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Jlutepatypa

NPEIMCIIOBHE

DAEKTPOHAKY MOXKHO KPATKC OMPENENHTh KaK 0G1acTh HayKH ¥ Tex-
HAKH, HMEIOIYI0 £el0 ¢ NPOXOXMAEHHEM DICKTPHYECKOrD TOKa wpes
BaKyyM, Fasd H TBEpOBIE NoAyupoOBOJAHHKH, THE SNEKTPOHW  4BARKOTCA
AAy NPAKTHYCCKH C€OHHCTBEHHBIMH HOCHTENSMH TOKa (TOI{H B BaKyyMe d
B MOJYNPOBOZHHKAX) HAW HIPAOT CPEAR HOcuTeaeH TOKa BawHeHluyro
poib (TOKH B rasax). IIpeamMeToM 3JEKTPOHHKH HABAAIOTCA ONHCAHHE B
ananus paGoTH BCEBOIMOMHMX 3TEKTPOBAKYYMHRIX H OOAYIHPOBOAHHKD-
BRX NpUGOPOB (3JNEKTPOHHHX 71aMi, SMEKTPOHHO-IYYEBHX TPybok, doTo-
SNMEMEHTOR, MOHHHX BEHTHAEH, ITONYNDOBOAHHKOBLIX AOHOAOB M TPHOAOB
M T. A), 2 TAKKE pasfefsl QU3HKH, B KOTODHX H3YYaioTCA SBJCHHA, Je-
Hallhe B8 OCHOBE paGOTH YKa3aHHEIX MPUOOPOR (2AEKTPOHHAR GalAHCTHKaE
# 3JACKTPOHHAA ONTHKA, SAEKTPOHHAA 3MUCCHA, SMEKTPHYECKRH TOK B ra-
34X, HEKOTOPHE rAaBH (USHKH NOAYNPOROIHMKOE).

DNEKTPOHUKZ DA3NE/AETCA HA (PHBHUECKYI0 37EKTPOHMKY, K KOTOPOH
OTHOCHTCH H3YYEHHE (DHIHYECKUX OCHOB [HCHCTEHA 3JMEKTPOBAKYYMHHX
H MOKYOPOBOAHMKOBHX TPHOOPOB, M TEXHHUECKYI0 WIEKTPOHRKY, Kyla
BXOAAT BONPOCH KOHCTPYHPOBAHMS, HHKEHEDHOIO PACUETA H TEXHOAONHA
HArOTORAEHAA STHX NpuGOPOB, 2 TaKKE HAYYEHHE PA3ARYHBIX DJIEKTpHiE-
CKHX CXEM, CYIIeCTREHHBIMH SJIEMEHTaMH KOTODHIX CAYKAT 3AEKTDGBAKYYM-
HHE A  TOJAYNPOBORHHKOBHE NPHOOPH. ZTOT nOCASAHHH W3 Pasmencs
TEXHHYECKOR HIEKTPOHHKH COCTABAAET CYWECTBEHHYI 4aCTh MHOTHX OT-
pac/ell TeXHRKH (DaQMOTEXHHK3, 4BTOMATAKA, SJACKTPOMETPHS B T. I.).

IIpeanaraeMas XHmra, B OCHOBY KOTOPOH NOAGKEH NEKUHOHHEH KYPC,
YHTABLWIKACS aBTOPOM Ha panuodusuyeckom diakyasreTe [OpbKOBCKOFO
YHHBEPCHTET, NOCBAUIEHA (PA3MYECKOW 3nekTpoHuke. Hexkoropwe cseme-
HAA MO TEXHHYECKOH JMeKTDOHHKE BBEIEHH B HEe ¢ UCABLI0 1aTh YHMTa-
TeMI0  XOCTaTOYHO  KOHKPETHWE TPEACTABJEHHS O BHEINHEM BHAE,
KOHCTDYKTHBHOM O(ODMJEHHH M 01aDAaMETPAX MPOMBILUVIEHHBIX IMEKTPOBa«
KYYMHWX # [OJAYNPOBOAHMKOBWX TpnBopoe. Cxemsl, COmEpMalIME DaeK-
TPOBAKYYMHHE U MOAYNPOBOAHAKOBHE MPHOGOPH, DACCMATPHBAKTCA B KHATE
HOCTOMBKY, MOCKOABKY 5TO HEOGXOOMMO [ BHACHEHHS Tpe(oBaHwuH,
NpEALABASeMUX K npubopaM. [losToMy npmseieHHbie BG BTOpOH# HacTH
KHure (u. 11} xapaxtepucrnku o TaGanus NnapaMeTpoB OTHOCATCH TOABKO
K HEMHOrmM WprGOpaM M He MOryT H3-3a CBOEH HenoAHOTH CAYEATL
ANA  HeOOXOAMMMX B TeXHHYECKHX pacyeTaX Cupasok, 3a KOTOpHIMA



6 TNPENRCNOBHE

caenyer o0pamwarhcs K KHAFaM 10 TEXHHYECKOH SMEKTPOHmKE u Cnpanod-
HOW AWTEpaType.

Kuura pasieneda Ha [IBe uacTd. B nepeoft wacTy H3:1aratorcs duzu-
WeCKHE OCHOBM SJCKTPORMKH, T. €. O[MCaHHE W TEOPHA ABACHWH, MMEl0-
LiM¥ BaXHOE 3HaucHHe Ans paboTH 3BMEKTPOBAKYYMHHX H NOMYNPOBOA-
HUKOBLX TPHGOPOB. BTOpas 4acth COASPKHT QUSHUIECKHE OCHOBH IeACTBAA
31EKTPOBAKYYMHBX H TOJYAPOBOIHUKOBHX nprGopos, TAZRHHM OGDa3oM
TeX H3 MHX, KOTODLIC MMEICT HAu(OMbIuee NPAKTHYECKOS IHAUCHHE. He-
KOTOpHE Pasaens 3JACKTPOHAKA (HaNPUMEp, 3ACKTPOHIKA SHCTPBEIX YaCTHIL),
HANKEHHE KOTOPHX 3HAYHUTENLHO YBEAHUHAO 6 1 6es Toro Goabmwof
06 beM KHWTH, B Hefl COBEpPIIEHHO HE 3aTParHBaioTCd.

MecTo, KOTOpOE 2/EKTPOHHKA 32HHMACT B yueGHBIX NNaHaX pajno-
()U3HYECKHX W PannOTEXHMUECKHX (PAKYALTETOB, 3aCTABIACT Npeanonarats
y udTaTens 3uaHus N0 (u3NKe TONBKO B ob6bveme ofiero Kypea, llosToMy
B KHHFY BBEIEHH HEOOXOMMMBIC (PH3UUECKHE [IONOJHEHHS, KOTODHIS, KaK
¥ HEMHOPME pacdyeTH 3JEKTPUYECKHX B MATHUTHHIX NOAeH, XapaKTIepHbiX
A7 3AEKTPOBAKYYMHHX NPHGOPOB, BHHECEHH B MPUIOMKEHUH. Conepxa-
HHe KHWFH COOTBETCTBYET KYPCY OOMUIefl 3JEKTPOHHKA, KOTODHH UHTaeTCH
Ha pagMOGH3MYECKEX (aKyABTETaX YHHBEPCHTETOB, ORNAKO MOMKHO Ha-
JEAThCS, YTO OH3 OKAKETCH [OJMEBHHIM Y4eGHBIM nocofuem Ans (PA3NKOB
ADYFHX CTEIHAAbHOCTEN ¥ CTYNEHTOB 3JEKTPO- W PAaAUOTEXHHHECKHX ¢a-
KyABTETOE, a TaKKe A% WHAKEHEPOBs, paGOTAOMHX B MNPOMEILLIEHROCTH.

Heo6X0IMMO OTMETATh GOJBILYIO MOMOILL, KOTODYIC OKAa3amH aBTopy
sameuanus npod. H. V. Honosa, npod. P. A. Henenpepa n ocobenno
npod. b. M. Llapera u €ro COTPYAHWKOB, B3ABIIUX HA cebs TPyL penen-
3MPOBAHNA PYKONHCH KHUCH. ABTOD BHIDZXaET KM CBOIO rayfokyio npu-
aHaTeabHOCTh. ABTOp Onaropapen takwke B. b BparvHCKOMY, B3aTpP4THB-
meMy MHOTO TPYJa Ha PEAAKTHPOBAHWE KHHIM.

B xuure, ocofenno BO BTOPOH yaCTH, B PAAE CAYUAEB HCHOAL30BAHH
uepTexH, 3aHMCTBOBAHHHE U3 KHAT IDYruX asTODOB, M3 XOTODHX CAe-
nyer oco6o ormersTs kmury B. C. [puropseea B. C. I'puropsesa
«INEKTPOHHKE W HOHHBIE TPHOOPH>.

B. H. Ianoxos
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ABUXXEHHE 3APSXKEHHBIX YACTHIL B 3JEKTPHYECKHX
1 MATHHTHBIX TIOJSX

§ 1. DnexTponHas GAMIMCTHKA H 3JEKTPOHHAA ONTHKa

1. 3apan B macca 3MeKTpoHa. 2DIeKTPOHHKZ Kak ocoBuit paazea
AayKH M TeXHAKH Hauada ¢opMuposatecd B Kodue XIX seka, koraa
NOYTH OIHOBPEMEHHO OHIM OTKPHITH PEHTTEHOBCKHAE ayud (B. K. Pent-
red, 1895 r.), usobpereHa aaexTpouHo-tyuesas Tpybra (db. Bpayu
1897 r.) # noseuauce (1897 r.) uccaenosanus /L. I Tomcoua, & KOTO:
pHX GHAO NOKA3aHO, YTO OTKPHITHE PAHEE KATOAHHE AYYH Ilpe,EECTaBJIHK)T
cofoft MOTOKH YCKOMB3ABILHX NPEKAE OF HabAKICHHS YACTHIL BEUIECTR —
37eKTPOHOR. TOMCOHOM Grln M3MEpEH YIeABHBIH 3apsil SaAeKTpona efm
(Mg — MacCa MEJEHHQ [ARMKYULErOCd SACKTPONE, NPAKTHUYECKH paBlHa;:
ero Macce MOKOd), & HECKOJbKO noame MutaukeHom 6w onpesesen
3apAl IAEKTPOHA £ 0 MeTOLYy MAacaAsHHX Kaneds *). B Hactosmee spema
TNPUHATH CACAYIOWIKE 3HAYEHHS e, e/my u . e = 4,802 - 1071* CGSE ( );_
=1,601-10"" ¥, e/my=15273 - 10" CGSE (¢)2™'=1,759 - 10* Ky
#y=9,107 - 10°% . ' wen

Iycte 3aektpod, npoias yckopawowee Hanpsiwense [/, noayuaer cko-
pocth v. 0603HaYas MACCY SJMEKTPOHE, UMEIOWEr0 CKOPOCTh ¥, uepes m
:H:cnonbsys 33KOH BIAWMOCBA3H SHEPrHA W MacCH, cor;1acu0!}(0T0p0M;

prua anHa NPOHIBCACH 1 {
suepr Hfﬂﬂcal‘b:p ACHUIO MACChl HA KBaApaT CKOPOCTH CBeTa ¢,

mc? = prgc* L el (LD
C apyroH CTOpOHMW, m,, H m, CBA32HB COOTHOUIEHKEM
ity
M= —— :
v . (1.2)

g \¢
= (3)
£
3aKOH B32HMOCRA3H DHEPrHM H MACCH H topuyaa (1.2), naromas zapH-
CHMOCTE MAacCH OT CKOPOCTH, fIBISIOTCA BaKHEAIMMH CJEACTBHSMH [€0-

*) Quwte Tomcor
A a u Muiiugena, a Ttazwe 6Goa
. Jde€ TOYHHE Ro3JHeH
OURTH OO0 HIMEDEHHIO & W £:/My OUMCHBAKTCA B Kypce ofwelt fu3uka aerine
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PRM OTHOCHTE/MLHOCTH, ¥ OBH, KaK W3BECTHO, BMOJHE HAACKHO TOATRED-
AEHH HAGMIOICHUAME HAL-AEDHHMA DEAKUMAMH H Haa OBCTPBRIMH ua-
crunamu (J1. A, 1, 1. 0L ra 21, 273 JL AL 2, 1o 1L, ra. 25, 32).

Us dopmyn (1.1) 1 (1.2) ans KuHETHYECKOH SHEPrHA 3ACKTPOHA K
noAy 4HM;

1
K:eU$ m.,,cg— mDCi:mOC! T =

o \2
()
5
OGo3HAYAM UYepes T, CKOPOCTb, KOTOPYI #“Men Gbl 3JEKTPOH, €Can Ont
ero Macca He 3aeucena oT ckopocTH. (QJuesuano, 4to

= 2 =503 10V T [enfeer) a9

ecan {J Belpaweno B BoasTax. ¥z (1.3) m (1.4} ans CKODOCTH ©, BRIUHC-
NEHHOH € YUeTOM PENATHBHCICKOR, T. & HaHAeHHOH M3 TEOpHHA
OTHOCHTEABHOCTH, NMOMPAaBKH MONYYHM:

—1]. w3

v=c l—ﬁ ?1 - (1.5)
o

MpeoGpasyenm ¢opuyan (1.5) u (1.2) Tak, 4TOOB B HAX IR BHYHC-
NeHus © A M, MOXKHO OO OH NPSMO OOACTABASTE YCKOPRIOUIEE HA-
npaxenne. Berarasa '03_—:%5 U 1 wucnennsie snavenna ¢ = 3-10'% c.u/cex,

0
e/my=="5,273 - 10" CGSE(g) 2! w supamas U B soabTax, noayqum:
1
1 7 '
=3-10"1— Mjeer], 1.5
v=—3-10 [1 SR lO"“UF] [c.u/cex] (1.5a)

1y = my (1 1,957 - 10°° /). (1.22)

dopmyan (1.2), (1.2a), (1.5) u (1.5a) NO3BOAOT BEIYKCAHTE PEMFTHBHCT -
CKfe MONpPAaRKYA Ans MACCH M ckopocTd, Hanpuwep, npH U==3000 s
PenaTHBHCTCKAA NONPaBKA K CKOPOCTH COCT2BAAET OKOM0 0,43"/,. B anex-
TPOBAKYYMHBX NpuOOpax HEPEIKH HanpLKeHHd eume Soasmue, W TOrna
B TOYHHE PACYETH CJELYeT BROAWTL PENATHBHCTCKYH MONPABEKY.

B Ta6n 1 pdaHH 3HAaueHHs © © M,/my A0S PA3IHYHBIX YCKOPAKMAX
HanpsHkeHui. . )

DAeKTPOHBl MOTYT CYWIECTBORATE B CBOGOAHOM COCTORHHH HI#  BXO-
IHTb B COCTZB 3TOMOB, C/EI0BATENBHO, 2IEKTPOH — uacTHLa CyGaTOMHOrO
pasvepa. KoauuecTBEHHYIO OUEHKY pa3MepoB 3JEKTPOHA MOKHO 1aTh,
Cle/aB HEKOTOPHE OPENOAQXKEHAs O NPUPOLE €ro HHEPTHOH MacCH.

Kak U3BECTHO H3 3ACKTPOIHHAMUKH, [IPK YCKODEHHH 3IJEKTPOHa BCAET-
¢TBHE HM3MEHEHHfi €ro MarHATHOTO [OAA NOARNSETCS 3EKTPHUECKOE TWOAE,
neHCTBYIOUIEE HA BJEKTPOH C CHAOH, HAMPABACHHOR B CTOPOHY, ofpaTtHy K

§ 1] _SREKTPOHHAA BANTHCTHKA W 3/]EKTPOHHAA ONTHKA 9

yckopennio. OTo042 Caeayer, uTo Macca 3AEKTPOoHE XOTA O 4acTHYHO
uMeet -JeKTPOMArHHTHY K npupony.

Ta6Gauma 1

CKOpOCTL ©, OTHOWNEHHE M,/M, H HAHHZ BOAHK
INEKTPOHA A

Yexopawmee ¥
Hanpb?mel?;:e ”(;‘l,i.._e:;n' m.,/my . A
g
1 0,005932 1,0000020 12,26
10® 0,03932 1,0001957 1,226
3-108 0,324 1,00587 0,2237
102 0,5846 1,01837 0,1220
o - 10 1,237 1,0878 0,05355
L 1,644 1,1957 0,0370
5. 108 2,588 1,9785 0,0142
108 2,822 2,957 0,0087
10° 2,995 20,57 0,00118
-

Ecnu npeacrageth cefe 3JMEKTPOH B BHAE YaCTHUM H NPEINON0KHTS,
yre OH UMEeT GOpMY 1apa paiuyca r, TO U JAEKTPOMArHHTHOH MaccH

saektpona noayuyaerca (JI. A 3, . 1, ra. 1) = :
e!
m“_-:k?, (1.6)

roe k-—Ko3PHUHEHT NOPAIKA CIHHHLIE, TOYHOE 3HAYECHHE KOTOPOro
3aBMCHT OT pacnpefefcHus 3apana o ofbeMy wmapa. Hanpumep, npu
NOBEPXHOCTHOM DAacHpeAeNecHHH sapana & — 2/3, a npu paBHOMEDHOM pac-
npeseacHud sapaga mo o6bveMy k£==4/5. Tak Kak 0 pacnpereneHun 3a-
pafa no ofbeMy JEKTPOHA HHYETO ONpPEne’eHHOrd CKasaTh HEeAb3d, TO
€CTeCTBEHHO NPH OUEHKE BEAUYHMHBL 7 cuntaTe &= 1. Ecan teneps, cue-
ayd MelchH, seickasawvodt I, T, TomcoHoM ewme 8 1881 r., npuundare, uto
BC HM3MEDEHHAs Ha ONBITE Macca SAEKTPOHA My HMEET 3JEKTPOMAarHHT-
HYK [pHpORY, TO sm,, —m 4 13 (1.6) caenyer:
e!

r— F=—2,8. 1078 cu. (1.7)

mgc”

Onpene/cHHas TakAM 00DP230M BEIHYHHA F HA3LIBAGTCH KJIACCHYECKHM
PafByCOM 3MEKTPOHA. ITO HA3BaHWE CBA3AHO C TEM, YTO B NPEICTABACHHA
KJAACCHYECKOH, NOKBaHTOBOH (PH3WKH 3NeKTpor Oua  TOABKO vacTHOeH
pasMepom mnopsiaxa 10783 o,

2. Boanozpie ceoiicTea ajekTpona. Qauum u3 rJIBHEX OCCTHXKE-
HHH (QH3UKH 33 OOCAEIHHE NECATHAETHS OBLI0 OTKDHITHE BOJAHOBHYX CBOHCTE
7EKTPOHA. DTOMY COOBITHI NPENLICCTBOBAAN OJW3KO ¢ HHM CBA3aHHBE
OTKPHTHA B OfTHKE,

BaxHeHWAM HTOroM pasBHTH YYeHMSl O CBETE OLIIO CJIOKUBLIERCH
B Hauaje STOCC BEKA TeepIoe YOEWACHME B JABOHCTBEHHOCTH NPHPO.IbI
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cBeTa: OGN0 YCTAHOBJEHO, UTO BIEKTPOMATHHTHOE H3Ayuenue o0aanaer
OAHOBPEMCHHO KaK BOJAHOBHIMH CBOHCTBaMH, TdK M CBOHCTBaMM IMOTOKA
YacTHIL-QOTOHOB, MPUYEM B 3ABHCHUMOCTH OT YVCJIOBHH ONBITa OQHO H3
aTHX CBOHCTB MOWeT npeobiajlaTh B TAKOH CTENEHH, YTO0 BTOpPOE CBOH-
CTBO TPH MCTOJKOBAHMH JAHHOrQ ONBITE MOWHO COBEPIIEHHO MIHODH-
posatb. Tak, NpH HCTOJNKOBAHMA OCHOBHEIX 32aKOHOMEPHOCTEH (DOTOIMEK-
TpOHHOH aMUccHH ((e3pHePUHOHKOC TE, 3aK0H JUHIITERRE) H3AYYCHUE MOKHO
PACCMATPHBATE KaK MOTOK (IOTDHOB, WFHOPHPYH BOAHOBBIC CBOHCTBA H3-
NYYEHUs, 4 B TEOPHH AHGPAKUMH CBETa, HA0GODOT, MOKHO COBEPLIEHHO
HE YOOMHHaTh O QOTOHaX. HaK ropopAT, B HEKOTODHYX CAyuUanX TPHXO-
ANTCA [OJAL3OBATECH BOJAHOBOH KapTHHOH, a B ADYTHX — KOPOYCKYJApPHOH.

Ecau a8 gogHOROH KapTHHBl XapDaKTEPHBHIMM BEAHIHHAMH SBAATCHA
4acTOTa ¥ M IAMHA BOJHBL A, TO 4acTrna-(hOTOH XapaKTepH3yeTcd sHep-
reedl W n umnyascoM p. Cea3s MewIy STUMH BEJHUHMHEMH JEFKO yCTé-
uasausaercs. C OAHGH CTOPOHH,

ke
C fpyro#i CTOpOHH, COOTHOIEHHE MEKIY SHEpruell M Maccoll uMeeT Bald
W —=mc?,
¥ Tak XaK (POTOH JBUKETCA CO CKOPOCTBIO ¢, TO €r0 WMOyAsc Gyner
w fiv [/}
p=me=--=-=x. (1.9)

B 1924 r. ¢paunnysckri ¢usux Ji. ne Bpofiae BHICKa3an MECAb, uTO
[1pOyHO )-'CT&HOBJIEHHHH B ONTHKE AyaJH3M BOJH-YACTHU JAOJIHKEH IPO-
SBATHCH W AJsl  YACTHI BEILECTBA, B YaCTHOCTH W /A% 3JEKTPOHOB.

[
Hle Bpokab DPELnOAOXKMA, YTO COOTHOMIGHHE p= - CMPABELIEBO 1A

AIOGHX waCTHL BEILECTBA H YTO Takum oGpasoM vacTHUE C Maccofl m,
IBMKYWEHCS CO CKOPOCTLIO ¥, «COOTBETCTBYST» BOJMHA AAMHOR

R A
b e (1.10)

nian, o6o3Havan uepes W noanywo 3swepruwo dvacruusl # wepes H-—ee
NOTEHUKANBHYI0 IHEPTHIO, MOMYUHM:

K._.—_W’ II, v= l/ Q(W—;H);

. (1.11)
T Vw1
Ilas cROGOAHOH, T. €. ABMMYWEHCA BHE CHAOBOTO [0J%, YAaCTUIH
. S T~ (1.12)

¥Vimw  YimK

p ,,.:.wm:mmwmuh. [

L

[P - PP q

sl

e
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JavHE BOAH 3NEKTPOHOB PasHYHHEX CKOpoCTef npuseledw 8 tabn, 1. [
Ilpa nefonbWinx CKOPOCTAX, KOMAA ¥ A= T;, MOKHO JJAHHY BOJHH 31eK-
TpoKa Halith no ¢opuyse

¥
= —]/ngou (1.133)
HJAH ,__
r=10" ) {c.u]:lzstLUA, (1.136)

rae {7 — yexopsaiouee HanpsxKeHEe B BOMLTAX.
[lpy 6GonblEX CKOPOCTAX, YYATHRAN pPEASTHBUCTCKYIO NOMPAaBKY,
smMecto (1.130) caeayer noab3oBatb<ea (hopMyacH

p— 1225 1
YU yi{o9m8.-10°. U

Kak BHAHO, AJAMHBI BOJAH 3JCKTPOHOB IfIPH HANPAKEHHAX MOOpPAIKa
COTEeH BOALT OKA3HBAKTCHA OJH3KHUMH K MEXIYATOMHBIM DACCTOAHHAM B
KpHiTanaax. SHa‘lHT, [IpH OTPAKEHHH JICKTPOHOB OT KpACTAAJ0E H NpO-
XOXOCHHH HX 4epe3 KPHCTaMAbl MOWHO Obl10 OMHIATL BO3HEKHOBCHHA
JudpakIMOHHEX SBJNEHHH, KAK 370 Obl10 HalieHO paHsmie 249 penTre-
HOBCKHX Jyueh.

MHorouncnennue ONHTH, OpoOAEAdHHHEE B NEPBYIO Quepelh € Nyy-
KaMH 9/]EKTPOHOB, 4 34aTeM U C MOJEKYJapHEMH IIYYKaMR H My4KaMn
HBPOTOHOR M HEHTPOHOR, MONHOCTBIO MOATBepInan uiew Jde Bpohna u
npasuabHocTe Gopuyau (1.10) (J A 1, . I, ra. XXV; J. A, 1 0 3,

X)

A (1.14)

T. I, ro.
B COOTHOWEHUH Ae Bpoias 4as MEATCHHOTO 3JIEKTPOHA

7 03HAYAET €ro CKOPOCTh, ITA CBAH3L MEOWAY LAHMHON BOFHE H CKOPOCTHIO,
FOBODA- HA A3BIKE ONTHKH YKA3WBIET, UTO MEKTPOHHKE BOAHH 061aa0T
JACHEPCHER W HX PYNIOBAY CKOPOCTh OTAHUACTCH OT (PA30BOH CKOPOCTH,
B KBaHTOBOR DH3HKE CKOPOCTL Yaciaabl OTOKIECTBAAETCA C TPYNaoBoOl
CKOPOCTBIO ¥, OmuuM H3 OCHOBAHHA AR TAKOTO OTOMIECTRIACHHA MOWKET
CAYWHUTL CHEAYHOMIEE COOSpaKEHHE: YACTHUE KAICCHUSCKOH (H3HKH, 3aHH-
Maomeld B npocTpancrse HeGoablroR OGDBEM, ECTECTBEHHO CONOCTABHTE
Takod BOJHOBOH NPOUECC, aMINHTYAa KOTOPOFO BEAHKAd TOJBKC B He-
GoabuioM o0beMe, B TO BpeMA XAk BO [CEM OCTAMLHOM NPOCTPAHCTEE
OHZ NOYTH DaBHA HYM0. 310 TaK Hi3WBaeMuf BOAHGHOW naxel. Boamno-
BOH nakeT oO0pasyerci npd CYNEepnozdlkH 8OAH C HENPEPHEBHO MEHA-
WeHcs 4acToTOH, ¥ OH MEpeMEeIldercs B OPUCTPIHCTRE €O CKOPOCTBIO,
paeHoli rpymmosol ckopoctd. fpyroe oBocHuBalke ITOFO TPEIANOAOKE-
HHS MHL CEHYaC moayumm. [lad rpynnosofl cropociud Urp MUMHO HANMUCATH!
dﬂ
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roe v, — (asopas cxkopocts [em, JL A1, T [, ra. 19 ana JL A. 2,
1. I, § 105]. Tak kak Av=1y, TO

ey G0 g dv _ dv
2

Mosarad, 4TO CKOPOCTh 3AEKTPOHZ © paBHa FPYNNOBOH CKOPOCTH,
Oy UHM:
dv d~ _k dv

=7 = = — ——+  mgudv=hd".
v k my do’ 0 d

| [ mov
«(x) (%)
HETerpapoBanke NOCIGAHErD PABEHCTBA NaeT A8 ZHEPrHH

e
W= m;‘“ — hv. (1.15)

HAs SHEPTuH 3/MeKTpPOHA MOJYUHAaCh T4 ke cavas (opMyna, 4TO H AAA
syepruu doroua. CooTHourenne W= /iy umeet, Takum 00paszoM, obuee
aHaueHMe B KBaHTOBOK ¢uanxe. Ha 3To caeayer cmoTperb Kak Ha 1OA-
TEEPKACHAE TIPABHALHOCTH OTOMAECTRJAEHUA CKOPOCTH SAEKTPOHA C rpyi-
NOROH CKOPOCTBI 3IACKTPOHHHIX BOJH.

CnenyeT NONYEPKHYTb, 4YTO BOJHOBHE CBOHCTBA NpPOABAAIOTCA HE
TOABKO B TMJOTHHYX NOOTOK2X YacTHl, HG OHH TPHCYIUH Ka:KaoH qacruue,
OBIOKYWEHCA COBEPUIEHHO HIOJAEPOBAHHO. C ocoboli  yGeaurensHOCTBIO

" 370 GmAo nokazaHo e 1949 r. dz6puxantoM, CymkdesiM o BrfepMa-
HOM (B MoCKEE), KOTODHE HMCCAER0BAAM RA(PPAKLKI0 B KPHCTANIC OKHCH
MATHWS- OYEHb PAsSpPEXMEHHOIO NOTOKA 9AEKTPOHOB, COCTOABLIErO BCEFO
us 4,2 .10° snekTpoHOR B CEKyHAY (5TO COOTBETCTEYET CHJIE TOKa
okono 7,7 -107"% g). Mexany nmosenexvem B ux npubope ABYX Crenyo-
WAX APYr 3a APYrOM SIEKTPOHOB NpOTeKano B cpeadeM 2,4 - 1074 cex.
Mexay TeM yCKOpSOUIRE Banprxende OBIIO TAKOBO, YTO BPEMA GpOJETa

saexTpona uepes npufop Guao 8,5 107 cex. OrnoueHne ABYX yka-
—4

BAHHEIX HHTEPBAJOB BPEMEHH PaBHO %.—:30 000. 310  sHAuMT,
YT0 TMOCHE TPOXOXIEHAA OTIAEIRHOre 3/SKTpoHa npubop ocrasaics my-
¢TuM B Teuenue mpevenn, 8 cpeaHem B 30000 pas Goasuero, uem
ppeMs npofera sJeKTpoHa wepes mpuGop. Flcno, UTO BaeCh BEPORTHOCTH
NonBJAEHES B KDHCTAWAE OJIHUBDEMEHHO XOTA W [ABYX 3JEKTROHOB CO-
BEPIIEHHO HHYTOKHA W MM MMEEM JIeA0 C H33UMONEHCTBHEM MEXIY
KPHCTaAJA0M H OAMHOUHBIMH 3MeKTpoHaMH. OKasasoch (KOHEUHO, nocne
ANUTESLHON SKCHOSHU.HH), YTO NMPH MPOXOAAEHHH OAHHOYHHX ANECKTPOHOB
yepes KpPUCTann NOAYYaeTcA B TOYHOCTW Takad we AndpakUUOHHAA Kap-
THHA, Kax (pA OPOX(KAEHHH 3AEKTPOHHOTO NMyuka GOJABMOH MJOTHOCTH,
Tem caMbiM OO IKCUEPUMEHTANBHO A0KA33HO, YTO KAKAHH 3AEKTPOH
B OTASAbLBOCTH 00Aanael BOAHOBLIMH CBORCTBaMH,

3. JaeKTpoHHAan GanMCTHKA W Opeledbl ee NpuMeHnMoOcTH. Mrak,
ONAEIT MOKa3ad, YTO B HECKOTOPHIY YCAOBHAX [ABHAEHHE JIGKTPOHOB H HX

§ 1] SAEKTPOHHAA BAMMHCTHAKA W 3NEKTPOHHAA ONTHKA 13

B3aHMOJEHCTBHE C BENIECTBOM CJEAYET H3Y4YaTh, MOAL3YACH BOJHOBOH
kapTAHo#. Ho Xopomo u3BECTHO, 4TO B ApYyriX YCAOBHAX ABHKEHHE
SJEKTPOHOB MOMWHO H3Y4aTh, MNOAL3YAICh KODNVCKYAAPHOM KipTHhHOH H
COBEPLICHHO HIHOPHPYA BOJHOBHIE CBOHCTBA SAEKTPOHA. 3aMMCTBYA Ha-
3BAKHE H3 MEXAHWKH, Mb Oy1eM roBOpHTE 06 3/MeKTPOHHOH GanaucTuxe
TOrA#, KOrid SAEKTPOH pAacCMATPHBAETCA TOABKG KEK 4YaCTHUE CyGatoM-
HBHX pasMepos, [IpH 9TOM, KAK W B MEXaHHMKE MaKDOCKONHYECKHX Ted,
Mbl OyldeM ONEPHPOBATh CO CKODOCTAMH (MIH HMOYALCAMH) H KOOPHHA-
TaMd 3JEKTPOHA, KOTOPLIE B NPUHLHNE (HATIPHMED, HCCAEAYS MHCAEHHLIE
KCIEPUMEHTH) MOMKHO ONpeseaHTh OIHOBPEMEHHC € JAI0GH TOYHOCTBHIO.
ITons30BatKMe 3JEKTDOHHOH OaNNHCTHXOH, FA€ MOAHOCTBIC HTHODHPYIOTCH
BONHOBHE CBOHCTBA 3J/EKTpPOHA, BCErfa AOAKHO OHTH Kak-TO Orpand-
HEHO H AGHWHE CYWECTBOBATh NPGOAEeMBl, TPH PeuleHHH KOTOPHX HENn3s
oboHTHCh (€3 ydeTa BOJAHOBBIX CBOHCTB. Ouenb BawHO HAHTH, B KaKHX
NpEeesax MOMHO YBEDEHHO TIONL3OBATLCA MPEACTaBACHHEM O 3JeKTpoHe
KaK 4YacTAue, 3TO OrpaHAYeHAE COJEPKHTCH] B H3BECTHOM M3 KBaHTOBOH
MEXAHUKH COOTHOWIEHUH HeonpenesexHsocted ®). Jlna neuwenwa no Ha-
NPABACHHUIO OCH X COOTHOLIEHHE HEONPEALJCHHOCTER HMEeT Bug

Ap Ax=zh (1.16)

3uece Ax u Ap, — HETOYHOCTH B ONPETEAEHHH KOOPAMHATH X
M COCTaBJsiOUIed UMOYABCA p,, KOTOPHIE MOJXYYATCA NPH OIHOBPEMEH-
Hom Ax uamepennd. CyileCTBEHHO, YT0 A0 34eCh BOBCE HE B HECOREp-
IIEHCTBE [PHMEHAEMHWX AJia H3MEPEHHA NPHOOPOB H CEBA3AHHLIX € HHM
omubKkax skcmepumenTa. Ilpd HsMepeHNH MAeanbHO TOYHBIMA NPUGOpaMH,
KOTOpPHE MOryT (PHIYPHPOBaTh IMPH HCCIAEAOBAHHH MBICJAEHHMX 3JKCIe-
PHMEHTOB, NpOu3BEAeHHE ReTOdWHocTel Ax m Ap, ocraercs Koneynol
BENHYHUHOH nopaaka k.

HOna toro uTofe DpH HMCCACIOBAHHM JEHMEHHA 9S/JEKTPOHOB MOXKHO
O8l10 NMONB30BATLCA 33KOHAMH MEXAHUKA (MHLIMH CJA0BaMH, NOJb30BATLER
3MEKTPOHHOH GannucTHKON), HEOOXOAMMO HMEThb RO3MOXHOCTh 3$a1aBATh
CKOPOCTh M KOOPIOHHATH 3JEKTPOHA B KakAOH TOUYKE TPAEKTOPHH, T. €.
oiHoepemenno, Ha ecooTnowenua HeonpenenewHocTedl  caedyer, urto,
CTPOTro roBOPA, 3TO HEBO3MOXKHO HH AJs Kako# vactanel. Ho B ouens
MHOFHX CAY4afX ONHOBDEMEHHOE ONpeleeHHe KOODAMHATH W CKOPOCTH
BO3MOXKHO € TOYHOCTBIO, BNIOJHE AOCTATOYHOH EAn npakTHkd. Paccmor-
PUM HECKOMBKO TNPHMEPOS,

Ilns wakpockonuueckoH dacTHUBI, MMewwmeH Maccy, Hampumep, 1 2,
€CNH €€ NOJOMEHHE ONpEIENcHO ¢ TounocThio Ax=—1A==10" cu,
NIOAY43€TCsl, YTO CKOPOCTh MOWET OHlTh H3MEDPEHA C TOMHOCTRIO AQ

Ay — i — 6,62 . 10-%7
mix 1.1038

=6,62- 10" cufcer,

¥} Cum., HanpuMep, saemeHTapHHA OYEPE KBAHTOBOH Me
Tl Ta. %5 ww Jl. A, 2, % AL vx 81 T o v 1 A1,



14  IBHKEHHE BAPSAEHHHX UACTHIL B BJAEKTPHU. W MATH. momax [ra. 1

Ao Gosee ueM AOCTATOUHEs TOYHOCTL W JUNS MEXAHUKH MAKPOCKONH-
YeCKNX TeA COOTHOWIEHHE HEONPefefeHHOCTH HE CO373eT HHKAKUX Tpya-
HOCTIeH,

s saestpona (Macca 9,1 . [0™® 2} cooTHOlieHWe HEGMpenEaCH-
HOCTH HAdeT ‘

Ax A'u%i:’T,S emfcex.
Mg

CKOpOCTh 3NEXKTPOHOB BHYIPH A4TOMOB, 110 HPEIACTABIEHHAM TEOPHH
Bopa *), Beanunna nopsaka 10% ca/cex *¥). T'oBops 0 nBuXeHHH 5aCK-
TPOHA MO TPAEKTOPHH, HEAb3s YAOBAETBOPHTHCA TOMHOCTLIO MEHbIleH,
uem Av== 107 cu/cex. Ho TOrnz

Ax:%:?,:s- 1077 ¢,
T. € He TOALKO Henb3s TICGBOPHTh O TPAEKTOPUH IAEKTPOHA BHYTDH
4TOMA, HO Hawe HEJAB3A C YBEPEHHOCTLIO CKa3aTh, OPUHALNEKET AH OH
LaHHOMY aToMy, TaK Kak auamerp aToMa mopaska 107% e,

[lycts Teneps Mepen Hamu CTOMT 3a1a4a H3YUEHMA TPACKTOPHR 3M1EK-
TPOHOB B 3JEKTPOHHOH JaMme MM Aunze. PasMepw feraneH 3THX 0pH-
GOpOB, HANPHMEP OTBEPCTHA JEadPACMBl JMH3H WAH NPOCBETOB MEMIY
DDYTBAME CETKH, CAMOE MEHBIICE, MOPAAKA AECATHX A0AEH MH/IMMETpA,
NOSTOMY AR AX MOKHO NPH3HATH JOCTaTOYHOH BEAHUMHY Ax = 1074 cu,
Torga Av=7,3-10% cajcex. Tlpn nanpawenun 100 8, oOuuHOM B
SAEKTPOHHBIY JaMNEX, SJIEKTPOHEl HMMEWT CKopocTh 3,93 - 10* cafcex,

Av o
T. € —U—=0,012 /s 4, 3HAUHMT, KaK NOJI0KEHHE, T2K U CKOPOCTh SJeK-

Tpona MOUyT ObTb ONpENENCHEl ewe € GombIoH TOUHOCTRIO. Crenopa-
TEALHO, B SASKTDOHHHKX DpHGOpPaX BCEraa, 3a MCK/AKUEHWeM pasBe MoKa
NPAKTHUYECKH HEBCTPEYAIOIMXCS CAYYaes, Koraa TpeGyerca o4eHb BhCOKasd
TOYHOCTh TIPH HH3KHX YCKODAIIHY HANDAKEHHAX, MOKHO NOAL3OBATLCH
K/aCCHYSCKOH MEXaHUKOH, HHLIMH CIOBaMH, 3MeKTPOHHOR GaaarcTaxod.

4. DaexTpoHHaf oOTHKA. K M3ydendio ABHKEHHA 3aPAKMEHHBIX YECTHH
B IAEKTPAYECKMX M MalrHETHHX NOAAX MOXHO TOACHTH ¥ OCHOBHBAsSCH
Ha BOAKOBMX CBOMCTRAX yacTEL. B HEKOTODHX cayuasX STC HEOOXOAMMO.
TIpumepoM MOKET CHyMMYb 32faua 00 OTpameHud INEKTPOHOB OT KpH-
CTaAAMYECKON pemeTkd, GIN3Kan K COOTBEICTBYIOUteH 3agave us (U3MKH
peHTreHoBcKRX ayuefl. Jludpaxkund H OTpPaKeHHE BJAEKIPOHOB OT KpH-
CTA/AJ0B COCTABAAWT pa3iednl 31eKTPOHHOH BOJNHOBOR ONTHKH.

HSBECTHO, YTQ BOJHOBAA ONTHKA N[PH YMCHBUIEHHH JJHHBI BOJHBI
NEPEXOJMT B reOMETPHUECKYIO ONTHKY, B KOTOPDH COPABE//IMBH 3aKOHH
pAMOAMHEHHOrO PACTIPOCTPAHEHHA, OTPAKEHHS W NPEAOMIEHHS CBETOBHX

#) Cw,, manpumep, JL. A, 1, 1. I, ra. 25,

on
&%) Ilaa aToMa BOZOPOIA, HANPHMEpP, U= rie 71— rJaBHOC HBAHTO-
P:

nh !
soe uucao, onaras #==1 (HopMaabHOe COCTOHHME), HOAYHHM U=z 2,2- 10° cHfcek,

§ 1] 97EKTPOHHASl BANMHCTHKA R SAEKTPOHHAS ONTHKA 15

nyueh. Ho 3T 3aKkonsl reoMeTpudyeckof ONTHKM BIIOJHE €CTECTBEHHO
COrMaCywTCd M € KODRYCKYJAAPHOH# HbOTOHOBOR Tteopuell csera. Ofe
TEOPHH, KOPNYCKYAApHas W BOJHOBadH, LAIOT OJHO H TO K€ B npeleiax
TeOMETPHYECKOH ONTHKK.

Jlanuwe 726, 1.1 nokasWBaoT, 4T JAJAHHE 3AEKTPOHHBIY BOJH Ha-
CTOABLKO Maabl, YTC KPHTEPDHH NDUMEHUMOCTH CeOMETPHYECKOoH ONTHKH
An4 -HHY QNOMKEH BHINOJHATLCA BO MHOMHMX Caydasx. J1oT Kpuiepud,
paccmaTpupaeMnli B Kypce ofwefl duzukH, MOWHO COPMYTMPOBATH Tak:
ec/ad HENpO3pauYHeEle 3KPaHbl KAW OTBEPCTHA, CTORIIHE HAa MNYTH BOJH,
NOKPHBAIOT OONBIIOE HHCIAO (HPEHEAEBCKHX 30H, TG DNPHMEHUMA reoMel-
puteckas ontuka. OTBEPCTHE W 3KpaHl, ¢ KOTOPBMH NPAXOMATCA HMETH

IeN0 B MCKTPOBARYYMHHX npubopaX, LOUTE BCEria YI0BACTBODPAOT

sToMy TpefGoBaunio. PaccvoTpam xoTs Osl TaKOR TIpMMED: Ha Kpyrhaoe
orsepcrye muamerpom 0,1 M, npoaenannoe B METAAIMYECKOM 3KpaHe,
najaleT [VIOCKHE 3AEKTPOHHBE BOJHH RavHoH 1,2A. Jlpyramu caosamu,
Ha OTBEPCTHE NanaeT NOTOK [NapaiiedbHO ABHAKYLIAXCA 3ICKTDOHOB,
YCKOPEHHHX Hanpawenden okogo 100 g Touxa wabawaen#s OTCTOHT
OT OTBEPCTHA HAa paccroaHan b==03 cx. Paadyc {ppeHeresckolt 3oum
n-ro AopAaIKa ¢ AOCTATOYHOH TOYHOCTBED EHIpakaerca (opMy.ioH

ra==} nbi.. (1.17)

IToncTasnas uucaa, ooayuyuM g==1660. 3TOT pesyabTaT MOKa3HBacT,
9TO B OIWACAHHOM OIBITE, YCAOBHA KOTOPOTrO COOTBETCTBYIOT MNPOXOXKIE-
HHED MELNEHHHX 3JCKTPOHOB YEDE3 SACKTPOHHYR  AUH3Y —— Auadparvy
(cm. § 5), nuPpaKuEd TNPAKTHUECKH HE3aMETHaA. Cxoanmh pesyastat no-
ayunaca Obl W A CHePHYESCKHXY 3NEKTPOHHBIX BOAH (PacXoaalmlerocs
[M0TOK2 3JIEKTPOHOB),

Takuam 00pa3oM, YacTO MOXKHO IO/b30BATECH NPEACTABISHHAMA OO
SJEKTPOHHHX Jy4aX H HAXOLHTs KX TPacKTODHH METOIAMH TeoMeTpu-
yecKO# ONTHKH., Pe3yMbTaTnl H3YUSHHA JABAKEHHE 3apAKeHHblX YacTHO
METOAAMH TEOMETPHYSCKOH SJEKTPOHHOH ONTHKH ROMKHH, KOHEYHO, COB-
nagaTe ¢ pPe3yAbTaTamy, NOAYUCHHBIMH U3 SJEKTDPOHHOH GaiadCcTHKH,
aHaJOTHYHO TOMY, 4TO HMEeT MeCTO B OOblYHOH onTvxe, 2TO MOWHO
MOKA34Th, CPABHHBAA 3IAKOHH MEXaHWKH ¢ 3aKOHAaMH, ONpereAfloLIHMK
TPAEK TOPHM CBCTOBHX Jyuelt,

OcHoBHOA 38KOH MEXaHUKH [/l YacTHIL B TIOTEHUHAALHOM CHJAOBOM
[01e MOKHO 3aMHCaTE B OPME LPUHALENA HauMeHbWero meficraus. [eit-
CTEMEM B MEXaHUKE Ha3bIBACTCA BEAMUEHA

i
A= S 2Kt (1.18)
ty

roe K — kuHeTHYeCKan IHEpPras daciumubl. Mmes B BhIy cpaBrenue Tpa-
€KTOPHR 4aCcTHUEl ¢ TpaeKkTopHeHh Jyua, menmumHe A CAeLyeT NPHAATD
BHOH BHZ, MCKAWY#B w3 (1.18) Bpema. Tak kax .

2K=IHU!, -
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T0

£
A=S mo v dt,
[

ByZeM 10/0%eHHe TOUKH ONpPeleasTh MNKHOA ayru Tpaextopun s. Torza

vdt =ds,
u (1.18) mpumer BHO
p
A= S m ds. (1.19)
P,

WUurerpan (1.19) 6Gepercd BOOAL TPAEKTOpHU OT TONKE Py, rae uacruua
HAXOOMNACE B MOMEHT [, 0O TOuKM P, KyLa oHa 10NajlaeT B MOMEHT I,

[Ipenuun HauMeHbInero AeHCTBHA YTBEPKAAET, 4TO M3 BCEX TPAcK-
yopull, OPH ABHIKEHHH N0 KOTOPHM 3HEPrud 4acTALN OCTAETCA MOCTOAH-
HOH, ANA DeHCTBHTENLHOK TpaexkTopuM COOAKNRACTCH YCNOBHE

8A=0, (1.20)
T e. ans Hee neHCTBEE HMeeT IKCTpeManbHoe (0OHYHO MHRUMATLHOE)

suauenpe. [loacrasnss A wus (1.19) B (1.20), woayuuM Ans YaCTHLH
¢ UOCTOAHHOH Maccol mz

2 p
8A=3 vads —m3 S'ads =0,
Py Py
HIH
p
3 S vds=0. (1.21)
Py

@OpPMYIMPOBKA SaKOHA ABMKEHUA MATCPRANLHOW TONKA B MOTEHNNAALHOM
nose B safe (1.21) seuserca nauGoaee oluedl. Ma nee MOXKHO MOAY-
QUTb YPaBHEHHS ABHXEHWA B OOW4HOM (ODME U MEXAHMYECKHH B33KOH
COXDAaHEHHS. SHEepruu,

B kypce obmel (U3NKH MOKASHBAETCH, YTO OCHOBHHE 33KOHH reo-
METPUYECKOH ONTHKH — MPAMOAUHERHOE PacnpoCTPaHeHHe CBETd B ONHO-
ponusoH Cpede, 3aKOHW OTPAKEHHS W NPRAOMAEHHA CBETZ — MOryT ORITE
NONYUEHH M3 OAHOTO OGLIETO B3aKOH3, HOCAILErO HA3BAWUE NPHHWINIA
depyz W YTREPWAAOUIErO, YTO B ONTHUYECKH MSOTPOTIHGIX CPEIAX ONTH-
yeckas IUIHA DOYTH HAH, IO TO K& CAaMOE, BPEMsl NPOXOMAELHUR CBETA
nas MCTHHHOH TDAEKTOPHE JIY4a HMEET SKCTPEMJBHOE BHAUCHUE [/ AL,
. 1L ra 17; JI A 2, 1. III, ra. 22). Onteueckod AAGHOA NYTR HasH-
BAETCA TIPOM3BEJEHWE TEQMETPAYECKOR ANAHB TNYTH Ha NOKA3ATEND Npe-
AOMAEHHS, TAK 4IO ECAH NOCHCAHME MEHAETCR O TOUKA K TOUKE, TO

8 1] SAEKTPOHHAR BAJIHCTHKA H SAEKTPOHHAS ONTHKA 17

CUTHYSCKAA MMHA NYTH MEXKAY TO4YKaMi Po u P pabHa;
P

L= Snds. (1.22)
Py

[Mpuanen Pepma, crefopatensno, MOKHO 3amucaTh Tak!
P

8L =13 Snds —0. (1.23)
P

WMa cpasnenus {1.21) u (1.23) npaMo CIedyeT, 4TO €CAH B Kaxiod
TouKe CO0AI0AAETCe YCAOBHE :

n=bv, {1.24)

rae b — NPOH3BOJABLHEH NOCTOAHHBA KOZ(MQPHUAEHT NPONOPUHOHANBHOCTH,
TOo TPZEKTOPHU CBETOBOrG Ayud M 4YaCTHUW ONPEAENslorcs ORHHM U
TeM e YCNOBMEM M, CAEIOBATEIbHO, COBNanawr. Takum 06pasoM, Mul
MPUXOMMM K 3aKJIYEHHIC, 4TO A1 NPHMEHEHMA K IBHAKEHHIO HacTHUL
34K0HOB reoMETPHYECKOR CONTHKM CASOYeT [pUOHCATL KawIOH TOouke
fioKasaTedb TPEJOMAERHN, 10 BENMYMHE NPONOPUHOHANBHBHA CKODOCTH,
¥ TOr1a TPaeKTOPHI, ONPEJeNeHHAs METOJAMH FEOMETPRYECKO OUTHKH,
ROMXKHA COBNALaTh C TPEEKTOpHeH, HailneHHOH HA OCHOBAHHMH 33aKOHOB
mexanuky. O6a MeTola pABHONpABHH, M BRIGHPATh MEWAY HUMH CACIYET,
BUCeXoAs 63 coobpaxeHuf Goaee nerkorc peuleHus NOCTaBIEHHOR 3aJaqn.
Oas saeKTpoCTaTHYCCKOrO NOAs CKOPOCTE OPOCTO BHPIKAETCA uepes
noteniHan. ECln B TOuxke, noreHndan KOTODOH TNPHHHMaerca 3a HyAb
{06uuHO Ha KaToae npubopa), CKOpOCTL pasHa

v, = ]/ 2 ;“"1; v, =V,

T0 B TOUKe € mnoTeHUnanoM {/ cKopoCTe OyHer onpeneasrsCa H3 pa-
BEHCTBA
' myvs

=eU+T5%,

myv?
2

OTKYAA

v= VU ++ 20U, =V VUF U, =V U5,  (1.29)

[/ MOxHO Ha3BaTb HANPAKEHEEM BRIICTa SACKTPOHOB W3 Kartoaa,

3a noxasartens MPENOMJEHHS MONCHC TPHHATH JARGYID BEAHUMHY, TPO-
NOPUHCHAABHYK CKODOCTH YaCTHLB, TaK Kak MOPAKTHUECKOE 3HAYEHHE,
Kak W B OITUKE, HMEET TOJBKO OTHOLIEHHE MOKazarteneHd NPEeroMAeHHS.
[MosToMy 3a SACKTPOHHOONTHUYECKHE TNOKA3ATENL NPEJOM/EHHA 3JEKTPO-
CTATAYECKOTO NOAS YAOOHE€e BCEro NPHHATH BEJUYMHY

n,=} U*. (1.26)
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Ecnan wxe, kak s1o ouedb uvacto Oueaer, U/, < U, 10 ¢ AocTaTouHOH
TOYHO#TLIO

. n,~VT, (1.27)

1. €. 2MNEKTPOHHOONTHYECKUH NOKa3aTenb MPEJAOMACHHR NDPUOAUZHTEIBHO
paBeH KBAIPATHOMY KOPHIO M3 TIOTEHIMANA.

Huorna nns toro, 4to0M B KaUYeCTBE 3JEKPOHHOONTHYECKOrO NOKa3a-
TENS MPENOMJEHHS WMeTh Ceapa3MepHylo BeauuyuHy (Kak Ana nokasareds
NpenOMACHNs B ONTHKE), ONPEieNsniol €ro Kak

u
?:

(1.28)

n,—
- .
rne ¢ — CKOpOCLTh CBETA. Jlerko BHAETH, 4T0 OTHOIUEHHE MOKa3laTenecH
NpeAoOMACHAR OBYX TOUCK [HOJM

n S —

G __ U UF U,
— h— —_— —~

o, T s A

B 000oUX cayuaaX OAHHAKOBO,

Jan H3YYEHHA ABHKEHUA 3apAXKEHHBHX YacTHI B NPOCTPAHCTBECHHO Halaraio-
WHXCA 3JTCHKTPHYECKOM H MAarHMTHOM NHOJAAX (I{OMGHHHPOB&HHOE BIEKTPHYECHOe

H MAarHUTHOC IIO-‘IE) TAKXEE OKA3ZWBAEICA BO3IMOMKHLIM BOCUHOAL30BATRCA ONTHYE-

CKHMHA METOJaMH, €CIH 34 NOKa3aTeldb (ipeJOMICHHA OPHHAThR BCAHMHHY

= VU+U,—]/%A cos v, (1.29)

rac .—l—aex'rop-uofeuuna:x MarHHTHorg 0048, T. €. BEIWYHHA, ONpeAe’saeman
COOTHOIIEHHUAMH

rolA=H; divA=0

B 7— yroa Mewzy A W CHOPOCTHIO 4aCTHIW B AaHAcHt Touke. Popmyna (1.29)
NOKA3WBAET, HTG M, KPOME KOODIMHAT, 3aBUCHT €Lle OT HANDABIEHHUA ABHMEHUR
YACTHLL, TaK YTO OUTHYECKMM AHANOTOM KOMOMHHPOBAHHOrO [0JA HABIAETCA
anMsoTpolHoe Teao, naupuMep kpucrana [JI 1. 15, ra. VI Popmyaa (1.28) e
GyZeT B IanbHeflLIEM HMCUOIL3OBAHA.

Haufonee wunrepecHmi fAns OpakTHKA cayuall KoMGHHHDPOBAHHOTO
B UMCTIO MArHWTHOro mnonelt ¢ ocesod cemmerpmefi paccmorped 8 § 6.

Bupaxenue (1.26) 61a0 1noayyeHo u3 pacCMOTpEHHA OOIIEro Cay4vas
IJBHAKEHM SapAKEHHON YaCTHUB B SMEKTpPUUECKOM noje ¢ mobum pac-
npefencHueM noredurana. Pasfepem Tetnepp yacTHeli Caydah, uMemiuiuh
6Au3Koe CXOINCTRO C MpefOMAEHEEM CBEeTa Ha rpaHHle JABYyX Cpei.

Ilycrs mpOCTPAnHCTBO AEAHTCR NAOCKOR MOBEPXHOCTBIO pasiena Ha
Ase uyactH ¢ notedmdakamu [/ w Uy (puc. 1) B 9AEKTPOH ABHKETCA
K LOBEDXHOCTH Paszilena co CKOpOCTbio

v ==} 29U

<

o

R A o

-
Yas Ay

" ‘“-'." i 3K
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Ha rpanHue CKopocTb MEHSerca oT ¥; A0
= ]/QWU:’

npHueM CAaraoias CKOPOCTH, NAPAAedbHAR IAOCKOCTH pasiens, He Me-

naercd. M3 uveprexa Buawno, uto
sine vy Ug _ Re,

sind © oy 7

(1.30)

MHB [OAYYHAH 3aKOH MNPENOMJEHHA 3AEKTPOHHEX Jayuelt B  0OnluHOR
tdopme 3axona Crennmyca.

CraukoofipazHoe H3MEHEHMe [OTeHUHaNa Ha MOBEPXHOCTH pa3znena
MOXKHO € HEKOTODHM NpHOARKEHHEM DEeaTH308aTh Ha onmrte. llpencrasum

% Y
U U
t, v
\\ & U.;zl‘ b
a"
< ¢
N N
~ ~
N [ N U
e
U v K
X
thY %
el U, >,

Puc. 1. Tpesomaerye SJAeKTPOHHWX Tydel y TIOCKON MOBEPXHOCTH pasieda.

cefe JBe NAPaNAeAbHBE CETKH, CIETEHHbIE H3 TOHKUX MPOBOACK H 3a-
paxennne no notenunanes [ u U, EcIn paccrosHue Mewily CeTkamy
MaJI0, TO OHH O HEKOTOPOH CTeneHy SKEHRANCHTHH TIPO3PAYHOMY A8 3AEK-
TPOHOB ABOHHOMY SJEKTPHYECKOMY CAQI CO CKAYKOM noTteHuuana Ly——I{/),
Takum nyTeM MOXHO OCYWIECTBHTh HE TOJNLKO TJIOCKYHO, HO M ciepu-
HECKYI0 TNPEOMIASIOIYH0 TOBEPXHOCTb M Jaxe peaylo JauH3y (pec. 2).
[IpaKTHyeckn CeTYaTHE 3JEKTPOHHBIE JNMHSM, BNPOUYEM, HE TPEICTABARIOT
GoABIOFO HHTEpECA, TAK KaK B OTBEDCTHAX HUEEK CETKH CO30a10TCA
HEOIHOPOAHOCTH MOJA, PACCEHBAWIUIME 3AEKTPOHEL, W, KPOME TOTQ, 4acthb
SNEKTPOHOB MOMET OCENaTh Ha nNpyThax cetku. CeruaTtas /JMHIA, MOWHO
CKa3aTh, nOXOGHA ONTHYECKOH JIMH3E H3  [JIOXO OTHOJMPOBAHHOIO M
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Manonpospaudoro crexkaa. [1o3ToMy CeTKH NPHMEHAWTCH 4aCTO TOMLKO B
SNEKTPOHHBIX AaMOax, rae Gonspuiefl d4acTeio He MMeeT GOJBIIOrO 3Ha-

HeHHHA, O KAKOMY OYTH JI0K-
l“' TPOHH TNPHAYT K @HOLy, 2 B

37EKTPOHHOONTHYECKHX  [ipH-
fopax B KayecTse [IDESOM-
;s yu HIOWME  CDeX HENOJABZYHOT
v\ SJEKTPHUECKHE H MACHHTHBIE
.\‘ [0As, HENPEepPHBHO MEHAIOMH-
| | €Cs Ha BCGM CBOGM NpPOTsKe-
l' I

-

=
S A

Ak

]

i
'/
!

i

|

|

1 !
I

i

|

I

1

!

|

I

|

|

'

\ HHH,
\ | - ;i [Tycts snekTpon BxoauT
W RN ’,’ / B OIHODOAHGE TOPMO3ALLEE
s N DAEKTPHYECKOE 0A€ nod yT-

o 4 JA0M & K CAJTOBBIM ‘.’IHHHRM

U (puc. 3). [Ipoeeaem B nosE

cucreMy OJH3KHX IKBANOTEH-
HMAJBHBIX  MIOCKOCTEH [,
Uy, U, ... u samennm Bpe-
MEHHO MCTHRHOE pacnpenene-
HHE MOTEHUHANA CTYTIEHYaTHM, 110]aras, YTO Ha MepBOH MAOCKOCTH moTeH-
nuan Mewsiercst ckaukom ot Uy go [/, 3ateMm oOCTa€rcs NOCTOSHHEIM H

Puc, 2. Cetouune IHH3LL

i
H
1
-
i
l

Puc. 3. [loanoe BHYTpeHHee OTPaWeHHE 3ACKTPOHHLHY aydeft
B OILHDIJOJ],HOM ugne,

OMATL H2 BTOPOH MIOCKOCTH Meuserca ot Uy mo Uy u 1, a, llo sakony
npenouneuuﬂ MOMHO HAaMHCaTh!

sina v/ U}, sinﬁl___l/Ug* P
sinfy, — ¥V UFr sinB T ¥ UF '

& 21 OBMREHHE 3APSOKEHHHX YACTRIL B OJHOPOAHHY TOJAX 2]

Ecan 4Hcio CKayxos [OTEHUHAIad OYEHb BEAMKO, B MPEALAE MH NQJAY-
yaeM HCTAHHOE [BIDKEHME W 3AEKTPOH OmHmeT napaGoay; B BeplIEHE
n2paboasl yroa mpeaosmienus 3, =90% u B 3T0H TOUKE

St sing, , — Us
sng, o MPe-1= [

rie Up=U,+ U, n U, —norenunan 8 sepwude napaSoas. [lepe-
MHOAHAB BCE HANHCAHHLIE PABEHCTBA, NMOJAYYHM AAR A06Oro UHCAHa CKAaYKOR

sin « sin g, sin 3,y sinf,_, _l/ vr sl Ug_ U

'—u-_'_-‘nl-*"._'
sinB, sinfs "7 sin 5, 1 U Us Ur_o U _ 7
e :
= U
i e . Yn
sin 1'—_Uf A~ (1.31)

roe U, - BOTEHLHal TOYKH MOBOPOTA, NMOCTHE KOTOPOH 3IAEKIPON ONd-
CuBaeT BTOPYI BETBb 1apalodM H BHXOAHT M3 ROJAA 00N MNPEKHAM
yriaoM K cHAoBHM aunasM. $opuyay (1.31) MowHO Ha3BaTh 33aKOHOM
NOMHOFO BHYTPEHHETO OTPAKEHMA B OJHOPOIHOM 3BJCKTPHYECKOM MOJE,

B caeaywumx naparpagax HacToAweHd raags METOIM 3ACKTPOHHOR
GaANUCTHEY H FeOMCTPUYECKOR 39/1eKTPOHHOH ONTHKE GVEYT NpPUMEHEHH
A% pEWeHds HEKOTOPHX INPOCTHX H BMECTE C TEM BAKHHX A4 TMpax-
THKM 32134

§ 2. Jepuwenue 3apameHHBIX YACTHI E OJHODORHBIX MHOJIAX

1. O6mue ypasHenns. Ha 3apax ¢, vaxossmwméics B npocTpaHcTse,
rie CyWECTBYIOT BAEKTPHUCCKOE H MATHUTHOE NOAA, AEHCTBYET CHAa

F=¢E+1[v.H]| (2.1)

roe E(£, E,, E;)— Hanpskennocts anekTpHueckoro woas, H(H,, H,
H,) — HanpsXeHnoCTh MarHHTHOrO Noas W v (X, V, ) — CKOpOCTh. ¥pas-
Henue (2.1) HanuCano B rayccoBod CcucTéMe eRHHMIL

HamuweM ypasueHusa OBHKEHHS A8 3JEKTPOHA B MPSMOYTOJbHBIX
KOOpAKHATAX, npeHefperas pensTHBUCTCKON nonpaexkod K macce, Iloaaras

q=—ce, mi":-fn-x'q*), ByacM HMeTh:
- 1 . .
k=B GH— 1),
. 1 . ) .,
y=—nB+ ;G —zH), (22)

d=—n [k G, — 5H,)].

Ty 8 duavueldlleM Macca MELIEHHOIO INEKTpOHa, paBHad IPaKTHYECKH Macce
Gokud, Gyaer o6o3HavaThea yepes m,
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. IfycTe oanoponnwe noan £ W A wanpasaeuw ApYr % ApYTY 001
HEKOTOpEIM yraoM, Boobie ue pasHuM TprMomy. Hanmpaeum ock 2z nmapan-
AeNbHG f1, & HanPABACHHE OCTaABHWX ocefl BubepeM Tak, ytoful £ OHAO
NapanneabHo TJIOCKOCTH X2
(puc. 4). Torna

H,=H,=FE,=0;H,=H,

H ypasHenus (2.2) npumyr
BHI

x=— wE, — wy,
y=uwx, (2.3)
z=— 1E,
rae
H .
Puc, 4. @ :,nc_‘ (2.4)

Wnterprpya (2.3} 0auH pas # 0003HIYKB TOCTOAHHKWE HHTErPHPOBIHHS
yepes A, B, C, noayuus;

X=—1Et—wy+ A )
y=uwox--B, (2.5)
r=—1Et+C

C nowoublo sroporo u3 ypasnenudl (2.5) HCKAOYAM y H3 [eprRoro
-ypasuenua (2.3). INoayuum:

¥ Lo (x—l— L %) —0. (2.6)

Beexem HOBOE nepemennoe:

E--*x—{—TE*r ﬁ f=x f==x

Ypasuenue (2.6) npumer pug
ELo%—=0 .7

910 ypaBHEHHE MPOCTOTO TFapPMOHWYECKOrO KOMeSaHHA, U €rc pPelieHHEe
KMEET BHA

£ = R sin (of }- ¢} £ — Rw cos (vt - @),

rie R v ¢—HOBME ROCTOAHHMWE MHTErpupoBanua. Bosspawance x nepe-

n
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MEHHBIM X, ¥, Z, H3 ypaBHEHHf’] (2.5) nonayuum:

e ”fx —rRsm (mt+<p)_x,—}—xg,
y=-—-n——T'f‘ —,———Rcos(wf—‘P)—yx—i“J’bf (2.8)
= p Lty D=2t 2 .
rae
xlz_ﬁ(ﬂETx__ g, Xy = R sin (0f + ),
A .
.Vl—_-‘“fo_t‘I_T’ yy==— R cos (uf + o), (2.9)
7= T'E;ts —Ct+D, z=0.

4

IlecTs mnocrosHuplx uHTErpupomakus A, B, C, 0, R, ¢ mowHo
ONPeIEAHTh U3 HAUATHHHX YCAOBHA (TPH HAUZALHRIE KOODPAAHATH M TPH
caaralnMY HavyanbHOH cKopocTh),

INeukenHe, OIHCHEBAEMOE VpasHeHHAMH (2.8), MOKHO pAaCCMATPUBAaTh
Kak cyMMy JIBYX aBuxeHuH. [leppoe H3 HEX — Apukenue no napaGose,

B
nexamed B [1OCKOCTH x:xlz_Lf; — - u onpenemmenoti ypas-
HEHREM
—_ Ezmz 2 -EZ"-UA _ mc .
T +( VB B YT ore + . (2.10)

Bropoe — paBHoMEpHOE ABWXKEHHE N0 Kpyry paauyca R B miao-
CKOCTH, [EPNICHAAKYIADHOH K OCH 2, T. € K MarHHTHOMY nomo (pHc. 4),

Uccaeayemoe nsuseHne, Takum 06pasoM, npeictasaser coGol pasuo-
MEpHOE ABHMKCHWE [0 KPYTY, MJIOCKOCTb KOTOPOrO BCE BPEME OCTAeTCA
NepOesIUKYASPHOR K MarduTHOMY TOMIO, 4 UeHTD MEepeMelaercs no
napaGore (2.10). 310 cnupans caoxHOH (OpMLL

Kpyrosaa 4acTtoTta

H e H
O=R = (2.11)

HaghiBaeMds 4YaCTO IHKJOTPOHHOH 4acTOTOH, KaK EBHAHO, OnpeneaseIcs
HCKIIOUHIEABEO BENUUHHAMH 7 H Fi

2. Jlewwenue B OXHOPOAHOM MATHHTHOM noae. PaccMorpam
TEneph NPOCTHIE 4HAcTHRE ciayyad. IlycTs 3AEKTPDHYECKOTO MOJAR HET,
Torana ypapuenun (2.9) csoidaTcs X

Xy = %:const, 2y ==R sin {(wf 4 ),
"= —Si == const, Ya=—— R cos (mt + ?)J (2.}2)
2= t—l— D 29_20.
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liesTp Kpyra nepeMewiaercs paBHOMEDHO N0 UPSMOH, napaineabHoft f,
a TPaeKkTOpHA ©OpalLAeTCs B BHHTOBYIO JHHHIO, JEKALLYiI0 Ha KPYTAoM
UHAHHAPE, OCh KOTOpOro mapainensna noaw. Ecmu Xy, ¥, 2, — cnaralo-
1e HavaibHOH CKOPOCTH, TO 2 ypaeHeHuH (2.12) nerko moAyHUHTH:

C=2i R= VEFR=SVELRE (213
[)

Llar cnapanu, paBHHH NYTH, NPOXOXMMOMY B HafpabBji€HWH Mardur-
HOTO NOA% 32 OJMH ee OBOpOT, paBeH )

L=2T=22x

[
T (2.14)

Tlpn yeeawuenun H, RaK nokassieaot Qopuu (2.13) u (2.14),

YMEHLIUAOTCA paiauyc cnupaan R a mar ee L (puc. d, a). Tpaektopus
SAEKTPOHOB BCE TCCHEE <NPUKHMAETCA» K CHJOBBIM JIHHHAM, TNPUYEM

). 0.0.0.0.0.¢
VUUUUVU
SEEEEEO

— BT —
H < Hy <ty
a) .

T T

..:'..t:".
A

Puc, 5. Bun rpoexTopH#i B MarHHTHHIX NOAAX.

@ — B CIHOPOAHLIX OOARX pil34lﬂllHOl"l HAMPAELHHOCTH; & — B CHALHON HEQAHOPOIHON NOAE,

AMHEHHBIE CKODOCTH SAEKTPOHOB HE MEHSIOTCH, Tak Kak KHHETHYecKad
SHECPrAd  SJCKTPOHZ B INOCTOAHHOM MAarHATHOM noae COXpaHAET CBOW
BEJHYHHY.

B cayude HEOSBOPOIHOrO MarHHTHOrO NO% MOKHO PACCYAKAATH TakK:
3aMEHHM HCTHHHOE NOJAE€ NOCACAO0BATCABHO PACHOJQKCHHHMMKA  OIHOPOI-

HeIMH noasmu My, H; Hi ... (puc. 5, 6). Ha cunosoéi awnmm, rae
B HayaJe JABMWEHUA B TOUKe A HAXQAMTCH 3JEKTPOH, 10JYYaTCS YYacTKH
AB, BC, CD, ..., npaueM B npejesax KaxIoro yuaCTKa N0.Je He

MeHAeTcA. Ecan CKOpOCTh AEKTPOHOB HEREIMKA, 4 N0Me CHALHOE, TO NO
A0K3a3aHHOMY TPaeKTOpPHA JMeKTPOHa Ha ydacTke AS Oynet npelacTaBifiTh
cofolf cnHpaan, TeCHO HasuTYl Ha otpesok AB. Xoa 3sroff cnupanu
ONPEAEANT CIArAOLIKE HAYAIBHOR CKOPOCTH B Touke 5 ¥ Ha ywactke BC

¢

e

£
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6yayt apyrge L u R, HO TpaexkTOpHa nO-npeKHeMy Oyaet TECHO Mph-
aerate ® amuum BC. To ke 6Gyaer sepuo Ana yuactka CD n 1.4,
Vveuswas anune A8, BC, ..., B npelegax XOTOPaIX [0J€ NPEHHMA-
J0Ch 32 OQIHODOLHOE, MH B Ipeie’e MOJYYAM HEOGAHODOIHOE 1O0Je,
B KOTOPOM JBWKETCH 3IMEKTPOH. OUEBHIHO, TPAEKTOPHS 3JAEKTPOHOB
6yieT NpexcTasiats coGOM CMHPanbL C MepeMEeHHBIMH PAAMYCOM H LLArOM,
COMPOBGAAAIOILYI0 CHAOBYEI AAuai ). Takum ofpasoM, melneHine sae-
KTPOHBl B CHJALHMX MATHHTHHX [01AX 00pa3syioT NOTOKH, MO Hampasae-
HHIO COBMAZAIOMME C CRAOBRIMH JIHHRSMM TO0J4, IJTHM CNOCODOM MOMHO
YUPaBASTH JBHKEHHEM 3ACKTPOHOB H NPOTHBOACHCTBOBATH DACIIHDEHMIO
TOHKHX 3MEKTPOHHBIX MYUKOB, BO3HHKAIILEMY BCACICTBHE HICKTPOCTATH-
4eCKOre OTTalKMBAHHUA 3JEKTPOHOB.

DNeKTPOHB, BHXOIAWEE H3 OIHON TOUKM NOI  PAIHEIMM  YTIAMH
K MArHHTHOMY 1010 W C PA3HRMH CROpOCTHAMM, OVIYT ONHCHEBATH
CMAPAALHKE TPAEKTODHH, TYYOK KOTODHX A  CAyuad  OAHHAKOBHIX

i & oou

Puc. 6. Myuok 3AeKTPOMHHX Ayuell, BHXOIAWME H3 ofuer Toukn O
. B MAarHMTHOM MNOIE,

ckopocTeli usofpameH Ha puc. 6, NpHYEM NHJAHHAPHIECKHE MOBEPXHOCTH,
Ha KOTOPWX Jewar Tpaektopud, Oyayt uMers ofmyi obpasyomyw,
TPOXOAAIYIO N[O HAOPABJACHUIO MO/IA YEpe3 TOUKY — HCTOUHUK 3/eKTPO-
HOE. M2 B3aKOHOB SJACKTPOAMHAMAKH CJAELYET, HTO ECAE CMOTPETh TO
HAlIPABJAEHAI0 MArHUTHOrO 1OJH, TO BpalECHHE STeKTPOHOR OyIeT npo-
HCXOAHTH 1O HAanpaBASHHID YacOBOH CTPEJIKH, a MOA0WKHTEIBHHX HOHOB —
npotue uee. Ilyctk Touka O nekur B (OYEHb MAJOM) OTBEPCTHH JHa-
$parma D, na koTopyio 110jaHo Hampaxenue {/,, MOJOKMTEIBHOE OTHO-
cuteapHo Katoma K. Caarawowas ckopoctd mo ocH 2 (puc. 7, a) pasHa

Zy=1, cos ¥

XL P2l — 22—=22(1 — cos?0) =22 sin?0,

*} MNpeanoaaraercsa, uTC¢ n04¢ CHALHOE M PRAMYC KPWBH3HB THHUHA 00aA He
QYeHb Maa,
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CnegosatensHo,
¢ . ¢ — . 2 VU, .
R——_!_l—!_]—'vu Smﬁ..m,r‘—H— ]/QT‘U\,) sin H—C V Tq——H—»Sln 6, (2.]5)

Y 'y7TE
L= 2%~ v, cos b= 2rc ]/% Ll coss, (2.16)

rae
W= /.

Ilas sAeKTPOHOB, BHIXOAWMX M3 TOuKK () moA HeGOJBLIMM YTAOM K Mar-
HHETHOMY 1010, MOKHO HAMHCATh:

— 2 YU,

R=c)/ FHis
21Uy 5
T, H '

1

(2.17)
= ¢

OTH 9MeKTPOHH, TakuM 0G6pa3oM, NOCHe NPOXOKAEHHA OAHOTO 0GOPOTa
CMHpaaM KaxasH pas cxoaatca B Toukax O, OF, ..., aekamux pa

v
&, -L)-
A
A MR S Tty ST AT
+
I H
—_—
"Ei““"&f"“""éﬁ ““““ 6
0 K le—pe———— S e
) 02 Gzr 0271 0;!’!
Twy Ty T o o
—

Puc. 7. OfpazoBaHde 3I€KTPOHHHI H306PaKEHMH B NAKH-
HOR MardduITHOH AHH3E.

paccrosunsx L Apyr OT Apyra — MOKHO CKa3aTh, HYTO SJCKTPOHH
(OKYCHpYIOTCA B 3THX TOYKAX, KOTOPBIE MOKHO HA3BATH 3JIEKTPOHHBLIMH
uzoOpaxenuamn Toukn O, Ecan HCTOYNAK 2J€KTPOHOR COCTOHT M3 HE-

*) B dopmynax (216} —(2.18) {/, — Hanpaxenne OTHOCHTEIRHO KaTO]a,
NPHYEM OPeliOIaraeIca, 4I0 CKOPOCTb BHLIETa 3JeKTPOHOB M3 Karola Mana.
310 ycaoBHe XOPOLIO BHIIOAHAETCA AIR BCEX BHIOB 3ACKTPOHHOH 3MHCCHH., JTHM
YNPOWEAHeM ME GYIEM 4aCTO [103b308aThCAH,

§ 2] ABWKEHWE 3APOKEHHHX YACTAN B OJIHOPONHHWX TOJAX 27

CKOJABKAX TOYEYHBIX HCTOYHWKOB, KaK HA puc, 7, 6, 10
010120;()5: O =...,

T. € NOMEPEYHHIe pasMeph W300DAXEHHA DABHH [TOMEPEYHHIM pa3MepaM
UCTOUHHKA. 3TO BEPHO, KOHEYHO, M s UeJ0H NOBEPXHOCTH, IMUTTH-
PYIOEH SAEKTPOHH, WHuMY cnoBaMu, OJHOPOLHOE MArHHTHOE MONE AAET
MHOMOKDATHOE MDAMOE IJEKTPOHHOE M30GDPaXKEeHRE C YBEAHYCHHEM, DABHHM
exiHuue, B sTol CBA3H OJHODPOAHOE MArHHTHOE NOJE HA3KBAOT AJHHHOM
MArHHTHOH AUHSOMH.

Ecnn snaekTpoOH BAETAET B MArHHTHOE NOJE MEPNEHAHKYMSIPDHO K €ro
CHIOBHM JHHHAM, NPOGEKaE NPEABAPHTENRHO YCKODEIOILEE HANPHKEHAE Ua,
TO )

Zy=C=0; X4 P2—=12=2v0,.

Anexrpod GYLPT ONHCHIBATL KPYr pagHyca
ST O,
Rzﬁ_-_—:f;; =_%V2nua=% 1/—11_0. (2.18)

C TOCTOAHHOH 1O BEJRHYHHE CKODOCTBIO

v=10,=1 HR =——HR. (2.19)

Hs (2.19) Buamo, 4r0 Tpaekropu# G0AsmOH KDHBH3HH [OMYUAICTCH
IR SNEKTPOHOB B ropasno 0onee cAabRX I0As#X, YeM A TPOTOHOB H
APYroxX TAMEAWX 4YacTHL.

3. IlpvenHe B OZHOPONHOM 3JeKTpuieckoM noae. Hanpasmm
oCk X NO HanpaeaeHnwy £ W nodoxum, ytro H=—10. Torna

Ey=Ez=0; HJL’:H_)J:HZ:O’

K ypasHeHus (2.5) npHEMyT BHA

X=—nEt } A,
y==5, (2.20)
=0

Huterpupys (2.20) » 0603HauHB HOBHE NOCTOSHHHE WHTETPHPOBAHHA
K, L, M, noayyam:

x_—T'—th-[—At—I—K
2 ?
y=2Bt41,
z=CtL M

BuGepeM 3a maockocTe xy MIOCKOCTD, TPOXOIAMIVIO YePe3 HavaNLHYIO
CKOpPOCTe W napanenviyr £ (puc. 8). TlyCcTh B HayaAbHWH MOMEHT
=y=2z=0. Toraa

C=K=L=M=0; A=3i; B=7,
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Tpaektophedi Gyzer nNOCKas KpHBaYw, AEKAWEA B TAGCKOCTH XY, A
YpaBHeHHs OBHKeHud OynyT:

x=—Lpy g

(2.21)
Y=
Hexnwouas £, noayuuM ypapHEHUE TPIEKTOPHA
___7E 3 &
¥= sy -+ 12 (2.22)
310 napaGoaa, ofpamleHHas (4AA S/AEKTPOHOB) BOTHYTOCTBIO K OCH J,
| Z. £
Uy

)
|
|
|
|
|
|
|
|
I\

\ .
0 Ym Yy Ty

Puc. 8. TpaekTopuA 3apmEedHON YacTHUH B OLHOPOUHOM
ICKTPHUECKOM FTOAE,

KoopavHaTH e BepliHHR
—y o L,
Yy=p= nE X=Xy =5 F WE
a TOuKa, rie napaGoJ/a NepeceKkasT och V¥ (<AaAbHOCTH NIOAETa»), onpe-

neasercda n3 paBeHCTBA
Xol’o

Y= Qym_Q

MIH T4K Kak
Xo=Tysinl; Jy=wvycosb; V=290,
10 _

Y=4sin 0 cos ﬁ% ==2 sin (29)%. (2.23)

4., JlemxxeHne BO B3aHMAONepneANXRKYAspHnix noaax E n M.
Ecar H waupasneno no ocH 2 H E no oce x, 10 B ypaBHenHsx (2.8)
moxdo nonouwuts E,—0, E,—E, ¥ OHR MPHHEMAKT BHA

x:_*_JE___f_-{—Rsin (of 4 0),
y=—"E s A Reos(t4g),
a=Ct-} D

(2.24)

g 2 HARWAFHWE IAPTKEHHRIX YACTHIL B OOHOPOAHHYX 074X 29

ITycTs ABHKEHHE HAaYKHACTCA ©3 HAyaJa KOODAMHAT A HavankHas
CKOpPOCTL  JIEXHT B [IOCKOCTH Xy, T. € 1pn =0 x—=y=2=—0,
3==2,=0. Ilpn TaKMX HAUAALHHX YCNOBHAX [ABHKCHAE NPOHCXOIHT
B IOCKOCTH Xy, TaK Kak B 3TOH NJOCKOCTH JeXKaT Kak HadaibHas
CKOPOCTh, TAK H CHAA. JTO BHAHO, KOHEUHO, H W3 TPETHErD ypaBHe-
pua (2.24). Hcnonwsys navakbHbie yenaosus w3 (2.24), nerko HalTh, 4rO

A==xy5 B=1y; Rcosg:%‘— ; Rsin cp:—‘::——}—lmf— (2.23)
rie X Ye— caaraoume crkopoctd npa £==0. [Ipeodpasya B (2.24)

Rsin(wf--¢) w Rcos(wf-F9) no dopmyiaM cuHyca m KOCHHYCA
CyMMBl ¥II0E H KCnoAb3ys (2.25), nafmes:

={—j~;"~—|— - )(cos wt — 1)_1__‘“'155!] wt,
\
(2.26)
y=—-= —|~ (l—cosm‘)—[—’("’”—}—T smmt
QO6oadauan — v, 4epes a, OKOHYATENBHO MOMYYHM:
X = "’% ——i'l\}(l — COS wt)—[—— sin wf,
' (2.27)
=Lt 21— cos mt)+(5’° — 2V sin ot

TpaekTOpHH, COOTBETCTBYICIIME ypagueHusm (2,27), HOCAT HasBauue
Tpoxou. B 3aBACHMOCTH OT BEAHYHHK W HANPABJAEHUA HAYAALHOH CKO-
POCTH MOAYYATCA TPOXOHAM ABYX Tanoe (puc. 9, a ¢ g). Tpoxouaans-
HOE JBIDKEHHE 3JEKTPOHOB MCTOAL3YETCH BO MHOTAX npufopax.
Yacthuit cayuadl Xp==3, =0 6AM3KO COOTBETCTBYET uAaCTO BCTpE-
YAIOIIMMCA HA NPakTHKE YCTPOHCTRAM, B KOTOPHEX KATOA, 3MHTTHPYHOIKH
3JEKTPOHH € HEOOABLION Ha4albHOH CKOPOCTRIO, BHECEH B NoJe. B stom

cayqae (puc. 9, 6)
£ == (1 — cos wf) ==p (1 — cos wf),

o {2.28)
y =5 (of — sin of)=rp (of — sin wf).
370 ypapHeHus UMKAOWIE, 0GPasOBaHHOW KDYroM paauyca
p=-% =?,:1E—= (2.29)
KaTAWMAMCA N0 OCH I CO CKOPOCTHIO
vy=%_—_—c§. (2.30)
Ecan Es sfcv n H 8 apem, 10 p=25,6 H‘ ey v=— 10“ [Mc]

Hanpasnerne asukenus mo oci y NIpE 3afaHHHX HallpaBJIEHPlﬂX EuH
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HE 33BUCHT OT 3HAKA YACTWLM, TaK Kak ectm B Towke O (puc. 10)
NOABAKIOTCA (163 HaUaAbHON CKOPOCTH IEKTPOHH ¥ TIOTOXHATENLHBIE HOHEI,
To noj acHcrsueM noas E oww OyAyT Asurathesd or todku O B Dpo-

a)

NNV NV NV

5o

4o 2)

ef

H
Puc. 9. TpaeKTOpHH, BOIMOMHLE BO B3FHMHO-NEPUEHIHKYIADHLY
SNEKTPHUECKOM H MATHHTHOM (074X MPH DA3HHX HAYMILHHIX CHO-
pocTaL,

+

a)
g 7
f/
X
9 £
g ]
H Uy

Puc. 10, LIngToHIaT6HHE TPACKTOPHH HOHOB (@) u saexTpouos (6) BO
BIAHMHO-NEPINEHIHKYIAPHAX MACHATHOM # SACKTPHNECKOM NOAAK.

