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8 H8CTOS!Ulee 5peMSI 5 npH60p8X SKCnepHMeHT8nbHOJt H.aepHOJt cpH3HKH 1 5 YCKOpHTenbHOJt Tex-

HHKe H8pH.£1Y C sneKTpOHHbiMH Jl8Mn8MH WHpOKO HCnOnb3 YIOTCSI nonynp050.£1HHK05bie .llHO.llbl H 

TpHO.llbl. 8 385HCHMOCTH OT X8p8KTepa SKCnnyaT8UHH sneKTpOHH851 annapaTypa MO)I(eT H8X0.£1HTb

CSI 5 p83nH'"!HbiX ycn05HSIX pa60Tbl 1 5 TOM "IHCn e 5 M8rHHTHOM none. 8 C5SI3H C STHMH Tpe6o5a

HHSIMH ycn05Hl!: SKCnnyaT8UHH 503HHK8eT He06X0.£1HMOCTb HCCne.£1058Tb no5e.£leHHe nonynp050.£1HH-

K05b!X .llH0.£108 H TpH0.£105 5 MBrHHTHbiX nOnHX • 

.[lnH 5biSICHeHH51 5nHHHHSI MBrHHTHOrO nonH H8 nonynp050.£1HHK05bie npH60pbl CHHM8nHCb 

CT8TH'"!eCKHe X8p8KTepHCTHKH HeCKOnbKHX THn05 cepHJtHbiX .llH0.£105 H TpH0.£105 6e3 nonS! H 5 Mar-

HHTHOM none H = 10000 s. KaK nOK838nH SKCnepHMeHTbl 1 xapaKTep H KOnH'"!eCT5eHH8SI 5enH-

'"IHH8 H3MeHeHH51 X8p8KTepHCTHK onpe.aenHIOTCSI npe)l(.ae 5Cero OpHeHT8UHeJt nonynp050.£1HHK05biX 

npH60p05 no OTHOUleHHIO K HanpaaneHHIO CHn05biX nHHHlt M8rHHTHOrO nOnS!. 

Ha pHc. 1 noKa3aHa 38BHCHMOC~b TOKa qepe3 .aHo.a 5 npHMOl!: 5eT5H aonbTaMnepHol!: xapaK-

TepHCTHKH H KOnneKTOpHOrO TOK8 nnOCKOCTHOrO TpH0.£18 OT yrna Me)l(.ay HOpM8nbiO K nnOCKOCTH 

p - n nepexo.aoa H aanpa5neaHeM MarHHTHoro nonH. Ha6ni0.£1810Ul8HCH aa o6oHx rp8cpHKax 

38KOHOMepHOCTb STO,l!: 385HCHMOCTH 5binOnHHeTCSI .£1il,SI 5CeX THn05 .llH0.£105 H nnOCKOCTHbiX TpHo

.£105. )lnH TO'"Ie'"IHbiX nonynp050.£1HHK05biX TpH0.£1 ,05 ( pHC. 1) 385HCHMOCTb KOnneKTOpHOrO TOK8 

OT OpHeHT8UHH no OTHOUleHHIO K M8rHHTHOMY non10 5birnH.£1HT HH8'"1e. 8epOS!TH851 npH'"IHH8 STOrO 

OTnH'"IHSI 6y .aeT 06Cy)l(.£leH8 HeCKOnbKO n03.£1Hee. 

V13 npHBe.aeHHbiX rp8cpHK05 cne.ayeT, '"ITO H8H6onee CHnbHOe 5nHHHHe M8rHHTHOrO nonH H8 

X8p8KTepHCTiiKH .£1H0.£1Q5 H nnOCKOCTHbiX TpHO.llOB H86ni0.£18eTCSI 5 TOM Cnyqae, KOr.£18 CHn05ble 

nHH~H M8rHHTHOrO nonS! H8npa5neHhl nepneH.llHKynHpHO K H8npa5neHHIO .£15H)I(eHHSI HOCHTeneJt 38pSI-

.aa 5 p - n nepexo.ae. 

