 
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H0CT14 paCTeT, cTpeM~Cb K n0CTOHHHOMy 3HaqeHHIO (pI4C, 4). F[ocne~lHI4~ pe3yJIbTaT 
oaHaqaeT, qT0 B036y>~~IeHHe cnoefi BOJmb~ n0nH0CTbm 3a~aHq14BaeTcn 3a BpeMn 
HapacTaHnn qbp0HTa A t, a ~anstue 14~IyT npotlecc~b 06ecneqnsa~olane ~pl<0CTb 
BO.rIHbl IIpOTHBOH0JI0>KHOFO 3HaKa. TaK B0~Ha B_ paCTeT C p0CTOM C+ Bc~Ie~CTBrie 
TOF0, qTO 3a BpeM~ C+ n o t e  • Ten~o yHOCflT 0‰ aap~a, C03~aHHbIH B ripe- 
,!Ibl,~ytR14~ 0TpHl_[aTeYlbHbI~ no~ynep14o~. C ycTar~onneHHeM paaHoaecnn Me)Khy 
3THMH ~IByMfl r~poReccaMH Bo3pacTaHrie B_ c p0CTOM C+ npe~<pa~aeTc~. B0~Ha 
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iour  4 .  3aaHCHMOCTH flMfLqHTy.,~ B +  Ii B _  OT fl,.r[HTe.qbHOCTH t 4 u n y a b c a  C 

B+ paCTeT CR.qHTeJIbH0CTblO C_ rio ~tpyr0~ rIp[4qt4He, a HMeHH0, 3a apeMa C - -  yse-  
~nqriBaeTcfl 0£ 3apfl2I, HaKarlnHBaeMbrª y aHo~a. 13btme yKa3b[BaJ~0Cb, 
qTO OH ~IBYlfleTC~I peaepBFapoM nepBUqHh[X 3JleKTpOHOB np~ pa3anTnH B+. 
FIO3TOMy B+ paCTeT C C_. Ee p0CT npeKpaLuaeTc~ c ycTauonJ~eHaeM paaHoBecri~ 
aen (ay  npotteccaM14 HaKonJ~eHH~ 06~eMuoro aap~~a ~ evo ~tnqbqbyanotmoro pac- 
caCbIBaH14~. AHa~orHqHO O6~~CHfleTC~ naU~HHe cKBa>Kuocvn Me~~ty OTpHRaTenb- 
HblM 14 nocne~yro~HM rIO~O~HTe.rlbHhlM ~MrlyJJhCaMH Ha aMnJII4TyRy B+. 3a  
BpeMa t o npoucxo~aT A14qbqby3140HHOe paccacbmaHue 06~eMH0rO 3apa¡ HaKonae14- 
Horo B npea~,iaytItH~ nonynepnoa.  1-I03TOMy C pOCTOM to, B§ yMeabtuaeTcn 14 rema 
6ucTpee, qeMa BbItUe reManepaTypa. PaCCMOTpeHHhI~ MexaHuaMa Heab3a rlepeH0CHTb 
na rice KOHaeHCaTOpt,I [4], COBepmeHHO aCHO, qa'O 95I, Ha6~~o~aeMaan 8 nOCTOaH- 

HOM noJ1e, 14MeeT ~pyr0¡  MaexaHH3M. 
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