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2. T. IMUITATOB

(TpeacTaBaeHa HayuyHHIM CEMUHAPOM (H3HKO-TEXHYUECKOTO (aKyabTeTa)

Ha6nwonaeMoe yMeHblIeHHe YAENAbHLEIX NOTEPh SHEPTHH Y IPOTOHOB C Ha-
yanpubiMi sHeprusami (Eg) 3—7 Mas, xaHaIHPOBaHHBIX B MOHOKpPHCTaJ-
Aax (NpHOAM3HTENbHO B JBA pasa HO OTHOIMIEHHIO K VAETbHBIM IMOTEpsM
SHEPTHH NPOTOHOB B aMOP(HBIX BeUIeCTBaX INOACOHOTO XHMHYECKOrO €OCTa-
Ba) OOBACHAIOT 3HAUNTENLHBIM YMeEHbUIEHWEM B HX TOPMOXKEHHH BKJaja
6JU3KHX 3JEKTPOHHBIX CTOJNKHOBeHuil [1—4]. ChriacHo npaBu/Iy «paBHOydYaC-
THA» TIPH AOCTATOYHO BBHICOKMX CKOPOCTSIX YACTHIl BKJIAJALI IOTEPh SHEPTHH B
GAM3KAX U NaJeKHX (Pe3sOHaHCHBIX) CTOJNKHOBEHHAX UYaCTHIl C aTOMHBIMH
3JIEKTPOHAMH B NOJIHbE (MOHU3ALHOHHBIE) TIOTEPH HEPIHH NPUOAM3UTEIBHO
OJIMHAKOBbI [5].

PaccMoTprM MexaHHM3M TOPMOXKEHUS KAaHAJHPOBAHHBIX NPOTOHOB B HOH-
HBIX KPHCTAdJax B MPEeIMOJOXKEHUU, YTO NOTEpPH 3HEPruul y HUX 06yC/oBIe-
Hbl TOJBLKO JaJeKHMH CTOJKHOBEHHAMH C aTOMHBIMH 3JEKTPOHAMH.

B pajsekux 3JeKTPOHHBIX COYAapeHHsX NpoJeTalollas 4acruia Bo30yxK-
JlaeT 3JEKTPOHBI Ha aTOMHBIX 000/10YKaX, PacloJOXKeHHLIX Ha PacCTOAHUAX
OT TPAEKTOPHH YACTHIIB], HE MPEBLILIAIOIIHX MAKCHMAJbHOIO IIPHLEJbHOTO
PACCTOSTHHS Buaxc

v-h

5 (1)

bmaxc =

31ech U — CKOPOCTb YaCTHLLBI,
E, — sHeprus CBsI3N 3JEKTPOHOB Ha [-000J0UKE ATOMOB.
Hpnueﬂbnoe PACCTOAHHE baxen , B COYAAPEHHIX KAHAHPOBAHHOM YaCTH-
bl C 3JEKTPOHAMH HA [-0J0JOUKE aTOMa ONpEee/sSeTCs M0 H3BECTHOMY
paanycy Ry BLIOPAHHOrO KaHa/la M Pajiuycy p; 060J04KH

baxcn = RK'—y — B (2)
rie y—OTKﬂOHeHHe JaCTHLBLI OT OCH KaHaJa.
Jlis XOpoIo KaHAMMPOBAHHBIX vyacTHL y=0 H
boxen =~ Ry — py.

- PaccMoTpHM TOpMOKEHHE NPOTOHOB C 3HeprHern £, = 4,7 Mass, zamen-
agomuxcss Broab Hanpasaenus ¢ 100 ) B monokpueraaie KCl. Mexanuswm
KaHAJIHPOBAHHS YaCTHL B HOHHHIX KpHCTaNIax cooduled B padote [4].
QueHnM byaxe , Heoﬁxo,zmMoe aast Bo36yxnenus K- u L- aJIeKTpOHOB

B atomax kaauda. [das K- oGosoukn Ex= 3606 98 [6] U buare = 0,055 A
(past E, =47 Mag). [as xopomo KaHaJHDOBAHHLIX NPOTOHOB B HANpas-
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. o] i
JeHHH ( 100 ) boxen | = 0,0 A/ > buaxe H, CAEA0BATENBHO, BO30YKAEHUEM
anekTpoHoB Ha K-oOosouke npenedperaem. i L-snektpoHoB E, = 341

o
38 U byae =0,6 A. Bo3Oyxaennem L-3JeKTpOHOB npeHeSpedb HEIb3s.
OnHaKO noTepH 3HeprHHU y KAaHAAMPOBAHHBIX YACTHL YMEHLIIATCA B OT-
HOUIEeHUH B