H8 pHCyHK8X 2 H 3 noK838Hbi CT8TH'"!eCKHe xapaKTepHCTHKH .ll5YX TMno5 nonynpo50.£1HHK05biX 

.llH0.£105, OpHeHTHp058HHbiX no OTHOUleHHIO K M8rHHTHOMY non10 no .a 0°. Vi3 p!!.£18 HCCne.£1058HHbiX 

TO'"Ie'"!Hb!X H nnOCKOCTHbiX .llH0.£105 38MeTHOe 5nHSIHHe M8rHHTHOrO nonst 'H8 !IX 50nbT8MnepHbie xa-

p8KTepHCTHKH H86n10.a8noc b TOnbKO y TO'"!e'"IHbiX .aH0.£105. X8p8KTepHCTHKH nnocKOCTH biX .aHo.aoB 5 

MarHHTHOM none Hanpst)l(eHHOCTbiO 10000 s H3MeHHnHCb H e 3H8'"1HTenbHO. H8 KpeMHHe5bie llHO.llbi 

H TpHO.llhl M8rHHTHOe none npa KTH'"!eCKH C05epweHHO He 5nHHeT. Vi3MeHeHMe CT8TH'"IeCKHX X8p8K-

TepHCTHK nnOCKOCTHbiX repM8HHe5biX TpH0.£108 C 5nn85neHHbiMH nepeX0.£18MH 5 M8rHHTHOe none 

3H8'"1HTenbHO CHnbHee H 38Cny)I(H58eT 6onee no.apo6HO~O 06Cy)l(.£leHHSl . 

.[lnH nnOCKOCTHOrO nonynp050.£1HHK050rO TpH0.£18 p - n -p THn8 5 CXeMe C 383eMneHHOl!: 

683011, npH M8nOM yp05He HH'beKUHH, nonHbie SMHTTepHbil!: j H KOnneKTOpHbll!: 
so /1/ 

e.aHHHUY nnoUl8.£1H p - n nepexo.aa onpe.aenHIOTCH H3 5 bip8)1( e HHll 

TOKH H8 
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- nOLlBH)KHOCTH LlblpOK H 3DeKTp OHOB, 

j nko + j pa ctli 2wo 
Lp 

( 2 ) ' 

KoacjJCpHuHeHTbi LlHcPcPY3HH LlbipOK H 

3neKTpOHOB B nonynpOBOLlHHKOBOM 

M8TepHane TpHOLl8, 

JlnHH8 LlHcPcPY3HH LlblpOK H 3DeK

TpOHOB I 

- cpenHee BpeMH )KH3HH Llb!pOK H 3DeKTpOHOB 1 

-nnOTHOC Tb HeOCHOBHhlX HOrHTene~ B nonynpOBOLlHHKe n - THna ( B 6a3e ) , 

-nn OTHOCTb HeOCHOBHhlX HOCHTene~ B nonynpOBOLlHHKe p -THna (s 3MHTTepe H 

KonneKTope ) , 

TOn LUHHa 6a3bi , 

- H8npH)KeHHH H8 3MH TTepH OM H KOnneKTOpHOM nepeXOLl8X
1 

nOCTOHHH8H bOnbUM8H8 1 

a6con~TH8H TeMnepaTypa, 

- 38pHLl aneKTpOH8, 

B nonynpOBOLlHHKOBOM MaT epHane TpHona, BHeceHHoro B MarHHTHOe none, npH M8nbiX ypos

HHX HHbeKUHH CyLUeCTBeHHO H3MeHHeTCH TOnbKO nOLlBH)KHOCTb H ycnOBHH p e KOM6HH8UHH HeOCHOB-

Hb!X HOCHTene~, 

noLlBH)KHOCTb HOCHTene~ yMeHbLU8eTCH B pe3ynbT8Te 38Kpy'IHB8HHH TpaeKTOpH~ HX LlBH)K e ·

HHH B nonepe'!HOM M8f'HHTHOM none. YcKopeHH8H peKoM6HH8UHR B MarHHTHOM none npoHCXOLlHT 

BCDeLlCTBHe ysenH'!eHHH nnOTHOCTH HeOCHOBHbiX HOCHTene~ y nosepXHOCTH 683bl ( acj:lcj:leKT Xon

na) H HCKpHsneHHH Tp8eKTOpH~ npe~cj:la HOCHTene~. 