TUBOMOJOKHKE CTOPDOHW W MAarHUTHREIM

nonem A GyayT OTKACHEHH
8 OMHY H Ty xe cropoHy. Ho pamuyc xpyra oG6paTHO MpONOPHHOHAACH

§ 3] OTKAOHEHHE W GOKYCHPOBKA 3APHKEHHBIX YACTHU 31

YAEALHOMY 3apAly M A48 MOHOB BHCOT2 ADK# LMKAOHASI 2p U €e JNuHE,
T. € [AaCCTOAHHE MEXIy [BYMA NOCAELOBATEAbHHMH BO3BPAILCHHAMH

E
= |» TOP43no Gonbuie, 4eM An% 3JIEKTPOHOB.

Oco6bll  HHTEpEC mpencTarafeT cayuai, koraa X,=0, a J, umeer
TaKYl0 BENHUWHY ' HANPABACHHE, UTO Chia, NelCTBYIOWA® HA SASKTPOH,

OKa3bIBAETCS PABHON Hymo, D10 OGyaeT TOraa, Koria

K OCH d=2np=2nc—:
|

£. (231)
OTHOCHTENbHBE Hanpasaenus E, F, ¥y W CuAb, geHCTEVIOUWINE Ha I7EK-
TPOH, AfA 3TOTQ CAy4Yas MNOKasawu Ha puc. 9, 2. IAeKTpoH, OUEEMINO,
GyaeT MABUraTHCH TPAMOAUHERHO. IJTOT BHA ARHKEHHA B CKPEMEHHBIX
noaax Eu H HCIONB3YCTCH A BBLACACHHA JJIEKTPOHOB W HOHOB onpe-
OCNeHHOH CROPOCTH.

. H .
eE:eyeT i = J,=c

§ 3. Orxnonenne W QOKYCHPOBKA 3apAXKEHHBEIX 4aCTHL
B ONHOPOAHBIX H TJAOCKHUX 00JAAX

1. Mocranoeka sanaus. B 3MeKTPOBAKYYMHHIX RPHBOPAX 4acTo
NPHXOMKTCH NPUMEHATh SNCKTPHYECKHE MM MArHHTHHE NOAf 119 OTKJO-
HEHHR BaPAKECHHHX UYACTHU OT npaMoanaeiHoro mytn, “Yawe ncero upn
STOM OTKJOHAEMHE HaCTHUM 00pasyloT TOHKHH W AJWHHEE nyuok. Ha
A3HKE ITEKTPOKHOH ONTHKH B 3TOM Cayuae CAelyeT TOBOPHTh off oTKAo-
HEHHH SJIEKTPOHHHX H HOHHHX JAyuell, 3 OTKACHAIOIMIEE N0JE HA3LIBATH
SNEKTPOHHO# [pH3MOH,

O6uuHO B KAYECTBE OTKAOHAOIIErO [0/ HCMOAB3YIOT NOJE MEKIY
MNACTHHKAME  MAOCKOrG KOHAEHCATOPAa HAM MIGCKUMH TIOTIOCHHMH Ha-
KOHEUHHKAMH MarmuTa. (eTka CHNOBHX JHHEA ¥ SKBHNOTEHUHanel
B CCUCHHE, TAPAAIENbHOM CHJIOBHIM JIHHHAM M JOCTaTOMHO YIAACHHOM
OT KpAaes B HANDABACHUH 2, MEPNEHAMKY/ADHOM K Ceyenuw, HaoGpaeHa
(ana cayyas anexrprueckoro nons) Ha puc. 11, a. KapTuua cuaosux
AAHHA MArHUTHOTO TOA" MEXKIY TAOCKUMH NOMOCHHBMH HaKOHCUHBKAMH
HMEET CXOIHBIH BUO,

Ecau maactanw mmeor B manpassenwn z (puc. 11, 6) oueHs 60ons-
WYy NPOTHKEHHOCTh (UPAaKTUYECKH GOJbIIYIO CPABHUTENBHO C PACCTOR-
HHEM MEWKIY HHMH), TO KapTHHa, w300paxeHHas Ha puc. 11, noBTopurca
B JIOGOR MAOCKOCTH, AepneHAMKYAApHOH K 2z TIOTeHUHan 34BHCHT TOALKG
OT KOODJAWHAT X M ¥ W HE 3aBHCHT OT KOOpREHaTH 2, Takoe moJe
HA3HBAETCA ABYXMEDPHEIM HAH IJIOCKHM.

B namem cayyae AByXMepHOE T0M€ COCTOMT M3 0GMACTH OIHOPOAHOT O
MOAR MEKIY NAACTHHAMH BAATH OT WX KPaes u 3 06JacTH noid pac-
CeAHHs BOAH3H KpaeB NacTHH M BHE HX. Isyxmepsnm Gyrer Takxe noae
UWAMHIPHICCKOr0 KOHACHTATOPd, AMWHHOrO TPHOAA C AAOCKHMH  HAH
LHANHADHYECKHME SAEKTDONAMH H T. A,

Ha npaktuke mpuxoaures ecrpeuatsca co CYUasg™MH, KOTHA TPAaeKTo-
PHE 3apAMEHHEIX YACTHI UEAHKOM JIEKAT 8 00.1aCTH OIHOPOAHOTO noJas,
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HalpuMep B HEKOTOPHIX THIAX MAaCC-COEKTPOMETPOB. Ho ropazac uawme
BCTPEUAIOTCS  CAYYaW, KOrZa 3apuKeHHBe uYacTvibl [(pOX0AT CKBO3b
OTK/QOHAILAE T[O0NA, Nepecexkas W 0044CTH nojaeH pAccesHns H 0B.M3CTh
O,'_IHOpOJ.lHOI‘O noaq, Tpae]{TQpHH yacrTiil KaxKk B ﬂepBO.\l, Tax H BO BTOpOM

aa

u

e/

6}
Puc, [1. DackTpuyecKkoe mnofe napanienbHslX NJaCcTHH.

@ — cMA0BME W SEBHNOTEMUAAABHLIE AUAHH B TAOCKOCTH x= const;
6 — BLISOP HAPABACHHE KOOPAMHATHBIX oCefl.

cAyuasx MOryT cOJ@XaThCd ¥ PACXOAHTBCA, HHHIMH CAOBAMH, OTHIOHCHHE
MOKET COTPOBOMKIATHCA (DOKYCHPOBKOH HAK AePOKYCHPOBKOW BNEKTPOH
HMX ¥ HOHHEX JAyuedl. Hame 3anaueh siBASETCA H3Y4EHHE STHX aBacHAR
Ha TMpUMEPaX, UMEIIIAX TPAKTHUeCKHA HHTEPEC.

2. GoKycHpoBKA Jyduedl, UeSHKOM JeXKawKX B OAHOPORHOM mar
agrroM nose. Ilycte u3 touxkm O (pre. 12) BHXOQUMT B MAOCKOCTH X
BeepooGpasusll NYUOK 3AEKTPOHOB. IlpoHas vepes nuadparmy D, orpa

HAUHBAIONIYIO WADHHY Myuka HeGOALIIMM YTAOM DACXOWICHHA 22, ITCKE
) o

TPOHHEIE AYYH H3rU0aIOTCR CAEBa Halpaso IO KPpyry paadyca R=*1TH

& 3] OTKJIOHEHUE ¥ SOKFCHPOBKA 3APHKFHHWX YACTAL 33

MACHATHBIM  TIOJeM, MEPNEeHIHKYJAADHWM K MAocKocTH ueptewa. Cpeannii
Ayd nyuka ¢, sereawnit w3 O no manpaeaenni Ox, ONACaB nojy-
OKPY®HOCTb, TONagaeT HA avnuw Oy B touky A, M3 puc, 12 sugno,
Y10 JAYYH @ ¥ b, Boledmme H3 TOYKH ) 003 YraaMmd @ CUMMETPHYHO
oTioCHTEARH0 Ox, nonaialT 8 Touky B, nexauyw caesa or A. Jlerko
xI

f
!

Puc, 12. doxycupobxa 9rCeKTPOHCB NDH OTKACHEHHH Ha 1807
B OQHODOOHOM MAaTHHTHOM HOJe.

y0eanTeca, 4TO0 Ha oTpe3ak A8 nonalamnT BCe 3NEKTPOHH, BHXOAAUIME
H3 ToukH (0 B Tpejenax yraa 2u, OTMEUEHHOTQ HA PHCYHKE, T. €. Ha
orpeske A5 NpOMCXOAHT KOHUGHTPAUHS 3/EKTPOHOBR WIH, YTO TO e
camoe, (GOKYCUpOBKAa 3AEKTPOHHHX ayuel. Oanako (okycupoeka Gyaer
HECOBEPIIEHHE, TaK Kak JYy4H, BHLIGAIIME H3 TOUEYHOro ncrounnka O,
pacnpeneasiorcs Ha orpeske AB W asolpaxenue Toukm O noaydaercs
pasmuToe, Mepo#l KauecTBa (OKYCHDOBKH MOMKET CAYKWTH IJdMHA OT-
peska ARB. llposeaem u3 touxkm O pmamerpnl OM u ON, H: KoTopue
OMHPATCA  KPYrosue Tpaexktopum avued & u a. IlepneHaukynsp, oay-
uleHHelf w3 Toukuw M ma Oy, nonaZer B Touky B, Tak Kak BepliMHa
npaMorc yraa OBM, onupaoerocs Ha AAAMETP, NEKHT HA OKPYRHOCTH,
B 1y xe Touky B nonafer W NEPHEHAHKYIAP, ONYIEHHHEH H3 TOYKH N
Ha Oy. Ha pucyuke OM=2R, OB=~=2R-— AF u, cle1oBateinHo,

AB=2R(1 — cos a) = 4R sin"‘% (3.1)

HAR, €CAH 2 o Man:
AB == Ra®,

Hanpuwep, nma R=05 cx# u a =005 (okoro 3°)
AB=0,125 ax, Tak 4TO pPA3MHTHE H3OGPAKEHUA HEELNHKO,

Ecan ke MCTOYHUKOM 3JEKTPOHOB CHYKHT Y3Kan N0J0CKa, Nepneu-
AMKYJRPHAS K 9ePTeWY (HCNYCKAWAn 3IIEKTPOHH DACKaJeHHad MpOBO-
A0Ka waH TPYGOUKA C DANNOAKTHBHEIM NpelapaToM), # aumadparma dmeer

2 B, M, lanonos, 9, I

NOJYUHTCA
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napasnenbHo# SMUTTHpYIOIEEH TIO0CKE, TO <H30-

GopMy YaKoH MENH,
cAerka pasMbiTod DOJ0CKH.

Opamehne» OysieT WUMETH BHI

3, doxycHpoBKa Ayued, HEeNHKOM nemamux B ONHOPOAHOM 3IJEKTPHYE-
CHOM DOje. B OIBOPOIHOM BAEKTPANECKOM (102, TAK Ke KAK U B MArHUTHOM 1I01€,
MOMHO MNOAYYATb (DOKYCHPOBKY. Mycts & Touke O, gexallell B LHOJE RAOCKOTY
gongencatoff {(puc. 13), HAXOIWTCH HCTOMHHK (I0TOKA JACKTPOHOB opunakopofi
cxopoctd, JlHagparsa [) Bupe3aeT yacTy OOTOKE, cpeInHM  AYHOM KoT1opof

// — -

|

7] 5 A ¥

l J-P

Puc. 13, PoxycupoBKa 3aeKTPOHOB 1IpH CTRAQHEHHH
& QLAOPOMHOM IEKTPHICCKOM TOIE,

aeaAeTca Iy, HakIOHEHEHH NOX yraIoM 45° g woaw, ITOT AyY HMeeT ganboIb-
Wy «1aILHOCTL nonetar» (cM. dopMyay (2.23)), ¥ 3HAUHT, aIvu#, BRXOLALLHE
p3 oTBepcTHA JnapparMul nof  Yraamu, MeHbUIEMH H GOIbIINMH 43°, TonagyT
pa agiuio QA 0o OIHY H TY JMC CTOPOHY OT TORKY

orpeska AB. Jror cnoco6  (hOKyCHPOBKH HE DOTYY
4o OH TpebyeT 3TEHTPHUECKOLO BoAs, 32HHMADWeEra Goabmol o0beM.

i Br
Jnenmpont: wit
ot
pa300 CROPOCL
Puc. 14, POKYCHPOBKA 3dPAMEHHHX U

acTun ¥ ux o16op
KAOHEHHW B 1o1e LHIHHAPHYECKOIO
KOHNeHCcaTopa.

Ry B Rs — paanych ofKI1anck KOHIEHCATOPA.

{10 3HEPrUAM TpH OT

* PaccmoTpnM GOKYCHPOBKY BOIC M IHHT
pROASWYUS UEPNEHINKYNAPHO K PamHyCY B foae HHAMAIpHUEC

panuycel 0Gk1a KoK KOTOP
— eEy = MRy,

A B npeneaax HeGoanoOro
WI NpHMEHEHHA BBHIY TOIO,

pHuecKoro KOHIeHCaTopa. JIEKTPOH,
Woro KoHIeHcaTopay

oro paBi &) ¥ Ra, OMMLLET Z¥TY kpyra Qab (puc. 14), ecnd

(3:2)e

)

§ 3 OTRNOHEHHE U SOKYCHPORKA IAPAMEHHEIX YACTAL 35

3nech Eg¢ — HaNPAEEHAOCTh 0
3 oaa upH R == ’
Fean Touka (O — HCTOMHHK ¥3XOro pacxgnﬂu‘feroglo I;AW:}::;-;’[lé%;roaiiqacmra-
i ; -3 ) OoH
70 BCAKHHA APYrOM 31€KTPOH W3 11¥YUKA DUMILET KPHBYIO, OAUBKYIO K }Ppyry ;o:gqlgg' ’
nepeceKaeTs ¢ OKPYWHOCTBIO 5, HAlUPHMEP, B TOYKe b Hoxaxem l-1"[0 [lOI;‘lE
y b

npox0EeHAA IYCH oipededeHEOH ATHHW, PaBHOH 7‘/]/175127“17' MPOHCXOIHT
QOKYCHPOBKA  1IYHKA Ayue, BWLIeQmMX H3 OJHOH TOUYXH ¢ onunakosoh

CKOPOCTLIO
Jas uytn Ochb B KaKOH-HHOY1b TOUKE -

—¢E =mRat —mR. (3.3)

ila"pﬂﬂ{eHHDCTh 1noiaa H IHHHPHHECI{OI”O
* KOHIIEHCHTDp T
4 Ha pﬂ.cCTOHHHH R o

E=E, %
Ofospaunm Manylo pexunny R — Ry vepes r. Torna
- 5 R R—r r
r= R’ —_——=—— =] — —
R=" R TR
H
—E 1 —-C
E=Ell—-5). @y

Tak Kak Ha 3ICKTPO ]
H NeHCTBYCT UEHTpanbHas CHUa, To, Ka
¥ ; K W3BECTHO
MEXAHMKH, €10 CEKTOPHAIbHAA CKOPOCTh wR® ocTaercd ]lO,CI‘OH’HHOH, T. € "
. 4
R =y} w=—uy —

R
Popmyry (3.3) MOKHO Teileph MEPENHCATh B TAKOM BHiE:
b (1— L\ b i — ma B
eEo(I R)-{—mr—-mmﬁﬁg--_—o,
HIH TaK Kak — eFg=mRul u R==Ry+r, 10
sz(l-—-—r—‘)-- F— e___ﬂ___ 5
0y r+RG %‘r wy (r+ Ru)s =0 (3-3)

Eggrnnoig;%ré;r—;s;u“(gf)), OCHOBHIBAACh Ra Gausoctd Tpaexropuw Ocb K OKpyM-
; ] yjeHm, copepwamue r2 3, 1§ Pl
CBENETCA K YPaBHeHNUIO ! pxamne r?, 7%, 7F # 1. 1, T0 ypanwense (3.5)

F + 2m§r =10 (3.6)

3ro
“exngpa:;:::; :pocmro rAPMOHHYECKOro KomeOaHRA, TaK 4YTO PACCTOAHHE
paexT.opnnuH r=R— R, U3MeHAeTICA CHHYCOHOAALHO © 32

2n
nepuot T,= — RBANAb
r o A6 NPOXCAMT Yepe3 HylIb, Bpesma o1 oluoro Npoxom-
AeHHA uepe3 RyIb N0 JOpYroro pas
SACKTPOH NPOXCAHT n}’r)‘py pavwo. TofZ, 1 33 oro uREuR eyl o kpiry
T, L]

b= g =~ —
O = w,

— = 127°IT",
2

PokycH
poskof ); gg:;aonlimumuﬂnpmecxom IAEKTPHYECKOM [oJe, Hapagy ¢ QOoKycH-
P M MarHdTHOM HONe, NPHMEHAEGTCA B MACC-CNEKTPOMETPHH

Qe
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(cm. § 38). Harmaauyio NEMOHCTPauUHIc (OKYCHPOBER B UATHHEPHYECKOM [OIe
MOMNHO MOAYUHTL nyTeM (OTOrpadpoBaRHA HHTEBHIHHX WYYKOB STCKTPOHOB,
00 pa3yIoMATCA NpH ONPEALICHHLE YCIOBUAX B Pa3pekeHHWX rasax. MexaHmaM
HX ob6pazosauns Gymet onncan Hume (§ 11); cefivac Mw 3aMeTHM TOHbKO, UTO
BCIEACTBHE BO3IGYRAEHMA aTOMOB MPH COYAAPCHWAX € HJICKTPOHAMH HA NyTH
CIeIOBAHUR TEKTPOHOR NPONCXOAMT H3aywedWe H HYUoxk MOXkHO coTorpagHpo-
gaTb, Ha puc. 15 1ana dotorpadWs Tpex HUTEBHAABIX NMYUKOB B UHIHHAPHYECKOM
none, PorycHpOBKA fNocae NPOXCHICHHA J¥IH 2/ V2 ped=127°17" Buiua
BTOIHE OTYETAHBO. .

Ecan nyTh ayuefl BHYTPH KOHAGHCATODAa NOCTaTOMHO HAMHEH, TO KOHieH-
catop O¥IeT NPORYCKaTh 3IEKTPOHH HAH HOHW TOJBKC OAHOH ompefenensoit
ckopocTh. [lycTe CKOpPOCTR 3AEKTPGHOB Uy == VZ‘GT.: H BXONHAH H BHXOAHAR

{oueHb yakue) wean npuGopa Dy w [ Jewar Ha OKpYMHOCTH paanyca R,

mu
Ecan 3atextponn npoxofsr uepes ofe mend, 1o ——* = —eE wan W, /R=

d
=—F= 4, OTCHIA

dR’
dR _ dU
T_E; . (3.7)

Ecau HampaikeHHe Ha KOHJICHCATOPE
pasuo Uc, To, nuterpupya {(3.7), no-
JAYYHM

R 20,
Ry UC

Ry 0
{ax o f o

Puc. 15. PoTOCHHMOK NCKTPOHHRX Ay~
yel B paspewenHoM Buie, cjokycmpo- OTEYAd
BEZHUMX B loJe UHAWAGPHYECKOTO KOH- Ry

Ug= 2 n-gt. 3.8)

JeHCaTopa.

Tlpyu 3amanrom manpaxeHud  koaedcatopa Uy m oueHb yaxoii wean D. uepes

KOHIEHCATOD NPOXOQIAT TOABKC SJEKTPOHb BOIHE ONDENcNeHHON Inepriuu (el/g)
Bee 3aeXTpoHH ¢ GolLmei MIH MeHelel sHeprael 6ynyT safepianp. To xe
YCTPORCTRO MOEHO HCMOML30BATH M A% OTOOPA NOJOKHTEAbHLX WOHOB, HMe-
MK ONMpeJeIeHHYI0 SHePTHI; NPH STOM, KOHEYHQ, NPHIETCA B3MEHHTL HANpat-
nCHHe nonA B KoHZeAcartope, [IpH yraoBoR mamHe kOBOeHcaTopa, pasHod 127°17,
NOIYUYAKTCA OJHOBPEMEHHO OTBOpP 3APAKCHHEY WACTHL 3a1aHHOH IHEPIHH ¥
OKYCHDOBKA MX Ha BHIXOIHOH LIETH.
»

4. Jlyun, MpOXONAmMHe Mepes OTKAOHAIOMeEes mnoje. O5_paTm|cs|'

TEMEPh K BAKHOMY A3 UpaKTHKKH  Cly4yalo, KOorjaa Nydyox 3JCKTPOHHBIX
WAH WOHHWYX Jyuelt OTKJOHAETCH Ha neGoAblOR Yros, MpPOXONN CKBO3b
ABYXMEDHOE 3EKTPHYECKOE WM MArHUTHOE MOJE BHIY, W30OPAKEHHOrO
Ha puc. 11,

He 6yaem cnavana npnHuMaTh BO BHAMZHHE NOJ€ DaccesHns. Jaex-
TpoRHEA nyu (Tak M A48 KpatkocTn OyIeM HasbiBaTh TOHKHH TMy4OK
ayueH) BXOINT B aieKTpuyeckoe mose 8 Touke O (puc. 16) ¥ BHXOIAT
w3 Hero B Touke A, ouncas ayry napaboaw. Was ypasuenwa (2.27) »

L]

k!
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ofO3HAUCHHAX, MPHHATHIX Ha PHC. 16, MOJyuuM, yuHTHBadg, 4TO OTKJOHE-
HEe NMOBCIOAY B M0J€ ocTaeTcd MainiM u uro £ < O:

e L

. 2 .
x= 558 Ao 2 (3.9)
Ws ueprexa
dx wE e Us 'E
ZEA’\-’_,‘tgIEZ[E]ZZIE:-T;!—ZE:WE[E,;: . 310

.v‘_'
roe Uazii—yd{opmomee HaNPAKEHHE HCTOYRAKA 3JIEKTPOHOB, HE
noKazanHoro na ueprexe, W U, — Fd — #anpsxenre Ha OTKAQHSIOMINX

Tz

C!

T
. h }“’
e q A

caall i =
C

Z

t L

Puc, 16. O1kaoueHne 3apAXEHAHY 4acTHN NPH HPOXO-
WIEHHN 4epe3 OJHOPOIHOE INCKTPHYECKOE Oo.de,

nractunax. Popmynoit (3.10) MomHO TOALZOBATHCA C HEKOTOPHIM [PH-
GAMAEHHEM B TOCJa, KOrJ3d SJEKTPOHB BXOAST B M04¢ TO HANP3BJAEHHIO,
He B TOUHOCTH MapaifeJsHOMY maacTHHaM. CMemleHHe TOYKM nonafannd
snekTpoHoe Ha 3kpan u3 € B C', KOTOPO® MOMHO CIEAATh BHIHMBIM,
NOKPHBasg 3KpaH KaToJ0JOMUEHODOPOM, PasHO

wEle | | !
hg= 2y} X9 =[x ]emsp L tgag = vSE(L+3€)%1_fJEL (3.11a)

HJIH

I U, gy  Ligy,
o= of G (1)~ 5 @110

Haxonew, u3 tpeyroasuuxka FBA Buado, uto

FB=—28 . .
gag gep

-:15/2,

T. €. NOAOKEHHE TOYKM F He 3aBHCHT HH OT U, HE OT Zg, U CNEAORa-
TEMbHO, €CNH B KOHACHCATOD NOCTYNaeT BAO/L cpeanefl ero SHHHUA NOTOK
3MEKTPOHOB pasHHX CKDpOCTEﬁ, TO HU3 KOHACHCATOPA OHK BHYOAAT B
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BUle PACXOIAWEroCs Nyuka AyueH, NPOJOMKEHHA KOTOPHX NEPECEKAIOTCA
8 emauMoM Gokycer F.

MlpumeM Teneph BO BHUMAHWE NOANe PAacCeAHdA, HO Gylem NO-NPewHeMY
CYWTATL YTOA OTKIOHEHHA ManmM. YpamHeHHe JBMIKEHHA 10 OCH X Gyner

mx==—eE,,
OTKYIa

dz ( dx
dt

ou
W) =By dz =g ds, 3.12)

al -
rae rpanHent -a;——q:!yl{[(uﬂﬂ z, 32BUCAUIAN OT Xapakrtepa 3MeKTPHYECKOro Noan.

dz
Mo-sipexHeMy BEALY MAAOCTH OTKIONEHHA MO0 CYHTATh, MTO — ==TH

4YTO CKOpPOCTh U MaId MEHAETCA B Npounecce IpOXOHAENHA YEpe3 OTKACHAKMEE

none. A3 (3.12)
2 z
€£=§1ﬂﬁdz=’l§"_é’dz,
v ox v ox
a

YMiONan STO PABEHCTRO Ha dz W 33MeHAs omiTh dz/df uepes 0, NCIYUAM, HH-
Terpypys ellle pa3, YI0 OTKIOHCHHE [ATHA Ha IKPAHE PABHO

r=2z 2

v emha—— S (Sd—qdz dz=Ato = A (3.13)

2=z "ET gt ox mv* 2,

rae z, — pacCTOAHHME OT TONKH BXOWINEHNA IACKTPOHA B MOXE [0 IKPAHA,

3uauenHe WMHTErpana MoOKHO Ha#TH, HAMEDHB SKCMEPHMEHTATbHO pacnpele-
ACHHe noTeHnuana U/ M BWYMCIHE WHTE[PaR UPHEMAMH YACTEHHOrQ HHTErpHpu-
BAHWA KAH NPONYyCKas uepes npubop 3REKTPOUN HIBECTHOH CckopocTd © H
n3mepan ua skpae kg Ha Beanunny A, Takum 00pa3oM, MOMWHO CMOTPETL KaK
#a KOHCTANTY OTKAOHAIOWEro YCTpoRCTBa, KOTopas MoeT GuTh onpelerena pas
HaBCErfa. .

[as yACHEHNA BAMSHHA [TOXR PacCeAHHA NOIE3HO PACCMOTPETh OTKIOHEHHE
B KOHAEHCATOPE € 3INEKTpUHHOONTHYeCkol TowkH 3pendn. [lycTs noTesunar wpo-
CTPAHCTSA 33 HPEENaMH OTKNOHAOUIErO NOAR paBeH U/, B 31eKTPOHHO-TyuEBHX
TpyOkax TaKo#l TOTCHUAAR HPOCTPAHCTBA UOAYUAETCA NMOTOMY, YTO CTEHKH Gaa-
JOHA [IOKPHTH H3HYTPH UPOBOIAIIHM CA0EM, COEKMHEHHBIM C YCKOPAIOLIAM 31€K-
1pogoM. Ha nnacTHrw noiadw naupaxenus Uy -+ Ugyer2 0 Ug — Ugyef2 (cuMmer-
pHUHOE RKIIONEHME), TaK WYTO CPEHAR JWHUA KOHICHCATOPA ABIAETCA 3IKBHMO-
TeHnanbuol Ausmell © noresunazoM Ug (puc. 17, @). B Touke A, nemawmef! na
rpasnue OAHOpOLHOH oBaacTH oTRACHAKNIErG N0Ad, NOTEHUHAT paBeH Upy=
= [, + Ex,. C 31eKTPOHHOOUTHYECKOH# TOUKH 3PEHHA OTKIOHEHHE Ayda CACLYEY
paccMaTpUBaTh KaKk (IPEIOMAEenHe B CNO¢ TOMEHHB Xy, 110 ofe CTOpOHL! KOTO-
pore notenunan pasen Ug n (U, 4+ Ex). MNpumedds 3axon npeaomaenns (¢, § 1,
popuyaw (1.30)), n3 puc. 17, & nonyunm:

sima 1 _]/Ua+Ex._V1+Ex,
§inf  cosag Uy - [
Ex, Exy

1
=]41g2a,=1] + tgtap=—+,
" + 4 aE + Ua ] g E Ua

OTKYN2

cosla
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{ L
BocnoAs30BaBIWIHCE COOTHOLIEHAAMH x1=72,E igag u £ ﬁ——;"‘. , Hatgem:
P E UOTK
eI =5y

T. e ?‘pemmmo dopmyay (3.10). Hoe & Ttouke A nokazaters nperomaenus
ny=Y U, H 31eKTpOHY NPEICTOHT elle OPH BHX0IE BO BHELIHEE NPOCTPAHCTBO

¢ NoKasaTegeM upeAOMICHHA = ', ncumraTs NonoIsETENsHOe npeioMie-
nie, KOTOPCE H BHPAKAET BIHA-
aue noas paccesanuna. OHo Mo-
weT OHTb Malo, eCIH 3IEKTPOH,
OpOXOI1A [QNe PACCEAHHH, [Epe-
CEKaeT 3KBHITCTEHUWANbHNE NO-
BEPXHOCTH BCE BPEMA MOL YrioMm,
6mskuM K 90°. Takoe noaomwenne
moayyaerca, ecny {cv. puc. 17, 6)
MPHMEHHTE  CHMMETIPHYHOE OT-
KIAOHAIOHIEE 1I01€ MCWAY M50CKU-
my uaactHHamu. Ho Bosmowno
TaKKe, HaMeHUB QOPMY MAACTHH, T P
3dCTABHTE 3J1eKTPOHE HATH NMOYTH )
MapanleqbHo  3KBHIOTEHIIHAAb- ‘
HHM [OBEPXHOCTAM H HEPECEKATh l
HMX MOl MaInMH YraaMme, 1oGH-

BAACHE TEM CaMHM OOABbIIET® OT-

KJIOHEHHA B 110J€  PacCesHus,

Ard  BOUPOCH HMEWT 6oablloe d:éﬁ:’—‘&\ﬂ
3nauzedde Ana paborW 3MEKTPOH- i
Horo ccuuagorpapa, !

2y ]

A g
OriAodeHne SNEKTPCGHHO- 7] === { 6)
ro lella MArHHTHHIM  NOJAEeM 4 !
MpH YCIO0BHE npeHeGpexeHnd Ve

ne‘?CTB“eM oA PacCestiud  pye |7, g cuMMerpuunan Mogaya OTKIO-
MOXKHO BHYNC/IATH, HCMOAB3YS  HAWOIMErQ HAUPAMEHHR Ha OTaCTHHW: § — K
puc. 18. Tpae}('njp[{ﬂ ayua SIEKTPOHHOOUTAMCCKOMY pacyeTy OTK-'['OHEHHH.
cocrour 3 ayrun kpyra OA, '

KOTOPYIO 9JEKTPOHH ONACKBAIOT B MaTHMTHOM 1OAE, ¥ npaMoannelHoro
ydactka AC, UpOXOAMMOrO MO HHEPUHH MNOCAE BelXoaa w3 noas, Ha
puc. 18 caenyer: -

1=R—V R p=ry

Ly Ly
_yl“_VR——g_Zi, s

OTKyHa
EHIiy—R

hy— =
=y =R+ V= (3.14)
Dan Maqpee oTironenntt R* >l
N A S P TP L+t
br=R ”,)3” = +R”) 2 (3.15)
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Tar Kak

R— =CV2TIU&,'= ¢ Vwa
i ok Horg k|
rae [/, — ycKOpAolNee HAaNpLKeHue H oy — HATPTHEHHOCTE  OTKAO-
HAKWLIETro MarH¥THOrO noad, 1o
L41)!
¢ ( oy
hy = o (LA 2u) b Hlow :W Hore (3.16)
e 2

1

s YrIoBOTO OTKJAQHEHHA B MArHHTHOM noJe, 3aMeHAd TaHrend Ma-

J0T0 YA Gy YUAOM, NOAYUUM:

a2 = e Ll (3.17)
VrdoBoe OTKICHEHHE %y TPONOPUHOHAIBHO JIHHE nytu [y, npoGerae-
MOFO SAEKTPOHOM B OTKJAOHAWOIWEM MOO.E. B

Cnefyer OTMETHTb, YTO Ay NPONOPHHORANLHO V1, B TO BpEMA Kak
hg ne aasucut or v, [loatomy B SAEKTPOCTATHUECKOM NOAE OTPHETES-
HME MOHB OTKJOHMIOTCH COBEPUIEHHO Tak Ke, KaK SAEKTDOMEL, B TO
BPEMA KaK B MarHWTHOM [OJE OTKAOHCHHE HOHOB TOPa3dji0 MEHBILC,

C

e Lu =l L

Puc. 18. OTkJOHEHHe 3IABKTPOHOB OPH IPOXOHIAEHHH
yepe3 OAHOPONHOE MArHATHOE NOAL.

Yame BCEro 3AEKTPUUECKOE H MAarHHTHOE OTKJAQOHEHVA NPHMECHAITCA
B 3JEKTPOHHBIX OCHHJ’UIOFDHC‘)&X, H A1 NOAYYCHHA HEHCKAKEHHOH ocuun-
J0TPpaMMBL  HYXHO, ytoHbl OTKAOHCHHE JUHeHHO 3aBHCEAO OT HCCACHYE-

moft BeAHUHHE — TOKa MJAH HaNPAKCHHA.

dopmyan (3.11) u (3.16) noKasuBaloOT, 4TO hy TNpOTOPUHOHAKLHO
Hygo T. & TOKYy B OTIJAGHAEN KaTyiike, €CAH B Hell HET Keaesd,

«
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g 10 BpemMs Kak fip nponopuxoHansHo U/ . u ycaoene JuHEHHOCTH BH-
noansercs, Ho 9TO BEPHO TOJALKO NS CEPeAMHB IKPaHA, FAE 3AEKTPOHH
nepecexaioT 3KBHMOTEHIMANLHEE TOBEPXHOCTA MO YrAaMu, GAM3KUMH K
90°, ¥ sananke noaed paccesnns Mano, llpw Goapmux oTKAOGHEHMAX
pausHEE T0Jefl PACCedaHUs BO3PACTAET, JMHEHHOCTb HAPYIIAETC H 3TO
NPUBOAMT K HCKAKEHWIO OCLUAIIOrDaMM.

Fcan HYHHO UDHHATH BO BHHMAHHE 1I0C PaCCeHHHR 3ICKTPOMAarEMTa, TO
OTKIOHEHHE MOXHO BHIYHCAHTEL CaelylouldM obpasoM: a3 a000H TOYKH LYTH
paHyC KPHBH3HbG £ MOXKHO HaWTH H3 paBeHCIBa

mo? H

= — —— &,

R c
Kag w3secrHo u3 nubddepeHuHanbsoll reomeTpu,

(@) ]

aty T dEy
dz? d=2

R=

Tak KaK UpH Ma1oM oTKIonenwd Beale dy < dz, Ilojxctasiaa 1o 3Hauende R
B (3.17), noCae HEKOTOPHX Npeobpasosanuli H NBYKPATHOIO MHTCIPHPOBAHHA N0 2

HOAYHHM:
=2z

z
¢
Ag=|y lz:zl=ﬁ S S ~—Hdz; dz =ﬁ B. 3.18)
o

3nech 7y — PACCTOAHHE A0 3KPAHA OT TOUKH BXOXAEHMA 3IEKTDOHAa B MarHUTHOE
noie A, B-— KOHCTAHTA OTKACHAKILET0 YCTPOHCTBE, KOTOPAas MOXET SWTh BH-
YHCIeHa MAW OTTpeJeTeHa IJKCOEPHMEHTANAbHO CNOCOO0M, CXOIHLIM C TEMH, KOTO-
pue GBI YKadalbl 178 onpeneacnsas A,

Boiwe 6b10 OMHCAHO (OKYCHPYOLLEe ACHCTBHE OTKAOHSIOWIETD Mar-
HUTHOrO Tons npd nosopore uz 180° KoOTOpoe u€aCcTo OKa3HIBIETCH
nonesHM. B OpOTHBONOMOXKHGCTL 2TOMY (DOKYCHDYoulee aeHicTBHe npH
MAABIX YIA@X OTKACHEHHA MOYTH BCEria Hewenartensso. Hanpnwep, pery-
AHPYS HANDSAKEHMUE HAa AEKTPOAaX 3IACKTPOHHO-Ay4ueBOH TpyOkwH, A06H-
BaoTca  Xopowefl (OKYCHPOBKH, T. €. HeBOJABWOrO pPe3Koro maTHa B
UEHTPE 3KPaHa NPH OTCYTCTBHE -OTKAoHAlmMUX noaed. Ecaw npu orxac-
HEHHU TIOAYUaeTCR AONOJHHUTENBHOC COAMXKEHWEe WAH PACXOWIEHHE 3JeK-
TPOHHHX AyYell, TO Ha KpadX 35KpaHa Mpou3OlaeT pa3MPTHE NATHA H
Ka4eCTBO OCHH/IONPAMMD H/H TEAEBH3HOHHOTO H300paKeHns yXyalaercs,
[Tepex KOHCTPYKTOpPOM CTOWT, Takum 00pasom, sagaua ocaabuTh NO BO3-
MOXKHOCTH (POKYCHPOBKY B OTKJIOHHILEM NOJE,

b. ®Poxycupymmee nAelicTBUe, CONPOBMKIAWMEE OTKJIOHEHHE B
BJEXTPHIECKOM noae. Mul He MoweM 3fech 10APOGHO OCTABABAMBATHLCS
Ha TEOpPHH (OKYCHpYIOIIEro ACHCTBHY OTKAOHMOUIAX NOJeH ® OrpaHu-
YHMCA TOMLKO NPHMEPOM, HA KOTOPOM MOXHG YACHHTH ceGe npHYaHbL
NOABACHHA AOMONHHTENbHOH (POKYCHPOBKH OTKJOHAIONMY [OJEH.

PaccoTpuM nyyox s7exTpokos koHeuHolh wepunel Ak, BXOLAWME
B KOHOEHCATOP NEPNENAUKYASPHO K OTKACHHWWEMY noaw (puc. 19).

£
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Kpafitum JydaM myuka COOTBETCTBYIOT Daa/Huime YCKOPAIOULME HANps-
i A h+ AR
HEHHA, papHIE (Ua 4+ e ?) u (Ua + Uy -'T), ¥ cAencRa-

TelbHO, OHH HCOBTAKT B KOHAEHCATOPE . pasivdHLe OTKIOHEI K.

Puc. 19. PoxycHpoBKA 11YYKA JAEKTPOHHHX Ayuyeh NPH NPOXOXICHHR
yepea SNEKTPHYECKDE TOJE MAOCKOre KOHIEHCATOPA.

[Tpenebperan AeHCTBUEM TOAEd  paccesHHs, Mo dopmyne (3.10) nas
¥rAOB OTKJOHEHUA KpaHuuX nyueh (zp)y =19, # (2g)y=="0; noayuum:

8 Uonc IE

1= ] By
2d tua + Uox * E)

9 - . Uo‘rxlE

T R+ ARy
24U + Vors "7

Ecan cuwtath, wvo U, > Uy, TO DPasiocTh YIAOB OTKAOHEHHS npuGan-
3ATENLHO PaBHA

Upra I 1 1
Al — Bl —_ ﬁi — —_— =

2d h f-}- AR

Ua +UOTKE Ua+ Uo'm -: -

U lg

) ﬁ Ah, 3.19)
Vi3 uepTexa
Ax Ak

=%~

AR
tak kax yron O man u cos 8~= 1. Iloacrasus c:(‘ma A’; n3  GopMyaH
3.19), nony auM;
¢ 20%0% Ig

=g = (3.20)
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rae
UOTK ’E Eo'n( ’E

6= =

240, 20,

—— yTON OTKAOHEHHA CpelIHero nyua. Tax Kak IO OTKAOHEHWA JEKTDOH-
HblE AYUM OHIA 12PANNENbHB, TO BEAHYUHY f MOKHO HasBarh (HOKYCHbLIM
pacCTORIHEM 3AEKTPOHHOR JHH3b, (POKYCHPYIOWHM AEHCTBHCM KoTopo#
CONPOBOXKAIETCA OTKIGHEHHE SJEKTPOHNHX Ay4eh. 374 NUH32 OHAAHADH-
yeckafl, Tak Kak (oxycupymoowee fAekcrsue OyIeT ONWHAKOBO B aoboi
A0CKOCTH, NapainensHol OAOCKOCTH uepTexa. OnTHuecKuM  aHazoroM
OTKJIOHSIONIEr0 KOHACHCATODA SBASETCA CHCTEMA M3 NPU3Mbl H LHAUHADH-

1 ;
wecko#l nuuap, ONTHYecKas CHAAa AWH3K - NponopudoHaisda &, 1. e

f

GHCTPO BO3PACTAET TO HAMPABAEHHIO K KPaAM 3KDaHA, [AE M NOAYuacTCd
pandogbliiee MCKakawomee OERCTBHE (OKYCUPOBKE, CONPOBOXAAWMER
OTKAOHEHHE ayuel.

§ 4. PacueT W IKCNEPHMERTaIbHOE ONDENelleHHe 3SHEHTPHHeCKHX none
B SJeKTPOBAKYYMHBIX npHbapax

B 9MeKTPOHHWX IAMIIAX H IACKTPOHHO-TYYEBHX Tpy6KAX NPHXCIHTCA HMETD
1€30 © DIOCKHMK M dKCHAAbHOCHMMETPHYHWMM NoIaMA. [k u3yteHus ABHe-
HUR SACKTPOHOB B 3THX UOJAX HYWKHO NpeXile BCero ymerb AOCTATOUHOI
TOUHOCTHIO MX PAaCCUHTHEATL HIH M3MEpPATh. :

1. BupaxeHnd NOTEHUHANA W KOMNOHEHT HANPMKEHHOCTH AKCHAALHO-
CHMMETPHYHOTO DONs Yepe3 0OTeMnwan Ha ocd. B npubopax ¢ aKCHaALHO-
CHMMETDHYHBIMHE 1HONAMH BCErda HamGoace murepecHa o6JacTh Noan BOIH3H OCH
caMMeTphd, B sTolff 06JacTH NOTEHUWAA # KOMROHEHTH HaNDAKEHHOCTH 044
MOKHO BHA3WTL YEPe3 MOTEHUMAT Ha OCH M ero upoussoanuwe. Ecam socnoib-
30BaTbCA NHAMHADHUECKOH cHCTeMON KOODUMHAT 7, Z, ¢, TO 3TH BHPAXeHUA HMEWT
BHA (BWBOA CM. Tpuroxedne, § [ *))

. V2 [
JUEn=2 (z)—(—;—} D" (z) - ng (%) () — ..., @.n
ou 1
Er=— =g O = O 2
-]

rne @ (z) — NOTEHUWaN HA OCH M 1UTPUXOM, OTMEUCHH TPOMIBOAHWE 0O 2. fHan
MANHX 3HaYEHHH r

E =g Ly=—d. (4.4

DKBUNIOTEHIHANLINE NOBEDXHOCTH BOAH3W OCH HMMewT Hopmy runepiononIos
BPaLICHHA ¥ NEPeceycHne MX ¢ MEPAIMIHHEMH 110CKOCTAMM  opuy ruiepbon
Paauyc KpHBH3HE SKBHNOTEHUHATBHHY IVHAR Ha OCH BHpamaerca Qopmyiof
' 2P
! p= '(1;,‘,-. (4.5)

*) Pamciumn undpamu cbo3HayeHH HOMEpa naparpadoB NPHIOKEHHR.

1
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3TH QOPMYJH IIOKA3WBAPOT, YI0 OGUEHb BANHO HUMETb TOUHHE BHPaMeHHA LO-
TenuHata Ha ock © (z). K comasendio, 3T0 YIaeTCA TOAbKO JAA HEMHOLHX 11DaK-
THUECKH WHHTEpPecHsX (OPM 31eKTPOIOB, M Nake B 3THX Cayvaax NOJYUEHEbIE
BHPAaXEHHA OKA3WBAXTCA CIOXHLMH M HeYZOOHBIMH 173 NPaKTHYECKHX Pacyeros,
[losToMy HHMXE HEKOTODHE, IpPeJCTaBAAKLINE BCE e IIPAKTHYeCKHUH HHTEDeC
TeopeTHueckne PopMyAn npHBeleHn Ge3 BmBOja,

2, dopmynsl Ags pacueTa NoTeHnHana wa ock. |. Tlorenunan Ha ocu
KpYra0To OTEEPCTHA (Paduyca ry), IPOPe3aHHoro B TIOCKOM TOHKOM JHCTE, Ha-
XONAIEMCH OpH noteRndate {/y, NPH YCAOBHM, 4To 1o 00e CTOPOHH OT JHCTA
CYLLECTBYCT OFHOPOIHOE Toae ¢ HANpAXEHHOCTAMH £, u Ey ¥ Hayado koopauHar
HAXOIHTCA B LEHTDE OTBEPCTHA, PaBeH

B =g+ 2@ B[ 1+ g Pl 2 E B )
14 Ty Fa 2 .

9. Kak 6uino mokazape Deprpamonm ¥), pacnpeiaelerre NoTeHlHala Ha OcH
CHCTEMSH 3IEKTPONOE C OCEBOH CHMMETPHEH MOXNHO BHYHCIHTL C AwOO#H Cre-
LEHBX TOUHOCTH, eCAH H3BECTHO pacnpeleleEHe LOTEHIHANA Ha HHAMHIDUYECKOH
NOBEPXHOCTH KaKOro-HKGYNb oOnpeledeHHoro paimyca R. Meton Beprpama nph-
MEHHM K SIEKTPOHHBIM MHH3aM, 06Da30BAHHLIM IT0TAMH HECKOTbRHY KO2KCHATbHBHX
uasnknpos, Takue JHH3H YacTO [PHMEHAKTCH Ha Opaxtdke, Oinaxo cnocol
BLIYHCACHAA N0adA, AaHHHH BeprpaMoM, CINILKOM FPOMO3IIOK, H NOITOMY UM DEAKO
noabzyiorcd, Jlaa noaeit Ha OCH ABYX NMAMHRPOB, pPa3leleHHHX Y3KHM 3330D0M,
BMBCAGHA TaKWe ToyHad (OPMYIa, HO H OHA COJEPWHMT HHIETPAT, KOTOPHIH
yOaeTcA BHUMCIHTL Toabke npubamienno [JI 1. 2, ri. 2, noapoSuee JI 1.4]
[logToMy Mu mpuBedeM ToabKO ODMYIN, NAIIHE JOCTATOYHO Yopoulee npub-
AmmeHne. Jlaa asyx nuIHHIpOB ¢ noTenuwataM Uy u Us oanHakosoro pagmyca X,
pa3jleneHALY 3130poM WAPHHH §, pacnpeielenie NOTeHNBata BAOIb OCKH NPRO-
AUEEHHO MoAuHHAeTCA dopMyle (Touka z =0 JIeWwuTI NoCcepelnHe 3a30pa)

s
vt Uou ] [1219 2]

®(2)=— {4.7)
2 ! s z—s !
2635 =
’63R ch [1,310 % ]
koTopas 114 §=0 (y3kni 3a3op) nepexoinT B opMyAY
_U[‘l"Ug Ug*U] f1,3152 ) )
e Ll )

BTH dopMyan JalT xopomee NPHOIMKERRe.

L1 nons Ha OCHM 1ABYX HMHIMEIPOB GHIA TaKKe NPEATONeHa 3IMONPHUECKAR
(opMyTa, BhIREISHHAA H3 IKCHEPUMEHTAILHOTO H3MEPEHHA 11014 B 3AEKTPOINTHYE-
CKOM BanHe (OUWCAHHE METONA HW3MEPeHHa CM. cTp. 49—34)

z H

@m:mt“+“;m5fﬁzm, (49)
o

-

> {8 2
+
b= 2R[0,73+O,53 "\‘Qﬁ) ];
npu s =0 b=146K u popvynra (4.9) naer suayeHue, oueHb HEMHOTO OT.THHAIO-
Heecs OT 3HauEHHH, HaiieBnwx no dopmyae (4.8). Popuyia (4.9) yrobua nisa
pacuerce, Tak XaK A BXOGAUIEro B Hee MHIErpa’a CYUECTBYOT TabINOB H U3
HHX Jferko Hafitd 1pon3soinue ot @ {2).

rue

#) J. Appl. Phys,, 1. 13, cTp. 490, 1947,
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TIpHEEACHHNMH CAYYAAMH HCUEDNHBAIOTCA BCE NPaKTHUECKH BaMHWE KOH-
CTPYKIUM 31€KTPOJIOB, 119 KOTOPHX YIA€TCA UPOBECTH CTporvi Teopernuyeckuit
acuer. UTo ke xacaercm Gofee CAOMHBIX, HO BMECTE C TEM YacTo yHorpetan-
jOUIHXCA KOHCTPYKUME, KAK-TO: NMAHHIPOB PA3HWX Paaunycos, NpodMIHpOBAHHEX
avagpary, GIHIKO PaCHONOKEHHHX MAOCKHX JdadparM H T, ., TO UX NOAH CTPG-
roMy TCOPETHUECKOMY PAacyery We NOLIAICA H IIPHXOMMTCA upHOeraTe X 9HC-
AeHHLIM PACYETAM HTH K IKCIEPHMEHTAILHOMY HCCIEIOBAHH.

M3 xoucTpykumii, MAOMHEX 1I0CKWE 3JTEKTPUHECKHE noas, pacuery nol-
A210TCA TI0AR NIOCKUE M UUITHHIPHYECKHN CETOK NPH HeKOTOpo# mpoctoll dopme
aueek. CeTkd — OOWUHEI 3MEMEAT KOHCTPYKIMM SACKTPOHHHIX JaMil, B [O3TOMY
ML (10K2 OTJIOMHM PACCMOTPEHHE COOTBETCTBYIOIME dopMya (cw. 4. I, ra 3)

Bauiy TOro uTo B NOA3BARIONEM OOILIINHCTBE CAYYEEB TOYHHIEA MaTeMaTd-
yeCKHil PacueT STeKTPOCTATHYECKHX Noael B 2JeKTPORaKyywEWX npufopax He-
BOIMOMEH, BOIbIIOE 3HAYEHHE HMCIOT METOJN NPHGAMKEHHOro YHCAEHHOTO pac-
yeTa MOJICH H METOAHW SKCACPHMEHTANbHOIC HX H3MEpEeHs, )

3. MeTog snexTponuTHYecKOH BaHHBL. 3Haf reoMeTpHio 3TEKTPOJOE H HX
pOTEHLHAANW, BCErla MOWHO B OpHHIHNE € M0G0 CTeneHbio TOUHOCTH HaHTR
pelneHHe Ypasuenua Jlanaaca ¢ MOMOLLBIC YHCICHHHX pacuetos. Meroacw vuc-
JeHHslX pemeEHd ypapHenus Jlangaca TpPH 3aaHHBIX FPAHHUHMX YCIOBHAX Cy-
HecTBYeT HECKOJBKO, B 3a CBEAEHHAMH N0 STGMY BONDOCY Caejyer o6paTHTbCHA
K crennatbHey  pykosoicteam [JL1.2, JL1.4, JLL3]. Bce oHH NpHHIENHAILHO
UpOCTsl, HO TPeGYIOT FPOMO3IKAX BHYNCIEHUH M HA MPAKTHHE HACTO NPEANGUH-
7aloT 06pallaTbCs K SKCTICPHMENTAXLHOMY WCCIENOBAHHIO nona B npibope.
Moutw BCeria yiofHee HCCAEIOBATh NOJE He B caMoM npulope, & M3rOTOBHTDL
ero mMoledb, Ha TpakTHKe NPHMEHAIOTCA PasHble CNocobu MOIEIHPOBAHAA IeH-
TPHUECKOr0 HOMA METOA Pe3HHOBOH MeMOpaHu, MeTOL MOTOKA MHAKOCTH, METOR
CeTKH CONDOTHEBAGHHI M MeToll 3JeKTpoInTHuecKoH Bannw. B saGoparopHoi
NpakTHEE 0¢oOeHNno yRoGeR ROCTeLHUN, KOTODHH H NOJYYHA OUEHb IHPOKOE pac-
npocTpaHCHie. B GOMbIIMECTBE CAYYAEE OH JaeT COBEPIICHHD JOCTAaTOUHYIO
TOUYHOCTh,

DTOT METON OCHOBAH Ha TOM, U9TO 3JEKTPHYECKOe 0JE B OAHOPOAHOH HpO-
BOMAILEH CPENE (HAUPHMEp, 3IEKTPOIANTE) sBAAETCA NOTEHOHATbHWM [0JEM H
NOANHHAEICH YpabHeHHo Jlaunaaca:

ey, o U

MW =5rTar Tom—

,ﬂOKHSaTb 3T0 MOWHO CJHeIYIOMBM oﬁpaaon{: haa NoCTOoAHHOI0 HAH MEOAEHHO
MEHALWErocs TOKa BEpHH YPaBHCHHAL

divj=0, J=¢E=—oagradl. (4.10)

(epsoe U3 3TUX YPaBHeHHH YKA3WBaeT Ha 3aMKHYTOCTh THHHH BeKTOpa
NAOTHOCTH ToKa j, a4 Bropoe Bupamaer 3aken Owma, M3 (410) caenyer
div[—ograd J] =0, 41, TAK KEK 0 BE3jle MOCTOAHHO, TO

. U ol | otU
graddwU:AU:B?—-}—aF—]-a?=0, (4.11)

yto H TpeGOoBaROCh ROKA3ATD,

Wa Teopuu NoTeHUMANBLHLIX MoJed HIBECTHO, 4To J1Be (YEKUHMH, YOOBIETBO-
pRIOLHE YpaBHeHHID Jlanyaca H NPHHEMAKOLIHE GIMHAKOBHE 3HAYEHHA HA rpaHp-
nax HexoToporo ofbema, OYAYT oMHaKoBm Bo BeeM ob6beme. OTClola caelyer,
YTO ECAH MH WCCICAYEMFIO CHCTEMY 9ACKTPONOB € 3aJaHHBM PACTIpEReIEHHEM
MOTEHNNANA U3 BAKYYMa NEPEHECEM B 3AEKTPOJHT, NPHHAR, KOHEUHO, MepPLl, UTOBL
,NOTEHIMANK NPOBOJHHKOB He MEHANHCH, TO XOTA B 3JeKTDOJNTE NOABHICA TOK,

pacHpeleleHHE MOTEHUMala He HM3MEHHTCA, ECIN  TOIbKO  NPOBOLHMOCTb
3neXTpoNoB MHOre 60.JbDle OpPOBOAMMOCTH SIEKTPOAMTa, 4YTO BCerja Bh-
noanAercs Ha npaktake. Ecam  unaMenHTb  pasmepw  CHCTIEMH, OCTaBiaf



46  ABHWEHME 3APAWEHHBIX YACTHU 8 AEKTPRY. W MAFH, mosax [ra—+

ee reomerpuuecku ceGe nomofuoH, ¥ oIHOBPEMERHO B To e BPEMA H3Me-
HHTL NOTEHUHAJIH NPOBOIHHKOB, COXPaHAA OTHOIIEHHE HX LHOCTOAHHWIM, TO
¢opMa IKBUAOTEAUHAIbHHX OBEPXHOCTEH M HX OTHOCHTEAhHOE DPACHOAOWEHHE,
KOpOue roBOPA, CTPYKTYPa N0AA, OCTAHYTCA HEHIMERHWMH., MO#HO, CaAeN0BaTEIbHO,
M3yuaTh paclpeleleHHe NOTEHNHAIA Ha yBCIHUEHHOR HAM yMEHbIUCHHOH MONETH
CcHCTeMH, HaXONAMmEHcd B BaKyyMe, B XopolieM IW3JIEKTPHKE — BO3JAYXe HaH
3NeKTPOANUTE,

[lAs ¥3MepeHns NOTeHUNada KaKoH-HNOyIe TOUKHM [0 HYMHO BBECTH B
3TY TOYKY ManeHbKMH npoBodHBK-30HA (puc. 20), COCIWHCHHHI H30IHPOBAHHLM

@ ®

il

Puc. 20. TIpmEnunHanbHasd CXEMa T3MEPeHHA pacmpe-
JEACHHA NOTeHUHala MeToAoM 3011,

+|
ll

1—
—

NPOBOJOM € NMOAXOAALIHM HU3MEPHTEIBARM NpUOOPoM. 30HI 0 HCTEUCHWH HEKO-
TOPOro BpEMEHH NPHHHMAET NOTEHUHAT TOH TOYKH NOAS, E KOTOPOH OH Haxo-
INTCA., 3TO BpeMs 3aBHCHT OT CPedb, B KOTOpOH HAXQAHTCA 30HL, H OT H3MepH-
TeAbHOH CXeMbl.

Mpd W3MepeHHAX B 3JeKTPOJTHTE 30HI UDPAKTHUECKHN MCHCBEHHO HPHHHMAET
norennuaa touke nois. Ho posuuxaror e TpyInocTH. Bo-nepBhix, mojsonsniui
NpeBOI 30HAA BHOCHT HCKameHue B node. Mckawenns He OyIeT TOIbKO B TOM
cIyuae, ecAl AOCTATOUHO TOHKHHA, XODOINO H30IRPOBAHHHE NPGBOA, HMeomui
norednman {J,, MeRUT HI BKBUNOTEHUHIIbHOH nosepxHocTH U/, Ho tdopma 3tolf
NOBEePIHOCTH 3apaHee HewspeCTHAa, DBo-BTOPHX, CTeHKH BAHHW H MOBEPXHOCTDL
31eKTPOANTA TaKEKe HCKAKEIOT HM3MepaeMoe Node H 3Tol omnbkd mMomHo H3be-
|WaTh TONBKO, B3AB OuYeHb GOJbIIYI0 BaHHY B 1I0rpy3us raySoko cucreMy npo-
BO/MHWKOB B WHMIKOCTE, YTO HA NPAKIHKE TPYAHO ocymectsHMo. Kpome Toro,
TPYAHO CKOHCTPYMPOBITH MEXAHH3M, KOTODH TOWHO W ¥I06HO nepememian Ou
J0HJl B TPEX M3MEDEHHAX M BMeECTE C TeM He Mckawan 6ol ucas. Bee ato np-
BOINT K TOMY, UTO A17 H3YYEHHA TPEXMEpHbIX Noiell METol FACKTDOIHTHUECKOR
BABHH OKaswBaerca HevaoOuuM. K cyacTbm, a8 UAOCKHX H aKCHAJIBHOCHM-
METPHUHHX MoJefl CYOlecTBYeT BO3MOXHOCTH YCTDAHHTH BCE OTMEUEHHLIE Bhilile
rpyanocts, YT00w pazofipaThcd B TOM, Kak 3TC LenaeTCA, HYXHO CHAYAIA BH-
ACHUTIb, MOXHO AW BHECTH IH3JEKTPHHECKYIO CTEHKY BHYTPh MpoBOAsied
KUAKOCTH Tak, YTOGH RHoJe B WHAKOCTH HE HIMEHAJAOCH.

[lycTh cTeHKa K3 AHIICKTPHKA NOCTaBleH3a UapaiilelbHO JIHHHAM TOKa
B anexTpoaure. Ha 100BepxROCTH AMIMEKTPHKA HOPMAALHIA  COCTABAMIOMIAT
T0Ka jp,=0, ¥ 970 e Yycaokde cofniofaerca Ha N000f NOBEPXHOCTH, mapan-

JeTbHOR THHHAM TOKa, 3HauHT, CTEHKOH M3 JH3JTeKTPHKa, MaPalledsHOA ABHHAM®

TOK2, MOWHO PA3LEIRTH INEKTPOJIHT, He ACKAWAEA PacupeleleHns TOKAa U CTpyK-
TYps 1I04A B 3I€KTPOIMTE, NOCKOAbKY BekTop E napannenen BekTopy j. Oue-
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BILHEOG, 9T0 HEMCKANAWOIIME ~AU3NEKTPHYECKHE CTEHKH JOJMHA OnTh NEPNeHH-
KVAAPHE K SKBHNOTEHIMAILHHM UOBEPXHOCTAM. Bosbuew naocioe Moae, HarpHMep
noie TPHORZ € C€eTKof B BHAe pAla CTEPEHEH, NapalieasHhX OCH TpioNa
{pHc- 21, @) DKBAIOTEHIHATEHBIMH [OBCPXHOCTAMH ABAAOTCA U TAHAPHYECKIE
(OBEPXHOCTH ¢ 06DA3YOMAME, TAPATIETLHHME OCH TPHOLA. 3naunt, BBENEHHE
¢TEHOK N3 JIMIIEKTPHKA, HCPHEHIHKYIAPHHY K OCH, He H3MeHseT NoTa, DTHM
MOWEHD BOCI‘[O.‘!]-»BOBEIT[;CH I8 UpeoloTeHAR OTMEUEHHbIX BHIIIE prlIHOCTEﬁ.
Moedb H3roTOBIAKT B BHIE KOPOTKOO OTPE3ka MCcielyeMo# CACTEMH K
pOrpYXRAWT B BAHHY TaK, YTO JAHO BAHHH, ClENaHHOE H3 JAH33EKTPHKA, H NOBEPX-
HOCTb 2IEKTPOIHTA NepUeHAHEYIADHR K OCH {puc. 21, 6). [pyaeKTpHUeCKHE
CTeHKH — IHO BaHHW H BO3IYX — HE HCKZKAWT 1078, B OHO OCTAHETLA B OTPE3KE

4

Puc. 21. Wamepedne pacipenenesys NOTEHNNARA B IOCKOM
noae (1oae TPHOLZ) METOIUOM INEKTPONHUTHYECKOH BOIHbLL

o — thopNa TpHOJA; O — CXeNa H3MEDEHWN; B — CEKNAH TA0CKoro W
UASHHAPUIECKOLO TPHOZOS.

TpHOla TAKMM e, Kak B LIAHHOM TpHOIL, 30HE caerka XacaeTca MOBePIHOCTH
WHIKOCTH ¥ NepEeMellaeTca B TOPH3OHTAXLHOR 0A0CKOCTH, IlepeMellednt B IBYyY
M3MEPCHHAX MOMHO OCYUlECTBHTb CpPaBHHTEILHO MPOCTO H TOUHO, Hakouen,
oTHalaeT W NOCAedHAA TPYIHOCTH: NoJBelcHHHE MPOBOIA H MCXaHH3IM [epemMe-
H[eHHA 30HIA PACHOJOKEHH HAl JASKTPOIHTOM H TIOTA HE HCKaXaOL.

Ha pac. 21, 6 n3ofpaxena HamepHTerpHas cxeMa, OHa WHMTaeTca OT HCTOM-
HUKA TIEPEMEHHOrO TOKAa B0 n3GeXanMe NOAAPH3ANMH 5IeKTPONOB (yloGHee
paboTaTh Ha 3BYKOBOH 9YaCTOTe, HO MOMHO BOCTOIB3OBATHCA H 50-nepHOTHEM
TOKOM) ¥ OpefcTaBaser coboil npocrodt moctnk. [loTennnan ToukM A 3ajaerca
CONPOTHBACHHAMH Ry H Ry B IpH OTCYTCIBHM TOKA B (e0H 30H1A NOTEHUHAIH
aOHAZ H TOUKH A paesu. Mol He 6yaeM OCTanaBAHB2TLCA 31eChH HA TeXHHMKE
uasmepennfi, OTMeTHM TOJALKD, YTO OHA OMEHb WpOCTa B JOCTYOH2 moboll nabo-
patopen. Ecan TpeGyercs BmCOKAA TOUHOCTH {NOPAAKa HECATHX HOJCH npoLenTa),

N .TD rAaBHAA TPYIHOCTDh COCTOHNT B M3rOTOBJEHAH MCXAHH3IMA, NepeMemajInero 30ML.

Ecnn Moneab moxHO pasnesuTt Ha OTAeNbHBIE OJHHAKOBHE CEKTOPH, KakK
970, HAUpHMED, HMEET MeCTO 1A CeTKH ¢ ﬂP]’TbRMH, paCl’IDJIOJKEHHHMM B3
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Kax Buano w3 TaGauum 2 M rpacduxa, wanboasiiee gnauenne §° aad
cavuaa BHewHero anoaa pasHo 1,0946, tak uto npubamkeHHoe pelde-
ke (9.17) pepno ¢ omuGkoh, Meupwieh 10°%/, 4as Bcex rjr,, 3a HCKAO-
yerwem r/rp < 8. TIpakTuueckr BO BCeX JHMOJAX C KAaTOAOM [IPAMOTO Ha-
Kada rg'r, > 8.

. . Tatauna 2

3naueHHd 3 B 3ABHCHMOCTH OT rir, u — 3" B 3aBHCHMOCTH OT rg'r

[ ]
P
feal

112 20 | 40 | 200

Buejuuuii anon K

3 } 0 ; 0,279 ’ 0,667 |o,925| 1,00 l 1,072 1,0946: 1,056
| |
e 12 4 8 20 40 | 200
Buaemnnit gaton { ' !
(3 0 ‘0,345 ‘24,81i1l5,64| 327 2946}
|

IIna cuapl TOKA Ha aHOA, NPHHHMAA BO BHHMAHKE, 4TO [MA0LALb
avoga @, = 2rr,/, MOKHO HamucaThb:
. 3
I = ¥ 2y QaUa’f’
a7 ga TN (9.22a}
rastl 2
Wy

uae, ecan {/; BHpaKeno B BOABTAX M Fy, £, /B CAHTHMETpPAX:
Q.U
Ia: 2,33 - lo_ﬁ_a‘—.—[a]. (9.226)
e :

Pacnpenenesse fOTeHIMaa MOKHO HaliTh u3 dopmys (9.19) u (9.20)

2}
(| B (:\ ! .
U=, j _————K . {9.23)
Vg ﬁzl

Ins Goaswiux 3HaueHut rfr,, worma B2 (r;"rx)&-'l?.* (r,'7¢), ITO BHpaweHue
NPHUMET BHI '

g

U= Ua(r ] ? (8.24)

Pacnpenenenne npoCTpadCcTBEHHOrO 3apand ME BHIMUMCHATE He OyzeM,
XOTR CAeNaTh ITO HETPYAHO.

3. Cheprueckne 3NeKTPOARL. [1H0Oa €O CHEPHUECKHMH 3NEKTPOJAMHE
AMEET MalO CXOICTBA C TEPMO3JIEKTPOHHEIMH AHOLaMM, a B Oojee Oauz-
KHX K HeMy 110 GopMe (GOTO3JEKTPOMHHEX JHOZAX ((DOTO3JEMEHTAX) HU (/
KOrAa He OpHXOAMICA uMeTh A€o ¢ GoNbIUMM NDOCTPAHCTBEHHHM 3aPALOH

§9] TOK, OFPAHRYEH:HEH TPOCTPAHCTBEHHHM 3APAIOM 113

Onuako B HelapHee BpEMA TEOPHA CQEPHNECKOre Au01d npuopena
NPAKTHYECKUH WHTEpeC B CBA3H C 3a1adYel MOAyUYEeHHS CXCIAIHUXCH K-
TPOHHBIX [YYKOB H HEKOTOPHMA KOHCTDYKUHSMHM CBEDXBRICOKOYACTOTHHX
aaMi. OCTZHOBHMCA NOITOMY HA DE3Y.ILTATaX TeOPHH. TTOHHIH TOK MeX Ay
cihepaMu, OfHA U3 KOTODBIX NPEICTABALET COO0H KaToa ¢ HeorpanHven-
HOH IMHUCCHOHHOH  CNOCOGHOCTBIO, MOXET OHTh BHUWCACH 10 dopMye

3/
4 L — U7 _
[azg 1 21] %, (920)

rae o noao6uo § B (9.19) saserca dyukuMe oTHowWwenua r'r, (uam r'r).
Hue HaM NpUIeTCa BCIPETHTHCA TOALKO CO C/AYYZEM BHEIUHEro Katoaa,
koraa « < 0; no3TOMy MH NPHUBENEM B COKDAUIGHHOM BRI TabiuUy 3Ha-
ueHKH o TOAbKO Aa caydas z < 0.

Tadanua 3
3aBHCUMOCTD — ¢ OT r/r AJA CAywas BHEUIHETG KaToja
refr | 1,2 1.4 | 1,6 1,8 ’ 2,0 2,2 3,0 50 l i0
|
(— z2)® 0 0,{)3?] 0,1401 0,297‘ 0,502] 0,750 1,53 l 2,51 ! 7,98 i 20,2

Iforuu#l TOK He 3amucHT, OYEBMIHO, OT F, TaK 4TO

L 4. e Lt
A—afrﬁ — 5-‘/27'
—al-® gJ
| \ry:

‘[ Fy ] : (9.26)
— ‘ L
vy
B npakTiHueckex emmHunax (BoabT, amnep)
3.’._, o

1:1a=29,3.10-6m[a]_293 104[—“’—é_\_ﬁ]gm (9.27)

Pacnpejencnne MOTEHNMAN3, KaK BHIHO M3 (9 26), onpeaensercs dop-
Myaof

I=1l=3V'T

7 2

rK =

U=0u F'l

a 7 -
aig)

Vg

7!

(9.28)

4. Tipamoadueitnbie’ AYYKH BJAEKTPOHHBLIX JAydeil. DIeKTpPoHHKIe
nymxy [lupca. Bee Tpu pasoGpanubix cayvas (naockue, cepuueckue o
UHTRHAPHYECKHE DAEKTPOIAN) HMEIOT MexIy cobok 1o ofimee, 4To AHHHE
TOK2 B HHX NDAMOJHHEHHH. ByaeM 1S KpaTKOCTH Ha3slBaTh TAKHE TO-
TOKH NPAMOJMHEHHBIMH,

BuIennM EBHYTDH NapannensHoro OPEMOAKHERHOrQ NOTOKA TPYOKY
TOK3a B BHAE TOHKOrO Ca0d TOAmMsH Ay (puc. 64) wau B Buie HAIMHApA
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C pagnycom ry (puc. 65). B npenenax BmaeneHHoro cnos aau 1pyGKH HOTOK
OCTZeTCA TPAMOJIMHERHEIM, TAK KaK B32HMHOE OTTAJKHBAHHE 3JEKTPOHOB
BHYTPH TPYOKH KOMTEHCHDYEICH CHEMAOMUM 1eHCTBMEM TDOCTPAHCTBEH-

9] 2

Puc, 64. Maockufl myuok, BHTeTeHHNH H3 10TOKA
SEEKTPOHOB B ILIOCKOM AHOAE.

Pec. 63. Unnanipauecknit nyyok, BHIeleHHHE #3 oToka
31€KTPOHOB B HAOCKOM HOTe.

HOTO 3apafa 31eKTPOHOB, HAXQIAMHXCA BHE TPYOKW WiH cod. Kak 8minro
NOKa32HO BHILE, TNIPDH HANHUYMA TapajAelbHOrO NPAMOMMHEHHOrO NOTOKA
TPOCTPAHCTBEHHOIG 3apasd (MIOCKHE IJASKTPOAN) i TOKE, AAAEKOM OF
TOKA HACHILEHHS, MOTEHIHaA YIOBJETBODAET YCAQOBHAM
al/ ol

U:Ax"”a — =10 *-=0

'ody 'z (9.29)
Yenopua (9.29) HeoOXOMMME A COXPAHEHHA NPSMOJIBHERHOCTH TOTOKa,

&
i
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[IycTe Temeps 3MUCCHOAHAA CNOCOGHOCTH KaToAa COXPaHAeTCA TOJBKO
B Tipeienax 3alTpHYOBaHHOH oGnacTe KaToma Ha punc. 64, Torua ehe
C108 NPOCTPAHCTBEHHHIH 3apaa HcuesHeT W ycaosud (9.29) napywarca.
OTTaIKUBAEHE 3JIEKTPOHOB BUYTPH CIOA YX€ He GYAeT KOMIeHCHPOBAHO
JeHCTBAEM BHEIUIHEro NpOCTPaHCTBENNOrG 3apAja, B CJIol no Mepe yja-
NEHAS OT Karoda Oyner pacum-
paThCA. MoO®HO au, HECMOTpH
HA YOAJICHHE BHEINHETO [poct-
PAHCTBEHHOrO 3apsajtia, A00UTbCH -
COXpaneHHAa  TPAMOAHHEHHOCTH
notoka? /lag aTora Hy#HO Tak
noaodpate HOPMY 3JAEKTPOAOS,
yto6u  ycacoBAas  (9.29) onaTe
yAOBJACTBOPAAHCE. g  cayuas
TOHKOrO M IGHPOKOro  jof M0-
CTABNEHHYIO 33134y MOKHO peE-
UIHTE TOYHO.

ITycTh BEpXHAS rpanHLa C0d
COBMajzeT ¢ MJOCKOCTBIO X2,
Toraa sajnawy A4 BEPXHEro
NOAYIPOCTPAKCTBA MOXHO Cop-.
MyaupoOBaTL TaK: Tpeldyerca OTH-
CKaTh TJIOCKOE TojAe, YIOBJAETRO-
PRICLIEE HA MAOCKOCTH X2 VC/I0-

DN R

i
R4

ou 0 0 v
BHIO o uonpu ¥ >0 yro-  pue 66, KorcTpyKums nyw.s 11a nosvye-

B.‘]ETBOmeluee VpaBHEHH}O .Haﬂ- HHA WIHPOKOro naparic.JbHOlo STEKTPOH=-
az) aEU' HOI'Q OY4YK4,
jAaca EPey —E— BN =0. Kak wu3pe- ;_ SJEKTPOL HYAeBOTO TOTeHHHAAA; 2 — 3a3op AJA
£ Y TETLIOHZONANKYE; § — SMUTTHDYIOmAS LOBEPXHOCTS;
4 — ceTxa.

CTHO, JBYXMEDHOMY YPaBHEHHIO
Jannaca YAOBAETBOPAET BCAKAA
anaxntayeckan  pysxkuns  f(x -+ iv)=o{x, ¥)-Fid(x, ¥} npuyew
Kaxmas u3 ¢yHknuit o (X, ¥), $(x, ¥) B OTAENBHOCTH Taxkke YaOBAE-
TeOpaeT ypaeueunw Jlanaaca ¥), B namem cayuae, KaK 310 Cpa3y BUIHO,
ycnosua (9.29) yaosnersopsiores dyHknwed

Ulx, y)=Re{A (x-iy)"}, (9.30)

KOTOpad H AaeT NoTeHuMan uckomoro wons. [lomaras [/(x, ) =0, mu
NOAYYHM YPABHEHHE HyJCBO# SKBUMNOTEHUHAALHOH AMHUM, ONpeileasrowel
apoduss MEKTPONA, COENUHSHHOIO C KaTOLOM:
3 =
y=xtg (_8_ ::) — x tg (67,5%). (9.31)

Ito ypasHeHue npaMoH, npoeeneHdoff moa yraom B7,5° x ocm  an

¥) Cu., Hanpumep, Cumupnosr, Kypc swcuted matematuxm, 1. lIL



118 nBNKEHME 3APHAKEHHWX YACTHI B JEKTPHU. W MATH. nomax [ra. |
Oma U(x, y)=U, 6yaem nmers:

A

(x4 y?)*s cos (% 5;.}: U, e=arctgy/x. (9.32)
!

310 yparHenwe onpeaenseT QopMy IASKTPOIA, CAVKAUIRrD aNnoaou,

Ecan Ay mano, 1. e cioll 10HKEH, TO B HIGKHEM (10AVIPOCTPAHCTBE
3KBHIOTEHLHANBHHE TIOBEPXHOCTH A NPEAOTEPALIEHAS Pa3MbIBAHHA HHA-
Hel rpaHulbl RO A0AAHB
OuTh SEPKAILHRM H300pasKe-
HHEM II0BEpXHOCTEH Bepxiero
NOAYNPOCTPRHCTBA.

C  nomownsmw ypaBueHu
{9.31) u (9.32) MowHO CKOH-
CTPFUpOBaTh  3JEK1POHNYIO
NYINKY, AAIONYI0 NPAMOJTHHER-
Hufl wmpokult nAOCKHR no-
TOK 3JEKTPOHOB (puc. 66).
JNeKTPOA € HYJNEBHM MOTeH-
[HZI0M COCTCHT M3 KaToas,

KOTOPOro npeacTasiser coboi
MIMHHYI0O  DONOCKY, H ABYX
MAOCKHX TAACTHH, NOCTaBICH-
Puc. 67. Hakaonuas 3ickTpoanTiueckan Banda HNMX 104 yraom 135° Yaxkue
LA HCCIEeN0BaHHA ODPMb SMEKTPOIOR 3ICK-  3230DH  MEWAY KATOLOM U
Tponkol uyke Thipca. MAZCTAHAMM CAEJAHB 15 TET-
e s et 2 peSpo kana (ot 10BOH MAOAALUN KaTOMA. AKOL,
‘ B.IEKTPOL. ' 3aDMKEHHBI A0 [OTEHIHATE
[7,, npeacrasager coboli naa-
CTUHY, M3OCHYTYIO IO IKBHUMOTEHUMaasHoW JjuHuW UJ,—const. B anoae
NpopesaHa [iekb AA4 (PONYCKaHuA 3JeKTponos. Ecan menr ysxas, To
OH3, PaBHO KAaK H 3a30DPH B S/JSKTPOAE HYJEHOTO MNOTEHIHAAd, M0
BAHACT Ha pacTpelesenie NOTENLHANa MEXAY 3AEKTPOIaMH | Ha. FpaHiiax
cnos ycroens (9.29) 6yayT yaosnersopens, Crenosatessto, TIOTOK 37EK-
TPOHOB OCTAHETCA MAPAMNECABHHBIM 0 OPAMOJHHEAHMM BOAOTH [0 OTHED-
CTHA B aHoje. :

IlnA DpAaKkTHKA NywWwKa, AJ0Was MWAPOKHH NMyYoK 3JEKTPOHOB, MEHee
HHTEDECHA, YeM MYIUKa, H3 KOTODOH# BHXOAHT TOHKHE napatnenbHui
NMy4oK KPYLJAOro CEeueHns.

TeopeTuyecks 331aYa O NOAYUYCHHH TOHKOTO UHAKHADHYECKOTO NMYUK3
SJCKTPOHOB CTABUTCH COBEPLICHHO TaK JKe, KaX TOABKO 4TO pascdipan-
H35i: HY#HO HAa FPaHRIE UWIAHADHAYECKOTO My4Ka CO31d4Th pacipeaensHde
noTeHliuana, NOJUHHAIOLIEECA ycaoBuaM (cMm. puc. 65):

Ux, ry=Ax*h, (gir])r-ru =0. (9.33)

SMATTHPYIOUAA MOBEPXHOCTL -

A "n"‘-’fﬁﬂmﬁlﬂéﬁ'

" rud, MOMHO HallTH SKCMepHMEH-
TAABHO TAKYK HX (POPMY, ODH

§ 9] TOK. OrPAHUYEHHEIR TMIPOCTPAHCTEEHHBIM 3AFSI10M 19

(HaK0o HaliTH pelleHde aHAJHTHYECKH He YHaeTca H (opMy 37eKTpoios
IPHXOAHTCH OHPEICAATE IKCHEPHMEHTANBHO HECKOALKO BHIOH3IMEHEHHMM
METOAOM IACKTPOJUTHYECKOHR Ranunl. ECAK ® 3/eKTPOAMT MOrpysurbs Ky-
COK ANBMEKTPHKE, TO BBUAY TOTO MTO JHHMH TOKA H& rpanulie Ju3IeK-
TpHKA €f Napa/MeabHBl, HOPMAibHI% COCTABJAIOLLER TPAAHEHTa NOTEH-

ol
[Mana an Ha rpadyne pasHa HY .