2
i Qs g 2MO° 3)

bsxcn i

M3 310r0 BHIpAXEHHSA HAXOAUM, YTO NOTEPH 3HEPrWH HA BO35YK/EHHE
L-3/1eKTPOHOB B aTroMax KaJHusl yMeHbulaloTcsl Ha 95% M uX Takxke
MOXHO He YuuTHBaTh. [10n08HEIM OGpa3oM HAXOAHMM, UTO MOTEPSAMH 3HEp-
TMH Y KaHAJHPOBAHHLIX NPOTOHOB Ha BO3JyxaeHHe - K- U L-000J04eK
B aroMax XJA0pa MOXHO npeHedpeub. [as M-31exTpOHOB aTOMOB Ka-

(o]

JHUR byaxe = 9 A (Ey =41 38). [loTepn sHepruu Ha BO3OyHAeHHe M-aaek-
TPOHOB AaTOMOB KaJMf YMEHBLWAKTCA AJAs KAHAJIHDOBAHHLIX NPOTOHOB
Ha 50% ¥ BHOCAT CYLLECTBEHHbI BKJAajA B [OJHOE TOPMOXEHHE MPOTOHOB.

COBOKYIMHOCTb BaJIEHTHBIX 3JEKTPOHOB B Cpele C PABHOMEPHO pachpe-
JIeTIeHHBIMH TOJIOXKHTEJNBHbIMH 3apsiiaMu (MOHHBIX OCTATKOB) paccMaTpuBa-
eM Kak maasmy [7, 8] BiusaHueM KpHCTaAJIHuecKod CTPYKTYPBl Ha BO3OYXK-
JeHHe BaJIeHTHHX 3JeKTPOHOB npeHebperaeM. Bce mpocTpancTBo pasaessem
Ha nBe yactu: 1. O6aacTh, HENOCPEACTBEHHO NMPUMBIKAIOLIYIO K TPaeKTOPUU
yacTHIB! (MPOTOHA) — 06JIACTb «ABOHHBIX CTOJKHOBEHHH®, Tie HEO6X0AHMN
VYHTBIBATH NPSIMOe B3aHMOJEHCTBHE YaCTHIbl C OTJEJIbHEIMU (BaJIEHTHBIMH )
saektpoHaMu. 2. Ha OGosbmiux pacCTOAHHSIX OT TPAEKTOPUH YaCTHIH

(b> n™%) —06aCTb «IA3MBI», Tl BO3OYMACHHE OTLeNbHBIX 3JIEKTPOHOB,
BHOCMMOE 4acTulleH, MaJao H npeolbjajaeT KOJJIEeKTHBHOE BO30yXKIeHHe
3JEeKTPOHOB (BO30YyKIEeHUE NJAa3MEHHLIX KoJeOaHHil ¢ XapaKTepHOH uacro-
4zne?

m .
BeIUMCIMM TIOJNHYO Nepenady SHePrud BaJeHTHBIM 3JEKTPOHAM Ha exH-

1
o ' z
TOH W, = ( ) » 31€Ch 71 — IVIOTHOCTB BAJIEHTHBLIX JIEKTDOHOB.

HHIE MYTH: .
dE 'dE dE)
4= = [ £& 2=y 4
(\ dx)nan (dx)mlas + ( d-x, cr ( )
w724
(__ d_E> - ﬂ NZgos In -2 | (5)
X [unas mu? Uy :
AT , .o .
_dE\ _ Amliel s a2 (6)
dx /e mu? ko,
NZBaJl =1

rie NZ;a,, — MeCTHasi MJOTHOCTb BAJEHTHHIX 3JEKTPOHOB B KaHaJje,
BO30YXKAa€MbIX 4acTHUEH B JABOHHBIX CTOJAKHOBEHHAX,
he, — sHEprHsi NJa3MOHOB,
Vg — CKOpOCTb PepMHU AJs BANCHTHLIX 3JE€KTPOHOB.
Hust mornoxpucrasia KCl (8 paneHTHEIX aj1exkTpoHOB Ha MoJaekyay KCI
hw, == 13,5 36) u sHepruu MpOTOHOB 4,7 M3s.

(—C—i—{f) ~ 14 M——%.
dx naas cM

JJaA BLIYMC/AEHHS MOTeph 3HEPrHH IPOTOHA B JBORHBIX LTOJKHOBEHHAX
C BAJICHTHBLIMH 3JeKTPOHAMM (BTOPOH u/eH B BhIpaxkeHHU (4)) HEOOGXOAUMO
3HA4Th KOJHUYECTBO BAJEHTHBIX 3JCKTPOHOB, NPHHHMAOUMX y4YacTHe B TOp-
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MOXXEHHH KaHaQJIMDOBAHHOFO TNpPOTOHA. Besuunna Zs., onpenensercs Xu-
MHUYECKHM COCTAaBOM MOHOKDHCTa/Ja, THIOM BHIJPAHHOIO KaHAJa, aMIJIH-
Ty AaMH KOJeSaHHH 4YacTHIL B KaHale M sHeprueit wactuu. das E,=4,7 Mas
pasyMHO TPEANOJ0XHUTE, YTO B TOPMOX €HHH NPOTOHOB, KAHAJAHDOBAHHMLIX
BAOJb KpHCTamIorpaguueckoit ocu ¢ 100 » monokphcramia KCl npuHUMAOT

o an
Yy4acTHe BCE€ BaJEHTHblE 3MEKTPOHBI (byaxe =7 A > Ry, n=1,3.102 —.
cM
Torna
dE) - Masg
— =) =25 .
dx /e cM