B H8nHC8HHb!X BbiWe ypaBHeHHilX LlnH KOnneKTOpHOf'O H 3MHTTepHOf'O TOKOB He Y'IHTbiB8-

nacb nosepXHOCTH8H peKOM6HH8UHH HeOCHOBHbiX HOCHTeneJt B o6naCTH 683bl, JlnH TpHOLlOB C 

Bblp8LUeHHb!MH nepeXOLl8MH BDHHHHe ITOBepXHOCTHO~ peKOM6HH8UHH H8 K03cpcj:JHUHeHT ycHneHHH ITO 

TOKy ne~CTBHTenbHO HeBenHKO H LlnH pe)KHM8 KOpOTKOf'O 38M b!!t8HHH B CXeMe C o6we~ 6830~, 

a koP, 
., 2 

1-~(~~) 
( 3) 

.!:6 ~ 
/ 30p LP as Ln 

rne ; 
kop 

- Llbl pO'!Hbl~ TOK KOnneKTOpa , 

iaop - 3MI1TTepa . 
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B Tpuonax c snnasneHHbiMH nepexonaMH BnHBHHe nosepxHoCTHoA peKOM6HHBUHH Ha xapaKTe

pHCTHKH 3HB'IHTenbHO cunbHee, B STOM cnyqae B Bbipa:»<eHHe ang Koscll<tmuHeHTa ycuneHHB non

:»<eH 6biTb sseneH qneH, Y'~HTbiBBIOWHA nosepxHOCTHYIO peKoM6HHBUHIO 

( 4) 

rae - 3cPcPeKTHBH8B anHHB nosepXHOCTHOA nHcPcPY3HH 1 

A nnowanb SMHTTepa, 

A • scilcileKTHBHaB nnowanb peKOM6HHBUHH, 

S CKOpOCTb nosepXHOCTHOA peKOM6HH8UHH, 

VIa Bbipa:»<eHHB ( 4) cnenyeT, 'ITO nosepxHoCTHaB peKoM6HHBUHB B repMaHHeBbiX TpHonax 

C BnnasneHHbiMH nepexoaaMH H THnH'IHbiMH napaMeTp8MH 

2 w (0,05 - 0, I) MM, 
0 

s 500cMceK 
-I .. 

' 

Lp = O,I CM 1 

A 
I' r. a6 

-I 
44cMC9K , 

-I -I o ~IOOoM eM a • 

L n 
.. 0,I5 CM CyWeCTBeHHO BnHBeT Ha senH'IHHY a 

3To aaKniO'IeHue nonTsep:»<naeTcH sKcnepuMeHTanbHO, TBK KBK npu BHeceHHH nonynposonHu-

KOBOrO TpHoaa B MarHHTHOe none, OpHeHTHpOB8HHOe nepneHaHKynBpHO K nnOCKOCTH nepexoaOB 1 

B cxeMe c o6wHM aMHTTepoM npH 1
6 

= Const KonneKTOpHbiA TOK 1 ko ysenH'IHBa eTcH 

(cM,pHC, 7, IO,II ), .YsenH'IeHHe K09cPcPHUHeHT8 ycuneHHB no TOKY 06'bBCHHeTCH TeM, 'ITO MBrHHT

HOe none 38Tpy aHHeT apel!cP HH'beKTHpOB8HHbiX 9MHTTepOM B o6naCTb 6a3bl HeOCHOBHbiX HOCHTe

neA K 60KOBbiM nosepXHOCTBM H CHH:>KaeT TeM C8MbiM noTepH H3-38 nosepxHOCTHOA peKOM6HHSUHH 

CneayeT OTMeTHTb, 'ITO 3THM MeToaoM MO:>KHO HCCneaOB8Tb ponb nosepXHOCTHOA peKOM6H

H8UHH npH paapa6oTKe Tpuonos c snnasneHHbiMH nepexonaMH, 

nnoCKOCTHbie TpHOabii KBK npaBHn01 HCnOnb3yiOTCH B CX9M8X C 383eMneHHbiM 3MHTTepoM, 

nOSTOMY uenecoo6pa3HO HBATH 38BHCHMOCTb B9nH'IHHbl {3 "' -=
1
_a.::..._a_ OT Hanp B:>KeHHOCTH 

MarHHTHoro nong H noacTBBHB a H3 (4), nony'IHM: 

{3 = - 1 . 