BreceM B HakJOHHYIO BaHHY, B KOTOpO#H pefpo AUIKOrO KiIMHA H30-
GpakaeT OCb CHMMETDHM, NAACTHHKY I1u31eKkTpuka (puc. 67), kpaH kKo-
TOpoH mapaniencH peGpy KanHa. r
B 9neKTpOAHTHYECKOR Mojdenn 7

NOS IMIERTPHK ngobpawaer Ut {
3JJeKTPOHHBIA TIVYOK, T2K Kax ?[l@ = ,
Hd Ero TpaHHIe Kcerga Bunot- 10 S 8 o
Hgercs BTopoe 13 ycaosni (9.33). / o

Moaasas Ha 33€KkTpOIB, pac- / [ "
NOJOKEHITBEe TaK, KAk 370 10- '} /

Ra3aHO Ha PHCYHKE, HalpAAEHHS
H MpHIaBas HM pasaHyHui H3-

]
|

— !
-'-"'—--_____ a68s 74

—— |

KOTOpOl OVIET BIO/JL TPaHHUUE
JH3MEKTPEKE YAOBACTBOPATHCA U
nepeoe u3 yciaopni (9.33). Pe-
3yAbTATH U3MEpeHul pacnpene-
NEHHY  TOTeHLHana MOIETHpo-
BAHHOTQ  TakuM 0OYTEM TOJA
noxasaHel Ha puc. 68.
INeKTPOAH TYWKH A0AKHH  Puc. 68, JxBmioTeHLBalbHME AHHHM, llo-
HUMETH B HOBEPXHOCTCH Bpa, 3BOIAOILKE ONPEACIHTL l'pOpM}' 3JIEKTPOADE

nymky [Tapca, Haoinefi OHIREIPHYECKHE
ICHUSA HYJIEBON SKBUTOTEHIHAAL NapamnedsHHA NYYOK 318K TPOHOB.
HoH  AMHEH U JHEHA € MOTEH-

uvasom U, BOKPYE OCH CHMMET-
pun, Takas nywka usobpaxena
Ha puc. 69, Tlocte MPOXOXKAEHHA OTBEPCTHA B AHOAE NYYOK HaYHET pac-
XOAHTBECE TO ABYM mNpHYdHaM. Bo-nepewx, 31 npeaeaamn aHoaa uer
BHELIHEro MOds, KOMIEHCHDYIOIUErO B3aUMHOE OTTAAKHBAHWE 2/IEKTPOHOE,
H, BO-BTOPLIX, [01€ B OTBEPCTHH AHOLZ, HA KOTOPHH [OZAHO TIOACKU-
TEABHOE HALPAAKEHHE, OOpPasyeT pacCeHBAlOWYK AHH3Y-AWadparMy, Tax
KaK 2VIEKTPOHB Nepexoaar M3 obnact ¢ GoABWIOA HANPAKEHHOCTHIO
nons B 0GAaCTh, TIAE HANpPA#KEHHOCTL passa uyaw (§ 3). Orsaexasce
noKa OT ﬂepBOﬂ NMPHYHHB pPaCXOXKACHHHA, PACCMOTPHM, KakKk MOXHO
u3bemats, 0O Kpakined Mepe Ha HEKOTOPOM PpacCTOSHHH 33 AHOIOM,
pacxoxaenus nyyka. Hawwu supoaw 6ymyT, oueBHIHO, Tem Oauwe K HC-
TUHE, UYEM MElbIUE MIOTHOCTE TOKA B NyuyKe. 3aMeTHM nOpemie BCero,
Yi0, 32KPHBAA AHOAHOE OTEECPCTHE CETKOH, MH JAMEHHM OIHY IUPOKYH

/
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a + 2 3 4 5 68 7 8 8 00

r— PACCTOAHHE OT OCH Ayud; Fy— PARMYC KaToXa;
Z — paccTosHMe OT KaTold.
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JIAH3Y  pPRAAOM Y3KUX H HE YCTPaHHM pacXOKICHHA, 2 TOJALKO KB3MEHHM
ero xapakrep. Ho nerke nowats, UTO Ny4oK, KOTODHHR O CXOAAWHMCH
MEWIY KATOAOM H 3HOXOM, MOMET OCTAThCH CXOISIUMMCA W MOCAE BHXOIA
H3 aHoaa. PacCMOTPHM, NpPH KAKAX

YCACBMAX  3EKTPOHLI, BHIXGS- v J

WHME W3 YacTh (@ BHEINHero ce- e 28—
PHUYECKOTO KaToJaa, DPacripocTpa- \ !
HAIOTCA MPAMOIHHERHO M 06pasy- Y /
0T TTY4OK AYYEH, 3aN0AHAIOMEMX

Kpyras#t npavol kouyc (puc. 70).

Puc. 69. ®opma sackipodcs nymey, 1a-  Puc, 70. BuiaeacHne KOHHYECKOro nyd-
wuled UHIMHAPHYeCKHA napalieAbHMH  Ka 3EKTPOHOB B CepHueCKoM IHOLE.
f1¥40K HIEKTPOHOB,

Ecau yron pactsopa KoHyca 29, TO cHAZ TOKa B myuxe

in 2 6
. -6 __ Y - i
f=293.10 [ “"5"‘]’ sin® - [a], (9.39)
Vril

TaK KaK OTHOWenWe Tmomaneh cermenta () ® mapa pasro sindd/2,
HMa (9.34) maa pacripezenenns NOTEHNWaNa BIOAL GOPABYWUWMX KOHYCa
MOy YaeTc
A LV
_z.‘i\]

=118 - 103[#

Ia el (2.35)
[ sin 8;2]*/3 ol

Kpowme Toro, Ha G0KOBOH NOBEPXHOCTH KOHYCa AQMKHO OLITh noOBCIOnY

al/
ﬁ:O. {9.36)
Ilpr ycnopbun coGmonesna paeeHcTB (9.35) m (9.36) norok ocraerca
NPAMOTHHERHHEM B CXOAAAMCS noa yryosm f, Toraa Kak OcTaneHas 4acib

TIPOCTPAHCTBA MexAy-o0euMH chepaMu HE 3arQIHEHA 3NEKTPOHAMH,

§ 10] * NAPAJJEABEBA [10TOK 3JEKTPOHOR 121

Ecan sMUTTUPYET 3JEKTPOHB TOJBKO YacTh (J BHewwedi cdeps, Jewa-
1A B GCHOBAHMH KOHYCd, TO A48 BHITOJAHeHHn veaonud (9.33) n (9.36)
Hy®HC OyierT npunate 32JEKTPoAaM ocolyl GopMy, KOTOPYH MOKHO
OnpeenuTs B HakAowHON Banke (puc. 67), c TOH TOJbKO pasHMied, 4TO
TENephr IVACTHHKY H3 AN3JIEKTPHKE, CCOTBETCTBYIOULYED HAa MOIEAH Kpaw
SJEKTPOHHOIO NYUKa, HYXKHO NOCT2BUTh K pelpy MHIKOrO KAuHa, u306pa-
HAOUEr0 0Ch NMYIUKH, MO TeM yTA0M f, MoA KOTOPEM LGIKHB CXOAHTHCH
ayunr, PopMa INEKTPOIOB, KATOAd U aHOAA A0aEKHA OLITh Takowa, YTQOH
BAOJb NAaCTRHKH (rpaHuuel nyuxa) (/{r} 6ua0 O TPONOPLHOHAILHO

I N
131
) r j'

Onucanuele B 1. D 34CKTPOHHBE nywkH Oblnw npesioxenst [Inp-
com (CLUA). Hosnree C. H. Tpenesoh Golaum paspadotann Godee yRol-
Hbe 148 MPaKTHKA Oywxs Tana nywexk IInpca o man ax TexHaueckui
pacuer. O nymkax ITnpea em. [JI 1.8, 1. II, r. 13; JL 1.6 n JI. 118}

§ 10. [TapannensHblit NOTOK 3NEKTPOHOB, HMEKNHX CRHHAKOBRIE
HauaJbHbIE CHOPOCTH

1, Xapautep pacnpefeneHwst noTeHuuwana. lMocrakosKka 3agaun. B nper-
LIeCTBOBABLIEM Ttaparpade Gbli PaCCMOTIPEH HAPAaLICIbLHBIE JMEKTPOEHHH TMOTCK
MEXAY NIOCKUMH IMEKTPOAAMHA, OJHHM H3 KOTOPWLX CAYHEHI KATCA ¢ HEOrpaHn-
yeHHOH IMUCCHOHEON CnocoGUHOCThIO. Pacnpene:lemie NoTeHdNada MEHAY 31€H-
TPOIaMil MMOAYMHHAIOCE B 3TOM CIY4ae¢ 3aKOHY «YeTHpeX TpETEﬁD:

Yy
[ X e
U=Us )" (10.1)
2 CHi1a TOKa BaldicaAdachk ac fiopuyae

L= KUY K=2,33 - 104%1[ ;’] (10.2)
6%

PacnpejcaeHde, Bupawennoe copmyaoft (10.1), ¥ cnay Toxa, BHUHCIEHHYIO
no (10.2), 5 sToM naparpade O6yleM Ii4 KPATKOCTH HA3uIBaTh <HOPMAIbHLIM HH-
OIHBIM pacnpefie/leHEeM IIOTEHLHAIA» H <HOPMAILHHM JHOIHLIM TOKOM».

PaccvoTpps Ténepe 3a3ayy © BHYHCAEHHH pacOpelel€Hu LIOTEHUNAAA MEHIY
SAEKTPOMAMH M aHOAHOMG TOKd B TOM CIyyae, KOrfa 3JEKTPOHh BHIXOIAT W3
NJOCKOre KaToXda € OJMHAKOBMMH HAdaibHLIMH CKOPOCTAMM, HampaBdeHHbIMN
NepueniakyIAPHO K €I0 MOBePIHOCTH. B TakoM BHOe 3Ta 3alaya ABIAETCE He-
CKOABKC YNDOILLEHHOH 3afavelf O BRIYMCIEHHMH ZHOTHOTO TOKA H PacnpeiedeHHR
NOTEANHANA MEMLY CETKCH H aH0I0M B TPHONE WM TETPOIE C (MIOCKHMU 3IeKTpo-
HaMi. YNPOUEHHE 3aKII0Y3ETCS B TOM, YTO B pPealbHON fMaMie 3ICKTPOHH H3-
MEHAWT HaTIpasfIeHHe NMPH NPOXOWIEHHM YePe3 CeTky, TPAEKTOPHA HX UCKPHBIf-
IOTCA H NOTOK B H3BECTHOH CTeNmeHW YTpPaduBaer mapaxnelssocTs. (fHaxo B
nepeoM NpuOIMKEHUN, eCIH CETHa AOCTATOYHO [YCTaA W CIIeTeHa I3 TOHKHX
NPOBOIOK, MOMHO CHHTATh, 4TO BCE 3IRCKTPOHM BRIXOAAT N3 MAOCKOCTH CETKH C
ONHHAKOBO HAMPABJIEHHHIMH M OIMHAKOBHIMIE CHOPOCTAMIL

v= ¥ nl/,

rie /. —notenunan cerkn. B tetpoze (puc. 71, @), rae umewTca ase cetkn O
u Ci, MOKHO, BO-NIEPBuX, MeHAn (/o upn Ues = const, neficTsoBaTh HA NpOCTPaH-
CTReHHBIR 3aPAiL ¥ KaTOLA ¥ HAMEHATH CHAY TOKA, BXORAL(ETO B NPOCTPancTso (gA,
HE MEHAA HAYaJbHHX CKOPOCTEH 3IEKTPOHOB, H, BO-BTOpHN, HamendAn LU, npu
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Ucy=const, W3aMenATh HaudiLHY® CKOPOCTL BXOIANME 3ICKTPOHOB, pPaBHYIO
atec ) 2ql/c,. YerpoltcTBo, coCTOANlee M3 KaToda M ABYX CCTOK ) n €3, MOWHD
HA3BATb yOpapiseMus kartoios. CTodiyio nepel HaMH 3314V MOMHO CHopsy-
ABpoBath CledyiHM o0pasoM: 4epés MI0CKoCTh cetk# €. (3r1ekTpod f) co cko-
poCTAMH ¥y =Ty = 251/, mpoXcAST 91cKTPOHH, 06pa3yn Tok J, BXOAAUME B
UPOCTPAHCTBO MEWAY 3deKTpoRamu f— Jf, npuuem kax cuay Toka f, 1aK #u Ha-
upmenia Uy = Uy, n Uy =1U, MOMHO MEHATH NPOU3ROJILHO H HEIIBHCHMO APNYT
oT apyra.

HGWOAG IMEHEME 10 acy T
. TIAGCROCIE MUyl
C, / 'y
r' 4| ROTENUIIAY
l dase wpubpn 3

o

.y
ol it
RSN

Ul Y%, &,

fLAoCKOETs Bupmydionseg
A0

0;

Puc. 7l. @— naockufi TeTpot, Nu3BOIANUIHA  110IYYaTh

Mexay Cy H A TNOTOK 3MCKTPOHOB DA3AHYHON CKOPOCTH H

MOTHOCTH, § — pacnpefieacude noTeHitHa: a Mexay C. u A
NpH pasHHI IIOTHOCTAX TOKA.

TpeGyerca Hafitd pacopefeneHde HaOPAKEHAR MEKAY SIEKTPONAMH U CHAY
TOK2 Ha 3JexTpod /f (anol) B 3aBUCHMOCTH OT Hanpawenda [/, H cHanl ToKa f,

PaccMoTpus cHayala KavecTBeHHO, KAK OyileT MeHATbCA pacupeieleHde No-
TEHNWAIA B 3aBHCHMOCTIl OT BeAWYWHW BXojaumero Toka /. B orcyrcreue rtoka
pacnpeneIcHHe HOTEHUHANA AHHEeHAHO. [IPH U0ABIEHHN OTPHUATENRHOTG NPOCTPaH-
CTBEHHOTO 3apAfa KPHBAaA pacNpededeHns NOTEHOHAId Ha¥HHAET <«OPOBHCATHY H
Np¥ HeKoTOPOH CHAe TOKa Ha Hel oOpa3yercs MHHHMYM fnoTeHnwadta (puc. 71, 6,
kpuBne 2 i 5). Ecad U; =U,, To MANEMYM HOTeHUHANA, KIK JErKO NOHATH, 00-
pasyeTca NpH CKOIbh YrodHo c1afom ToKe. YCWTeHHe BXOIALIerc ToKa [ conpo-
BOXIACTCH YBEIWUEHHEM NPOBHCAHMA KDHBOW, H MOMNHO IpeiBHAETb, YTO NPH
H3BECTHHIX YCAOBHAX YBeNHUEHHE TOKA [ MOMET NpPHBECTH X CHAYKOOODPa3HOMY
H3MEHEHHK pelHMa. B camom geje, yBelHWyeHHe MPOCIpaHCTBEHHOrO 3apAja MpH
BO3PACTaHKNH TOKA BHISWBAET yrayOaeHHMe MHHMMYMA NOTeHNWana, KOTOpPOE BAEYeT

¥
&

LTSS N

e gt S i

 RARTRNNE TR L e g
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3a COOOH YMEHbINEHUE CKOPOCTH 3TEKTPOHOB H, 3HAYHT, HOBOE VBEJIHUCHHE HpO-
CTPAHCTBEHHOrQ 3apAjia W T. 1. [Ipw noctaTounol cHie BXomAmWEerc Toxa yrivéie-
HHE MHHHMYM3, HA¥aIo KOTOPOMY OmITO TOA0KEHO HeGOIbLIMM YBETHICHHEM
1oKa f, 6yier SHCTPO Da3BHBATLLA 0 TeX {I0p, HOKZ HE HacTYUMT ycaosHe
U i =70 {puc. 71, 6, kpusaa 3), T. e. Mbt HydeM HMETb CKauyxoo(pasHOe H3MEeHe-
mie 8 pacnpedclensn notewuuana, [lpw {0 =0 wvacts saexTporoe omxHa
6¥AeT NOBEPHYTh OOGPATHO M TOIBKO YACTh HX IOCTHIHET 2HOLA, HHLIMH CI0BaMH,
AHOAHHA TOK M3MEHHICH CKaukKoM,

[Morepxuocts, Ra koTopolt &/, =0, Ha3pBawT BHPTYaIbHHM KaTOZOM ¥),

3ameTnm, uTO BONLPOC O pa3leleHns BXoismlere TOKA f HAa TOK fy, Bo3Bpawale-
wuiics K 3exTpony [/, M ToK [, HIYWIHA Ha anoyt [/, He pemzeTca B pavkax
(IPHHATOrC YODOUICHWA, Tie GHI0 OPHHATG, YTO BCE 3MEKTPOHN NPOXOJAT [(LIG-
CKOCTb 31eKTpona / B COBEPNIEHHO ONHHAKOBWX YCIOBHAX, C ONHHAKOBLIMH CKO-
pecTamu. Ho ouesumdo, uTc Takoe paamencrHe (PakTHYECKH MPOM3OHIET, ecin

YHECTh, 4TO Ha OLMRAKOBHE CKOpocTH vy== V¥ 21U, wakranwmaprca pacipene-
JeHHwe 0 MaKCBeady HAYaTbHHE CKOPOCTH BHJAET2 3AEKTPOHOB M3 KaTofa.
B neicreutesbroctd U, O¥IeT HeMBOro wHxe Hy1d H 60Jee MelJeHHWE 3AeK-
TpoHN G¥AyT HOBOPayHBATL OBPATHO B HEXOTODOM CI0e TOMWHHN Ay, a Oolee
OBICTDbiE — MDOXOAHTEL K 4u0Ly. Y1powlan 3agauy, MWl O¥les CYHTATh, YTO Pa3-
AdeleHAe 3MEKTPOHOB HA JRE TPY¥HING [IPOHCXOJHT HeNOCPeICTBEHHO HR2 HEKOTa-
poit HOBEPXHOCTH, H Gyilem npeneGperaTh HA HOH TENNOBRMH CKODOCTAMH, JTa
IIOBEPXHOCTE, SMUTTHPYOMAA HIEKTPOHH B CTOPOHY aHoRa (TOK fu), u Gylet sup-

TVaTIbHHM KAaTOIOM.

2. Cayuad OTCYTCTBHS BO3BpAaMAKOMUXCA 3AeKTPoHOB. Haunew co cnyuas
OTCYTCTBHA OODPATHOrO TOKE, T. €. NOXOWHM

i [ == [2; Il = U
PHCHPCHC.‘IEHHE NOTEHOHA.Td MOIYHHACTCA VPABHEHHKO ﬂyaccona
a:
T =~ 4me (10.3)

Wurerpupya (10.3) oaun pa3 teM ke npHemoM, uyTo ¥ B § 9, moayuum:

(g(_w: 165/
&) =Vmo

rie Q -— nosepxHocth saextpora u [= jQ. Ho noctoanHas uuTerpHpoBadun

YU + const, (10.4)

Teepb He pABHA HYJIK (Ia8K KaK Ha aacKrpone %#U ul/£0). Popmyay (10.4)

MOXHO HANKCATL B BHAS
qaU {6=f

==V gyeVVi—in (105)

rae uepe3d d, BReIeHA MOCTOAHHAA HATECPHPOBAHHMA, PH3MUeCKHH CMBICA TOCIO-
AHHOH u,, Oyler BuACHeH HWXte. Bropoe MHTerpHpOBAaHMe mact

=t =LV VT i) (VT 2, 106)

%) TepMHH «BHDPTYAIbHUIS 316Ch O3HAUAET <HAMEICHHHIl HEKOTOPMM CBOM-
CTBOM», BRpTyaspHu# kaToa — nosepxHocTh, ofAalaliiai CBOHCTBAMH Kartofa,
4 HMEHHO CHIOCOOHOCTLE) SMHTTHPOBATh 3Z€KTPOHW B CTOPOHY aHOAa,
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[J€ Xp; — BIOpAA MOCTOHNHAA HHTErPHPOBAHWA M

PP
k=1 Vo 0=233- 1070 [ff_“]
On gl/e

O6osnavan }707 uepes u, moxuc w3 vpasuenus (10.6) NOIYUUTE ja8 f
YPABHEHHC TPETHCH CTEHEHH
!
a2+ Bugu® — dud = 'y (x—x,)0. (10.7)

W3 ypasnenus (10.7) MOXHO IJ8 3a1aBHOTO BXONHOTO TOka [ HafiTH 33BH-

cavocte u= }U or x, 7. e HaliTH pacopedenexHe poTenumana, Pemenne
ypasuenua (10.7) uveeT Bul

VU=u=—u,+
+ [/ T et A S [P A S

+l/ i, 4 2 (X = X — e —xm [ b x| (08)

Ms (10.8) Bumpo, w1o upn x=ux, Beanyuda {/ HMeeT MHHUMYM, I7A KOTO-
poro Uy =uk,. CaelopaTeabho, oOe BDEIEHNWE BRINC TOCTOAHHWE HHTEIPUPO-

BAHHA ly; H X, ONPelelflI BeiHYHHY H NOTOMEHHE MHHHMYMAa NOTEHLUH3na,
[as UpaKTHkM HAHGOTCE BAKHO 3HATH HMEHIIO ITH BeNHUHHR, 0COGHHO FAYGHHEY
M#REMYMa noTennuaaa, Hanpumep, ecam U >0, 70 c 28013 3MHTTMpylOTCA
BTOPHUHbBIE SIEKTPOHHW, KOTOPME MMEIOT B HOLEBAAWIIEM GONLIIHHCTRE HAYAIE-
Hee CKOPOCTH, pacnpefedednme B Tnpexeaax 0-:-20 g [Nlonamanye BTOpHYHHX
3AeKTPOHOB Ha 3MeKTpol [ ABAAETCA NPHYHHOH Pe3KHX, OGbYHO HEWEIATeAbHHX
HameHenHil XapakTepHCTHK npHOopa (Tak Ha3biBaeMul juHaTpouusldi adgekt).
OuesHIHO, YTO MHHHMYM DOTeHIMana ravOunoi, Goabmed 20 §, pacnoIoKeHHH H
FRE-ABEGYAL MEWGTY ITCKIPOTaMH, NPAKTHYECKH MOJBOCTEIO YCTPaHAET THHATPOH-
eEnifl 9fiberT. Popva KpHBOH pacnpeleleHHA NOTEHHHATA [PH S5TOM HE HMeeT
3HAYeHHA H, 3HAWAT, NPEJICTaBIAeT BTOPOCTENSHEHN WHTepec.

¥ pasHenus, YLoOnble NIA HAXOKIEHHA MEBHMYM2 TOTEHNHATa M €ro HoJo-
WEHNA, MOWHO MOMyunrTh W3 ypasnennit (10.7) n (10.8). TomectuM Hawaio Koop-
AMHAT B CcepcAMHe Meway snekIpogamd. Ha ofouwx snmextpozax €viem umern
YCAOBHA: -~

Ha sjexrtpole [ x=— , a=u,= VU,

> sqektpoe /! x=+4 -, u=uy= YU;.

Ypasnenne (10.7) n1A HAXIAOro U3 3IEKTPONOB -HPHUMET BUI

I (d 1)
u + St} — iy = (5 +5m) 1]

) a . (10.9)
u§+3umu§—4u§n=—k—(—2——xm).}

Hexmovan x, nus ypasdenndt (10.9), nepexonsa ot o4 x U, o1ReCs BCE HanpaMeHta
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K Hanpskenwio UJ; saekTpoia /, noavuaes:

k d{’
IR S e T, g
el R 3= —— 4 . (1010
* ]’ I"-.Ulf - L) Uy '\U1} ( )
3namenarteab aesoH uwacty ypaeeexud (10.10)
' {319
k_le=ln (10.11)

HMEET PasMCPHOCTL TOKA H PaBeH HODMANLHOMY TOKY B AWOde C MoTeRunatoM £
I paccTosHreM d MeXUTY sackrponamp. Ciaesa, TakuM o6pa3oM, CTOMT Geapaamep-
Has BEJTHYHHA —— NPHBEAeHHHH BXORAuUHA TOK

B naibuefiuiem mw 6}']1(3.\1 HCCIENOBaTL H3MCHCHHA B ZHOAS B 3aBHCHMOCTH oOT

“U. n f, a U, 6yneM cunrars nocroanuuM. Terna [, = const n { ocraeTca npo-

nopuHoHaibHuty /. Ypapnenwe (10.10) Mo®HO HepenwcaTh B BHIe

’ ) 7 T8/,
i_—_V 1+3(%”l}”—4; Un {2 1

17 VO
f Ly 187s Us i Uy W1 /a 8/
£ { =2 g g e m 4 m . )
. ]/ o)t lw) ("—U. ) (10.12)
Pewras nepsoe w3 vpasuennit (10.9) OTHOCHTEIBHO X,,/d, MOMHO NPeACTABHTL
ero B BHIE
Xm i : { U Vs ff..U -\a,;,]}___ 1
d “{.- ['+3l_ o) —Yro) 5- (10.13)

Beapaamephue ypasaeuna (10,12) m (10.13) ynobro HCNOIB30BATH AMA HECAETO-
Banuga 3asucuMocTe Up/ll, n x,/d or i

PeayibTaThl HCCAGNOBAHHA B IpagHuecKoi dopMe DPencTABIEHH Ha PHC. T2,
rae no ocH aGCUHCC OTFOKEH TOK { H HO OCH OPAMHAT X, jd wan U, /U, nns Tpex
suavenufi: Uy, =0,3; 0,8, 1. Ha puc. 72 napemerp Ui/, <1, wo pue, 72
MOXeT OBTb HCNOIAR3OBAH H 1AA cayuan Uy/U; > 1. B camom rere, npH HCCaeno-
BaHHN 34BHCHMOCTH 01 [ 0TeHuAad {/; 0CTaeTCA MOCTOAHHMM, TaK ®e Kax (),
H ypasuenua (10.12) u (10.13) monno 6uac 6 DOTYUHTH B TOM Xe BHJ¢, BBOIA
HOPMANBHYH TOX [, = EU3/ejd w oTHeca mce manpamenus K {J, BMecTo Uy

PaccMoTpiM B KauecTse NpuMepa KpHBHe mas o/l = 0,8. IMpr 0<<1<<0,82
LAR Xy HE TOAYUAETCH SHAYEHWH, newauiny B npeflenax of x =d/2 fo x = — d/2
{puc. 72). IT0 3nawdT, uTO Ha CHerKa NPOBHCIIEH KPUBOH pacnpedeleHHd HoieH-
LHaaZ2 MAHMMYMA Her (Kak Ha kpmsob 2 puc. 71, 6). [lpu {==0,82 (rouka M)
MHHHMYM MOABIAETCA UPH X, 'd ==1[;, T. €. Ha 3a1extpone 2, Ilpu stoM, koHeuno,
Up=U,=080,, TaipHciuee ymeiuuerHe [ Bm3wBaeT, BO-TIEPBRIX, YIIYSIeHHe
MHHHMYMZ H, BO-BTODWX, €ro CMEMeHHe U0 HATPABIGHHMIO K 3JEKTPOLY / (KpH-
Bae 3w 4 Ha puc. 71, 6). [ay6uua wMUAEMYMA UOTeHNWala MONeET ROCTHTATh
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HECKOMLKHX AeCATKOR Boa4sT. Hanprmep, npn i = 6 (Bxomaumtil TOK pased mecti-
KPATHOMY <HOPMAIBHOMYY TOKY [ =16/,) U, ==042L/, u x,=0084. Ecin
Uy=100 8, U, =8 s, 70U, =42 s uw I/, — U/, =58 8, Uy — 1/, =38 8 — 910
Goiee weM IOCTATOMHO 1 NONARTEHHA THHATPOBHOrC stperrta. MUIHMYM NOTCH-

uUHaIa JeMHT TPH 3ITOM OYeHb OaH3KO

lfj_fm g K CCpeavs#e MeXAVHIeKTPOIHOLO HPOMe-
1R Y WMYTKA,
5 = -
0,9—\%\‘-’: BulacHHM, Kak 3aBHCHT ravOnHZ MH-
\ L 1,2 HEMYMA OF PACCTOAHHA MewI¥ 3IeKTpo-
ag— =08 naMu 4. flycte d #3MeHseTcA WNpH UOCTO-
I \ \ .
g7l NG . AauHbx sHavenuax Uy, U, u i. Torma [,
v % \ (cum. (10.11)) Menserca oOpatHo Oponop-
as L A n#oHaIbR0 4%, a { — NpAMO  HpONOpHHO-

HaabHo 4% Tlpn veBeanueHnH & npueejen-
HHH BXOIAHIHA TOK [ yBeJHYHBReTCA H,
Kak nokaswizaet puc. 72, U, yMeHbmaer-
ca. Takum  obpazom, uem Goabule pac-

asb—L 325 ~N N
4 .r’ "1,r ™ \ \

A
|1
ey

a3 CTOAHHE MCHMAY 3IeKTPodaMH, Tes rayGme
5\_,,-*1' MUAKMYM DOTGHUMAA3, KaK A CAEI0BAAO

4z PR e I B OMHIATD, to
ot o Sl VA 3. OfipasoBaHHe H HCYe3HOBeHHe
' I BHPTYanbHOoro KaTtoaa. Cuna ToKa npu
g - HaJHYHH BHPTYRAbHOT'O KaToja. Oco-
g+ 23 4 5 67 3{9 Ouwit WHTepec NpeacTaBafser To¥k: B
%ﬂ (puc. 72}, B KOTOPOR KacaTeabHasd K KpPH-
05 BOH IeszeTca BePTHKANLHOH. JTol TOuKe
g“‘é a5 npu U/, =08 COOTBETCTBYET MAKCH-
3 MATbAO BOSMOXHHE TOK =1, ==638.
%‘? . P Ondako, yeerHuwBas, Hanpumep, i
i — (puc. 71, @), M MoMew, Ka3adoch Bu npo-
g r 2 3 ¢ 5 6 7 8 8 M3BOILHO YBCIHUMBATL YHCIO BXOIAUIAX

¢ 31eKTPOHOR, T, e, Tok i, UYro we Oyner
Puc. 72. 3asncemocts U /0, v x, d npoucxo,‘émb B nEﬁCTB};iTEHbHOCTH? Enne-
. CTBeHEH BO3MOMHM OTBET  3&K.TIO-
OT UPNBEICHHOMO BROAAWEIO TOKA T yaareg g TOM, YTO YaCTh JICKTPOHOB BO3-
apu Uy/t/, =1; 0,8; 0,5 BpamlaeTcA K srexrpody I, a 3ro moder
6WTb TOJBRKO B TOM ClIyyae, eCTH 06pa-
3yeTcA BHPTYanbHEH Karod (B. K.). O6pa-
30BaHHE B. K., KaK 3To OhI0 OTMEuYeHO H paAblie, IONKHO NPOHCXOIMTH CKAYKOM,
T. €. PH HHYTOMHOM VBCTHYEHHH BXOJAUIEFO TOKAa CBePX 3Hauenus { =68 pac-
TpeleTeHUe TIOTEHNHAla MTHOBEHHO [€PeXoidt oT Kpusof tuna £ (puc. 71, 6)
K KpHBOl THiI2 5, B TOK Ha 3JeKTpol 2 CKAUKOM HalaeT, TaK KaK HOABIACTCH
obpaTEuf TOK /5, AMazorpyHas KapivHa OyleT W HPH IPYIEX 3daYeHHAX uapa-
metpa Uy/U,. Hanpusmep, nas UsfU, =1 a3ro 6yner npu i = 8. CoelnHAn Mexay
cofoli KpafiA¥e TOYKHM THDA B, Mb 10JYVUEM TPaHMUYAYIC KDHBYIO, 710 KOTOpO#
MOMHO HaHTH HaHOONBIUME ToX Ha anoX 2, BOSMOXHHEE npH dasnom Uu/l,.
I'patRubazd KkpHBasa J, NpoBedeHnas 110 TOYKIM C BEPTHKAALHHMH KaCaTeAbHHIMH,
OTIeAeT Ha PHC. 72 06,13CTL, B KOTOPO#H BO3MOMKHO PACIpeNeIeHHe ¢ MHEHHMYMOM
noTeHuHal1a, Ho 6e3 BUpPTYaabworo Karojaa, C Apyrol CTOPCOHH CpaHHDA 3TOH
o0JacTH COBNAafaeT ¢ KPHBON 3, NpoBeleRHOH Yepe3 TOYKH NOABIEHHA MAHHMYMa
NoTeHIHATd,
BeauunaHy MaKCHMATLHOTO aHOJHOFO TOKA, BO3MOXHOrO npH 3alaHeni Uy n U,
MOXKII0 HAHTH H3 YCIOBHA BEPTHKANLHOCTH KacaTelbHOH B TOuke B

ol
—
d,2
\ay/

=0
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Noacrasans cofa { 3 ypasuenua (10.12), Hafizem:

() =—%“T i
[, li=imax ‘['“LV 3, ] } (10.14)

e[V ET

focre MOABIEHHS BHPTYAalbHOIO KATOAA YCIOBHA NPOTEKAHHA TOKA CYI(ECTBEHHO
W3MEHAIOTCA, TaK Kak Teueps [y £/ N B UPOCTPAHCTBE Mewily 3iekipoiom [ u
BHDTYATBHWM KA4TOAOM TEKYT JBA BCTpEUBHWX Towa / u fy=/— [,

PaccMOTPHM  IPOCTPAHCTBO €MPasa OT BHPTYAILHOrO KaTola, Ha BHPTYadn-
HoM kaTode /=0 u EC—=D: IPaHUUHEE YCIOBMA ASA 3TOrO NPOCTPaHCTBA
COBUANAOT € TPAHHYEBIMH YCTOBHAMA HePMaabHoro mnojla. Iostomy pacopeae-
AeHie MOTEHIHANA 3]1eCh MOTTHHAETCA 33KOHY

Xa /g .
Usxo=10s (m——d \ , (10.13)
BE—2 /

Co€ Xg— PAaCCTOAHHE, OTCHHTARHOE OT BHPTYAJALHOIO KaToda, H dB K_L):,_pf:lc-

(CTOAHME My HWHM H saexTpoxom 2. Cuia Toxa na awon 2 pasma

— l 3/
]s—kd—s'— U‘_.AE , {10.16)
B.K—2

Is V3MeHfeTCA NPU NEPCMEMIEHHH BHPTYaJTbHOTO kaTola. B npocTpaHcree caesa
0T BHPTYWIBHOTO KaTOHAd CPaHHYHHE YCIOBHA OUATH-TAKH COBNANAIOT C rpaHHu-
HHMH  YCIOBHAMHM HOPMARbHOIO [IHOMA, HO 3l1ech TEKYT BCTPeMHbIe TOKM / U
I{y=171—1, Onmwuako pacnpeieiedde OOTEHNHAIA 34BHCUT TOJIbKD 0T 0GBLEMHON
INIOTHOCTH 33pAl0s, IEACTBYIUMX SAEKTPOCTATHYECKH, H He 3aBHCMT OT Hanpa-
BIcHEA TOkOB. [losTomy pacupelerene noTewnMzaa cIesa oT BHPTYEALHOIO
Katofla OyIeT B TOYHOCTH TaKMM e, XKaK B HOPMANGLHOM NHOJE € GHOIMHM Ha-
npaxenseM {J, H TOKOM

Uf/z
d? ?

B.K—1]

L= Li+{ll=%—t=k

(10.17)

PaRHMM CyMMe 0BOUX BCTPEYHMY TokoB. PacnpefeneHpe OOTeRNHaia Gymer
HMeTL BHI ’

4,
Uﬂ.uﬂ|=Ul("_"'d X ) ’. : (10.18)

B.K~—1

Ecan xp,, — paccToARMe MHHHMYMa AOTeHlnanz, T. €. B DaCCMATPUBAEMOM Cayiae
PACCTOANNE B, K. 0T CePelIMHH MEXAYITEKTPONHOrG NPOMEXYTKA, TO (puc. 71, a)

d,,.ﬂ_,l=-—-2-—]—xm, oy 2= ?-xm, TdK 4I0 A1 UPHBCACHHWE TOKOB
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MOMHC HAllHCATh:

! kU s ] RUPI2 AT
s 1z __ H { 1 o 2
'2_[—_' d e / a° —'\U1) »
7 ] 4
j3: 10.19)
L - Jj T d e 2 y Yo ne
" gt TTG)

f‘; zi—ig.
13 ypasneunit (10.19) MomHo HaBTH 3aBMCUMOCTH TOK2 {» § NOJOXCHUA B. K.

Xp/d OT BXOIZMuEro TOKA i. 34eck MW OrpPAHUYMMCA TOILKO BEIACHEHHCM Xapak-
Tepa 3aBHCAMOCTH f; OT { BO BCeM ¥HTEpBaJe 3HauehHd i Kak jo, Tak M OoCae

)
g} === mmm s -
(!f]j e
A
45"
4 i

i

Puc, 73. Hamenenne 2HOIHOro TOKa ie B 33BHCHMOCTH
oT BXOAMUETrD TOKa i

obpaacBanna B. k. [lpw yseauuenun {, HaukHaa ¢ i =0, cnavana Gyler f;=!
HE3ABUCHMO OT TOrO, HMMEeTcA AH MeKIy 3IeKTPoaaMH MHHHMYM (OTEHOHAAA.
S3aBHCHMOCTS iy OT { B pemuMe OTCYTCTBHA B, K. H306pasurca MpaAMof, Hakio-
pennofi mog yraoM 43° ¥ ocam (puc. 73). .ECJIH, HanpHMeD, Usfl/y =1, T0, KaK
[oKA3HBaeT PHC. T2, Ha npormkerwn oT =10 12 =8 MOWKeT CYWECTBOBATH

pexum 6es B, K., 9T0 COOTBETCTBYET NPAMOJHHSHHOR uaCTH rpaduika OB wWa |

puc. 73. C mpyrofi CTOpOHH, MOCTPOCHIE 3ABHCHMOCTH iy or [ npu HATHUAH B, x:
no ypasgenuam (10.19) maer wpusyw CB'A Touka A -—_npenemfﬂf .Toﬁma ‘rPa_

VK2 PEXMMOB € B, K. W €H, OUEBHIHO, COGTBETCTBYIOT i =0, iy =1 V13 ypae
veruft (10.19) NaA 3TCro cayuas, HCRAOYAA Xpg/d, MOKHO UOIYUHTL:

B uactioctn, npu Up/l/, =1 Gymer (i), _o=4% PestiMul € B. K., COOTBETCTBYIO-

muae yyacrky CB'A, Takxke (GH3HUECKHW BOIMOEHEL. L
Takum obpazom, MeMIy 3HAUEHHAMH BXONAUIETO TOKA [=i, O

BOSMOMHE [BA DEMAMXL OJMH € B, K. (YHdCTOK KDHBOH B'A), ipyro# Ges Hero

(10.20)

i=lIg

e
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§ 10] :
(vuactok npamoii AB). Boauukaer Bonpoc, kaxo#t xe d3 ABvX peXnMoB dakrTu-
9eCKM YCTAHOBHTCA.

Crporoe HCCIeI0BAHHE BOUPOCa NOKA3hiBaeT, 4TO 064 BO3MOEHHI pewiMa
¥crofiunsn. CreloBaTelbHO, ECAH K TOKAM, JEKAWNM B HMHTepBane (i, 3-ip),

NOOXOOHTh CO CTOpOHN MaabiX 3HAYEHHE i, TO Ha 3TOM HHTEPBR.‘IE Jorxen
COXpPaHHTBCA pexuM Ge3 B. K., CYIECTBOBABIUKHA Ha NPOTREKEHHA HHTEpRala
(0 +i,), # xapakTepHCTHKa cneayer no npaxod (OAH. Ecig we nonxonuars

CO CTOPOHH CHJIBHHX TOKOB { >-{g, [I€ 3aBEIOMO CYIECTBYET B, K., TO H Ha
HHTepBane (ig+i,4) OH OCTAHETCA H XapakTepucTHka uoiaer no xpusoi CHB'A
[loasienue B. kK, npH Tepexcie yepes i =iy B CIOPOHY YBEIMuCHAA { M HCYC3-
HOBEHHA B. K. IPH nepexofe uepes i =i, B CTCPOHY YMEHbLIIEHHS i MPOHCXOANT
HENPEMEHHO, TaK KaK BHE HHtepBata ([, ig} ¢ ofoux cTGpOM CyUICCTRYer

TOABKO OAUH YCTOHYHBWH pemHm,

B touxax A n 8 pacnpene’enHe NOTEHUAANa CKAYKOM UEPEXOIMT OT pac-
npelneIcHNA THIZ KPHBWX J B 4 X pacnpele.feHHI0 THMA KPHBOH 5 (pHe. 71, O).
[Ipn sTom mepexonl uepes ToUKY O CONPOBOMIAETCA H CKAYKOM TOKOB i H 7,
HO B TOuKe A NPH HCYE3HOBEHMH B, K. CKauka ToxoB Her, Cosepuenro aHano-
rHYHO TIPOACIOAHT cMeHa pexumoB H npd {s/l/; > 1,

Ipu Uy)U, <1 cMeda PEXBMOB NPOTEKAET CIOAHHM o6PasoM, ¢ 1ol TOILKO
pasHHuel, 9TC COCTOAHAE € B. K. TePAST YCTOHYMBOCTb B TOUKe d kpusoit eb'd
(puc. 73), rie KacaTeabHas K KPUBOH BEePTWKalbHa M eule J0 [epeceyeHHs
¢ upamoit QabAR. HostoMmy pacnax B. K. H Nepexold d — 4 CONPOBOEAAWDTCA He
TOABKO CKEYKOM B pacupefeleHAH HaNPAMEHHA, HO U CKAUKOM TOKA.

Ha pruc. 72 Toukm, H3oGpakalollHe PeXHMH MCUE3HOBEHHA B. K., GDY YMEHb-
INEHKH { ROWATCH Ha KPUBYW 2, npoxosamyw npH Usi; =08 uepes Touxy A.

IKCNepHMENTaaLHAE TIPOBEPKA BNOJHE NOATBEPHKIALT BHBOL TEOPHH 06 06pa-
‘30BAHHM B. K. NPH GOJBLIHX MAOTHOCTAX TOKA, THRHYHHE Pe3viIbTaThl NPHBEIeHH
na puc, 74, Cpepxy UpPHBelEHAa 3aBUCHMOCTE [y oT [ (/s 0/ upn U, = const npo-
NOPUHOHANBHE I3 H i) 1A NaMAH C <yNPABASEMBHIM KaTOXOM* H G0IbLIHM pace
CToAHMeM MewJy ceTkoH Cp, H aHOAOM {34ech 310 Owam ceTxa {y MeHTONZ H
4H01, COBAHHEHHLE BMECTE). JMeKTPOAR HMeTH JIEHNTHYECKCE cedenre (puc. 74, @).
IlpaMan yMeeT HakIoH MeHbMKH 45°, Tak Kak No OCH afCuUBCC OTNOXEH [OIHLH
TOK, BK/IW4Y2A TOK HA MONOXHMTENBHYK ceTky Cs Bce kpUBwe noxazwBaoT nale-
Hue f,, HayHHad C HEKOTOPGrO 3HAUEAWA [, YTO ¢ HECOMHEHHOCTHIO JOKA3HBAET
BC3HUKHOBEHHE 8. K. HO CKauKOB ¥ MHCTEPEIHCHRX ABRCHKH B 5TOH JaMme He obHa-
PYKHB2ETCA, 4TO MOXHKO OGBACHATE TeM, UTO HPH INIHOTHYECKOH CeTKe IMIOT-
HOCTh TOKA OMEHb HEOJHHARKOBO pacnpefedeHa Mo ee nopepxHocIn. HeomuAaxoesa,
CIeOBATEILHO, N0 PA3HHM PajHATbHHM HANPABJAEHHAM H OACTHOCTH NPOCTPaH-
CTBEHHOTO 3apafa. B peaysbTarTe BHPTYAALHWHA KaTOA 10 Pa3HEM HailpaBACHHAM
BO3HHKAET OPH Pa3HLX IOJHHX TOKAX M CkKauka He noayuaercsa., Ha puc. 74, 6
BOCIPOH3BEOAEHA 3aBHCHMOCTL f3 0T [ AIA CHeuHaibHO NOCTPOEHHOH JaMNul
C HPYrOBoIM CEYCHHEM S3JEKTPONOBE H TYCTHIMHM, CAAETEHHHMH M3 TOHKHX NpO-
BOJAOK CeTKaMH. B 3Tod namne ayuire cofIwIAa0TcA NpelloCHAKH TEOPHH H Nis
Hee HaAPAAETCA [IONHOe COrMacHe SKCTIePHMEHTa W TEopHH.

C movowipio TEOPHM, Pa3BHTON BHIINE, OK33a80ChH BO3MONKHMM YCTAHOBHTD
CYIeCTBOBAHHE CHAYKOB uOTEHHHarza W ToKa M CcBoeoOpasHOro rucTepesuca.
Ho nma 7toro urofsl CTporo peliHTb BONPOC ¢ rPaHHNAx Tofl o6JacTH, B Koro-
pofl CYUeCTBYIOT IBa YCTOHYHBHX COCTOAHHA H B KOTOPO#, CJIeNOBaTEILHO, Ha-
6aonaeTcA THCTEPEIHC, HYMHO OHI0 6H PAaCcCMOTPETh BOUPOC 06 YCTOHUMBOCTH
SJ1€KTPOHHOro ToKa, (Tporas Teopua YCTOHUHMBGCTH 9NEKTPOHHOIG TOKA B IHOIE
O6una paseyta C. B, BeawcrunoM, BERLY MaTeMmaTwueckofl CROXHOCTH TEOPHH
BeroctvHa M Ha Helt ocTanaBaHBaTLCA He Gymem.

4, HaMcHEHEHEe PeHmMa B 3aBHCHMOCTH OT Hamps:kenHa I, — {/,. Buule
OHIH HMCCAENOBAHH HM3AMCHEHHA DEXHMA B IOTOKE SISKTPOHOB C OJHOPOIHHMH
HauaabHBIMM CKOPOCTAMHM B 33BHCHMOCTH OT BIONAMErc Toka. [lepeiiieM Tenepb
K HCCNeJ0BEHHIC 3aBHCHMOCTH PemHMa 0T aHOAHOrG Hanpsxends .. MomHo

D B, M, MamoHoB, % I
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3apaHee NPENBHAETh, UTC CKH‘IKODGPB.’:}HHE H3IMEHCHHUA pEeXHUMAa, CBA3AHHHE C 1O~
ABIEHHEM H I[ICYC3HOBEHHEM BHPTYAIbHOMO KAaTOId, JO0JEKHB OsHap)’)KHTbCH A
30eChk, H 3TC OTPAIHTCA HA XOJME BOJLT-aMICPHHX XaPAKTCDHCTHH. BKCﬂEpHMGH-
TaJbHO CKAYEH B XOJ€ BOILT-AMNEPHHX XAPAKTEPHCTHK BlEPBhIE OHan DGHEIP)'-

£, M0
%0
U/, =208
20 -
//x \"‘\._
n:j_/g:&ﬁ—
Za —
A |
17 p=s7
o oy
et
i g
4 i 20 30 40 Mg
3)
5, Mg
15
Upm 306=U, /{/mj
Ug=t; =66 oy
20— // f !
| !
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5 -/ rmen |
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0 5 (7 15 20 25 [ ma
d)
Puc. 74, DxcnepuMenTassiad Nposepka 3aBRCHMOCTH f; oT [,

G — ICUTOR SIAHNTAYECKOrQ CEYyeHHA, CeTKH C; H A coeguHeHs
BMecTE; 6 — TeTpoA KpYyroBord Ce4YeHNH,

EeHbl B 3JeKTPoHHnX fAammax B 1921 r. [MasroBuMm B moswe (1925 r.) dxknazem
B AHUIHM. L4

3aBHCHMOCTS [y =f(Us) pH /= consl U MOCTOAHHHX 3HAYEHHAX RAMpAWe-
HHA BCEX OCTaMbHHX 31EKTPOJCE B TEODPHH 3NMENTPOHHWX JaMil HOCHT Ha3BaHHe
aHONHOH BOIbLT-aMilePHOR xapakTepucTukn., Ha Ipaxtnke B SKPAHHPOBAHHHIX
raMmax (TeTPoNax H IeHTOJAx) AN YCHICHHA BRICOKOH YacTOTH BXOIANKH Tok
OYeHbL M0 3aBHCHT OT AHOJMOrC HanpawkeHua {J;,

Pemas ypasnenus (10.19) orrocureasso Uyl W xp/d, noayuum:

U, 4 /1 Xm \Hs
TJT"s”(? 2
Xm 1 1

)
]

S —
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§ 10] :

oTEYA
H 1 4
_g= =[,-1,,_(._H‘= ) ”] s (10.21)
L

2 20 — g

¥paeeenus (10.20) n (10.21) mawT 3aBMCHMOCTE {3 of U, 7. e. aHOIRYID Xapak-
TEPUCTHKY M MOIOMEAHE BHPTYATLHOTO KATOXA. DTH JABHCHMOCTH IPapuvecKu
man i=10 u i=275 npencrasieHsi Ha pHC. 15

[
10 i 2 -t —
g
L2
6 4 b T

i 0

“2
0 65 10 15 20 25 30 35 40U G 06z G4 06 48 i U
05
= § mam
I a =
7 7 =10 in g4 o a2
|49 e 9 o] 7
-G l Ly -05 i

. 2 L Lz
0 05 10 15 20 25 30 32 404 g 0z o4 g6 08 i0 Y

Puc. 73, 3aprcuMoCTh NpHBENERAOro aroJHero Toka fy ¥ x/d ot Uy/l/; am
npHBele HHOrG BXOIMEro Toka {== 10 n iy =25,

Mpu {= 10, ecay naunnate ot Uy/U/; =0, BHpPTyanbuwii KaTox BCe BpeMA
CYHIECTBYET M TOK iy pacTeT NpH ypeawuewwn /., 0DOKA He OKasuWBaercd, 4T
is=1i (Touka A Ha YapakTepHcruke). B Touke A BApPTYaqbHuH KaTOZ HCuesaeT
¥ iy OCTAETCH PAaBHHM {, NOCIe Yero XapAKTEPHCTHKA HIeT FOPH3OHTARLHO, €CIH
npenepeun caaluM TeficTerem U; Ha TOK KaToga. McueaHoseHHe BHPTYANLHOLO
KRaToAa 3fech npoucxoant Ge3 ckayka Toka. [lpw obpatHom Xome H3MeHeHHA
B TOYKEe A XapaKTepHCTHKE BUPTYaIbHHE KaTOX He BO3HHKAET H XAPAKTEPUCTHKA
OCTAaeTCA FOPH3OHTATBHON T TOYKH B, rae cocrosnue Gea BHPTYaAbLHOILO KATOAA
TepAeT YCToHUMBOCTb, [10ABIASTCA BHPIYadbHMI KATON H TOK CKAYKOM mamaer JIo
BeTHUNHB, COOTBETCTBYWOIRell Touke B'. XapakTeDHCTHKH TAKOTC THIA MOIY4al0TCH
npu iz=4, [lpu 1 <{i<T4 oTaHYHe XAPaKTEPHCTHKE OT TOABKO YTO PaccMor-
PEHHOI 3aKAOYAETCH B TOM, HT0 UPH YBEIHUEHRH { COCTONHHE C BHPTYaTbHHM
KaTONMOM TEpReT YCTOHYMBOCTh NPH fs <C{ B TOUKe XaPakTepHCTHKH C, TAe kaca-
TenbHad K Hefl BepTHkanena, [losToMy CKavyOK I0Ka NOAYYAETCA H TIPH pacnaie
BHPTY3.IbHOLO KaToja H MPH ero NOABICHHH.

Takum 06pazom, B 31EKTPOHHOM NOTOKE € HAYAJIbHGINK CKOPOCTAMH BIHAHHE
NPOCTPAHCTBEHHOrO 3apAfa cKa3mBaeTCA Ha aHOJHLIX XapakTepHCTHKAX, BO-nep-
BbWX, B MNOABIEHHM CKAVKOB M 3J€KTPOHHOIC FHCTEPE3HCA OPH AOCTATOMHO CHAb-

B5*
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HBEX TOKAaX, BO-BTOPHE, (OPMa XapakTePUCTHK HPH MaAbiX aHOJHHX HanpHke-
nwAX {Js TaxkoBa, YTO XaPAKTEPHCTHKH OOpalleHBl K OCH, Ha KOTOPOH OTAOMEHO
2HOJHGE HANPHKEHHME, CBOEH BHOYKJIOCTLIO (B TO BpeMa KaKk 6e3 yuyeTa BJAHAHHA
MPOCTPIHCTBEHHOIO 3apsilla  BHUIYKJIOCTh XapaKTepPHCTRKH o0panicHa B APYryio
cTopony). Kak Mol YBHIMM HAXe, ¥ HEKOTODHX 3APKTPOHHHX JaMN  BIHAHHE
OPOCTPAHCTBEHHOIC 3apAla Ha XaPaKTePHCTHKH MNPOABIACICA MMEHHO B 3ToH
dopue (cv. 9. I, ro. 3) *).

§ 11. IlpocTpaHcTEeHHbIHl 3aPpAN B SJIEKTPOHHBX ay4ax

1. AaekTpocTaTHUECKOe H 3JEKTPONHHAMHYECKOE E3aHMONeHCTEHE
NEKTPOHOB B MYyuYKe. TPACKTOPHH BACKTPOHOR B OTCYTCTBHE BHEUIHMX
noaefl, ecan npeHedperaTe HX B3aUMONEHCTBHEM, NpaMOJaRHedns. B pefi-

CTBATENBHOCTH OPAMOJMHEHRHOCTH TpaeKTopuH HapylaeTCcs H3-3d AEKTPO-

CTATHUECKHX M ITEKTPOAHHAMHYECKHX B3aHMOACHCTBHE MewIy »1EKTpo-
HaMH, KOTOpHe MOI‘YT 34METHO H3MEHHTL 04ePTAHNA NMTYYKE 2JICKTPOHHBIX
ayuel. Mbl paccMOTPHM TOJBKO aKCHAMLHOCHMMETDHUHHE YYOK MSKT-
POHOB. ‘

IycTe 37eKTPOH HAXONHTCA HA PACCTOSNHMU 7 OT OCH Myuka. Brigeaus
B NYUKE UUJMHIAP PalHyCa r— BHYTPEHHIOW 4acTh, & BCK® OCTATRHVIO
YaCTh IYYKA HA30BEM BHewHel vacThio. Kak u3BecTHO M3 TCODUH TIOJH,
BHEWIHAA 4aclk HE CO3J3eT BHYIDM ceb# Hu 51EKTPHUECKOTO, HA MATHHT-
HOro TI0JH, €CAd PachpefeneHHe 3apafoB W TOKOB B Helt ofaanaer ocesolt
cuMMeTpucH, NeAoGHO TOMY KaK PaBHOMEPHO 3apAXeHHm#l wmap ue coa-
[@eT Noas B CBOEH BHyTpenHeH noaoctd. BHyTpennas ke nacTh myuxa
cosmaer BHe celd NoJe Tak, Kak GyATo Ou Bech ee 3apia GWa cocpedo-
TOYEH Ha OCH H JABHTaACad BIOJb HEE. .

3apaa Ha elHHMUe OCCBOH MIMHH NyYKa § = =r'p, W HAa SAEKTPOH
NefCTBYET 3JEKTPHUECKOE TOJE © CHAOH
2. 2rr%

=-"—— e=27rpe,

F,—e=
¢ r r

(1.1

Hanpannenuoﬁ OT OCH, H JIOPEHLEBAa CHIA
e
Frp=— £ [vH],

HanpapacHHAs B NPOTHBOINOJOXKHYIO CTCPOHY. Tox BO BHyTpEHHeH YacTH
nyuxka paBeH
f=nr= wripo,

BexTop HanpAXEHHOCTH MAarHUTHOrO MOAY HA PACCTOAHMH 7 OT OCH
MePHNCHAHKYAAPEH K CKOPOCTH B No 3akoHy Buo-Casapa pasen
_ o

H_E' =211:pr?.

*) O Teopun IHOIA C HAYAALHGIMH CKODOCTAMH 31EKTPOHOB, OTJHUHuIME OT
Hyad, oM. [J1 L 12, ra, VI)

s M b AR T
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Taxkum oGpasoM, JAOPEHIEBA €H1a PaBHa

.yl . - -

FH=—21rrpeE;— (I1.2)

W nMoaHad cuaa, ,ueﬂcmy[omaﬂ Ha 3NCKTPOH,

F=F, 4 Fp=2zpe (1 —v%c%. (11.3)

Hns MeATEHHHIX 3JEKTPOHOB C COBEPIIEHHO ZOCTATOYHOH TOUHOCTLIO
F=F,=2xrge.

DAeKTPOIMHAMUYECKME CHALL, CXKUMAOMME NYYOK, OKA3BIBAIOTCA, BO
BCAKOM CHy4a€ JINA MENJEHHBIX SAEKTPOHOB, ropasno cJaee pacluupsio-
wMX MYYOK SAEKTPOCTATHYECKHX CHIL

2, Usmenenne ¢opmMsl nyuka BCAENCTBHE OTTAJKHBAHMSA 3MEKTpO-
Hor. [loTeruman Ha paccTOfHEM r OT OCH pasen '

U/==~—2gInr-+ const. {I1L.4)

Paamansnas caaraiomias CROPDOCTH F CNPEIEeSUTCH H3 COOTHOI.IJEﬁP!SI

2O 4 el/— const. (11.5)
Ha (11.4) .0 (11.5) caenyet:
(FP=4dngInrC, (11.6)

rae € —MOCTOAHHAA, KOTOPYI0 MOXHO HaHTH, €CAW M3BECTHH F U 7 44w
Kakoro-aubyab CceueHas nyuyka. IIveres, Hanpumep, B MEcCTe BHIXO1a
SEKTPOHOB B MPOCTPaHCTBO, CBOGOAHOE OT BHEWHAX noJeH, Ha mepn-
depun myuxa :

r==r, f=f0=0

(1. e. myuyok BHauane napananeavuwi). Torna

C=—dngInr,,
(PP=alnR, 4Ly
a=dg, R=".

MUz (11.7) caenyer, uTo BpeMs npOJeTa SAEKTPOHOB AG TOrC MecTa,
FAC PAauyC Ny4YKd AE€NaeTCH PaBHHIM 7, PaBHO

R

f— s S dx
Va ; Yinx®

(11.8)
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JIlan napakcHaibHBIX SJEKTPOHOB vzmtr=]/2'qUa, rae U, — ycxopsio-
ee HanpskeHue. 3apsf Ha eQUHMLY RAHHH Oyner

=xr* =L__ 1 _L
=Y VR, N

rae [~-cuna toRa B nyuxke. CnenosarejbHO, NEpexoxs B (11.8) ot

Pt
13
2 2 1341
i i) I —— =1
10 fmm=—t=— T ]
rd
g P .
8 Deulomiuas Ay - L7
7 P =
& /' e
) 1
4 | Toue mocamanenczn
3 AT T nponyenong mone
2 7 =
¢ =t
a
fa1} (82) (%3) (%4) (a55) (%6) fag) (%ﬂ (ﬂéé')
/] H 2 e N
323 U,,si [

Puc. 76. KpuBas EId PacyeTa PAaCXOIEHHH 3JEKTPOHHOTO NYYKA B
NPOCTPAHCTRE, CBOGOIHOM OT BHEUIHEro NoaA (YHHBEPCATBHAA KPH-
gaa orubaiomed ayuva).

IIYKKTHpOM ZaH YNACTOK ab KpHBOW B yBeawuennon macmraCe.

BPEMEHH K PACCTOSIHMIO 2, H3MEPAEMOMY BLOJb OCH, H [DHHEMAT BO
BHHMAHHE, 4T0 2==v,1f, noayuaw:

ey X dx
3—=]/1"— =, (11.9a)
ra 2 /M) Yinx
wau, ecan Bupasuth U/, B KRAOBOABTaX H [ B MHLIMAMIEDaX:
3y R
2393l (2, (11.96)
ro rfs Vinx

Unterpan, sxozamnt 8 (11.9), ne selpakaeTcd B 3ASMEHTADHHX (IYHK-
uugx, B. C. JIyKomKoe, KOTODOMY [PHHAANCKET M3GOKEHHHE BHINE

&

e S iy
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pacuerTn *), cocraeun TaGAMIY 3HaueHAH 5TOro uuTerpasa. PeayanTath

BEIUHC/ICHAH NH300DaKaAOTCE YHHBEDCATLHOH KpHBOH Ha puc. 76, rie mno

z 'z r
CCEM OTJOXKCHH BEJHYHHB X =—— —

To 32,3071 ro
Ilpr nomomu yHesepcansHO# KPUBOH DHC. 76 MONKHO HaWTM pacxox-
JEeHHE TNapamie/bHOr0 MYYKa B MPOCTPAHCTBE, CBOGOAHOM OT BHEWIHHX
noaett. Hanpuvep, nycrs 7,—10 xs, {=4 .xa, ry==0,1 cx ¥ Ttpe-

, y:R:

Puc. 77. Popma, KOTOPYIO UPHHHMEET CcXolsulniica
91EKTPOHHEIA 1Yok {IOCHe BWIOAA B MPOCTPAHCTERO,
CBOOOAHOE OT BHEUIHErO noa4.

GyeTcs onpeaesuTh, Ha KAKOM PACCTOAHAH OT BXOZHOH AHadparMu pagmyc
NyuKa YBEAM4uTCd BABOE, T. € OyAeT R= 2. Ms rpaduxa sumxo, uro npu

z 1
y=R=2 6yzer x=am—‘-=2,2. Orcoga 2=20 cu.

Haqa npakTuke GOJAbWOH UHTEPEC NPEACTABIAST CAyualt CXOAMMUXCA
Ayuel, TMOMYYEHHBX ¢ MOMOMLIO MOAXOZAUEH CHCTEMH JHH3. YpaBue-
nae (11.5) ocTaercs W 3i4eCh CHPABENNMBEHM, HO HAYa/bHME YCJOBHS
OyayT mnmmu. Muenoo (puc. 77) B MOMEHT BHXOZa B NpPOCTPAHCTEO,
CB000AHOE OT BHEWHHX ToAel, r==r,, H F=ry=v,tge, Taxk uro
Bmecto (11.7) noayunrcs:

PF—=a rL“+v*,tg*a. (11.10)

*) TP, 1. 6, 1936, AunanormyHme pacueT GWIH CAeqaHM g APYTUMH
ABTOPAMEA,
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B MecTe MaKCHMAJBLHOIO CYXEHMS Ha <Iuedke» nyuka F=10 u panuyc
<lWeHKHY» ONPEAEANTCd H3 paBEeHCTBA

—oitgta
rminzr‘axexp{ 'a—g }’

HJH

: er_Ugtgea_ 2 %_Qa]/‘_{ 2
ln——_T.—tg 5= tha,

T min

(11.11a)

-
BHIPA3HThL B KHJAOBOALTEZX H Is MHNIHaMTIEpax, TO

l_/z

In-rm —1,04. 103tg“a+.

min

a ecmn onate U/,

(11.116)

Paguyc nyuka nps /mobCOM SHAYEHHH 2 MOMHO HAWTH H3 yPaBHEHUA
(11.10). Ha sToro ypaBHEHHS

R
dx
"'zrnxg . T
; ¥ alox - 2nl/, tg%a
rae R=;£—. Tak Kak z=tfv,~=tV U, 710
BX
3 d
Z =m0, al . 11.12
Tpy V K S]/alnx—',—QqUatg“a ( )

Mo (11.12) moOxHO, HCNOABL3YA NPUEMH UHCACHHOTO HHTerpHpOBaHu'ﬂ,
NMOCTPOUTE ¢ M0GOH TOYHOCTBIO BHEWIHAH KOHTYp nyuxa.

Pagsyc weiixe moxkuo walith no dopmyne (11.11). Hanpumep, ans
U,=10 k8 u! =4 sanonryunm npn a=">0,01,4T07,,/rmin=12,26, » 19
a=1/50 (nonaras tg¥a~=a®) r, /rmin==263.

3. NMoayuenue HauGoabmedl CHAB TOKA B OYYKe, MPOXOMLAmEM
yepes TpyOky. OIHOH B3 BAXHHX 33044, BOBHHKAIOIKX IPH paspaboTke
BHCOKQUACTOTHHX AYUEBRIX JaMn {KAUCTPOHH, JaMisl ¢ Gerymed roanoft),
ABASETCH JNOCTHXEHHE BOZMOXHO GoJce CHALHOILO TOKa B MYUKE, TPOXC-
AduleM Yepes NoAoCTb, OKPYKEHHYH TPOBOARLIMME CTEHKaMH, Hanpumep
Yepes NPOCTPAHCTRO Apelida ABYXKOHTYpPHOre Kancrposa (cM: u. [I, ta, 6),

[TIycts 3Ta nonocTs MpPeACTaBaAAET COOOH WWMARHADHUECKYIO MeTant-
‘nuueckyw TpyOKy. Jam pemeHud 333Ul O NOAYYEHHH HanGOAbLIETO
TOK4 TY4Ka MOXKHO HCNOAB30BATh  SACKTPOCTATHYECKYH  (hOKYyCH-
POBKY HJH C(KaTHE€ Nyyka MarHATHEM noieM. Ecau ofxomurses Ges
MATHATHOIC [OJA, TO, OUeBHAHO, HAAD CHAYaiAa CAEAaTb NYYOK CXOAs-
UHMCA C MOMOWEK NMoAXoAdlleH CHCTeME Aun3, Benay TOro 4r0 saekrpo-
CTATUUECKHE CHABl B3dUMOIEHCTBHA 3SJEKTPOHOB HE 3aBHCAT OT Hanpa-
BASHHA JBHKCHHA, NMYyd4oK Gyfer uMeTh (OPMYy, CHMMETPHYHYIG OTHOCH-

s
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TelbHG Hanboxee ¥SKOro MecTa — leRKH. W3 Tpex B3aRMHBIX NONOKEHHE
NyyKa OTHOCHTENLHO TpyOKku, H30GpaXeHHHX Ha pac. 78, Haufonaee
BRITOJAHRNM GYIIET CEMMETDPHYHOE NOJOKEHHE, Korga iuelKa JMAeXHT Kak
pas mnocepenamnne TpPyOku (pHC.
78, 6). llonoxenwe, npHseien-
Hoe Ha pHC. 78, &, HE COOTBET-
CTBYeT MJKCUMAanbHOMY TOKY,
TAK KaK TIPH VBEJHYEHHH TOKa
we#ka OyAeT CABATaThCl BIEBO
©# JIMAMeTP NYYKa Yy BEIXOJHOIO
oreepcTHa  Oyfer  VBEIHUH-
BaTLCA, HO TNONANaHWd  DAEKT-
POHOB Ha CTEHKE TPyOKH enie

ne 6yzer. B moaoxensn, ®3o- g ol
fpameHHOM Ha puc. T8, 8, aaek- 6 _____2,“;”:‘—__]____’__ s
TPOHE MNOMAfalOT Ha CTEHKH H ma

uacTe TOKA Nyuka Teprercs, B T
CHMMETPHUHOM TIONOKEHHN, Mo- ‘ ' _

kasaHHOM Ha puc. 78, 6, Tok -t f2 —

Ha CTEHKE OTCYTCTBYET H BHl-

'XOJHCE OTBEPCTHE UEJMKOM 3a-

NCJAHEHO SJAEKTPOHHHM TYYKOM. . e
IToHsTHO, UTO TPH 3ITOM TOK \\\____—_7'
yepe3s TpyOry HanGoabuui. 8

B mecre MakceMaabHOro cy-
WEHHd TMYYK2 nocepennHe Tpy6-
KH 3JEKTPOHH ABMKYTCH Napaa-
NEABHO OCH H A pacuera
pacuIHpeHds myuKa CApaea oOT
€ro WeHKH MOXHO HCTIONb30BATh
KpuBylo prc. 76,

Ilns HauGOMLIIErQ TOKA MYYKA B BHXOAHOM OTBEpPCTHR r=d/2 uMeeM
2=1{/2 B KOOpIAHATH COOTBETCTBonuJ.eH TOUKHN Ha }THHBepca.‘IbHOﬁ KpHBOH
puc. 76 Oyayr:

Puc. 78. K pacuetry HanGonpuiedi cHAW
TOKA Ny4YKa, NPOXOAAHIEre 4Yepe3 UHMIHB-
LpHUECKYID TPYOKY.

: ' e r_d

—Z — =r_. 2 13
ro 32300 27, 3230747 V=R T (11.13)

TOE 7y="min- OTCI0AA
VT=2.3230%x]y.

Taxnw 06pazom, naubonbuias cuaa Toka npu 3sazanuwx 4, / u U coor-
BETCTBYET HanGonsmiemy oTHOwedwwo x/y. Ha kpusofi puc. 76 nauGoas-
utee sHauesHe x/y Gymer aad Toukd M, B KOTOpOH npsamas, NPOBEIEHHAR
H3 Hauala KOOPAHHAT, K3CAETCA YHHBEPCAAbHOH KpuBOH. Touka M umeeT
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KOOpAHHATH X = 2,60; y = 2,35, tak uro

e ? 32,3289 1pr,

o (11.14)

HIH

Jex = 1280 (%)’ Ut [mal,

ecan U supaxceno B xkuaosoastax. Hanpumep, npn (/=1 x8 n %:1/5
TOK fmax== 35 ma. JluameTp INEHKH 27, NpH CUMMETPHYHOM €€ 110J0-
MEHHH M MaxCHMalbHOM Toke Oyner pased d/2,35=—0,425d. Cymect-
BE€HHO, YTO MNPH HAPYLWIEHHH YCAOBHH NPOXOMAEHHA MAKCHMANbHOTO TOKA
TOK 4Yepe3 TPYOKH YMEHBIUAETCA JIOBOJLHO MEANEHHO: TPH HIMEHEHUH
auameTpa wekkn ot 0,25d mo 0,6d W COOTBETCTBEHHOM €€ CMeuleHHH
W3 cepeanHs TPYOKH Tepsercs menee 10°) Toka wepes TpydKy.

Paciumpenne nyuka MOXKHO ODEAOTBPaTMTh C NOMOLIBIO CH/BHOFO
MarHHTHOTO 110MA, HANpaBAEHHOrO BAOAL OcH. OAHAKO H B 3TOM CAyuae,
UpR 3213HHOM HAUDANKEHWH, CYHIECTBYST HEKOTODAasd MaKCHMAaJbHAg C¢uaa
TOKA. DTO BUIHO YHe H3 TOrO, YTO YBEAHUEHHE CUJBI TOKA BACYUET 3a
cofol najeHre TOTEHLUMANA B nyyxe, Haubogee CuILHOE HA ocr, rae
OOTEHIHAN DAaHO HAM MO3AHO ZOMKEH YNacTh A0 HYJAR, 00CJAE Yero
43cTh BASKTPOHOB A0MXKHA OyNeT MOBOPAYHBATL Hazal.

Cheayer oTaWuaTh f18a Cryyas MarHETHOTO CXaTHa nydka: 1) xarox
JEHAT BHE MArHMTHOTO TOJA, B KOTOPOE MNY4OK MOMAZAeT [OCAe Npo-
XOKICHHA HEKOTOPOH CHCTEMH /AHH3; 2) KaTox M BeCh MY4OK HAXOAATCH
B MarHUTHOM mnone. Bropo# cayualh mpome, # M orpaunummcs ero
paccvoTpenneM. Kak Guio nokasado B § 2, B aToM caydae npm mocTa-
TOYHO CHABHOM MAarHATHOM MOJE COHPAJEBUAHBIE TDAEKTODHH SAEKTPOHOB
OCTAIOTCA BCE BPEMA OUEHb OAH3KAME K CHIOBBIM AMHHAM TIOJA.

BuuncauM maxcumanbuyio cuny TOoKa. BHYTPH nyuka chpaBeiuBo
ypasuenne [lyaccona
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Vpasnenne (11.18) npUXOAHTCA HHTErPUPOBATE YHCASHHO, peaynbTat
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Puc, 79. 3asucumocTe Mexay Puc, 80. K BHYHCACHHI0O MAKCHMENBHOH CHIH
OTHOCHTEILHHM TNOTeHIHaToM ¢  TOKa B DHAXHAPHUECKOM NYYKe SAEKTPOHOB,
H TPHBEIEHHBM pagHycoM R B :  en s
HATHHAPHYE CKOM NYUKe 3nekTpo-  CHATOM MAaCHETHHM noaeM. R*®3/: 1ponop-
HOB, PpacXo¥IeHHe KOTCpOro nuonaiLHo [
YCTPAaHEHO MATHHIHBIM TIOIEM.

o -

ocu. Bemmumna RYD—%/2, nponopukowanbHas TOKY M BHYHCAEHH2A TIO
KpuBo# puc. 79, npeactaBneHa Ha puc. 80 B zasucumocra or 1/, T. el
B 3aBACHMOCTH OT OTHOLIEHHA HANDHXKEHAA Ba OCH fy4YKa H HAMPAKEHNAR
HAa PacCcTosnEM r or Hee. Puc. 80 nokasmBaer, uTO Rj@*’fs EMeeT
MakcuMyM, pasHu 1,963 nmpu 1/@==0,174, umn ®=75,75. Dromy 3Ha-
veHuio R*P—%/r COOTBETCTEYET MAKCHMYM TOK4.

[ycte  ryp — panmuyc MeTaMIMuecKoM TPyGKH, 4epe3 KOTOPYio
OPOXOAAT Ny4ok, H [/, — ee HanpskeHWe N0 OTHOWEHHID K KaToay.
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AGCOMOTHER MAKCHMYM TOKA OYA€T LOCTHFHYT, OYCBHAHO, €CAU YYOK 33-
IOMHHT TPYOKY neankoM. B stom cayuae

RO = 1963, r=sry, U=U, I=Inx
¥ u3 {11.19)

s = 1,963 Y20, (11.202)
WIH, eCan {J/, BHPAXKEHO B KUIACGBOILTAX:
Tmae = 1024072 [ Ma]. (11.206)

Kak 6uno nokasano seue, npe J=—/p.,; Ha ocH OYuYKa HanpsKeHne
cocrasaser 0,174/, B TO BpeMs Kak Ha TEPBRIA B3rAAd KaWeTcs, uTo
BO3MOMHO Na/ibHeHNIEE YBeAMYEHHe CHAB TOKAa BIMOTh A0 TEX TOP, NOK4
HZ OCH HaNpsweHue He ynameT 1o nyad. OaHako OKasaaoch, 4To npu
Umin < 0,174U, 10K yMenbmaercs. Orcioa OPHXOAKRTCA 3AKTOYUTE, YTO
npd  nepexole depes sHavene Upn==0,174L/, B nyuke o6pazyercs
BHPTY2/bHHHE KaTOL, W YaCTb JEKTDOHOB NOBOpauHBaeT Hazad, Hure-
PECHO, uTO 47 NYUKA, UETHKOM SaUOAHAICMEro TPYOKY, HAXOAALLYIOCA
noa nanpsikedueM U, Jpa: We 3ABUCHT HH OT AAMAB TPYGKH, HH OT ee
IHAMETDPa, HO MarHUTHOE MCJe, HEOOXOJIHMOe Aa NpenyNPEXACHHA pac-
IUpPEHMA TIYuYKd, KOTOPOE BHINE OBUIO NPEHATO <IO0CTATOYHO CHABHHM»
074 3TOrQ, PacTeT HPONOPUHOHAABHO TOKY NyuKa.

Cpasnenne (11.20) ¢ (11.14) nokaawiBaer, 4T0 ecau %<0,9, TO

C TNOMOIILI0 MarHUTHOTO CKATHA MOWHO NGGHTLCA uepes TPyOKy OoJb-
HIEFO TOKA, HEM € MOMOIBI INEKTPOCTATHIECKOH OKYCHPOBKH, DaeKkTpo-
€TaTHYeCKas ()OKYCHPOBKA BHIFOOHA, CACAOBATENBNO, TOALKO AN KOPOTKHX
H miMpokux TpyGok. He HywxmHo, omwako, 8a6HBATh, YTO B YCAOBMSX
MaKCUMaNLHOTO TOKa NMPH MATHHTHOM CHATHH HATIPAXKEHHE Ha OCH COCTA-
Bafier ToAsK0 0,174 OT Hampaxenus Ha TpPYGKE M, 3HAUAT, CKODOCTh
IEKTPOHOB Ha ocu namaer a0 (,42 ckopoct# no nepudepHu. Takoe
YMERbLIEHHE CKOPOCTH H COOTBETCTBYROINEE YBEAHUCHHE BpPeMeHH mpodera
OKa3bIBaXOTCA HEBHCOAHEIME, HANDHMED, B KJAKCTporax. Brudcaenus noxa-
SHEBAIOT, YTO €CAH CHUXKEHWE MOTENLEaNa Ha OCH HE JAO/IKHO [PERHINATEH

10%,, TO MaxcumaibHuilt TOK, ecau L/, NMO-NPEKHEMY BHPAKATH B KHAO- .

BOAbTAX, Oyrer
Tmax = 205042 (ma). (11.21)

I7s NONYYeHHS AMHHHOrO SAEKTPOHHOTO UYYKA METOLOM MArHHTHOIO
CKaTuid HEOOXOAMMO KMETh Ha BCEM €ro MPOTANEHHH CHALHOE NPOLOAb-
HOE MarHUTHOE N0J1€, KOTOPOE CO3MIETC HA NPEKTHKE C NOMOUIBIO MHOT OCAGH -
HOMKaTyLIKH, THTAEMOH CHALHEIM TOKOM. I TO 3HAYHTENBHO YTHIKENSET U Y 10PO-
KaeT Gorycupylollee ycrpottctso. [TostoMy 4acTo OkasmBaercs BHromHOM
poXYCHPOBKA JUIMHHHX NYYKOB C TMOMONIBLIO TPOCTPAHCTBEHHO-NEPHONHYE-

%
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CKOT0 3NEKTPOCTATHUECKOTO N0AN, CO31aBAEMOro psiaoM cAaGbX JICKTRO-
CTATHYECKHX JHH3, PacloJOXeHHBX TaK, Kak 370 noxasaHo Ha pac. 81.
Onryueckas CHJAa JHH3 NOAOHPASTCA C TaKAM pacuyetoM, urodbl CXOKIACHHE
Nyuka B NOJE JHH3L KOMIEHCHDOBA/IO €r0 PACXOMIACHUE MEHIY JHH3AMH,
BOSHAKAIOWEE BCASICTBHE SABKTPOCTATUYECKOro OTTaaxkusakud. Ha nyuxe,
C(ROPMHPOBAHHOM TIEDHOIHYECKHM SNEKTPHUCCKHM NIOAEM, NOUBASIOTCA Uepe-
AYIOLAECs PACIIHPEHHA M CYXEHHS,

4. Pone wOHOB B 9JeKTpPOHEOM noToke., Ha cdopmy nyuka mnpu
H3BECTHRIX  OOCTOATENBCTAX MOry? OKAa3hBaTb CYIIECTBEHHOE BAMSHHE
HOHE. IT0 BAMAHHEe OH/IO 3aMEYEHO YHE HAABHO H NPHUMEHAI0CH MPaKTH-
yecKH B CTaphlX OCUH/AOrpadpuyeckHx TpyOkax (Tax HasslBaeMas razobas
ipoxycuposxa).

[azoByo POKYCHPOBKY B NOCTEIHEE BPEMA HCMOAL3YIOT B BHICOKO-
yaCTOTHEIX JNamMnax Oerymedt BoJuw ¥ gamnax ofpatHo#d Boausl (cm. § 51),
rie SASKTPOHHBIH MOTOK
uMeeT dopMy JJIHHHOTO 1 Y ) U

ToHKOro wHypa. CyHnHocTb
ABACHHS  3AKMIOUAETCH B “ Y i Uy U
—t —_

snetponnoro nywe wpo- 22 I

HCXOLAT HOHH3aUMH, TpH- c
yeM MEQJeHHHE BTOPHUHBHIE U_'n ” }
3MeKTPOHB Goablieh YacThio

ycnesawwT  npoiup@yHae-  Puc, 81, Poxycuposka TepHOAMUECKHM 3aeKTPH-
posatk H3 nydka 0es pe- YECKHM MOTEM.

KOMOHHAOHA ¢ HOHAMH, B

TO BpeMs  KaK [OJOXKHTEAbHHE HOHKM  H3-3a  Oonmbmoft  Maccw
3aAepXKHUBAIOTCA B Ny4Ke ropasae Acaewe. B HTOre ofipasyercs
NONOKATENbHO 33PAKEHHBIH  «CTePMXEHb» MYUYKA, MNOJHOCTHI0  npe-
010AeBaONIEH PABKTPOCTaTHYECKOE DPacTaJKUBAHHE PJEKTPOHOR, W MYUOK
SJEKTPOHOB TPHHHMAET BHA AMuHHOH TOHKOH HuTH. Tax Kak napaeHue
otnocuteasne searko (1070 — 1074 x4 pr. Cr.), TO HZ OPOTHAKEHEH
HHTEBHIHOrO MYYKa CYLLECTBYET CBEUCHHE BO3GYMKISHHA W LyYOK MOXHO
coTorpahupoRaTh, IJTHM CNOCOGOM YacTo NOJABL3YIOTCH AAA W3YUeHUd
TPaeKTOpHH 31eKTPOHOB (cM., HanpumMep, puc. 13). Teopus rasosoit doxy-
cHpoBKH OnNa paHa 5. M. dpeukenem u BobGrosckum ¥ M. M. Bpeaosbim
[/I. 1.13; JI. 1.14]. :

B cospemenunix nydesnx TpyOGKaX NPUXOAMTCA HMETh AS0 € NMYYKOM
GLICTPEIX DJEKTPOHOB B BoICOKOM BakyyMe (107 —10"% am pr. cr.)
H KO/JHYECTBO WOHOE [IOJN#HO OHTL MHOTO MeHbile, 4eM IPH IAB/eHHAX,
OnaronpuaTHelX #4a8 o00pa3soBaHAfR HHTEBKAHBIX nyukoe. Ecaw uyuok
OKPYMEH CTEHKaM# C BRHICOKHM NOTCHIMANOM, KaK ITO 4ale BCero OLBaeT,
TO MEAMEHHEIC SJEKTPOHE, 0GDA30BABWIMECS B AKTAX HOHU3ALMM, OynyT
GHCTPO M3BAEKATBCA M3 NyuKa, PEKOMOHHAUAA GyJIer Mo4TH OICYTCTBO-
BaTh ¥ B Nyyke OyAYT HaKaMJAABATHCH TIONOAATEABHBE HoHbLL TakuM
06pasoM, H BAECh MOWKHO OXUAATh 3HAYHICALHOrO 4HCIA HOHOB B IYUKe,
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B 33aMETHOR CreleHH, eCaH He BrNojgHe, HEeHTpaausymux B3auMHOE OT-
TaAKHBABKE 3NeKTPOROB, OYEBHIHO, UTO €CNM N0J0KEHHE HMEHHO TAKORO,
To pe3yIbTaThl UPOJIENAHHBIX BBHILE PaCYETOB  HATIO30DHB, B 4acT-
HOCTH, 1PEACAbHAd MJIOTHOCTh TOKA B MYYKe MAOMKHa ObITh BHLIE pac-
Cyurannof. O1HEKO OMWT NOKa3LBAeT, YTO 3TO He Tak M yro B gel-
CTBHTEJBHOCTH MAKCUMaldbHas CHAd TOKAa OAH3KO NOAXOIAT K ee Teope-
THUECKOMY 3HaveHmw. OTciona chaeayer, 4YTG  CYIMECTBYET KakoH-TO
3GMEeKTHRHO  RCHCTBYIOMNA MEXAHH3M H3BJIEHYEHHS HOHOB H3 nyuKa. Ero
MOXKHO npeacTasHTh ceGe B TakoM BrAS: 80AH3M BXOIHOIC OTBEPCTHS
TPYOKH 3JEKTPHUYECKOE NOJe HMEET COCTABJAAIOLULYI0, HAMPAsieHHYI K

~- +
Ua

Komed

Puc. 82. BoaMomuu Mexanusm YRATCHAA HOHOB H3 SICKTPOHHOIQ 1IydKa.

karony (puc. 82). OnelT NOKA3EIB3ET, YTO STOT MEXAHH3M OTCACHBaHEA
HOHOB H3 IIY4YKa J0CTaTOYHO 3(PdeKTdBeH.