[losHble MOTEpH 3HEPTHM Y KAHAJIHPOBAHHEIX NPOTOHOB (E, =47 Mas)
Ha BO30YH/ICHHE BAJEHTHLIX 3/1€KTPOHOB COCTAB/IAIOT BEAHUHHY

( dE) g Mas

b ~— y
dx

cM
KOTOpast MCHbLUWe H3MEDEHHBLIX VAEJbHDLIX [IOTEDL BHEPruH y KaHaJaupo-

BaHHbIX nporouoB (E; =47 Mss) B KCI (_ﬂf) =43 Mas [41.
dx KaH cM
akEn . :
Bennuuna (_d*):[} M3s/csm — 3T0 3HEpPrHs NpPOTOHOB, 3aTpavyeHHas
/X

Ha BO3JyuieHHe M -31exTponOB B aroMax Kaimi. 10 U3BeCTHOH Be-

r

X
YHACTBYIOUHX B TOPMOKEHHH KaHAJHMPOBAHHBIX [POTOHOB. .

Takum o6pasoM, mpu TOCTATOUHO BBICOKAX CKOPOCTSIX KaHAMHPOBAHHBIX
H4aCTHIl B MX TOPMOXEHHe BHOCSIT BKIaJ JajeKue COYLAPEHHST 4acTHI[ ¢
3/IEKTDOHAMH Ha BCeX 060/104KaX 4TOMOB, BXOAALIHX B COCTAB MOHOKPHCTAJL-
JIOB M OTPAaHHYHBAIOLLMX paccMaTpuBaeMbie KaHaawl. Ilpu ¢uKCHpOBaHHO#
SHEPruH 4YacTHIl yMeHbUIEHUEe B UX TOPMOYKEHMH BKJAaja OT 3JeKTPOHOB i
BHYTPEHHNX 000JOYKaX CBA3AHO C YMEHBIIEHUEM aMOJIUTY KojJeGaHHil uac-
THI B KaHajax pemerku. lanbHeiiiiee yMeHbIIeHHe BKIAAA LAJCKUX 3/eKT-
POHHEIX COYAAPEHHH B TOPMOXKEHHE KaHAJHUPOBAHHBIX YACTHI, BO3MOXKHO C
YMEHbIIEHHEM 3HEPTHH MOCJAEIHHX. . :

Ilpu sHeprusix KaHaMHPOBAHHBLIX YACTHI[, MEHBIIHX KPHTHUECKOH, KOT14

RrEoc

fv<v;(z—r-————, \ "
.h

(84 . '
JHUHHE (—(—;) MOXHO OOpeNeuTh KOaH4ecTBO M - a1eKTpoHOB 2,
M

rie Epc—3Heprusa CBf3M BHCIUHHX 3JEKTPOHOB MOHHOTO OCTATKA, OCHOBHOI
BKJIA] B MOJHbIE NOTEPH 3HepruM 00yCJaOBJ&H KOJJEKTHBHEIM BO3GYIKeHHeM
BaJIEHTHBIX 3J1eKTpoHOB. Hanpumep, A/15 MIPOTOHOB, 3aMeISOLUIUXCH B MOHO-
kpuctanne KCl Brons nanpasaenuss ¢ 100> E, ==0,5 Mas. Tlpu eule medb-
LIMX 3HEPTUAX YACTHL, 3aMe/UIAIOLMXCA B aMOP(HBIX BellecTBaX (A nmpo-
TOHOB Eo~~1+1,5 K38) mpoHcXoauT nepexos OT Heynpyroro (HOHH3ANUOH-
HOI0) MeXaHH3Ma TOPMOMEHHS K MEeXaHH3MY YIPYTFOro TOPMOXKEeHHUS, pu
KOTOPOM YAaCTHIBI TePSIOT 3HEPrHi0 B YHPYTHX COYIApeHHsIX ¢ AAPaAMH aTo-
MOB TOPMO3SIIUEH Cpe/ibl. BeefCTBHE TOTO, 4TO yIpyrHe idepHble CTOJNKHOBE-
HAsL Yy KaHaJMPOBAaHHBIX YACTHL OTCYTCTBYIOT, HOHH3aLHOHHOE TOPMOXKEHHe
OCTaercs /A HUX OCHOBHBIM MEXaHH3MOM NOTePb 3HEPruu L0 KOHLA Npofera.

B HOHHBIX KpHCTa/aX, Fe IVIOTHOCTb 3JEKTPOHOB B IEHTPANbHbIX 00-
JIaCTAX KaHAJ/O0B NPaKTHYECKH paBHa HYJIO, MJIsi KaHAJNHPOBAHHLIX YaCTUL
BO3MOXKHbLI aHOMaJIbHO 0oJiblIHe NPPGEry. :

+
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