06bi'IHO eaHHHUeA MO:>KHO npeHe6pe'lb H Bbipa:»<eHHe (5) 38nHC8Tb B BHae 

{3 

Ecnu TOK 6aahl TpHona 

.!!..JJ_ + 
T p 

s A • 
-A-

I 
6 

"' Const, TO npu BHeceHHH ero B MarHHTHoe none {3 

(5) 

(6) 

, a,cne-

nosaTenbH01 H TOK KonneKTopa 1 H3MeHHeTCH npH6nH3HTenbHO nponopUHOHBnbHO H3MeHeHHIO 
kO 

5 



nOLlBH.>KHOCTH LlbipoK ll P nnSI p - n - p TpiiOLlOB Hnlf aneKTpoHoB nnSI n - p - n • Be· 

ml'iiiHY ~ B MarHHTHOM none MO.>KHO onpenenlfTb KaK no pe3ynbTaTaM 9KCnep11MeHTanbHO-

J.IP 
ro IICCneLlOBaHIIS! xapaKTepiiCTIIK TpHOLlOB B MarHIITHOM none, TaK If nyTeM H3MepeHIIS! H3MeHe - · 

HilS! npOBOLllfMOCTII n o nynpOBOLlHIIKOBOrO MaTepllana B none, 

Yl3 xapaKTepiiCTIIK, noKa3aHHbiX Ha p11c. 4 - 11 nnSI pSina Tlfnoa TpiiOLlOB 6e3 nonS! 11 s , 
none , cnenyeT, 'iTO np11 KOMHaTHOlt TeMnepaType B MarHIITHOM none C HanpH.>KeHHOCTbiOH:alQQQQ3 

t. 1,0 
llro 
~ 
llp 

75- ~% ( 7 J 

/3/ 
3Ta aenlf'ilfHa coananaeT c naHHbiMH, np11aeneHHbiMII B pa6oTe , a KOTopolt 11ccnenoaa-

nOCb noaeneHife nonynpOBOLlHIIKOBbiX LllfOLlOB B MarHIITHOM none, 

"Y TpiiOLla B MarHIITHOM none MeHS!eTCS! He TOnbKO {3 1 HO If L1pyr11e napaMeTpbl 1 B TOM 

'ilfCne Ha'ianbHbllt TOK KOnneKTOpa 1,0 • Ben11 'ill Ha 1,0 onpenenSieTCH H3 ypaaHeHHS! 

I kO- jnlra + ; 
pa 

; + ; c:th (~J o• n ,a, ~ 

1 cth(~) + Ina• 
P• L" 

Jlng p - n - p TpiiOLla C THnH'iHbiMII 3Ha'ieHIIS!Mif uP If un 

In 9 • cth(~)«l L pa 
p 

npH 2 w
0

"' 0,05 MM, 

B aToM cnyqae ypaaHeHHe ( 8) MO.>KHO nepenHcaTb B BIILle 

1,0 v qkT [y.£!L 
r 

n 

Ecn11 3aBIICHMOCTb nonalf.>KHOCTelt 1'-n H 

n 
pk 

+.,j.!!.Lp tll(2wo)] 
r n L 

p p 

1J. p OT HanpS!.>KeHHOCTII MarHIITHOrO nOnS! H 

t8) 

(9) 

OLllf-

HSKOBa, TO OTHOCIITenbHOe 113MeHeHHe HS'ianbHOrO TOKa KOnneKTOpa 6yneT onpenenS!TbCH ypaa-

HeHifeM 

t. I leo 

1,0 
..;~ 

1'-n 

v K~.~-P 
llp 

( 10) 

Ha p11c, 12 npHaeneHa cepiiS! rpaqJHKOB, noKa3biBaiOWIIX 38BIICHMOCTb 1,0 "' f (H) nnH He-

K OTOp biX Til nOB repMaHifeBbiX nnOCKOCTHblX TpiiOLlOB p -n-p H n- p- n THna, 

BniiHHH e MarHHTHOro nonH Ha cTaTH'ieCKife xapaKTepiiCTIIKII TO'Ie'IHbiX repMaHifeBbiX TpHo

LlOB e we clfnbHe lt, 'ie M nnH nnocKoCTHbiX, Ha p11c, 13, 14 noKa3SHbi TlfnH'iHbie xapaKTepiiCTIIKII 

I = f(U) 
lc lr 

a cxeMe c o6welt 6a3olt nnSI pS!Lla 3HaqeHiflt I 
9 

CHS!Tbie 6e3 nonH H B Mar-

HIITH OM none HanpS!.>KeHHOCTblO H = 10000 a. 