MoO®uno 3HaYMTEALHO MOBRICHTE CHIY TOKa B MyHUKe, CO3MaRaf CBoero
polda «HOHAYKX noBYWIKY». JlAs SToro [QoCTaTouHo Mo KOHUAM TpyOKH
YCTAHOBHTE  SJACKTPOJE-IHAMPArMBl, HANPAKCHHA KOTOPHX  HEMHOIO
(na AlU) Boime wWanpamesus Tpy6wn. Hanpumep, npu U, == 5800 s,
nanHe TpyOrM =36 cux u AU=0 ny4oK Ha BWXOAE pACITHPANCA
BABOE (rirg==2) M TEPAAOCH, 3HAUMT, OROAC 3[4 Toka, 2 itpn AL/ =15¢
PacHIMDEHUE OKa3aloch NOAHOCTRIC ycTpaneHuwM. [lpu stoM uepes tpylxy
YIaBanock NpONyCTIHTe Tok cuiAo# 136 wma Jlasienne coCTaBAsNO BCero
5-107% wm pr. cv. Jlerko nouarh, uto A/=15 & He morao cyume-
CTREHHO  H3MCHHTH  SAEKTPOHHOONTHYECKHE CBOHCTBA CHUCTEMBI  JIMH3,
Aaonel NpeaRaPHTENBHYI0 QOKYCHPOBKY IyuKa.

Ilo Bcem Bonpocam, oOGCYHISHHHM B HacTOAlEeM naparpagde, oM.
[JL I8 r 2, JI. 1, 13; JL. 1. 14 u ocofenno JI 1.6]
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CHAY INCKTPOCTATHHECKEAA, SMHLOCHHA

|

rMTABA 2
SJNEKTPOHHASS 3MHUCCHH

B nmacTofuiefl raaBe M3yualOTCH DPa3aHYHBE BHIW IMHCCHH (MCTIVCKA-
H¥e) INEKTPOHOB TREDIRIMH TENaMM: 3MHCCHS TDPH BHCOKOH TeMneparype
(TepMO3MEeKTPOHHAS 3MHCCHA), IMHCCHA, BHI3LBAEMAS 97EKTPOMAarHUTHHM
usAydeHHEM (QOTORIEKTPOHHAT IMUCCHE HAM  BHEWHuH  (oTo3dhderT),
BTOPHYHA® DJEKTPOHHAS SMHCCHA, BOSHURAIOWAS npH  GomOapanpoeke
NOTOKOM  [€PBAYHWX  3JEKTPOHOB, W, HAKOHEU, dBTOAEKTPOHHEA,
SACKTPOHOB, [PHUUHOH KOTOpOH
ABAMETC BO3ASHCTBHE CHABLHOrO AEKTpHueckoro mnodas. Bece stu pas-
fAenH SNEKTPOHHKH 4acTo OOGBEIHHAT [04 HA3BAHHUEM KaTOIHOH
SAEKTPOHHKH,

Hayuenne BTOPHUHON /eKTPOHHOM sMiCCHN, BO3HMKawoweH npA Gom-
6apAMpOBKE TEBEDAOTC Teda THKEABIMH 4YacTHUEMHM {aTOMaMu, HOHaMH),
OTHECEHO B CACAYIOIIYIO raasy *). .

B wacrosimee BPEME B TEXHHKE HCIOAB3YIOTCA METRINHUYeCKHe H TIO-
AVIIPOBOZHUKOBHE SMHTTEPH 37ektTpoHos. [losToMy raasy, MOCRADIENHYI

¥) Kpome OTMEUEHHRIX BHIIE BHIOB SJEKTPOHHOH SMHCCHM, CYUICCTBYET eme
TaK Ha3wBAaeMasd SK303NEKTPOHHAH IMHCCHA, ob6HaDpyieHHana B 1949 r. Kpamepom.
Ecan B wnpomecce oGpabOTKM METa1Ia OH NOJAYY3aeT M3BHE 3IHCPIHIO, KaK 5TO
NpOUCXOANT, HANPUMep, IPH MIMPOBKE, TPABIEHHA W Hake §PH NAACTHUECKOR
Dedopmanvn, T¢ B PAAC CAYYAELB BO3HMKAET 1262 SICKTPOHHAA 3IMHMCCHE, HOTO-
PY:®0 MO¥HO OOHapYWHTL C NOMOLIBLIO CUETYHKA YacTHI (OOHCAHHE CYCTUMKOB
cM. u. 1, ra. 7). DwuccHa yMeHbIDaeTCH C BPEMEHEM, HO YaCTO 3@METHA B TeyeHHe
HECKOIbKHX [eCATKOB Yacos Hocke 0SpaboTKH, JTOT BMI SMUCCHH NOIYUHI Ha-
3BaHME IKIOVMEKTPOHHON IMHCCHH., IJKIOAEKTPOHHAn IMHCCHA Omaa HaliicHa u
118 HeMeTaanob. Ee nNpEpojla Toka BeJOCTATOUHO BHIACHEHZ, HO, MO-BHIMMOMY,
ABIACTCE NOBONBHC CHOXHOM.

JK303IeKTPOHHAA SMHUCCHA OYEHb YYBCTBHTEIBHEZ K COCTOAHHK) NOBEPXHOCTH,
B HO3TOMY BO3MOWHO, YTO €€ H3YUEHHE OKAKETCA TOJE3HHM 8 (UIHKO-XHMU-
YeCKHX HCCIeIoBaWusX Teepanx Ted, Ho B KarojaeX 3JIeXTPOB2KVYMHHIX nNpuH-
60pOB OHa He HCNONB3YETCA H3-32 OYEHb MaNoif HHTEHCHBHOCTH H HEYCTOH-
YMBOCTH, PEIKO ce6d OpoABIAECT H He MOMET Cepbe3HO HapyUATe pabory
patopoe,

[To-BuanMOMY, IOCTETIEHHOE YMeHBIIEHRE (OHA CAMONPOH3BOIbELX PaspAloB,
KoTopoe HAaGIoAaeTCH ¥ TOJBKO YTO H3rOTOBIEHHWX CHETHHKOB 4acTH, ofbAc-
BAeTca ocaabIeHHeM 3IK30MEKTPOHHOH SMHACCHHM CTEHOK CYCTYMKA C TeyeHHew
BPCMERH.
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KaTOAHOH BAEeKTPOHHKE, CACAY¥ET HAYATh C H3A0KEHHs [peaCTaBacHHi
0 COCTOSHHH 3JEKTPOHOB BHYTPH METAaJ/MHYCCKHX H HCMETANNHYSCKHX
KPUCTAAA0B, CHAOKHBUIMKCA B CI)H3HK€ TBEDPIQro TEA4.

§ 12. DJIeKTPORN B MeTAAIAX W MOAYTIPOBOAHMRAX

1. Hpupopa XWMHYecKOH CBA3H B MOJEKYJAX W xpuctTainax. [ipu
O0DbeNMHEHHH aTOMOB B MOJEKYJB U KPHCTAMAN MEXAY HHMHM YCTaHaB-
JHBACTCA B3aUMOACHCTBUE, HA3BIBAEMOE XHMHUECKOH cBa3blo. Paccmorpum
XapakTep cBa3eH Ha Haubonee NPOCTOM NPHMEDE IBYXATOMHEIX MOJEKY.L

XOopomo H3BECTHO, YTO WIENOYHHE METAMIB JACrKO 06pazyioT TOABKO
0AHO3APAAHBIE ONOXKHTE/ABHHE HWOHH, & WENOYHOIEMEALHLIE MEeTaAh
TAKWE W JBYX3aPHIHBIE HOHHE., 3TH OCOCEHHOCTH CBA3aHBL C TEM, 4TO
IIEJOUHHE METAANB UMET OAWH CAal0 CBA3AHHHH C ATOMOM BaNSHTHLIH
FNCKTPOH, 4 INEJOYHO3EMCJABHHME METANNK — JABA cnabo CBA3AHHLIX 3NEK-
Tpoda (CM. TaGAdLy HWOHA3ALHOHHHWX noTeHuanos B § VI). Hakowen,
TakWe MeTaans, Kak Sn, Sb, Pb, oTHocuTeAbHO ferxo o6pasylT U MHO-
T03apaaHbLIE HOHBL

C npyro#i CTOPOHH, aTOMB METAMAAOMAOB NErKO NPHCOSIMHADT THII-
HHE SAEKTPOHB BIVIOTH JI0 3aNOJAHEHHA 3JeKTpoHHOH o6osouxu. CKI0H-
HOCTh K OOpA3GHAHHI0 OTPHILATEAbHOrO HOHA XapaKTePH3YETICR IAEKTPOH-
HHIM CPOACTROM — TOH 3HEpruefl, Koropas oCBGOQKIAETCH NPH NPHCOSAH-
HEHHH 3JIEKTPOHAa K aToMy: deM GOJbIIe 23Ta SHEpPrud, TeM Jerde
NPOHCXoAnT o0pasoBande OTPMLATEAbHOrO uoda. Hanpwwmep, Ang rancu-
Aos CI, Br, | 2aexrponnoe cpoiCcTBO N0 ONWMTHHEM JaHHKM PaBHH COOT-
metcTRenno 3,8, 3,5; 3,14 23, 2 aam eomoposa 0,72 ss [V A. 24,
cTp. 243]. (B anTepatype MOXKHO BCTPETATh SHAUEHHA 3IEKTPOHHOIO
CPOACTEE, HECKONBKO OTJAHYAKMIMECH OT 3[eCh YKa3aHHLIX.) SJeKTPOHHOE
CPOACTBO META/AJIOB OUSHb Mal0, OJHAKC Oa%Ke [MeSOYHHE METaIh
MOTYT 00pa3oBaTh OTPHIATENBHHE HOHW Y, MO-BUIMMOMY, TOJABKO WHEpPT-
HEE ra3ul JulIeHH 3ToH cnocofuocTh.

DT CceOHCTBA ATOMOB META/JN0B H METaMJIOUIOB TNPOABJAKTCH MPH
ofpazopanuid MojexyA. BossMeM, Hanpumep, MOJAEKYAY, COCTORHIYID U3
aTOMOB THOMY4HOrO METaNAa ¥ THOMYHOFO METaAN0HIa, HANPHMED MoJe-
kyay NaCl (¢ monexyaamn MNaCl npexoauTcs BCTPEYATHCH B Napax 3TOCO
pewecTra). B HapywnoM snextpounom cuaoe (Cl He xmataet opHoro
SNEKTPOHA M COOTBETCTBEHHO 3aexTponnoe cpoactso Cl seawxd, B 10
BpeMs Kak B aToMe Na ects omuH caafo ceasaHHmH snextpod. Ecre-
CTBEHHO OX#OaTh, 4TO BadeHTHHH snaexTpoH Na nepefner B 31eKTpOH-
Hylo o6onouky Cl u, Takuy 06pa3oM, NOJAYYHICS [BA MOHZ € AOCTATOMHO
pesko 060CO6/ERHBIMH 3MeKTpoHHEME ofoaoukamu. Houm Gyiyt 8 pas-
HOBECHM Ha TaxkoM pacCTOSHHMHM JAPYyr OT APYra, NpPH KOTOPOM CHaa
NPHTAKEHHS MEXIY CYMM2DHMMH 3apANdaMH HOHOB YDaBHOBECHTCH CHAOH
OTTAJAKHBAHHA MEKI1Y HX IMEKTPOHHHIMH OG0A0UKAMH, XHMHUYECKa% CBA3b
31€Ch CRQAWTCHA, BO BCAKOM CAY4ag B OCHOBHOM, K 3AEKTPOCTATHUECKHUM

R e —
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canaM, Takue MoOJEKyAs HOCAT HA3BAHKA MOAEKY/ ¢ HOHHOH Aad rere-
ponoaspHol CBAZLI,

Muo# xapakrep HOCHT CBA3b B MOJCKYJaX, COCTOSHIMX M3 OAHHA-
KOBRIX M OJM3KHX N0 XHMHYECKHM CBOHCTBaM artouos. PaccMoTpum
Modekyay somopoad Hg. Bynaem chauana noab3oBaThed KOPUYCKYJAAPHHIMA
ApeACTARASHAAMA 00 3JEKTPOHAX, T, €. OyleM CuuTath, YTO MOKHO
rosoputh OO onpeseneHHON TPACKTOPHH 3/EKTPOHOB BHYTPH MONEKYJH.
[Mpeacrasum cefe, uTo 06a SMEKTPOHAa ABHMaIOTCA NO OpOHTE, MIOCKOCTh
KOTOPOH NEepneHauKyASpHa K AMHKY, COeaHnswmel npoross (puc. 83, a).
HetpyaHo BrAeTs, YTG NPHIAKEHEE K SJAEKTPOHAM B CPEAHEM JaeT

9

I
|
&
-a}

Pnc. 83. @ — KOPOYCKYIApPHAA MOJIEab MOJTEKYAW Boaopona; & — pacnpejicacHue
MAOTHOCTH 33PANA B 3JCKTPOHHOM 0DJaKe MOJEKYIH BONOPCIA.

6)

Lngpank I,. . ., § 0603nadeny AVEUN ONMHAKOROA OTHOCHTEABROR NAOTROCTA 3apaia. O61ako uuMeer .
dopry Tesa BpameHus ¢ ochy, npoxoasmed uepes oba mpoToma. .

CHAY, YDABHOBCILMBSWOUIYIO [PH ONPENEACHHHY Da3MEpax MOIEaH 3/eK-
TPOCTATHYECKOE OTTaAKMBaHHe nporonos. Ha srolf Momenw tpaekropuu
000HX 3JIEKTPOHOB CHMMETPHYHH MO OTHOWEHHI K NPOTOHAM H, CJAE10-
BaTENBHO, YWXE HECIB3A TOBOPHTH, HUTO OJHH IJEKTPOH MPHHAAICKNAT
NEPBOMY TNPOTCHY, 2 APYrol — BTOPOMY; NPOH3OLLIO0, TaK CKa3aTh,
«0006uiecTBACHEE> INCKIPOHOB. ‘

B rzedicTauTenbHOCTH HENb38 LIPEACTAaBAATh cefe 3MeKTPOH IBHKY-
muMCs 10 ONpeAeseHHol oplute B aTtoMe UAH Moaekyne. Buuucnenne
soanopof Qyuxumn W Jaer BO3MOMKHOCTE HaHTH PAacnpeNeNieHHE BEpO-
ATHOCTY NpeCHBAHHS SAEKTPOHA B NpocTpaHcTse BOAu3m siep. Jins aToma
sogoposa [JL'A. 2, T. 3, ra. 3] B HOPMaJbHOM COCTOSHHH MOAYYAETCH
cepAYECKH CHMMETDHUHOE PACNPEAENEHNE REDOATHOCTH C MAaKCHMYMOM
Ha PAaCCTOAHWH OT UEHTPA AaTOMA, DABHOM PpafuyCy OpOHTH HEBO3OYyK-
penHoro artosa 8 Teopus bBopa. Tak Kax B CTAaUHOHADHOM COCTORHHU
NOBCIONY CPeAHss 0O EBPEMEHH INIOTHOCTH 33PFAa OPONOPUNOHANBHA



146 9AEKTPOHHAS 3SMHUCCHA [rn. 2

BEPOATHOCTH, TO MOXHO (Ka3aTh, YTO B CPEIHEM 3JEKTPOH BOLOPOIHOIO
aTOMa 3alCJHAET HEKOTOPHI 06beM BOKPYT TPOTOHA, 06pa3ys BOKPYL
HErQ «3MEKTPOHHOE O6MNaKo», IVIOTHOCTh 8apAla B KOTOPOM pacmpene-
ARETCH  NPONOPHHOHAALHO BEpOATHOCTH. KoHeudo, He HYRHO AYyMaTh,
9TO 33pfl 3MEKTPOHA Ha CaMOM jene «PasMashBACTCA» 1O BCeMy o0beMy
00/aKa. IMEKTPOHHOE 06AaKO, MIOTHOCTL Sapsfa KOTOPOrO NOBCIAY
NPONGPUAOHANbHA BEPOATHOCTH HAXOWAEHHA SJEKTPOHA, CAYXKHT TOJIbLKO
L8 HACASAHOTG OMHCAHAA JMEKTPOHHKMX O00JOYEK ATOMOB. _

Moxno, noasavace KBaHTOBOH MEXaHuKOH, HaliTh BHZ WIEKTPOHHEOI 0
o6aaxa monexyxas Hy O6a npoTona oKassiBalOTCA B YCTOHYMBOM PEBHO-
Becun Ha paccrosnun (0,74 A. Bwmecto aBvx cepuuecknx obaaxos,
KOTODHIE HMECIOT H3ONHPOBAHHLIE ATOMHM BOIOPOA3, MOAYYAETCH  OMHO
ofnaKo, WMewwee (QopMY NOBEPXHOCTH BPAIIEHHS, O pacupeaeneHuH
NIOTHOCTH 3apaRd B KOTODOM jfaer npeicrasnaenne puc, 83, 6. Maxkcu-
MYM [MOTHOCTH 3/EKTPOHHOTO 00/aKa MPUXOIWICA OKOJIO KAKIOrO H3
NPOTOHOB, OAHAKO OTCIOIA BORCE He CAGAYET AedaTh BWBOJL O COXpaHe-
HHH KOKALIM [OPOTOHOM «CBOEro COOCTBEHHOTO» 3JAeKTpoHa. Kawcaumi
M3 3INEKTPOHOB CBA3AH CO BCEM 3JJEKTPOHHHM OOJ2KOM B LEI0M, Tak
4TQ 31eCh, KaK H B KOPNYCKYAAPHOH MOJEIH, [POUCKOMHT MMOAHOE
0G0GINECTEACHHE IAEKTPOHOB U HA IIEKTPOHHYIG 000N0UKY mMonekynm H,,
KaKk H BCAKOH Apyro#t MoOJEKynel, CHAEAYET CMOIPETh KAK Ha EJHHYIO
DAEKTPOHHYIO CHCTEMY.

KBautoBas MeXaHHKa H3€T BO3MOXHOCTb BBIMHCAATH CHAY TPHTANKE-
HUS, YPABHOBEIHBAIOLLYIO CHAY JIEKTPOCTATHUECKOTO OTTAITKHBAHUS MERLY
NPOTOHEMH. JTH CHIN, He HMewmHe cefe anaaora B KA4CCHYECKOH Me-
X4HHKE, NOAYYHJH Ha3BaHue <uA OGMEHHOrO B3aUMOXEHCTBHMA TNOTQMY,
YTO HX MOXHO HarjasiHO TPEECTaBaaTh cefe Kax CHAN, BO3HHKAIOUIHE
MPH HENDEPHIBHOM NEPEXOJE 3JMEKTPOHOB OT DAHOrO NPOTOHA K APYroMy
€ onpegenenHoi vacTotoH. Ce#A3b, OCYMWIECTBAAEMAn yepes ofofmecrsae-
HHE BHELIHHX 3JEKTDOHOE, HA3LIBAETCA KOBATEHTHOH M/M rOMEONOAApHOL
CBA3BIO.

Mubr paccMoTpend 1Ba KpaHHHX CIyyad: HOHHYIO MOJEKYNY C FETepo-
nOAAPHON CBA3RI0 ¥ MOAEKYTY H3 ONHHAKOBHX ATOMOR C IOMEONOJAPHOH
ceaspio, OGbYHO €70 OGCTOHT CHOKHEE M CBA3b HOCHT CMEIIAHHELH
xapaktep [JI. 2.34]. '

Mz pasntuypiX THMOB KPHCTANNOB OAA SJEKTPOHMKH NPEACTABASIT
HHTEPEC HOHHEIE KDHCTaAlM, COCTOALIME H3 ATOMOB METAJAA0B M aTOMOB
METANNOUA0B, KPHCTAJAMYECKHE PEWIETKH METaNAOB H, HAKOHEL, BajieHT-
HHE KPHCTAAIL, O0pA3yeMEHE 31eMEHTaMu 4eTBepTOHR rpynnmsl MeHAeneces-
CKOM Taauubl, TaKAMH, Kak kpeMauH © repmanuf, [Ipupona MexayaTom-
HOR CBA3H B 3THX KPHUCTRARAX HMEET MHOro ofWero ¢ NpHPOAoH
PACCMOTPEHHON BHIILE CBA3H B MOJEKyJAax.

Hlenouno-rasonannie coeaunenns NaCl, KCl u 1. n. u npumenseMee
B TEPMO3JEKTDOHHHIX KaTOZAX OKCHOH IEIOYHOBEMEALHEIX METANIOB
BaO u SrO ofpasyroT THRHUHBE HOHHHE KPHCTAANH. B 3Tux Kpucrannax
BANCHTHEIC 3VIEKTPOHH MET4AM2 NEPEXOAAT B HE3ANONHEHHBIE MOACPYTIIE

i

‘pex OGamwalmux  cocenelt, ¢
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smeraanonnos, B kpucranne NaCl, sanpnmep, sanenwtuni snextpoH Na
W3 noaArpynusl 3s nepexoaur B uoaArpynny 3p xnopa; B kpuctaaise BaQ
B MOAFPYMOY 2p KHCAOPOL2 MEPeXoist o0a aAekTpoHa W3 noarpynnu 6s
Gapus. Ilpe 3stom B wonax Na*, CI-, Ba**, O™~ BHewmue 5JeKTPOHHBIE
000704k OKAa3HWBAWICA COBEPMIEHHO 3anonHenuntmu. [Ipapga, B kpucral-
naX HOHH PpacOOJAOMEHH HACTOABKO B/AH3KO, YTO0 HX MeKTpoHHBE 060-
JOYKH OTYACTH TEPEKPBIBAIOT-
Cfl, HOBCE XKe OHH OCTAKTCH
JOCTATOYHO  000COGNEHHBIMU
H MOMKHO CYHTaTh, 9TO Kaw-
bt HOH HMEET ¢BOH OTAETL-
HHEIH KOMLLJICKT 3IJCKTPOHOB H
CBfI3b MeXJIY HOHAMH B OCHOB-
HOM ABJIAETCHA TETEPONOAAPHOH.

K uncay BafeHTHHIX KpH-
CTa/ZICB  OTHOCATCA DCIHETHH
yraepoaa (aaMasza), KpeMHHS
¥ repmanus. Bee i 3de-
MEHTH UMEIT N0 YeTupe
BaJIEHTHWX 3/1eKTpoHa. B kpu-
CTaAIU4ECKOH DeIleTKe Kax-
OBH U3 aTOMOB HMEET YETH -

KOTOPHIMH OH BCTYI1aeT B KO-
BAMEHTHY0 HIM FOMEONQJIAp-
Hyio cB#Ese (puc. 84). Pacno-
NOWEHHE aToMOB AN Kpuc-
TAAMOB aiAMasa TOKA3aHO Ha _
puc. 84, @; BHIHO, Kak pac- ' 6
NOJOKEHR B TIPOCTPAHCTBE  pye. 84, g — momens KPUCTAIIMMECKOH pe-
TR ueTslpe coceda. CBASH  mwerw a1Masza: aeKTpoHHHE KOBATEHTHbLIE
ONpeeNeHHBM oﬁpasom J0-  CBAZH HA MOIE.TH A200pa%anTcA CTEPXHAMH,
KANM30BAHLl BOAN3H JaHum, COCHNHIHOUTHMA  2TOMK, § — pacipeile TeHue
INIOTHOCTH  3AeKTPOHOB B ILTockoctH ([00)
Coequmsitowedl 4B ATOM3,  ypueranna anmasa: IMOTHOCTb  NPONOPHHO-
npuseM €O CTOPOHH KAKIOro HANLHA TYCTOTE TYUIEBKM,
aroma B 9700 AByCcTOpORHeH
CBSA3H YYACTBYHT 1O ORHOMY BaJEGHTHOMY S3JCKTPOHY U BHYTPH KpH-
CTanAna, CAEIOBATE/NbHO, HET HE BCTYNHUBIUHX B CBA3H BaJEHTHBIX JEKT-
POHOB,

Pentrenorpadpveckne  METOAH, OIHCHBAEMHE B KyPCax pPEHTIeHo-
CTPYKTYPHOrO aHaAH3a, TNO3BOJAANT HAaHTH pacupenencHHe NIOTHOCTH
2JeKTPOHHOrO ©o6Gnaka BHyTpH xpucTaana. Ha puc. 84, ¢ moxasano 371o
pacnpeneacnHve Asd OAHOW M3 MAOCKOCTEH, B KOTOpOH nexar Tpu Co-
CEIHHX aToMa, NpPHYEM ryCcTOTa TYMEBKH MNPONOPHHOHANLHA MAOTHOCTH.
Kax BuzHo, Mewny COCEIHHMM ATOMaMH JEXHT <«3JEKTPOHHBIH MO-
CTHK» — 00naCTh BHCOKOH MAOTHOCTH 3JACKTPOHHOrO 001aKd, B TO BPEMA
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KaKk  BEPOATHOCTE TPEGHIBAHMA  SMCKTPOHA BHE <MOCTHKOB>  OUEHb
Maina,

Kawau#t BafeHTHWHA sAeKkTPOH CBA3AH C ABYMA ONPEACJIEHHRMH &aTO-
MaMH, H BEDOATHOCTh NEPEXONAa €ro K APYrHM atomam Maaa, Kosaaeur-
Hbi€ CBR3W HOBOALHO TOYHG JIOKAJAHW30BAHH B MEWAYATOMHOM NpPOCTpaH-
CT8E, H 0COGIECTRICHHEE 3/EKTPOHH, NPHHALJEKAILHE ABYM COCEAHAM
dTOMaM, HE MMCHT Ceo0OABI MepeMemeHes Mo BeeMy kpecraany. Cxogn-
HOC CTpOEHHE M Takol e Xapaktep ceaselt umewt Ge w Si,

B naspnefimem wam GyneT MHTEPECHO HE CTOABKO NPOCTPAHCTBEHHOE
PacnonokEHHE aTOMOR KPACTaAsa, CKOABKO XaDAKTEP CBA3EH M 4epeso-

BAHHC aTOMOB METAANIOB i METaJ-

Qo OoOwo0 JOMICE B Y34ax PpEWeTKH, ST
sNoNsRON=RORs Ot CBOHCTBA MONHO ya06HO n306pa-

-ha HATb HA YCJIOBHOH  ABYXMEpHOH
g O0O0DODC 0-C  Mozeau Kp}HCTaII.TlH. Ha ypr—i(:.p 85

bDOoOo0CoOo HAHEL  YEPTEKU BYXMEDPHOH MO-
Co0Co0Oo0

JeaH KpUCTaalz veTBepTOH rpynnu
(N&PHO3TEKTPOHHBE  KOBATEHTHHE
CBA3H  H3OOPAKEHH  Napaancih-
HHIMH  JIHHHSMH) H TeTepOonoaspuol
pewerku NaCl (noum Na' wzoipa-
KEHH  KpymKaMmu, a.Honm Cl™—
KBaxpaTaMmn).

B meTannax BaseHTHHE 3a€KT-
potul obaznawT ceoboaod mepeMe-
WeHrd 1o BCeMmy OObEMY KpHC-

O" Amom S wn Ge TaNAa — 3Ta  NPEAnoCHAKA  AEKHT
€ 300900 +4 @ B OCHOBE TEOopHH MeTaaios. B
Pue. 85, Crocofu u3o6pawenna kpuc-  FOAHOM COTIACHH C STHM  NMAaHHBEIE

Tall0B Ha LBYMEPHOR MOIENH, PEHTIEHOrPa(IHYECKOro aHaan3a mo-

@ — upucrans NaCl; 6 — kpucrana Siouan Ge,  Ka3bIBAKOT, UTO B ¥3/M4X DEILETRKH

‘ METAaLId  HAXOAATCH MOJOXKHTENb-
HEIE  HONHH — OIHOBADALHLE JIIA [UEJOUHHX METAAN0B M JABYX3apaml-
HRE 14 METANI0B  BTOPOH# rpynnsl. JAEKTPOHHOE O6A2KO  BHEWI-
HHX BANCHTHHX 3/EKTDOHOB PAaCUPENENCHO NMOYTH OAHOPOJHO NO MEKAY-
dTOMHOMY OPOCTPAHCTBY. BaneHTHLIE 3AEKTDPONB MeTana, TaKHM O6pa3aoM,
NOAHOCTLIO  OGOOLICCTBACHN M MPWHAILAEKAT BCEMY KPHCTANAY B LEJOM,
B 5TOM COCTOMT OCOGEHHOCTL MEWYATOMHMX  CBfzeH B pewerke
MeTanna,

2. lNonaTre 0 30HHOR TEOPUH TBEpPHHIX Ted. DaexTpuyeckue cpoft-
CTBA KDHCTA/JIMUCCKUX TEl OuYEHb PaNUYHBL TGCTATOUHO CKA34aTh, UTO
5JEKTPONPOBOIHOCTE KPHCTaAA0R KodeGaercs ot 10° ¥ Meranios Ao
107" om™* . c™ y xopommx u3ossTOpoB. T PA3AUYHA - CBASAHB ¢
HEOJIHHAKOENM COCTOSHUEM BAJEHTHRIX 3JEKTPOHOB BHYTPH KPHCT2AJH-
YECKOR pemeTkn. K Teopuu ABHACHNMS MEKTDOHOB B KPHCTAAE MOKHO
AOAOHTH ¢ ABYX CTOPOM.
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Kpucrannnmueckan pewerka —3To  cpega, B KOTOPOH  CyLIeCTBYeT
NPOCTPAHCTHEHRO-ICPHOAMUECKOE 3NEKTPHIECKOE node, MOXHO HIVYHTH
XAPAKTEP FTOrCc NOJS H MONETATECA HaiTH IBUKEHHE SIEKTPOHOB B HEM,
npedelperas B NEPBOM NPHOITHKEHHH B3aMMOASHCTBHEM 3nekTpoHoB, Ho
MOKHO MOCTYNUTE H MHAYE: HCXOIA M3 COCTOSHUA 3JEKTPOHOB B Haoau-®
POBAHHEIX ATOMAX, PACCMOTPETh, ONMPAasce Ha oduwe coobpameHHs
KBAHTOBOH TEODHE, T€ H3MEHEHHS, KOTOPHE BOIHEKHYT npu COAMKEHHH
atomos. Huie wucoons3cBaH B OCHOBHOM 3TOT BTOpo# MeToxn Kak u
B CIY4aC H30.HPOBAHHHIX ATOMOB, A7 TEOPWH TEEPAOro TEJMa BAAHO 3HATH
PACOONOKENHE SHEPreTHUECKHX YpoBHed,

B KBAaHTOBON MeXauWKE NAOKA3LIBISTCA, YTO NPU COMMKCHUH OIHHE-
KOBHX «NOTEHIHAIBHEIX SLIMKOR» DA3PELICHHHE IHEPrEeTHYECKHE YLOBHH
ANd 3NEKTPOHOE BHYTPH HINAKOB OKA3nIBAIOTCH pacinenteHuumu {cv. § 1,
rae pacCMOTDEHO PacCHIEIUIEHKE YDOBHEH 18 ABYX ALIMKOB TIPAMOYTOM&-
Bo# opmu).

Ilpn cOAMMEeHAH aToMOB, HECMOTPA HZ TO, YTO HX TIOTEHUHAIbHeE
SILHKA HMET HHYI0 $opMy, XapakTep paclieniaeHys YpOBHEH Kauect-
BeHHO Oyjer Takuu we. B asyxatomuok MOJEeKY.1e, COCTOsileH H3 ABYX
ONHHAKOBHX ATOMOB, UPOMIOAIET PACIICIVICHHE KAWIOrQ YPOBHA Ha 1Ba
H, CNEROBATEABHO, B MOJEKY/1e He OYyAeT S/HeKTPOHOB, HAXOLAIKKCA
B OIMHAKOBLIX KBAHTOBHX COCTORAHHAX, HHBIMH CHOBaMH, TpPeGoBAHHA
NpHHOMAA 3aNIPETA OKA3WBAITCA BHINOJHEHHRIMA M B MOJEKYNe B IEI0M.

JLAs cucTeMbl 3MEeKTPOHOB KPHCT2/71a ROMAEH ONATh-TAKH BHIIOAHATLCH
IPUHLMN 3aTIpeTa, KoTopwiH Tenepes Hago chopMyIUpOBAT Kak 3amnpe-
EHHE NPeOHBAHES HA OJHOM HEPTETUNECKOM ypoBHE Gojee 4eM AByM
S/MEKTPOHAM € TPOTHROMO/ACKHO HANpaBAeHHHMU Cuupamu, Takum obpa-
30M, ADH OOpa30BAHWH KPHCTANIA PACULIENZEHHE YPOBHEH KOCHETCH BCEX
SMEMEHTOB KPHCTaMId W KakAmH# YDOBEHb Paclatercs [0 YHUCAY aTOMOS
KpHCTaad Ha N ypoBHEH, 3aHHMAIOUWYX LEYI SHEPreTHYECKYH MOKOCY
nav 30Hy. T2k Kak N oueHs BEMHKO, TO BHYTPH NOJOCH paspelleHHbie
YPoBHH OYIYT pacnonOWeHH OueHb 6au3Ko APYr OT apyra (T. €. pas-
HOCTh SHEPTHH MEHAY COCEMHHMH YPOBHAMH GyIET OucHp Maaa),

B usonupoBaHHOM aTOME WMEIOTCH S-yDOBHH, HAa KOTOPHX MOTYT
Pa3MEINaTECH 1O ABA SJEKTPOHA, P-YPOBHH € MECTAMH M4 ILECTH 3JeK-
TPOHOB HA KaKAOM, d-ypoBeM W T. A Kamplh w3 HuX pacuienisercs
B KpHCTaa€ Ha N ypoBHeH, M Mu OyIeM HMETs S-30HLI ¢ MECTaVH
At 2N 3J1eKTPOHOB B KawaoH, P-30HH € MeCTamu Iax 6N 3i1exTpoHOoR
n 7. A COBOKYTIHOCTb 30H, HX DACTIONOKEHHE HA NIKAAE SHEPTHH CO-
CTABJASET SHEPreTHYECKHH CMEKTP KPHCTAJAA.

Kpome uucaa yposmueH, sona XapaKTePU3YeTcs CBROEH DHEpreTHUecKol
IHHPHROH, T. € Pa3HOCTBIO 3HEPrHH MEeKAY CaMBIM HU3LIHM H CAMEIM
BRICOKHM YDOBHAMH. JI€rKO BUAETh, YTO 30HW BAaJAEHTHHX AEKTPOHOB
BCETA LUKDE 30H BHYTPEHHHX NEKTPOHOB. B camom nene, pacmennenue
yposne#l TeM Goablie, YEM HHXKE MOTEHUHNbHHH Gaphep Meway HuMm,
YpOBHH BANEHTHWX 51€KTPOHOB B COCEJHMX aTOMAaxX pasieneHsl ropasio
Oonee nu3KMM 6apbepoM, 4eM YPOBHH 31EKTPOHOB BHYTPEHHHX CJIOEB,
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CyIecTBeHHO, 4TO IMPHHA 30HK HE 3ABHCHT OT PA3MEPOB KPUCTAAN, 4 #B-
AAETCH  BEHYHHOH, XApakTepHOH [OAs KPHUCTAAAHYeCKOH pemieTkd. Jro
BHIHO W3 TOrO, YTG OIHOBPEMEHHO ¢ YBEJHUCHHEM UHCA2 YDOBHEH B
30HE, paBHOLO HUCAY aTOMOB W OPOHOPUHOHAABLHOTO, 3HAUHT, OOBEMY
#xpucTanaa V. B TO# e Mepe YMEHBMIAETCH PACCTOSHHE MEXKIY YPOB-
HEMH, onpenemsieMoe o0beMoM suelKH  (DA3OBOrO NPOCTPAHCTBA CKOPO-
crel A(mV. Suepretuuecknfl cnextp, TzknM o6pasoM, ABAFETCA Xapak-
TEPHCTHRON KDUCTAIAMYECKOH DEIISTKH, 3EKTPHYSCKIEE CBOHCTBA KOTODOH
TECHO CBA3aHM ¢ BHIOM CHEKTpa.

PacemoTpuM  suepretuvecknit cnekTp kpuctaana Na, Ha puec. 86
NOKA32HO. KaK MEHWeTCs WWPHHA 30H npH  cOnMKeHmd aToMoB  Na;
re—43 COOTBETCTRYET
PaCCTOAHHIO MEWKAY ATOMAMH
B PEANILHOM KpHCTaAne Hat-
pud,  YpoBHH 33R0JHEHHBHIX
noarpynn  1s, 2s, 2p  npu
r=r, TPAKTHYECKH HE pac-
IIENJEHE, B 3aMETHOE B Mac-
wrabe uyeprexa pPacLEnsieHne
ypoeHeH 2p  HaumHaetcs
TOABKO TIpE FA=7,/2. 3ato
YPOBHE 12CTHUHO 34AMONHEHHOR
HOArpyRNsl 3s B nycro# noa-
IPYOOR  3p HACTOABKO pac-

1 "
ry 21y

Puc. 86. Pacuwiennenune yposueis kpuerasga Na  JICIVIEHH, 9TO HX 30HH Ie-

NPH COAMXEHHH €ro ATOMOB. peKpHBanTCA M 06pasyiT

Fo —PACCTORNWE MeKIY aTOMEMH B peansHow kpuctarte. OAHY HENMPEPHBHYO 30HY {35,
: 3p). B srtoit (35, 3p)-sone

umetoTes MecTa aan 2N - 6N = 8N 51eKTDOHOB, HO3MEKTPOHOR B 3TOH
zoue seero N, TaxuM 06pasoM, 3MEKTPOHN, B HOPMANLHOM COCTOSHHR  3aHH-
MAKOIIHE HH3UIHE YPOBHH, 3A/MYT TOALKO HHKHIOK YacTh 30MH, d BHllle Gyaer
NpoCTHPaTeCd  WIMPOKAd MO0JA0C3  CRODOJAHHX PaspemieHHWX yporHed,
[Monowenne sackrponos B (35, 3p)-s0He HATPHA OYEHB NOXOLAT Ha
NOJOKEHHE BNEKTPOHOB, 3ANMEPTHX B MOTEHUWAALHOM HIHKE € BHCOKHM
SHEpreTHyeckuM GapLepoM Ha rpaHEUe, ¥ eCTh OCHOBAHMA TOJNAaraTh, uYTO
B (35, 3p)-30He M HaliaeMm pacnpesencHue IHEPrull INEKTPOHOB, OYEHb
Ganskoe K pacnpezeneswio Pepmu. WV gelcTBATENBHO, NPAMOH  OMBIT,
0 KOTOpOM 6)’IL€T CKa3aHO HEMHOTC HHWE, 3TO BIOJHE NoATBEDPWAALT.
Ha puc. 86 nmonoca paspeiennsix yposHel 35 oTaeneHa 0T y3Koi
NoJOCH ypoBHeH 2p 30HOH 3anpeMISHHHX SHEPreTHYECKHX YpOBHEH,
910 — ofuiee . CBOHCTBO CNEKTPOB KPHCTAaAA0B. 30HH  Da3pelieHHHX
YpoBHe#l pasielAlICs 30HAMH BalpelllCHHBIX YDOBHEH, H TOABKO BepXHHe
paspelienible 30HH MOCYT Di3MEIBATBCE HACTONBKO, 9TO HACTYI4eT HX
nepekpwTée, He oCTanaBAMBAACE HA BHYMC/ASHMM IHHPUHBI TOJOCH 3a-
MPEUeHNBIX YpOBHER #  DACOPEAENERHs BJAEKTPOHOB 1O SHEPTHAM B
3ANOMHEHHEX 30HAX, NPUBEIEM TOAbKO HEKOTOPHE PE3V/ALTATH TEOPHM,

Py
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HNocTpoum 3aBHCHMOCTL 3JHepruE csoGogroro saexktpoHa W ot 1/4,
roe A — UIMHA ero BoAHW, Tak Kax

a=%, (12.1)
W22 (12.2)
1_ Vimw :
1_VomW (12.3)

TO HCKOMAs SABUCAMOCTL -—— Mapaona, W3oOpaweHwas B npapoll 4acTH
puc. 87. HenpepelBHOCTE AMHUM 03HAYAET, YTO IASKTPOH B CBOGOIHOM
NPOCTPAHCTBE MOXKET HMETh M00¥10 IHEPriul — 3TO BEPHO, OYEBHIMO,
a1 oGore Hanpabfenus. Ho B KpucTamie mO ONpeAEncHHEIM Hanpas-
NEHUAM BOJHBl HEKOTOPHIX AJWH HE MOTYT PacnpoCTPaHSThCA. ITO BOJHML,
ATHHA KOTOPHX B KPACTaANE YAOBJSTEOPAST MBBECTHOMY COOTHOMEHAIO
Byaspa-Bperra [JI. A. 1, 1. 2, ra. 16, 25; JI. A, 2, T. 3, ra. 28]

27 sin 0 == ml, m=1, 2, 3, ..., (12.4)

roe [ — paccTosHAe MeKAy aTOMHBIMH TJIOCKOCTHMH W B -— yroa Hakaoua
BEKTOPa CKOPOCTH ACKTPOHA X aToMHGH mrockoCTtu. Coortnomenve (12.4)
6uN0 ENEPBHE [MOJAYYEHO ans
PEHTrEeHOBCKHUX AyYell B KauecTee

yCAOBHS AN MAKCUMyMa HX OT- mef!fﬁ{?g%%o&’? ~
pamxeHus OT KpHCTaana, 0 copa- ;
BETAHBOCTE €0 AAs BJEKTPOH-

HMX BOAA OHJIa JOKA33aH3 ywe

B fIEPBHX ONHTAX MO AAdpaKuy
54eKTpOHOB. Ecau Brinonasercs
cooTHouleHWe (12.4), TO 3AEK-
TPOHHLIE ROJHH, [OAJAILHE Ha
KPHCTa/A, UEIHKOM OTPamKawTes

OT GH3KHUX K IOBEPXHOCTH aTOM-

HHIX TIOCKOCTE! M BHyTpH Kkpu- _P(W

A3 pACHPOCTPAHATACA HE MO-
cra pacmpocrpa ci H Puc. 87. 3asucumocte W or I/A 1aa cBo-
ryt. Jlas KpHCTanma ¢ ero npo-  gonnoo 3MCKTPOHOB H 3JEKTDOHOR B KDH-
CTPAHCTBEHHO-NEP HOIHUSCKHM TT0- craate,

neM opyyaa (12.3) senpumennya TyHKTHEPOM DOKA33KA 3ABHCHMOCTS IA8 CBOGONHbLIX
H 3asucHMoCTE K oT 1/A pomkHa 3JENTPEHOB.
H306paxareCd KpUBOH, HMemed
PAL PasphIBGB B MECTaX, COOTBETCTBYIOUMX BHIMOMHEHHIO yCnopra (12.4),
Kamamii yuactok kpeso#t (K, 1/A) oTaeser o1 npeimecIsymomero
NONGCON 3aANPEUICHHNX 3HAYEHHN SHEPTHH B COMMACHA € BRBOJOM, CHEAAH-
HBIM BLILIE B CBA3HW C DACLIENACHHEM VDOBHEeHR u puc. 86.

B 1esofi vactd pmc. 87 noxasaH BUA KPUBHX PACTPENCACHHS 3JEK-
TPOHQE HO 3IHEPrHdM B 3aMCJAHEHHEX 30HaX. OT (auxakmwero csofoasorg

w
hircumpome WI/R) »

A
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P23DEHICHHOrC YPOBHA BEDPXHAS 3anmoqaHedHas noaoca (ecau caeaywmas

30Ha MyCTaf) OTASAEHA 3aMPElleHHOH 3ouofl wdpnu @, (puc. 86).
TMoaToMy NpH  YBEAHYEHHH TEMNEPATYPH OYEHb HEMHOrHE SJAEKTPOHHW
BAITOJIHEHHKX 30H OYIyT HMETh 3SHEPTHK), AOCTATOMHYK [A18 NEePexoia
B 30HY pa3pelleHHHX yporrel. Toabxo ecan 27 2 Qy, TO KOIHYECTBO TAKHX
BMEKTPOHOR OYAET BEAMKO K B 3aNOMHEHHOH 30HE OKAWeTcs MHOCO
nycTex MecT. Ho HHKaKoro «pasMuiTHS» BEpXHEH rDaHAUbL 30HH, M0-
I0GHOr0 pa3MHITHIO BEPXHMX ypoBHeH pacnpeaenenua depmu, npu yse-
JARUEHHH TeMOepaTypu He Gyier.

PaccMOTPHM, YTG HpOHM3OHIeT NpPH TNOABJISHHE B METANIMYECKOM KPH-
cranne, HanpuMep xpucranise Na, sACKTPUYECKOro noad, noa pelcToueM
KOTOPOTO 3JAEKTPOHH IOMAHLI YCKODPATLCA. YBE/JHUCHHE CKOPOCTH Q3Ha-
4aetT MOCEI0BATENBHMH mnepexod Ha Gonee BHICOKHE 3JHEPreTHUECKHE
YPOBHH, 4TO HERO3MOWKHO A 3IEKTPOHOE B 30Hax 15, 25, 2p, TaK KaK
B KaXAOH K3 HTHX 30H 3aHATH BCC JHEPreTHYECKHe YPOBHHM, a CBOGOI-
HBlE YDOBHH CYWMECTBYIOT TOABKO B Mepekpeisawulefics aoue (3s, 3p),
OTIEJNEHHOH OT HUXKHUX 30H IWHPOKOH 3anpeiicHHOA 30HOH, B snexrpu-
YeckoM TOKe 15, 28 W 2p 37MeKTPOHB HATPHA HE MOrYT DPHHHMAThH
yqacTus.

JNEKTPOHE NOATPYMNH 3§ HAXOIATCA B COBEPIIEHHO HHOM [O/OKE-
Hied. Mx Bcero N, a B 3ome (3s, 3p), Kax yike GHNO OTMEUEHO, UMEETCSH
8N MECT, ¥ MONHO CUMTaTh, UTO [A8 INEKTPOHOB TOATPYNNH 35 ecThb
NPAKTHYECKH CKOJABKO YrOARO NOCAEADBATENLHO [I0BBIIAIIEXCS, BECHMA

" OAMBKUX IHEPTETHYECKMX YDPOBHEH; 3TH BDAEKTPOHH KPHCTaANA HATPHA
MOTYT YCKODATBCA B SAEKTPHYECKOM NOJAE H TPHHHMATh TAKAM 06pasoM
YYacTHE B 3NSKTPHuUECKOM Toke. 3ona (3s, 3p) nasuBaetca B CRA3H
C 3THM 30HOH DPOBOAHMOCTH.

Pacuer noxassiBaeT, YTQ H Y APYIHX METAAA0B 30HB BaJEHTHHX
FACKTPOHOB W JEKAUIHE BHILE UX NYCTHE DA3PEILEHHBIE 30HH NEpeKphl-
BafoTca. Ecam Gw TOoro He OBUIO, TO TAKHE 3JIEMENTH, KaK MarHui
(nopanxcswtl Homep Mg =—12), umewowumit Ha ypoeHe 35 nBa 3nekK-
TPOHA, He O OH DPOBOJAHMKOM, TAK KaK 30H3 3§ OKazanacs GH TOYHO
B TaKOM 3Ke NOAOKEHUM, KaK H 30HB 1§ u 25, B nelcTBHTENBHOCTH ke
nycras paspemeHnas zona 3p Mardmd, Kax My Na, nepexpHBaercs
¢ 3onoft 35 u Maruui—xopomn#l nporoaHUK. [IepeKpHTHE 30H Baneut-
HEIX 3JAEKTPOHOB, OGpAasy0mHX 30HY TDPOBOIHMOCTH, — XapaKTepHas 0co-
GEHHOCTD METANNOR,

DaexTpHUeCKUe CBOACTBA METANI0B 3AECh OHAM ONACAHH Ha OCHOBE
ONMUCATeAbHOH 30HHOH TEODHH TBEPAOro Tena. EcAW BCOOMHHTE, YTo Aad
3NEKTPOHOB BHYTPEHHHX 000JOUYEK BIHAHHE COCEXHHMX aTOMOB KpaitHe
Mano # uro ofofmecTeaenne GaKTHICCKH BATPATHBAET TOABKO BAJEHTHHE
SACKTPOHM, TO CTAHOBHTCS MOHSTHBIM, 4TO TEOPHs B30H COOTBETCTBYET
M3BECTHOMY INPEACTABJIEHHIO O CBA33HHBIX BHYTPECHHHX SJASKTPOHAX, HE
NPHHAMABIINX YYacTHs B SNEKTPHYECKOM TOKE H JIETKO OTACASIOILAXCH
OT dTOMOB METAana BaJIEHTHBIX 3AEKTPOHOB, OGDasyIOUHX B MeTaljie
€3/EKTPOHHHE rasz». Ho anech 3TH NPeACTABNCHHS HBNOKEHW HA A3MKE
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30HHOH TEOpPWH TEEPAWX TeJ, KOTOPHH OKasanci OuYeHb yaofHLM Aas
OMHCARNA SAEKTPHUECKHX W ONTHUECKHX CBOHCTR KPHCTan/ioB *).
BosbMeM, HanpuMep, KPHCTaaa CO CTPYKTYPOH# 30H, u300pakeHHOR
ua puc. 88, xapakTepHo#l ans GecOpPUMECHLIX NMOAYRPOBOAHKKOB H H30-
AaTopos. Mexay CoBeplIeHHO

nyctoll npr T==0° K 30nofi  Ypoliew 2uxpau} fyermas 3owa
r2ana DAIPEULICHH X

NPOBONMMOCTH 4 BEDXHER H3 Bre_ naoran 22 o Ho g

3aNONHEHHK X 30H (Ha PACYHKE %S AOBIRMOCTL)

MOKa3aHb TOJALKO ABE 3aloJf- w

HEeHHBE 30HB} JEKUT WH- l

poKan 30HA SHHIJEUJ.EHHHX
yposuel. B TaxoMm COCTOSHHH
KPHCTal)  COBEDLIEHHO  HE
nposoaut Toxa, Ecam narpe-
BaTh KPHCTEAA, TO BCAEACTBHE
TEMAQBOrO [ABKNKEHHE B NYC-
TOR BEpXHER 30HE HaudyT

NOSABAATECA TEPMHUECKH BO3- 3:::&? . 2 I.fl;, ; .
. SATDCULCHAHX P -7 [ BeoxHag

-ByAaesHbE SAEKTPOHH, HO HX oobner Y R {7 acmgﬂw

fymer mano, TaK xaKk CpeaHsn 0H0

sHeprus JEKTPOHOEB TIO TO-
pSIKY BEJMUMHH papHa kT,
a kT maxe npu 2500° K co-
cragaseT oxono 0,21 58 u ana
GonbliiHHCTBA  GECMPHMECHBIX
KpUCTanaoB OCTAETCA B CHAE
ycaosue kT < Q. Ilposo-
IMMOCTE W3OAATOPOS H NOAY-  Puc, 88. JnepreinuccKAl ClLeKTP peMIETHH H30-
[IPOBOJHHKOB B NPOTHBOMOAQ-  IATOpA HAH COBCTBEHAOrO NOAYNPOBOLHHKA.
WHOCTH METajnJaM BO3pacraer

NpH YBEAUYEHKH TEMIEPaTyphl, YTO MMEET HA OCHOBAHHHM CKa3aHHOro
BHING COBEPINEHHG eCTECTReHHOE ofbuCHeHHe.

[Tepexoa 9AeKTPOHOB B B0HY MPOBOLUMOCTH HMEET MECTO HE TOJBKO
UpH HArpeBaHH# KPUCTANA3, HO TAKKE W MPH ApYrux cnocofax coo6-
LUEHHsS SAEKTPOHAM SHEPTHH: NPA NOTAOUEHHA cBeTa (POTONPOBOIHMOCTS)
uau npu GoMGapAMpOBKE KpucTaana GeicTpuiMu uacTunamu. Kounenrpa-
IHA INEKTPOHOB B 30HE NPOBOAMMOCTH, 3 3HAUMT, H IASKTPONMPOBOAHOCTE
KpHCTAanJa CANLHO 3dBHCAT OT XapakTepa Bos3CyxIEHHA: OT TEMIEpaTyphl,
YACTOTH H 9HEPTHH H3MYYeHHd H T. A. ZMIeKTPONPOBOAHOCTh JABHCHT H
OT TpPENATCTBAH, KOTOPHE BCTPEHAET HANPABACHHOE ABIMKEHHE 3.CKTPO-
HOB B KpPRCTadile, HAapacTaoWuxX C TEMUEPATYPOR, HO AOMRHNHDYJOLLHM
(JaKTOPOM OOHIYHO ABAAETCA H3MEHEHHE WYHCA3 BJEKTPOHOB, nepemel-
KX B 30HY NPOBOXHMOCTH H3 BaNOAHEHHOH 30HH. IJTOT THIN BMEKTPO-

2-8 30002m8uHaR
30HT

*) 30HHAA TEOpHA H3NOMEHZ B0 MHOCMX KHHTAX, Hanpusep: {J1, 2.26, ri 3
JL 229, ra. 1 JL 228, J1 2.27; JL 2.30]
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NPOBOMHOCT HA3LIBACTCA NOAYNPOBOAHHKOBHM, B HacToswiee EDEMA yCTa-
HOBACHO, YTO SAEKTPOMPOBOMHOCTD KPHCTAAA0B BAEMEHTOB B, C, §i, P,
S, Ge, As, Se, Sn, Sb, Te, |, a taiwe wmuormx KPBCTan 0B CAOKHOIO
COCTaBa WMECT NOAYNPOBOJHMKORLHA Xapaktep. HeKoTophe w3 Hux oKa-
SHBAIOTCA NOAYNPOBOMAHHKZMA TONLKG B ONpeaefeHHol KPHCTaATHYECKOH
Mopudurauuu. Hanpuwmep, cepoe 04080 (MosnduKanus, yCcTOHYHBad npu
t<13°C) — norynposozsnk, 8 710 BpEMA Kak OOHYHOE 0enoe GJOBO
HMECT METANNTHYECKYI0 31€KTPONPOBOAHOCTL. 110AYNPOBOANAKOBHE CBOM-
CTBa JApYruX (MBILbSK, CYpbMa) HDOSBASIOTCH TOABKO B OfiPEICCHHBIM
00pa30OM H3TOTOB/AEHHHIX TOHKHX TJCHKIX, Hakowen, nexotophe nony-
MPOBOAHEKH MMEIOT HACTOABKO OGOABINYI0 WHDHHY 30HH 3aMPElLCHHHK
yporEeR )y, uTO Jake NPH BHCOKRX TEMIICPATYyPaxX 33 CUET TEMNJOBOrQ
BO3GYXKACHUA HENb3S NOAYYHTL 3aMETHOMN 3MEKTPONPOBoAHOCTH. Onn me-
AAIOTCH SAMETHO TIPOBOAAUMMH TOALKO NMPH MOTIOWEHAH USAYYEHHS GOJlb-
WoH 4acToTh. K TakuM KpucTaanam npunagnexur aamas.

Takum oGpasom, B 30HHON TCOPHH 3JCKTPONIPOBOAHOCTH YHCTHE Gea-
AeeKTHRE KPHCTANIN pasaendiOTC: Ma B FPYNNB: METaMIBL H [OAY-
Nposoannkd. OAHAKO Yalle NO/LIYIOTCH HECKOIBKO HHON Knaccudmkannei,
Yuctue GeaneexTHee KPUCTAANN ¢ HEGOABWOH IUKPHHOH 30HHI 3anpe-
WEHHBIX  yPOBHER. (IOpALKa 1 96 H MeHBIUE) Ha3BIBAIT COGCTBEHHBIMY
noaynposoanukaMu. B tabnuue 4 npusesenst smavenns Qy LI5 HeKo-
TOpHX H3 HHX. Cnepyer sameTuts, uT0 {, 33METHO MenseIcs ¢ TeMnIepa-
Typoit [JI. 9.43, Bun. 17].

Tabauna 4
WupuHa 30mL 3anpementnx YpoBHel Q,
Bemectno | Bop Hon | Fepmasmd | Kpeunus Teanyp (K%f!t?f) CuzO | PLS
Qulos) |1,58%)] 1,3 | 0,68%%) | 1,1%x) 0,39 ‘ 1,7—19 ' 1,5 ‘ 0,6

Co6CTBeHHNE MONYIPOBOIHUKE B OGMUHIX 1260paTopHEIX  yeropadx
(komuatnas Temnepatypa, aHeBHoe OCBEIEHHE) 001aQal0T 3ameTHoH
SAEKTPOUPOBOAHOCTLIO, XOTH M HA HECKOABKO MOPRNKOB MeHbIUEH 5eKT-
POTIPOBOAHOCTY METANA0B. TIpy STHX YCAOBWAX 4HCTHE KPHCTAAAH, HMeio-
e )y MOPAAKE HECKOABKHX 3NCKTPOHOBOALT (anMaz Q,=5,6 aa,
cepa (y=2,5 38), mpaKkruuecKn ue NPHBOJAT M HX Ha3bIBAIOT HIOJAATO-
pamu. C apyrofl cropods, Takme NOAYNPOBOAHUKH, KaK CEPOe 0.10BO
(Qo=10,08 38) wm cnnas SbCs,;, npumenseMui s POTOKaTOmAX, MMEIOT
YWE TPH KOMHATHHX TeMNEPaTypax CToAb BHCOKYIO KOHUEHTP AL Hi0
SAEKTPOHOB MPOBOAWMOCTH, YTO A8 HHX OKa3WBAETCs nepedlieHHOM rpa-

*) Oupeneredo ua TEMNEPATYPHOH 32BHCHMOCTH STEKTPONPOBONHOCTH. Hpy-
roff MEeTON (CNeKTPadbHAa® 3IaBUCUMOCTD {pOTONPOBOARMOCTH) Maer Jas Gopa
Qo= 111 — 1,27 32 npu gomuarnol TeMneparype.

#¢) [Ipn KomuaTHO# TeMuepaType.

n
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0
HALla BHPOKACHN (1717 CSPOTO 0A0BA BEDOAKIEHHE HACTYTAET NPA —70}3 E}:
BAEKTPONPOBOIHOCTh TaKWX NOJNYNPOBOAHHKOB O1H3Ka K anel-frponpon -
HOCTH MeTaanoB. Hazno 3AMETHTE, YTO HM3YUEHHE INCKTPHYECKHX CBO CT:
cOOCTBEHHHX noaynpoBoAHHKOB ABAAETCA HEJNEerkHuM JAC/A0M, TaK KaK Jaxe
HHYTOXHEE, TPYAHO YCTPAHHMBlE XHMHUCCKUME METOZAMH [DHMECH W Je-
EKTH pemETKH B CHABHOH CTENEHH MEHAIOT MNPOBOAHMOCTE M qaﬁccrﬁ
Henb3a C YBEPEHHOCTLEO CKa3aTh, YTO H3IMEPACTCA AEeHRCTBHTRABHO CO
BOIUMOCTE [IOTYNPOBOJLHHKA.

Bemgje:ﬂ;}?)n%}gaonnocm 3n£oro KPHCTAN1a ONpefensieIcs He TO.TICI;KS
BNEKTPOHAMH 30HH NPOBOZMMOCTH. B 30Hy npoao,uumogm aneKT(f)BHiﬁ
NEPEXOAST W3 3aMOJHEHHOH 30HH, H NoasaeHne B Hel CBOOOIHHEX yp ootch
MPMBOAKT K BOSHHKHOBEHHIO NDOBOXMMOCTA JPYIOro Tuila —Tak F ol
paeMofi AMPOYHOH NpoBoaHMOCTH. PaceMoTpuM ST0 HA npuMepe lp\!p
Tamia ¢ NapHOAEKTPOHHOR KOBAJAEHTHOH CEA3LI0 (KDEMHHH, repMadd }.TCH

[pu 7 7% 0°K HexoTOpblE H3 BANEHTHHX 3JACKTPOHOB OTPHBAIO
OT A4TOMOB B TOJYYalOT BOIMOWKHOCThH [EPEMEULEHHA BHYTPH pemeﬂ(rl;
B TO BPEMS KaK COOTBETCTBYIOUIME CBA3W MEKAY aTOMAMHA, OTKYiAd OH

Po3yaomupyrouies CHELLERus
BAEHITIOHD Gogpnes

Ty anenmpons fymn Qoike
FAEKTMPOMHE Loippasond
ngmox MEEID POXGEHUT NOpn: EK

JAERMPOH - Toipke

Tox

Puc, 89, K Bonmpocy © MexaHmaMe 3MeKTPOHHOIO
M ABPOYHOre TOKOB B KPHCIALIE,

GbliH VIAJEHH, OCTANTCA HesanoaHeHaumu (puc. 89). Tennosoe gsnme\;
HEE PAEKTPOHOB fyiser MMeTh ABOAKMi xapakrep. Bo-nepeex, cBo om—xsH
3NEKTPOHN OYAYT GEeCHopagoyHO MePeMEIAThCA MEKILY yanamuﬁ pereT o
H, BO-BTOPBIX, Ha CBO&O,H.HHE MECTa B HE3aMOMAHECHHBIX CBA3AX LYAYT lII

pGXO,ILHTI: E-)JIEKTpOHbl U3 COCEIHHX 3anCJaHCHHHX cBasef. PESYJIBTZTDM
TaKuX Uepexodos OyZeT GecnopafouHOE NePEMEIIEHHE N0 pPeuleTKe CBO-
G00HOTO MECTA B 2]SKTDOHHOH CBA3M. Yiakedne a.rletchoua U3 CBA3H
SKBUBAJNCHTHO, OYEBHIAHO, BBENEHHI0O B CBS3b 3apHda — € HHBIMH CJI0-
BaMH, HE3aNQJHEHHAA 3/CKTPOHHAA CDA3h DZBHOCHALHA [OABACHHIO 3a-
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PAIA —- e, JOKAAM3OBAHHOTO BOARIH MECTa, TAe paHee HAXOAHICH 3A€K-
TPOH. 3HaTuT, nepemelsenue no pelueTKe CBOGOIHOIC MECTd B CBS3H
MOMHO TDAKTOBATh KaK IABHACHHE 3apsia —-e. Ha nwmarpamue, H3oGpa-
#awieH sHeprerHueckudi CHEKTD KpHCTanAa, HE3ANOJReHHAA CBA3L 03Ha-
H4ET NOABJIEHKE CBOGOANOTO YDOBHA B BEPXHEH 3aB0MHEHHON 30HE BadeHT-
HbIX SAEKTPOHOB. MMest 3T0 B Buay, nepevewawineecs no peweTke cBoGos-
HOEZ MECTO B SJAEGKTPOHHOH CBA3HW Ha3bBAIGT Asipkof. Jlpipke npunuce:-
BT 3apAf —}- e W cuMTaloT, 4TO OHa Y4aCTBYET B TENIOBOM ABUXKEHMH.

3anoauennu SMCKTPOHHBIE  YPOBEHb HBASETCA CBOGCIHAIM YpoBHeM
Bait nplpKH. [1o3ToMy sanosHeMHas 30Ha ecTh 30Ha CBOOOAHBIX IRpOY-
HbIX YDOBHEH, a nOABAEHWE B Hell YPOBHEH, He zaHSTEX SAEKTPOHAMM,
OBHAYACT 3aDOJHEHWE STHX YDOBHER ABIDKaMmu, Heipku B 3anoanenuof
30HE CTPEMATCH 3AHMMATh YDOBHH C HAUMEHLLUICH sHepreed. Ha auarpamue
SHEPreTAYECKOro CMEKTPA 3T YPOBHH HAXOIATCA BOIH3A NOTOJKa 3anoJ-
HEHHOH 30HBI, TAaK KaK SHEprua NOJ0KHTENLHO SaPAKEHHMX  JRPOK Ha
STO# IMarpaMMe OTNOAEHA CBEDXY BHYS, Hpa 7 3£ 0°K rennosoe npu-
HCHHC BaCTARMACT ABIPKH PACIDEIENATBCA [0 YPOBHAM 2aN0JHEHHOH 30HI
B COOTBETCTBHY € 3aKOHOM bBoasiMana COBCPLWIEHO T3aK KE, KaK pasme-
HAOTCH 3ACKTPOHBI N0 YDOBHAM 30HH NPOBOIHMOCTH.

Teneps MOXHO NOJAHOCTBIO NpeacTaenTs cefe KapTuHy ToKa B CoGCI-
BCHHOM noaynposoauuke. IMog neHicTeuem SAEKTPHUYSCKOrO HOJAA BOBHH-
KAET TEHCHHC HAN Aped 3/1€KTPOHOB M ABIPOK, HakaaapBawwmica na
HX GeCHOPANOYHOE TENAOBOE NBHKEHHE. Tox cocrout n3 YBIACKACMBIX
B NPOTHBONOAGHKHBMX HanpapJcHUAX 3AEKTPOHOB H AHDOK, {IPHYEM rO-
ABWKHOCTH STHX JBYX THNOB HOCHTeAeH TOKa, GUEBHIHO, pa3fHyYiLL
Q06RO MOABMIKHOCTS SNCKTPOHOB GRIBaeT GOMbLIE NOABUKHOCTH HBIDOK,
M COOTBETCTBEHHO B COGCTBEHHOM NONYNPOBOABHKE 3AEKTPOHHAS KOMIO-
HEHTA TOKA GOMbIIE AEIPOUHOMH.

Ha sassike sowmoit TEOPHH JCKTPOHHHH TOK 03Hauder Nepexod 3aeKT-
POHOB Ha 0Oaee BHICOKHE CBOGOLHEIE JHEPTETHYCCKHE YPOBHA B 30HE
nposeauMocTH. Hupounnii Tok oaHauaer NEPEXOA  HAWPOK HA G0Jee BR-
COKHE SHEPreTHYCCKNE YPOBHH BalIOJHEHHOH 30HM, T. €. Ha yposuu, pac-
TMOTOMEHHBIC najbllte OT MOTOAKA 30HH. Kak BaiHO, 30HHas TEOPHA ONH-
CLIBACT 3JIEKTPOHHLIN H AMPOYHLH TOKH B NOAYNPOBOAHUKE QUEHD CXOAHBEM
ofpazom. 3aMeHa mepememieHus 31EKTPOHOR N0 CBOGOAHHIM MECTAM B CHA-
3K JBHKCHHEM NOAOKHTENBHHX AHPOK OKA331aCh OYEHD yao0uHoH e
TCOPUH TBEPAHX TNOAYNPOBOAHHKOE.

3. Ixcneprmentanbnoe OnpelenieHHe pachipeleNeHds YpOBHeil B
30He NPOBOLMMOCTH H3 PeHTTeHOBCKHX coekTpoe. OnuiueM KopoTko
SKCOEPHMEHTANBHBIH METON HAXOMIAEHHSA pacnpenc/ieHud ypoBHeH 3JeKT-
POHOB B METa1M€, OCHOBAHHBA Ha H3yueHuH PEHIICHOBCKHX CHOEKTPOA,
XapakTepucTHueckue PEHITEHOBCKHE yYn BO3OYXNAIOTCH, KaK MIBECTHO,
pH NEPEXORE 3MEKTPOHOB C BHEIIHWX CJIQSR HA ONHH M3 BHY TPEHHNX
cnoes K, L, Mu 1. 2*). Sonm BayTpennux 3JEKTPOHOE S0/bINEH YACTLIG

LA LT 2 a5 LA 1 3§ 348
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(a2 caoer K # L Aaxke BCErNa) NpaKTHYECKHM HE PASMBIBAIOTCH, W TAKHM
o0pasoM, KOHEYHHH YypOBEHh nepexofa ocraercss ¢uKcuposannsim. Ho
ypOBEHb, C KOTOPOLO HAYHHASTCH MEPEX0I, MOKET JEKaTh I'AE YrOAHO
ﬁocpe,zm 30HNW mposogumocTH (puc. 90, nepexoaw J w 2). jlas pasuWx
HAYaNbHHIX ypoBHEH nepexoda ocsobowaamanca sueprus AW Gyner
pasanuHa, W TaK Kak AW=hv, T0O

BMECTO Y3KOH NHHHH, KOTOPas noay- _ o

ynaacek O, ECAH METANN HAXOMHACH B w

napoo0pasnoM COCTOSHHE, NOJYYHTCH . 1 s
IHPOKadA CMEKTPatbHan noaoca HMs ol pabents
YacTH 30HH, TAE€ GJOTHOCTBH 3aNGJaHEH- Sy

HHX ypoBHe# Gonabumie, Oyaer Gosabure
M NepeXxcioB, 3HAUMT, NG pacmupesnee-
HHIO HHTEHCHBHOCTH B MGJIOCE PEHITE-
HOBCKOrQ 9MHCCHOHHOT O CIeKTpa (Coek-
TPa HCUYCKaHHA) MOKHO CYAHTE O
pacnpeieedud YpoBHEH B 30HE npo-
BOAMMOCTH, BEDHEE, €€ 1aCTH, aewauet
Huke yposrs Pepme Wy, Tak Kak 37eKkT-
ponGB, 3sHepras kortopmx W > W,
ouenb Mano. KoHeuno, He Becs pentre-
HOBCKHH CNEKTp TBepioro rena Gymer
COCTOATE H3 IMHCCHOHHMY [OACC, TAaK
Kdk B B TBEPABX Tenax OVIYT HMEThb
MECTO TEPENOAM 3JACKTPOHOB MEIY
JABYMS DEKHMH HEDABMHTHMY Y POBHAMH,

Ilps mornOMmEHHH DPEHTreHOBCKOro

R

Hega.mcffqu
DEHTI2eH0CRUAT " yoober

JIKOBaHUI0 peHIre-
H3JYNEHUs  TIpoucxopAaT  nepexomn P 90. K Hcroako p |

HOBCKHX CHEKTPOB METAJIOB.
BAEKTPOHOR U3 BHYTPEHHHX caoes K, P

L, ... Ha cBOOOJHHE YPOBHH, KO-

TOPHIE HUMEIOTCH MOYTH MCKAOYHTEABHO B 30HE DOBOAMMOCTHM BEIIIE sa-
NONHEHHOH €€ 4aCTu, T. €. Bulle YpobHd Pepuu. ITH NEepexcas TaKxke
OTMEYeHH HKEXe Ha puc. 90 (nepexoam 3 u 4). Ob6ayuas merann «GenniM
PEHTTEHOBCKUM CBETOM», MH NOJYYHM B CREKTPE MOFJCUIEHHA MOJOCH,
pacnpenciaeHHe HHTEHCMBHOCTH KOTOPHX, H3MEPEHHOE [0 NOuYEPHEHHIO
(POTONTACTHHKH, OTPANKAET pacnpeieseHHe YPOBHEH SHEPrHH B HE3anon-
HEHHO#t 4acTH 30HW ApPOBOAMMOCTH. TakuM 00pa3oM, KOMGHHHPYH PE3Yb-
TaTbl, MOJYUEHHBIE NMPH HAOMIOREHHWH PEHTIEHOBCKHY 3MHCCHOHHHX CMEeKT-
POB H CMEKTPOB MOTJIOLIEHHS, MOMCHO HAHTH pacrpejenetve Beex ypobHeh
B 30HE NPOBOIMMOCTH, KaK 3aHATHX, TaKk H ¢BOGoAHBX. ONMT HOKA3bl-
B3ET, UTO B PEHITE€HORCKHX MHCCHOHHWX CHOEKTPAZX METaNNoB TE JHHAH,
KOTOPHE COOTBETCTBYKT NEPEXOAAM H3 30HB NPOBOANMOCTH BO BHYTpEH-
HAE CJOH, Pa3MWITH B WHPOKUE MOJOCH, OKAHYHBAWIWMECE <O CTOPOHH
KODOTKHX BO/H NOBOJLHO pe3skof rpanuned. PeakocTs rpaHiul o6bac-
HACTCA CACAYIOIIHM oOpa3oM: caMas KOPOTKAd BOJHA [O/AY4aeTCA NpH
TEPEX0AE M3 BePXHEH uYaCTH 30HH TNPOBOAHMOCTH, ECAH [NpHHATE 148
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80HK MPOBOJIHMOCTH pacnpeneieHne QepMH, TO OHO, Kak H3BECTHO, PE3KO
3aKanumpaeTca OKoA0 W=—1W, u peskocTs Tem GosbmIe, HEM HHKE
Temneparypa. Ha puc. 91 npencraeneno pacnpenenenme HHTEHCHBHOCTH
* PEHTTEHOBCKOTO H3AYYEHHA (H3MEPEHHOE 110 MOYEPHEHHIO NIACTHHKH)
: B0/1431 KOPOTKOBOJHOBOrO KPad 1717 OAHOR U3 Ja-
HEH cnekrpa Al npu pasHnX TeMnepaTypax.
M3 puCyHka BHIHO, 4TO DasMeITHE Kpas 0O-
JAOCH VBEJIHYHBACTCH ¢ BO3PACTAHHEM Temnepa-
TYPH, K&K 3T0 M CABAYET U3 Teopwa. Bennvany
Pa3MBLITHS Kpasg NOJAOCH NOT/ACILEHHA B 33BHCH-
MOCTH OT TEMNEDarVPH MOKHG OLEHHTb, HC-
Xon8 U3 (POPMYN KBIHTOBOH CTaTHCTHKM, M pe-
3YALTATH TAKOTO TIDACYETA HAWT XOpolLee
KOMHYECTREHHOE COBNANEHIEE C JAHHBMH DHC. 94,
Buytps B30HH NIOTHOCTb YDOBHEH coraacHo
dopmyne depmu (dopumyaa (IV, 30)) napactaer
nponopuronaasko W' Orciona caesyer, uwro
HaPaCTaHHE MHTEHCHBHOCTH PEHTIEHOBCKOTO W3-
AYYEHHA MO HaMPaBAEHHI) OT JHHHOBOJHOBOTO
(HepeaKoro) Kpas NOAOCH HO/EKHO CAEI0BATH
TOMY € 3aKOHY, €CJH HA HHTEHCHBHOCTD BJIHAST
TONBKO IAOTHOCTH ypossel. Ha puc. 92 aann
SRCMEPUMENTANLHAT KPHBaAR DACTIPEIEACHER HH-
TEHCHBHOCTH [/ HATPHS, [OJAYYEHHAR OPOMEPON
nouepHeHus GOTONTACTRHKY, W KPUBad, OpIH-
H HAaTH KOTOpO# nponopunoHaseHn W% Beuay
Pnc. 91, PesyabTarel sk¢c-  TOrO YTO HYIKHO CPABHHTH TOJBKO XapakTep Kpu-
IEPHMENTANLHOrO  HCCAE-  REX, A8 o6aeryenud CpaBHEHYS COOTBETCTBEHHO
i;;iﬁzgﬂfoa;”m“’; onace  NMOROGPAHH HX TIONOMEHMS M MACWITaGH, B pe-
OPH pasHux Temueparypax  3yJIbTaTe. ¥ero G6ausocTh GOpMH 00euX KPUBHX
B 33BHCHMOCTH GT 3HCPruu  HA BHAYHTENLHOM NPOTSKEHEH AE3eTCH BrOJHE
SACKTPOHUEX  MEPEX0RoB  ouepuaHol. Crenosatensno, ana Na, kak ans
hv B 8. pana APYruX METannoB, C AOCTATOUHHM OCHOBA-
Botonracmmnr s momcPEENNS  HHEM MOXHO 0JB30BATLCA TPHGIHKEHUEM TEO-
HAABHOE UWHTEHCHBRHOCTH H3TYy- p“ﬂ CBOGOﬂHHX SJ]EKTDOHOB_
e Creayer OTMETHTb, YTO XapakTep peHTre-
HOBCKHX CMEKTPOB 3aBACHT K OT ADYTHY, 34eCh
He NPHHATHX B pacueT OOCTOATEABCTB, TaK 4TO NOAHAs TEOpUs SBASHHA
MHOTO CHOKHEE H 4aCTQ HE CYWECTBYET, Kak 3TO HaOmomaercs mas
HAaTPus, NOAHOrO MAPANAENHIMA MEXIY KPHBOH PACUPEAETEHHA HHTEHCHE-
HOCTH B N0J10CE DEHITEHOBCKOrO CNEKTpA M DAacBPelencHueM  ypoBHed
cBoGomunx snexTponos no depmu [Jl 2.31]. Tem He meHee OCHOBHOH
BEIBOA O NODOCTOH CBAIH MENKAY DEHTFEHOBCKHMH CNIEKTPAMH H pac-
RPENENEHHEM 3INEKTPOHHKX YDOBHEH B MOAOCE NPOBOMHMOCTH OCTaeTest
CHPABEAJABLIM. IJTOT METOA TPUMEHHM U K HEMETaTAMUECKHUM KpHC-
TasNAM,
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4. TlpumecHnle nORYTPOROAHHEH. KHak ywe yKasuBanock, TpUMecH
CHIBHO MEHAWT 3JAEKTPONPOBOAHOCTh, T. € NAl0T ZoGaBouHble CBOGOAHLIE
5/1€KTPOHBM WAH JBIPKY. PacCMOTPHM THIHYHBIE TIDUMEPH TIPUMECHBIX
ROAYIIPOBOJAHHKOB,

B kpucraaan Si nar Ge 206apAfiOT HeMHOTO TpexBaneHTHOro Gopa
HAM TATHBANEHTHOro Gocdopa. TexHoM0rHM BBEACHHA NpAMECEH ME 31ECh
KacaTbed ne OyneM. Kaxami arom
IPHMECH  3aHHMaeT OLHH  ©3
¥3.10B PCWICTKH, H KaK BCAKHi
HOPMAaABHEIH  aTOM OCHOBHOIO
SJEMEHTA HMEeT YeTHpex OGJau-
wallIux cocenedt.

Ias sanonnenus napHo3INex-
TPONHLIX CBA3el TpedyeTcH BCero
yeTslpe SJMEKTPOHA H, CAed0Ba-
TE/bHO, TATHH 3JEKTPOH doc-
(hopd He BXOAHT B CBS3b H OKa-
3EIBIETCA  CNAa0D  CBA3AHHEIM ¢
NpHMECHHM aToMoM. Hanpumep,
B Cayvyae BBegeHHa Qocdopa B
kpesuufi paboTa OTpHiBA NATOrO
BAJIEHTHOTO 2JEKTPOHE PaBHA ANA . ; N .
HeGOJIBIWOH KOHUEHTPaunH Qoc- g f 2 3 248
opa npumepno 0,06 38, B 10 pye 99 Cpaspenne TEOPETUYECKOrD pac-
BpEeMA KAk WOHH3ZUHMOHHBIA NO-  ppejefeHHS SHEPruit siaekTpOHOE (KpHBad,
TeHIHAA P paseH 10,98 8. QOye- Op,@vlilial‘bl KOTOpOﬁ MponopuHOHaIBHN
BHAHO, SHEPreTHYECKUH YPOBEHL VW) c pacipencachnem, Hainennuy
IATOrO IAEKTPOHA pﬂCHOJ’[ﬂI‘aETCH s Na no HHT&HCHB'HOCTH PCHITCHOBCKOTO
scero "Ha 0,06 58 Huwe gHa H3LYHEHHR.
30HH NPOBOAHMOCTH, T. €. OUYEHB
Gausko Kk nel. Kpemsn# ¢ noGasxo#t ¢ocdiopa -— npuMecHul nonayupo-
BOJHHK, NMPOBOXZUMOCTD KOTOPOTO 3aBHCHT OT KOHUEHTPAUHW NPHMECH.
[laTUBaNEHTHHE NPHMECHWE 2TOMBl ABJAAIOTCH TIOCTABUMKAMH CBOGOAMHIX
FJIEKTPOHOB H Ha3WBAIOTCA AOHOPAMM.

Brecenue TPexBajNeHTHOrO MPHMECHOTO ATOMa BOPa OCTABIAET Heaa-
NOJIHEHHYIO CBA3b, T. € CO313€T JWPKY, JOKAAH30OBAHHYIC B COOTBETCI-
BYWIUIEM Yy3ie DEIeTKH, HO cnabo ¢ uum ceazausyw, Ha ee otpus,
HHBIMH CJIOBAMH, Ha MEPEXOA SAEKTPOHA € GAHOrO H3 COCEINHX aTOMOR
B HE3ANOJHEHHYIC CBA3b, Tpebyercss okoao 0,08 se mas HeGOJBMIMX KOH-
uenrpanuit, TlpuMecHwid atoM, uMeWHA caaBo ¢ HuM CBA3AHHYIO RLIPKY,
HaspIBAETCA @KL EenTOpoOM, H ceoboNHHH paspemenHuit  ypoveHs,
COOTBETCTBYHOUIMA CBOGOLHOMY MECTY B CBASH, HAXOAMTCH GJM3KO K Bepx-
Hefl rpaHuie 3an0AHEHHOH 30HH. Takum oOGpasom, noaGHpan COOTBETCT-
Byiwue IpaMecH, Moxuo B Ge waM Si coagasate 3AEKTPOMHYIO HJAH
ABPOMHYKY NPGBOAHMOCTE M MEHATL €€ B IMHPOKUX npeaesax. Iloaympo-
BOLHEKH C SACKTPOHHOH NMPOBOAMMOCTBIO YaCTO HASHIBAIOT 3JAEKTPOHHBIMA

Yw
HotGmaiens

Hamerculuoling  Lamveqia
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AR n-NOAYDPOBOAHNMKAMA (negative), a NOAYOPOBOAHHKH € OHPOYROH
NPOBOAMMOCTRIO -— JNPOYHEME WM P-MOAYNPOBOAHHKEMH {positive). Pa-
60Ty OTpbiBa 2AEKTPOHA OT ZOHODPZ M AHPKHM OT dKLENTOPa Ha3biBAaOT
9Hepruell aKTHBHDOBAHMA WM SHEPrHeHd HOHWZAIMH TPHMECHHBX aTOMOB.

IIpuunna caabol CBA3H 3MEKTPOHA, HE BOMIEIINET0 B NaPHO3JEKTPOH-
HYW0 CBA3k, C aTOMOM-ROHOPOM OODBACHRETCH cacaywouwmm oGpasoMm: snex-
TPOH ABHKETCH OKOAO ATOMA-10HODA, MMEOINEro 3dEeKTHBHENA 3apaa + e,
noxoGHO 3aeKTony B atoMe soaoposa. Ho arom-motiop Haxomures ue
B BaAKYYME, a2 B Cpele C AMINEKTPHUSCKOH nNOCTOAHHOH &, OTIKYHOH OT

Amom POCOET UMEET? H3oamonel ZAEKMpm
IOl + FGOF0 amom3  EECpopa

Puc. 93. Boanomas ¢yHKumA ¢ 31€KTpOHA, CBA3AHHOLO
¢ aroMoM pocdopa B KpeMHRH.

