Jekuisn 9
®a30Bi nepexoau HAMIBMETAJI - JieJIEKTPUK.

JlaBaiiTe pO3MISTHEMO MeETaJl 13 MaJoOK KOHIIGHTpAIl€0 HOCIIB. SKIIo
BaJICHTHA 30HAa TaKOi PEYOBUHU IIEPEKPUBAETHCS 3 OLIBII BHUCOKOK 30HOIO

POBIAHOCTI, K Ha Puc. 1a, To cucrema Oyie moBoauTH ceOe K METall.

Puc.1. 3oHHa kapTHHA HamiBMETally Ui MEpPexXojy MeTaji - JieleKTpuk y monem Kemnuma -
Komnaesa: a) - MeTamiuHuii ctaH, 0) - AieIeKTPHYHMIA cTaH (KYJOHIBChKA IIUIHHA Y CIIEKTPi)

VY Takiéi cucTeM1 MOXKJIMBI SIK €JIEKTPOHHA, TaK 1 IIPKOBa MPOBIIHICTE, 1, KPIM TOTO,
BIJIbHI HOCIT MOXKYTh TOB'SI3yBaTHCSI B €IEKTPOH - TIPKOBI MapH - €KCUTOHH, IO
BiJ0OpakaeThCsl HA 30HHIN kapTuHi (Puc. 10). A came, K HACIIIOK 3’ SBJISE€THCS
KYJIOHIBChbKA LIUUIMHA B CIEKTPi, IO PO3JUIsA€ 30HU. 30UIbILIEHHS TeMIlepaTypu
MOKE PO3pUBATH €KCUTOHHUU 3B’ 530K, 3BIJIKM BHTIKAE, IO TAKUU MEpeXia MOXKe
B1I0yBaTHCS 32 TEMIIEPATyPOIO.

Po3paxyeMo Terep, IPUTPUMYIOUUCh BUKIIAJACHHS Marepiany B [1], da3oBwuii
nepexia JIeNeKTPUK - METall, BPaxOBYIOUM ICHYBAaHHS E€JIEKTPOH-IIPKOBUX Map y

cuctemi.Y BignmoBigHocTi 3 Puc.l yBememo 40 po3msiAy TramigbTOHIAH



HaIiBMeTaly, IpUMMaloun 0 YBard TUIbKH BaJ€HTHY 30HY Ta 30HY IPOBITHOCTI
no0au3y piBHA depmi:

1 - A+ A TN A+ AL

H _Z{Ei(p)a\a%-l_EZ(p)bpbp}-l_zap pUpp"%’bp’ ! (1)

p p.p
Je &;,&, - onepaTopy HapOJUKEHHs Ta 3HUILECHHS €JIEKTPOHA B 30HI MIPOBIIHOCTI 3
iMIynbcoM p, by, b - omepaTopu HapoJKEHHS Ta 3HUIIEHHS JIPKU B BaJCHTHIM
30Hi, E (p), E,(p) - Bixnosixui exeprii. [lepiuuii noganok B (1) onucye KiHeTUUHY
CHEPrilo eJEKTPOHIB 1 JIPOK, JIPYrUM JTOMAHOK - TOPOJDKEHHS W 3HUIICHHS
€KCUTOHIB 33 PaxXyHOK KyJIOHIBCHbKOI B3aeMojil mputsranns U . Jlnsa Ouibmoi
: Ar o At
SICHOCTI MOYKHA BBECTH JI0 DO3MIIsNY OIEpaTOpHM HApOJKEHHS /[ =&h Ta
3HMIIEHHA /I, =&b exkcuToHy. Jlns crpomieHHs KapTWHHM OyJeMO BBaXKaTW Naji
10 MacH €JIEeKTPOHA I, TOPIBHIOE MAcCl JIPKU m,,
m =m,=m

1 BBEJIEMO MO3HAYECHHS

E()=E(p)=&, &=0-¢ 2

(tyr & - eHnepris ®epmi), 3aBasgkd YoMy yBeaeHuid raminbronian (1) HaOynme
BUTJISY:

H zgfp{égA +bp+bp}+ . Agupp'/}p' ) (3)
Jlpyromy nonanky B (3) MOXKHA HAJAaTH BUTJISLY B3aEMOJIT 3 CEpPEIIHIM MOJIeM

Ap E;Upp’<ép’6p'>’ (4)

SKIIO TPUHHIATA HACTYIMHE HAONWXKEHHs (3rajaiiMo mpolenypy BBEICHHS

cepeanboro moss Beiicca):

