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1 AmnHOTaNUA

B nannoit pabote uccie0BaIuch OCHOBbIE XapaKTPUCTUKHU T1a3Mbl HeoHa. JIj1g 9Toro ObLia moJry-
YeHa BOJIbTaMIIepHasl XapaKTEePUCTHKA TJIEIOIIEro pa3psijia, Ha OCHOBE KOTOPOIl ObLIN BBIYUC/IEHBI
TeMIepaTypa 3JeKTPOHOB, 1e0aeBCKUl PaJIUyC ILIa3Mbl, XapaKTepHas JacToTa J1e0aeBCKUX KO-
JlebaHmil U cpejiHee KOJIMIEeCTBO MOHU3UPOBAHHBIX aTOMOB B cdepe ¢ jgebaeBcKuM pajamycom. Ha
OCHOB€ ITIOJIYYEHHBIX JaHHbIX CAc/JIaHbl BBIBO/IbI O XapaKTepe H3yqaeMOﬁ I1JIa3MHBI.

2 BsBenenwue

O iHuM U3 BayKHBIX HAIPABJICHWI M3YYEeHWs CUJILHO MOHM3UPOBAHHOIO Ta3a SBJISETCA U3YUEeHUe
SIBJIGHUST TTPOBOJINMOCTHY B I1a3Me. VI3BeCTHO, 9TO CHJIbHO MOHU3WPOBAHHBIN a3 MPOBOIUT /€K~
TPUYECKHIT TOK 110 3aKOHY, OTJIMIHOMY OT KJIACCHYIECKOT'O OMUCAHUS ITPOBOJIMMOCTH T'a3a ¢ MAJIBIM
KOJTMIECTBOM 3aps?KEHHBIX 9acTull. J[jisg TOro, 9T00BI MOIYYNThH KOHIEHTPAIUIO U TEMIIEPATYPY
9JIEKTPOHOB B ILJIa3Me, a TaK Ke PsiJI JIDYTUX [1apaMeTpoB HEOOXOJIUMO CHATH BOJILT-AMIIEPHYIO
XapaKTEPUCTUKY TJICIOIIEr0 pa3psijia U 30H/I0BbIE XapaKTEPUCTUKU IIPU PA3HBIX TOKAX Pa3psia.
Henpio ganHoit pabOThI OBLIO U3yYeHUE BOJILT-AMIIEPHOI XapaKTePUCTUKU TJICIOIEro pa3pdia 1
U3yUYeHNe CBOWCTB ILJIA3Mbl METOJIOM 30H/IOBBIX XapaKTEPHUCTUK.

3 Metoauka

ZL.HS[ OIIUCaHMd ITOBCACHUA IIJIa3MbI paCCMOTpI/IM MOﬂeﬂbHny CI/ITyaHI/IIO: BbBIJIC/INM B HeﬁTpaHbHOﬁ
I1a3Me HEKOTOPbIiT 00beM mapaJuiesenuena. CunTas, 9TO KOHIEHTPAINS MOHOB B IJIAME DPaB-
HO M, U YHCJICHHO paBHA KOHIEHTPAIMH MOHOB. /M B JaHHOM HapaJuleseluie/ie CABUHYTh Ha
HEGOJIBITIOE PACCTOHNE BCE SJI€TPOHBI, CYUTasl NOHBI IIPH STOM HEIOIBUZKHBIMHI, BOSHUKHET BOBPS-
IIAIOIIAs CHJIA, 3ABUCAIIAS OT PACCTOHUS, Ha, KOTOPOE OTBEJIH 3JIeKTPOHbI. Tor/a 3aK0H H3MeHEHUs
BO3BPAIIAIOIEH CHJIBI HMEET CJIELYIOITHH BUI:
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KOTOPYIO HA3bIBAIOT IJIA3MEHHOM.
[Ipu Bo3OYKAeHNN ILIa3MEHHBIX KOJIeOaHU 38 CUeT TEIJIOBOIO JBUKEHUST aMILIUTY/Ly Kojeba-
HUI MOXKHO OTUCATDH CJIEJIYIONIUM 0Opa30M:

rp =

JlaHHyI0 Ha3bIBAIOT JICO0ABECKUM PaJINyCOM.

[Ipu morpyzkeHun B ma3My IIPOBOJHUKA, OH HojBepraercs "6ombapupoBke" co CTOPOHBI 3a-
PS2KEHHBIX YaCTHIL,COCTABIAIONNX 1/1a3My. [10CKOIbKY 9JI€KTPOHBI JIBUTAIOTCS TOpas3io ObIcTpee
HOHOB, BHECEHHBIII IPOBOJHIK 3aPSAIUTCA OTPUIATEIBHO JI0 NoTeHnuaaa —Uy - Ha3pIBaeMBIM ILIa-
BAIONMM HoTeHnuaaoM. CuuTasd, 9To IPH BHECCHUN IPOBOJHMKA B IIJIa3Me ero morentmas ouur Uy
MOYKHO HANTH MOHHBIE W 9JIEKTPOHHBIE TOKU:

NV nv;

[eO = 1 GS, [iO = TzeS, (4)
1




OTKY/Ia, COIVIACHO 3aKOHY pacupe/jiesienuss boJsibiiMana, ciemyer
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[Ipn BHecenwm B ITa3My CUCTEMBI M3 JIBYX IPOBOJIHUKOB OJIMHAKOBOTO pa3Mepa, COeTUHEH-
HBIX II0CJIEJIOBATEIbHO,3aBUCUMOTD IIPOXOALAIIEr0 Yepe3 CUCTEMY TOKa OT I10/IaBaeMOI'0 Ha 30H/IbI
MaJIoOro HallPsKeHUsT BbIParkKaeTcs 110 CJIeLyroIeil ¢hopmysie, UCIOJIb3yeMOi B JaHHON padoTe:

elU
2ksT.,” (5)

I = I, tanh

JI1s1 ycTaHOBJIEHUST 3aBUCUMOCTH TOKa OT HAIIPsI?KEHHUsI, HA OCHOBE KOTOPOM, 10 ITPUBEIEHHBIM
BbIIIIe (bOpPMyJIaM, BBIPAXKAIOTCS XapaKTEPUCTUKH ILIa3Mbl, ObLIa UCIOJIH30BaHA IKCIIEPMEHTA b
Has YCTAHOBKA, B COCTAB KOTOPOIl BXO/IM/IN CTEK/ITHHAA Ta30pa3psIHasd TPyOKa, IMEIOMas X0J10/1-
HBIN (HeHaKaﬂHBaeMmﬁ) IIOJIBIN KaTO/I, TPU aHOJAa U TeTTEePHBIN y3e/l — CTeKJITHHBIN 0aJsl/IoH, Ha
BHYTPEHHIOIO TIOBEPXHOCTH KOTOPOrO ObljIa HallbLIeHa Ta30IorIomaiias mienka (rerrep). [azo-
paspsiHasi TpyOKa OblLila HaIlOJIHEHa W30TOoIOM HeoHa 22Ne mpu JaBjieHun p = 2MMPT.CT.

Karon u omun u3 anomos (I wau II) ¢ momormpio nepexstiouarens [11 mogkmovascs depes
basnacTabiii pesucrop Rg ~ 450kOM K peryampyeMoMy BBICOKOBOJILTHOMY UCTOYHUKY THUTAHUS
(BUII) ¢ BbIXOMHBIM HampsizkeHneM 10 3Kk B.

Tox paspsiia n3mMepsijicss MuLInamMnepmerpom Aj, a majenne HapsizKeHUsT Ha, Pa3psTHON TPyO-
Ke — IUMPOBLIM BOJIBTMETPOM V| TOJKIIOUEHHBIM K TPYOKe Yepe3 BHICOKOOMHBIHN JIe/TUTE b Ha-
upsizkerns ¢ Kosbdurmentom (R; + Ry)/Rs.

S0H/bI ObLIN M3TOTOBJICHBI M3 MOJIMOJIEHOBOM TPOBOJIOKK guaMerpoM d = (0,2MM u umesn
JumHy | = 5, 2MM, 1 ObUIH TOAKIIOYeHB! K ncrounuky nutanns (0-30B) gepes morentmonmerp R.

Bennunna nanpsizkeHus Ha 30HJaX U3MePsach ¢ TMOMOIIBIO JIMCKPETHOTO IepeKovdareis V'
BBIXO/IHOT'O HAIIPs’KEeHUsI MCTOYHUKA TUTaHUs U noreHnuoMerpa R. [lig m3mepenus: 30HI0BOTO
TOKa UCIOJIb3yeTCsd MUKpoaMIiiepMerp As.
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Pucynox 1. Cxrema ucnoavdyemoti sxcnepumenmanvroti yecmanosku. Ha creme: BUII -
BBICOKOBOALTHBLT UCTNOWHUK NUuMarus, V - Juckpemmblll Nepexitonament HAnpatcerus na 3ondax, Vi -
BONLMMEMP, USMEPAOUULT NADEHUE HANPAHCEHUA Ha MPYydKe, Vo - sosvmmemp, UMEPAIOUUL
Hanpascerue na 3ondax. Ay - amnepmemp OAL usmeperus moxa paspada, As - amnemmemp Oas
usmeperus 30ndosozo moxa. 117 u Ily - nepexarouamenu, Rg - barracuviti pesucmop, R — Ry -
deaumensv nanpascenusn, R - nomenyuomemp.