[MoTrOCTE TOYeE NPHOIHMEHHO COOTBETCTBYET DACNPEACAEHHID BOJHO-
BOH GyHXRUY,

exnnnnet (¢ =11,7 ang Si, e =16 113 Ge). Cuna, CB13HBAIOWIAA SNEKTPOH
¢ atomMoM, GyleT B & pas MeHblue, OpSUTa COOTEETCTEEHHO B & pa3s
Goabwe, u pafoTa oTpeisa menswe s £ pas, Hetpyawo suaets, 410 310
NPHBOAHT K MPAaBHALHOMY MOPEAKY BEAMYHHH SHEPrHM  HOHM3ALHNH.
Hns  somopoma {/;=13,5 8 u 111 Qe [dOAKHO TOAYUHTHCH
13,5/11,7~= 0,1 8 B XopoweM coraacuu ¢ onsiToM. BoaHosas ¢ysKkuus §
SNEKTPOHA MEPEKPHBACTCH €O MHOTMME ATOMAaMH OCHOBHOH DEIIETKH,
KaK 3T0 MOKa3auo Ha puc. 93, HHEIMY C/0BAMH, 3M€KTPOH B CBQEM [BM-
MEHHA B3aUMOACHCTBYET ¢ OYeHb ODABILHM MHCAOM ATOMOB QCHOBHOTO
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SAEMEHTA PEETKU. B KPUCTAaNAe ¢ NpAMECHI0 aTOMOB ADYTOr0 9JEMEHTa
W3MEHHTCH BHA (PYHKUHH ¢ TONABKO BOJH3H NDUMECHOrD atoMa, a IOouTH
BO BCeM O0DLEME MEPEKPHITHR OHa He mensercs. FlostoMy paGora oTpeiBa
SAEKTPOHA QT AOHODAE JOAKHE M3JO 3aBUCETh OT COPTa NPHMECH, YTO
EMOJHRE GIIPABAKBAETCA HA ONHITE,

INepexon 3J1EKTPOHA 8 30HE BAJNEHTHHX CBA3EH MOMKHO TPAKTOBATH
Kak OTPHB OHPKH OT aKkuenTopa, T. € OT HOH2 C HENOCTATKOM B YHCAe
BAJCHTHHIX DAEKTPOHOB. 32 HCKIOUEHVEM MEDEMEHE 3H2ZKDB SaPAA0OB 5TOT
cny‘-laﬁ dHAIGIrHYeH cnyqalo OTPBIEA 3ACKTPOHA OT JA0QHOpA, H 3aK/JoYye-
HHEE O OpPHUYUAHAX MAJSTOCTH SHEPraH HOHH3ALHUM H €€ MAaJAOH 3aBUHCHMOCTH
OT COPTa OPUMECH OCTZETCA B CHAL.

[TponopunoHatbHOCTL MeXAY SHeprucH HOHM3aUMH npumecH Q w 1/g?
ONPaBALIBAETCH HA ONMbTE JOBOALHO WIHPOKO, M 3Ta SaKOHOMEDHOCTh
2T NPaBAAbHBIR nOpafok €. B wacTHocTH, OOWMT nokassBacT, 4TO 3a-
KOH 3dBHCHMOCTH Q W 1/¢* ot

TeMnepatypsi oauHakos. IToapob- W@ﬁﬁu o
nee oM. [JL 2.33] SR
DHEPreTHUECKHE YDOBHH A0- o |
HOPODB ¥ aKUENiopOoB, B OTAHYHE npuﬂaﬁwfmg?u i
OT ypoBHel ocHOBHOH pewerxw,  EEESERS 0 ¥
HMEIT  JIOKaabHHH  xapaktep. T f@ % T
BosHoBas (yHKUHA 3MEKTPOHOB i lo'e ®|a P00 dwmd Z
i1}
MPHMECHHX AaTOMOB HMEET pes- €
KH} MakcuMyM BOAHM3H STHX aTo- Mﬂiﬁfgm GJ@ 2,6
MOB H Clazaer po HyJd BEAAN e L
oT HEX (cM. puc. 93). 3to 3Ha- S Lot W,
S GGt 3anannennas O e
YUT, YTO BAaJEHTHHHA 9ICKTPOR oo ?
ACHOPA (WM AHpKa aKUentopa) hepzemiecin

IO CBOEro OTPHIBA HE MOMET nNe- mmpw%ao dwpmw%
peMewmarscs no Beemy obbemy WAL MRSy REOLONG
pewteTxi. B cooveercraun ¢ 3tuM  Puc. 94, DHepreTHueckHe CMEKTPW 3neK-
Ha YePTeXAX, HAMIOCTPHPYIOWEY  TPOHHOMO H ANPOYHOLO COAYUPOBOIHAKOB.
IHEPreTHYECKHE CIEKTPH, YPORHH

NPHMECHHX aTOMOB MH OyiZeM u300pawaTh HE CIVIOWHBLIMH JUHHAMH, a
NYHKTHPOM MAH TaK, KaK 5TO nokasano na puc. 94. 3Hak B Kpyxke
{naoC ans goHOpa B OMMHYC I aKUENTopa) YKA3WBAeT Ha 8HAaK KOHA
nocAe OTPHBA JJEKTPOHA WJIH ABIPKH.

PaccmoTpum Teneps sompo¢ 00 37€KTPONPOBOAHOCTH rFETEPONOIAD-
HHX HJIH HOHHBIX KpHCTaanoB, takwx, kKak NaCl man BaO. Onbit noxa-
8KBAET, YTO TETEPONOAAPHEIE KPHCTaAAH O6GNaA2I0T HEKOTOPOH HOHHOH
NPOBOIAMOCTHIO, HA YTO YKAIHIEAET ABJAEHHE 3ICKTPOIN3 APH NPOXOKICHUN
Toxa. VowHag COCTaBAflomas TOKAa B HEKOTODHWX CAYy4YasX, HanpuMep B
OKCHIHOM TEPMOZVIEKTPORHOM KaTOAE, Urp2eT 0B YI0 NPAKTHYECKYI0 pOlb,
HO HOHHHIH TOK COCTaBAACT TOABKG HeGOABLIYID YaCTh NOAHOTO TOKA,

HuctuM GesneeKTHNM TFEreponospHbM KPACTAMIOM MOWHO HA3BATh
KPHUCTazaA, YHCAO aTOMOB METaNda ¥ METani0HAa B KOTOPOM K TOYHOCTH

6 B. H, I'eoosop, . |
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OTBEY3LT €ro XUMHUECKOH (opMyne, npuueM BCE aTOMH PacnoONOKeHW
TOYHO B [ONJFAIOMMKHKCA WM ¥y31aX  PElIeTRH KPHCTaq/ld, M BOBCE HET
UPHMECEH HHOPOAHBIX aTOMOB. B 5TOM cayuae romopsT, uto B Kpi-
Cranne COBMOIEHO0 CTEXMOMETPHYECKOE OTHOLEHHE W OH olpasyer
IIPABHABHYTO pemeTky. B reTepononspunx KpucTannax sajleHTHHE 3eK-
TPOHBI AaTOMOB MeTanna (oAuH 3aekTpor Na uiu asa saekTpoHa Ba)
NEPEXOAAT BO BHEINHHME MOArpPYNNH ATOMOB METANIAOHAE, KaK H TeTepo-
NOMAPHHX MOAcKynax. Bepxnus s-soua metaasa (soma 3s y NaCl u 6s
y Ba0O) Goaee yakan, ueM y MeTasIMueckoro wkpucrania, BCAEACTHHE
Toro uro B kpuctaanax NaCl m BaO aromm metaana oTcTosT apyr ot
Apyra Janelie, 4eMm B KpUCTananax Meraanos Na w Ba, oxasmeaeTcs co-
Bepwenno nycrofl. BepxHue MeTasnounnwme 30us (3p xnopa u 2p Kucao-
pona) GyAyT COBEDINEHHO 3ANOJIHEHM, TAK KaK OHH CONEPKAT MO LWECTh
BICKTPOHOB HA &TOM: B NOATPYRAY 37 XA0pa, COAEPHALLYIO NMATH CBOMX
3AEKTPOHOB, IPUXOINT OAMH 3JAeKTpon ot Na, a s noarpynny 2p kucio-
podd C YETHPbMA CBOWMH 3JIEKTPOHAMH NPHXOIAT n8a AeKTpoHz OT Ba.

Caenosatensno, B 060MX NPEMEPEX 30HA NPOROAUMOCTH, COBEPLICHHO
nycraa mpw  7=0°K, oraeneHa oT 3anoaHeHHOH 30HH  3anpelleHRoH
30HOR wiHpnxu Q. Kaxk Buavo, npp T=0°K o6a kpucrania — uz0.s-
TOpH, W TaK Kak ¢, sesuko (Hanpumep, y BaO no akcnepHMeHTanbHBIM
naunbiM Q, =3,8 4,8 38), TO OHM HO/KHE OCTaBaThCad B CAyuae O1-
CYTCTBEA 1EEKTOB PEWETKH H upuMecelf W30JATOPAMM W ODH Harpeba-
oid. Oawako peasbnme kpuctainst BaO w NaCl scerna umenr npumecu
# 1eQEeKTul DEWETKN H STO NPHBOART K NOSBJICHHI) TNPOROIHMOCTH.

[TposoanmMocTs MOXeT OHITh CBA3aHE C BBEAEHHEM WHOPORHHX aTOMOB
APYroH BANEHTHOCTH, MOAOOHC TOMY Kak 3TG GHO B OpHMEpe C KpeM-
HHEM, HO I HAC CeBuac WHTEPECHEE KPHCTALAW, NPOSOAMMOCTE KOTO-
peiX cBfizaHa ¢ pedexrTamm peweTkn. JedekTn B pemwetke Moryr Bos-
HHKHYTb N0 Pa3JHYHBIM TDHUYHHAM.

[Tpn narpesanuu HOHM ONHOH W3 KOMIOHEHT, HANPHMEP METalua,
MOTYT HCNapATeCd CH/bHEE, B PE3YJbTATE 4€TO B KPHCTaane o6pa3yioTcs
BAKaHTHHIE METAMIHUECKHE Y3AH B H3GHTOK meTantonia. Ecnan, naoBopor,
OHCIpee HCMIPAETCA METANMOHL, TO NPH MPOTPEBE M [OAYUHM KPHCTaun
C M30BITKOM METAanAa M BAKAHTHBIMH METaAADMAHBIMH Y3jamn. B oGonx
Cy4anX CYWECTBCHHO, OCTAKTCA MM U3OBTOYHHE ATOME B Y3J4X pPElIeTKH
HAM NEPEMEMAIOTCH B MEKUCYSAHMA, TAK KAK OT 3TOrQ OYAET S3aBHCETH
CTPYKTypa SHEPreTHYeCKoro CHEKTpa peiterku. BosmMokHO, HakoHen, uto
aTOMH QIHOMC COPTA, HANPHMED METAANROHAHBE, OYAyT OTOMpAarecH OT
KPHCTaAna BCJAEACTBHE XHMRAYECKOH DEaKmHH Ha €ro DOBEPXHOCTH H B
pesyaetate GyneT AOCTArHYT H3GHTOK aTOMOB MeTanta. llpusedem He-
CKO/LKO [IPHMEPOB.

Ilpn npokanuBanuu B BaKyyMe OKHCH UHAKAZ ZnQ KHCAGPOX WCha-
preTCca  CchnbHee. M3GHTOYUHHE aTOMM Zn TEPEeXoaAT B MEXAOY3/IHS,
umewomue B ZnO 60abwy10 NPOTAKEHHOCTb, H COXPaHAIOT TPH STOM BCE
CBOW BaNEHTHHIE 3MEKTPOHH. YpopeHs Haubonee €1alo CBAZAHHOID JI€K-
TPOHA B H3OHIIOYHOM aTOME ZN OKa3MBAETCH OJH3KHM K HHMHEN rpaHALE
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ponocw mposoiumoctd, ¥ Zn0O ppuofiperaer CBOHCTBA 3INEKTPOHHOLO
MOAVIPOBORHAKA, .

[Tpoxanusanne sakucn melun CuyO 8 atMocdepe kucaopofa NpHBO-
AWT, HaoBOpOT, K H3BBITKY KHCIOpOJa H K 00pa30BsaHHI0 BAKAHTHHX
MeTaUIHYECKEX Y¥3J0B, HM3GuTOouHMe aTOMH KHCJAODPOAA HMEOT BOIMOMNK-
HOCTH DPHCOEAMHATE 3NEKTPOHW B CROIO BAJEHTHYW NOArPYyINy H 48-
JAIOTCA, CAeJ0BaTedAbHO, axuentopamy. B zanoaHenHnofl 3one o6pasyioTcs
aeiprH 1 CusQ aenaeTca AHPOYHBIM noaynposciaHkkom, O6paGoTka cros
3aKUCH Meal KUCAODOAOM TNPHMEHACTCA (IpPH H3rOTORICHHK MEIHO3dKAC-
HhX (POTO3NEMEHTOB,

BaO, HzneCEHHBH Ha HUKENEBYIO OAaCTHHKY, CONEPKAILYIC MPUMECH
KPEMHES, NPH NPOrpese BCTYNAET B PeaxiiMio, B PesyIsTaTe XOTOpOR
ot BaO or6Gupaercs kucaopoa. Ilycree kucnopoinwe yaao, oOpa3osas-
uHecs BO6aMan rpamuns Ni — BaQ, scaeactsue nepecTpORKE HOHOB pe-
WeTKH nepeMemarTcs B Toany crod BaO v co3gawT B Hem u3BBTOK
aromoB Ba, KoTophle, no-BHIMMOMY, OCTAOTCH B Y3/1aX DEISETHH, TiK
KaK B MEAAOY3NNAX 3TOr0 KPHCTAAIZ CAMIIKOM Maio Mmecta. B6ansu
NYCTHX KUCROPOAHBIX Y3JOB VPOBHH BAJEHTHHX 3AeKTpoHOt Ba nouu-
wawTcA, W BOAR3H [HA 30HH NPOBOAHMOCTH NOHBASIOTCA JOKaAbHBE
YPOBHH, Ha KOTOPHX M MOTYT 3aKpenasarbca 3fexTpousl Ha puc. 94 onu
oT™eucHsl 3HzkoM W, 27ToT mponece, B peayaeTaTe Kotoporo BaO ne-
33€TCA SRCKTPOHHBIM [OAYADOBOAHHKOM, MCHNOAL3YETCS TPH AKTHBHPO-
BaHHH TEPMOZJEKTPOHHKNX XaTGACE W NOAPOGHEe OIHCAH B CJAEAYOLIEM
naparpacge. )

CylecTBEEUD, YTO, B OTJHUHE OT COGCTBEHHHX HNOMYIPOBOAHUKOB,
B NPHMECHHLIX fOXYIPOBOAHHKAX 4aCTO Roayuaercs abcodawTHoe npeol-
NaNdHHE JJEKTPONPOBOAHOCTH OJHOO THTA, KOTOPYI0 MOKHO YCHAHBATH
HIH JaWe 32HOBO CO3MABETH NYTEM COOTBETCIBYIomER 0OGpadoTKH -- Xu-
MHYECKOR, TepMHuecKoHl 0 T. I

OueruIHO, 4TO BO BCAKOM TPHMECHOM NOAYIPOBOAHUKE JOMKHA
B KakoH-TO CTENeHH NpPOSBARTLCA H COOCTBEHHAA MPOBOAMMOCTE, H NpH
JNOCTATO'HO BHICOKOH TemnepaType COGCTBEHHAs OpPOBOIHMOCTb MOMKHA
npeoSnajaTe, Tak KaK OOILEe 4HCAO ITEKTPOHOR B BEPXHEH 3anouieHHod
30He rO0paslc BOMBIIE YHCIZ BMEKTPOHGH HA npuvecHux yposuax. llo-
TOMY TIpH JACCTATGUHO BHICOKOH TEMIEDATYPE KOJHYECTBO IACKTPCHOB,
pepeweitiY B 30HY MPOBOAHMOCTH H3 3aA0JHEHHOH 30HH, OyAeT npe-
BOCXOAMTE UHCAO SAEKTPOHOB, NepeleilaX B 30HY NPOBOAMMOCTH C 1O-
HOPHBIX YDOBHEH. .

6. [lonepxHoCTHHIE NOTEHUHANBHBIN Gapeep. DASKTPOHH NPOBOAH-
MOCTH, CBODOAHO nepeMeiAOILAECd 110 Bcemy oObeMY METaMig, He
MOLYT, OAHAKO, EHIXOIHTE 33 €ro npefeid. MX BHIXoLy Hapyxy Opeunt-
CTBYET 3MEKTpuuecKoe noJe, fpeficteyomee B y3kod 001actn BOAH3M
TIOBEPXHOCTH METANLTa, KOTOPYH HAa3bBAOT MOBEDXHOCTHHM fIGTEHILHA L~
HHM GapbepoM.

MoTeutman BHYTPH MeTannad, KOTOPHH, OUEBUAHO, AGJKEH GHTHL BhILE
IOTEHIHANE OKPY#HAWWEre NpOCTPAHCTEA, B TEOPHH METaMI0B vacio

6!
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CUHMTAIOT MOCTOAHHEIM H HCXOXAT H3 pacnpeneeHHs TOTEHIHANa, NPeacTaB-
ACHHOTO Ha puc, 95,0. B eBCTBHTEALHOCTH MOTEHNHAN BHYTPH METa/Ia
BOapacTaer BOIHAH HOHOB KPHCTRARMYECKOH pemerTkyd meranna (puc. 95, a),
KaK 3TO NOKazaso Ha puc. 95,s. Ilpeanonoxenne o NOCTOSHCTBE MOTEH-
1373 BHYTPH METAnna BO MHOTHX CAYYddX, B 4aCTHOCTH B TEODHH 3JeK-
TPOHHOH SMHCCHH, TIPHBOLUT

K XODOUIHM pe3synbTaraM. Be-
Au4HHy @, (puc. 95, 6) nasu-
BAOT BHYTPEHHAM NOTEHIWA-

@ nom kpucranauueckoft peuer-
ku. Ilns onpenenenns penuyu-

HEl # GOPMH NOBEPXHOCTHOTG

U=0 MOTeHnHaAbHOrO Gapbsepa Hali-
neM pafoTy, KOTODYIO HYKHO
3aTPaTHTb AJR YAIAEHHS 3JexK-

@  Tpoua w3 metaana, Ecau saek-
Y=g I TPOH HAXOAHTCS OT NOBEPXHO-
CTH METanna HA paccTOAHuUM,

/=0 RocTaTo4HO 60ABLIOM IO CPaB-

i HEHHIO € PacCTONHHAMH MEXLY

! AOHAMH PEINETKH, TO0 ACHCT-

\ '; g)  BYHOLLYIO Ha HETO CHAY MOXHO
vy . . ) A BREUHCAHTh, €CJ4  OTBJAEYBCH
\ 4 OT aTOMHOH CTPYKTYPH META-
Puc. 95 K cupeneienyo BHYTpeHHEro noren- 714 U 32MEHHTL €70 OMHOPOIl-
UHANE PEINETHH. Ho#l, XOQpowWwo npOBOJ.lSluJ.eH

A — PACAOAGKEHHE WOHOB B OIHOH W3 aTOMHBIX 11A0CKO- Cpeﬂ.On. Kak a3BeCTHO 13 aeK-
eTell MeTARAMIECKOrC KPUCTAAAa (CXeMaTHYecKd); § — TPOCTATHKH, AR MnAoCKo#
pacnpejgedesye IOTEHI(HA2Z BIO0Ab AMHHH AB, napans- “OBeprOCTH MEeTanna B ITOM

NEABHOH OXHOW W3 ATONHLIX NEMO9eR, B NPEXNON0KE-
HWM, 4TO NOTERLAaN BHYTPH KDHCTaAna NOCTORHEH; cayyae cuay, ﬂeﬁCTBYIOHlle

& — ZApaETep HCTHHHOLO pacrpenefeids NOTEHOUaAad
B10Ab AB. Ha SJCKTPOH CO  CTODOHH
3apAIOB, HABEICHHHWX  Ha
MeTanae, MOMHOC 3aMEHUTL CHAOH MPHUTAMEHHS 3NEKTPOHA €ro «3epKasb-
HblM H300paKeHHeM», T. €. TOYEYHLIM [OJAGKHTEALHWIM 3dPAA0M, PABHEIM
IO BEJAMYHHE 3aPALY SAEKTPOHA H DACTOAGKEHHEIM CHMMETDHYHO emy
QTHOCHTECABHO HOBEDXHOCTH MeTannaa. aTa CHJaa
2
Fip==— 1, (12.5)

49

Ha3WBaeTCa CHAOH H3oOGpawenns,

OuepuaHo, 4TO NMPEANOAOKEHHE 08 OAHOPOAHOCTH METaaka, TOIQKEH-
HOE€ B OCHOBY BHIUHCACHHA CHAK H300PaXKEHAS, Ne1aeTCH COBEPILEHHO
HETIPHTOHEIM, €CAd BJCKTPOH HAXOAMTCA BGAu3m Metaana. [losepxHOCTw
METanAa, €Cad €€ pacCMATPHBATE € PACCTOAHHH <aTOMHON® BEAHYHHM,
npeacragaser coboll sepXHHH HOHEWA CAOH DELIETKH METaAla, OrpyKel-
Bpll B CKOIIEHHE SNEKTPOHOH, 4aCTbIC CTPEMAILAXCA BWACTETL H3 META/MIA,
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HO HE O0IaZarIUX ZOCTATOYHOH AA8 3TOrO SHEPTHER M BO3BPAILAIIM ACS
pasan. TakeMm o0pazoM, Aja9 yuacTka MyTH 2EKTPOHE, JMexamero BGAH3N
MOBEPXHOCTH  METania, HHKaK HEeMb3s CYNTaTh NOBEPXHOCTh METanIa
OIHOPOAMOH

Buind NpesjokeHs pasHee ¢nocobsl ympOmEeHns CAOKHOM 38ajauu
BRIUMCAEHHS CHAR, ASACTBYIOIEH Ha 3aeKTPOH B «GnuwHed zones. ONMH H3
TAKUX YIIPOLULEHHHX C1OCO00B COCTOUT B C1EAYIOILEM: BONN3H MOBEPAHOCTH
MeTalna CywecTByeT o6MaKo 3AEKTPOHOB, Tak CKasaTh, «3JEKTPOHHEN
aTMOC()EpPa» BHE METAMAa B HENOCPeACTBEHHOH OAH30CTH K €ro nosepx-
HOCTH., ¥Npoiias 32434y, MOXHO 33aMEHHTb 3JEKTPOHHOE 00/IaKO BMECTE

— iz}

z
Puc. 96. K swyncreHulo BaICOTH [I0BEPXHOCTHOrO Haphepa.

C MOBEPXHGCTHRIM CJICEM WOHOB PEIETKH ABOHHBIM IEKTPHUYECKHM CJIOEM,
HMeIIM  TOMIMHY [OPASKA pPaCCTORHAS MEXKLY WOHEMH  PEIIETKH
{puc. 96).

IonycTuM, YTO, HauMHadA C PACCTOSHHR X, CUMTd® OT BEPXHErO CJOA
AOHOB, CHI4, AeHCTBYIOmAs HA MEKTPOH, YKE DaBHAETCH Cuae u3obpa-
wenna. JIONYCTHM TaKKe, YTO CUJ3, COXDAHSIOILAT BHYTPH CI0H MOCTOSH-
HOE 3HAYEHWE, Ha €rQ rpaHuue Ges CKauka NepexolRur B CHAy nsobpa-
wennn, Toraa X, Oyner pasHO ToJAWIMHE ABCHHOrO CAOR U CHAA NpH
X=Xy 2 3HA4HT, 4 Be3de BHYTpd ZBoliHOro cjos Oyner

g!
F,=— PrrD (12.6)

Pa6oTa, cosepluaemMas 3eKTPOHOM INIPOTHB CHJ 1101

Wa - er _]_ Wim’
rae W, — pabora npn aBuKeHdd CKso3n NBOHHOH caodl u W; — paGota
B ofmacTé cua waoOpawenun. Wcnoavays dopmynm (12.5) u (12.6),

TNOKYHAM: xo o

o? e g2 gt e? -
W, =e%=0§ mdx+ g =g Ty =g (127
Xg
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PaGoty W,, paeHyl0 BeICOTE NOBEPXHOCTHOTO Gaphepa, BHPAXEHHOR
B CAWHHLAX 9HEPrHd (3MEKTPOHOBOJBTAX), HA3nBaT (ONHOH paboTolt
BHIXOAA.

B namweM BwBOne WHpHHA «OGmukHEd B0HE>» X, OCTaAacs HEONpeae-
AeHHOH, XOTd MOWKHO AYyMarb, 4TO OHA paBHa HEMHOFrUM DAacCTOSHHUAM
MEMAY uOoHaMd pemeTkd. Ho X, MOXHO HaliTe, HSMEDHE BHYTpeHHuH no-
TeHnuan peuwietkd ¢, = W /e. Tlotennnan ¢, snepsue Guin Halakn a3
OMBLITOR N0 AAQPPAKUUYE 3AEKTPOHOB.

OmnuM M2 TIEPBHX NO BPeMeHH K Hanbonee HALANOHHY HOKA3ATENBCTA
CYECTBOBAHHA BOJHOBWX CBOMCTB 3JeKTPOHA ObLIO BO3HHKHOBEHME Aud-
PAKIUHOHHOH KAapPTHHE, aHAAQTHYHON aupaKuHOHHOR KapTuHe, nouay4aeMol
ANs PEHTreHOBCKMX JY4YeH NpH OTpakeHHH 3SACKTPOHOB OT KpACTania
MAH NpPH NPOXCKIEHWH HX YepPEe3 TOHKWUE METalAvdecKHe miaenku., B na-
CTORIEE BDEMA VIKE€ C/AOMMJAACE nedas obAacTh TEXHHUYECKOH (H3uKH —
3ACKTPOHOrpahus, H3YYAIOMAA CTPOSHHE KPHCTAMINYECKUY TEA METOLOM
Habnwnenns AHGPAKIAH sAekTponor., OnuTe No AMGPaKHUH 3JIEKTPOHOK
ONHCHBATCE B Kypce dmankm [Jl A. 1, 1. 2, ra. 16; J. A. 2, 1. 3,
ra 28]

Jlerko nomaATh, WTO BuA HUGPAKIHOMHOH KAaPTHHM GYAET 3aBHCETh OT
BHYTPEHHEr0 NOTEHNMANZ MeTannd. JlavHa BOAHN MEAAEHHHIX SAEKTPOHOB
BHE METalna

A=t h V; oL (12.8)
m Vzmiu eem

rae {J — nanpakenue, yCKOPRIOWEE NEKTPOHM, NOMAAAIOMHME HA HCC/E-
IyeMbtil 0GbeKT, naNpUMEP MOHOKPUCTana Metanna. Ecau  sHyTpewnni
MOTCHIWAT METa/NI2 DABEH @,, TO BHYTPM METalla CKOPOCTh 3JMEKTPOHOR
Oyaer Goawwe W ANHHA BOAHM A,, Gyser

3

o — —
PV 2em Ut 90

[Toaowenne AMPPAKLMOHHEY MAKCHMYMOB M MHHUMYMOB 34BHCHT OT
COOTHOIIEHHS MEXIY AAMHOH BOAHBL B KPWUCTaANE AL, U MEWILY ATOMHBIMH
PACCTOAHHAMHA, WHHIMH CAOBAMH, IH(PAKUMOHHAT KAPTHHA 33BUCHT OT @,
JTa 33aBUCAMOCTB BOOJHE MOKET OWTh ofHapyxeHa Ha onoife. Mepod
TOrQ, HACKOJABKO BAHAET BHYTPCHHHH NOTEHNHaJ, ABJAETCA OTHOMIEHHR

Pzé-—]/1+i@, (12.10)

P

(12.9)

COTOPOE MONKHO HasBaTh «[OKA3aTeNeM INPEAOM/IEHHS» SJEKTPOHHEIX
BOJIH.

Wz (12,10) euawo, yTOo NPH YCKOPAOWHMX HanpaweHuax 100—200 g n
GyAeT HA HECKOMLKO COTHX OTAAYATLCA OT €NHHHIBE, TaK KaK 9, Kak
0Ka3aNoCh, AN METaNAQB JAEKHT B npesenax 3,5-- 18 o,
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He ocTanasaueasCh HA ONHCAHWM HPAKTHYECKOH CTOPOHH METona
onpeleterts ¢, H3 HalGmoaenns AudpPaKuuu 3JTEKTPOHOB *), OTMETHM, UTO
N0 pPasHwM TNPHYARAaM (HECOBEPILEHCTBO TEOPHH, SKCHEPHMEHTANABHBIE
TPYAHOCTH) ITOT METOM HE 13ET TOUHHX PE3YJALTATOB, HO TeM HE MeHee
oH HMeeT OOJbIIce 3HAYEHHE KAK EAMHCTBEHHLIA NPAMOH COCOG HaMepe-
HHA BHYTDEHHETO DOTEHIHMANa KPHUCTAAIMYecKOR pelleTks.

[TpuBeaeM HEKOTODBIE DesyabTATH MsMepeHud ¢ 1 Ni: 14417 ¢, Zn:
15,5 6, cepebpo: 13 -156. 31i nudpe XOPOIWO COrnaCYIOTCs €O 3HaYe-
HHAMH @,, KOTODHX CJI€LYeT OXHAAT:H HA OCHOBAHHH TEODETHYECKHX pac-
4eTOB H M3MEPCHAK 3JeKTPOHHOR IMHCCHM,

HawmeHbllee 3Havenwe g, NOAYYAETCE AAS WEMOMHWX META/NIOB: Ha-
npumep, An3 ueamd o, =3,4 6. flonaran » (12.7) W,==3.4 s, noay-
anm X, =023 A; npn W, =17 28 x,=1,25 A.

W3 suisoga gopmyan (12.7) creayeT, 4To 10 PACCTOAHHA X, OT BEpPX-
HEro CJA0A HOHOB BHCOTA NOTEHUMANLHOTO Gapbepa pPacTeT JAHHEHHO
(puc. 97, aunna Oac). B nei- w
CTBHTEIBHOCTH CHTA HE OCTAET- Wy b mw e e e
cf TOCTOAHHOH, a yBEeAnum- d
BAETCH, HAUMHad OT HYJR, W
wcTunnHas  ¢gopma  Gaprepa
fanaka K kpusoli Obcd. dop-

Ma 6apbepa HMEET CYLIECTBEH- e
HOE 3HAYEHWE NMDH OTPaXKEHHH 2 ‘

OT HErQ 3JEKTPOHOB B LDRG- :
HECCEe 3NEKTPOHHOH 3MUCCHR, o/ !

M3 Toro dakTa, uto npu b
HH3KHX TEMIeparypax TepMo- :
SAEKTPOHHAS OMUCCHA mnajaer o J‘..a -
[0 HEH3MEDHMO MANOH BeaHUM-
Hbl, CAeA¥eT CAENaTh BHBOA, Puc, 97. dopua notennuasnioro 6apbepa:
YTG IR BCEX METAadIoB moa- HCTHHHan  dopua — Obed, YHPpOileHHana

dopma — Qacd.

Han paBoTa BHIXGJAA 3HAUH-
TeapHO  Goabie © rpaHduHoi
anepran Pepun Wy 1o namocTphpyerca nfesoH uyacTeio puc. 98, rae
BOCNpoksBeaena Kpupan (W) pacnpenenenns 3eKTPOHOB 1O SHEPTHAM
npr T == 0°K, Duepreel, JocTarouHoll Ana SMHCCHA, 00J3aalT TOMBKO
S/EKTPOHBI, YHCIO KOTODBX H300pawaeTes NMAOLanbio KPHBOH pacmpene-
7eHus Buiwe yposHs W, (3amTprxoBaHHwiH yuactok). Takux snekTpoHos
Gyner HUYTONHO M210 WIDM AOCTATOMHO OO0JBLIOM 3HAYEHHM Da3HOCTH
(W, — W) n ne ouenn smcoxoll Temmepatype. Benmumuna

=W, — W, (12.11)

PaBHAs HEHMEHbIWER SHEPLHH, KOTOPYHD HYKHO COOGUIMTH DAEKTPOHAM,
HMEWIIAM MaKCHMaAbHbe CKOpocTH npd 7 ==0°K, naa Toro, urofm oHM
—_

*) llo stomy sompocy cm. /1 A. 3, ra. X, § 135 uam nogpotuee JI, A, 20].
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MOTAM  NPEOI0IeTh NOBEPXHOCTHHE OGappep, uHaspizaetcs adibexTuBHOl
paforToli eeiXola AaM npocto paboTol BHXOma. ITo HadBaHHE CBA3AHO
C TOH pPOJbIo, KOTOPYIO UrpaeT BeanunHa © B 33aK0HAX IMEKTPOHHOH IMHCCHE,

B umeMeTanandeckux KPHCTAMIEX IJICKTPOHB ﬂpOBO.ﬂ.HMOCTH Tagwe
CBA3aHE ¢ KPHCTAMIMUECKOH pemeTkof g ue MOryT BuATa Hapywxy Ge3a

T

Prc. 98. ConoecraprenHe moTennMantbHoro Oapbepa
C KpHBOH pacnpejeneHHa SICKTPOHOB 110 IHEDTHAM,

saTpate sHeprun. OaHaKO ynpouwieHHu# Cnocol BHUACJAEHUS BRICOTH
NOBEPXHOCTHOrO MOTEHHHAABHOrO 6Gaphepa K HMM HenpumenuM. Beicota
NOBEPXHOCTHOTG 0apbepa HEeMETAANMYECKOrO KPHCTAAA2, Kak H 44a Me-
Ta/]Ja, PABHA DAIHOCTH ZHEPruH NOXOAIIErOCH S/AEKTPOHA BHE KPHCTAMIA
H NIOKOAHIErocs 3JMEKTPOHZ BHYTPH KPHCTaafa, T. € JeKTPOHE, Haxoas-
IIEFOCH HA HHKHEM YPOBHE 30HH NMPOBOAHMOCTH. JTa BeNHYAHA, Ha3LlBa-
eman Baemnel paGotofi BHXoda, oTMeueHa Ha puc. 94. Teopertrueckd
pHeWHOD PaloTy BEX0A3 YAanoch NPEGAWKEHRO BBIYHCANTE AN HORHBIX
kpuctaaaos (NaCl, BaQ, ZnO » 1. a) [JL 9.5; J1 9.19, ra. 3] Huxe
Oy[eT TOKa3aHo, UTO €8 MOKHO ONPEACNHTh SKCNEPHMEHTANBHE, CONOCTAB-
A9s pesyaAbTaTR usMepeHnil (QOTOS/IEKTPOHHOH K TEPMOICKTPOHHOH
SMUCCHE H 33BHCHMOCTH 3/JEKTPONPOBOAHOCTA OT TEMIOEPATYPBl.

§ 13. J1eKTPOMPOBGAHOCTE METAJICEB ¥ NONYIPOBOEHHKOE.
Kourakrdas pasHocTh HOTEHIHANOB

1. KOHuUeHTpaluusa SAEKTPOHOE H 3NEXTPONPOBOLHOCTh METANAOH.
MeraniiuecKui KpHCTanA MoxHO cefe NpencTaBuTh B BUAE <«[OTEHIH-
afbHOTO AMIMKa», 3anoAHeHHoro csoGoaHmME anexkTpoHaMd. [loaoxuaress-
HHfl 3apAA HOHOB PEIIETKH B JI0M TIPEACTaBACHMH Kak Ol «pasMasan»
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PABHOMEPHO MO BCEMY OGBEMY, M €ro podb CBOAHTCA K HeHTpanu3ailun
o6ulero 3apaia ASKTPOHOB. HeTpyaHO OLEHHTL KOHUEHTPALHId dAEKTPO-
HOB B METalle,

MasecTHo, YTO MeTaaasl NepROi TPYNUH (mEeJOUHBIE) UMEKT OIWH
cnaGo CBA3aEHRH BANEHTHLIA 3JEKTPOH, METaAaW BTOPOH Cpynns — ama
caabo CBA3AHHBIX 3JEKTpOoHa H T. A. (cM. Tabauuy HOHHSALHOHHHX MOTEH-
uiaaor B8 § VI). EcrecrsenHo npeanoJosuinb, YTO <«3ACKTPOHHBIR ra3»
B METadae OOpa3yloT HMEHHO 3TH C€AaB0 CBABAHHME 3JEKTPOHH. Toraa
KOJWYECTED CBOGOAHLIX 3AEKTPOHOB £ Ha 0aMH 4TOM MeTaaaa Oyaer
pasHo 1 Aas MeTannos nepsod rpymnk @ 2 aan TOpofl. [las oCTannkbix
MeTann0E Z MOKeT OBTbh # 50ablue ABYX. JT0 UQHBOAMT K CAEIYIOLIEMY
BHPIMEHHI0 L% KOHUEHTPAUHH CROGOLHSIX 3/JEKTPOHOB!

LN
nzzw, {13.1) -
rae Ny —uncno Asoragpo, & — nioTHOCT H M — atomuauii sec. [loa-
cuer 110 Gopmyae (13.1) naer snavenns n nopagka 10 — 10 1/cad,
IIpu TAKHX KOHLEHTPALUKAX 3AEKTPOH:BHH ra3 BHPOKIAEH U OH OCTIeTcs
BLIPOKACHHLIM NDH MOOHX NPAKTHYECKH AOCTYMHHX Temnepatypax. dop-
MYJAb KBAHTOBOM CTATHCTHKH, CNPaBEAANBHE /A BHIDOKIEHHOrO Fasa,
paccmoTpennl B § IV,

C TOUKE 3pEHHA 3IAEKTPOHHON TEODHH BJAEKTPHUECKHH TOK npeicTas-
aseT co0oR HanpapAeHHOe [BMAeHKE CHOOOAHMX 3JAEKTPOHOB OTHOCH-
TeAbHO KPHCTAMIMYECKOH peleTsn Meranna. lloasaysce npeacrapaeHueM
00 IEKTPOHE KaK YacTHUE ¥ HE YYMTHBAA €0 BOJHOBHLIX CBOHCTE 247
SAEKTPONPOBOAHOCTH 6, M3 IEMEHTAPHEIX coofpaiaenufl NErko MOAYUHTB
A L1 2, ra 5 JLA 2, 104, ra 16]:

. (13.2)

3xech h-— cBoGOIHHA OPOGEr BIEKTPOHA, T — €ro Tennosas CKOPOCTh.
a uepTofi cnepxy o003naueHO CpejHee  3HaueHHe BeanuuH, B cayuae soi-
poRIEHAR BAeKTpoHBOro rasa (§ 1V)

y_ 381 _
()=32; o==2
OTKy A2
e /3n %y _
":2“3'\375;’ 3- _ (13.3)

314 opmMyaa oTauvaeTcd OT GopMyas Gonee ToUHOHR TEOPHH TOJABLKO
YHCAeHHHM  Ko3dduunenToM: B Oonee ToudoR GopMmyae BMecTO 2
crour 8§/3.

Ecau B (13.2) B3sts n nopanka 10% 1/cw®, 1o aas A noayuntcs
Beauquya, H3MEPACMAan COTHAMH MEH(I[}-’HTOMHHX paccrosmnﬂ. 3'[3 B&AH~
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YKHA TIPERCTABMIACTCA CAHIIKOM Goabumof, u, kpoMe Toro, dopmyaa (13.3)
He naer HpHBHJ]bHOH 3dBHCHMOCTH o OT TemnepaTypm. Kak H3BRECTHO, HJiA
METAII0B ¢ 3AMETHO YMEHbBILAETCA ¢ TeMmneparypolt, a B dopmyae (13.3)

cpenuuli 0poGer A, ecaAH HCXOAHTL M3 KOPOYCKYJSPHOH KapTHHM JBHME-
HHE 3BNEKTPOHOB, JOMKEH MaNO 34BHCETh OT TEMNOEPATYPH, TAK KEe KAk
¥ 1, KOTOPOE TONBKO OYCHb HE3HAUMTEJIBHO HAMEHSETCS 3a CUET 3JeK-
TPOHOB, NEPEXOIAUMX B S0HY TNPOBOAUMOCTH H3 3ANCGAHEHHOR 3O0HH.
Takum o6pasom, NOAOKEHHOE B OCHOBY TEODHH NPEIACTABACHHE O COymape-
HHEX 2JCKTPOHOB-UACTHI C ATOMAMH DPEWIETKHE [PHBOAMT B OTHOLLIEHUH
TEMREPATYPHOH 33BHCEMOCTH 3JEKTPONPOBOIHOCTA K HEBEPHHIM BHBOAAM,
Kopnyckyaapsaas KapTHHA He [aeT MPABKHABLHOrO NPEACTABJAEHHA O B3AUMO-
NeHCTBHH JAEKTPOHHOCO T'a33 M KPHCTANIUYECKOHN DEIUETKH, U HEOOX0AUMO
ACCNEROBATh B3aUMOJEHCTBHE PEMIETKA W JCKTPOHHBIX BOJH.

Uccneroranne pacipocTPaHEHHS SJAEKTPOHHMX BOJH B PELIETKE NpH-
BOAKT K CAEIYIOWMM BHEBOIAM. B HAEAJBHOM KPHUCTaaqne npu 6ConnTHOM
HyJ €, T. € APW OTCYTCTBHA TEMAQBHIX KOAeOaHHH aTOMOB, 3MEKTPOHHLIE
BOJIHEL PAcCPOCTpaHAOTCA $€3 paccedaHMs, 4TO COOTBETCTBYET BECKOHEeuHo
Gonbwon nposoauMocTH. [Ipn T, OTAUYHOM OT HyJd, MOHBJISETCA pacces-
HHE, KOTOpPOE PACIET ¢ TEMNepaTypol, 4TO COOTBEICTBYET POCTY YAEMb-
HOrG CompoTuenenus. Kpowe Toro, ¢ONPOTHBACHHE YBEJNHYMBAETCA TNpPH
BOIKHE MCKAXEHMAX DEUICTKH, HANPUMED NPH BRJAOYEHHH B HEE LpHME-
CHEIX 2TOMOB.

2. KoHueHTpauHa 9NeKTPOHOB M JNBIpOK E NONYIPOBOIHHKAX.

KonnenaTpauunio CEOOGOAHLEX 3AEKTPOHOB W PaBHYi el KOHUEHTpauuio
AHpOK B COGCTBEHHOM NONYNPOBOAMHKE MOKHO C AOCTATOUHOH 114 OpHeH-
THPOBOYHHX DACYETOB TOYHOCTHE BHPasuTs dopMyaol
S 3
e 2T 2o 5. 1018, Tieg o7 (13.4)

(QamkT)"s
ﬂi = 2 T

B Tounywo ¢opmyly BMecTo Maccel CBOGOIHOrO SIEKTPOHZ M1 BXOAHT
TaK HasnBacMas 9(PPEKTUBHAR MACCA 3NEKTPORA (MM ABIPKH), H TNMOKa-
3aTeAb CTENEHH SKCMOHEHUHANBHOIO MHOMKHTIENS HECKOALKO OT/MHYAETCH
of Qy/2kT.

Ma (13.4) caenyer, yro, HanpuMep, B FEPMIHHH NPH KOMHATHOH TeM-
nepatype n;==2,6 - 10" 1/ca®, a 8 xkpemuun n; == 1,2+ 10" 1/cad. Tlpu
TAKWX KOHUEHTPAuuAx 3JeKTPONPOBOAHOCT: JAOJAXHa OHTh QUEHh MaJa,
JBuxeHne 5AEKTPOHA B KPACTAAAE NPOHCXOAUT N0 ACHCTBHEM BHEIHEro
1018 ¥ TPOCTPAHCTBEHHO-NIEPHOIMUECKOTO MOAA PEIIeTKH, HO MpPH BbiYKC-
JEHHH CPERHHX CKOPOCTEH W YCKODEHHH 3JeKTpOoHA OKa3WBaeTcd NpH
H3BECTHRIX YCJ'IOBHH){'. BO3MOWHBIM HE HPpHUHAMATE BO BHHMAHHE NCPHCIH-
YECKOE [0J1e, 3aMEHAB MACcCy IJEKTPOHA uepe3 S(MPEeKTEBHYIO Maccy, KO-
TOpas B 30HHOH Teopud, TakuM o6pa3oM, YYUTHBAET NOJE peIieTKH,
Beenenne sdpextusHol MaccH wupessmiuaiHo ynpowaer Teopdo. [lpn
H3JOWEHHH 30HHON TEOpHH TREPAOrO Teaa meiue Owa uabpaH Opyro#
1yTh, KOTOPHIE 00Jee NpoCcTo NMPUBOAHA K BHACHEHHIO OCHOBHHX npea-
CTABXCHHAH ITOH TCOpPHH, HO HA ITOM NYTH MB HE PACCMATPHBAAK JIBH-
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WeHUE SNEKIPOHA B PEIUETKE H HE MOCAH NpPRRTH K NoHATHIO 3dubexTrg-
pOR Macchl 3MeKTPoHA. B opHeHTRpOBOYHBIX moacueTax wacTo IheKTHE-
HHlE MaCCH 3NEKTPOHZ H AMPKH CUMTAIOT DAaBHBIMH Macce CBoBoaHOro
snaexTpona. Ilo aTomy sonpocy cm., uanpumep, [JI. 9.1, ra. V], tam we
BpiBoa dopuyaw (13.4),

IlpuMensemne Ha UPAKTHUKE NOJAYNPOBOAHHKE — GoJbwIeN 43CTHK
NPHMECHBIE, € ACHO BHPZMEHHHIM NpecGranaHHeM OIHOTO W3 ABYX THMOB
NPOBOARMOCTH.

HalaeM KOHUEHTPAUWIO SASKTDONOR AMS TIPUMECHOTO 3JAEKTPOHHOrO
NOJAYTPOROAHUKA, DHEPreTuuecKul CIEKTP 3MSKTPOHHONO NPOBOTHHKA Bl
nsofpaxcen Ha puc. 94. Bce ypoBHH Ha HEM OTCYHTAHH OT OLHOTO 06LIErO
HYJeBOTO YPOBHA, 6e3paziuvHo Kakoro, u yposens $epwu W, nokasaw,
KK 3T0 B NEHCTBHTENBHOCTH M OWBAET, MEXKOY MPUMECHKIMH YPOBHAMH
noHopos W, u nHOM 30HK npoBouMocTH. Byzem cuutats, uto @y > Q
W uTo Temmepatypa T He OueHr BENHKA, TZK 4TO B 30HY NPOBOIMMOCTH
NEKTPOHB MONAAIIT TOABKO C NPHMECHHX yposref, Yucno srexrpoHos
na yposie W, B 1 ca® noaynpososnmka o6o3Haunw wepes n, — 3710
YHCAQ BANEHTHHX, CMA00 CBA3AHHWX C ATOMaMH-ZOHODPAMH 3SACKTPOHOE.
[pumerum X 5AEKTPOHAM B NOAYNPOBOAHKKE opMyNu cTaTHCTHRE Depmu,
HE yuuThiBas, Kak u B ¢opmyne (13.4), pasznuunn memay maccofi crobon-
HOTO 2JAEKTPOHA ¥ 3ddexTnrrOf Maccoh.

Konu4ecTno 57€KTPOHOR, HMEIOUIMX CAAFAILKE CKOPOCTA 8 lpenenax

v+ (U -tdv); v+ (v,+do,) v, (v, d9,)

(cn. (1V, 27)), MoxkHo 3anncaTe B sune (Ans oGbema V=1)

2 do dv,dy
dn'n v, —— b SRR (135)
xVyTz ht W—We}"
= I+ exp [ Ya ]
dy,dvyiv,

dopmyaa (13.5) nmeer caeaywoumid cMpica 2 pasuo obwemy

Bmt

YHCAY SMEEK B 31€MEeHTe ofbeMa MpOoCTPaHCTBA CKOPOCTEH, YBENMUUEHHOMY

BABOC A yuera cnuHa 3aextpoua. Ilpw temnepatype T=0°K &ce a1n
AiVEHKH 3aHATB W YABOSHHOE YMCAO AYEEK PABHO MHCAY anextpoxos, Bee
Buipakenne (13.5) NaeT YHCO 33aHATHX AYEEK B 3AEMEHTe ofbema
(dv,dv,dv,) BPOCTPAHCTBA CKOPOCTEH HAM, 4YTO TO XK€ CAMOE, WYHCAO

Ww_— —1
57€KTPOHOB, H, BHAYHT, MHOMHTENb (1 —+exp [—Ef%'-]) £CTh BEpO-
ATHOCTh 0/ DAEKTPOHA NpH Temneparype 7 ofxanate 3Heprued W.

Cuntan, uto W, — W, Gonaviie 27 HAaCTOALKO, YTO EAMHHUEH B 3HE-
MEHaTeae BhIpAKeHHA (13.3) momHO npeHebpeus, nONY4HM:

PxPyT: T A kT

dn =2 exp [__ _“Z—_WL] dv,dvdv,, (13.6)

mos
raie Wy= —2—f n W — nosnas sHeprust 3NEKTPOHA B 30HE TPORGAAMOCTH.
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Pasnocre (W — W) MOXHO (peacTasits B BHAE
k3
(W — W)= (W — W) (W, — W) =" (W, — W), 13.7)

tak Kak (W — W) npeacrasiaser coGof KHHETHUECKYH) SHEDr#i0 DJIEK-
TPOHA, HAX0AAWEroCa B 30HE NPOBOAMMOCTH, ZHO KOTOPOHR HAXOAMTCA Ha
yposue W,.

Ho ecau naotHocte npumecHux atomos Heseanka M (W, — W) > &7,
TG B 30HE NMPOBOAWMOCTH HJOTHOCTH 3JEKTPOHOB GVIET Maja ¥ pacnpe-
JeneHHe CKOpOCTed SJAeKTPOHOB MOWeT OhITh BRIPAXEHO Tak:ke (PopMyacH
KJacCHUYeCKol  CTaTHCTHKH, codepxamwlell KOHUGHTPAIMID  SJAEKTPOHOB
B MOAOCE NPOBOAMMOCTH ni; (§ )

3
’ m
dn, o0, = Ma \2nkf} exp[ 2kT]d" dvdv,. (13.8)

Cpasunsaa dopmyan (13.6) w (13.8) w npuxuMas Bo BHumanke (13.7),
Oy 4uM:

3
_2m® (2xkT\3 W,—Ws.]__ 2 3 W, — Wy
h“( m ) e)ip [—kT ]_ha(chka) exp [— |
(13.93)

3r1a dopMyna crMpaBefAHBa AAA BCAKOTO MPHMECHOTO 3JEKTPOHHOrO
NONYNPOBONHHKA TIDR HE CAWMIKOM BHICOKOH Temnepatype (yC/aoBHe
W, — W, > kT).

KoHueHTpauun AHPOK MOKHO BHUHCAWTE AHANOrHYHLIM CniocoGoM,
IlpunnMan BO BHHMAHHE, YTQ PA3HOCTh SHEpru# Ha ypopHe depMn M Ha
<[OTOAKE» 32moaneniodl souw pasHa W, — W,, & dopuyae (13.9a) namo
svecto W, — W, noactasuth 31y peanduny. Ias KOHUEHTPAUMK AHPOK
NOAYYHM:

3 w—w,

o= (2EmkT)’ e (13.96)

NpHYeM Macc2 IDBIPKH, KaK H Macca 3/AEKTPOHA MPOBOAHMMOCTH B (13 9a),
nprHATa paBHOH Macce cROGOAHOTO 32NEKTPOHA.

HMa (13.9a) wu (13.96), orSpacuBas UHAEKCH o © % T. € 33MEHSS
n, w p, Yepes n B p, nNoAyusMm, yuutesad, ure W, — W, = Qy

2 2 Qe
np:{F(Qmka) e 2kr}=ﬂi- (13.10)

[Mpouseenerne KOHUEHTPAaUHE HAHPOK H 3AEKTPOHOE B MOAYTIPOBOAHHUKES
OCTaeTCA NMOCTOAHHWM MPH 33a8aHHOR Temnepatype. MumMa ciaosamm, BCs-
KO8 YBE/JWUEHHE KOHLEHTPAUMH INEKTPOHOB (HAaNpUMep, NyTeM BBEAEHUs
HOBHIX NPHMECHHIX ACHODHHIX ATOMOB) BAeYeT 33 CO00H YMEHBLIISHWE KOH-
HERTPAUHH AHPOK, H HAOOOPOT.

Hyxno Tteneps B dopmyay (13.8) suectn Buipawenue man W, coor-
BETCTBYIOIIEE PHEPTETHYCCKOMY CNEKTDY MOAYRPOBOAHAKA f(cM. fuc. 94).
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Ecan ofiliee YHCAO BaleHTHHX SAEKTPOHOB Ha npumecuom yposue W,
npu 0°K paBHO 1y, TO npH Temnepatype 7 3a BMUETOM 7, AEKTPOHOB,
nepellelilik B N0JA0CY NMPOBOAMMOCTH, Ha yporHe W, ocrauercs

Ty

=N
Wi— W 8
e [T

R, = My

. Wa— W —!
3JeKTPOHOB, TaK Kak (l -+ exp [Lﬂ—i]) PaBHO BEPOATHOCTH IR
anexTpOHa Npu TeMmnepatype T umery snepraio W, Otcwoaa

tro=rn |1 — ]W — %n"exp——fwdaw . (13.11)
l—|—exp{—(’——f—l ‘
rRT
BupaxenueM (13.11) MOKHO 00Ab30BATECA (DU YCNOBHH, 4YTO
exp lW Wi—Wa ]> 1.
Bosepauwasce & dopmyne (13.9a), noayuum:
3 ¥ W w, WV,

J’13(217:'1.1@?")2 e*T e R —peil ¢ ki
3

Wi+ We kT (2rmiT)?
W=t = ATy [2 Lt (13.12)
Ilas ve oueHb BLICOKHX TeMnepaTyp, Kak caedayer u3 (13.12)%
Wyt Wa
W,%%, (13.13)

T. €. ypoBeHb depM NPUMECHOTO SASKTPOHHOTO TOAYNPOBGAHHKA JIEKKT
OPHMEDHO TOCEPEIHHE MEXAY YPOBHEM DPHMECH K HHWHeHd rpanuuef
noaocw nposoaumocTh. Ho, B oTZMune oT MeTanios, yposcHs PepMH
TIORYMPOBOAHAKA SaMETHO MEHAeTcs ¢ Temnepatypod (cm. § V). B co6-
CTBEHHOM [MOMYMDOBOAHHKE, TAK XE KAK A B NPUMECHOM 3IJIEKTDOHHOM
RNOAYNPOBOMHHKE, YpoBeHb PepMH nexurt npubadsznTensHO nocepenHe
MEXAY HUKHAM YDOBHEM 30HH [POBOAEMOCTH H BCDXHHM YDOBHEM, 3a-
MONHEHHBIM 3MIEKTPOHAMH, T, € BEDXHUM YPOBHEM 3aM0JAHCHHOR 30HH.
Ypopents depMu JeKAT, C/AeqOBATENBHO, NPROAHINTEILHO TOCEPEAHHE
3anpelieHnol 30Hbl, KaK 3TO OTMeuyeHo Ha puc. 88 %),
$opmyna (13.9a) nocne npocTHiX npecGpasoBanuil NTPHHHMAET BHA

1 3 q
na=¥n02 2=mkT)* e T (13.14)

*#) Jro cheayeT W3 TOCO, YTO B COOCTBEHHHIX MOAYNPOROGIHAKAX KOHIEHTPaLNK
BAEKTPOHOB M AWpoK pasHm. [lpupasnmsas n, n p, (popd. 13.9a u  13.96),
WU‘ + W‘i *

nonyunn W, = 3 .
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rae =W, — W, — 3neprus MOHH3ALPA NPUMECHHIX AOHOPHBIX aTOMOB.
Kak ywe yKasWpanoCe, [LONYIICHHS, JIOAOKEHHHC B OCHOBY BHIBOIA
Gopuyasl (13.14), nepecTaloT BEUIOAHATBECA NPY NOBHIIEHHH TeMnepa-
Typel u dopryna (13.14) nenaerca wHemepHoit. B npeaeanHoM cayuae,
NpH AOCTATOYHO BEICOKOH TEMIEpaType, BCE AOHOPHLIE ATOMB HOHH3H-
PYIOTCA BCHEACTBHE CHIBHOMO TENNOROTO ABHIKEHHN B PEUIETKE, ¥ TOria
n, OyIeT paBHO 7,

B peeose dopuyan (13.14) GHAO0 NPHHATO, ¥TO MEKTPOHB BCEX
MPUMECHHIX aTOMOB HaXOAATCH HAa OJHOM H TOM XE YPOBHE, HHBIMH CJ0-
BAMH, TIPUMECHLIE YDOBHA Ke 00pasyiOT 30HY. 3TO CNPaBeIAHBO, €CAH He
NEPEKPHBAITCH BOJHORHE (YHKIMA MPHMECHBIX JEKTPOHOB, T. €. eCiH
KOHLEHTPAUHA Mpumecell nesennka, B caydae Hapyienus sToro ycaopus,
9Er0 MOMHO OXWA&Th NPH OGOALWNX KOHUEHTPAUMAX ¥ B KPHCTALIAX
¢ OoAbWOH AM3MCKTPHYECKOH NPOHHUACMOCTBIO, () OKa3BIBZeTCH 3aBUCH-
LM OT 7, a UMEHHO YOBiBaeT Npu yseauweHud 7z, Taxoro poja BAus-
Hue n, na Q oGuapyweno B-ZnO, Ti0; W Apyrux NOAYRPOBOIHHKAX.
O ceagm Q@ ¢ xonuentpanmed npumecedl o [JE 227, ra. 4 JL 2.33).

Buige OHA  PaccMOTPEH NPHMECHHH 3AEKTPOHHEK TOJIyNPOBOAKRAK,
Ho opMyan (13.13) 1 (13.14) npuroass W 048 ANPOUHHX NOAFIPO-
BOAHMKOB, €CAW 104 71, NOAPAa3yMEBaTh KOHUEHTDALHKI aToMOB-aKIERTO-
poB, a NOA Q — 5HEPruI0 WOHMBALMH AKUENTOPOB, T. € pafory OTphBa
AbpRH. Yposens PepMH ABPOYHMX TIOAYIPOBOMHMKOB AEKHT MNpubia-
BHTENLHO [OCEPENUHE MEWAY YPOBHEM AKLUEATOPOB M BEepXHel rpanuued
3an0JHEHHOH 30HHL. .

3. DAeKTPONPOBOAROCTL HOAVIIPOBOXHHKOB. ANATOIHUHO 3JEKTPO-
NPOBONHOCTE METAMOB 3MEKTPONPOROAHOCTL COGCTBEHHEX MNOAYNPOBOA-
HHKOB MOMHO BHPA3HTh YEPE3 KOHUEHTPALUMM H [ONBHHOCTH HOCHTEREH
TOKa, - T

B ofwem cayuae CMEWAHHOR 3JEKTPOHHON M AHPOYHOW MPOBOIA-
MOCTH OyJleM HMETh:

o=¢e(nb, - pb,), (13.19)
rie uepes 71 W p 0GO3HAYEHBl KOHUEHTDAIMH SICKTPOHOB W AHPOK H
uepes b, H b, -- HX NOABMKHOCTR.

B cay4ae TONBKG 3MeKTPOHHON WAH TOMBKO APOYHOH MPOBOAMMOCTH
uz (13.13) pmnagaer coorsercTylomntl wied. as aiexTpoRHoro noay-
npoBonHuKa (opmyaa (13.15) npumer mux

a,=enb,, (13.18)

¥paruenwe (13.16) conepkHT IBe BEAMUHHB: 7 B b, SaBHCAmAE OT
TEMNEPATYPH. TeMmnepaTypHad 3aBACUMOCTD A BeIpamaeTcid (opMmynol
(13.14), rie r Guno OGOSHAYEHO YEpER 71,; B STOH BABUCHMOCTH, eca

3aBHCHMOCTD

HE OYEHb Mano, rAABHYIO pOJAb MrpaeT 4YAeH exp [— %.]

b, OT TeMnepaTypsl BHAHA H3 COOOTHOUIEHHS

N
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oTRYAa

1 e (1
b= )

B 0oasIHWHCTBE CAYYAER SAEKTPOHE B NOAYNMPOBOIHAKE HEBHPOKASHHE
. 1
1 K HHM npumeﬂnma KJXaCCHYECKasa CTaTUCTHKA. 'Ioraa HAXOAKACHHE Z’

He NpeIcTaBAfeT TPYOHOCTH, Bruncnende A, OJHAKO, OKa3HIBZETCA MHOTO
CAOKHEE, ¥ MB OCTAHOBAMCH TOALKO Ha pesyabratax. Paccestme aaext-
pOHOB, OT KOTOPOrD 3aBHCHT A, CKJIAJBIBZCTCH 3 ABYX 4acTel, a UMEHHO
H3 YACTH, 32BACAILER OT TENJOBHX KoneGaHHl pelleTKH, W YacTH, 33Bu-
callelt OT DaccesHWa MEKTPOHOR Ha atoMax npumecn. Teopwa moKassli-
BAa@T, UTO, YYMTHBAs 062 5TH BARAHHA, MOKHO BHPaxeHHe N8 N0IBHK-
HOCTYH OPHBECTH K BHAY

-

3 .
%tz,e,ﬂ—l— 8,7 7, (13.17)

r1¢ Nepsel uieH oO6YC/AOBIEH TEIMOBEIMM KOJeGaHHSMH PEIeTKH, 2 BTO-
podl — paccesHHeM Ha MPHMECHHX aTtoMaX. Kaxk suldo, Npu BHICOKHX
TeMneparypax npeo6aafaer uised, 06vc/aAoBLeHHHHA KOJeOaHHAMH DEILETKH.
3uauut, Npd He OUEHb HH3KHX Temnepatypax (cm. (13.14) = (13.16))
_3_ e
s=aTl ‘e %I, (13.18)

rag 2 —— MHOKHTeb, He 33BHCAWMKH OT TEMIepaTypsl # HANPSKEeHHO-
cru noad. HMs (13.18) caeayet:

— 3 Q
' lnc—lnfl—ﬁzlﬂ T'—W. (13.19)
Unen — % In7T HrpaeT CpaBHHTEABHO C — % HHYTOKHYID DOJAB, (A€-

. 1
J0BaTE/IBHO, 3dBHCHMOCTL Inc ot ?—npﬂmaa JAAHWA, 00 HAKJACHY KO-

TOPOil MOKHO ONPEIEIATh SHEPIrHIO HOHU3AUMH (MAM BHEPTHI0 AKTHBHPO-
panua) npuveced. To xe camoe BepHO ¥ A8 ABIPOYHEIX OOJAYNPOBOI-
nuxon, Ina COBCTREHHWX NOJYUPOBOAHHKOB KOHUCHTDALHA 3MEKTPOHOR

Qn]
28T
(cw. (13.4)). B s10M cayvae, ecan {Q, He OueHb Ma/io, OCTaNbHBIE MHO-
KHUTEAH, BXOLAUME B BHPAKCHAE 048 6, TaKKe IOaiyT ropasic Go.ee

H JABIPOK Belpaxaercsa ¢opmyaofl, conepkauel MHOXKHTENb exp[H

cialyi 3aBECAMOCTL OT T, UEM 3KCOOHEHUMANRHHE uneH exp [— —éoknT]‘

1
M 33aBHCHMOCTL Ino ot 7 ONATh GYAET NPAMONHHEAHON, HO C HAKJIOHOM,

BABUCALMM GT WIMPEHE 3anpemenHoll sounl Q. Teneps MokHO ceBe
MPEACTaBHTh, KaxkoR BHA OOJKeH ©MeTh rpafuk 3asucuMOCTA Ins or

_T Ha NROVAKCHHU WHUPOKOroe HHTEPB&."IH TeMnepa'ryp.
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B ofnract HuskuX Temneparyp npeofaazaer TOABKO SNEKTPOHHas
B1E TOJALKO AHPOYEan NPOBOAMMOCTbL, CMOTPH [0 POIY NpHMEcel Hau
IeeKTOB pemeTKH. JTOT HHTEPBal TEMIeparyp COOTBETCTBYET JuHEeH-
oMy yuacTKy aeb wpusoft | na puc. 99, IIpH BHCOKMX TeMmmnepaTypay,
eCH He NOCTeIVeT NJaBAEHHR KPHMCTaina, Gyder npeofaalate coBeTeen-
né Has nposogumocts. [Ipeodaa-

nagre CcoOCTBEHHOR MPOBOAH-
MOCTH HaCTYNaeT NoTOMY, YTO
YUCHO BAEKTPOHOB B 3anmoJ-
HEHHOHR NONOCE OCHOBHOH pe-
IIETKH MHOTO GOABIUE unCAa
3MEKTPOHOB  Ha NPUMECHHX
JOHOPHELX YPOBHAX # TIPH 10-
CTaTOMHO BHICOKOHR TeMnepa-
Type 60abIIAA YaCTh JEKTPo-
HOB OyneT TNepexosuTh w
MOROCY  TPOBOAAMOCTH M3
3aNOMHEHHON 3OHHI, HECMOTpA

;  Ha 10, wTO Q> Q.
T Cxoanum  ob6pasoM oGb-
Puc. 99. Boamomipii BUIL 3aBHCHMOCTH Incor  ACHAETCA npeobaajanue cob-
1/T nas npHMECHBIX NOAYNPOBOAHHKOB, CTBEHHOH MPOBOAMMOCTH NDH
BHCOKHX TEMNEPATypax # Aas
ALPOYHHX MOAYTIPOBOAHHKOB. JTOMY HHTEpPBANy reMueparyp Ha puc. 99

COOTBETCTBYET JMIEHHMHA YuacToK cd.

[Tepexon or 3AeKTPOHHOH HAM OBLIPOYHOHR TNPOBOAHMOCTH K COGCT-
BEHHOH NPOBOZMMOCTH MOWET OPOHCXOAMTHL DasnuyHo. Ecau sueprus
HOHM3aLMK NpuMecel Mana, TO BCE ODHMECHHE aTOMBl OKaKYTCA HOMM-
3HPOBAHHBIMI YK€ MpPH HU3KMX TEMUeDaTypax, Koria cofCTBeMHas npo-
BOAMMOCTL €uIe HHMUTOXHO Mana, Torga 3a JdHeHHO BO3PACTAOILEM
yuacricod {(xpusas {7} GyZeT ropusoHTaasHLIB ywacTok Im nocToaHHOH
NPOBOJIMMOCTH, C NOCTOAHHHM YHCJAOM HOCHTENdeH# TOKa MM 1awe naia-
WAl yyacTok {pm BCAEICTBHE TOrQ, UTO YCHAEGHHE TEMAOBHX KoJeda-
HHH DEleTKH YBETHUWBAET PaccedAHHe JEKTPOHOB, MOZOOHO TOMY KaK
5T0 OBIBAET B METAANAX, FAE TAKNKE YHRCAQ HOCHTEle# TOKA He 3aRHMCHT
OT TEMIEPATYPEL ; 1

DKcnepeMeHTasbHBE KpuBHE |Ina, 7:) XOpOIO MNOATBEPKIAIT TEO-
PHI) W JAIOT BO3MOKHOCTL MO nx HaRAOHY BHuucauTs Q u Q,

[=]

[Tpa 3tom, uToOBH H3 KDHBHX (ln g, TL) Hatta Q W Q,, He HY®RHO
3HATh KOHUEHTPAUWHM 3JEKTPOHOB {ABPOK) HJAH HX NOJBHMHOCTH,

IMpakTyeckuft neTepec Gonbluelt YACTBIO NPEACTABAAET OO/MACTHL NIPH-
MeCHOH [TPOBOAWMOCTH, H JSKCNEPHMEHTZabHO ofcaeavior OGHYHG TOT
MHTEDBAN TEMMEpaTyp, rie oHa npeobaanzer. Ha pune. 100 pana 3amm-

! .
-CHMOCTD 1ga oT 7 U LIMPOKOM HHTEpBATE TeMmeparyp A1s CugO, uad-

A
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pennad skcnepuMentansio B, [L Xyse u B. B. KypuarosaM. YuacTku
coOCTBEHHOH M IIPHMECHOW NpPOBOAMMOCTEH Ha STOM PHCYHKE BHIHDI
pnoase oryeTaupo. Mz puc. 100 ara CuyOQ Guao noayueHo Qp== 1,3 24
w Q=03=3-0,6 s B xauecTse BTOPOTr0 npuMEPa BOSLMEM KPEMHHWH,
gneKTpHYECKHe CBOACTBA KOTOPOro
fLIIH  TILATEALHO HCCASTOBaHK B
cR3H € paspaboTxol KpucTaainue-
cKuX JROI0B M TpHOAOB, Kak ymxe
6110 OTMEueHo, 1ofaBka Gopa npe- N
BpALLAET KPEMHUR B AMPOUYHEHIA MO- ) “ug

JYIlDOBOAHEK, a4 noGaeka doc- \\ \
jpopa— 8 AeKTpoHHBl. Orpaunu- "\\\
ypMcs 33ech prc. 101, oTHOCAILHMCS < \\ 7
K Kpemuuio ¢ foGaekofl  Gopa. ™. i
! \\5

[Moapobnee ¢M. [J1. 227, rn. 6;
0 \\ \\fa

™.

0w R o

. 2.34, ocoGenno JI 2.33)

Ha pme. 101 npupenesa aas & .
KPHCTMI0B Si ¢ PASHBIM COAEPKAHN- ;_; .\\
em B KoHUEHTpauws AHPOK p, KO- ‘& \\
TOPYI MO#HO HalTH n¢ dopMyne =2 _ <
o, =ephy, -3
ecnu HW3BECTHA NONBHKHOCTB &y, 06 . _, \
MaMepenun  KOTopo# ToBODHTCH B \ o
CAEAVIOIEM pa3nene RACTORIWEro -5 \
naparpaa. KoHueHTpauns npume- -5
cell yKasaHel B [OAMHCA K PHCYHKY. 7 \
Ha prcyHKe XOpowmo BHAEH Kax \
nepexol K COOGCTBEHHOH NPOBOLN- -8
MOCTH TIpH NoseleHHd T (ydacTox \
4), TaKk H ymesblilenue Q ¢ ypeauye- _i? A
HHEM KOBLEHTpAaUMH npumecedt. s o 77 07 g7 O
ofipasuos 6, 7, 8 sueprus Q) na- 4

CTONLKO MAnNd, YTO YKeE 0pU OYeHb
HUBKMX TEMTepaTypax Bce aTOMH-
aKuenTopel AdlieHH aupok. Ha pu-

Puc. 100, 3apncumocthb 1g s ot /T zaa
CugQ no Kyplatosy u ¥yse.

Hpumas J oTHOCHTCA K 06pasuy, HC HMEOMmMEMY

H3GLITOSHOrO KHcA0poda. Kpusbte 27 cootsel-

CTBY0T 06pasna™ ¢ NOCAeI0BaTeIbHO BOSPRCTa-

WIHM coIepEanHeM H30HTOTHOrS KHCIOPOAd.
e

CYHKE B COOTBETCTBHH C GOpMYIOH

3
Agup = 3,67 - 10]5TB2NP

(¢, § IV) nocrpoeHa rpaxsua o0nACTH BHIDOXNAEHWH H, CACLOBATENbLHO,
B 06pasziax ¢ BHCOKOH KOHUEHTpauueH npuMeceR BRIPOXKICHUE YXKE 10-
CTHFHYTO.

4. Onpeneiedde KOHUEHTPALHM HOCHTeAed TOKa B MOIYHmpOBOI-
HHKAX ¥ HX noxpuHocTeil. Ypasnenwe (13.16) ans 3aekTponpoBol-
HOCTH 0,; AEKTPOHHOrG MOAYIPOBOAHHMKE (MAM COOTBETCTBYIOWICE Ypas-
HEHHE AAF JABIPOYHOrO NOAYNPOBOLHHMKA) COJEPKHT JBA HEUIBECTHHX, &
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MMEHHO — KOHUEHTPAUHIO 11 # TIOABHAKHOCTG by, UTOGuW onpenennts Kaxnoe
U3 HHX B OTACALHOCTH, HYXKHO €lle OJHO COOTHOLUCHHE MEKAY HHMH, JT0
COOTHOWEHHE MOXHO HOAYYHTb, Wccaenys sgdext Xoana.
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Puc. 101. 3asncHMOocTh KOHUEHTpamHH nwpok B cnraeax KpeMHHA C
GOpoM B 3aBHCHMOCTH QT TEMIEDATYPH.
Keunentpanun (8 cu 3) atomor Gopa nis pazaudnmx ofipa3nos panMa: J — puenb HHe-

Tl Kpemand; 2 — 6,7 1017; 3 — 1,3+ 1018; ¢ — 2,7- 1046; 5—6,7 - 1018, 6 —1,3 - 10L5;
7—1,3.1090; 8 — 1,3, 10%1, ’

Yepes xycox nposomukxa, umewwuft ¢opMy napaaiesenunesa, mo-
WEWEHHHH B MarHNTHOM. 104, NPONYCKAETCA TOK N0 HANPAaBAEHMIO,
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nepreHAuKYpHOMY K MarHuTHOMy womo (pmc. 102), OnuT noxasweaer,
4T0 MEXIY HPOTHBONOJNGKHHMH IPaHAMH MOABJAAETCH IMOMEPEUHOE Hanps-
wEHHE, BEMRUHHZ KOTOPOr0, H3MEepeHHad, HaNnpuMep, Mexiy Toukamyd A ©
B, GyIeT INPONOPUHONAABHA CHAE TOKA H HANPAKEHHOCTH MArHHTHOrQ
pois. JTO SBAEHME MOXHO OODBACHHTB CACAYIOWHM O0pPa3oM: HOCHTENH

]

N
v

17,

- g T

Puc. 102, BoaHprkHOBeHHE 1ONEPEYHOH DPa3HOCTH NOTEH-
OH4T0B B TBEPIOM Tede, LOMEIEHHOM B MArHHTHOE
neoae (sbdexr Xonaa)

TOKA, HANPHMED 2AEKTPOHB), ABUKYTCA N0 ofipasuy cnpasa Haneso. [Ton
AeRCTBHEM MArHHTHOTO [OJR HX TPEEKTOPHH HCKPHBAAKTCA [0 Hampas-
JMEHUID BBEPX M BECh JAEKTPOHHMHA [OTOK nojayuaeT fAobapounnit apehd
B roM HanpasieHud. [lnoTHoCTH '3MEKTPOHOB y BEpXHEH rpaHd yBen-
YUBaETCA, H BO3BHKKAET SMEKTPUYECKOE NOJE, HANPABNEHHOE CHHU3Y BBEPX
# TPENSTCTBYRINEE MonepedHoMy ApeHdy saexTpoHos, PasHosecue B 06-
pasue AGCTHIAeTcs TOria, KOria nonepedHasl SNEKTPHUECKas CHAa ypas-
HOBEILUMEZET OTKJOHAWLULYI0 MArHUTHYIO cany. Ecir HocHTensmM® TOKa
fIBJAOTCA MOJOKHTEAbHBIZ 3aPAXEI W HAMPABAGHHE TOKA OCTAETCA TIPEX-
HHM, TO MOTOK TIOVIOXHTENBHEX HOCMTeneH TOKa OTK/OHASTCH ONATh-TaKH
CHM3Y EBBEDX U NonepeyHoe 3snekTpuayeckoe nose Gyaer obparHoro Hai-
PaBAeHAs. 3HAK MOnepeuHofl SAeXTPOLBHXKYUICH CHJIN, H3MEPEHHOHR Mew Iy
ToukaMu A H B, 3aBucHT, TaKuM 06pa3oM, OT 3HaKa HOCHTeael Toxa.

Ilpoctas npuGakkenHnaa Teopus NOAYYaeTCd, €CIM CUHTATh, YTO BCE
HOCHTEM TOKa MMET OZHHAKOBYW = CKODOCTh o,. Marmmthoe none Gy-
ner nmeRCTBGBaTH HA KAKAWH H3 HOcHTeneH ToKa C cmnod  Hen,
(¢ CGSM-eannnuax), rae e-—sapan, @ nonepeusas 3/AEKTPUYECKas CHAA
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U
Hyner Eje= P2 B Y(TZHOBHBIIEMCR COCTOSHHH

Hen, = g e,

H, TIOACTABAAA ClOJa Hx=r{;7, rae f-— NAOTHOCTH TOKAE, MOIYYHM
1 o . Hi
U= _—Hjb=RHjb=R —, (13.20)
ne d
rne [— jbd — cuna TOKa o
R=— (13.21)

HazelBaeTcA nocroannod Xoana, 3nak noctoaunol Xoama 33BECHT OT
3HAKa HOCHTeNell 7TOKa M Kak OYyATO He NPHAXOANTCH COMHEBATLCH, UTO
ANS BCEX MeTanaos acaxHo Ouith R <0, Tak kax e<0. Caxaxo 310
B IeHCTBHTEABLHOCTH HE TaK M, B NDPOTHBOPEUHE C YNPOWEHHACH TeopHeh
METAANOB, HE YYHTHIBaoWel BHYTPEHHEE NPOCTPaHCTBEHHO-NEPHOAHUECKOE
NOJE, OKasblBaCICH, UTO OKOJO MOJOBHHB BCEX METannos umewnt R >0
IT0 YK43wBAET HAa TO, YTO B STUX METaAAax TepPeHoC TOKa OCYilecT-
BASETCH AHIPKAMH MJH DNEKTPOHAMH H JIHPKAaMH OHOBDPEMEHHO. -

B SonpmuHCTBE C€AYyUAEB MOKHO NDHHSTB, YTO B NPUMECHHX MOAV-
NPOBOAHHMKAX BHIPOXAEHHE OTCYTICTEYET H S/AEKTPOHW WAH AWPKH N0MI-
YHHABTCA Kaaccuueckod cratuctuke. Ecaw yrouneTs teopuw sdipexta
Xoana, NPHEHAER BO BHHMAHHE CTOJKHOBEHHS, UTO BHILE CAENAHO He OHAO,

TO BBIPAWEHHE AN R B CAyYae 3AKTPOHHOrQ NOJYIPOBOAHHKA GymeT
HMETh BHIL

1 3=
Ro=—5%"
I'le ¢ — BeJAHYMHZ 3apada SAeKTpoHa. [lAd OpPOYHOro NOAYNPOBOMHUKA
__ 1 3= ’
P pe 8"

Hna nonynpoBoAnuKa €O CMEMaHHOH NPOBOAMMOCTBIO B OOILEM Cayuae
3n nd; — pby
8¢ (nb, +Pbp)s )

Tipn n==p=n;, 9470 BEPHO IS COGCTBEHHOrO TOXYTIPOBOAHIKA

Rew=

JTH COOTHOUICHHMA MOKA3WBAWT, YIO 3HaK nocrosHuol R moaynposon-
HHKXZ MO3BOMAET CPas3y PEiuTh, ABJAACTCA AH JaHHHH [IDUMECHHA nosy-
NMPOBOAHHK 3EKTPOHHLIM HAK AW POUHEIM. ¥ COBCTBEHHHX NMOAYTPOBOIHHKOB
R 6onbmeti wacThbio OTPHIUATENABLHO, TAK KaK INOABHIKHOCTL BAEKTPOHOE b,
KaK MpaBuio, GOJbIIE NOABHKHOCTH ABPOK Jp ONHAKO BCTPEYAOTCA M
UCKMIOUEHHA: Hanpumep, Gop, YepHHA ocdop.
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VisMepens 3AeKTPONPOBOAHOCTA @ NOCTOAHHON Xonna R B OOHOM H
ToM #e o0padle DOAYOIPOROIHAKE NO3BOAAIGT HAHTH KAK KOHUEHTPAUMIO
3JEKTPOHOB W ABIPOK, TaK H HX MOABHKHOCTb. Hanpumep, Aas SJEKTPOH-
HOrQ GOAYRPOBOIHAKA

8 3=
bn='—§7‘l(R’); n:_@ﬁ
B coveTaHHH ¢ H3MEPEHHEM TEMNeparypHoH 22BACHMOCTH 3, OTKYAd
MOWHO ONPEIEIHTL IHEPTHI0 HOHH3AUME NPHMECEH, STH H3MEPCHHL 003-
pOJAIT HAHTH HanGofee BawHHE XAPaKTEPHCTHKH SJAEKTPOHHMX M Ab-
pOUHSIX MOJYTIPOBOIHHKOB,

Havepennno nposoaumoct# B 3ddexta X0aaa B MONYMPOBOLHAKAX
MOCBALEHO GOMBIOE YHCAO SKCIEPHMEHTaNbHBIX palfioT, 1 TeM ue MeHee
A3MEKO HE BCerna ynaeTcd NOAYYHTE Hagexueil, cBofo1Hn# OT ciayuail-
HEX OWROOK M BAHAHNH pe3yabTat. Oppa 43 ra2BHBIX TPYAHOCTEH CO-
CTOAT B TMOAYVYEHKHH MOAXONAMLMX O0DI3UOB HCCAEIYEMOro TOIyNpORCd-
HUKA. DACKTPONPOBOAHOCTh NOAYNPOBOAHHKZ B BRICIICH CTEMICHM WYBCT-
BUTEIbHA K BCEROBMOMHBIM 3arpA3HENHAM W HCKAKCHHAM DEWETKH —
5THM B OOBACHRITCA T€ BHICOKAE TPefOBAHUA, KOTOPHE NPHXOAMTCH
npeabasasTh K ofpasiiayM [OAYNPOBOAHFKOB, NDPEAHABHAUEHHBHX A8
Hayunelx uccnenosanmil. Ilo 3TOH e NPHUHHE BAKHO HIMEDATH Rus
B 0AHOM M TOM e oGpasue. IMoapoGuee cm. [JI. 2.27, Jl 2.34].

Cywecrsyer w apyrofi, Gosee NpAMOH METOMA MBMEDEHHS NOABHKHO-
cTell SAEKTPOHOB M [OHPOK B MOJYNMPOBOIHHKAX, OCHOBAHHHHA Ha H3Me-
peHdH BPEMEHH PacnpoCTPaHEHMA HOCHTENER TOKA NO MOJYNPOBOAHHKY.
B 21OoM MeToae B DOOXYOPOBOAHHK BEOIATCR HEQCHOBHHE HOCHTENH
tToka (HanpumMep, B rePMAHHE C 3MCKTPOHHON NPOBOAMMOCTRIO BBOAATCA
AHPKH) M W3MEPAETCH BPEMA PACNPOCTPAHEHHA BBEAEHHLIX nocuTeaei,
O c¢nocoBGax  sBeleHHd  HEOCHOBHBIX  HOCHTERedl TOKd rOBODHTCH
g ra 8 (u Il

Kax 6Wa0 OTMEueno sulllle, H3 TEODHA CASIYET, 4TO TOABHKHOCTH

3\
[P BHCOKAX TeMNepaTypax WIMEeHAIOTCH NPonopukoHamsno 7% a rnpa

—3
HU3KUX — TIPONOpuHOHaaLio T * 312 10BOABHO CHOKHas 3aBACHMOCTH
NOABHAHOCTEH 0T TEMOepaTyps  XOPOWD NOATBENKLAETCH  OMBITOM

{JI. 2.33}
3HAUCHNS TOABHAKHOCTEH BSNEKTPOHOB W ABLIPOK B HEKOTOPSIX nOAy-
NPOBCAHMKAX TPHBEACHH B Tala 5. .