B0, =(58;)a0, +48; (a5). (5)
VYpaxoyrouu (4), (5),i3 (3) 3m00yaemo:
A=X5{ga B} +X{sa8 +aa6,} (6)



[Tonanpina 3aaya moJsrae B AlaroHajizamli OTpUMaHOTO TaMUTBTOHIAHY, AJISl YOTO

BBOJISITHCSI KAHOHIYH1 IIEPETBOPEHHS OTIEpaTOpiB

A

é&) :upﬁp Vo r:’ Bp :up'[}p _Vp&r:’ (7)
é; = upﬁ; +Vp'ép J 6; = up'ér: _Vpé'p
TaKUM YUHOM, 11100 BOHM 3aJI0BOJIBHSIIN (DEpMIOHHUM 3aKOHAM KOMYTaIlli:
{é'p’é';’}zdp,p” {'é"ér:’}zdp,p" {&p"ép'}zo’ (8)
0 MOXIJIHMBO, SK MOXHa BIECBHHHTHCh, 3a YyMOBH CIPaBEIJIUBOCTI
CITIIBBIIHOIIIEHHS
u+v>=1, (9)
[Mincrapmsroun (7) no (6) i BUKOPUCTOBYIOUN 3aKOHH KoMyTarlii (8), raMiabTOHIaH

MOJHa 3B€CTHU A0 HACTYIIHOI'O BUTJIAAY
H ZZ{ 1,0, + A;'[A”p}{fp (Us _sz)_zuprAp} + (10)

At A D 2 _\,2
+Z{ap P +apﬁp}{Ap (up Vp)+2upvp£p}'
3aBASKM OCTAaHHBOMY JOJAHKy 3100yTHMH T'aMUIBTOHIAH HE MAae€ J1arOHaJbHOIO
BUIYy. 3aHylOIOud Koe(ilieHT NpH LbOMY JIOJaHKY, MH JOOHMBAEMOCH
J1arOHAJIBHOTO BUIJISIAY JUIsl TaMUIBTOHIAHY, 3/100yBarOuu IMPU LOMY LIE OAHE

piBHsAHHA (mOpsN i3 yke icHyrounM (9)) A BU3HAUYEHHS 1BOX QYHKIIH U,V :
A, (us —vj) +2uv,&, =0. (11)

Po3B’ 130K 1IUX PiBHSHB AA€ThCA popMyaaMu

1, . & 1,4
WM | W M ATVE A (12)

p p

J€ BBEIEHA BEIMYMHA & MAa€ CEHC CIEKTPY EIEMEHTapHMX 30yUKEHb Hajl

noBepxHeto depmi, OCKUIbKKM TaMUJIbTOHIAH HaOyBa€ J1arOHAJIbBHOTO BUTJISIY -

ramMuIbTOHIaHy 171€aJIbHOTO ra3y KBa314aCTUHOK:

H=X¢{aa,+BA}. (13)



3 ormsay Ha ocTaHHIO 13 popmyn (12) MOXXHA TOBOPUTH PO TOSBY CKIHYCHHOI
KyJIOHIBCHKOI IiMHY (MOpsAaKy 2A)) Ha piBHI DepMi Mik BaJE€HTHOIO 30HOIO Ta
30HOIO MpoBiAHOCTI (TUB. Puc. 10).

3aMIIaeThCsl BU3HAYUTU BEJIMYMHY 1i€l IIUIMHK B TepMiHaxX (DI3UYHUX

XapaKTePUCTUK CUCTEMHU. YBEJAEMO 3 II€I0 METOI MOHATTS (YHKIIN PO3IMOILTY

eJIEeMEHTapHUX 30y KECHb:
g =(6;6,), W =(BA4,) (14)
1 Bpaxyemo, 110 3aBSKU HAIIOMY CIIPOLIECHHIO M, =M, =M MaeMO
RLELY (15)
Toni dynkuis posnoxainy eneKTpoHiB f, Moxe OyTu BUpaxeHa uepes (QyHKii
(14), (15):
f,=(88,)=u(a,a,)+ v (B4) =un, +v(1-n,). (16)
Mu BpaxyBaiu MpH IIbOMY, II0 BHECOK YJICHIB THILY <57p+ [5’; >, <,5pc?p> JIOP1BHIOE
HyJ€eBl. 3a3HayuMo, o (GyHKLIA n, € (GepMieBCHKOK (GYHKLIIO PO3MOIiLy 3