4 Pe3yabTaTbl 1 NX 00CYKIEHNSI

B nepsoit wactu paborsl ObL1a Ope/eneHa 3aBucuMocts 1n [,(U,).Jlanmas 3aBHCHMOTE OKa3a/1ach
JIMHEHHO, ITO MOITBEPKIAET CIIPABE/JINBOCTD UCIIOIB30BAHUS 3aKOHA PACIpeieaeHns bobina-
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Pucymnox 3. I'padux sasucumocmu Ip(Up). Kpacrvm ysemom - BAX npu nosviwenuu snavenud
nanpascenus, Curnum ysemom - BAX npu nonuscenur Hanpactcenus

Bo BTopoit vacTu paboThl onpeiesisaiach BOJbTaMIIepHas XapaKTePUCTUKA JIBOWHOTIO 30H/Ia IIPH

PAa3JIMHBIX TOKaX 3apsjia.
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Pucynox 3. I'pagur 3asucumocmu I(U) npu pasauvwnvix moxazr paspsada I. Seaenvim ysemom - BAX
npu moxke paspada I = 1,48MmA, Kpacrvm ysemom - BAX npu moxe paspada I = 3ImMA, Curum uysemom
- BAX npu moxe paspsada I = 5,4MA,

HOJ’Iy‘H/IBHII/IeCH 3aBUCHUMOCTH MMEIOT JIMHEHHbIE yY4daCTKUu BO/IU3HU HYJIdA, 9TO IIOKa3bIBACT,9TO
IIpU HalIPA2KECHHUHN Ha 30HIaX 6.HI/I3KOMy K IJIaBaroIIeMy IIOTeHIUaJIy, TOK CTaHOBATCHA IIOJaBJIAIOIIE

MOHHBIM MJIX 3JICKTPOHHDbIM.

Takzke IIOJIy9YUuBIINEChl 3aBUCUMOCTU UMEIOT gBHbIC aCCUMIITOTBI, COOTBETCBYIOIIIUE TOKaM Ha-

CbhbIINCHN .

[To nostyuenubiM rpadukam 3aBucuUMOCTell ObLIN HafigeHbl KO UIINEHTH HAKJIOHOB KacCa-
TeqibHBIX B Touke U = ( i pa3jMHBIX 3HAYEHUI TOKA pa3psjia, a TaK Ke MPUOJIM3UTETHHO
MMOCYNTAHBI ACCUMIITOTHI K T€M Ke IpaduKaM.

Ucnionb3ys npubanzkenne popMmysasl 4
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MOJTyYUM 3HAYEHUE TEeMIIEPATYPhI 9JEKTPOHOB, KOTOPE OKA3aJ0Ch PaBHBIM I BCEX 3HAYCHUIT
TOKOB pa3psijia U 0Ka3aJI0Ch YNCJIEHHO PABHBIM ge =5,4+0,1sB.



N3 dopmynbt 4, 2 u 3 ObLIN HaliIeHBI 3HAYEHUS IaCTOT FAPMOHMIECKUX KOJIeOaHMUIi:
wy(I, = 5,04mA) = 1,40 - 10° £ 0,02 - 10°¢™;

wy(I, = 3,00mA) = 1,12 - 10° £ 0,02 - 10%¢™;
wy(I, = 1,48MA) = 0,60 - 10° £ 0,02 - 10°".

AnajiornaHo ObLIN Hali/IeHbI 3HAYEHUs Je0ACBCKUX PAJIMYCOB JIJIsT PA3HBIX TOKOB PA3PSI/IbI:

ra(I, = 5,04mMA) = 5,1-107* £ 0,1-10"*

ra(I, = 3,00MA) = 6,9-107* £0,1- 10 em;

ra(l, = 1,48MA) = 9,7-107* £0,1- 10 *cm.

[Tocneauunit HaitleHHBIN TapaMeTp - KOJIUYIECTBO YaCTHUIl B J1e0aeBCKOM paJinyce, KOTOPOe Ha-
xousoch 1o dbopmyine Np = 4/3mn;rs, u st 3X pazIMvHbIX TOKOB Pa3psjia GbII0 PaBHBIM:

Ny(I, = 5,04mA) =
Ny(I, = 5,04mA) =
Ny(I, = 5,04mA) = 56.
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41;

[Tockonbky Ny >> 1, caenoBaTebHO MOXKHO CeIaTh BBIBOJ, O TOM, UTO UCCJIEIYEMYIO TITIa3My
MOZKHO CUNTATh UJEJIbHON C YJIOBJCTBOPUTEILHON TOYHOCTBIO.

5 BruiBoabl

B pesynbrare HacTosIeir paboThl Uccae0BaHA IJIa3Ma HeoHa. BhIIo 9KCIepuMeHTaIbHO IO ITBED-
JKJICHO TEOPETHYECKOE TIPEJITOJIOKEHNE O XapaKTepe MOBeJIeHNs TOKA B IJIa3Me, a TaK »Ke HailJIeHbl
OCHOBHbBIE XapaKTEPUCTUKHU TIJIa3Mbl HEOHA, HA OCHOBE KOTOPBIX ObLII CJIeJIaH BBIBOJ, O TOM, YTO HC-
caeyeMas I1a3Ma ObLaa UIeaabHON ¢ JOCTATOYHON TOTHOCTHIO.