Mz npueesesHoro euwe puipaxenua (13.15) 119 npOBOAHMOCTH H H3
GOpPMya BAA KOHUCHTDAUMHA HOCATENER TOKa M HX noasmxHocTel cae-
Ayer, 4TO & HE BaBHCHT OT HanpsXeHHOCTH TOAf B NOAYNPOBOIHHKE.
D10 3HAUMT, 4TO AAA NOAYNPOBOAHHKOB cobmonaercs sakod Oma. Oanako
5TO0 CIPaBEAJUBO TOALKO A4 HeGoabwux nanpsxenHocted. Ilpu yeeau-
YEWHR HANPAKEHHOCTH NOAA 0 HAYHHAST YBEAHYMBATBCA, H N8 €€ 3aBH-
CUMOCTH OT E BHNOAHASTCHY TAK HaswBaeMuit 3akoH [Tyna:

o=get\E~5  (ama £>E); (13.22)
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E,— Ta Hanps:xeHHOCT: moas, MpH KOTOPOH G HAYHHAET 3aBHCETH OT F.
Onur nokaswlnzer, yto E, 338BUCHT OT KOHUEHTPauwH nprMeced u oT Tew-
nepatyph. Yucaenwoe snauenne E, nexHt B npegenax ot 1 mo 10 n:a/c.u.

Tabnunas

Noasumnocre b, u b, AAm HexoTOpmX OoNy-
MPOBOAHHKOB NpPH KOMHAaTHOR TeMmepaType

[JI. 8.42, ra. 1)
Uoryopomogumic | Uewspienas | Bemw etinren]
b 500
i p
Si { by 1200
b 3
Ge { by 1500
Cu,0 o, 100
Na(l by 25
KBr by 12
PbS by 600
b { by 800

Ilpu nanpuetimeM BO3pacTawAM nOAS 3aKOH Hyna B cBowo ouepenn
NEPECTAET GHITL BEPHHM U HACTYNAeT NPEAnPOGMBHOE COCTOSIHAE, 33 KO-
TOPHM CJeLYEeT BHCOKOBCABTHHH npoSoH.

5. KourtakTHas pasnocTs norenuuanos. PaccMmoTpuM  seaenus,
BOIWHKAIOMHE NPH CONPHKOCHOBEHHH METAAMO0B, OOAANAIOUMX Da3HHIMH
DOMHEMH  paGOTAMH  BWXOa M Pa3HBIMK’ KOHUEHTpan#uaMi c80002HEIX
SJCKTPOHOB M, 3HAYHT, DASHHIMU TIDaHHYHHMH BHEPrHEMH Pepun W,
Ilepsonasanbnoe nonoxewwe yposwedl noTemmana NPeACcTaBICHO Ha
puc. 103, 6, rze npanaro, wro HADYKHBIR NOTEHLHAN ONMHAKOB BOJH3A
000MX METann0B, H NOTEHIAAABHLIE NOBEPXHOCTHEE GaphepH aas npo-
CTOTH H306PAaWEHN BEPTHKANBHBIME NpaMbIMA. [Tocae c6aukenns NOBEpX-
HOCTER METan08 10 KOHTaKTa (@O paccTosHmA NOpAAKa PacCTORKHH
MEXKILY HOHaMd DEIETOK) OTKPHBAETCA BOSMOXKHOCTL O6MEHA 3AEKTPOHAMY
6c3 9MHCCHH, T. € 683 BHIXOJA MX B NPOCTPAHCTBO BHE METanaoe, Cpenn
PASPELIEHHBIX  YPOBHEH, JeRallUXx Buume yposHeh ®epmn npH awbol
TCMIIEPATYyPE, BCErAa HMMESTCS MHOCO BAKAHTHRIX, BCAGACTEBHE YEro uepes
[OBEPXHOCTL KOHTAKTA HAYHETCH HHTEHCHBHMWH OGMen sJeKTponavm. Ms
pac, “103 nerko mousTs, 4TO OOMENH NMEKTPOHAMH YEPE3 KOHTAKT CHauana
GyIeT NpOTEKaTh HEPABHOBECHO ® GOJbLIE JMEKTPOHOE CHAayana Gyaer
NEPEXOINTL OT MeTaana 2 K meTanny f, ueM B o6paTHOM HAaNpaBACHHH,
DaekTPOHHNA obmen Gyzer GHCTPO NOBHINATh NOTEHUWAA MeTaana 2
OTHOCHTEILRO NOTeHUMana MeTansa J, ® ypoBmHH metanna 2 6yayT no-
HEXKAThCH,

B coctoannn paenoBecHs gomxHO CYIIECTBORATs PABEHCTRO HE TOABKO
B OTHOWICHMH KOJMYECTBA, HO M B OTHOWEHHH PACTPENEAEHHs CKOpOCTeH-
SJCKTPOHOB, KOTOPHME OOMEHHBAWTCY 0062 MeTaaaa, B NDOTHBHOM CaY -
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yae u3IMeHsuch Oni Au60 noTeHUHann ofOHX MeTannos, An00 pacnpeie-
AeHHE CKOPOCTEH 3MEKTPOHOB B HHUX, MHOO TO W APYroe OQHOBPEMEHHO,

IIycTh B YCTAHOBHBINEMCA COCTORHMM TOTEHUHAN BHYTpW MeTamna J
BHIE NOTEHUMana BHYTpH metalia 2 Ha U, D10 3HaUMT, UTO 1HO

e

[l
i
1
1

]

L

=

R Pur === U=0 (Ypoberm antwpona
- frep2 g _ fue merzana)
o) Ul 5 iy
W,
|PfrT" %
Pt

Puc. 103. Bnepretnueckne yPoBHH ABYX METAaNI0B, ¥30IHDPO-
BAHHWX ApPYr oT gpyra. Fy, F3— yposun $epmn.

<OTEHUMANEHOH AME> MeTatna 2 Ha auarpamme, rixe noresumax UJ or-
NOWEeH CBEPXY BHHM3, OyIeT Bullle Ha beawudaHy (J, uem 1HO aMbl Me-
Tanna f.

Buaeaum B MeTasine I rpynmy sAeKTpOHOB, NMOAXOSAMMX K NOBEPX-
HOCTH COMPHKOCHOBEHUS METanN0B H MUMEILWHX CAaraluue CKopocTel
B TPEANaX OT Uy N0 Uy T Ty, OT Ty A0 Uy +dT,, 0T ¥,
20 v, — dv,. Eciw x — Hampapnenue HODMAald K NOBEPXHOCTH COMNpH-

Se 2 # TOBEPXHOCTH 32 | (€K MPHXOAMT
KocHoBeHHs, TO K 1 ¢a™ rpanxuHodl nosep

40, dvy, dvy,

2m? W, — Wy .
e,y 0, = 7 Un 1+ exp ['—l‘ﬁ-—&‘] (13.23)

axskTpotoe 3Tof rpynnu {cm. opmyay (IV. 27)); saece T — Temnepa-
Typa METaNI0B U .

Wy=7 (v% + ;4 01y (13.24)

Mocae nepexola B MeTann 2 3JEKTPOHH PACCMaTPHBAeMOH rpynns 6yayT

HMETh BHYTDH HEro CJaraiolide CKOPOCTH B HHTEPBaAax oOT U,y

BO Uyy—dv.g, OT Vg N0 Uyg~dUps, OT Ty N0 Ty~ dUy,, CBAAHHHE

C Uups Uy, Uz YPEBHEHUAMM,

mv;l_m‘viﬂ
2 T2

Uy == Uy TJxld’le = U_ﬂdb_ﬁ, d‘UJ,l = d'v_v,, dvn = dUzg.

mulg .
Tely=5"+Vo m=un (13.25)
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M3 uncna 3n€XTPOHOB, NOAXOAAWEX K NMOBEPXHOCTH COMPHKOCHOBEHHA
H3HYTPH MCTaAna 2, BLUIEMMM FPYINY SAEKTPOHOB, MMEIOUIRX CAAraiiike
CKOPOCTEH B n0pelenax OT Uy 10 U+ dvU,,, or Uyy 10 Vs~ dTUy,
OT Uy 10 Uy A0, [lepefing B metann /, oan, OYEBRAHO, OYIyT UMETH
TAM CKOPOCTH 3JEKTPOHOB MEPBOH PacCMOTPEHHOH HaM¥ IPYNsl 3A€KT-
POHOB, T. € CKOPGCTH B upeaenax of U,y 10 0., —+dv,, u 1. 1 Yucao

HEPEXOIALINX BAEKTPOHOB 3TOH rpynmel B pacueTe Ha 1 cx u 1 cex
Gyner

2m? A0 i Uyedv,
dv(x,},,zm: o Ut _#-{;T_’TV; (13.26)
I 4 exp [T] ,
rpe
m o s
We="5 (Vo + i + v (13.27)

UTo6w pasmoBecHe CYWIECTBOBANG KAK B OTHOLIEHEH WHCAA, TaK U B O7-
HOWENHH DECTIPEACIEHHH CKOPOCTEH 3eKTPOHOB, HY#KHO, YTCOR

dv(xd’- Sk =dvix=y. 2y
GTKY /13
W, — Wfl =W;— Wfi:
Wy Wy =W, — W,
to
W, — W, =W,
U, 3HAYHT,

Wp—Wa) =Wy +Wu—W=3, —o,=U, (13.28)
{/, naaninaetcs BHyTpenHel KOHMTAKTHOH Pa3noCTsI0 MOTEHIHATOB.

Ha (13.28) caeayer, uYr0 YCTaHOBMBILEECA COCTOSNHUE HaCTyTaeT
TOTA3, XOria cpasnusaioTcd yposin depmu o6oux Metaanos (puc. 104),
ATOT PE3YABTAT ABNACTCH HACTHWM CAyuaeM OBILEro TpaBHAa, M3BECTHOMO
U3 CTATACTHYECKOH (PHBHKM, TIO KOTOPOMY B MIOGBOM CHCTEME B COCTOAHHH
paBHOBECH YPOREHb PepMu (HasblBieMLH TaKKe XHMUYECKHM TOTEHILH-
a10M) Beade omuHakos. [IpuMenende 3TOro BHBOAA K KOHTAKTaM MeHAy
METAAJIOM  d  NOAYIPOBOIHHKOM H  MewAy JBYMS MNOJYIPOBOZHHKAMA
C pasHLMH THIIAMH [DOBOAMMOCTH paccMatpueaiorcs B § 58 ro. 8, u L.

Ilpocaenum pacnpenenenne noTenuMana Mo 3aMKHYTOMY NyTH B Lend,
COCTOAIEH W3 JBYX MeTam10B / ¥ 2 H BAKYYM3 HAa y4acTKe NyTH AB
(pac. 104). Jluuua o6xopa OCBAQ paspesasa B Touke O H pasBepHyTa.
M3 pucywxa BHAHO, uTO, MOMHMO CKA4YKa MOTEHLHANE, B MECTE COMPHKOC-
HOBEHHA METANI0B HMEETCs PAa3HOCTh NOTEHIMAIOB MEkAy Toukamu A #
B, ACKAWMMH Y CaMBIX (OBEPXHOCTEH METaal0B, HO y&E B BAKYYME,
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CyiLecTBYeT, CJe10BATE/bHO, BHE METALIOB JMEKTPHUECKOE KOHTAKTHOE
N0JE, XAPAKTEPH3YEMOE KOHTAKTHOMW PA3HOCTHIO MOTEHUHANOB

I
U= 91— 92= 5 (0, — @y), . (13.29)

nprues 10 60aee BHCOKOTO NOTEHUHANa 3apAKAeTCA METana C MeHblueh
paGoTOH BHIXOZA, ‘
Takey 06pasoM, UJ, — pastocTh BHYTPEHHHX NOTEHUHAIOR PemIETOK
oBOWK METANA0B, B TO BpeMa Kak U/, —- pasHOCTe MOTEHURANOB Ha WX
nogepxuoctax. Fpu ycravos-
JEHUHM PABHOBECHS MOTEHINAL -
weTanana ¢ Goaswel pabotoit
BLIXOAA TIOHHAAETCA HA EETH-
qudy Uy, OTHOCHTEABHO NO-
TepilKana Meranaa ¢ Menbluel
paboTol BRIXOIA.
Jlerko Buierh, 4TO [pH
NOCAEA0BATENBHOM  COSIMHe-
HHW  HECKOABKHX Pa3JUUHEIX
METAJM0B  KOHWTAKTHasa  pas-
HOCTE  [OTEHIHANOR  MEXALY
MeTanAaMH,  3aMbLIKaKLAMH £
ILEMb, COBEPIIEHHO HE 3ARMCHT
OT POMEXYTOUHMX METAAN0B. U ! 3 E
Ilycts, Hanpumep, uens co- L
CTOMT K3 TPEX METaNJI0B ¢ T e
paboTaMu BBHIXOMAR ¥y, P2, §3
(puc. 103). V3 pucynka €pasy  pye o4 DrepreTHueckue  YPOBHH  IBYX

— _ METa110B B PABEOBECHOM COCTOSHHM 1IpH
BILANO, HTO U-““_?(q)l ©3) koHTakTe Mexny mumu. F — F— obwwi

COBEPIIEHHO HE 3aBACHT OT yposeHp PepMu.

TOro, Kakosa pafora BHXOIA

mertanda 2, BKJIrueHHOro nocepeapHe. Ceo#icTBa 3TOC0  MeTanana npods-
NSIOTCA TOJNBKO B BEAWUMHE BHYTPEHHEX KOHTAKTHHX notenunanos (Up)s
M (Ug)s M KOHTAKTHHX noned 807u3n MECT €ro CONPHKOCHOBEHHS C
metamaamu [/ u 8. Ouesnano, uro U,, He u3MeHWTCq, CKOJbKG OH m1po-
MEKYTOUHEIX METaAN08 HH OHAC BKJIOUEHO B UENb. DTO TaK Ha3uBaeMulii
3aKOH NOCACACBATEABHHX KOHTAKTOR,

Us gopuyan (13.29} # npusesesHux Huxe (§ 21) 4HCASHHHX 3Ha-
yeynit paGoTHl BHIXOHZA AN PasHBX METanaos CAenyeT, Y4To KOHTAKTHas
Pa3nOCTh [OTEHUMAJIOB MEKAY METANAaMH, NPHMEHAIOWHMHCA ANA H3ro-
TOB/JCHMA SIEKTPOJOE 3JEKTPOBAKYYMHWX npubOpOB, MOXET AOCTUraTh
3HAYHTENLHOH BEAMYMHH H OKAa3BIB3ET BMNOJHE 3AMETHOE BJAHAHWE HA pe-
WwHM paBorel npuGopa, oco0eHHO ecad OAWH H3 3EKTPOLOB HMEET NOK-
pHTHE, CHitkawiee padoTy BHXoga. Ecaw, Hanpusep, ceTka TpHOJa
coenaia u3 Moaubaeda (P=4,24 ) ¥ KiaTOA M3 TOPUPOBAHHOrO
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sonsppama (¢=—2,7 38), T0 HA CETKE, MOMHMO NOIAHHOTO HA HCE CMe-
IICHHA, OKAKETCH ROMCNKHTENbHO OTPHIATeNbHCE Hanpaxkenue 1,54 &,
[pe vaMepesun XapakTepHCTHK Ha OGWUHOH CXEME aHOAHHH BOALTMETD
M3MEPHET HANPAXEHHE Garapen, HO MCTHHHOE AHOJHOE HANDAKECHHE PABHO

U,= Uﬁar + U

u U,=0 npn Us,, = — U,,. KontarTHas pasHOCTb NOTEHIMAA0B CeTKa

P .
) _ : P

v,
Uhs s

Puc. 105, K nokasateanCTay He3aBHCHMOCTH BEIHYRHN
KOHT2KTHOH Pa3nGCTH UOTEHUHAN0B OT NPOMER FTOM-
Horo metanna. F—F — oGwmii yposeds Pepmu.

K4TOA CMEWAeT BOABbT-aMNIEPHYIO XapPaKTEPHCTHKY JaMIBt Ha BEJTHYHHY,
KOTOpas MOXET HMETh NPakTHYECKOE 3HAUCHHE,

OcofeHHO MPHXOONTCH CUYHTATBCHA € BOAMOWHBIM pa3bpocoM BeAMUHHI
KOHTaKTHO{ pasHOCTH NOTEHUHANOB 8 MPOLECCE H3rOTORAESHHR CEDHH Of-
HOTHIIHEX NPUGOPOE H € U3IMEHEHHEM KOHTAKTHOH PasHOCTH MOTEHUHAA0R
-BO BPEMA SKCINYaTalHH fpuGopa. DTH H3MEHEHUA MOryT BOSHHKHYTh,
TaK Kak paoTa BHXOOA CHABHO 33DHCHT OT COCTOSRMA NOBEPXHOCTH
3NEKTPOAE, KOTOPAA MOKET H3MCHATLCA, HANPHMED, NPH DPACHBIEHHA CO-
CCAHUX BSJAEKTPOLOE 0PH OTKauke. WaH paboTe npubopa. Henpuatnmm
CAEACTBHEM 3TOro OyaeT pa3fpoc NapamMeTpoa OZHOTHIIMHY npubopos,
KOTODHH MOXeT BHHTH 323 Npejent AONYCTUMOro,

WamepeHus KOHTAaKTHOH DPasHOCTH MOTEHHHANOB, KK BHAHO H3 TO/BKO
UTO CKa3aHHOrO, HMCET GOJbLINOE MPAKTHYECKOE BHAYEHHE A4 3JEKTpO-
BaKYYMHOH TexnuxW. KOHTaKTHAS pasHOCTh MOTEHUWEZAOB CHNLHO 3aBHCHT
OT COCTOAHHA MNOBEDXHOCTH, H MOITOMY €€ H3MEPEHHE HMEET 3HAYATEb-
HER HHTEPEC M AR  (DHMKO-XHMHYECKHX HCCASIORAHHE MeTanios u
HEMETaAN0B. MeTonH, 0COGeHHO yAOGHHE B BICKTPOBAKYYMHON TEXHHKE,
Gynyt onucanu Huxe (§ 14 u 39); saech MH OCTAHOBHMCS TOJLKO Ha
HanGoAeE DPacnpOCTPIHEHHOM METOIE H3MECDEHHA KOHTaKTHOH PasHOCTH
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QOTEHHHANO0B, BUEPBEBE NDHMEHEeHHOM eue A. BoasTa, — Tak Ha3HBAEMOM
KOHAEHCATOPHOM METOIE.

KoutaxtHas pPasHOCTb MNOTEHLHHANOB JNOMKHA HIMEPATHLCH, OUEBHIHO,
SAEKTPOCTATHYECKHM H3MepuTeneM Hanpsxenus. Ilpm6opw storo Thna
(3NeKTPOCTATHUECKHE BONBTMETPH, SACKTPOMETDH) HEJETKO  Caenath
ZOCTATOYHO TOYHBIMH B JMANA30HE MAAKX HANPHKECHHH, NOPAIKE BOJLTA,
kak 5T0 TpeByercs NpH H3MEpPEeHHU KOHTAKTHOW pa3HOCTM NOTEHLHAAOB.
B KOHAEHCATOPHOM MeToae (pHC. -
106) npaMeHseTca creayoiui
anEM: MOoCAe ZAMBIKAHHA KAKYA
K konpeHcatop A sapamaercd

Emocm C
——

-

po sanpswenns (/. Pasomxnys —
saTeM Kawd K, pasasuramT naa- =
cTHHH Koujaescaropa. Torgza us- i §
MEPEHHOE SACKTPOMETPOM Hamps- ——— \ p §
KeHne BePasHTCA opmyaoH Emkecms G §

U=l Tiey =

Puc. 106, K M3MepeHH©O KOHIAaXTHOH pas-
rae C— n€pBOHaYaNbHAA  €M- HOCTH NOTEHUHANOB KOHAEHCATOPHbLIM ME-

kocTs Kongencatopa, C —ero TOAOM.
eMKOCTb NOCAC pa3ABHIdHHA (114~ [IyHETHpOM NOKa3aHO MOAOKEAHE RAPaBOA OAACTHHL
CTHH H Cn — eMKOCTb 3JCKTPO- necae pasaABHCZHHA.

merpa u nposolob. Ecauw C2»

> '+ C, uero pnocTHe  HeTpyauo, .70 {/ Oyner OGoaewmte U, ©
H3MEPDEHHE TEM C(aAMBM CYIECTECHRO YOPOCTHTICA. B takoMm Bmae KoH-
AEHCATOPHBIE METON HPHIOAEH Jawe A8 AEMOHCTPaMOHHOIO ONHTA.
B nocaeaHee BpeMS B KORJEHCATOPHOM METOIE CTATHUECKME H3MEPEHHA
HanpaaeHnHs YacTo 3IaMEHANT U3MEPCHHEM HMNYJALCHOIO WJIH NEPEMEHHOr0
ranpaxenud. [Ina storo oaHy #2 nAacTHH SHCTPO CMEWAIOT HAM NpH-
B0AAT B KoneDaTeAbHOE ABMXEHHE CO 3BYKOBOH uacTOTOH, a NOAyUEeHHLH
ApH 3TOM HMIYABC HANPAKEHHS HAW [EDeMEHHOE HaNpAKeHdHe NoAAT
#a ycaanteas. Ocobenno ynoben meron xoaefawuwefics naactenel. B cos-
PEMCHHOM BHUIE KOHﬂ.EHCaTDpr]ﬁ METOA MO3BOIACT [OAYYHTL TOUYHOCTD,
npeesiciatontyio 1072 8. O630p METOAOB M3MEPEHUS KOHTAKTHOH Da3HOCTH
noreHyuanos cM. [JI. 2.1, ra. 4]

§ 14. Tepmo3neKTPOHHAS IMHCCHH METAJIOR

Onpit 00Ka3BIBAET, UYTO NPHA OOCTATOUHO BHICOKOH temneparype Bce
METANAN HCNYCKAT SAEKTPOHN, MHCAG KOTOPHX OHCTPO BO3DACTAET
¢ TeMnepatypoil. 3TO fBNEHHE MOJAYUHIO HI3BAHHE TEPMOINEKTPOHHOH
smuccun. TepMosnexTpowHas smucchs  Gwna sameuena OGoaee 200 aer
Ha3ald npu HabmoneHEn 3a l'l()TepEﬂ 3apAand  pacKaneHHelMH TEAaMH,
H3XOAHBUIUMHCA B BO3JYXE, NPUCYTCTBUHE KOTOPOIro, KOHEYHO, OCAGKHANG
UCCAEIOBAHHE ABJEHHUS
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B 1883 r. Dancon, pza6otas ¢ AaMnoOH HAKAMWBAHMSA, KyZ3a OH BBES
OOBABOYHHE - SAEKTPOJ, BUEPBHE HaOAWAZA  TEPMOSAEKTPOHHEE TOK
B BaKyyMe H TEM CAMHM YKasaJd HyTb AAf YAYUUICHHS METOLHKH 3KCne-
PHMEHTAJbHOIO  WCCIEeNOBaHHA dBJeHns, Tem He Menee g0 paGot
Puuapacona (1901 — 1903 rr.) KonAHYeCTBEHHHE 32KOHW TEPMOSAEKTPOH-
HOH smMCCHE He OB YCTAHOBAEHH M He OHAC NPENNOKEHO HHKAKOH
(U3NUECKOR KAPTHHE ABASHUS.

1. BiuHCAenHe OMOTHOCTH TePMO3JEKTPOMHOro Toka. C TOUKW ape-
HUl BNEKTPOHHOH TEODHUM METAAJNDB TEPMOINEKTPOHHAA SMHCCHA HAXOAHT
BUIOAHE €CTECTBEHHOE M HargaiHoe obmnacHesde. Bosbmem Ha nosepxuocTtd
IMUATTEPA-METAANE, Harperoro o Temnepatype 7T° K, ywactox eIHHIY-
HOR maomame W OyNeM CYHTATh NOBEPXHOCTh METAAZ ONHOPOAHCH H
COBEDWEHHO T©JAalkol, OTBJEKadACh, TAKHM 00pa3zoM, TOKa ©OT EBJIMAHMA
NONRKDHCTANNMYECKOH  CTPYKTYpH MeTadna. Ecau uucno siexTtponos,
BHYOOAMHX H3HYTPH MUTTEPA Yepe3 BHOPaHHWH YYacTOK NOBEPXHOCTH
82 CAHHHILY BPEMEHY, PaBHO N, TO MAOTHOCTL 3MHCCHORHOrO ToKa Syner

je=¢eN., . (14.1)

Bonpoca o TOM, MOCTHTHYT /M 9TH SAEKTPOHH KAaKOro-HuGyab APYyroro
SAEKTPOAa WAAW BEPHYTCH O0paTHO K SMHTTEPY, MH NOKAa KAacaThCR HE
Oyaem. On 6yner paccMOTpEH B CASAYIOMIMX rJ3Bax.

Ecan W, — BHCOT2 NOTEHUHAABHOTO BGaphepa METasna ® OCb X Ha-
NpaBleHa NEPNEHAHKYAAPHO K €ro TNOBEPXHOCTH, TO Te AEKTPOHH, N3
KOTOPHIX

mul
2

=W, (14.2)

npeoaoneldT Gapbep H OKAXYTCH SMHTTHPOBAHHBIMR. 3HAUMT, 147 BLIYHC-
Aenus N Hy®HO HaflTu YHCAO 3AEKTPOHOB, NONATAWHY B 1 cex Ha 1 cu?
(I0BEPXHOCTH IMUTTEPA M yAOBAETBOPRIOMMX yeaosuwo (14.2). [as storo,

2W
OYEBHIHO, HY#XHO NPOHHTErPHPOBATH B Tpedenax OF l/ ol
pakenue Aa3 YHCAA 37EKTPOHOB dv, , MOMAAaOMWUX H3HYTPH Ha 1 cae’

NOBEPXHOCTH 3MHTTEPA 32 | CeX W UMEWHX CKOPOCTh B Mpedetax
or v, 1o v,-+—dv, Kak nokasano 8 § 1V,

=k
dvﬂx—‘l ";l v, In {l —exp [ri(@f ’Ux)]} dv,

A0 CO BHI-

M, 3HAYHT,

dnmi*kT

i ‘i‘o-uxln{]—!—exp[-ig:—],(v}—'vi)]}dvr (14.3)

ATOT MHTErPAN TOYHO HE BHYHCAAETCA. K CYaCthio, AMA BCEX sHaucHmi v,

Ny=

N0 _KOTOPHIM NPUXOAHTCH HHTETPHPOBATD, WIEH 1n {1 +exp[ T(‘Uf 'uj})]} .
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mo,os
MOWHO C OYEHb XODOIHM NPHOAHKEHHEM 3aMEHWTb HA exp[z—é—f(t!}—— Ui)],

HCIIOAB3YS Pa3NOKEHHE
m(4=z+2 424

¢ OrpaHAYMBILHCE B HEM NEPBHIM UWIEHOM.
Oas toro uroOnl 270 nmpubaHxeHHe GHAO AOCTATOYHO TOUHBM, HEOO-
2W,

XOOMMO Afa BCCX 3HAueHHB v, OT 9,=— -

HHUE YCI0BUA

1o v,=00 cobrwoae

m -
z=—exp [TT (vi— v?,)]< 1.
INokaxem 370 Ha uucaennoM npumepe. HauwbBoasmee anauvenue z Oyner

HMETD [pH T,== Vgrlnz‘-’ [Iycts  sMuTTep — 3TO  BOJBGpaM  npu

T=2500°K; npu atolt temnepatype &7 ==0,215 38. [lpy v, = ]/—2%’
MOKA33aTEAb CTENCHH [2‘% (v}—ni)] paseH EET—%ﬁ_%’ rie
©®=W,— W, Kak Oymer nokasaHo HeEMHOro Hixe, seauusna @
OTPEAENAETCA SKCNEPHMEHTANBHO M W3 BCEX METa//IOB HanMEHbllee 3Ha-
yenne uMeer ans nesus (1,93 ss8). Iaz soanppama @=4,5 s n nau-
foabliee 3HAYEHHE TNORA3ATENbHON (YHKUHH, BXOAAIEH [OA 3HAK HHTE-
rpana B dopuyae (14.3), pasuo

4, 5,
exp[ OZIS]NE)T 167

C/ACNOBaTENLHO, ofCyxaaemoe NpUOAAKEHHE BOOJHE HonycTumo. Mcroak-
ayd 370 npubaMKende, MOJAYYHM:

=2
1 mo?
N, = JmmeT “ 0, exp [1‘:’? __x]dvxz

B 2T
Wy
m
. W.I ] muvy,
e= 4”;:;” ekl ve  *T du,
V e
m
kT W,
3to1 HHTErpan, KaKk nerko Mokalatb, paBed Fexp [-— k']g], QTCHOIa
drmiE . -f;? 14.4
Ny="T2% e T, (14.4)
dnml g — o -
Jy==eN,=—eThL T W — ATYe T (14.5)

I
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rae
1
A= 41,?,51 =120 a/cu’- 2pad’.

Bupaxenwe (14.5) HasuBaerca ¢opmyzol Pruapacona — dewwana *).

2. NMonpasku k¥ Gopmyne Puuapncona — Jemmana. Kax 310 cre-
AYET H3 BOJNHOBOH MEXaHMKH, B YD2ZBHEHHE SMUCCHH HYKHO BHECTH el
MHOXKHTEAL, MEHBIUUHA €AWHHMUH, YYHTHBAIOMIKH OTPAKEHHE OT NOTEHIH-
anbHOrO Gapbepa 3JEKTPOHOB, CKOPOCTh KOTOPHX YAOBAETBOPSET VC/AO-
Bulo (14.2). 3toT BOMPOC pa’oOpaH € KBAHTOBOMEXAHWYECKOH TOUKHM

—_——— ——— e

Wy

y

——

Puc, 107. $opMp noTeHuuaasHoro Gapnepa,

@) — AACANH3HDOBAHHbIE B BUAE NHPAMOYTOAbHOW CTYMeHH; 6) — RCTHHHZN (opsa XA wMeTana:
8) — Hneaiu3upopansat B BHAe Gapbepa cha HAOHDAKCHWN, HAYMHAOMErOCE HA  PACCTORHMM Xg OT
HOBepIHOCTH,

speaua B § [l, rme paccMaTpHBaeTCA NDOXONKIAEHHE INEKTPOHOB dYepes
npocTeRinuf noTeHuManbtuii 6aprep, nuerounh popmy cryneud (puc. 107,2),
Hamomuum KOPOTKO peaynbTaTH TEOPHUH: BAEKTPOHH, KHHETHUECKZS 3HED-
rHA KOTODHX HEAOCTaTOYHA AAA [peononeHus Oapoepa, OYAYT BCE OT-
6poweHy Hazak ITO COBNAJIET ¢ BHBOJAMH KJAaCCHYECKOH MEXaHHKM.
Ho ecnu KHHETHYECKas SHEDTHS 3JEKTPOHOB QOCTATOUHA OAR npeodose-
HuA Gappepa, TO B OTJAHYHE OT TOrO, YTO NOAYYAETCS HA QCHOBAHHU
KAACCHYECKOA MEXaHMKH, MOTEHURANBHHH Gaphep [DpPeoNoaeBaloT He BCE
snexTponn, HacTh HX oTpamaercs OT Oapeepa, HECMOTPA HA TO, YTO OHU
061a8al0T AOCTaTOYHOH AR nepexona uepea Gapeep sHeprueti; Kozgdm-
HHEHT OTPAXEHHA DAEKTPOHOB 34BHCHT OT DAasHOCTH MEXIy sHepruel
BAEKTPOHOB W BHCOTOR 3IHeprersyeckoro Gapeepa., 10 OyaeT HUMETh
MecTo W Aas Gapeepa Awbolt GOPMH,

B Teopum TepMO3NEKTPOHHOM SMHMCCHH 33%aya COCTOWT B BHYHCACHHH

cpeiHero sHaueHdd kKosthduonenta oTpawends R A9 3TEKTPOHOEB, No-

¥) Omuccuonnan dopayna (14.5), conepwaman T2, Guna BuBegesa Puuapa-
COHOM H BUAKCOHOM H3 TEPMOTHHAMHUECKGH TEOPHM IMHCCHM, JlanbHeHmIuM CBOHM
pa3BHTHEM TepMOLMHaMHuecKan TeopHAa ob6asada Memmany, lottku n np. Baisog,
OCHOBAHHWIT HA KBZaHTOBOH TEOPUM METanACE, OpuHaiaewuT JomMepdeabviy o
Hopaieftuy.
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naza;olulAX HA TIOBEPXHOCTHHH Gaphep M HMEOHHX OGHYHOE KBAHTOBO"
MEXaHUUECKOE DACTIPEASACHHE CKODOCTEH BHYTPH meraana. Pewenne stoit
3ajdaud YAaleCh HaltH oad ¢opmuu Gapbepa, HEeCKOALKO OTARYAIOUICHCS
ot peficreurensiol, Ha puc. 107, 6 uzobpaxena nelicTsRTenbias dopma
Gapsepa, #a puc. 107, 2 —npamoyroasuu#t Gapsep {paccMOTpeHHHEH B
¢ 1) n ma puc 107, 8-— Gapvep cua Haolbpaxkenns, HaTHHaOUMBCA
Ha PAacCTOAHHM TIODAAKA DasMEpPOB aTOMa OT NOBEPXHOCTH MeTaana.
Teopust TOKA3HIEAET, YTO OT DPAMOYTOABHOTO Gaphepa npu  o6bMHBIX
TEMNEPATYPAX KaTOoNa JOMKHO oOrTpawatscs 75—80Y/, saexrpounos, Ho
gakpyruende B Bepxued uacte Gapeepa (puc. 107,-8) cosepinenno we-
HAET MOJO#EHHE. B 5TOM CaAyvae KOAMUECTBO OTPaMEHHBIX 3MEKTPOHOR
HE [PEBOCXOAMT 3—_6"/0 H, CIEL0BATENBHO, KOS(DQHIMEHT TIPOSPAYHOCTH
Gapeepz D=(1— R)=0,94-—0,97. Eme Goabwux suavenuit [ cne-
Ayver OWHIATE IS ASHCTBUTENBHOTC 0aphepa, HMEiLero 3aKpyTACHUE
g B HikreR ydctm (puc. 107, 4).

TakuM 00Da30M, U3 TEOPHH CALOYET, YTO AAH MOHOTOHHO BO3PACTaw0-
mere 6aphepa  OTPAXKEHHE 3IIEKTPOHOB, ANA KOTOPHX W. > W, ue

“urpaetT Goapuwiod ponn. HTo ke KacaeTcR INEKTPOHOB, Aas KOTOpPHIX

W, < W,. 10 onm, kak 3T0 nokazamo B § 1, moamocTeio oTpamawTcs

n A HuX R=1. Cpennuil kosdullvest npospauxocrn Gapbepa ana
AEKTPOHOB, BHEPTU KOTOPHX JOCTATONHA AAA MPEOOAeHHs Gapbepa,

D==1-~R. YuuTHBas OTPAKEHHE 3JEKTDPOHOB, YPaBHEHHE TEPMO3JEK-
Tpouno# smucCuu (14.5) crepyer zankcare B BHae

P
j.=DAT?e *T, (14.5a)
a dopmyay (14.4) —b sune
P
N,=D M 2™ T, (14.43)

[Tprn s1oM MHOWmTEA D AAS METa/AN0B BCEraa Oau3oK K EQuHHLE
(D > 0,93).

[Tpy nsmenennn TeMnepatypw BCAEACTBAE H3MEHEHHS KOHUEHTPaunu
BAEKTPOHOR IDH TENAQBOM DACHIHDEHRH METAAAa JOMKHO H3MEHHThCA W,
MamMcnenne nMOCTOAHHOM KPHCTAAMMUECKOH PEUIETKH B 33aBHCHMOCTH OT
HaTIPaBACHUs MOXKET BHSBETL TaKe HSMEHEHHE NOAHOH paGoTh Brixoaa W,
Caenosatensho, pa6ota Bexoaa =W, — W, rakwe aonmHa usMe-
HATRCH XOTA H ouens Hemnoro *). IlpeanonoxmM, uro pabora esixoma
TMHEHHO 3aBUCHT OT TeMneparypm:

D= B, }T, ' (14.6)

;) B § I7 6yner ykasana eme omwa soamowmuan ITPHYMHA 3aBHCHMOCTH €
o1 T, . S ] :
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rae @y, — paGota npa 7=0°K. ®opmyaa Puuapacona -~ Jlemmana npu-

MET BHAI
&y

jo==DAe * Tig ¥, (14.56)

Kosthpunuent a, Kak noKasHeaer SKCNEPUMEHT, — OYEHb Malas BEJHYMHa,
H MONYYEHHE TOUHBIX KOMMUYECTBEHHHX AAHAHIX ANA o CBA33HO ¢ 60Jb-
wuMd TpyanocTamMu. Jaa W, Mo » Ta uaMepenus, BHROJHEHHHe paz-
JHUHLIMA  METOAaMH, faT a=6-3-7 - 1079 98/2pad, Tax uto npm na-
rpesanud g0 2500°K pa6ota BrxoAa Mensercs npuMepHo Ha 0,15 3s.
HatizenHoe w3 onwTa 3HaueHde o AAS UWCTHX METAAIOB COBNagaer c
NOCTATOYHOR TOYHOCTBO C TEOPETHUECKOH BEANUMHOM, KOTOpas mnoay-
HAETCA, €CAM MPHHATL BO RHWMaHWe TOMbkO uaMenenne W, Bui2Bannoe
TenaosuM pacmupenuem [JI 2.9, ra. 2]

8. TepMONEKTPOHHBIA TOK SMHTTEPR ¢ HEBLIPOWAECHHMM 3JEK-
TPOHHBIM Tra3oMm. BeidncauM Temeph DAOTHOCT 3MHCCHOMHOTG  TOKA,
npeanoaaras, 4TO SJAEKTPOHHKE ras B SMUTIEpe HeBWpomaeHn, TakoH
cayuait AEHCTBHTEALHO MMEET MECTC B 3SAEKTPOHHBIX NOJAYNDOBOIMHKAX,
rie, OIHAKO, ZEAC OCAOKHAETCA TEM, MTO KOHLEHTPALHR 3JIeKTPOHOB
3aBUCAT OT Temneparypul. Kpome Toro, B nOKBaHTOBONH Teopuu MeTaanon
Hpyne — Jlopexna npusuManocs, YTo B MET2UIZX 3AEKTPOHHLIA Taa noa-
UAHAETCH KJACCHYECKOH CTaTHCTHKE, TZK YTO 3TO BHYMC/IEHHE HMEeT H
HCTOPHUECKHA nurepec. B cayuae Hesnlpomiaennoro rasa (§ I1I)

dv, =nl/ . e
Vo=V oupr x €XP [_ 2kT] Uxr
UHCIO IMATTHPOBZHHHX € 1 c#® B 1 cek aneKTpoHOB

s
mnuy, w

- = S| ;
— _m TR gy — B rie " wr
N=n V2nkT L'a,‘e d’o_,,_n]/hm T2e *T(14.7)
T
m

¥ NAOTHOCTE SMUCCHOHHOTO TOKAa

I LA 1 W,
FA _ .8 S X
je::eNa:ne ]/-—i;l_ﬂ— T:?e 3 =aTQE kT, (14.8)
rne
2 =rje ad
=r 2nm

dopmyna (14.8) Guaa esreeseda Puuwapaconom B 1901

4. Cpasnenue SMUCCHOHHHWX (opmyn. OGe 3muccuoHnHe GOpMyar
OTJ/IHYAIOTCA NPENAE BCErQ TEM, YTO MNOCTOAHHHE O u Wa B nOKa3aarenqe
CTENEHH kMeT pa3uslfl dusnyecku#t cuuica. B gopmyay (14.8) sxoaut
BLHCOT3 MOTEHUHANBHOrO Gapbepa MR noauas paboTa smxoga W,. B dop-
syne Puuapacona — [lewmana mecto W, 3aHMMaeT s(exTuBHas paGoTa
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puxoia & (nan npocto padoTa BHX¥0I3), COCTABAANILAY TOABKO YacTh
{IOTEHIHATBHOFO TIOBEPXHOCTHOro Bapnepa. 3aMeTdM, uTO uwacTo paboTon
CLINGAd HA3WBAOT PabOTy, OTHECCHHYI X ENMHHIE 3apsla, T. €. BEAu-
YHHY

QucBnano, 4T YHCIENHO ¢ (B ROAbTAX)==® (B 54EKTPOHOBOIBTAX).
lanepsa aMHUCCHOHHME TOK
— - Py
l.=j,S,=DS,e *® AT%e * (14.9a)

(S, — niowaas IMUTTEPa) NPH PasHEIX TeMNepaTypax, MOWKHO HalTh obe
a

KOHCTAHTH sMuccun: DAe® u @, Jlorapudmupys (14.9a), noayuum:

\ o~

In-t=in{§,ADe *]— % ‘;IF

(14.96)

-

Orkaaaueans 1o ocsm In(//T%) m 1/7, mn nonkuel, Kak caeayer na
topuyas {14.96), nOAYuMTE NPSMYI0 JHHHE, HaSWBAEMYW OpsMOR Ph-
uapACOHE, M3 HAKAOHz KOTOPOR MOmHO wahita @y (pac. 108). Onwr
J3eT, 4TD, MOCTPOHE 1O IKCMEpn-

MEHTANBHBIM NAHHBIM  33BHCUMOCTh Infi/1Y

Mmexny In(//7T% w /T, Mu ans
M060ro MeTasna NeHCTBHTERLHD NO-
ayunM npamyio aunkio. Ho te e
DKCIIEPHMERTANLHEE 3Hadenus [, W
7 Xopowo Ccoraacywrca " € Te-
OpPETHUECKOR  3aBUCAMOCTRIO, Bbi-
paxennoh ¢opmyaoh (14.8). 310
[IOAYHAEeTCH 10TOMY, UTO 148 BCeX
meraanos  {ma u poobule  aae
BCEX TEPMOIMEKTPOHHMX KaToAos)
npH JOHX MPakTHYECKH OOCTYI-
HWX TemnepaTypax @ > AT u 1em-
nepaTtypHas  3aRHCHMOCTL  TOKa
IMHCCHH NOYTH IIONHOCTHIC ONPEAEAACTCA SKCMOHEHUHMANLHRIM  MHOWKITES

t

b

S——
/
4
/
/

e

/s ai ¢}

y:
{

b
1
|

£
T

Puc. 108. Ilpavas Puuapicona,

neM, a MHoxkHtean T2 wanm T2 Aaor TONBKO HeGOAblEHE nonpaexu. Ilo-
STOMY, OCHORLIBAACH TOJIBKO HA ONMMTAX HAl TEPMOSAEKTPOHHOH SMHCCHEH,
HeAb3s Obl0 OW petnTh, Kakas u3 AsyX opmyn, (14.3) nan (14.8),
BEpHa H onpelenseM AM Mo M3 npamol Pauapacosa mech noTeBuMans-
Hell Gapeep W, MAK TONBKO 4aCTh €10, a WMEHHO pafoTy Bmxoma D,

B macTofliee Bpems CHPAaBENMHBOCTH KBAHTOBOH CTATHCTHKH A9
SJACKTPOHOB B METaNANaX MOATBEPKIACHA KIK MHOTOYHCAGHHBIMH KOCBEH-
HHMH MaHHEMH, TAK M NPHMEIMH OMHTaMH C DEHITEHOBCKHME COEKTpaMH
MeTannoe (§ 12), u per, paavmeercs, NNKAKNX cOMUEHRH, Kako# w3 NBYX

7 B, 11, lanotou, 1, 1
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POPMYN SMHCCHY CREAYEr NO0Jb30BATHCS. Kpowe Ttoro, noswas patora
BLIXO4, HalfeHHas W3 HaGmwoaenutt IHQPaKkiun  3AKTPOHOB, BO BCex
CIy4asx OKazanack MHOFO 6oMbile sderTipHoll  pabote Brxoaa D,
“3MEPCHNON N0 TEPMOAEKTPOHHOMY TOKY. Hanpumep, man Ni umeew
Wo=e5,= 16+ 18 38, ®==46 35. Ho dopmyna Puvaprcona, coaep-
Aalan MHOKHIE s 77 (hopwyaa (14.5)), 6u1a TeoperHueckn NGayYeHa
8 1922 1, a sHyTpennui noremwman PeWeTK o, Obta H3MEperR MHOro
ogke. ITosToMY 8B nepBmX  HCCAeZOBAaRWAX | MO TEPMO3AEKTPOHHOH
SMHCCHY, RaunHad ¢ 1901 r, noaszosaaucs topmyao (14.8).

8. Tepmonnnamuyecknii BbIEOX dopmyan smuccHH. Mcxommnmy HYHK-
TOM BCEX TECOPETUYECKAX pacueTon aMuccun, KOTODBIE 10 CHX HOP OniaM H3-
AOKEHEL, CAYAKHIO NPEANTONOKEHHE O HASHUMK BHYIDH METaJN0B 37eK-
TPOHHOTO raga, MOIUMHAIONEr OCH KBAHTOROH CTaTHCTHKE Pepai. ITocTpoen-
Has  Ha OCHOBE 3TOTO NPEINOAYHKENHS Teopus  ofaagaer  Sosbmod
HATJAAHOCTBIO M MO3BOAAET MNOAXOMNTL KO BCEM 3MUCCHOHHMLIM ABICHHAM
¢ 0aHOH o0lteli Todk 3penusn. Oanako sta Te0pua, OCHOBaHHAR Ha omnpe-
AENERHOH MONENH METanaa, UMEeT ToT HEROCTATOK, YTO M3 HEE Heawb3sl
YCMOTPET, KaKHE H3 DOJYYeHHHIX SAKOHOMEPHOCTER UMEIOT YHUBEpCATh-
HOE BHAYEHUE W KAKHE BepHH TOALKO AR BROPaHIOH MOZEIH MeTasna,
Hampumep, ucxoan us noxeantosott TEODHH METAJA0B, OKAa3a710Ch RO3-
MOXKHBIM 1OAYUHTE (POPMY AT 33BHCHMOCTH TEPMOJIEKTPOHHATD TOKA

OT TeMNCpAaTypPHl, TOABKO HEMHOrO OTAHYAWILIYIOCH OT (bOpM}"JIbI KBaHTO-
. !

BO# TEODUM METANN0B (MHOKKTeas T2 pyecro T*). Mokuo aymars, cae-
AOBATEABHO, uTO 3aKoH TEPMOIMEKTPOHHOR 3MECCHY B KaKOH-To Mepe
HE CBA33H C BHGODOM MOAeaM MeTa/ia, a onpejeasercs Gogee  obuLamu
(DHBHUECKHMH 3aKOHaMHy,

Cymecrsyer BoamMomKHOCTH MOAOHTH K 3IMHCCHOHHBIM SRJIEHHAM € TOUKH
S8PEHUA 3aKOHOB TEPMOJHHAMUKM W BROJMTD ONPEALIEHHLIE Npeano/omwe-
HHA O CBOACTRAY 3MHTTEDA MM JAEKTPOHHOrO o06AaKa BHe IMHUTTEPY
TOABKO TOrRa, KOPZa 3TO OKAWETCA HeGGXOAMMLIM A8 nanbHEHmero
Pa3BHTHA TEOPDHH W TOJALKO B TakoH CTeneny, B Kakofi 3T0 HeoHXoauMo.
Ilpy takom noaxome K NOCTPOEHHIO TEOPHHM  BBIACHARTCH, YTO HMEHHO
B OKOHYATEABHHX pe3a¥aLTaTax TCOPHH  BBITEKAET W3 OOIMMX 33KOHOB
TEPMOANHAMUKH B 4TO CBA3AHO C BHOOPOM OlpedeaeH ol MoaeTn IMUTTEDA.

Mu  orpanuummen saece TEM, YTO BLIYHCAHM SMHCCHOMHHBE TOK W3
OIHOPOLHOrO SMHTTEDA, TPARHYELLETG C “INEKTPOHHBLIM NaPOM», T. €, 0f-
JIAKOM SMHTTHDOBAHHEIX M3 HEro 31€KTpoHos, Tlycra BCW cncTema Haxo-
AMTCA B PABHOBECHN H HMeeT obuykw Temneparypy 7. Mu Hveem gge
“SAEKTPOHHBIC (la3W»: 3AEKTDOHH B BAKYYME, K KOTODHMM Mbpt GOyaem
NDHMEHATE YPAaBHEHHE COCTOMNUA HALATBHOIO Fa3d, W 3JEKTPOHBI BHYTpH
SMHTTEPA, OTHOCHTEILHO KOTOPHX M NOK3 NpUMEM TOJLKO TO, YTO HX
KGHUEHTDAUHA ropasao Goablue, yey KOHUEHTPAUNA 39eKTPOHOB B na-
KYyMe.

Bynem PAacCMATPHEATL  DABHOBECHE MEWY HIEKTPOHAMHE B BaKyyme
H SACKTPOHAMH BHYTPH SMHTTEpA TaK K€ KaK B TePMOJMHAMHKE pac-
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CMATPHBACTCE PABHOBECHE MEXAY XKUIKOCTbIC H napod. B Tepmonnﬂamux‘e
aas TENAOTH  HCMAPEHHT BHIBOAMICA YpasHenue Hnanedpouna -- Kaay-
Y [ﬂ.A.[. T. ” ’
- j dp 10
‘:T'd—r[vraa_" mem}' (14' )
31ech p— AaBAeHue, A — Temnora HcnapeHus, V.., me—monﬂp:!é.:::-
ofbeMe razoobpastoll w wuaxko# das. IIpuMenuM sto ypasnenwe K 3
TPOHHOH 3IMHCCHHE, NPHEUCM HMCIOLHA BHICOKYI0 KOMIEHTPAUMI «3JCKTPOH-
neifi Ta3» B METANIE COOTBEICTBYET WHIAKOCTH,
Beaelctpre GoAbuzof PasHOCTH KOHUEHTPailuHl 3JSKTPOHOR B IMHT-
TEPE ¥ BHE ETO
' = 14,11
Vi € Ve =V, (1410

u u3 ypasHeuna (14.10) noayudrca, ecas npumeHurs K 3:1F|(Tponazu BHe
amnTépa YPasHeHHE COCTOAHHS HieaisHoro raza V=RT/p:

. dp RT

!—_T[i]:_p )
dpip b dfinp] __ & (14.12)
T T RT 4T TR

370 YpaBHEHWE TaAKiKE HagLBAIOT ypasnenwem KaaneHpora—Kaaysuyca.

TfyC'rb C, — moaspuas (T, €, paccuntaHHag aaa 1 MoAd) Tena0eMKOCTh

P ' e
3MEKTPOHOB BHE IMHTTEPZ NPH MOCTOMHHOH HX KOHIEHTPAIHH . cpe
T2 K€ BEJAHMYHHA 107 SMeKTPOHOB BHYTPH 3MuTTepa (T. € I8 KOHUeH
TPHPOBaHHOH <wuIKOH ha3pi»}.

[Mpoxenaem MBICTEHHBIR ONBIT: '

a) Hcmapum 1 moae (1. € Ny 388KTpoHOB; N, — uuca0 ABOTanpo)
npu Temnepatype 7, Ha uto OyIeT 3aTpaueHa TCILIOTA HCNapeHus A;
NOAYUCHHBH «3NeRTPOHREH nmap» wWarpeem ua d7. Beero 6yvaer satpa-

: L C.dT)
seHo Tenaa (A C,d7T).

6) Harpeem swuttep #a &7 u <uctiapum= | monn SMEKTPOHOB  OpH
aTol Temneparype. Tennota ucmapenus Oyuer (A-1-di); d.‘.—HSMEHEHHe-
TENNOTH WCUHADEHUT (DM YBEMMYEHnW Temneparypsl Ha d7. Beero Gyaer
aatpateHo Tenaa (A—-dA)+-c,dT.

W3 nepeoro 3akoHa TEPMOIMHAMMKH CAELyET:

bt Cd T =(h + )+ ¢ d T,
OTKY 4
o 4.13)
F=C—c, (14.13)

Hurterprpys (14.13) ot 0 a0 T, noayusm:

-

! r
b=k | C,aT — \ ¢ T, (14.14)
b [}
T
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rae Ay, — TeMAoTa Henapenus opu =0K. Jns uieansHore rasza, xa-
KOBBIM MM CYHTaeMm SNEKTPOHHHNR «maps, Cp=%R. Ilns onpenenenus

p NPHXONMTCR BBECTH B TEOPHIO NPEANIOIOHEHHS OTHOCHTENBHO COCTOS-
HUSL SJEKTPOHOB BHYTDH 3MHUTTEPA. ECAM HCXOWTL M3 NOKBaHTOROH
TEOPHI METANN0B, COrAaCHO KOTOPOH SAEKTPOMHMH ra3 BHYTPH MeTanda
06/12n2eT CBOHCTBAMY OAHOATOMHOTO ra3a, 10, YYUTHBAN, YTO npH Harpe-
BAHUK METaAN DaCILMDAETCS HMYTOKHO Mano, CIEIYET NPHHATD

3
tp=c, =15 R. (14.13)

B kmautoeoit TEOPHH MErinioe, YUYdTHIB3SA, YTO HATPEBAHHE LOYTH He
BIHACT 112 pacnpegenenue IHEPTHH INCKTPOHOB, Caegver OPHHATE

¢, =10 (14.16)
lepsoe npeanoacxenne fipn noactanoeke B (14.12) u (14.14) paer:
sr o, D 3 .
}.=A,,£—'§ RT — w5 RT == 4, RT,
dinp) WM+ RT 1 .|

dr RT: T RTET 7
Inp —=— ,;;" —InT-L1n4,
=A'Te [—— Ao J
P | — %7 -

L
3nech yepes A’ 06o3Hauena nOCTOSHHAS HHTerpHpoBanus.  Ofosnauag

IENAOTY MCIAPEHNS OAHOTO 3J€KTPOHa (T. e
b ; . € paboTy weIXona) ue
OAY YHM; . P ’ Ae) tepes @y

. : DN
A== N1 D, -—;‘”:'A—ﬁ
0 AN g, RT ,RT %7
Takum 0Bpazom,
_5
p=A"Te FT (14.17)

Ecan we HDUHNHATE Cp=0, TO TOCJAE TaKHX e BRIUHCAEHUA noavunTen:

h=4; 43 RT,

ooy 5 .

p=ATZ? SRT—A"T7 ¢ " #1 ' (14.18)

2o W A oTMeueHH B 06oHX CAYyYaax pDasHbIMH MHACKCAMH, TAK KAK HeAb3d
YTBEDHIATB, NTO B OGOHX CAYYaAX OHM MMEIOT OIHO H TO Ke 3HAaYeHue,

INEKTPOMW BHE IMUTTEDA, KK 3TO BNOAHE NNOATBEDKIAEHO ONBITOM
XOpOWO NOAYHHAKTCA KAACCHYECKOR cTaTHcTHRe, Yneno 371EKTPOHOR fto-
Nandoinx ussie Ha | cu' NOBEPXHOCTH 3MuTTepa 32 | cex, pam;oe B
CHAY PABHOBECHA MEWAY 3MUTTEDPOM W <1aPOM» YHCAY SMHTTHPOBAHH kX
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¢ 1 cu® nOBEPXHOCTH 3a | cew 3ACKTPOHOB, MOKHO HalTH H3 Gop-
mvas (cv. § 1)

N="8 (14.19)

rjae #-— YHCAO0 3EKTPOHOB B 1 em? «HICKTPOHHOTIO mapa» W & — Cpen-

—~ S&T =
‘ugs  apudMeTHdeckas ckopocts, Tak xak o= ww P nmi,

== 1/-?5;1 (11 — cpennAa KBaIpaTHynas CKOPOCTh), TO

p= HkT;
orCoad
Ne="__ P (14.20)
¢ 4 VinmkT

3 dhopmya (14.20) w (14.17) NOAYWHM 71 TIOTHOCTH SKHCCHOMHOTO

/ 3
T0ka B AOKBAHTOBOH# TEODHH METAANOB kcp:?R):

o T - SR .
j,=eN,= e =4,T?%e¢ , (14.21)

E
QrmkT)?

w ro dopuynam (14.20) u (14.18), ocHOBaHHBIM Ha npeﬂn(.).uon{eﬂm, yTO
Fa—

5
Ps

T . .
jzﬂ'—T‘Te BT — 4,7 *T, (14.22)

&

(2amkT)?

VM3 BCEro CKA3AHHOrO MOWHO 3AKIIOUHTH, 4TO Ta HIH HHasg TeMnepatyp-
Han 3aBMCHMOCTh B 33aKOHE TEPMO3JEKTPOHHOH SMUCCHH BHITEKAeT M3 3a-
KOH4, CEA3HBAIONIErC CPEeIHION DHEPTHIO (HJIH TEN/I0EMKOCTh 31EKTPOHHOTO
raza) BSAEKTPOHOB BHYTPH SMHITEDP2a H Temneparypy. Bcakaa mogens,
nas kovopol ¢,=0, KaK 970 C/jeayer W3 ONBITHHX AAHHBIX AJA METanIa,
Jdaaa Ob 3aKOH MHCCHM, comepwaniui muoxutens 7% ITpu Beioae dgop-
Myn (14.21) u (14.22) He Ona0o BBEAEHO HHKAKHMX [OPEANCAONKEHKH O
MEXAHH3ME MHUCCHH, BLIBOI OCHOBHBAJCH HCKIIOUATENBHO Ha NPEANONIO-
HEHHAX O PABHOBECHH MEMIY SJCKTPOHAMH B SMUTTEPE H <«3NEKTPOHHEIM
NapoM», 0 TEMJIOEMKOCTH 3JEKTPOHOB BHYTPH SMHITEPAa ¥4 HX COCTOAHHA
B BAKYYME, KOTODOE NpPEANoJaranoch GIM3KHM K COCTOSIMHIC HIEanbHOrO
rasa. IlpaBWabHOCTE MOCASEHEr0 AONYILEHHS BHTEKACT H H3 <MOIENbHOH»
TEODHH SMUCCHH H U3 ONHTHHX JaHHMX, Paccmorpem sToT BONpOC TOA-
poGuee, :
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6. Pacopezencnue CKOpOCTel ' sHeprus TePMOJIEKTPOHOB, Iaek-
TPOHR B MCTande, coocoGHee K IMUCCHY, TNpHHALJEKaT K Yacay - Hau-
Goaee GHICTPHX, Tak Kak 17g HUX

mu’, o
—Tlev;Wa:Wf+q)

I, NOnasHo,

my? mo.s L,
s R =W,

dast GeIcTpEIX 3aeKTPOHOE pacnpenesenne CKOPOCTER & KBAHTOBOH Cra-
THCTHKE COBMANEET C MAKCBEINOBCKHM pacnpelesennes 1 ocraerca pe-
LWHTL, COXPAHACTCH JH 0HO nocae Toro, Kak STEKTPOHEL OYAYT SMUTTH-
POBAHEL, T. €. NOCAE TOrO, Kak OHM BCe COBEPWIAT OaMHAKOBYIC paboty,
npeoaoaesas Gapsep W,. 310 HymHO noxasats TOILKO Za8 CoCTapaniowef
CKOPOCTH ¥, NMEPNEHANKYAADHOH K NOBEPXHOCTH, TZK KaK COCTARJIAKILHE
Yy M T; L€ MEHRIOTCH TIPH NPOXOXASHHH Hepe3 Gapoep. OGosHauas cko-
POCTE BRE MeTaana vepes u (w,. u,, ), MOXKHO HanucaTh:

myl miz iy
T Wa=—5— vdv,=u.du, - (14.23)

Kak 6ua0 nokasawo seiwe, was HanGonee GHCTPRIX FIEKTPOHOB  4HECAO
JAEKTPOHOB, MONAZAOIIMK WBHYTPH MeTazna Ha 1 cu’ NMOBEPXHOCTH 34
1 cer. pammo (pacnpeaexenns «s notoxes HIM «H3 CTelKe»)

m‘ux

damkfo, I m . . . T
dvy, = T 2e o [ s (@3] dv, = dto,e dv,,
rie
mv} Wf
demkl dam*kT FT
M= T2 o BT =T e, (14.24)

M3 (14.23) w (14.24) pacnpeaeachne BHe MeTanaa ¢ yderom oTpawenus
or Gapnepa 6ymer

' . mry
dnmiel W, — w mi - _
dVaxzD——-—ha i, exp {ﬁ%r_ﬁ__ﬁ%} duxz Lz{xe d;gx, (]423}
rae
drms -
e, BT
L=2D m—kle ™,

D — kospunnent OTD@KCHHA OT Oapeepa 31eKTPoHOR, HMEWMINY CKO-
pocte v, Ecam [ ne aaeucuT or CKopocTy, To dopmyna (14.25) no-
RA3BIBACT, 4TO pacnmpeaenerHe ocractcs MaKCBEANIOBCKEM H TOCTe aMpc-
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cun, [lag METANAOB 3TO TaK M €cTh, MOQ C XOPOWIHM npﬁﬁnnéxeuuenai
wOwHO CuuTath, uTo D ~=1. Ho ecan dopma moreHunassqoro apbeg
oTAKuUHa 0T (opMel Gapsepa AJd MeTaNaoB, [} MOmeT BEBHCG\T‘I: oT 'a'f
I MaKCBENIOBCKOE PpaclpenesHde aas TepMDa.er}(Tpo.HOB. MO®MET ?h”_
3aThCA  HAPYWeHHBIM, [IpHknMas BO BHuMaiHE (GOpMyay (14.4a) u yu

ThIBaf, YTO Mpu HesasucuMocty D ot o, sHadedna D n [ cosnamamor,
¥

MORHO HalACaTk: .

dmm* BT m
L:D—ra kTe :Nsk—T' (14.26)
PacopedeneHue CKOPOCTEH TEPMOIIEKTPOHOR HEOIHOKPATHO HCCARAC-
BAJ0CH 3IKCMEPHMEHTAIbHO. Boabilias wacTn uaMepeHufi, HauuHaa ¢ nep-
gpX nsmepeHn#t Puuapacona,
fHaa clenaHa METGAOM TOp- /
MO3AHIET0  1o4s, HauGojee
yroOHBIM A4 3TOH HeJH. /
" CywHOCTh METOdA TOPMO-
SMUETO TIONA MOKHO [OHATH
H3 YHDOUIEHHOH CXeMB (puc.
109). Iliockan cucteMa 3aek-
TPOIOB COCTOMT W3 anoxa A - He
H Karoia K — neHTH, Haxa-
JARBaeMOR TOKOM K OTHEneH-
HOH Y3KHMH  3330paMH  OT
oxpaHtol naactunu O, Ione

B npubope OIHOPOIHO, H Cae- iﬁ/ g =3 ]
10BATEABHO, NDH IBHKCHNE N z
SNEKTPOHOB K aHOIY Hame- o I z

HAETCA TOJbKO HOPMAALHAA X j
NOBEPXHOCTH KATOOa COCTaB- _
ARKOULAN CKOPOCTH 11 .. Pue. 109, Cxema axClepPHMEHTRALHOI 1POBEPKY

Ecau MCHKILY 2HOIOM H  pacupejenesHs CHOPUCTER TEPMO3TCKTPOHOB,
KaToloM CYWECTBYET [10Je,
TOPMOBSALLEE IACKTPOHH (MHHYC Ha auoae), TO YCNOBKE MOMNaRARHA Ha
2HOL SAEKTPOHOB CO CKOPDOCTBIO &, MOXHO 3aMdCaTth B BHIe
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-Q—mui =—cl/,, (14.27)

fIpHUEM TOPMOSAILEE HANPHAKEHAE [/, CUATARTCH OTPUUATEAbLHBIM,
Has aHonHOTO TOKa NOayumM:
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rae S, — nIOUAAL KaTOAA ¥/, — IMUCCHOHHMH TOK, pasusifi [, upu
U/,=0, korpa Bce SNCKTPOHHN TIONAZAlT Ha anGA BCAEACTBHE HaJHuUKA
¥ HHX HauaNbHHX cxopoctef. M3 (14.28) caemyer:

Inly=inl +E87 U, (14.29a)

HAW, ecan {/; BHpPa3uTh B BOALTAX:
Al

=12 0, (14.296)

3asucumMocTh (14.29) H306pawaeTcs HAKAOHHGH npamoit puc. 110. 3ra
UacTh BOJBT-aMICPHOH XaDaKTEDHCTHKH HA3MBAETCH Y4ACTKOM HAYAdbHMX
TOKOB, H3KJOH TIDAMOH  3aBHCHT OT TEMNEPAaTYPW 2AEKTPOHOB. ITpu
U, =0 naunnaerca yuactok X3aPaKTEPHCTHRH, HAa KOTOpOM [, ocraercs
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Pue. 110, BoabT-aMile pHas XApdKTePHCTHEA JHOAA
NpH  HeGOJGLIUHX NACTHOCTAX TOKa.

MOCTOAHHBIM U DABHBIM /; 3Ta 4aCTb XapaKTEPACTHKH HASKBIETCS yuact-
KOM ToKa Hacewenns. OGa yuacTKa oTAeseHW Apyr or Apyra nepexof-
HLM YY3aCTKOM @b, Ha TPOTRKEHHH KOTOPOTO CKA3HBAETCH BANSHHE npo-
CTPAHCTBEHHOrO 3apafa. Bawskwe npocTpancraensoro 3apspa Oyuer pac-
CMOTpeHo B § 39; alecb OTMETHM TOALKO, 4TO Yuacrok ab ouedh Man
NPH cnaGuiX HaKandx KaTona, ’

Kak 6uno ormeseno pamswe (§ 13), npn U, =0
U5a1'=_Uxu'

CregosatenbHo, no MECTy U3/I0MAa XAPaKTEPHCTHKM MOXKHO ONpENennts
KOHTAaKTHYI0 pPa3HOCTh MOTEHUHANOB MEXAY AHOLOM H KaToMOM, npHueM
PE3YALTATH H3MepeHua GYLYT TeM TOuHee, uem KOpOuE Y4YacToK ab, T. e.
YEM MEHDIE 3MHCCHOHHBIE TOK. 3TOT Merom onpenenenua (., ouenp
yRoOeH, HO OH NPHIOAEH TOJBKO A9 SACKTPOBAKYYMHHX [PHOOPOE
€ SKBHNOTEHUMANLHHM (NIOAOr PEBHBIM) KaTOLOM.

Hceneaopaune BO/BT-AMICDHOR XAPAaKTEPHCTHUKA B OON4CTH HAYA/h-
HHX TOKOB, KaK HBHAHO K3 BHBONA YpaBHEHHH (14.28), mower pare
SKCOEPHMEHTANLHOE AQKA3aTERLCTBO HAKHUHE MAKCBENJIOBCKOTD pacnpe-

IAEKTPOIHAA IMACCHS fra. 2
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¥

qefeHHs  CKOPOCTER  TEPMO3IJEKTPOHOB M, KpoMe TOTo, noanc;gjllir
yCranoBUTh, PaBHA AW TeMnepaTypa 3AEKTPOHOB TEMMNEpaType Kaecxm;
xotopas Mower ONTb W3MEpEHa HEe3aBHCHMO, HAnpHMEp ONTRY

M,
lmpg:{?n%(;mmemanhnue pafoTe Pa3THYHBIX UCCTepoBaTENeH nonTBeh;:éu:iaJ;:
HalWuHe MAKCBELADBCKOrO pacnpenescHus 3JIEKTPOHOB, B AMml weran
08 OHAO HAHIEHO DaBEHCTBO TEMIIEPATYPH 3/JEKTPOHOB H TeMmepaTyp

- Karoia.

SBMETHM, Yo B ONHCAHHOM OIbll€e € IUIOCKOI'EEII)&H.’[EJH:HHMH’ SJlEl;-
]‘po,‘]aMH COCTABAHIONLHE H), H !l;, napannenbnue HOBerHDCTHOI\_aLOI:;“;
He H3MCHAIOTCA 104 AeRCTBHEM TOPMO3RUWIEro TOAA SJAEKTDOR I{BH o
pacnpeleNeHNe HE OKa3HBAeT BJMAHAA HA dhopuy xapamepncmﬂ 'cuo-
narko Puuapocon paspafoTan MeTOA H3MEDPEHUS PAacrpeienieHus co-
pocTeft TEPMOINEKTPOHOB K N0 HANPABJEHASM, [APANJE/LHEM NOB gn-
HOCTH KATOMa, NpHYeM W A 3TMX HanpasaeHnd 6510 HAKAEHO MaKCB

¢ crpeneneHue,
HOBE\O[?HJE?HJISHQECKOﬁ CHUCTEME 31‘161('1‘])011013, KOraa waron l'lpe,[!,CTaB."lﬂET
cofofl HUWIb HAKaNa, OKPYMKEHHYIO LHIMHADHIECKHM AHOLOM, TOpM03S!I_Ir!.e;
noie RIHSET HE TOJBKO Ha HODMAJbHYIR COCTABIAKILYH cxopoi[:T‘
37eKTPOHOB, HO H Ha COCTaBAfIOIME, NapaJenbHbe nonepxnocmo ;Ham
tepa. IT0 OGCTOATENBCTBO BHOCHT OCJHOKHEHHE B BRIYMCICHAA, uako
aasi KpaHHUX Chyydes, KOTAa pamuyc Katoas Gau3ok K panuycy moxa
W KOrja paiayc KaTona, Hac_-ﬁopor, OYeHb MAM 110 CPABHEHHIO C ?I,;ly]
€OM aHOjLa, PACYET aHOIHOTO TOKAa BHIOMHASTCA JOCTATOYHO TPOLTO [. . l.m;

CpefHioi SHEPrrio IMHTTHPOBAHHBX JEKTPOHOB MOWHO NpEACTaR

B BHAE CYMMH _ _ B
W=W,—+ y—Q—Wz, (14.30)

7 i 7 TPOHOB aasa TpeX
rie W, W, W, —cpeIHue 3uaueHus 3HepPrun SIEKTP p
COCTABNAIOUIAX ABHKEHHSA.
B noTOKE 3MHTTHDOBZHHBIX S/ACKTPOHOB, WMEIOLMX MAKCBENAOBCKOE
pacnpeaesenne, Kak nokasauo 8 § I (dopuyam (I11.25))
— J— I J—
W, =W, =5 k7; W,=*kT, (14.31)

=3
W CcpeHee 3HaycHHE TOJHOR SHEPruH
W == 2kT. (14.32)

dopuyaa (14.32) noKa3LiBaeT, 4T0 HAYaJbHBIC CKODOCTH Tepmoa.'je[_-)%zp(}(-'
HoB uHeBeaukd., Hampumep, a4 Temuepatypw katoaa T=—125

W=0,43 98, a dueprus, CRA3IAHHAA C HANPABAEHHEM ABWKCHUSA, HOPMAJib-
HeIM K MOBEPXHOCTH!

W, =0,215 ss.

Jlerko yBeautbea, uTG INEKTPOHHWHA A3 BHE METAANA NMPAKTHYECKH
BCErNd HACTONBKO paspesket, 4TO €ro MOWHO CUYUTATL HACAAbHHIM [230M,
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A3JNEKHM  OT BBIDOMAEGHHA. YCNOBHE GJH3OCTH XK HICAILbHOMY a3y 114
£a33, COCTOAMCrO M3 3aDPAWEHHHIX MacTHI (SMEKTIPOHOB), MOWHO 33NHCATH
TaK;

3 BT e

5 T>Ti‘ (14.39)
Fac @-—CpeaHee paccTosHHE MENKIY 3JeKTponavu. B HepaseHcTee (14.33)
CIpaBa  CTOWT CpeAHAR NOTEHUHZARHAA 3IHEPrus BAPAMEHHBIX  HACTHL,
4 CIEBA — CPeaUAs KUHETHUECKAs DHEDrus TEemIOBOrO ABHKeHWd. Ecau
ycaoeve (14.33) sBuinoanserca, To ras us 3aPAMEHHLIX YaCTHI, Beiler
cefs TOUTH TaK e, KaK raz us HE3apaweHHnx wactui. Ecan n uucno
BMEKTPOHOB B | ¢®, To cpeamee paccrosuue

1
a=n3 (14.34)

W ycrorue (14.33) npumer pun
!

ST e’ (14.35)

PaccMotpum cayualt pamHoBecus, korma ymeno FICKTPOHOB, BOZBpa-
IHAOWAXCT B SMUTTED, DPABHO WUCHY BHIACTAOMUMX W3 Hero. ITO 3naumr,
YTC NOTOX SACKTPOHOB, NMONAMAIOUIHX U3 BAKYYMA HA MOBEPXHOCTE IMHT-

Tepa, pasHER 10 GQOPMYJE KAACCHUYSCKOH CTATHCTHKH (§ 1D {;E He-

CeT € CODOH TOK ® TOMHOCTH paBHHH TOKY HacHNeHHs. Tak Kax
~ 8rT
H=] -—,

Tm

. ni___en 8kT _ Yo 5/ omn
Jo=el= 2/ BT n_?]/k—r. (14.36)
[To (14.33) <ycaosue ngeaanHocTm» NPHMET BHA
& LAY
3 8 2nm.6 .3
~2-kT> € \ﬁj Je (14.37)
HJH
7
7

Fe£T- 108 {WT}&\} alcu®,
Ecau 83fTh 32BE10MO NOHMWEHHYIO jaKe A4S OXCHIHOrG KATOMZ Tew-
neparypy 7 ==800°K, 7o cnpasa noayuwntcs npumepuo 2,8 . 10° ajea’,
B TO BpEmMA Kax HaHﬁOJILLH&H, AOCTHIHYTAA TNOKA TOJLKO B HMIYIbCHH X
PEXKHMAX  IIOTHOCTh TOKA He npesocxoaut 200 afcw®. B seficTentens-
HOCTH  «YClOBHE RAEZNLHOCTH> BHIOJHACTCH NAKE €WE AYYIIE, TAK KaK
4aCTb SJIEKTPOHOB B HOPMaZbHHX PEKMMAX NPUGOPOE YXOTHT K aHOLy
H IVIOTHOCTb SAEKTPOHOB BOAH3H rpaHMUBl MEXLY SMUTTEDOM W Baky-

& 14] TEPMOSAEKTPOHHAS 3MHCCHS METAJAOR 203
\_'
yvMOM aedaetca ewe wsmedenie, He npeustoe B 318X pacqeratf B-OFBHM-
ManHe OTpa/KeHue 3AEKTPOHOB Ha FPAaHHLE HECYUWECTBEHHD, TaKk Kak 0[]9
HHOCHT TOABLKO HeGoaswvio nonpasky. Takum obpasom, 3TOT HOACYET
ere  pas TOATBEPHKIAET, UTO JIEKTPOHH BHE METalla TNOAYHHAOTCA
KAaCCUMYeCKOR CTAaTHCTHKE, .
7. UncaeHBnii npumep. B 3aKmoOueHHE DACCMOTPHM NIpUMED, 03
BOASKOILAH HATNAIHO cefe NpejiCTaBdTs, HACKOABKO OO0blioe 3}1aqézﬁue
449 VBENMUEMA DMUACCHH KMeer jake Heb0abIOe HOHHKeHuE padoTH
pxoxa. IlepeiineM s dopuyae {IV.30a).

2 om " 2 -
dv, = ‘E"’Fk_ttux]n { 1-}-exp [—Q;—e-fr (v — Ux)]}dux,

MCNOJB30BAHHOR  BeIE TPH BeIBOAE dopmy.as Pauapacona — Hewmana,
oT CKOPOCTER K 3IHEPTHAM, MCXOI M3 COOTHOIIEHHH:
mui

V,=—-, aW,=muv dv,. {14.38)

{ . RAAROUIER
W . MOWHO Ha3paTh KHHETHYECKOH sHepruetl, cra3anHol ¢ CoCTany 1
v

CKOpOCTH MO HanpapJIcHUD X, HIL RKOpoOYe «aneprueﬁ ABHXKEHNA 1o

HANPABIEHHIO X, er (1438
M3 pUBEAEHHOrO BLIWE BHpKEHHA 18 dvy , KCnoawava ),

1 r
448 YACAA 3IEKTPOHOB C 3Heprmamu 8 nHTepsase ot W, no W, —-dW
NOAYUHM:

dmmkt Cexp| e | aw, 14.392
dvy, = Ths ln{ 1 exp | &7 _}dWx ( }
W, W,

Ecow W, <W; u T —0° K, to exp [#f’kT*]> 1, ) .

w aaa  pacnpeneienns no sueprusm W, mpn T=0" K n W, < W,
MOWHG HaNucaTh:

4am
(B, Vg k= 5 (W — W) AW, (14.396)

o Ty
Ha puc. 111 nocTpoens ¢ynkuuu pacnpegenenns F (W, )= v,
g o .
aas Boasipama npu T=0° K (dopmyaa (14.396)) u "= 2000° K (dop
myna (14.39a)). Tlps nocTpoeHMu @A NVIOTHOCTH H aTOMHOTNO BECa BOJb-
¢ipama B3arsl TaOJUUHEIE JaHHKE M [OPUHATO, YTO HA aroM BOABGpaMa
NPYXOIHTCA JBa CBOGOAHEX 3AEKTPOHa. TIpE 3TOM HPEANONOKEHMH BH-
uncaenne paet W,=29,13 a8 u W,=W,- ©=13,7 s8. )
fipy T=0°K dyukuua pacnpeiencHua HaocOPaKaeTca NPAMOH, ne-
pecekaontefl ock abcuucc npn W, =W,=9,13 3. Ton ';ue npaMoi
¢ OYeHb OGONBMIOH CTENEeHBH) TOYHOCTH U300paKaeTCd W (YHKIHA pé_/c-
npenenenua mpu T=2000°K w W, < W, gmiore 10 W, A~ W,
Kormga B MacmTtale pHCYHKa AenaeTcs  3dMETHRIM PACXOXKACHHE MERIy
ofenmy yuxumamy. Mas Toro ytobel Ha pPHCYHKe MOKHO 6ul10 11po-
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CIEOUTs XO4 KpueoW BGiauay W

HaumHaa ¢ W,=13,2 58, opaunata ¥BEJHY
BAHHAY YACTh MAOmanu Kpusof, ouesuaHo,
SMHTTHPOBAHHHX  3JEKTPOHOS,

JAEKTPOHOB, nonanawinux Ha rp

xfg
W, o0
T T T 1 T T T T T T El Ll T
1234567640065
W =913 w=137

Puc. 111. Ipapux B CDABHEHHUA  KOIMYECTBA

SMHTTHPOBARHWX 3NEKTPOHOR € KONRYECTBOM 976K~

TPOHOB, NOAXONAMHE K  WOBEPIHOCTH H3HYTDH
MeTa1ia.

Iowanet  cnemyer OPIMHATY  OCHOBHOH KpWBOH Takwe YBEAHUETH
8 10% pas, Torga mowuo HACAANHO NIDENCT2BHTL Cefe, Kakas A0M8 3JeK-
TPOHOB, NOAXOAMMX K PPAHHIE METAnNa, OKaanRAETCS SMHTTHPOBAHHOH,
Ypessuuaiino kpyroe nagenue KpHBOK BOauzn W, =W, smecre ¢ Tem
NOKA3HEBAET, KAKOE 3HAYCHHE HMeeT BCAKOE, NaMe HE3nauUHTENbHOE, 1H0-
BHKEHHE DaloTH BHXO0Aa., Kak Mu YBUIUM HHKE, MOHUSHTE PaGOTY BH-

X043 MO¥KHO ¥TEM NOKPHTHA ME‘TH-’UI&-SMHTTEDEI OLHOATOMHON nJaeHkol
UYKEPOAHLIX SNEKTPONOAOKHTEABHBIX daToOMOB.

§ 15. Tepmoanestponnas smuceus n

PH HANHYHH YCKOPHIOWEro nojd
HAd MOBEPXHOCTH MeTanja.

ABTOSNeKTpoHNaN 3MuUCcCUR

1. HaMmeHende noms na MOBEPXHOCTH IMHTTEpAa B 3aBHCHMOCTH
OT ROTeHHBana awoma. B npakrtuuyeckux YCNOBHAX Ha NOREPXHOCTH
SJEKTPOLE-IMATTEPA B INEKTPOHHBIX npubopax Bsceraa CYMISCTRYET node,
TOPMOAIICE  HAH  yCKOPSIOWEE M€K TPOHHI. Ecau, wanpumep, s awone,
C4MOM TIDOCTOM H3 3JEKTPOHHHX NPHOODOR, HMEILEM BCEro Ana 3nelc:
TPOAZ — aHOAL W KaTof, aHOZHOE HAOPTKEHHE TIOAOKHTEALHO, HO He

OYEHL BEJIHKO, TO BOAW3H KaTO4a HakamnHeaetcs NpOCTPAHCTBEHHBH 3a-

pai. ITone npocrpancrsennoro 32pd4a TODMO3NT 31eKTPOHM, M B HTOFe,

Ira. 2

x=W,=13,7 38, aaa uwactu KPHEOH,
esa B 10* paa. 3amrpuxo-
NPOTIOPUHONANBHA KOAHYECTRY
@ TIOWAnL Beelt KPHBOH —— KOMHYeCTBy
aHHLY u3nyTpr metanna. Ilpu cpaenennu

l "CK : 7 203
§ 15] TEPMOANEKTPOMHAR 3MHCCHA IPH UAJMWYHI FCKOPSIOUENO TOJ
& U :PMOINE :
' y (aTeae  OKa-
Aake OPH NONOKMTENbHOM AHOMHOM HANPAKEHUH, NOJe :TacﬂM:)T;;aIHO o
I - amia
M, 4 UYaCTh DJIEKTPOHOB BO3B]
3LIBABTCH TOPMOBALLEM, 1ca ofparho v
TeHuwana npaobperaetr Bui,
:at01. Pacnpeaenenue no o
}\HC 112, a. [orennmansHuti 6apbep MPOAGAKAET nonnuman;ﬁca one
g ;m'la :eme ua BHCOTY [/, CBEpX «HODMaJbHOH» BHICOTR Gapbep
METAN
(2a)e = W, /e, 00ycaosnesnofi
Ta J X
¢BOHCTBAMH IMUTTEDA.

Ilocne tore Kak Ha pac-
CTORHMH X, OT TOBEPXHOCTH
smuTTEPa  OYAET AOCTHrHYT &
MaKCHMyM BBHICOTH (apbepa
(T. €. MHHHMYM [OTECHuMaAa),
j1a KpHBOH  pacnpenesncHus
NOTEHLHANa HACTYMaeT cna-
naiwnlHi  YyacToK, COOTBET-
cTRyULE raasubiM 0Bpason
1ol 0633CTH MEAKAYINEKTPOA-
HOFO TIPOMEXYTKa, rAe I[po-
CTpPAHCTBEHHLIA 32 PAN HEBENHK.
Bonpoc 0 BEJHYKHE AHOAHOFO
TOKa OpH HaauuHd MUHEMYM2
NOTEHIHAN3 B MEMAY3INeKT-
poasaM npocrpascree GyneT
paccmoTpen B Ta. 3 (u. I1).