HYJOBUM  XIMIYHMM TOTEHLIAJOM, OCKUIBKM YHMCIO KBa314YaCTUHOK HE
30epiraeTbes:

n=—s (17)

A
Terep MU MaeMo 3MOTy 3100yTH PIBHSHHS JUIsl BUSHAYEHHs BEJIMUMHA A, @ THM

caMMM, 1 BEJIMYMHU IIUIMHU B CIEKTP1 eIeMEHTapHUX 30Yy/’KeHb, TUB. BUIIE. J{Js
ILOT0 TiJACTaBUMO B Bu3HaueHHs (4) dopmymu (7), (12), (14).Ilicns npocTtux

NEePETBOPEHD 3/100y1EMO

A, _
A, = _;Upp'up'vp' (1_ an) a _ZUPP' ﬁ(l 21p) ' (18)

p
Bynemo BBaxkatm pmami, mo B3aeMomis U, MEHIIA HyJls B IEBHOMY Jiama3oHi
‘{p—fp,‘<w, TOOTO TaM, Ji¢ iICHY€ CJIEKTPOH-IIPKOBE NPHTITaHHS, ¥ TOKJIaJIeMO

U, =-V B iHTepBani (-w,w) i piBEUM Hy7eBi mo3a num iTepBanom. Toxi 3 (18)3



ypaxyBaHHSM TOTO, IIIO BEIMYMHA A 3a TaKUX yMOB BiJ IMIIyJIbCY B3arajii He
3aJIeKUTh, 3100y1€MO HACTYITHE PIBHAHHS:
A=V T déN (f)%tanh[—\w} : (19)
o 2E + A 21
3a3HaunMo, 1110 JIaHe PIBHSIHHS B TOYHOCTI cmiBrnajae 3 piBHsHHIM BKIII, mobpe
BiJoMHM Yy Teopil HaimpoBigHocTi. Bemmumna N(&) nbpomy piBHAHHI €
OJIHOCIIIHOBOIO TYCTHHOIO cCTaHiB, N(&)= p(f)/2~m =\/z , 10 mobiu3y
piBHss DepMmi Maibke HE 3alIeXKUTh BiA €Heprii. SKI0 BHU3HAYUTH KOHCTAHTY
3B’ 3Ky (pOopMyII010
A=N(0)V, (20)

TO MPUNAJIEMO 10 HACTYIHOT'O 1HTETPAJIbHOTO PIBHSIHHS:

1:/1de ! tan?{ 52+A2}. (21)
N

3a3HaunMMoO, IO 3a HYJBOBOI TeMmmeparypu iHTerpan (21) OGeperbcsi TOYHO,

BHaCJIiI[OK 4oro OTpuMa€eMO 3HAYCHHS IapaMeTpa IOPAJIKY.

w

A:W:Zwexp(— 11), A<l T=0. (19) (22)

VY nabmkenHi A - 0, To0TO, B Toulll Ga3zoBoro nepexony T =T_, MaEMO

r & 42T Inx 20
1:/]jdq‘—th —— | =tanhx Inx|gm° - j dx Sl , (23)
&\ 2T, . cosH x 7T,
2T >1
ne
AN In x
= C), C=0577=In — |- | dx———.
y=exp(C) {4} ! Xcosﬁx
I3 (23) MmaeMo BUP3 7151 KPUTHYHOT TEMIIEpaTypH
T, =1l.1dwexd- ). (24)

Haromocumo, 1mo naHuii BUpa3 BU3HAYa€e TEMIEPaTypy, 3a SKOi KYJOHIBCHKa
[IJIMHA B CIEKTpl MpOMajaa€e, 1 PeYOBHHA MEPEXOIUThH 13 MIETEKTPUYHOTO IO
METamiyHoOro cta"y. MacmTald 1i€i TeMmepaTypd BH3HAYAE€THCS YACTOTOIO

o0Opi3aHHs @ 1 KOHCTAHTOIO 3B’ sI3Ky A . SIKI0 YacToTa 00pi3aHHs MOPSAKY OJHOTO



CJIICKTPOHBOJIbTA (MOPSAAOK KYJIOHIBCHKUX €HEPrii), TO i3-3a NMEPEHOPMYBaHHS 3a
paxyHOK KOHCTAaHTH 3BEES3KYy KPUTHYHA TEMIIEpaTypaMoxe OyTH TOPSIKY

JEKUJIBKOX COTeHb KebBIHIB, T, ~100- 50K .
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