Kon!fq e cTa e HHbiH aHanlf3 pa60Tbi TO'Ie'iHbiX TpHOLlOB B MarHIITHOM none npaKTH'ieCKII HeBo3· 

MO.>Ke H 113-3 a 3 Ha'iHTe nbHoro pa3 6poca HX napaMeTpoa 11 HecoaepweHCTBa o6welt TeopiiH neltcT-

BIIS!, 

Mo.>KHO T OnbKO BbiCKa3aTb HeKOTopbie coo6pa.>KeHHH, o6'bHCHHIOWHe c Ka'ieCTBeHHolt cTopo-

Hhl n o nyqe HHhle a KCri e pHM e HTanbHhle xapaKTepiiCTIIKII, 

KaK y .>Ke yKa3biBanocb, nnH TO'ie'iHbiX TpiiOLlOB 3aBHCHMOCTb 

6 

I OT OplleHTaUiflf B Mar
k 



3e· 

DO a 

)3' 

HHTHOM none npH I 
3 

= Const H H = Const 

rpacjo'HK8 anH rrnOCKOCTHbiX TpHOaOB H HMBB T pB3KO HBCHMMBTpW'!Hbla xapaKTBp. MO)!(HO npenrro-

no)!(HTb, '!TO TaKaS! 3BBHCHMOCTb i /c = f (H) npH I a = Const noSianSi e TCSI xax cnencTBHB 

KOHKypeHUHH nayx rrpOUBCCOB peKOM6HH8UHH HBOCHOBHhlX HOCHTenea, HHbBKTHpOB8HHhlX B 6B30BY~ 

o6naCTb, - 06bBMHOH H llOBBpXHOCTHOH, 

TaKI1M 06pa30M 1 H3 pe3ynbT8TOB BblliOnHBHHbiX HCCnenosaHHH MO)!(HO cnenaTb cneny~-

lliHB BbiBOabi, 

Bo-nepabix, rrpu sxcrrnyaTau11u npu6opoa c repMaHHBBhiMI1 n11onaM11 u TpuonaMH Heo6xo

nHMO Y'li1TbiBaTb BnHSIHI1 B BHBWHHX MarHHTHbiX rroneA. npeHe6pe)!( BHHB 9TI1M BnHHHHBM MO)!(BT 

!Ip11BBCTI1 K HenorryCT!iMOMY H3MBHBHII~ CTaTH'!BC KHX pB)!(Ii!.MOB CXBM 11 HapylliBHI1~ HOpManb-

HoA pa60Tbi np116opoa. 

Bo-aTopbiX, 3aBHCI1MOCTb napaMeTpoa 11 xapaxTep11CTI1K repMaHHBBbiX Tp11onoa OT HanpH-

>KBHHOCTII MarHI1THOrO DOnS! TaKOBbl, '!TO rrpencTaBnSIBTCSl B03MO>KHbiM 11CDOnb30B8Tb rronynpo-

BOaHI1KOBbiB Tp110abi KBK naT'!IIKI1 rrOnSI, 

n H T B p a T Y p a 

1. P.JJ.. M11nnn6pyx. BseneHI!e a Teopll~ TpaH311CTopos. ATOMI13naT, 1960 r. 

2, A.H.Kampf . Electronic Industries 17) 71 ( 1960) . 

3. 3.VI . KapaxyLLiaH, B.VI. CTacpees. <t:>TT, ~. 677, 1961 r, 

7 

PyxorrHCb noc TyrrHna a H3naTenbCKH H 

OTnen 12 CBHTH6pH 1962 r. 
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