[Tpu yBennyeHHH aHOAHOI O
nanpaxenus [, anoansit ToK

BCHHRIH 3a- ‘ -
SNAvaall St e3aeT Puc. 112, Pacupefenere (0T€HUHA1A B LIG
pill TOCTENEHHO  UCY \ PP
BeﬂHqHHa Um yMEHbmaETCH‘ a — npn HeHONBMAL HanNpAXEeAUAX H MUHUMYME TIOTEH-
H Npd AOCTAaTORHO G0aLLIOM uHanta BOM3N KaTONA; 5—::3: Geo}:ll?:mx HaTPARE HHAX
AHOJHOM HAUPAKEHBH NOJE B pelHmMe HAaChI] 3

KATOAE AEIdeTcs YCKoparo-

Efmu (puc. 112, 6). B 3tax ycaopuiX BCE SMHTTHPOBAHHBIE anex”rpon::
OVAyT 1OnzlaTh Ha 4HOA, T. €. HACTYNaeT DEWHM TOKa Ha[CjHI.ILEHOHF:) Ka,
T s -
; { NOAXEH NEPeCcTaTb 3aBUCETh O a
Ka3ana0ch OH, aHOAHHHE TOK A _ /
suiaerm yro B 06aaCTH HACHIEHHS aHOIHHIA TOK npgnon,xasTCEs;x
: TO Dpouc:
H Me[NeHHee, YeM paHblle.
npyu yeenduenns (5, X0Ta /70 xomr
ng'rog{v, yTG {IPH BO3PACTAHHH YCKOPAWIIETO TMNOJAA HA Karole y
waerca paboTta puxoza. o

Ha ppm: 113 xpupas a, npubamkamowancl aCHMITOTHUECKH K 3p:ﬂ§>:‘u

AA, nNOKA3HEBaET H3MEHEHHE [OTEHUHAAbHON amaprmapi aérle;?pm:emma

A, ; .

LIUHBIH MOTEHNHANBHKH Oa
CYTICTBHE BHEHIHEro nojd, T. €. of :
uy AUHHE b — u3MEHEeHHe SHEPrHd BO BHEIIHEM YCKOPALEM om[l]c:);igﬁ__
HOM Toge. Korma ofa fMoJs HAKA3IbIBAKOTCH, KPHBAA H3MEHEHHH nomer
UAANLHOR SHEPrHH SJEKTPOHA, WHHMH CJIOBAMH, cpopmz NOTeHIHA!
. u b

Gapbepa n300pa3nTcd KpHBOH ¢, CYMMOR KPHBBIX @
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NoKasaso pacnpeaenente 3He
Ma.'ThHO.\!y K HOBEPXHOCTH,

TPanuLy Mmetanaa (cp. puc. 111). B orcyrcreue
TPONOB, nipeonoaesaourx NOTeHNHA

Wefw

.. o da
8 T>0% 1 aw-awean,

Puc. 113, Cnpasa — uamenenne PopMu  HOTERIH-
AILHOrO Gapeepa upy wasHumy YCROpsIOWErocs Ha
NOBEPXHOCTH KaTona; CAeBa — diyukuus pacapege-

aedun Fw,),

o och opavnar W Wo eTaowennt & onunakosom Macuitaje,

naoWany kpuso# pacnpeaenenns,
ROpPAOWEM Tione, Korna BwcoTa 6a
TOH we KPDHBOH,

ACKILIER  BhUle Nunun AA, 3 g ye-
PLEPA yMeHblaerTes, wacTeio nAaou1aau
Aewawed Buue auHee BA. Hamenenne pabotw sw-
€M BHELIHErO MOAA HASLIBAIOT shexrom Lloriky, no

HMEHR HEMeUKoro yweworo B. HloiTtry, PaspabBotasuiero TEOPHI} 3TOro

ABJEHHSA.
2. Teopun addrexra IMortin.

BHEWIHErO 11041 Takosa,

2ATCA B 00sacTe cua usg

Ilpeanoaowum, uro HaNPAKEHHOCTD
9TO BEPIIKHA  <nOTeHUMAAbHOrG X0AMa» Haxo-
Gpawenns. Kak sugno "3 puc. 113, caesa or

TPOH AeAcTByeT TopMosamwan caa, Clpasa yc-
€ CHA3 pasHa Hymo, T. e

i ! €
E’E-_—'@’ Fm= 5 VE: (15.1)

A€ £ — HanpamenHocTs BHEWHErD 1o,
X0aMa 10 10OBEPXHOCTH 3MHTTEpA.
Moncuntaem YMEHblUICHHE PaGoTH BHXOaa. Bo-ne
6ota, cosepwaemas MpOTHE  CHAB M3OGpaxenus,
KaK N0Cre npoxoxgedus 9EPE3 MaKCHMYM aaexTpo

KopsowWwas, a Ha sepunn

*m == PACCTOAHHE OT BEpWIUNM

PBHRX, OTOamaer pa-
HaYlHas oOT X TaK

Hit OyayT yxke naxo-

YHKe caesa
PIHR JBuweHHs 00  Hanpasaexuto, Hop-

And - 3AEKTPOHOB, nonasawmux H3HYTpH Ha
1019 KOAHUECTRO 31eK-
AbHKY  GapLep, BeipaxaeTca YacToio

S EPMOZJEKTP 41 IMHCCHA NPH HAJ/HYHH ¥CKOPAWIN ro nonsg 20;
HY C E
OHHA M !
3 10] E

; ' aBOTH BLIXOIa
JUTHCA B VCKODHIOLIEM node. JTO AaeT yMeHbdienHe pador

w2

Ll P (15.2)
AW, = 3 G = Axy

Xm
K0.1M2
< 4 A0 BEPLIHHB X0.aM
HacTK I TOBEPXHOCTH K4TOAd !
-BTOPBIX, Ha YYacTKe © ' : ' e ero pa
i S:Helze l'l’()IIE COREpINaeT TNONOKHTEAbHYIO pafoTy, BCIeac 3
RHEL
f0Td BBIXOZA YMEHBUIWTCH Ha ‘ 3-)
e (1o.:
AW/EZEEme &x—m_
FCK ‘0 noaa Oyaer
BoT: { W HaJMuHM VCKOpslower
B uwrore paboTa BBIXOZA NP "o |
c TEY. (13.4)
AW, =0 — — =P —p? E?,
Gp===0 . AW, — AW, =1 T

TOKd [OpPHMET BHI
Bilpa}!\'QHHE‘ I OAQTHOCTH TEPMOIMCKTPOHHOrO TOKa 0P

¥ 1
d’E @ €
~ B = BT TRT 3
j —DAT?% T =DAT?% e (15.5)
E—
TH 3IMUTIEpd
"CY 0N Ha TOBEPXHOCTH 3MMIL
'AK KAK MAOTHOCTL TOKa B OTCYTCTBHE T
Ho 1_a1(_ KaK A0 °
= 2. kT,
je=DAT?e
T0O i
= jooxp| E (15.6)
JE= LSRR 2T
DTKY.a .
2Rl }
- (15.72)
lnjE:InjE—}——kT—,

A1, eCan E Hblpﬂ:‘]’ia‘lb B BOJLTAX Ha caHTHMETDI
. ' L Ve (15.76)
Injg=Inj. + -7 .

£HUA TIpo-
Tak Kak HanpsKeHHOCTh 10/ Ha KaToneUE Bope;;:::;:g?::z anonngro
wennro U, T b

o g s TABJAEHHBM

nopunon:;;ﬂe ot [/, momkua u3o6paratecs rpapukoMm, npeic -
TOKA B a .  ectoy

Ha puc. 114. TTpsmoanHeilHan 3aBHCHMOCTS In _};a r?;u%}m{[euuﬁ }Ua

- - eHHA, M KOTX \

cBracTH TOKA HaChIL R,

Tg"?;g ;?aTona nogsaserca 06ycnosneHHsH npompancrai::; :anﬂ?w o

BH::H‘\[ ‘M TIOTEHUKANa, XOJ KPHBOH MEHAETCH. Hpo,’lz?[ BT

:eﬁn)"u)) yacTe 0 REpeceueHHs € OChID ODIHHAT, NOJYy4H!
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OTPE30K, pasHLl In j.. TIpu TouNOM 3KcnIepHMEnTaNs HOM Onpeseieny pa.

60TH BHIXOM3Z HEOBXOIHMO NOAL3OBATLCA  BEJHURNON /., onupeseeHHo i
3THM  CHOCOBOM.

W4

ln je

Vi

b}
Puc. 114, Boabr-amuepnan xapakrepucruka amona
8 Koopaunatax InJa, VU, .

Hafizew yseanaenue toxa HACHIUEHHS B OHAMHAPHYECKOM HHOAL

€ anoaoM paauyca 0,5 cu uw katonom panuyca 0,01 c.a npu U, == 1000 4
H TEMNEpaType Kartoma 7 = 2300° K. Ms FEKTPOCTATHKH

E: a —‘—-_——l

Flindryir)

(ra» 7y — paguycnl auoaa n Katoaa). Ha xaroae r=r, u

3 1
— F s G g : e'Q'Ez
E Kq—mm 25 600 BJ C.K, Iyi NO,QS,

Tg 0,28
J‘TZ eheS = ],.32,
Taxum  o6pasom, yeeanuenne anoiHoro ToKa pasno 32, Kax suano,
NDH BEICOKHX TEMIIEPATYDAX METANId H [10.15X nopanka 10% g'cu sipext
Ulortkn umeer ywe snoane 3aMETHYW BeHuuHY. B wawew npumepe

Xm= sV £

m= E=l,2- 10% ¢

H TIOHHKEHHE BRICOTH Gaphepa

AW, AWQ=22_'= 0,062 38,
m

T. € COCTARTAET HHMUTOXHYIO AOMO pabOTH BMXOMA @, Hanpumep, aas
BOAbpaMa 3TO 6yrer oKoao 1,36%,. HeobxonuMo n06asuTs, uto 1eo-
pus Brna  noctpoena B upemnonokenuu OZHODOLHOCTH MNOBEPXHOCTH
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3MHTTEPa. B NEHCTBUTEABHOCTH NOBEPXHOCTh SMKTTEPa COCTOWT M3 Da3-
JAMUHBIX FPaHedl MHKPOKPHCTANIOR M HEOLHOPOZHA B OTHOIICHHH 3SMHC-
CHOHHBIX CBOHCTB. HeEoaHODOAHOCTE MOWET 3HAYATENBHO HIMEHHTh BRI
kpasolt puc. 114. Ivor Bonpoc Syner pacemotpen e § 17.

3. ABTO3/eKTPOHHAA 3MHCCHA: OCHOBHbIE 3IKCMEPHMEHTAaNbHbIE
dakTel W duadveckan npupona. OnHT NOKA3LBAET, YTO H MPH CKOJIb
VIOAHO HH3KOH TEMNEpaType, HO B CHABHHX noasx, nopaaka 10%
-~ 107 8/ci, nabMOZETCH INEKTPOHHAN 3MACCHH, GHCTPO BOIPACTAOLLAR
¢ VBEJIHUYCHHEM HANPEAKEHHOCTH nNoas.

HanmeHbllas HAUPAKEAHOCTL NOA%, DU KOTOPOH IMHCCHS J2J4€TCR A0
CIynHOH HabMOLEHMIO, BABHCHT OT COCTOSHHA LIOBEPXHOCTH, ¥ OHAa MHOTO
MEHBWIE IAS 3MUTTEPOB, Hd [IOBEDXHOCTH KOTOPHX HMEHTCA 330CTPEHHA
H HWEePOXOBATOCTH, UeM 1A SMHTTEPOR C Xopoulo OT]'IOJIH[)OBHHHOH oG-
BEPRHOCTHIO,

Kak GOb10 TIOKa33HO BBIIE, NPH HAAHYHH 10JA HA NOBEPXHOCTH Me-
Taana TOTEHIMAALHBIR Gapbep NpUAHMaET (DOPMY <«X0TMa» € MAKCHMY-
sMom BOIU3N IMOBEDPXHOCTH METanna. BepumHa X0Ma A3XKE NPH CaMBX
CHALHBEX NOJAX JAEKHT MHOTO BHUIe yposdus epMu, Tak .4To Np# HM3-
KUX TEMNepaTypax IIPaKTHYECKH {IeT 3AEKTPOHOB C 3HepruaMu W, >
> W, —AW. Tak Kak W 0OPH HH3KHX TeMNepaTYpPax Hab/IOIAeTCs HMHC-
citf, TO DOPHXOAHTCA NPEANONOKHTE, HYTO 3INEKTPOHH HE MPEe0aoneBaroT
Gapbep, 3arpauuBas na 310 pabory W, -— AW, a npoxoaar ckeoas
nero. Takwe mnepexoasl CKBoab Gapbep, cosepiHaeMbie 6es 3aTpatel pa-
GOTH IAEKTPOHAMH, A% KOTOPHIX

mus, -

T:W‘,'(Wa—*dw, (108)
MONYUHJIH B KBAHTOBOH MEXaHHKE H4A3BAanHe TYHHEAbHHIX uepexolon, Bos-
MOKHOCTH TYHHEIBHHX NEPEXOJ0E OOBACHAETCH BOAHOBHIMH CBOHCTBAMH
3MEeKTPOHOB,

IMHCCUS  3J€KipOHOB, NPOWEANBX CKBO3b Gaphep NMyTeM TyHHC/b-
HBIX NEPEXOI0B, NOAYYHAA HASBAHHE ABTOIJTEKTDPOHHOH 3MuccuH ¥), Kak
OyaeT NOK43aHO HUKE, TEODHA SMHUCCHH B CHIBHMX 3JEKTPHUCCKHX MO-
JAX, OCHOBAHHAA HZ TNPEAMOAOKEHWH O TYHHEABHOM XapaKTEpPe NPOXOxK-
AeHWA CKBO3b §apbep, BIOAHE UOATBEPKAAETCA OTMBTOM,

4. TlpoxomaeHHe 3MEXTPOHOB CKRO3b Gapbep, umewmnd dopmy
<NOTEHUHAALHOre Xx0aMar, OTHOCHTEIBHO 3JEKTPOHOB, CKOPOCTH KO-
TOpHX noauuiensl ycaosuo (15.8), B § Il noxaszano, wto OHM B xoHeu-
HOM UTOrE ULEIHKOM OTPAKATCH OT 6apbepa, Tak MTO PasHUlLL MEKAY

*) 370 HasBaHue YKA3WBACT HA TOT (AKT, YTO SIEKTPOHH NPOXCLAT CKBO3H
Gaphep B CHIY NDHCYIMMX HM BOIHOBHX CBOBCTE 6e3 JIONOAHHTeILHOIO HX BO3-
OysacHHA BHeNRM Bo3nelcTsueM. Ho ono He oTpawaet Toro, 9o Ges BHeMIHero
BACKTPHIECKOrO MOJA, NPANAIOUIEro Gapbepy (OpPMY <XONMa», IMHCCHA GHAA G
HEBOIMOMHA. Y YHTHBAA 3To 0GCTOATEALCTBO, KOMUTET TEXHMUECKOH TepMUHONOTHH
AH CCCP pexoMennosai HoBOe HaapauHe: <€INEKTPOCTATHYECKAA IMHCCHA». Mnorna
B -THTEPATYPE BCTPEUAKITCH H CTaphie HA3BAWHA: ¢XOIONHAA FIMHCCHAY M <BHIPWBA-
HHE JTEKTPOHOB 3ICKTPHUCCKHM TIOIEM».
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BBIBOTAMH  KJACCHUSCKON KM KBAHTOBOY MEXaHHKH 45 HHX Kag 6}'111‘0
ner. OIHaKo MOKHO TIOKa3aTh, YTO 4ACTh 3MEKTPOHOB MPOHHKAET B Ty 6b
NOTEHUWAABHOIO Gapeepa Ha HeGOJBIIYID FAYOUHY. DTO ABACHAE MOMHO
COMOCTABNTL € OJHHM ABJICHHEM U3 ONTHKH.

Ecan ua nosepxuocts pasaena nasyx cpea { w /f (npuuem cpesa |
ONTHYECKN (07i€e NIOTHARA) DafaeT 3AEKTPOMarHHTHAN BOJHA NOT YTI0M,
O0ABILAM NPRIETBHOrO, TO TPONCXOAHT MOAHOE BHYTPEHHEE OTpakeHHe.
Oxnako ® cpeze /I B6ausu nosepxHOCTH pasiena Ha PaCcCTOAHHEX T10-
pPRIKE A4WHBl BOAHRE BOJAHOBOE JIEKTROMArHUTHOE MOJIe He PagHO Hy IO,
XOT 1IOTOK SHEPTHH HEPE3 TPaHuly B CPEAHEM 33 MEPHON DAaBeH HY.Tw.
310 ABAcHUE ObIJO TEODETHYECKH HCCJASHOBAHO MOCKOBCKHM pH3KHKON
A. A, DHXeHBaJLIOM W 3aTeM 0GHAapyKEeHO IKCNEPHMEHTAABHO KAk 19
ONTHYEeCKUX IJMH BOJIH, T4K W AA9 BOJH ACUNMECTDOBOFO  AMANA30HA
[J1. A, 2, 1. 2, 1. 23], MOKHO CKA33TE, TAKHM 00Da30M, 9TO NPH TTONHOM

[T
w i W T
1
Wy ——— Wi %
! 1
I I E ! / , W
i ]
| 1
_
I | 3
a) &)

Puc. 115 K Bompocy o NpoXolIeHUM 3IEKIDUHOH Yepes ups-
MOYTOJIbHHH Bapeep.

BHYTDCHHEM OTDAAKEHEH DACKTPOMAriHTHAY ROMHA Y4CTHYHO MPOHHKAET 3a
fIOBEPXHOCTE pa3AEAz,

Hro0bl OKa3aTh, 4TO INEKTPOHHBIE BOIHH MOTYT MPOHHKATH B FIyGUHY
NOTEHIHATRHOIO Gapeepa, RO3ILMEM CHaYaldd ABE CPEAM, PasaefeHHHe
CTYMEHUYATHIM MOTEHUHAEHKM GapbepoM BucoTer W (puc. 115, a).

Bocnonssosapmmce  o6osnavenwsvn  § 1, mowno Hanucate aas
AMIIETY A6l BOMHOBOA (yHkiuu e cpene I

Y= aye/fe¥ == qe—

b= I (W, — W), ky=Jk (15.9)

Tax wak W, <{W, 1o & wmHHMO, % [IeHCTBHTEALHO # GoAbIIe HY 14,
Keaapat wmoayas ¢, onpeaeasiownit HEPOATHOCTh MECTOHAXOMXIEHHSR
9AEKTPOHA, paBeH:

npe x==0 |¢q=al,

[IpH x>0 ll,Psli:a:e*ikx:a;exp[_%Vrg;l—(wx—)'x]. (15.10)
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Ans notoxa saexkTpoHOB © 3Heprsmn W, monmanalciero na Gapbep,
Aekalmal npa x == 0, BepOATHOCTb HAXOMKIEHWS 3IEKTPOHA Ha paccTos-
HUM X OT [PaHHUW J3ET OTHOCHTE/BKEYI [MIOTHOCTE 3JEKTPOHHOTG
noroka B srom Mecte, Ecaw, mHanpuwmep, (W—W,) =1 38 10

exp [—- _‘_lkg Vom (W — W) xJ =exp[— 1,028x), rae x BHpameHo B

aurcrpemax. Fro wucao ams x=1A pasno 036, a mam x=10A
roabko 3,45 - 1075 OTHOCHTeNBbHAA TJAOTHOCTh 3]EKTPOHOR HENPEPHBHO
yOuIBAET ¢ YBEeNW4YEHHEM x, H C/JEIOBATENBHO, B cpele [/ Her noToxa
3]EKTPOHOB, TEKYMWIEro OT rpaHuns, 10 03HAUAET, 4TO 27EKTPOHE,
IIPOHMKILKE B cpeny /I, Bosspamantcs 00pPaTHO, U ECIM DACCMATPHBATH
MPOMEKYTOK BPEMEHH, AOCTATOYHO GOJbLIOH CPABHHTEABHO € BPEMEHEM
npeOHBAHHA 3MEKTPOHOR B cpeae /I, 10 KOJMYeCTRO 2AEKTPOHOH, Npo-
GIELMIAY YEDE3 TPAHKHLY B Cpeay [/, ¥ KOAHYECTBO 2JEKTPOHOB, Npomel-
IUHX YEPE3 FPAaHHOY B OOpaTHOM HanpasaeHud, GYaeT ONHHAKORBO,

PaccMOTpHM  Teénepn npaMoyroAbebit  Gaprep, wHaoOpawendslil Ha
pac. 115, 6. DneKkTpoHHME BOAHB MPOXOIAT HBAa Pasa uvepe3s rpaHuuy
meway cpefamu [ — M w H— i/l w Ha Kawa0M rpamHue uCnETHBAOT
qacTHYHOE OTpakenne, Takum oO0pasoM, 48 Toro utolbl HalTH aMmAu-
TYOY 9SICKTPOHHHX BOAH NOCAE NPOXOWICHHS uepea Gapbep, dAHBIMH
CAOBaMM, OTHOCHTEABHOE YMCAO NEKTPOHOB, NPOWIEALINX CKBO3b Gapbep,
HY#HO HalTH peieHHe ypaBHEHHH

d*¢ye | 87im
dxg } hﬁ
42 8nim
dj’ + % (W, — W)dy=0 aan cpeas /I,

Wy ;=0 a9 cpex [ u Hl |
' {15.11)

Npeanonaras mpH  3TOM, 4TO B cpedax [ w [l cywecisywoTr BOAH,
pACNPOCTPAHAIOILMECH KK B HaNpaBASHHH X, TAK M B HaNPaBJICHAH — X,
4 B OesrpannyHod cpese [/ ecTh TOMLKO BO.HA, PacIpOCTPAHAIOWLAACH
B HanpasienHy x. 3Ha4HT, PEIUEHHA HAN0 HCKATh B BHIC

p=eM¥ L pe x|, — g eitx + byemkex, 9y —auetir, (15.12)

riue 4epes ky u k, 0003HayeHpl TE KE BENHYHHH, 49TO H padbie (§ Ib),
2 aMIUIHTYA3a najawliefi BOJIHH, T. € BOAHB, HIymeH B nepsof cpese
B HaNpasieHHH X, NPHHATZ 338 CAMHHULY, By, by, @y, a3 — OTHOCHTEMBHHE
AMIIATY AL .

341393 CBOAATCA K HAXOKAEHHI0 MOLYAS @y, NMPH FPAHHUHBIX YCJIO-
BUAX, BHTEKAWOIHAX 43 TPEOOBZHMA HENPEPRIBHOCTH HAa OGEHX rDAHHLAX.
Pewenne wmomuo matitn |JLA3, 1. 1, ra X[}, nonssyuce 0OGbuHBME
IpHEMAMR; OHAKO Mbl DOAYYHM npubamxennoe peuiesne Gojee NPOCTHM
crnocoboM.

Bynem npeueGperats orpaxenneM Ha rpasnue J{ —J/, T. e npeMeM,
NTO SACKTPOHH, f0Aoweiline K rpanuue /f — flf, ne BosppamawTtcs
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Hasal, a o0pasyloT [OTOK, nepexoadwull B cpeay M1 Otvocwieashnas
TZI0THOCTL 5AEKTPOHOB B 3TOM NOTOKE PaBHA

D:exp{—i—“dl/?m(wa— W) (15.13)

H2 OCHOBARWH GOpMYyaw (15.10), B KOTOPOH, CUEBMAHO, HANO X 3AMEHHTH
depez d. Dra npubanmkenuan (hOpMyn2 BEPHA € TOMHOCTBIO G NOCTOAN-
HOro  MHoxuTeAn (6AH3KOro K CAMMHLE) H, CTano GhTh, GPABHALHO
N€pelaer xapaktep sasucuMocn D or d u or (W—- W.). D soxuo

Ha3BATL KOIPPHUUEHTOM NPO3PaYHOCTY Gapbepa, a KosppuuH-
E€HT OTPaKEHHA pamen

R=( — D). (15.14)

Cuutas, u4ro pasHoCTh (W—W,)=2 38 mnoayuum CAEOY IOLLY O
Tabauny ann Kosdduusenra OPO3PayHOCTH MPAMOYFOUILHOTO  Oapaepa:

d[A] l 1 15 ‘ 20 | 5,0 10,0

.

!
| |
; |
D ‘ 0,235 ‘ 0,114 , 0,055 ,’ 7,0 10 1 4,95 . 107

Ckposb Gzpbep npotexaer 3MCKTPOHHHR TOK, CHAZ KOTOPOro OueHs
6uCTPO yOmBaeT ¢ wupuHOH Gapbepa: MOWHO CKd3aTh, 4TO CKOJBKO-
HHOYIL 3aMETHHH TOK, COCTOAUIHH W3 «TYHHENBHMX» JAEKTPOHOB, M0-
yHaercs, ecM WHPHHA 62pbepa MOPAAKa pa3MepoE aToMa.

w

Z, ; z

— T f—

Puc. 116, K sonpocy o npoxomaenms 31EeKTPOHOB Yepe3
6aprep npoimBONLHOR GOpPMH.

Jlerko BHEeTs K3 dopMyaw (15.13), uto TyHHeannw# sthdexT npak-
THYECKH MO¥er ObITh 3aMeTeH TOABKO s YacTHH C OYeHb MaacH Maccol.
CyILeCcTBeHHO, Y10 SNEKTPOHBI, NPOIIEAIlHe CKBO3b Gapeep «TYHHEJbHHM
CnocoSoM», He Coueplialor paGoTH M, 3HAMHT, SHECPTH MX HE H3MEHAeTC s,
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B cayyae Gaporepa Gonee Ch0XHOR (ODMH pacuer MOXHO BecTH
CTEIYIOWMUM 06pa3OM: 3aMeHHM JEHCTBHTEAbHHHA 6aphLep pPAIOM HPAMO-
yroAbHeIX Gapeepos (puc. 116). Ilycth wmpawa Gapsepor dx,, dxy,. ..
[IPO3PAYHOCTE KAKIOTO MPSMOYTOABHOrO Gaphepa BHpakaeTca (opMmyaot

D, = C, exp { — 4,; Vam[W(x)— W, |dx, } (15.15)

rae W {x)— Bucora Gapnepa, sasucamas ot Koopaumuatsl x. Ipn no-
CICAOBATEILHOM TNPOXOKAEHHW BCEFC pAAa TPAMOYFOALHWX Gaphepos
KasIHA  pasz OyAeT NpPOXoANTh N0Ad, pasHas [}, D, ... oT uucAa
3JIEKTPOHOB, MOAOINEAUIMX K [aHHOMY 6apbepy. Yuacrox OBapsepa, rie
W(x)>W,, npocrupaetca o1 X, 10 X, CNeACBATENLHO, HTOTOBHH
KOS(PHIMEHT PO3PAYHOCTA BCero Gapbepa pased

D=D|Dgos PP Dn.
Hcnoasays dopuyay (13.158), noayuum:

D=Cexpf — V2 W (xy) — W, dx,} X

X Cexp{ =V 2m (W (x) — Wx]a!x,}

wii B npesede, ofo3navas npoussesedne I (C,) vepes C:

X

D=c¢C exp{%%flf?m[W(x)¥Wx]dx}_ (15.16)
Xy

5. Teopua awvTosnexkTpoHnoii sMucchu. IloTeHuwanbHmi Gapwep,
HMERIIHH BHI XOAMA, MOAYYAETCA HA TIOBEPXHOCTH METAA/1A TIPH HAaAHYHE
BHELIHErO YCKOpsomero noas. Kak 6wno nokasano swiumie, nps Hanps-
WEHHAX, VHKE BSaMETHO B/HAK-
HIMX HZ BEAMYHHY TepPMO3JeK-
TPOHHOIO TOKAa BCJAEACTBHE TO-
HUKeHna paloTH BHX0Ra, Bep-
HIHHA XOonMa HaXoIutTca Ha
paccrosnen mopsgka 100 A or
nosepxHocTd mMeranda. Ulnpusz
Gapbepa MHOIO 6OAbLLIE ATOMHLLX
Pa3MEPOE, W 3HAYWT, TIPpH 3THX
YCAOBHAX HE IPHXOIMTCA OKH-
AaTh  3AMETHOTO  TYHHENbHOrO

9¢¢§KT3. ) Puc, 7. Xapakrep wamenennn §opMmul
€M YBEMMUATHL  BHEWIHEE  6apiens werasza npu FBEIMUEHHH BHEL-
noxe, 1o fopma Hapeepa 6yaer HEro meas,

H3MEHATLCHA TaK, KAk 3TO MOKa-

3aHO Ha puc. 117. Byser MOMMMATRCA U NMPAGNHKATLCA K NOBEPXHOCTH
MeTanna Bepulnna  Gapoepa M YBeAHYHBATHCA KPYTH3HA €ro  ChnagaHus,
B Bepxne#t wactu Gapuep Gyner nenatbcs mee e,

Fa
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3amenuM Gappep OPU CUABHBIX YCKOPAIOWIAX 105X OCTPOYT O TbHBIM
GapnepoM  Tak, KaK 3TO M306paKEHO Ha puc. 118, Byiem umers, cudras
MOHMAKEeHHEe 0aphepa HeCYWEeCTBEHHBIM:

mp x =0 W{x)=W,

npr x >0 W(x)=W,-—eEx.

Ecau esath B Meranne rpynmny snekTpoHoB ¢ gHepruelt aBHKEeHus
MO HanpaeieHuo x, pasHoft W=z mvi/2, 1o ans mux Kosdduupent
Npo3paynocTy

D‘X/_“:Cexp{~é’?1fﬂz“[W(x)—"d’/x]l-"'zdx}z
_ \ ,
EEd r**xs
=Cenp{— Ty zmSL W, —eEx — W,dx},
1]

OTKyaa

_ 4n2 ) Im

DW‘: ¢ €xp { ‘E W‘_ [ - (W-ﬂ - EEx'l - u//-.\r)a“l2 — ( w"a - w.x)g li }

Ho W, —eExy— W,==0, Tak Kak 9Heprua s1eKIpoHd MOCIE BHXO1d

Wiz)-w,-Fex

1
1
I
[l
1
1
[l
[
t
i
'
1

z~d I~T z

Puc. 118, K pacuery seanuntw asto-
FTEKTPOHHOR IMHCCHHU.

43 «TYHHES> TaKA9 We, KaK A0 BCTYMACHUA B Hero. Taxkum ofpasom,
A5 AEKTPOHOB sHepruu W, xosdduuuent npospayHocTH

87: ]/—2? e 3 ] -
DWX=Cexp{-—-§k—(W’a— W) 5} (15.17)
Tounas rteopus nas Gapeepa OCTPOYTOJbHOH GODMHL H BHICOTH W,
NpHBOANT K Qopuyne (¢M, Hanpumep, [JI 2.5, npumevanus x § 39,
cTp. 393))
AV W W, — W) 8=V Im ... 1 =
Dy = %Wexp{—-w(wa— le)E'f*E}- {15.18)
Herpyano tenmepe noayunth Brpamede A8 NAGTHOCTH TOKA 2BTO-
SICKTPOHHOA amuccun. Tlpn T==0° K KoaIHuecrso 3JeKTPOHOB €O CKO-

il
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pOCTAMM B lpenenax ol v, 10 U, -+ dv,, HOAXOMHEHX H3HYTPH MeTadad
kK 1 cxu® nosepxuoctu 3a 1 cex, pasHo {cm. § V)
drm’

[#o]r o= ¥ (¥ — i) do.
s [d"m-]r=n SJEKTPOHOB CKBO3b Oapbep mnpohiaer
dv, — D\_\,n’_{ [dv‘"x_]fzﬁ
saektpoHos. 3avedad & (13.18) W, uepes mui/2Z u uuTerpapya dv,
C o /2wy .
s npeserax or v, =0 no ] = {MaKCHMATbHAN  CKOPOCTb  UPH
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B dopuyae (15.21) sausuue muokuTers £ (10106HO  BAHAHAW
sHoxarens 7 v popyyne Puvapacona— dewvana) HegHauuTensHno. Boxee
CYIECTBEHHO TO, 4TO B IIOKasaTeAb creneHr dopmyas (15.21) sxoawt
paGota sBoxoaa P, 1. e. oT Hee B CHABHOH CTENeHH 3aBHCUT f,..

6. CpasHenue Teop#d ¢ onuiToM. Ilepese 3KCHepUMEHTaMbHbIE
HCCIEN0BaHNA 3aBTOIEKTPOHAOH 3DMHCCHHM A4BAJH TOJBKO KaueCTBEHHOE
ROATBEP:KICHHE Teopuu. PacxoxieHde Npexkae BCEro COCTOAIO B TOM,
4TO 3AMETHOH 3IMHCCHE TEOPeTHYECKH MPHXOOMIOCh OXWIATL NPH Ha-
npsKeHHocTH  noad mopsaxa 107 slcu, a Ha onwTe Suuccud  Guina
3dMETHA y#e B noaax npemepHo 8 10 pas caaGee. Kpome toro, npu
YCHJAEHHE NOAA SMUCCHN BO3pacTania OeICTpPEE, ueM Toro TpehoBana TeopHA,

[pnunHy Eecoraacus MoxHO OBLIO BHAETb B TOM, UTG [0J€, OAHO-
polHOe BIadl OT MOREPXHOCTH SMHTTEPd, ALNAETCH HEeOMHOPOIHEIM BGIHIA
ree, Ha noepepxnocTe name xopoiuo oTILAHGOBAHHOTC SMHTTEPA HMEHOTCA
MAXPOCKOMHYECKH Maibleé BHICTYNH H BHOAAKHH, 3 HAMPAKEHHOCTh NOAR
Yy BEICTYHOB, KAK H3BECTHO H3 3MEKTPOCTaTHKH, B0JbLUe, YeM Ha raalkoh
NOBEPXHOCTH K BO braiuue. BuCTYns H3 MOBEPXHOCTH OODa3yiOT <nATHA»,
¢ KOTOPHIX IMHCCHSI HAUMHAETCH NPH MEHbIUEM HAMPAKEHUH, YeM ¢ OCTa/jb-
Ho# nopepxxocTH. Toneko B Henasuee BpeMsa  Ounn  OnyS/AWKOBaHB

(15.21)
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Pe3yJA6TATEl ONBLITOB, B KOTOPBIX 3MHTTEPOM C/yXHA2 TOUYTH HIEATBHO
raagkas noaycdepa, NOMYYAIOWLAACE TpPH ONJ3BAEHMH ocTpua, Mertox
IO/IYYeHH TaKHX TnoBepxHoctel Gyger onmcad B § 33, a 3nech Ml OCTE-
HOBHMCH TOMBLKO Ha pPe3yAbTaTaX H3MepeHHit,

B onnitax Xstepa HCTOYHHKOM 3MHCCHM CAYKHIM 3aKPYTAEHHEIE
KOHUB! Boan)pauosux NpOBOQJOK € paauyCcaMH KDWUBH3HB B npeneaax
1,3 — 16p. Tok ¢ ocTpua naomaneio S, Kak sagHo u3 (15.29), mowxHo
ApeaAcTaBuTs hopMynof

b2 =

In/,=In(Sf,,)=1 (-;S)-—-Q]nE——E——. (15.22)
dopuyaa (13.22) noxaswsaer, uro In(/,,/F?) nonxen audedno zasucers
or I/E, uTo Rmoane M noaTeepPaunoch. [loaTeepxaeHa Ou/ia ONBITOM K
Tpefiyemas Teopuell Junedinas 3asucumocrs In (/,,/EY) ot @** Hakowen,
H uncAeHRne 3Havemna 7 u @, BHuucAeHHHE M3 u3Mepenufl asrto-
INeKTPOHHOR 3MUCCHH BOAbpaMa, OKazanuch, B XOPOLIEM KONHYECTHEH-
HOM COOTBETCTBHH CO  3HAUYCHHAMH, HalIeHHBIMU APYTHMH  METORAMH,
MoXHO CKasaTh, YTO ONHT BHOJHE MNOATBEPHAZET TYHHEIBHYIO TEODHRD
dBTOSJEKTPOHHON 3SMHCCHH.

3aBMCHMOCTL TOKA dBTO3MEKTPOHHOR 3MHCCHH OT paboTe BHX0Aa
OOHEPYHUBACTCA TIPH H3YYEHMH 3TOTO ABACHHA C MOMOULLIO 3JEKTPOHHO-
MHKpOCKONHYECKHX Meroaos (cm, 4. I, ra, 3)

Camo cofo#l paayMeeTcs, 4TO W3MEPSHTh TOK aBTONEKTPOHHOR sMUCCHH
caeayeT mPH  TaKHX  TEMOEpaTypax, KOrLa TEPMOINSKTPOHHAR SMHCCHA
COBEPIUEHHO HE3aMeTHa.

B obuiem cayuae SAEKTPOHHHA TOK C NOBEPXHOCTH METaNla, Tewmie-
parypa kortoporo 7 7= 0° K, yner CKIaAHBATBCA W3 «CODCTBEHHO TEPMO-
FNCKTPOHOB», AN9 KOTOPHX

mus .
Wx — T > W‘a

(W, Buie ypoews A—A Ha pwec. 113), n3 «lloTTKe-31€KTPOHOS>,
SHEPrHH KOTOPHX JewaT Meday YposBHAMH AA v BB, u «TyYHHenbHHX
SACKTPOHOB» ¢ sHepruami W, gexamiumn Huxe ypoend B — B. Yacte
«TYHHEAbHHX 3JCKTPOHOB» OYIET NOCTYNMATh C MOYTH NSTHKOM 3aN0NHEHHBIX
ypossefi, newauwx Hike yposus W, 3Ty wacts MoRHO HaHTe no dop-
myae (15.21). JIpyraa uacTe TyHHeabHHX 3JAeKTPOHOB OYyJET NONAmATh
B BaKyyM C yposueh, nemawux mexay W, v BB; ux creayet oTHecTw
33 CHeT BJAHNHEA TEMIOEPAaTYPH Ha aBTO3AEKTPOHHYIO 3MuccHio. llpw
GosbiIod HANIPAKEHHOCTH TI0A% HA NOBEPXHOCTH METANIa M HH3KOR Temnepa-
Type NpeohrafaloT <«TYHHEABHHIE 2ACKTPOHBI> H H3MEPHETCH MPAKTHYECKH
TOK aBTO3NEKTPOHHOH 3MHCCHA; npH ¢Aa60M N0Je i BHCOKOK TeMnepaTtype
«TYHHEJBHHX JEKTPOHOBY MOUTH HET W H3MEPEHHS NAKT TEPMONIEKTPOH-
HH#l TOK, B Soabinell s Menbliell cTenedn naMeHeHHHH sdgexTom LLoTTRHE,

7. MepcnexTussl HCOOALIOBAHHA ABTO3AEKTPOHHOA SMHCCHH B
npuSopax. Karod, neHCTBHE KOTOPOrO OCHOBAHO Ha HCIOAL30BAHMH
ABTOINEKTPOHHOH 3MHCCHH, HOMKeH UMeTh pAL NPeHMyecTs 0o CpaBHe-
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HUIW C TEepMO3JeKTPOHHHME Katolamu. Ilpexnae scero aBToa1eKTpoHNGIH
SMHTTEP TMO3BOJAET MOJAYYNTh SMHCCHOHHBIH TOK OrpoMHON TAOTHOCTH —
10 10% a/ex®. DTo 3HayHT, YTO KATOH, NOBEPXHOCTh KOTOPOTO €18a
MOKHO PpasrafieTb 8 XOPOMIHE MHKPOCKON, CIOCo6eH oTxasaTh TOK
B HECKOABKO amnep. Tawoff xaTold MOMKET CAYKHTb [MPEKPACHEM TOuEY-
HHM ACTOYHHKOM 3JMEKTPOHOB. ABTO3NEKTPOHHLK KaToa He TpedveTr pac-
X0Aa SHEPrHH Ha HakaJ u npakTudeckn Geswmuepunonen. CHIbHag 3ash-
CHMOCTb TOKA aBTOSJAEKTPOHHOH  SMHUCCHH OT HA[OPKEHHOCTH N0oad
DO3BOJACT [OAYYHTh HOﬂbT'aMI‘iE‘pH}'IO XAPAKTECPHUCTHKY C GobicH
KDPYTH3HOH.

Koneuno, nanexo ne vceraa p npufope BO3IMOKHO CO3JaTh Ha Ka-
TOAE CHJIBHOE YCKOpdiollee Noae, HeolXoauMoe A7 TOAYYEHHA aBTO-
IMEKTPOHHON SMHCCHM. 2DTO OTPaHUYHBAET O0A3CTh IPHMEHEHHA @BTO-
3MEKTPORHNX Karonoe, Ho raasHoe NpendaTCTBHE A [PAaKTHUECKOr O
NPHMECHEHHA aBTO3JCKTPOHHBIX KaTOA0B COCTOMT B TOM, YTO 10 CHX 0OO0p
He YIaeTcd pelWHTs BONpoc 00 HX CTabHABHOCTH MW A0ArOBEYHOCTH.
Hounan OGomOGapaupoBK3a B YCAOBUAX OUCHb BHICOKKX HAaTNpAmeHuH pa3-
pyliaeT KaTod W AJAd AJSHTeNeHOH paBoThl OKa3WB3ETCA HEOOXOAHMEIM
NoAsepAHBATL B npubope ceepxsuicoknit sakyym {1077 — 10712 ax pr. cr).
Sto TpeboBaHue LA TEXHHYECKHX NpHBOPOB MOK3 HEBHINOAHHMO. Kpome
TOrQ, Ha CTaGUABLHOCTL SMUCCHH CUILHOE BAHSHHE OKA3WBAET a1CopOuMd
KaTodOM OCTaTOUHBIX [230B.

TakuMm 06pazoM, NONHTKH HCMOOAL3OBATE ABTOIICKTPOHHYIO SMHCCHIO
BCTPEMAIOTCA MOKA € CEPbe3HHME TEXHHYECKHMH TDYyAHOCTAME. OAHaKC
yiKe H3BEeCTHH NPAMEpH, KOTA3 YAaBaloch A00HTLCH ycToHuHBOH DpadoTul
aBTORMEKTPOHHOIQ KaTola, uMeBmers (HhopmMy OCTPHY B TEyeHHe COoTeH
4acoB, [loaromMy MOmHO Hagearbcs, 4T0 B HejanekoMm OyaymeM OyayT
pa3paboTaHH TEeXHHUYECKH MDHEM/EMHE AaBTOSJEKTPOHHBIE KAaTOAH. ABTO-
NEKTPOHHOH  sMHCCHM mOCBsiueHa wouorpagms M. M. Enuucona u
[. &. Bacuasena |[J1. 2.45].

§ 16. MaeHoulble TEPMO3INEKTPOHHBE KATOAM

1. IMUCCHOHHNE NOCTOSHHBIE METANAOB, MOKPHTHX MNASHKAMH.
CywmecTsyer oueHb OOMBLUIOE UHCAO  HMCCAEM0BAHHE,  NOCBAWEHHHX
BARAHHIO HA SACKTPOHHYIO SMHCCHIO TOHKHX CAOEB HHOPOAHLIX ATOMOE,
HaHECEHHHX HA NOBEPXHOCTb MeTaana.

HekoTtophe nokpeiTes, Hanpamep Topuit wan Gapull Ha soandpawe,
AA1I0T 3aMETHOE YJAYMIICHHE SMHCCHOHHKX CBOACTB, B TO BPEMA XaK ApY-
FHe, B3 KOTOPHX Npexie BCEro HaIO YKasaT, HZ KHCAOPO[, KOTOpHHA
MOWET aacopOHpOERATBCA MOBEPXHOCTLIO METAMJAHYECKOrO KAaTOAa B TNpO-
necce COOPKH, OTKAUKH H SKCNAYATAlMH JaMMbl, Pe3KO CHHKAIT SMHCCHIO,
IlosTomy BOMpOC O BAHAHHH NOKpPHTHA HA CBOACTEA KAaTOAA NpeacTaB-
JA%€T SHAUHTEABHH NPaKTHUeCKHi HHTIEpEC.

Tlpn o0003HaYeHHA THMA NJEHOUHONO KAaToda CHAuYaka YKasWBaercH
OCHOBHOH METand, a 33Te€M BEWEeCTBO MOKPHTHH, Hanpumep: W —Th—
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——ILIEHKA  TOpuA HAa BOAbQpame, W -— O —Ba--ienka Gapus  na
NPCABAPHTELHO OKHC/ICHHOM BOAbhpaMe u T. .

B 71a6n, 6 npuBeneHH 3MECCHOHHEIE KOHCTAHTHI HEXOTODLIX I1eHQY-
HHX  KaTOMOB, COCTOALIMX W3 MaCCHRHOIO MeTamia (KepHa WiH noa-

AOKKAY), TOKPBITOrO OAHOATOMHOH OAeHKOH HHODOAHBIX aTOMOB {UH(pK
B Tab.IHIE OKpYTAeHb).

TaGanma 6
IMHCCHOHNBIE KOHCTAHTHI N/IEHOYHBIX KaToaoB

) - i : KOHC1H|]TLI’ NACHCUHOrO Karoad
KaTox ; PafoTa metxoza MeTaa- | Fatota suizona mera.- .
l Ja Kepua [#5] Ja IOKPBITUA [#8) Pafora BuIxo- | . o
! r w2
i ! aa s8] M2 apant ]
i
Wr —Th 4,5 H 3.4 2,7%) 3
\7\" —Ce 4,3 28 2,7 8
& — Iéa 4,3 i 3,3 2,7 8
[ — Zr 4,5 i 4,1 3.1 3
W — Ba 15 | 2,3 16 15
W—Cs | 45 1,9 15 3
Mo —Th 4,2 \ 3,4 ! 2,6 I,5
Ta—Th 4,1 i 34 I 25 1,5
Pt—K 5.3 29 [ 1% =
Pt — s 59 : 10 R —
|

*) MHBEMAILHOE HAMICHHO® W3 ONbITA SHaYeHHe D = 2,63 24,

B rtexnuveckux kartonax npumenstorcs W — Th u & nocieanee EpEMA
W —Ba 8 katonax ocofol KOHCTPYKUMH.

A9 mpaKTHKE HMEET SHAWEHHe BAMAHHE MOBEPYHOCTILIX NIEHOK
BOZOpONA W KMCIOPOAa HA paGoTy GBIXOAa MeTannos. Mamenedue pabor
BHXONd HE TOALKO KaTOMd, HO W XOJOIHBIX ferane (cerok, anoaa)
H3MEHAET KOHTAKTHYI) DasHOCTL IOTEHUHAMOR M BHI3HBAET CMELIeHHE
XAPaKTepPUCTHR, KHCAOPOL MOKET MONACTL Ha MOBEPXHOCTH NETaiei Baky-
ymuoro npuGopa npu ux ofpadortke H npH orkauke, OTaur fetased saky-
YMHEX NPUGOPOE B BOJOPOAE MUDOKG DPHMEHSETCS AJA OUHCTKH MY OT
OKHCJIOB, ¥ TIpR STOM HEW3OEKHO HPOHCXOAWT MOTAOLIEHHE BOIOPOAA,

HexoTopme skcnepumentanbubie pesyabTatl npusesens B 1aGa, 7

Ta6bawna 7
Pafora BLIXOR2 METAa/LI0B, NOKPLITHX NJIeHKAMH BONOpOfAa H KHCIODOAA

Metaxn powWo o Pkt DN A W] P
i ] |
Pa6ora Buxoga me- 1
Tanra[ag). .. .. 4,54 5,32 4,61 19 4,54 5,32
Tlaerka . . .. ... O O ! O (@] H H

PaGota xona Me-
Tanna, NOKPHTOro

meHkot [3s) . . . ., 6,28 6,35 6,35 6,46 5,80 4,24
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Ancopfiums KpCI0pOda HAa MOBEPXHOCTH BCerjda MOBHIIaeT padory
BLIX0O3, OIH3K0 aIcopOEpOBAHHBIR Kucaopoy mMoxer npoIHGPyHAUDO-
BaTh BUYTPh. B ToM cayuae, Kak 6rA0 HenaeHo HaHaeHo bBypmteiHoM
u Ulymoeckolt ana Ni, B03MOWHBI YCA0BHA, INPH KOTOPBIX KHCAODPOI
«MOAN0N33eT>» NOA BepXHHHA CAOH MeTanna, B Toraa padoTa BHIXOAA YMEHb-
nmaercs, BorogHo Tak#e HaHOCHTh MOKPHTHE H3 JIEKTPONOAOKHTLALHOTO
METaANa A3 NPEABapHTENBHO OKHCJIEHHYI MOBEPXHOCTh KepHa. Hampuuep,
B Hauboaee GAATONPHATHRIX YCaoBMAX anad karceaa W — O — Ba yaaaoce
nonyuare P=—=1,34 s, a nas
W—0—Cs 0,72 38 Hdag Me- g Je
TAMIOB, UOKPHTHX  ROIODOIHONH 3
NACHKOR, TaK&Ke MH3BECTHH  IPH-
MEDPH Kak }'BEJ}H‘«IE‘HHH, Td4K M
YMEHbIIEHHs pafortk sHXoda (oM.
raGn, 7). -

2. IKCHepHMeHTAJABLHBIE HC-
CHACORAHAA NIEHOUHBYX KaTONOB.
Oa#H #3 METOMOB MOJAYUEHHA Ha
KEPHE NOKPHITHA H3  HHODOIHHX
atoMoB, YI0GuBH NpH  HCCACACBE-
HHH CBOHCTB TJAEHOYHBIX Karojaos,
COCTOMT B caeaymoweM: s0aM3N NO- “
KpoiBaeMof noagpxp{ocm HOMEULAT @U_"”
KYCOK METaNna-MOKDLITHA, HArperae-
MOIC J10 BBICOKOH TeMMEpaTypst B N T T
3JEKTPONEMH HAY [POCTO TIPOMyC- 40 &0 yzg 60 20 240
Kaunem TOKa. Kepwu, Haxodsach B Lanm
napax MeTanna-noKpuTHA, ALCOP-

Puc. 119,  3aBHCHMMOCTH  3MHCCHH

GUpYET aTOMH W3 12pd, W HA HEM BoabpavoBoro katona B napax Cs
o0pasyeTca [ACHKE, CHIYATA OLHO-  op ppemens ©0pH  PasHWX  Temiepa-
aToMAas, [IOUANL KOTOpoH pac- TYpax Karona.
TET . ¢ TeHUEHUEeM BPEMCHH, 34TOM
(10ABAAeTCA BTOpofl caof aromoe W 1. 4. CKOpocTh 00pasOBAHHA MIEHKH
MOKHO DErY.AHPOBATs, H3MEHA# TEMIEpPatypy HCNAPAEMOrc METanna H 1eM
CaMBM ILIOTHOCTh €ro f1apoR. JTHM cnocoboy ocolenHo ynolHo nojayyaTsb
[FIEHKH JETKOMNMAABKHX METa/N0B, HHTGDECHHE 3aKA0yeHus O CBOHCTRAX
MICHOYHHX KaToaos OHIAM CAeJanbl u3 Ha0moneHuHl 32 UBMEHEHHEM BO
BPEMEHM IMHCCHM KaToad, naxoasuuerccs e napax Cs. Ha puc. 119 npu-
penenst (i BoabdpaMoBoH TNpoBOJOKH B mapax (s) KPHBHE 3aBHCH-
mocTH lgl, OT BpeMeHu f A1A ueTHpex TeMOepaTyp Karold H OJHHAKO-
BOH BO BCEX cayuasx maotHoctd napos (Cs. PesyabTaTsl ONHTA NOHATEH
HETpY 1HO.

Pa3 nsOTHOCTh NMAPOB GCTAETCA NOCTOAKHON, 10 KomuuectBo atomos Cs,
nonmanaowmx 3a | cex wa 1 cu? NOBEpXHOCTH Katoda, BCE BpEMd OC-

B35 °K

60K

570°K

no
TAETCA TOCTOSHHBIM U PaBHBIM -~ (§ ) (2 — wonuentpauusa aromon Cs).
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Bee stu aromm  ancop6upyrorcs NOBEPXHOCTEI0  BOALPPAMA, YHC.IO
WX pacTeT, u pab0oTa BWXOAA yMEHbIAETCA A0 TeX Nop, NMOKA He OyxeT
AOCTUTHYTd ONTHMANbHAA WioWAae noKpeTus. Ha kpusmx 7, 2, & ato
AOCTHrAETC YEPE3 OAHO W TO ke Bpemd (110—112 cex), ueM noKasml-
BAETCHA, YTO OGPATHOTO HCMApeHHA aTOMOB (S HET BIMIOTH 10 AOCTHHe-
HHA  ONTHMaALHOrO mNOKpuTHs, Ho mocse nepexosa wepes Makcumym
SMHUCCHH XON KPUBHX Aenaerca pasauusnM. Ha kpusoit 3 coxpansiercs
ONTHMAABHOE NOKPHTHE — 3T0
3HAUMT, YTO HaYHHAETCH  HCmape-

nie Cs ¢ Boabdpama w uto nipw
4 655° 5T0 Wcnapenue Takowo, 4TO
IVIEHKA OKAa3LBAETCA B PABHOBECHH
Npu ONTEMaAbHOM DOKPHTHH., ITpH
610° pasHOBECHe yCTaHaBAWBaeTCH
H2  DAOTHOCTH  NOKPHTHS, Hec-
KONbKO Goabluel, ueM ONTHMANE-
WeTh Has, a opu 3570° 4yucAo aromoe
\\ DJIEHKH BCE BPEMSt pacTeT, IMUCCHA

481

F
o =
I
r/
\

E20)
[

YMEHBIUAETCA M DABHOBECHS B Hpe-

menax, NOKa3aHHHX HA PHCYHKe,

\\ —  uer. Tlpu 990° K (xpusas 4) pasno-

BECHE YCTAHABTMBAETICA  Opasno

W-Ba 3 PaHbILIE, YeM JOCTHIA€TCA  ONTH-

20 h // MaJbHOE [OKPHWTHE, H [OITOMY

’ 1 IMHCCHOHHBHE TOK MeHbHle, XOTH
16 \Vy TEMIEPATYPa KaToda Bhile.

22 06 10 14 14 [Tpn yBeanuenww ukcaa atomor

ba
[e.]

Patormn Buxoda , B 36

-
N
A

8/fignm = K/ DOKPHTHEA pafoTa BEIXOAA JOM#HA,

Puc. 120. 3aeucumMocrs paGoTn sm-  OMEBUIAHO, Npubau#aThcs K paGoTte
xopa  katonoB W — Ba, W — (s, BBIXO/d, KOTOPYIC HMEKT MaccHB-
W —Th or crenenn nokpeirus. Hble 06Da3UH  METanNa-NOKPHTH.

JT0 ENOAHE NOATHEEPHIZETCA ONH-

ToM. Ha puc. 120 noctpoena 3asucumocts pa6ors Buxoaa ans W — Ba or

N{Ngy=8/8,,, (kpuBas 2), rae N — uucio atoMor 8 1 c.u MOKPHTEA,
N

Nonr — TO K€ UHCAO 1P HauMeHbluelt paGoTe BHXOAZ, 2 e
max

(METOAL OTpeReNCHHA 3TOrO OTHOWEHAR OYIeT ONACAH HEMIOro HUKE)
Pa6ora suxona, nayumas o1 & =4,3 38, 148 yHCTOro BO.IbhpaMa npo-
XOIUT uepes MunuMyM npn N==N, ., n yxe npd N~ 2N, ona noura
pagHa paboTe BHX0AA YHCTOTO Gapud, T. e. 2,5 38; P ., COCTABAALT OKOAOQ
2,1 56, HO B Apyrux wccaenosanwusx W -—Ba katoma yaasaaoch nouay-
vath @ . =16 96 (ducno, crosmee B 71a6a. 6.). 32BUCUMOCTL TAKOrO
*e BHAa noayyaerca Aas W-—Th u W — Cs (kpuswe 7 1 3 na puc. 120).

Onutet ¢ W —Cs n apyrumn naeHouHHMH IMUTTEPAMM TIOKA3BIBAOT,
YTQ CYUIECTBYET HEKOTOPas ONTHMANbHAA [AOTHOCTb dTOMOE TOKPHTHS,
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lipu Koropofl paGora muixona umeer MunuMyM. OcTaerca nokasatb, YTO
fipH 3TOM MJEHKa AeHCTBMTENBHO AAAKETCH 01HOATOMHOH.

MakcumaabHOE UHCAO aTOMOB NOKPHTHS, KOTOPBEIE MOLYT DasMECTHThCA
8 OJHOAaTOMHOH nAeHKe, MOXKHO HAHTH, HCXOIA M3 aTOMHMX JMd-
METPOB aTOMd [OJAOKKH W aTOMa MOKPHTHA, AToMHas U3dKa He npu-
BOINMT K COBEDIIEHHO ONPEAeNeHHOR BeMNMHE PAZHYCa aTGMa, HO B (u3uKe
THEPAOrO TeAd 32 aTOMHEIH AHAMETP NPHHHMACTCA PACCTOAHHE MEWIY
NEHTPAMH ABYX COCEAHHX 3TOMOB PEHIETKH, KOTODO€ HeTPyAHO onpeie-
AWTb, ECJAH M3BECTHZ KPUCTANAMYSCKAR CTPYKTYpa.

HMea B RaHHOM cayude 0eno ¢ TBEPAHM TEAGM, MOKHO UCOOABIO-
BaTb JAAHHHE KPACTaAT0Pn3ukK. B Taba. 8 npusenenn aroMHme QvaMerpnl
sosbpama H Cs, Ba, Th — merantos, ipHMEHAEMmX B KauecTne NOKpPHTHH,

Tat6avua 8

AtomHble nHameTpbi W, Cs,Ba, Th

.»\-roum.uz OTHOMERKE K
Merman | ey (A1 growouy tu
Bomdpam. . . ... 2,82 1
Ueawin . . ...... 5,40 1,9
Bapuit . . ... ... 4,48 1,59
Toput . . ... ... 3,59 | 1,28

Juamerppl aTOMOB TOKDEITHA BO BCEX TPEX Cayyadx OoJAblie Ida-
MeTpa aToMOB BOJb(IpaMa, W B OZHOATOMHOR NJEHKE NOKPHTHA MOWKET
paSMECTHTbCﬂ dTOMOB MCHBIIE, 4eM B MOBEDXHOCTHOM CJOS ATOMOB BOJb-
¢pama. Ha puc. 121 n3obpamen CXeMatHYecKH MOBEPXHOCTHHE clofl aTo-
MOB BOJb(ppaMa ¢ KBAAPATHHMH syeHKaMH, rlIe aToMu BoAbPaMa uzoGpa-
weHsl Toukamu. Ha naomanw §, Gosbuiofl mo cpasHeHWo ¢ macHIaAbIO g’
OQHON sueliKH, MMCHO aTOMOB BOabppama pasHo Ny, = S/a® launa cro-

POHBHl AYeHKid aTOMOB NOXPHTHS paBHa k@, W MaKCHMAJIBHGE YHCAO aTo-
MOB TIOKPHTHA B OJHOATOMHOH NJAEHKE MAOWaAK S PaBHO

' 5 Ny |
.‘\‘Imﬂx:"k!?':?_ (16-1)
Ny

Ias Cs Ha Bomsdpave Bae 2 0 Npa ~ T

W3 xpu€raanodusiueckux usmepenull #3sectHo; uto 8 1 c#® nosepx-
HoCTH BOAbpaMa Haxoautca 14,2.10% 1/es® atomos u, anauat, B 1 caud
UC3HEBOTO MOKDPHTAA ATOMOBR MOKET OMTh Npyay = 3,55-10% 1/es® Idag
Th w®a BoabfpaMe npuHuMaoT £~} 2 U NpareT7-10%  1/cu?
[11.2.3, § 10].

Ecan npunarb va ocHosaHud Kpuswx pec. 119, uTo BIAOTL 10 20CTH-
HEHHH ONTHMANBHOIO HOKPHTHA HET o6paTHOro ucnapeHud aacopGupo-
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BaHHBIX aTOMOB, TO KONHYECTBO aTOMOB MOKPHTHS AAS MOGOTO MOMEHTa,
BPEMEHH PaBHO

7 ny
;\:,:T £, (16.2)
OTKY 13
. Rt
NOHT:T tOﬂ‘l“ “0-3)
33eCh 7 M T MOWHO BHIMHCIHTb 10 AABJCHHIO W TeMnepatype napa
Af
METAANA M, 3HAYNT, MOKHO HaltH N,. Orxouenne 6 =—,'L,0TJIO-
onT Nonr

o — dmom s ppama
O — tmam noxporues

Pre. 121, CxeMa pacnogomedns aTomos MOKPHTHA
Ha MOBEPXHOCTH  BOJb(paMa.

AeHHOE HOA?CH abcuuce Ha puc. 120, MOXHO ONPENETUTb U3 ONKTA no
tpopmyae Noms :ﬁ Cyutectayer OPAMOH 3KCOEPUMEHTAARHME MEeTon
onpenaeneHns N, ocobeHHo yaoGuwi aas Cs-—— W, paspaboTanusilt Jleu-
ryppom n Tettnopow,

[Tpubop Jlewrmwopa w Tefiiopa cxemaTnueckn u300paken Ha puc. 122,
B Gannone, sanonnewnom mnapamu Cs npm CUpeneteHHOH TemoepaType
(ans €ero Beck nPHGOD NOMEWAOT B HIEKTPONEYE), GIH3KO ﬂpyr' ot
Apyra # BOJH3M OT OCH wumHApos C,C,C; HaTAHYTH JABE BOALPpPaMO-
BHE HHTH A u B. Ha cpersnl umanaip 1ok TeweT Toabko co CpeIHHX
KOPOTKHX YWaCTKOB HuT2H, MOTEHUMAAH KOTODPHX Mbl 0GO3HAYMM yepes
Ua w Up, cunras nanenve Hanpsamenus Boots sTux YYaCTKOB Maanim.
B uenn cpemmero muiumipa, Haxoasuerocs non NOTEHIHANOM, BKIIOYEH
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OanmcTiyeckuit ranbsanomerp (. MeTox usmepenas ocuosan Ha yCTa-
HOBJICHHOM 3KCOEPHMEHTAIbHO (PaKTe, UTO MPH MaAsIX NFOTHOCTAX HOKPH-
THA H TOJMX, YCKOPAWILMX UOHLL, 4TOMBl HCNAPAKICE TOALKC B BHIE
MOHOB, BEDHEE, YHCJA0 HOHOB MHOTO BCJAbLUE YHCAA HCMAPRIMIAXCA HEeHT-
pambHHEX aToMOB. PH3HUECKH S5TO  BOOJAHE TOHNTHO, PaloTa BWX0Ja
HHCTOro BOabdpaMa pasHa 4,54 ss, a paborta uoHuzauuu avoma Cs pasHa
3,89 38, B UPH 3TUX YCIOBHAX BaJEHTHEIH
FAEKTPOH J10a4€H Obltbh CWIBHEE C(BR3aH C
KDHCTAA10M BOJBQIpaMa, uem €O CROMM aro-
MOM, HO TPH VBEIHUEHHH TLAOTHOCTH TO-
KPBITHA paboTa BHIXOZA MajaeT U npu 60ab-
UMY MAOTHOCTAX [NOKPHTHE  OH3 3HAuH-
TeJpHO MeHbwe 3,89 38, B 3TOM Cayuze
noutd Bce aroMel Cs NpH UCHApeHHHA COX-
PaHsioT CROM 3aeKTporn ¥), Cuavana OnHILeM
MeToa, NPUrOaHbH Aas HEeGOABILNX

7

N ,
H = = - Ecai, BBKIaB 0PEIBAPHTENBHO
f\lmax

JA0CTATOYHOE BDeMA 10 T0ro, 4tolsl ycra-
HORHJAOCh PARHOBECHOE COCIONHHE, H, M0JaR
Ha Cy, Cp C; OoabIOE OTPHUATENLHOE Ha-
NpsKeHHe, OBICTPO HAKAMWTHL HEBTL A 10
1800 — 2000°K, 1o BCce ancopGupoBaHHble
aTOMB  CDa3y HCNAPAICA B BHIE MOHOB H
nonanyT Ha uHsuHAp. Bamauciuvecxnit raap-
BAaHOMETP NOKAKET UX OBILKE 34paa (J, W yHCAD
axcoplupoEaHBIX atoMoz Oyrer

N =9 (16.4)
Ad Puc. 122, Hputop Jlexrmwopa

¥ Teifaopa 118 wuaMepedus
dror cnocof mnpuroged ao O =2 0,08, Ias UHCAE ATOMOB LOKPEITHA,

namepenuss Ny npy Goasmux 9 wa vuth B

noaant noteHunaa /g=—=0, a wuanpaxenna /x n (/- 1enawor OTpH-
uaTeabHBIMH, 1o {4 OepyT 13 HECKOABKO  ROJLT BbINE, ueM (/¢ .
Hute B Hakaausawt TokoM ac 1200° C, Tak uTo Ha HelH nneHka
He obpasyerca, Be#aap ONATE  YCTAHOBJASHKA DABHOBECHOTO COCTOS-
HER HAa TOREPXHOCTH uHTH A, OHCTpO ee HarpesawoT, TepMozaek-
TPOHB, BRIETAWIIME H3 HHTH A, UPH HAK3Je NOJHOCTLIC MOMazanT Ha A,
tak Kak Up > U . Beuay To0ro, 4to npn Gommnx O padora RHXOn3
W — Cs neaaercs MeHbille, BCE aACOPOHPOBAHHBIE ATOMBl HCIAPADTCA
B BHAE HEHRTPaMhHHX atoMOB, DA3JETAOWIMXCH PAJHANBHG OT NOBEPX-
noctn waty A, AToMH, BHAETEBlUHE B [pelesaX yraa &, COCTABISIOULHE

#) O6 ucnapenss, coNPOBOMIAOUEMCH HOHUIANMEH BCIIAPAIOUIHYCA ATOMOE,
noapobHee cm. § 23.
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OiIPEACTEHHYID UIBECTHYID uacTh OGWErc uKcaa aroMa, UoHaldioT 1a

HUTE B, HO HEMENNeHHO WCNADAIOTCR YKE B RHIE HOHOB, KOTOPHE BCe
nonanaior Ha C, Tak Kkak Ug <€ Up. 3apan 9108 uanecTHOH uacTy
aNCOPGHPOBAHHEIX ATOMOR # H3MEPHT rambsanometp. Wa puc. 122 aerko
MOHATH, KAK B 3TOM CAYYa€ BEIMHCARETCH Nay, €CAM HABECTHB PAAMYCH
HUTEH W PAcCTOSHHE MEWIAY HHMM.

QuucaHuwi MeTon a8yX nawTet npurozer no © = 1. Jkcnepusents
nokasanm, 410 Ny. ans W —Cs paswo 2,4 - 10% 1/cu? u, 3unaunr, 19
ONTEMANEHOTO MNOKPBITAS

By = o 24100 gq. (16.5)

Nmax 3,55 . 101
O ann W —Th okazusaercs paeHeM 0,7, HO cuaeayeT 3aMeTHTh, 4TO
aTa uWppa YCTAHOBAEHA HE CTOAL HafewHD. OZHAKO He IPHXOIHTCH
COMHEBATLCA B TOM, YTO M 3AECh, NPH ONTHMAJBHHYX YCAOBHAX DaGOTHI
AEHOUYHOTO KaroJd, Hd €ro NOBePXHOCTY HAXOJAUTCA OAHOATOMHAA NAEHKA
€ UYHC/JAOM aTOMOB, HECKOJAbKO MEHBIUUM Nyas.

3. Teopwsa KaTomoB € ONHOATOMHWMH HJEHKAMH. Tenepe HykHO
BLISICHHTh MPHYMHY YMCHRIDEHH® pPAGOTH BMX0Ad 1NIPH  HaHECeHWH Ha
METaA1 OIHGATOMHOH NAEHKW, 3 TAKNE yCTAHOBHTB, NOYEMY MPH YBEIH-
UEHHH [AOTHOCTH TOKDHTHA Paf0oTa BEIX0JA HAUHHAET YBEAMYMBATHCH
el Ji¢ TOro, Kak B OAHO2TOMHOH IIEHKE OKAMETCR MaKCHMaJbHOE YHCIO
4TOMOB,

Ecan aroMH TOKpPHTHR NErko TEPAIOT CBOM BaJACHTHBIE INEKTPOHK,
K@K, Halpumep, aTOMH ILENOYHKX METaAI08, TO CAEAYET OKHEATh, 4TO
BANCHTHHIE 3JEKTDOHBE TNOKDPBEITHA OKAKYTLA B CHABHOH CTENEHH 3aTRHY-
THMH B PEUIETKY KepHa, JTO 03HAYdET, UTO CPEARAS MAOTHOCTH CBOGOI-
HHX 3S1NeKTPOHOB BGAHSH HOHOB TOKDHTHA MEHBIUE, uUeM B pEIUeTKe,
a BOJMM3H BEPXHEr0 CAOA ATOMOB PEIIETKH KEPHAa HENOCPEICTBEHHO y ero
NIOBEPXHOCTH H3-33 ACHCTBHA MNONOKHTENAbHMX WOHOR TIOKPHITHA OVHET,
HaOGOPOT, NOBHIMEHHaN NAOTHOCTh 3AEKTPOHOR. Ha cxeMaTHuecKoM
puc. 123, @ cpeaHee 1o BpeMeHH paclpeieNenHe NAOTHOCTH 2/IEKTPOHOB
NePEelaHo TycToToH WTPHXOBKH. Takoe pacmpeneNeHHe 3apijoB coajnaet
Y TNOBEPXHOCTH SMUTTEPA OOpalueHHHH NONOKHUTENLHBIMM  3apPAAaMH
HAPYY JABNOALHEE CHOH ¢ DACCTOAHHEM MEXAY 3aPAAaMH NMOPRIK2 MEKLY-
2TOMHBEX paccTOAHHN B pemeTke,

[Ipu aacopCuun aTOMOB, MMEWILHX CHABHOE CPOACTEO K IACKTPONY,
T. €& aTOMOB, JErKO NDHCOSHHHAILUX K ceGe 34eKTpoHsl (Hanpumep,
4TOMOB KHCJAODOAA), TNOJYUAOTCA SATATMBAHNE BAEKTPOHOB M3 PElIETKH
B MOKPHTHE M 00pasOBaHe IMMOABHOTO CJ0s, OGDPAaEHHOTO HapyKy
OTPUNATENBHEMH 3apadaMi. TakuM 06pasoM, MOKHO rOBOPHTE O ToH HAR
HHOH CTEMCHH 3dTATHBAHHA AEKTPOHOB TOKPHITHA B PEHIETKY KEPHA Uaw,
Hao0opoT, H3 KepHa B MOKDHTHE,

P&C]’lpE.ElE.’IE!HHE NIOTEHIHAAZ B JHIOABHOM ¢A0¢ M BONM3H HEro, ecad

PaccTosHHE MEWAy AMNONAMH TNOPAIKA HX JJMHE, NpPEICTAaBJACHO Ha

-
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puc. 124, . OHO OTAHMYAETCA OT PacOpe]eneHus B CJA0E CO CIVTOUWIHBIMH
TOBEPXHOCTHRIME 3apadaMi {puc. 124, a) TeM, uro H3IMeHeHHe MOTeHuH-
4 HaYMHAECT 1€JAThCH 3aMETHBIM €IE HA HEKOTOPOM PDAaCCTOHHEH OT

Puc, 123. O6pasoBanue IRNOILHOIO CI0A NpH ancopl-
UHA ATOMOB, ICTKO TePAOLIUX BAJICHTHHE 31EKTPOHBL,

g

Chosi, COHIMCDHAMOM C pPacCTOAHEESM MEKITY AHUNONAMH. Beauunna naMeHe-
HHA TIOTCHINAAAA pPaBHa

JlU:“-l:teNtid:—h:Ndp, (16.6)
rae N,-—uucao munoseh ma 1 ca® m p— aunoabunil MoMeHT. KpyTH3Ha

KpHBOH, Takum o6pa3oM, MeHAeTCd APH U3MEHCHHHM [NOBEPXHOCTHOH MOoAg-
pH3alHg.

O o0 O
ONJORNONNC

-0 +Z

g &

, Puc. 124, MiameHenne 10TeHUHAILHOY 3HEPIHH SIEKTPOHA.

G — MEeWIY CAORMH, DABHOMEPHD 3aPHHWCHHLIMH € MIOTHOCTEIG -+-5, —a;
6 — HCJ!(.!ly CADAME JIHCKPETHO DACHOJIOHEHHHX 3apAIOR.

Ha oOwuHYl0 KDHBYHr nNOTEHUHANBHOTO O6apsepa uHCTOrG Meramaa
HakJAAKMBACTCA pacnpeleneHye nOTeHUHana B AHNoAbLHOM caoe. Haaoxeuade
npoucxonut B ¢0mkHel» 30He NOTEHUHANLHOrO Haphepa, a He B 30HE,
rae npecGnanaer meActeMe cHa  u300pamenud. (KOoHuarTeabHWH BUHA

8 B. H. Tagones, 4w I
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Gapeepa Oynel 33aBHCRTH OT KPYTH3HE CHajaHds KpHaBoH notedumana B
DHNOALHOM ClOE U OT KPYTH3HB POCTa MOTEHUHAILHOTO 0aphepa B Mec-
Te Hajdokenns., Bosmownawe

W cJiyuau NpeiacTaBAEHsl  Ha
“““““““““““ - e pHC. 123, rxe no ocu opau-

AW=40
| —TT HAT OT/AOKEHA FHEPFHA 3MeK-
: TpoHa. B cayvae nefoaniioH
] KDYTH3HH - KpHBOH [1O0TEH-

UAINBHOR SHEPrHH B AMMOAB-
HOM CJ10€  PesyabTHPYHLLAn
kpusan R (puc. 125, a) ne
HMEET MAKCHMYM3  «IOTEH-
OHAABHOTO XO0AMa» u Aelcr-
BHE JHNOJBHOLO CJI0M  CRO-
AUTCA K CHAMEHHIO paboTh
BHX01d HA BeanunHy AW,
Takum obpasom, B s10M
! caywae ¢popma Oapsepa cy-
' UIeCTBEHHO HE meHseTca., Kak
Onino yrasano paueine (§ 14),
Ansi 0apbepa, He HMEIMEro
X0AMa, OTPAKEHHE SJAEKTPO-
HOB HE HIPAET CKOALKO-HH-
[y ap-aw Oynb 3aMeTHOW pOJM ¥ 3Ha-
8 ______ N ( YeHne Koucrautw A B dop-
MYAE€ IMACCHE A7I% OAHOPOI-
HOR SMHITHPYWLIEH Q10BEpX-
We HOCTH JO0MKHO  OCT2BaThCA
g CUU3KUM K BHAYEHHIC A4
HEeMOKPHITOra MeTanna, Mew-
Ay TE€M OIHT TNOKasHBaer
(raa. 6), uto A ymeun-
WAeTcs B aecaTku pas. [Iyers
H3-3a  G0ABMIOH KPYTUSHE
KPUBOR TOTEHUMAABHOK IHED-
rHE B JHIOABHOM CJOE Ha
pe3yaALTHDYIOMER KpUBOH 110-
o TeHIMaAbROro Gapwepa obpa-
Puc. 125. [Isa BO3MOWMHWX cayuad m3seHenyna  3VETCA MaKCHMyM (pHc. 123, 6).
GopMn rpaenuHCro moreHunaisHoro Gapuepa  lllupusa  MakcHMyma  nmeer

TpH 21COPGOHH ATOMOB, YMEHBIIZIOWHK PAGOTY  4roMHue pasMepH, #  ro-
BRIXOTA. ; ’

- - — — - -

{

aj

e
[~

]

PR TS E D PR

5TOMY BO3MOKHO  4TYHHEABL-
a — Gea obpaszoBanss «X0Mas; 5 — ¢ o0pasoBanHen
EXOTMIR, HOE» NPOXOKIALHUE qepe3

fapbep SNEKTPOHOB, YPRPRHU
BHEPrHN KOTOPHX JewaT Mexny Abc m Be, U 95TH &TyHHEILHBICH ITEK-
TPOHH MOTYT EFpaTh WNOAHE 3ameTHyW poab. OTpamenne 34eKTPOHOB

’
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oT 6apbepa, HMETIOULETO  «X0JAMy», B OTAHHC OT IJIABHO [IOAHMMAIOUIErOCH
Gapbepa TO# ke BLICOTH MOKET GuiTh 3naunTenbdbiM. Hoparefim Bhiunc-
aun  cpeanuit  kodduunent npospausocte ) Gapeepa ynpowieHHOH
npsamoyroxsHolt opmel abeel (puc. 123, 6) A9 3AEBKTPOHOB, HMEIOILHX
puyTpr MeTaana pacnpeaencnue Pepmu. [To semcnenusam Hoparefima

— 8(rRTW) T aw,
D=——-"— exp { Y T (W, — W } (16.7)
D,J'IFI KOHCTAHTH A ¢ YUETOM OTPaXEHHA ZOJMKHO MOaYy4HTRCH
- a
‘ABKCH — D * 1 20 'a;'ﬂ_.'z_é_

Ttoacrasnsq, Hanpumep, 1aa W — Th-karoaa

3
20

D= osa 30,02,
W,==W; 4 D, =9,13 - 4,504 = 13,67 38,
W =W,1Q, , =913+263=1176 s¢

H 3zagamasck TeMmnepatypofl 7=—1800° K, noayuuM A48 WHPHHBL MAKCH-
myma d seawuuny nopaaka 107% car, T. €. BenHUMHY HOPAIKA PACCTOsHUA
Mex1y aToOMamH, KaK 3T0 M HOJmHO OHTb, H CJE10BATEALHO, AHOMAJIBHO
MaNple IHAUCHHA IMHCCHOHHOH KOHCTAHTH ¥ NACHOYHBIX KaToaoB MOryT
GHTh OOBACHEHH OTPAKEHHEM 3JeKTPOHOB OT NMOTEHUMANbHOTO Oaphepa,
HMEHIero MakcHMyM. [pyroe Bo3MoOxHOoe OOBACHEHHE AHOMAaJbHO Malol
BeMHUMHLL NOCTOSHHOH A npuseaeHo B § 17.

Octaercs OGDBACHHTD, MOYEMY TPA & > Qonr P260Ta BHXOIa HaYHHA-
€T yBEIMYHBATLCA. YsennueHwe padoTsl BHX0Aa OODBACHACICH  B3auMo-
pefictepem aunoaed, Kak suano ws puc. 123, 6, noaa aunonef / wu 3
CTpeMATcs COAN3HTL 32pAasl Aunons 2 mexay cofolf, T. e  yMeHbINAOT
ero snexTpuieckuit MoMenT. TloKa ascopOHpOBAHO HEMHOrO aTOMOB, 3TO
HEeNoAMPUSYIoNee BIMAHEE OTHOCHTEJNbHO CaaGo, HO MPH YBEIHYCHHM
OAOTHOCTH TMOKPHTHA OHO YBEJHUYWBACTCA W, HauWHaa ¢ HeKoTOpol maor-
HOCTH, A00ABJEHHEC HOBHIX aTOMOB YHE HE YBE/JHUMBAET, 4 YMEHBIIET
CpE,ElHHﬁ MOMEHT AHNQABHOTQ CJA0d H paﬁoTa BHX0J4d HaYNHAeT YBCIMYH-
BaTbCA.

4. TexuuueckHe TepPMOSAEKTPOHHEIEC IJEHOUNBIe KaToaH., B TexHu-
YECKHX TEPMOZJEKTPOHHWX MASHOUHKX KATOAAX BO BpeMa PaGOTH coXpa-
HACTCA CTENeHb I[OKPHTHA, OJa#3Kad K ONTHMaAbHOH. 2TO BO3MOWKHO,
aubo ecaM TMAeHKa Heoapsercs  dpesenlualiHO  MeipdeHHo, nubo  ecan
TIPOHCXOANT 3aMEHA WCNaPHBIUHXCA aTOMOB HOBLIMA H MDHTOM TaK, 4TO
CTElEHb MOKPHTHS BCe BpeMs ocTaeTcs GAM3KoH K onTuMansHol#f, Kpome
TOI'0, HaHECEeHHE U BO30OHOB/ACHHE IIEHKH, BCErJa CEA3aMHOE C Harpesa-
HHEM KaTOla, BO H30eXaHEe OKHCICHH AO/KHE POM3BOJIUTLCAE B BAKYYME.

8:
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Ha npaxrtike npavensior gsa  ¢nocoba. B vowHeX  npufiopax
MOXKHO HCNO/b30BaTh OCAWICHHE aTOMOB TMOKPHTHA H3 Tapa; 3TOT Cno-
co6 npuMmensercs B naeHoudHnx W — Cs-xartogax gnsg  paspaaHeIx
Tpy00OK ¢ napamu nesus. B stux TpyOxax TeMnepaTypHuH peXuM noalu-
paetcH Takum 00pasoM, ytobu B TpyOKe BCEraa NOAAEPHKHBANZCH A0GCTa-
ToyHad naoTteocTs napos Cs. Tlpu stom wucnapuswmiics ¢ katoma Cs
KoMneHcupyeTca kougencauvel Cs W3 napa. Ho ang apyrux nokputui
3TCT METOA HempPHMEeHHM, TAaK KaK A0CTaTouHas IJIOTHOCTh [apoB HOay-
yaercsl NP CJAMIIKOM BRICOKOR TeMIeparype, HanmpuMep, s ndaeHkn Ba
Tpebyerca okoao 600°C.

+B  BBICOKOBAKYYMHHX npuopax Jaaf HaHecenus W BO3OGHOBAECHHA
OJEHKH HCTOAB3YETCH AHQOY3IHA aTOMOB NOKPHITHA WIHYTPR KaTolda Ha
ero noeepxHocte. Kak audgy3us Ha TNOBEPXHOCTh, TAK H HCIIpEHHE
4TOMOB TJICHKH € NOBEDXHOCTH 33BHCAT OT TEMNEPATYDH, HO B pa3jiHy-

© HOH CTEneHW M B OJHOM HHTEpBajae TeMmneparyp mpecOaaiaer anddyand,
‘a B apyrom ucnapesne. B nepsom cayvae naeHka 6yner HapacTaTth, @ BO

BTOPOM — YMCHBLIATBCA H HCYE3aTh.

B TepMo3nEKTPOHHOM KaToie HYKHO A00HTHCS PABHOBECHA MeXAY
nuysuell W UcnapeHdeM TNPH  CIENMEHH NOKPHTHs, Oau3kol K onta-
ManabHOH, 4 TeMpepaType, KOTOPOH COOTBeTCTBYEeT OOCTaTouHo Gonb-
Wad SMHCCHA, DTY 3anauyy  yZaaock PENATE AJR KATOAOR C TUIEH-
Kamu Th u Ba.

B xatomax #H3 TOpHpoBanHoro eoawdpama (W — Th), H3BeCTHBIX
¢ 1916 r. (Jlearmiop), sanacul TOpUA B BHIE €TI0 OKWUCH BHOCATCA
B BoJnpaM npH BeNAaske, TODHPOBAHHEIR ROJABGPAM HIrOTOBAAETCA
B BHIC TOHKUX HPOBONOK M IPHUMEHSETCH NoA00HO uuCTOMY BOJAbOpaMy
L% TIPSIMOHAKAJNBHBEIX KaTodoB.

IMpouecc o6paborkm W— Th-katoaa CBOAMTCH K CaA€AYOILAM onepa-
LHAM!

1) KpaTKOBPEMEHHO TPOKAAMBAOT NPH Temneparype 2600 — 2800° K
POALQPAMOBYK) HHTb, COAEPHAILYl0 OKHCh Topwd. IIpH 3ToM BOCCTaHMa-
BAHBAETCA YaCTh OKHCH TODHA,

2) JlawT aanteasHsill nporpes npu Temmepatype 2000 — 2300°K. Bo
npems 31oH onepaund audgyzua npecbianast Hag wmCOapeHueM ¥ Ha
NOBEPXHOCTH OBDA3VETCH OIHOATOMHas IMIEHKd TOPHA, KOTOpas M I0-
HAKaeT paSoTy BHXORAE.

Haumensniee snauenue paGoTel BHX0Aa AocTuraer 2,63 38 npu
[DAe_ ”k]::BQl;’c,u*-zpaﬁ". ITa onepsuma HA3LIBASTCH AKTHBHPOBAHHEM
HHTH ¥ BHOOJHAETCA B BAKYYME C KaTOIOM, BMOHTHDOBAHHEIM B NPAGOD.
INpu Temnepatypax 2300 — 2600°K  ckopocTe HCTMapesus TPEBLIAET
CKOPOCTb 0O0pPa3oBaHus [JEHKH, TIEHKA NOCTENEHHO HCYE33ET U HHTh
gesaktugHpyerca. Ecaw, Kak 3Tto OHBAET NPH CiavualiHeIX MepeKanax
TIPOROJAOKY, 3amackl Th BHYTPH HE€ HE HCUEPNAHBl, TO ONEPAUHI AKTHBH-
POBaHHA MOKHO [OBTOPHTB, BOCCTAHOBHTE MJEHKY M BEPHYTb KaToay
NPeXHIW  MACCHOHRYI cnocobrocth. [lpouecc of6pasdosaHHs  (JEHKH
B HaCTORLUEE BPEMs M3YYCH BECbMa AERTaNbHO Garoiapd 3/AeKTPOHHOONTH-
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YeCKHM MeTojaM HaGnwoaeHun sMuccHH. ONMUCAHME ITHX MeTOIOE OyaeT
JaHo B naparpade o6 SMHCCHOHHOH 3AEKTPOHHOH MHKDOCKOMEH,
Oxasanoch, YTO TOPHH IMPEYHIHDYET H3HYTPH HHUTH HZ MOBEPXHOCTH
TOABKO B HEKOTODBIX MECTAX, NPOX0AA MEXAY MHKPOKPHCTANIAMH BOJbL-
thpama, TaK UTO HA TOBEPNHOCTH CHavana of0pasywIcd  OTACAbHHE
HeGOMBINHE <OCTROBKH» TOPHEBOH UNJACHKH. ATOME TOPHSl MOryT Tepe-
MEIEThCA 710 NOBEPXHOCTA BOJABPPAMA HA HE 3aHATHIC TLICHKOH MecTa.
3710 siBAEHWE HA3LIBAETCH NMoBepPXHOcTHOW Murpaumedt. Beaexcrsue Murpa-
LUHH ATOMOB TODHA [MIEHKd [OCTEHEHHO PACHOI33ETCA N0 MOBEPXHOCTH

Pric. 126. 212K TPOHHOONTHYECKAE CHHMKH 3MHCCHH W —
Th-katona npu 23-KpaTHOM ¥BeJAHYEHHH.

@ — NoHWB.IEHHWE TOPHEBLIX OCTPDRKOB Nnocae nporpena npy 2300 K
B TeveHHe 30 cex; 7 — ¢ — epacnonszanves naenxs Th Bo Bpess
aKTHBHpoBaHHA Npu 2000° K & Tevedune 60 muuy:.

soaedpamMa, 00pasys OHNHO2TOMHYIO mJAeHKY. MecTa <«BHX0IA TOpHUA»
¥ OpOUECC DACNON3AHHA [JCHKH XOPOUIO BHAHHI HA CEPHH 3JEKTPOHHO-
MHKPOCKONMHYECKHX ¢POTOCHHMKOB (puc 126).

Paboyas temnepatypa W -— Th-katoma newwt B uHTepsane 1800—‘
2000°K. TIpw »sTux Temneparypax audupysus Th wsa nosepxnocts u !
UCIaPEHHE Mafibl M TIOUTH KOMOSHCHPYIT APYT IPYFa, IMHCCHOHHEE cBolH-
€TBA KaTGAa [NOCTATOYHO MOCTOSHHE H BMECTE C TEM JOCTATOUHO EEAHK
IMUCCHOHHHH TOK. B0Ace HH3Kas 110 CPABHEHHIO € UMCTO BOALGIDAMOBHIM
KaTOROM paGovas TemmepaTypa oOOYCAOBAMBAET MEHBIIYIO MOUHOCTH
HaKaNa ®, CAe10RaTEbHE, GOABIIYI0 3KOHOMHUHOCTE K4aTOHa, a T4K Kak
ucnapeHue npu paGodel TeMAEPAaTYpe NPOHCXOINT OYEHb MEAAEHHO, TO
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¥ MOXKHO TOJAYUMTh AOCTATOMHBA CPOK Cayx0s 0OpY  OTHOCHTEABHO
HHYTOKHKX 3anacax Th, uMewmmMxca B HHTA.

Beneacteue  31oro W — Th-waton  pabiiie  4acTo  NMPHMEHSAH B
NPHEMHO-YCHANTEALHEX JaMIax, OTKYAa, OJHAKO, OH B HACTOSILEE BpeMa
COBEPINEHHO BRHITECHEH OKCHIHMM KartojoMm. Ho B renepaTopnbix amamnax
W — Th-kaTol 10 u3BECTHOH CTEMEHH COXPAHHA CROW HOZMLHE, TAK KaK
34CChH [PH CHJABHOM HArpese CeT<H M aHOJA MOJAYYaeTCs JONOMHHTE/b-
HHH HAarpes KaTofa, M OKCUIHBH Katoa, Goaee
YYBCTBHICIBHBIE K Neperpeny, OKA3LBIcTICd B
OnacHoCTH.

IMpakTHYECKH NPHMEHSNETCA B TeHepalop-
HBIX JaMnax KapOWIupOBaHHLI TOPHPOBaHHBIR
sosb(paM. Ilpw npoxanke  ropuposBasuOTO
BOIb(ppaMa B Napax YrAEBOJOPOJHOIO cO2iu-
Heruna (HaupeMep, HadTandHa} B Teuenne 20 —
30 munyT BOAB(PAM Ha SHAYUTEAbHYIO [IYOHHY
HACHILAETCH YTAEPOJAOM B Ha MOBEPXHOCTH O6-
pasyerca xopxa us kapdiuaa soasdpava. B kap-
6ule BOCCTAHOBAEHHE OKHCH TOPHA FPOHC-
x0auT npn paloucl TemmepaType M nepekana
Jas akTeBupoBanud Be Tpebyerca.  Kap6uau-
posanmpiif KaTon paboraeT ycToHuHeee npy
BHICOKHX HANPAXEHHAX W Jonyckaer Gonee
BHICOKYH pafouywo Temneparypy. Ero  Henpo-
CTATKOM #ABASeTCH GOablUas XPYNKOCTh, OCO-
GeHHO onacHas B TOHKHX HRTAX Hakaja. B
Pre. 127, ¥crpolicIBo Me-  reHEepaTOPHHIX AaMrIax 3TOT HEAOCTATOK Hrpaer
1zasoryGuaroro W —Ba  seypinyio poab, B NOITOMY KapGUAKPOBaHHMH
;f;;%‘;gﬁ ?IZOBCQ';‘;?{OS;‘LH};T K4TOL BCE le J0BOJLHO LIHPOKO MPHMEHSET-
| — woanSaenonuii wopnye; # —  CF B MAJIOMOIIHEIX TEHEPATODHAIX AAMIAX HEMpe-
MOROFPEBATEND; 3“T&_G.'IL’TK3. ph[BHOl"O AEHCTBHH H B MOCIIHBX HMH)"JleHh[X
(Ba, 5r) 0;4&:3?ucrhla EO.Ib~ NAMIEX.

Bapuit ¢ nosepxHocTR BOJb(paMa  Hcna-
pAETCH  ropas3do  cunJabHee, ueM TOpuH, U npH
AOCTATOYHO MH3KOH TeMmmepaType, Korja HeT 3aMETHOTO  HCHapeHHs,
SMMCCHA HEUTOWHO Mana. Ilosromy upm  paloucht Ttewmneparype Ba
CHABHO  HCOApAeTcs H B KAaTode JOMKHH OBTb CO3IaHW  GOJbLIHE
sanachi Ba. Ilonbitke ocymectenTe W — Ba-Katoa neaa’Hch yie JIaBHO
(Katoabl raszopaspsaadely npuGopos boaawpa n Ilonesoro Ha 3sasone
€«Cpernana» u Xemna s CIUA) Ho r1oapko B 1930 r. Jlemmencom Gbid
ONHCAH KaTOA, NPUroAHBIR st BHICOKOBAKYYMHOrO npréopa H A3ReCTHEIH
IOJ HazeaHHeM MeTamiorySuatoro Karoaa uad Jl-karoaa. Karoaw storo
THIA NOAYUHAH YK€ TPAKTHYECKOE NPHMEHEHHE.

3iecs MH OfHINEM TOJBKO NPAHLHN YCTPOHCTBA HAa MPOCTOM NpHMEpE,
OTNO#UE OMHCAHHE APYIHX KOHCTPYKLUWH @ TexHHUecKHX crolicts o § 21.
CywmHocTp crnocofa Bozo0HOoBACHAA NVIEHKH MOWHO NMOHAre H3 puc. 127.
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DMUITHPYIOUAN 4aCTh 3ITOrO KATGAa COCTOMT H3 MOPHCTON BOABDPAMOLOH
NA3cTHOKH, 001 KOTOpoH B 0cO0OH m0T0CTH HaxoauTcs Tabaerka, coaep-
wamas Ba, obuyro (Ba, Sr)O wau cnaas BaBe. 3amac Ba B Tabaerke
moweT OuTh O4edb Goabwmy. [Ipu Harpese ¢ IOMOIBI 110JOrpeRaTens,
YCTDOCHHOTO Tak €, KaK B APYTHX KaTOJaxX KOCBEHHOrO HaKaaa, aToMul Ba
AApGYHIHPYIOT Yepe3 nopel BOALDPaMOBOH «ryOKiM»  HZ OOBEPXHOCTH
B KOMIOEHCHPYIOT yOblib OT ucnapenns. PaspaforaHsl B Ipyrue npuemel
co3naHua 3anacos Ba B xatoae.

MertaanorybuaTsHe W pPONCTREHHBIE HM KATOIH OTAHUAIOTCA BHCOKOH
5 PeK THEHOCTRED B CHOCOOHOCTBK) J3BATH IMHCCHOHHHIA TOK Soabmod
OAOTHOCTH, HO OHH MPUCOAHB TOJALKO B NPuBOpax, rae SOMyCTHMO [oNa-
nanne Hcnapsioieroca Ba Ha apyrue 3aekTpoiwl.

§ 17. AmuccHOHHAA «NATHACTOCTE®

[. DKcnepumeHTAanLHOE .HCCAeOBaHHE 3SMHCCUOHHHX nATeR. B
HACTOALLEE BPEMS MOKHO CYMTATh TBEDAO VCTAHOBJEHHBIM, 4TO MOREPX-
HOCTb BCAKOrQ Kartoad, W NPETOM He TOJbKO TEPMOIACKTPOHHOID, HE DAHO-
poada B OTHOWIEHHH 3MHCCHOHHBEIX CBOACTB. Ha wkaxzom katoze cywe-
CTBYHOT YHalTKHE C pasIuuHOM paGoTol BHIXOAd B, BHAUAT, ¢ Pa3JULHOH
TAOTHOCTEIS IMHCCHOHHOTO TOKA. Pasauune B MIOTHOCTH TOKd € OTACABHBEIX
VUACTKOB TEDMOIMEKTPOHHOIO KATO/JAa MOMKET, OCOOCHHO TIPH  HH3KWX
TeMneparypax, AOXOAMTb 10 TakoH CTENeHd, 4TO MNPakTHYECKH BECh
YMUCCHOHHBIA TOK TEYET TOABKO YePe3 VYaCTKA ¢ HauMeHslued pafioTofi
BHX0A3. DTO ABACHHE, 3AMETHOE M Y UHCTWX METaJlA0B, HO OCOGEHHO
Pe3KO BHPAKEHHOE ¥ TASHGYHHIX KATOAOR, MOXHO HAa3BaTh «IMHCCHOH-
HOWl TIATHHCTOCTBEGY. DMUCCHOHHAS [OATHHCTOCTb ADMKHZ  HaG0IATHCA
TAKKE M Y ABTOMMEKTPONHHX H POTOIIEKTPOHHEBIX 3IMMTTEDOR, TaK Kax
H AJ8 3THX CAYYA€B ILIOTHOCTE TOK2 AMHCCHH  3aBucHT  OT  padord
BHX0AA. o cux nop, paccMaTpueas SMUCCHOHHBIE ABASHHA, Ml HE YUH-
THBAJMH NATHACTOCTH, XOTA €€ BJHAHHE MOMEI B3aMeTHO CKa3aThCA Ha
XapaKTEPUCTHKAX 3JEKTPOHHEIX NPUOOPOB. OCTAHOBHMCA CHAYANa HA ONBIT-
BBIX J0OKa3aTeNbCTEAX CYUMIECTBOBAHMA SMHCCHOHHOH NMATHHUCTOCTH o ee
TPOUCXOAICHHH.

Jbol MeTaannueckal KaToA — NOIHKPHCTAN], H Ha ero HOBerHOCTb
BEIXOAAT CaMble PAa3/iMUHBE TPaHl MHKDOKPHCTAWI0B, OPHEHTHPOBANHBIY
BHYTPH METaama BROAHe Gecnopagouuo. [Tocne mexauryecko#t ofipaboTka,
HalPAMED NPOTAXKKH, KOTOPOH MOXBEprawTcs BOALPPAMOBHIE HHTH, ODH-
E€HTAUHA MHKPOKPHCTANANOB HECKOJILKO YNOPSOBOUHBAETCA, 4 HMEHHO 3HA-
YHTEAbHAA “aCTh MAKDOKPHCTAIOR OPHEHTHDPYETCA ONpeaeaenuy o6pasos
N0 OTHOLIECHHK K HAOPABJAEHHIO NPOTAKKH, T. € M0 OTHOWEHHID K OCH
NPOBCIOKH. Bausnue MexarHueckod 06paGOTKH Ha OpHEATANHIo MHKPO-
KPHCTaNA0B XOPOUIO H3YYEHO B (PHIUKE METAIOB.

[Ipn anuteasHoM DPOFPEBE NPOROKOKH MpPH MOIXOasmet TEMMEpPATYPE
NPOUCXOIHT POCT KPUCTANA0B, TaK YTO MOKHO RBHPACTHTb KPUCTALAH
BOMbpaMa DAHHOH B HECKOABKO CAHTMMETDOB, 3aHHMAIOULAC BCE CEuSHHE
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IPOBOJOKH N MIPHUTOM ONpPEIEeHHEM, H3BECTHEM 00pas3oM OPHEHTHPOBAH-
HBE MO OTHOIMEHHO K ee ocd. Boawhpamopan nposooka M3 NOTHKpPH-
CT2AAMYECKOH [RenaeTcd MOHOKPHCTaMTHYECKOH, BEpHEeE, COCTABJIECHHOH U3
HEMHOTHX KPYVIHHX MoHOKDHCTanaos. Ha ee momepxnocta no paziuHbIM
paIuanbHBIM HANPABJIEHHAM OYAYT BRIXOAUTh PasHble IPasH MOHOKPHCTaN1a
BOJMLPDAMa, W 3HAYKT, HAMEDHA MAOTHOCTH JEKTPOHHOro TOKA NGO PasHbIM

pagvaAbHEM HANpaBJICHHAM, MOWHO HCCHeN0BaTh S3SMHCCHH H3 DPA3HHX

rpadeli, Takue wuamepeHus Ouian nposenansl Hukoabcowm, NOKa3aBLinM,
yTo pafoTa BHIX0AA A4 PA3JHUYHHX rpanedl KPHCTaAa BOJb(PPaMa MOWET
oTaMuathcs Ha 0,3 3¢, a no Goaee mnosanum HaMepenuam CmuproBa H
ilynne — gawe Ha 1 24,

Puc, 158, ABTO3IEKTPOHHAS IMECCHR MOHOKDHCTaAla BOJb(paMa,

Custmog noayuesd B cepuiecKos miKpocKonme-mpoexTope (cM. § 33}, Paavyc EPHBH3ELI OCTPAR

npoektopa 1120 A, nanpwwenne 3500 g, yneruueune 120 000; g — doTtorpadua uzobpamenud Ha axpa-
He MUKPOCKONA; ¢ — DACOGAONKeHHe KPHCTRAI0FPaPHYEcKHX ©OCel Ha [OBEDXHOCTH KPHCTAANE.

UpessuualtHO HarvisAHbIE J0KA33TE/IbCTBA IMUCCHOHHOH NATHUCTOCTH
GBUIM NOJYUEHH 3TEKTPOHHOONTHUECKHM NVTEM Ha MHCCHOHHOM 3J€KTDOH-
HOM MHUKDOCKONE M anekTponnoM npoektope {(uw.ll, ra 4, § 33} Dnex-
TPOHHOMRKPOCKOIHYECKHE CHHMKH, NOKa3blBAOWIHE 3SMHCCHOHHYIO MATHH-
CTOCTh KaK YHCTO METAJATHYeCKHY SMHITEDOB, TaK H NJIEHOUYHHBIX KaTOIOB,
HaHel Ha puc, 128 u 129,

Ha puc. 128 caesa npeacraeaen CHUMOK dBTO3NEKTPOHHOH SMHCCHH
¢ MOHOKDHCTa/in32 BOJAB(DaMa, NOAYHEHHHH Ha COQEpRUECKOM TNPOEKTope
¢ veeanyednem B 420000 paz, a cnpapa Ha TOM Ke pHACYHKe — Daclnio-
JOKEHHE KPHCTAAAOTPauuecKdX HanpapjieHHd Ha NOBEPYXHOCTH MOHOKPH-
cranna, Hanpasnenmsam {110] u [112], kKak 3TO BHIHO H3 CHUMKE, COOT-
BeTCTBYIOT Goablltad paboTa BHXOAd KM cnalad 3MHCCHA. IMHCCHOHHAA
OSTHUCTOCTD MACHOYHBIX KATOAOB BHPAWEHZ Pe34e, 4YE€M ¥  YHCTHYX
MeT2/UIOE. PasMepnl MHKDOKPHCTANAOB MeTaljla OTHOCHTRNRHC BEJHKH,
B A OOHApY:XKEHHs [ATHHCTOCTH HNACHOMHHX KaToaos He Tpelyercs
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Goabmoro yeeguuennd. ITarauctocts W — Th-kartoaa xopoiio BuHa HA
prce 126, MOKHO K 3J1EKTPOHHOMHKPOCKONIHYECKOMY HCCAET0BARHIO K3TOAZ
100IHUTL UBMEPEHHE SMHCCHOHHOTO TOKZ M3 OTAeNbHBIX ero mecT. Ha
puc. 129 noKasaH 3NEKTPOHHOMHKPOCKONHUECKHA CHHMOK TEPMOSISKTPOH-
woro Ni— Ba-katoza. B sxpaHe, HZ KOTOPOM [10/1y4afAoCh H30OpameHHe
Katoda, OHAQC NpoOLefaHo He6OaBILOE .
OTEEPCTHE W C MOMOWBIO MaruuTHOro  Jg
(1018 B OTBEPCTHE HATPABASIHCH 2K~

TPOHBI M3 DasJHuYHBIX MECT KaToja,
OTMEUEEHEX Ha puc. 129 ropmaon-
taipnolt  ueptoit. Tok 3aAeKTpOHOB,
NpoMEIHX  4EPE3 OTBEPCTHE, H3IME- L

pancsd, M TakuMm  ofipasoM, OwJa
NoAyYeHa Mepa NAOTHOCTH 3IMHCCHOH-
HOTO TOKa, COOTBETCTBYIWOIAA CHET-
ABIM M TEMHBIM MecTam sKkpana, Pesyas-
TaTH TaKHX #3MepedHi  npeicras-
JeHsl  KpuBOH B BepxHed dacTH [H-
CyHKa, NPEKPAacHO JIeMOHCTPUPYOLLEH
pE3KO BELPAXKEHHYIO IMACCHOHHYHO TIAT-
HUCTOCTD. 3Has yseauueHuwe npuGopa, Puc. 128, Jmucens naten Ni— Ba-
N0 CHHMKAM SMHCCHOHHHYX  [SITEH Ka1oad.

MOKHO OnpeleTHTh WX pasMeph.

2. 3dpdexTHBnas paboTa BbIX0N2 NPH HAMHIHA SMUCCHOHHBIX NATEH.
DMHCCHOHHAS [ATHHCTOCTh TEM 3aMeTHee, uyeM OO0JblIe Pa3HoCTh pador
BLIX0;Ia B PAAUHHX MecTaXx Katoda. Ha mosepxuocT unctoro sonabdpama
MAKCAMa/IbHA% pa3HoCcTh paGoT BuX0Ia cocTasser 0,3 98, a ana W— Th-
KaTola, TO-ENIWMOMY, H3-33 Pa3NHUHOR CrocoGHOCTH K ancopbunu Ha
PasHBEIX TPaHaX KPHCTA/AJIHTOB 9TA pasHMia a0X0zut go 1,9 38 (no name-
pennaM Mopryauca w Hdataosunxoid). Orciona cieayer, Uto BCE ABAEHAA,
CRA3AHHEIE € 3MUCCHOHHON NATHUCTOCTBIO V IJIBHOWIHX KarTodoe, Ooace
PE3KO BWPAKCHH, 4YEM Y YHCTO METALIMUECKHX, IO NOLIBEPKIAIOT
H 3MEKTPOHHOONITHYECKHE HCCIE]0BAHAA KATOIOB,

Hrtak, 3MHCCHOHHAS NATHHCTOCTL B TOH HAM HYOH CTeneHd CBOKCTBCHHA
BCEM SMUTTEPaM H STPM Onpeneasercs 50nblIoe HAYYHOE B NDaKTHUSCKOe
3HaueHUe 3TOro dBjeHds. (OIHAKO HENMpaBHALHOC pacnpeileneHHe NATEH
SMHCCHH TI0 TOBEDXHOCTH CHABHO OCAOWHAeT pazpaforky teopun. Ilo-
STOMY MBl IIPOCAEOUM BAMAHHE NATHACTOCTH HA YNPOULEHHOM IIPHMEDE.

Ilycts Ha MOBEPXHOCTH TEPMOKATONZ HMEHOTCH YUYaCTKH TOABKO ¢
ABYMS$ 3HAYEHHAMH PA0GOTH BBHIXOAA Prmax H Pmin (Pmax > Pmin)s 2AHAMA-
OLHE NAOWAANA Spax B Smin. TOKH ¢ of0gux uacrTell karoga pasHbl

kT

4
Imax - Smax A T‘zexp {_. (3;“;-:!?( } .

Imin _ Smin ATEEXp {..._ e-fmin } ,
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Onpeaeney shdextubHylo paGoTy BHXO4a TEPMOKAaTONa § € NOMOILAI0
COOTHOLLIeHHA
ey
1=1m+1mi,,=s.4rfexp{ik—‘;}.
Orcioaa nocne HEKOTOPBIX Npeofpa3oBakuil creayer:

el . —o
5 pr | Smin T Smaxtxp {—(fmﬂk—;’m’“}
?_{?min'——e—]n . _

o kT Smin ¥ min | Sinax €% max L"l,
_hTIn[—Sv—exp(— ET }-*— S exp| — iT :"‘ . (17.1)

YTO AETKO NPOBEPHTE HOACTAHOBKOMH.

®opuyna (17.1) maer suauenue paGoThl BHX042 TEPMOKATOIA, YCPEI-
HEHHOE B COOTBETCTBHH C MATEMATHYECKHM BRIDAWEHHEM 3aKOHA TepMo-
SAEKTPOHHOA sMHucCHA. JPieKTuBHad paboTa BHX01d OKA3HBIETCA 33BH-
CAEd OT TeMOEPaTyDhl, MaWe €CAH Qmaxy H QPmin OT TEMOEDATYPH HE
3ABUCAT,

Mox sunaxom In B Qopmynae (17.1) CTOHMT BEJHUMHA, MCHBINAL CIH-

HUOM, ¥ CAea0BaTEAbHO, ¢ MOXKHO NPEACTABHTL B BHIE
?=$min — 27, (17.2)

rne a > 0; dopuyna (17.2) nourn cosnasaer ¢ ykasaudo#l paHee sMin-
puueckofl dopmyioi (§ 14), noToMy uTO 2 Mano S4BHCHT OT TeMnepa-
Typul. B § 14 OmA0 BHACHEHO, 4TO TAK KaK B BHIPAKEHUE JAS SMHC-
CHOHHOTO TOKZ BXOJAAT MHONKUTEds eXp (-— a/k), To mpu 2 >0 stum
MHOKHTENEM MOWHO O0BACHATH HEPABEHCTHO Asxen <Amp. H3 (17.1)
crenyer, uto ueM GOABWIE @pax — Pmin, TEM 0OJbLIE o, TeM BoJbue,
BHEYHT, BOMKHE NOAYUHTLCA H DABHHLIE MEKIY Aqeop B Agyen . dAn nae-
HOUHBIX KATOAOB, TAKHX, Kak Th— W u 1. 4, Tak u nonyuaercs; y HHX
Asxen B HECKONBKO HOCATKOE Pa3 MEHbIIE Ayep, W B 10 #& BpeMs
¥ HUX Prax— QPmin AOCTHTIET ropasdnc OO0JbIIKX 3navyeHudt, ueM y «uc-
THYX METAJ0B.

Ho panee (§ 16) Onina ykasawa ¥ Apyras BOIMOWHAS MPHYMAA (OJb-
MOTQ PasAuyns MEKIY Aseq W Areop A48 NJCHOUHHIX KATOAOR, 4 UMEHNO
OBUIO  YKE3dHO Ha BO3MOKHOCTh OODA20BAaHHMA <XOJMA» Ha LOTEHIIHA/b-
HOM Oappepe H Ha GoabmOH KOB(GMUUHEHT OTPHKEHHA INEKTPOHOB OT
Gapvepa Taxoli ¢opmu. Bonpoc Heapss cuHTaTe CKOHUATENLHO DPEINEH-
HBIM; HY#HO, OJHAKO, 3aMETHTh, YTO OJHO HBJACHAE OTHIOIL HE HCKJO-
438T APYTOTO H BO3MOMHO RindHue OGEHX TIPHYKH.

Cpennas pa6oTa BbINGAd & XaPZKTEPH3YET BECk IMHTTED B LEJTOM
0 OTHOWIEHHIO K TEPMO3JEKTPOHHOH smuccun. HeolXoauMocTs BRECTH
cpeaHion padoTy BHIX0AZ, XaPAKTEPHBYIOUIYIO BCIO MOBEPXHOCTH TEEPIAGTO
TENd, MOKET BCTPETHTBCA H NPH H3YYEHEH ADYTRX dsieHud. Hanpumep,
B KOHICHCATODHOM METQIE BeJAHUYMHA HaligeHHOH U3 OnbTa KOHTAKTHOH
DEZHOCTA NOTeHNna 0k OyIeT 3aBHCETh, OYEBHIHO, OT CPEAHETO 3HAUCHHS

§ 17] . SMUCCHOHHAS &MATHHCTOCTRY 233

padoTel BHX01a no scelt muomats. Ho sta cpemms paSorta sWX0ia ne
Gyser paena g. )

Brenem Tak Ha3blBAEMYK 4CpelHeapHPMETHUECKYI? NO HOBEPXHOCTHY
paboTy BHX0.3

L
v

o 518 N e T P R
e

roe S, So .. P4 P .. — DJIOUIAAH NRTEH U COOTBETCTBYOUIHE MM PAGOTH
BLIXO1d W S -—rnommag TMOBEPXHOCTB, ECNH HajlMULO TOABKO IRa poaa
nated ¢ padoraMu BHXOAA ©max U $mip, TO

FminSmin 7 Pmaz Smax

= S

BareHep u ['H3e noKasaam 3KCOEPUMEHTANBHO, UTO pafoTa BRIXOMA, BRIYH-
cnelHAg MO KOHTakTHOR pasqoCTH MOTEHUEANOB, HalileHHOH N[O KowjieH-
CZTOPHOMY MEeTody WiIn OfHcaHHOMY Hinxe (§ 33) Meroay cMellenns

Puc. 130. XapakTep noas usTeH.

XapakTepHCTHKH, pasHa ¢. Herpyano nokasate, ncxoas us (17.1), uro
$£ ¢, W TOALKO NPEIEJIbHME HX BHaYeHHd OpE [— ©O pasuel Mexay
cofoft, B oTamune OT & BeAHUMHA ¢ 3aBMCHT OT 7 TOJBKO TOrda, KOrga
oT T 3aBUCHT Dmax HIAH Dpmip.

3. Mone nateH M ero BARAHHe HA S¢pgekt LlorTrRH. [ToBEpxHOCTH
4MATHHCTOTO®  SMHTTEPA COCTOHT W3 YUacTKOR € pasiHyHOR paGoTod
BLIXOJZd, MEXIY KOTOPHMH CYIUIECTBYET KOHTAKTHAas PasHOCTE fIOTEHIMA-
J0B, CO3MA0NAE  BOMH3H TMOBEPXHOCTH 3IMUTIEpPA  IEKTPOCTATHUECKOE
KOHTaKTHOE noJde. JTO TaK Ha3blBAEMOE «MoJie MATEHY MpOCTHpaercs OT
NOBEPXHOCTH SMHTTEPA HA DACCTOSHHE MOPAIXA TNOMEPeYHHX pasMepor
NATEH H MOWET OKA3LIBATh 3HAYWTENBHOE BAMSHUE HA JABWAKSHUE JEKTPO-
HOB, BO BCSAKOM Cnyyag [OJi IJAEHOUHHX xartonos. Pue. 130 nepegaer
Xapakiep noas NaTed p6IM3H NOBEPXHOCTH, Ha KOTOPOH HMEKTCA MHKpPO-
KpHeTaans ¢ pabotavu Beixoaa Py n Py Beanunna nanpaaeHnocTd noas
naTeH Quens rpyfo, MO UOPSJAKY BEJHUHHBL, MOKET ORTbh OUEHEH3 NOo
dopuyae

U - '
Enm'n P b_K.SH — —ZBS 1 R (173)
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rae uepes 38 o6o3HzueH nonepeuudl pasmep fated, a ¢, w ¢, — padorty
BHXOMa ABYX COCeIHWX 0aTeéH, EcTh BCE OCHOBaHMA 0XM1daTh, YTO pas-
Mepn naTed GyAYT nOpAdka pa3MepoB rpaHedl MUKDOKDHCTaJ noR, T. e,
Anst 0OBYHOIG NOAHKPUCTANIMYECKOrO Eoabppama mopsaka 107% cx, D10
NOATEEPKAACTCA M IICKTPOHHOONTHYECKHMH HCCAEADBAHHAMH KaTOAGB,
ri€ pasMepnl NATEH W3MEPATCA HenocpelcTBeHHO. Ilome nsarter npoctu-
PAaeTCHd HA MHOTHE THCAMH ATOMHEIX JHAMETPOB OT MNOBEDPXHOCTH 3SMuUT-
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Puc. 131. BomT-aMnepume xapakTepucTHxu W -- Th-xkatoia

B 06.13CTH HACHILERHS B KoopauHatax lg f, 0 [/, NpH pasHmx
CTEUeHAX MOKPHTHA,

Tepa, T. €. ropasic Aajsbllic NOJS CHAX H300pakeHHd, COAfaIoEro npax-
THYECKK A0 HyAa upu paccTosnun 1078 car,

[Mone nsTen HAaKI3IBIBAETCH Ha BHEINIHEE MOAE, CO3LABAEMOC Hanpa-
HEHNAMH, HANOKEHHBIMH Ha 3JEKTPOJL, H B KAaKOH-TO CTENeHH H3MeHder
BOJBT-aMIEDHHE XaPaKTEPUCTHKH mnpubopa. PaccMorpuM, Hanpumep, yua-
CTOK HACHINEHHA BOJbT-aMNepHOH  XapakTepHCTHKON, wu306paweHHoH B
Koopaunarax lg j., )/ U,. Kak Onao mokasano B § 13, 370T yyactox
BCICACTBHE YMEHbluEHHs1 pabOTH BLIX0A3 B YCKODsOmeM noae (spdexr

Wortkk) B koopamuatax lgl,, U/, uMeeT B HakAoHHOH npsiMOR
(puc. 114). TIpamoaunefinas 4acTb XapaxkTePUCTAKH, HasmBaeMas mnpavol
HloTTku, noasaercs TEOPETHYECKOMY pPAacueTy H MNOJAYYacICd Hi  DIHTE
A9 TaKHWX OTHOCHTEABHO OTHOPOIHEIX IMHTIEPOB, KAX YHCTHIE METa/l,
Y KOTOpWX noje nated ciado.
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Man SMMITEPOB C DE3KO BHPAKEHHOA MATHUCTOCTBX npamas LOTTRH
6yAET MOJAYYATLCA TOALKO NPH CHABHHX BHEUIHMX 104X, KOrid

Enner.u > Enn'ru! (1 74)

TaKk Kak TOJALKO Toraa pabora cmn nons nated OyaeT He3aHavydTeNbHaE
CpaBHUTENBHO € PaBoTol chA Brewwnero noas. Ilpn ymewnmennn BHEl-
HEro NoXd OTXO0JA XapaxkTepucTuku oT npavod LoTTKn HayHeTCA panblie
[LOABAEHHS 3dMETHOMO TNPOCTPAHCTBEHHOTO 3apaja. Kpowme Toro, oTxon
nonkeH GHTh TeM Goablue, dem G0AbIIe HEOAHODOAHOCTH TOBEPXHOCTH,
T. e, OH Jomked OnTh HauGONABLUIMM NPH OTHOCUTENBHOR CTENEHH TMOKDH-
T O/Bmay=0,5 1 menblie mpH BBy, GIH3IKOM K HyMO (NOUTH BCS
NOBEPXHOCTE — YHCTHIA METaam) v GAM3KOM K eZrHune (D04TH BCA NOBEpX-
HOCTh MOKPHTA MIEHKOM). DTo BNOAHE NOATBEPHKAALTCA XaPAKTEPUCTUKAMA
1aa W -—— Th-katosa, cHATBIME [DH DasAHUHEX CTEMEHAX TOKPHTHS
{puc. 131).

Ip¥ 3KCNEepPAMEHTANBHOM ONPEIEJNeHHH KOHCTaHT IMHUCCHH METalnoB
MeToaoM upsMol Puyapicona moutH BCerja OCYWECTBASETCs npeilenbHblf
cayuall  Eopow o Eqgre JTHM  YCTPAHATCA  COMHEHHS B 33KOHHOCTH
onucaiaoro B § 14 MeToda ONpene’eHHs TOKA HACHILEHHA T[PH HYJAEBOM
[0JI€ HA KaToje ¢ noMombio akctpanoasuud npamol Hottku, [lo sonpocy
o moxne mated cm. [/l 2.4, ro 2]

§ 18. OucunHuii xaTom W Apyrue HeMeTalIHuecKHe
TEPMORJEKTPOHHBIE KATONB

1. TexHHKA M3rOTOBAEHHS U CTPYKTYDPA OKCUEHoro karoma. Oxcua-
auft Karor (O. K.) B nHacTodlee BPEMA NOYTH MOHONOABHO [IPHMEHAETCH
B TPHEMHO-YCHAHUTEHABHBIX JlaMidx, C. B. Y. JaMnax, 3JeKTPOHHBX OCUHI-
Aorpadax ¥ KHHECKOTAX M ra3opaspaifbix nmpubopax ¢ HZKAJNEHHBIM KaTo-
aoM. Taxoce munpokoe npumenenve O. K. oOBLACHRETCR npeKIAE BCErO TEM,
uro oH umeer pabory ewxora (1,0 — 1,2 5§) MHOIO MEHBLIUYIO, YEM ADY-
rue KaToAH.

Bricokas »MHCCHONHA"  CHOCOBHOCTL OKHMCAOR  IUEJIOYHO3EMEJIBHBX
metannos (BaQ, $rO, Ca0) 6una orkputa B 1904 r. BeneasToM. B nocae-
aywowke 15— 20 ner O. K. 6uan noseseHy A0 CTENEHM TeXHHYECKOH
NPHrogHOCTH M yxe B 20-Xx roJax BCNONR30BAANHCE B HPOMHBIHJIEHHBIX
npubopax. [locrpoenne Teopau O. K. BcTpeTuaccs, oanaxo, ¢ O0JbMIAMYA
TPYIHOCTAMA,

[Tpuunnoit Tpyakoctel, ectasmux nepen teopwel O. K, Gwna mpo-
THBOPEYUBOCTh SKCTIEPHMEHTANBHEX CBEJAEHAN O €0 CBOHCTBAX, BOSHHKAB-
mas 60abIHel TACTHIO HE H3-33 HETOYHOCTH IKCTIEPHUMENTA, 8 B3-3a CAOKHOCTH
crpykrypu . K., cywecTseHHHe OCOOCHHOCTH KOTOPOH BRIACHAANCE
TOABKO TOCTENEHHO, H 1¥3-32 OOABIHOrD BAUSHAR AaKE HHYTOKHEIX 3a-
rpasHenalt Ha cBolcrea Karoaa. JlpyroH OpuuMHOM OTCTaBaHMA TEOPHH
Ouno ofmiee COCTOAHKME TEODMH TBEPHOCO TEAd, B YACTHOCTH TEOPUH
NOAYNPOBOAHHKOB. KBaHTOBasg TEOpHA MET4/AN0B HAYaNa CKA3AHDBATHCH
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ToaeKk0o B 1928 — 1930 rr, a TeopHs HEMETATHMeCKHX KPUCTALAOB enle
Ha 5 -6 aer nosanee. [Tonatro, uto teopus amuccun O.K., 8 xotopom
FIABHYI0O OB Wrpaer CI0H MOAYNpPOBOAHHUKE, HE MOraa GbITh MOCTPOCHE
A0 3TOTO BPEMEHM, H MEPBHE NOMBITKH €€ NOCTPOEHHA (TaK Ha3nBaeMad
«TEOpHA OCTPOBKCOB 0apHd», «Teopus GapHeeoll TASHKW», <TEOpPHA NpC-
MEKYTOUHOTO </10f») OKa3aJdMCh HECOCTOATEAbHBIMA, B HacTtoslee spema
(HSHYECKYI0 KapTuHy sMuccud O. K. MOWHO CYUMTATH B OCHOBHHX YepTax
BRHIACHEHHOHR, XOTA TEOpHA BCE ellle NaneKa OT 3aseplleHus.

B okonuateabHom euae O. K. npeactasnmer cofoll cnaok okucH
WEJOYHOIEMENEHEX METaAd0B (NOuTH BCETJa NPUMEHACTCA CMEellaHHbIH
okcka, corepxkamui BaO w Sr0), wanecennuii nn60 Ha TOBEPXHOCTH
METANIHYECKOH [POBOAOKH HJH JEHTH (KEpH2), HaKkainBieMoH TOKOM
(npAMOHaKanpHEIC KaTOAbl), AMO0 HA KEPH, HarpepaeMulfl OCOGHM, H30OMH-
pOBAHHLIM OT Hero nosorpesateneM. Ileppolt 3amaved amnsercs, TakuM
00pagoM, HaHECEHHe HA MeTa/IHYECKHH KEePH NPOYHOro, XOpouio CKpen-
AEHHOTO ¢ HHM CA0A OKCHI3. TaKk KaK OKHCIH  LIeNOYHOZEMEeNbHBH X
METANA0B HA BO3AYXE MNOFACINAIT BJAry M GHICTRO PaspHXIAIOTCA, METOX
HZHECEHHMA ROAKEH HCKAWYaTh MNPOAOTKHTENBHOE CONPHKOCHOBEHHE C/10M
OKCHId C BOBAYXOM. DTO AOCTHraeTcd TeM, YTO OKCHIHHE caofi nomyya-
ercs B npubope, TOCTARNEHHOM HA OTK3UKY, T. €. VK€ B BaKyyMe,

Huke omwucaHel gBa MeTola HaHECEHMS OKCHMAHOrO ciaod. B ancrun-
ASLMOHNOM MeTone Oapuil BO3rOHASICH HA NMPEABADPHTENLHO OKMCAEHHY W
NOBEPXHOCTb Karojga, riae npr T0oM obpasyercs cioit BaO tonmsnoi
1 — 3w, T, € HE MEHbIIE HECKOABKHX THCAY aTOMHHIX CJOEB, OTKYO2 CAe-
AyeT, uTe JAMCTuAAsinHOHHuH GapueBHH KaToa HEAb3A OTHECTH K Kare-
TOPHH  TIEHOUYNHX KAaTOJ0B, NOKPHTHX OJHOAaTOMHOH nnenkod Ba. Tuc-
THAAAUHONHBIH KATOX — 5TO OKCHAHHWHA KaToA C TOHKUM CAOEM OKCHAA.
Bapueseit AUCTHANANHOHHEH KaTOR BECHMA IKOHOMMUEH 4 PAHBILE YACTO
npamedsacd. HepocTatok €ro cocroMT B TOM, YTO NMPH BO3rOHKe Gapnfl
NonasaeT He TOJNBLKO Ha KaToid, HO # HAa [APYrHE FJAEKTPOAH # TIOHHKaeT
nx paboTy BRIXOM3, 4YTO MOXKET TPHRECTH K 3NCKTPOHHOH 3MHCCHH C
AN sneRTpoaos. [To3TOMY ZMCTHATALHOHHEA METON TEneph MNOYTH He
NPUMEHAETCH.

Ilo npyroMmy MmeTonay, Tenepb OOHYHOMY B BIKYVMHOR TeXHUKE, KepH
NOTPYHAT B SMYAbCHIO, COAEPHALIVIO H3ME/ABUYCHHLIE YACTHUB HAHOCH-
MOrQ BEIeCTR3, WX ONPHCKHEBAWT 3ToH sMysscHel. IJTOT mpouecc uier
He B BAKyYME, # [OSTOMY HOAB3H HAaHOCHTbL Ha KEPH HENOCPEICTREHHO
oKCcHA, MCXoaHpIM MaTepHatoM CHYKAT COAR LICAOUYHOZeMENbHHX MeTan-
Aos, yawe peero wapOonatw BaCQOs SrCO,, CaCO,, cTofike npn
KOMHZTHOHR TeMOEepaType, HO pacnaiaomiuecs ¢ oOpa3oBaHHEM OKCHIOB
npu npokanueadnu. llpe 5ToM, 4TOoGH NOAYYHTE CMEWAHHHA OKCHA, Ha
KEPH HAHOCAT TaKKe CMEeIIaHHHe KapOoHaTH, Hanpumep aeoRuo# kapbo-
nar (50 — 53, BaCO,, 50 — 45, SrCQ,) wam TpofinoHt kapBonar (56%,
BaC0y,, 32¢%, SrCO,, 12%/, CaC0;). B nocaeaneM caydze MOAYYAeTCH
OKCHIHOE MOKPBITHE € HECKOJbKO XYAUWIHMME IMACCHOHHBIMU CBOHCTBaMH,
HO (oJee npouHoe,

t

r

4
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MaMenbuennsie KPHCTALIB KapOOHATd, CMEIIAHHGLIE (G CEA3YIOMNM
BElIeCTROM — BUHIEpOM, HaHocHaTcs: na Kepd xaroga. [locae npocymku
TaKOH KAaTOL MOWET COXPAHHIbCA Joaroe spema. Katoa MOHTUpYeETCs B
npubop, M Aateueciimas ero o6pafoTka BEIETCS NPH HENPePHBHOH OTKauy-
ke B BaxyyMe. KpaTkospeMensnfi cHibHBIE HaKa) KaT0da TEPEBOAHT
KapOoHaT B OKCHMA [10 YPABHEHHIO

|Ba, Sr]C0O;3=CO;— [Ba, 8]0,

OCBOGOIKIAIONAACA YTAEKHCAOTA OTKaukBaeTca HacocoM., CMech KpHCTal-
ankos BaO u $rOQ, nonyuarol(asca HeNoCpeICTBEHKO OCAE pachaia xap-
60HATOB, NEPEXOINT OpH JJWTEILHOM HArpPEBaHUH B TBEPAMI pactsop,
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Puc. 132, JlByMepras Moieab CTPYKTYpH oxchia (Ba, Sr} O.

a— HC&KTMBHpOBaHHLIH OKCHI; F — OKCHI CO CBOJIOIHLIM ATOMOM Basm HEeXI0Y 3. TAH;
8 — EKTHBHPDIEHHHH OKCHI € OYCTLIM KMCIODOIHBIM Y¥3J0M,

T. € B KPACTAMAR, B PELeTKE KOTOPLIX METAVIOAIHBIE Y3/ BaHATH
KHCAOPOADM, a4 MeTa/Hueckue —— uoHamu Ba p Sr, K4K 3T0 CXEMAaTHYECKH
¥306paxedo 148 ¢MemanHoro oxkcuaa [Ba, Sr]O wa puc. 132, a. B npo-
uecce 06paGOTKH OKCHAHOE HOKPHITHE NENAETCA NOPHCTHIM, 3 NOBEPXHOCTh
eFr0 CHABHO miepoxosaTol, OTaeabHble NOPH MOCYT HOXOAATE 10 NOAO-
BHHBl TOJIIHHL TMOKPHTHA, 00uuHO Jexailedl B npesenax 40 — 80 p. Kpu-
CTZAKUKY OKCHAHOFO TIOKPHTHA HMEIT pasmepn ot 1 jo 4 p.

OxcuaHull  KAaTOX, H3rOTOBJAECHHHIKE ONHCAaHHEIM CnocoboM, cHavala
NpaKTHYECKH HE JAeT SMHCCHM, W €rc Hy:KHO aXTHBHPOBATH. Metoan
AKTHBUPOBAHNA CHavyana Oulau paspadoTaHBl YKCTO IMIHPHUYESCKE, H RE OLLIO
H3BECTHO, UEM OTAMYAITCA HEAKTHBHPOBAHHBIE KATOAW OT AKTABAPOBEH-
HHX; 0 BHEUIHeMYy BHAY T€ H Apyrue COBEPUIEHHO OAMHAKOBbI

B mactoquiee speMs MOKHO CUMTATh YCTAHOBAEHHBIM, YTQ KaToL aKTH-
BUPYETCA TPH MOABAEHKH BHYTPY HOHHOH DEHIETKM OKCHAd H30LITOYHIX
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aTOMDB IUIEJ0YHO3EMENBHOIO METad1d, T, €. LIPU NDEBPIIIEHAR OKCHIA B
SASKTPOHHBA 10ay0posoannk, Crenyer saMerurs, 4T0 XOPOINMM aKTHea-
TOpOM, T. €. METAJA0M, MPHMECHBLIE AaTOMBl KOTOPOro COOOUIANT GKCHI-
HOMY KAaTOLY BHICOKYI0 IMHCCHOHHYIO CMOCOGHOCTH, ARJfETCA TONBKO Ba,
TaK Kak OKCHIB Oe3 npuvecd Ba scerna swutrupywor naoxo. Ilepece u
MPHUTOM NPAMOE JL0KA3aTe1bCTBO Haandug csobognoro Ba B akTusaposan-
HoM Karoae Guno gawo 8 1932 r. T. I Bepaenuukosol B naGoparopuu
sasofa «Ceetnanas. [TOCPEACTBOM XUMHUECKOTO aHAIH3a OHa [0OKa3and,
YTO B UCCACAOBAHHHX €0 ofpasuax Gulio BoccTaHomeHo o1 0,2 xo 0,5%,
ofuwero uucna atoMos Ba. Takoe konpuectso Ba, cocperorouenHoe na
NOBEPXHOCTH, 00pasoBano OB NJCHKY TOJAUIHHOH B HECKOABKO THCHY
dTOMHBIX CJIOEB, H NOBEPXHOCTL SMHUTTHPOBANa OH KAK MeTaaruyeckrid Ba,
paboTa BHIX0X2 KOTOPOrO COCTasAfeT OKOA0 2,50 38, T. e. Gojaee uem
BABOE TpesHuiaeT paloty ewxoza O, K. Ortcwoma CJIE.LI)EI‘ YTO aTOMH
csofonnoro Ba pacnpenesensl B Toamwe oxchia.

Itosenenne croGomnoro Ba B pewerke BaO (a takwe w B pemetke
CMCLIZHHBIX OKCHIOB) CBA3AHO ¢ OOPA30BAHHEM E PEIIETKE NYCTHX KHCIO-
poaHux ysaos (§ 12). BO6ausn mycToro METaAJOMIHOrO y3Ja B peIieTKe
HOHHOTQ KPHCTafind BO3MOXKHO 3aKpPenJAeHHE 3AEKTPOHA HA JAOKANBHOM
NPHMECHOM YDOBHE, JE#AUIEM HHAKE JHa 30HH nposoanMocty, Ha puc. 132, 6
3TO NOAOKCHHE YTPOIEHHO UEPeRaHo TEM,  YT0 B OIHOM M3 MeTa/liu-
YSCKHX Y370B, COCENHMX € NYCTHIM KHCAODOAHBIM V3Ja0M, TIOKasad Hel-
TpaibHbl «CBOGOAHNA» aToM Ba,

Wouw wkucnoposa moryr BcieacTBME TEMJIOROr0 EBAKCHWS NEPEXO-
AWTe B NYCTHE KUCAOPOAHBIE Y3hpl. flerko BHIeTh, UTO TAKGE UEpEMELLe-
HHE MOXHO ceCe NpPEeICTaRMTh Kak aMdidysuio NyCcTHX  KHCAGPOAHHX
¥3J0B HAH, YTO TO ME €aMmoe, Kak Auddyamo ceoboaunx aromos Ba no
pewerke. MOXHO CKa3aTs, YTO MPOUECC AKTHBUPOBAHUA CROIMTCH K 4ACTHY-
HoMy BOCcTaHosnennio Ba ns BaO w x pacnpeaeaesuio cso6oaHuK aTo-
Mos Ba no pewerke OKcmaz B HA €ro NOBEPXHOCTH. AKTHBUPORAHHE
KaToid NPOU3BOAMICA B YK€ CMOHTHDOBAHHOM # NOCTABAEHHOM HA OTKau-
Ky npubope, Mo»TOMy BOCCTahoJeHHe Ba foakHo DpoTekars 3a Cyer
NpOLECCOB BHYTPH CaMoro xartoda. [lepews, NIMPOKO TNPHMEHABIIMMCA HA
NPaKTHKE CMOCOGOM 23KTHBHPOBEHHS BRJIO 3/EKTPOJHTHYECKOS AKTURMPOBA-
Hue. OKCHAHOE MOKPHTHE NPEACTABARCT COGOH 3AEKTPOHHMA MOMYNPOBOM-
HHK, HO UMEET TaKKe W HeGOMbLIYI MOHHYIO TPOROAAMOCTL. MOHHEI TOK,
BEJAHIHHY KOTOPOrO MOKHO CGUEHHTb TIO BHUIE/JEHHIO NPOIAYKTOE 3MEKTPO-
Au33, COCTABJALT B PasHelx oO6paznax or 0,005 xo 0,4, [J. 2.8] noa-
HOrO TOKA. DIEKTPOAHTHYECKOE AKTHBHPORAHHE TMPOTEKAET CIe1yHOILAM
00pasoM: KaToA HAKAAMBAKT M BKIIOYAWT aHOAHGE HAUPAKEHME, aHOIHBIA
TOK TIPOXOAHT U€Pe3 MOKPHTHE, NMPHYEM HACTb HOHOB KHCAQDOJA, HAXO-
AsmKxcs BOAM3M NOBEPXHOCTH, YARARETCA B BAKYYM, OCTAB/IAS B DELISTHE
IyCTHEe KHCAOpoanne y3am (puc, 133). Ha wuux nepememaores uousl
KHCAOpORa u3 rAyGUHB MOKPHITHA, H TakuM OGPa3oM, DyCTHE KHCAOPOI-
HB€ ¥BJAb OKa3blBAKOTCA OPOABHHYTHMH B ayGb pEIIETKH, 3 3710, Kak
YHKE YKa3hBaAOCh, PABHOCHALHO TNOABAEHHW cBOGOIHOro Ba,
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HekoTopoe BpeMs HA3al CYUHTANOCh, HTO IAEKTPOAMTUYECKOE AKTHBH-
popadue ueoSxoanmo. [To Crapoli TEXHOJOTHH H3FOTOBJCHHA OKCHIHKX
KATOJOB OHW HAarpepajuch Ha BO3JAYXE A0 NOCTAaHOBKA B npu0op W ROC-
CTZHABAKBAIOIIKE MPHMECH, COTEPHAMWMECT B KEPHE, OKa3nBadHCh TPOYHO
ces3anHnMy, TT03TOMY 045 TaKWX <«ODOKAJCHHHX» KaTOJOB JJIEKTPOAHTH-
yecKoe AaKTHEUPOBaHWEe Onino neHcTeuTenbHo HeofOxoaumo. Ho ecaum B
KEpHE H OIYaCTd B CaMOM TOKDHTHH TPHUCYTCTBYIOT MPUMECH, CHOCOD-
HHE BOCCTAHZBNHBATL Ba, W 3TH BOCCTZHOBHTENH HE OKHCASIOTCY B NpO-
jjecce NOANOTOBKH Karold, TO 3IAEKTPOJMHTHAYECKOS BOCCTAHOBJCHHE OKa-
3LBAETCA HEHYKHHM., Tak 06CTOMT AEJ0 B <HETIPOKANEHHBIX»> KarTonLax,
HarpeBacMbHX [0 BHCOKOH TeMmepaTypel TOALBKG TOr1a, Korda npubop

CTAaBAEH Ha OTKAYKY, T. €, YKEe B
o ok ’ Anod

BAKYYME, 0 -

[narHy© poAb B BOCCTAHOBJECHHH
Gapus B KaTOZAX, H3TOTOBAAEMHY
o COBPEMEHHOHl TEXHOMOrEH, WrpaeT
pea[{llHH BOCCTAHOBACHHA HA rpaHHue
M&HKAY OKCHAOM H KEDHOM, XOTH He-
KOTOpPOE 3HAUEHHE HMEET H BOCCTA-
HOBJAEHHE OKCHiZd OKHMCBIO Yraepona

CO, xotopas ofpasyerca B HeGOMb- Oreud o
IIOM KOJAYECTBE H3  YTACKHACIAOTH, 0"
BLAEASCMON NpH pacnage KapGoHata I A

Kepn Ko,
Np¥  BHCOKOH TeMmepatype. & K0ri000

Tort axrt, 4yTo MarepHan xepua Puc {33 SIIEI{TPOJIII‘[H‘IECKOE nepe-
He Ge3pasiuuen aas NOAyYeHus ak-  MELCHHC ;’ng‘::or?) mé]af-’" or6ope
THBEPOBAHHOrO OKCuIa, GHA  obuapy-

#ed ywme gapdo. Hampumep, naa-
THHOMDHAKEBHWE KepHbl OKA3aMuCh XYK€ KEDHOB A3 HHKeAd ¢ nobasxoft
kpemuus (Ni-}Si). D10 ofcTodTeARCTRO B CROS BpeMA  JA¥E 1410
NOBOJ LA BHABMKEHHA (Teneps OTOGPOIEHHOH) TUNOTE3M oOpazopanusg
BMHTTHPYIOILErO C/0A HA TOBEPXHOCTH KEPHA, Urpawilerc sKobsl [AABEYI0
pONb B 3MHCCHH OKCROHOIG KaTonda.

B nacTtosniee BpeMms NpoleccH HA TPDAaHBIE KEDH-— OKCHI B OCHOR-
HOM BRIAcHeHH. Kepn noawen BoccraHzeausaTh Ba, v 3naunt, auGo cam
METaAN KepHa A0/MKeH OTHHMAath Kucaopos y BaO, nuGo mas sT0ro B
KepH aonxHa GHTh JobasieHa mogxogsinasa npumeck. B Kavectve npu-
meced npumensiotcs Al, Ti u, gamxe scero, Si. Hpemunft aktHBHO BOC-
cTaHaBaupaeT Ba, O mocae marTenvHOH pPaGOTH KAaTOAd Ha TOBEPXEOCTH
KEPHA cKannueaeTcs obpasyiowniicd npu peaknun BaSi0;, npucyrcrsee
KOTOPOrQ yXyAIaeT CBOHCTB2 KaTojia.

Ouenp  XOpOIIMME  TEXHAYECKMMH CBOHCTBEMH o0nagaeT KepH B2
soabdpama, nokpuroro Cu— Al-Sponsol, paspaborannmB IlapxoumeHko
u Kosanpunk, rae Boccrawoenenue Ba mpoucxonut 3a cuet Al Buroauocti
OxasuBaeTci W nobaska K Ni-kepHy HeGonbmoro Koanuectsa (-~ 4%/;)
BOABpaMa, CAYKAUEro BoccTaHOBHMTEAEeM. Hakoweu, wautepec mpeacraa-



242 INEXTPOHHAS IMHCCHA [ra. 2

afer u xephn u3 uuctora Ni, rae 00pasyowascs NPUBOCCTAHOBIEHHH OKUCh
NiO ne sapaserca ycroluneoH, Tak 4To npocaoka sosce He ofpasvercs.
K Bonmpocy 0 pOJH TNPOCAORKH B NPOLECCEe IKCOAYaTalHH KaToga Mu
BEPHEMCA HEwe¥),

B pesyabTare BoccTZHOBAEHHs Ba nycTwe KacaopoiaHHe y3aw ofpa-
SYIOTCA BOAH3K TOBEPXHOCTH KepHa, HO MOHR KHCJAOPOAE NEPeMellarmTcs
Hd HHUX H3 TOJIUH NOKPHTHA M, TakaM o6pa3oM,usbmrouHbll Ba pacopo-
CTpangeTcs N0 BCEMY OKCHAY, BIAOTE A0 €ro NOBEPXHOCTH, rie, No-BHIM-
MOMy, ofpasveTcs 0IHOAaTOMHad nienka Ba.

Hrak, npouecc akTHBHPOBaHHA 3aKJOYAETCs B TOM, YTO CAOH oKcuua
BaO, cmeca (Ba, Sr)O umn cmecn (Ba, Sr, Ca)O npespamaercs 8 npu-
MECHHIH 3NeKTPOHHHNA noAynposoaHuK. 1Ips 3ToM ero saekrponpoBOIHOCTD
BO3pacTaeT B JSCATKH Pa3 H OOHADYIKMBAET 3aBHCUMOCTb OT TEMHCPATYPHI,
TENUYEYID AAf SACKTPOHHBX MOJIYNPOBOAHUKOB. AKTHBATODOM BO BCEX
NPaKTHYECKH HHTEDECHBIX (1yu4anax ssasercd Ba, T. e. MoBbllIESHHE 3AEKTPO-
APOBOJAHOCTH H YJAVUIICHHE SMHCCHOHHWX CBOHCTB CBA3AHBI € NOSBJIEHUEM
cpofoaHuix atomos Ba u ux pacnpenenennem B TOJMIE OKCHIA M HA €T0
nosepxaocTr. [TosToMy M He OyaeM cCHauana Kacarkcs PONM  JPYTHX
UIEA0UHO3EMEAbHEX MeTalJd0B, XOTA HANG0.abIUee TEXHWUECKOE NpuUmMe-
HEHHE UMEWT CMEIIaHHBIE OKCUAH, B nepeyw ouepens (Ba, Sr)O.

2. Teopus saeKTpoHHO#N amuccun O. K. Juepretnveckuf cnekrp BaO,
HEZKTHBUDOBAHHOIG 3 ZKTHBHPOBEHHOrO, 00121a10MEer0 OAHEM pPCAOM
AedeKTos — NOROpAMK-aToMami csoboaHoro Ba, usofpasen Ha puc. 134.
B nsanvhefimem M Oyiem moaw3ozatbes oGo3HaueHuamu § 13.

[llupuna 2ol 2anpeuteHHHx ypoenel Q, maa BaO cocTasaser, no
JAHHLIM ONTHYECKAX H3MepeHuti, 3,8 — 4,8 56%%), Tak 4T0 MOMKHO CuHTAThH
Q2> Q ¥ HE YU4THIBATB IJEKTPOHOB, MEPELIENIMK B 30HY [DOBOIHMO-
CTR M3 3amoJAHCHHOH 30HH. JJISKTPOHHBIH a3 COCTOMT UPAKTHUECKH
TOALKO MR DJEKTPOHOB, TEPEMEANHY B 30HY NPOBOIUMOCTH € AOHOD-
HHX YpOBHe#l, ¥ ero KoaueHIpauds {(dopmyna (13.14)) panua

Ve 1 3.9
] 4 T T

nd':Tno (Qrka) e . (18.1)

2z
h

OTIH SAEKTPOHH, HAXOMALIHECH B HEBMPOWICHHOM COCTORHNE (B THNUY-
HMX caydasx n, == 10"%-} 10" 1/ca®), oraenenm oT saxyyma noTemuwu-
aneHuM Gapeepou Y. Teopus TePMOSJIEKTPOHHOHW IMHCCHH HEBHIPOMKIEH-
HOTO 3JeKTPOHHOTG Tasa 4epes NMOTeHUHaAbHufl Oapbep npueoant (§ 14)
K «cTapoit> ¢opmyae PHuapacona, KOTopywo B 0003HAYCHHAX, HPHHATHX

*) Banatne PAAINYHKE OpHMecel K KepHY HA AKTHBHPOBAHHE M CBOHCTBA
KaTola MHOCOKDATHO H TUATeNbHO H3Y4arocCh. Pa3zpafoTaui cnocof usroto-
BACHHUA €AKTUBHLIX», <HODMAJIbHHIX> H <NACCHBHEIX® MAaTEePHancs 118 KEpHOB
[J1. 2.33].

**) Cm, [J1. 213, crp. 525]. B auteparype Aas @, yKaswBaInCh M 3HAYHTElb-
Ho Gogewue 3xauenua [JI. 2.3, c1p. 131)
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3j€eCh, CACIYET HANHCaTbh Tak:

—— 1 &
P — kE_ 5 R 18.2
JE_”"E]/_Qnm 7% R (18.2)
Buoca B (18.2) 3navenue n, u3z (18.1), monyuum:
CRLE 15 1 Q " Q
. gt ntemtet 7. 5 74“"“ = 5 7'{“"‘
Jsz——%—_noT“fXP — 7 =Bn, T*exp -~ |’
h
(18.3)
a1 23
ER R S
32‘2 =em k — 1,66-10-° a

ﬂ—i— eMe epadal 5

B dopuyie (18.3) ne yureHo OTpakeHHs 3JIEKTPOHOB, YUHThBAA OT-
paieHne, EywHO [ 3aMEHHTB uepes DB. dopmyna (18.3) Guna noayue-
na T. I1. Kosnaxoeckot B 1934 r.

BaD— rearmubupobannwt Ba 0— aximuBupobammsiid

. 2

AEOBoCiMOTTY | l
1 =T Wz
oo I s
DGEHY 1
gepmu E,? W

foumece___ D 1 O——0O Ol

o
cﬁgggﬁwm Ba L

JanoaHenHaa

X X
o e Jang

R0 ol RS
SSRIRIIIR
K, 5
SIS

a)

Puc, 134, JuepreTHuecknfl CHEXTP HEAKTUBHPOBAHHOro {a)
H aKTEBKpOBaHHOrO (6) okCHua Gapus; paGota Buxoja & papha
PA3HOCTH SHEPrHil 91eKTPOHA B BaKYYMe H Ha yposHe Pepmu:

¢’=‘P+(Wu“ Wf)

4

Ypoeenp ®epMH B SNEKTPOHHOM [IOJYNPOBOLHHKE, 3HEPreTHYeCKuH
CTEKTP KOTOPOro H3ofpaxked Ha puc. 134, 6, suuucadercd no dopmyae

(§ ]3) . r k . 3/2
szwa{rwf,,__rln[z(gnmkn ]

A | 2O (8.4
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Tak xak Q=W,— W, 1o (cm. puc. 134,0)

.
Q_ kT 2(2zmkT) *|.
*Q—Wc—*—wf—**z—ln [_“—( il )

L/

Q

HoncTasass 310 BHpaxeHde as 5 B (18.3), nocae aarefipanyecksx npe-
00D230RaHUA MOAYYHM:

. dnmkte W, — - .
Jo="TEE 12 exp [_ L%ijz AT% ¥, (18.3a)
riae
dnmkile a

pasio moctosuuofl B Qopmyne Puvapiacona — Jlewsana and  Merannos
W O-—onATh-TZKH, Kak B POPMYNE A% METaAAOB, PAIHOCTe SHEPrifl
SICKTPOHA B BaKyyMe W Ha yposne <depMet B noaynpoeoanuxe., Taxkum
00pas3oM, (OPMYNy TEPMOINCKTPONHOM SMHCCHH IS  NOAYNPOBOAHUKA
MOAKHO 330HCaTh COBEPHICHHO B TOM e BHIE, KaK a9 meTtaanos. ( mo-
Npaskolt Ha orpawenne 3ieKTponoB (18.52) creayer nucaTth B BHIE

<
=DATe *T. (18.56)

Crexyer OTMETHTB, 4TO BeIPAKEHUS (18.5), pHeeneHune 37eChH AAA YaCT-
HOTG Cay42f MOJYNPOBOIHHKE, CNEKTP KOTOPOrO MNPEACcTaBAEH HA pHE,
134, 0, cnpare/MBE ¥ 1A% NOAYTIPOBOJHMKOB C HHOM CTPYKTYpOH sHep-
TETHYECKOTO CMEKTPa, B TO BpeMa Kak ¢opmyaa (18.3) mepHa ToaBKO
RJA BTOTO MacTHOTO chayuan. ITo3ToMy ¢ TouKH 3penua Teopu dOpMyie
(18.5) caemyer oraasath mpeanourenne, IIpakTHyecKn e OpH TpoBEpKE
(bopMyn amucguu OKCHIHBIX KATOLOB Kak sasucuMocth In/ /T or /7,

tak W In2/7T% or 1/T noayuaorcs npaMoauHelHmME, W HOSTOMY MOGOH
W3 3THX TDapUKOB HASHBAIOT NpaMol Puyapacona (cM., sanpamep, [J1. 2.8,
pac. 3,15 u 19]). 3Oro 3Hawut, uTo B npenenax TEMINEPaTyYP U TOKOB
IMUCCHH, AOCTYMHHX HSMEDEHHAM AA9 HOPMANBHOTO aKTHRHPOBAHHOTO
O. K., ypoeeHb depmu 3aMeTHO He CMeEUIaeTCS M OCTAETCA NpUMepHOo
NOCEPEINHE MENIY NOHODHBIMH YPOEHSMH M JHOM 30HB [ODOBOAHMOCTH,
Tax uTo Q22 W, — W;. Heo6x0oMuM0 yKa3aTh, 4TO H3MEPEHHE NPAMBIX
Puuapacona aas O. K. conpskeno ¢ ropasno GOJbIIAME TPYIHOCTAMH,
HeM AnA METANMMYECKHX muTTepos [J1.2.8; J1.2.9]

Pabota BHXOma OKCMZHOrO KaToma CKAAAHBACTCH W3 BHewHel pa-
6OTH BHXOJa § W BHYTPeHHeH pafoTH BHIXOMA, 104 KoTOpoH mnoapasy-
MEBAETCA BeaHuHHa (F/2, ecau oTaasath npexnocutenne dopmyne (18.3),
(W, — W,)=1{, ecan noas3omatbes obmei dopmynoit (18.5). Kak
YHE yKaE3HBANOCh, N8 HODMANBHOrO, INPOLICILEro AKTHBUDOBAHME Ka-
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toda pashHuua Mexay L n Q72 mesemuxa. Ecam we paccmarpasaTe Ka-
TOA, IHEPrerdyecKHH CNeKTD KOTOPOro CYLIECTBEHHO OTaH4aeTca  OT
cnexTpa, uaobpawendoro Ha puc. 134, 6, To tdopuyna (18.3) k Hemy
HenpHMEHHMa B HYXKHO m0ab30BaThcd ofumeH gopyyqaod (18.5), noxpa-
aymenad N0J paGoToH BRIX0AA BEAHMYHHY L.

" Kak ycranosun H. JI. MOPryauc co CBOMMH COTPYAHHKAMM M HECKOALK O
nosxe Palit, B Havajse aKTABHPOBaHMA 3HepreTuueckuii cnektp . K,
OTAMYIETCR OT CNEeKTpa, u3obpaxeHaoro va puc. 134, 6. Oxkazanock, 410
M10X0 AKTHBHDOBAHHMH Kavoi AB/ASTCA ObIPOUHBIM MOJIYMPOBCIHAKOM H,
caefgosatenbio, o6/a1a€T, HAPAAY ¢ JOHODHHMH JJOKANBHBIME YPOBHSEMH,
HEMHOTOUHMC/ICKHEIME B Hadalie aKTHBMDOBIHMA, TAKKE JOKaJAbHHMH aKuen-
TOPHLIMU YPORHAMH, PAacOOAGHKEHHHMH BOAH3H TOTOJRE 3aNONHEHHOH 30-
uol. B 5TOM cocrosnmu pHyTpeHHss pabora seixona Q. K. peauka, TaK
kak ypoeens Pepme W, jexnT MexkAy aKNENTODHRIMA YDOBHAMH H TO-
TOAKOM 3an0JHeHHoH 30HB. [Ipupoia 4axKuUenTOpHHX -(DHMECSR uau  Je-
(EKTOB PEMIETKH, HrPAIOUIHX OOMBbIUYIO POJIb HA HAYEALHOH CTAZHH aKTH-
BYPOBALHS, NMOKA HEACHa; KOHUEHTPaltus u¥ ny~=1,5-10"7 T/ex®. B na-
yane AKTHBUPOBAHMA 3NEKTPOHH ¢ ypoeHeM cpofoadoro Ba mepexomsr
ne B 3CHY NMPOBOJMMOCTH, 3 Ha AKUENIOpHbIE YPOBHH H TOABKO TNoOC/e
34l10HEHHA NOCHENHHX, KOrja KOoHLeHTpalhd croGomHore Ba aenaetcs
GOAbINE My, HAYHHACTCH 3ACENEHHE 3OHH MPOBOAAMOCTH MSKTpoHamu, Ha
sToft craguu aktusuposanest O. K. denaercs 3/ieKTPOHHBIM NOJAYNIPOBOA-
HUKOM, ypoBeHb (epMH nepexoiut B8 NPOMEXYTOK MEWIAY ICHODHBLIMH
YPOBHAMH H JIHOM TNDOBOIWMOCTH, [ PE3KO YMEHBINAZETCA, H MB 1O Cy-
mecTsy MpubanxaeMcs K yopouwlesHo#t sHeprerhueckod cxeme Q. K,
n3o0pakednoit na puc. 134, 6, KOTOpYIo, TaKuM 0ODPa30M, MOKHO NOJOKATH
B ocHOBY Teopuu axkTusuporandoro Q. K, kax sto u 6mjIo caedaHo
BHILE,

Brwe nprpoga aonopHuix yposdefi B O. K. caasmBanacs co cnaGo
CRA3AHHLIMH 3NEKTPOHAMH, 3aKPENACHHHMH BOJM3M MYCTEIX METAMWIOHI-
HBIX (KACRODOAHMX) Y3908 penierkd. JedekTol pemerkd TWna NYCTOro
METAANOHIHOIO Y3414 Ha3bBawTCA F-nenrpamn. Henasno Ow10 BHCKa3aHo
npeanoaoxenne, yto waburounnit Ba B O. K. Moker BozHuKAaTb HE TOABKO
nyreM ofpascranng F-ueHTpop. JTO NPEINONOKEHNE OCHOBAHO HA Yuere
RJAMAHUA aKUENTOpHHX Aedextos pemerku O. K., cyniecrsoraHAe KOTOPHX
Ha paHHel CTaaM{ aKTHEHPOBAHWA N0KAa3aHO 3IKcHepumentaasna [J1. 2.47]

Axuentopuwie 1eeKThl, Kakosa §u HH OBLIA WX MPHPOIA, BaXBATHIBAIOT
SNEKTPOHBl M3 3aN0AHEHHOH 30HBH M 3aPAKAOTCH oTpunaTensHo. IIpu Bei-
COKO# TeMNepaType aKTHEMPOBAHHA, KOrJA HOHB KHCAODOAA npuolperant
NOABH¥HOCTb, OHH 004 ACHCTEMEM SJEKTPHYECKOrO NOAA BEITECHHIOTCH
N3 HEMOCPencTReHHOH OJH30CTH K aKUENTODHOMY AedexTty u Tam obpa-
gyeTcs cKonjehde atomos Ba, KOTopoe MOWHO Ha3BATE KOAIOMIANBLHONH
nactunel Ba. 2710T npouecc o6pasosaHud KOAAOHAAABHOTO Ba, npoteka-
WOIHA OTHOCHTEABHO MEMJIEHHO, CXGJAeH ¢ 00pasoBaHUEM KO/NIOHAANLHOLO
cepefpa B doToIMyabcrM. Koanougaasuuh Ba moxer nuddyHauposate
B TOMY OKCHIa H Ha €ro [OBEPXHOCTh MO PaspLiBAM DEUIETKH B MecTax
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CTHKA MHKPOKPUCTALIHKON. TakaM 06pasoM, ¢ TOUKH apPEHHs THIOTE3H
ofipagosanis  Koanouzamsnoro Ba, B O. K. ects ABa  THIA ACHOPOB:
F-UEHTPH W KOANOMIZaAbHEE YaCTHUM Ba. Teoperuueckye pacyersl apTo-
DOB TANOTE3L TMOKA3HEBAGT, YTO BHYTIDPEHHAS patora A9 KOAJIOHAA/k-
Horo Ba wmenbme. Crenosatensho, koamounaaisuwk Ba aoamen HCDaTh
[1aBHYI0 pOAb B 37eKTpOHHOR amuccnn O. K., ecam Toabko OH cocTap-
AAET 3HAUHTENBHYIO YacTe ualuTounoro Ba, JlampueHinue wuccaeioBzuus
ACTHHBL NOKA3aTE, BaCKOJIBKO TIPABWJIBHA THNOTE3a, OTBOJAINAA KOJIOH-
danbHoMy Ba raasHylo poak B TepMORIeKTPOHHOE amuccun O, K,

Ilapannenbio ¢ ymenbmienueM i i HESaBMCHMO OT Hee npn AKTHBHPO-
BAHUH AZET W YMCHBIIEHAC BHCHUHEH paSoTsl BLIXOAA ¢, CBA3AHHOE, BH-
aumo, ¢ ofpasoBanueM Ha norepxaoctH Q. K. oznoatomwolt naeuxn Ba.
Ha cywectposanue takoh maenkn ykasupaet PE3KOE NAZEHHE 3MHCCHH
npn GoMGapaIMpOBKe KATOAd WOMAMH HMAH BCASACTBHE NOREIXHOCTHOT O
OKHCACHHA, a Takke ToT ¢akT, uro O. K. o0Jagaer weTKo BHpaKeHHOH
SMHCCHOHHOR MATHUCTOCTRI, KOTOPYK MOWHO OOLSICHHTh TEM, 4TO Ha Ero
NOBEPXHOCTL BHIXOAAT DPa3qMYHBIE [PIHH KPUCTANIAKOB OKCAAA, M0-Da3-
HOMY TMOKDHTBIX NJIEHKOA Ba W BO3MOXKHO HEOAHHAKORO 2KTHEMPOBAH-
HEIX*),

INpewae vem npusecTn uHCACHHLIE OUEHKH BeIHYHH ¢ ® % caeayer
YUOMAHYTE eute 00 OQHOM OOCTOATENBCTBE, HE YKA3ALIBAIOWEMCH B pamKH
ge ynpowennoit teopun Q. K, Kax n3-

BecTHO (§13), Zas noaynposoanuka
IAEKTPONPOBOANOCTS  DPOOOPLHO-

HaibHa exp [— TST]’ B TO BpeEMs

K4K NJIOTHOCTb TOKA SMHCCHU PacTeT
Q-+2¢ ]

2kT )
T. €. HAaKJIOH npamMux (In s, 1/7) non-
eH GbiTh MEHBINE HAKAOHZ HPEMBIX

5
Puuapacona (Inl./T7, 1/T). Pe-
BYyABTATH WBMepeHuit 1N o & 3amicH-
gf  Mocrm ot 1T nas O, K. g passon

i L]
e ‘_\15 7 CTENEHE AKTUBHPOBAHKS MOKAa3aHBI
] ' Ha puc. 135, M3 pucyaka suako,
Pue, 135, TemnepaTypHas 3aBHCHMOCTB 4T0, BO-TEPBHX, BUYTPEHH:A paGoTa

3IeKTPONPOBOIHOCTH OKCHIHOrO KaTo 14, BBIX0Ja YMECHBIUZETCH ( yAayuuie-
HHUEM AKTABHDOBAHHA H, BO-BTODLIX,

MOMKHO BBLIENHTh <BEICOKOTEMMEpa-
TYPHYI0» 00612cTh [ H «<HHZKOTEMTIEpa-
TYPHYIO» 06/12CTh /1 ¢ pasHbIMH HAK10HaMH DPAMBIX (1n 3, 1/T), npuyes nakaoH
NpAMBIX B 00macTH § TaKOH e, Kak npaMuX Puuapacona, 1. e, 8 s1ol o6aactn o

NpONOPUHOHALLHO exp[—

AKTHBHDPOBABWE VaAy4NIaeTes OT KPUBol 7 x 3,

*} [lo sonpocy =IeKTPOHHOONTHYECKOTO HAGMIOZeHHs ustHHcTocTw Q. K.
cM. ¥YPH, 1. 59, Ne 2, 1956, c1p. 367.
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: oy
pacTer MPONOPLHONZTEHO €XP l—— i,%ij Hautoaee seposTHoe o0BAC-
peHue 310r0 (PaKId OCHOBAHO HA HAMMYHMH TIODHCTOH CTPYKTYPH. Meway
KPUCTAAINKAMA OKCHIA CYWECTBYKT 1OPbl, KOTOPHIE TIPH HAKAJLE KATOAA
3aNCAHAIOTCR 3MHTTHPOBZHHBIME 3J€KTPOHIMH, CBOETO POAd  «IEKTPOH-
HBIM Ta30M>, KOTOPBIH 06141a8T NPOBOIUMOCTEIO, TPOIOPUHAOHAALHON TOKY

. ) 24 .
SMHCCHM J, M, 3HAWHT, BEARMHHE €XD l—Qz—_gTiJ Has T10Ka B O. K.

CYWECTHYIOT B3 [apalieabHblX MYTH: N0 KPHCTAJAAHKAM OKCHIa ® 0O NO-
paM, 34MOJHEHHBIM SAEKTPOHHEM rasoM. llpm  Huskmx Tesmnepatypax
{o6aacte /) mporoAMMOCTE NOp Ma’a ¥ B 3T0H 0GnacTM I nPONOPUHO-

HAABHO -€XP [ﬁ “Q—STJ’ TAK YTO BHYTPEHHIOK PaGOTY BHX0Aa § A 5 coae

AVeT ONpPEeendTh W3 HAKJIOHAa npaMulx B 3ToH oGaactu. B ofinactn /
npeofnaiaeT NpoBOAHMOCTh Hepes3 TOpH, KOToDas, Kak 3T0 ¥ Hoay-
o
y4eTCA Ha ONETE, IPONOPUAOHANEHE eXp [-— Q—Q;%J .
3Hauenye paboTel BHX01a P A4 OKCHIHOrO Karola Xopowo onpe-
IeAseTCA W3 MAHAKX onwbrTa. 117 Katolos B Da3HHMX COCTOAHHAX axTH-

J— 1
puposanns 111 P n nocrosanolt A = (DBn, }’2) noJaydairca sHavennsa BaO
Ha Nit A=0,087+2,18; &=1,5-=-1,8 38, (Ba,Sr)0 na Nii A=
=10,0363-0,16; ® =1,06—1,24 3¢ [/1. 29]. Ha 310 undps caeaver
CMOTPETh KdK Ha OPHEeHTHPOROUHHE, TAK KaK OMH 3aBHCAT OT COREpLIEH-
cTBa mpuMeHeHHol Texuonored, Hampumep, 30 net nazan nas @ noayuaan
2,5 58, B TO BpPEMsl KaK B COBpeMeHnHX Jgammax ©—=10— 1,2 38 u
B GyaymeM BO3MOXKHO gaibHelmee noHuwxenne @. Yto Kacaetca BHYTpEH-
Heil W BHellHed pafoTW BHIX0A2, TO BJECh JAHHBIE OiflklTa MEHEe Onpe-
geneHusl. [Toas3yacs coofpameHnaMH, M3MOKEHAEIMH B CBSI3H C puc. 135,
naxonar () B 3aBACHMOCTH OT aKTHBMpOBaHWsi B npeaenax 0,2-3:-0,7 38,
u toraa, npaHuvas P=1,0 s v Q=02 38, noayuun =09 38
EcAn He HCXOAMTH W3 NPEICTABJAEHUA © TNPOBOIAMOCTA OKCHAAZ uepes

IIOPHL, TO 110AY4AETCH 147 XOPOIO aKTHBHDPOBAHHOI O KATCAa § = $=O,3 38,

. e $Aa=0,7 3 npu O =10 s¢. O1HAKO BOMOKHE CIyYau, KOrza
pHelHsAR paloTa BEIXOJA OYEHb Maja; 3TO UMEeT MeCTO, II0-BHAMMOMY,
aas BaO, nokpmiore naenkol Ba [J1.2.13].

CymecTeeHHOe BAHsSHHE HZ 1LOBEICHHME OXCHIHOrO KATOJd OKasbisaer
NPOHMKHOBCHHUE B €ro TOMMY 3AeKTPHISCKOro nois. BryTtpe Mertanna
BAEKTPHUECKOS MO0J€ HE IPOHHKAeT BCAEICIBHE [I0OJHOTO €ro 3KPaHHpO-
BaHHS MOBEPXHOCTHHIMH 33padaMu, H Jas MeTanida JeHCTBYRoILan Ha 3jek-
TPOH cuna n3o6paenns pasua e/4x? B cayvae 31eKTpoHa Had nosepx-
HOCTBIO AHJEKTPUKA 3TOT NMOCAeTHHH MOAApH3Iyerca W cdaa, AelcTsylo-
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uiasa Ha BﬂeKTDOH, HdK MGHHQ NOKa3dib, 6}",!13'1‘ _E_-{_——E_L:E’ rjige € — aM-

ACKTPHUCCKAN TIPOHHLEAEMOCTh. B Cav4ae MnoJaynposoIHUKEA 3IKPAHHPOBA-
HEE HE 6'\";131' HQJIHBEM H  CHJIY, JQHC]‘B}'IOUI._)’[O Ha JIEKIPOH, MOKHQ





