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BJIUAHHUE KPUCTAJJHUYECKON CTPYKTYPbl BEILECTBA
HA NOTEPU 3HEPIHHU BbICTPbIMH NMPOTOHAMHU B
MOHOKPHUCTAJIJIAX TAJIOTEHHAOB WHEJOYHbLIX METAJIJIOB

3. T. IIUITATOB, B. A. KOHOHOB

B paGore paccMoTpen BONPOC O KaHAAMPOBAHHHM OBICTPLIX NPOTOHOB B HOHHBIX
Kpucrajiax, 00Jafalonux MNpocToil KyOHuecKoi cTpykTypoil. PaccMoTpensl caydau
NPOXOXKAeHuss TpoToHoB B Hanpasaennu [100] u Mexnay miaockocramu (100) MoHO-
KpucrasanoB. PaccuuTaHbl MOTEHLHAJ bl AJ5 aTOMHBIX IJIOCKOCTEHl M aTOMHBIX PSIOB
KPHCTAJIIOB U OMNpefesNeHbl TNpeJaeabHble YIJIBI KaHAJHPOBAHUS /sl COEJMHEHHH ra-
JIOTEHUJIOB HATPHSI U KaJus.

HcenenoBaHbl 3HepreTHYECKHE CIEKTPHl NMPOTOHOB, MPOLICAUIHX MOHOKPHCTAJIIH-
yecKHe MHLIEHH pa3JUYHBIX COeJMHEHHIl, W HaiijeHa Koppeasiuss Mexay Gopmok
HEPreTHUYEeCcKOro CreKTpa W COOTHOLIEHHEeM paaHuycoB HOHOB B COEIHHEHHH, MEXIY
JloJ1eif KaHaJupOBaHMSI YACTHIL M NOPSITKOBLIM HOMEPOM TajoHaa B psAgax.

The channelling of fast protons in the simple ionic crystals of the cubical
structure is considered in this paper.

The penetration of protons along the [100] directions and between the (100}
planes of monocrystals is considered.

The Potentials of the atomic planes and the atomic rows of crystals are cal-
culated and the critical ancles for channelling for sodium and potassium halo-
genides combinations are defined.

The energy spectra of protons having passed through the monocrystals of
various compositions are examined and the correlation between the shape of the
energy spectrum and the ratio of radii in composition, between the share of
particles channelling and the ordinal number of halide in rews is discovered.

B Teopuu NMpoXoKIeHHsi YACTHIl Yepe3 BeleCTBO OCHOBHBIM IPHOJHMKE-
HHeM S$IBJ/SIETCSl 3aMeHa JeHCTBUTEJNbHOIl cpejbl, uepe3 KOTOPYI NPOXOIHT
YaCTHIIA, CPENOi H30TPONHOH, IOMOTEHHOH, COCTaBJEHHOH W3 OTJAeNbHBIX
aTOMOB, O€CIOpPANOYHO PACIOJNOKEeHHBIX M0 BceMy oGbemy. Ilpomeccsr pac-
CesIHMsl YaCTHIl Ha OTAeJbHBIX aTOMaX He3aBHUCHMBI APYT OT JPyra M Xapak-
Tepusylorcs AuQdepeHnuaIbHbBIM TONMEPEUHbIM CeueHHeM paccesiHusi. Top-
MOZKEHHE YaCTHIl B TaKOH aMOp(pHOH cpele He 3aBUCHT OT HaNpaBJEeHHS
JIBUXKEHHST YACTHIL H paclpe/ie/ieHHe NOTepb 3HEPTHU U YIJIOBOE pacnpesele-
HHE 4YaCTHI[ 3aBUCAT TOJBKO OT YHCJa aTOMOB B eIHHHUIE oObeMa WJIH OT
TOJILUHDBI CJ051, TPOHAEHHOT0 YaCTHIIEH.

Onnako B GOJIBIIMHCTBE CBOEM, peajibHble TBepable Tejna 06Jaafar
BIIOJIHE ONpe/IeIeHHOH KPHCTAJNJIHUYECKOH CTPYKTYpOH, TO €CTh SBJSIOTCS
NpeACTaBUTE/ISIMH JPYrcro BHJAA Cpelbl — CPeldbl I'eTepPOreHHOH, aHU30TPOIl-
HOH M ynopsaodyenHoi. PasButue panunanuonHoil (pu3HKM B HacTosiliiee Bpe-
Msl OCTPO CTaBHT BONPOC O POJNU KPHCTANNHUUECKOH CTPYKTYpPHl BO BCeX
npoueccax B3aMMOAEHCTBUS 4aCTHI C BEIIECTBOM.

IlepBbie Hccen0BaHUsA NPOLECCOB B3AUMOAEHCTBUS YaCTHIl C. MOHOKPHC-
TANJIMYECKHUMHU TBEPJbIMH TeJaMH ObLIH CBSI3aHBI C KATOIHBIM PACHbIICHHEM

33



BELLECTB U NPHBEJNH K OTKPHITHIO Benepom B 1954 rojuy tak HasbiBaeMbix ¢o-
KYCHPYIOIIUX CTOJKHOBeHHIH aToMmoB [1].

BrinosHennple B T€UeHHEe MOC/AEIHHX JieT TeOPeTHYeCKHe M IKCIepHUMEeH-
TaJIbHble HCC/Ee0BAaHUS NPOXOXKAEHUS OBICTPHIX 3apSIKEHHBIX YACTHI uepe3
MOHOKPHCTAJ/I/IMYeCKHe BellleCTBa I10Ka3aJM, 4TO KpHCTaJHuecKass CTPYyK-
Typa OKa3bIBaeT CHJIbHOe BJ/HMSIHMe M Ha XapakTep ABHKeHHs yacTHl. [Ipu
COBMNaJIeHUH HaNpaBJeHu# NMyuykKa YacTUI U KaKOH-J1u0O IV1aBHOH KPHUCTAJIIO-
rpauyecKoil OCH MOHOKPHCTaJJIa  HaGJ/I0AAI0TCsI aHOMAJbHO HU3KHE TOTepH
SHEPrHu KakK y MPOTOHOB [2 + 4], Tak W y TsIKeJAbIX HOHOB [5], yMeHbLIAIOTCS
BBIXOJbl aTOMHBIX [6] U amepHbIX [7-+8] mporeccoB, 3HAYHTETBHO CHHIKAETCS
CKOpOCTb 00pa30BaHus paAHallMOHHBIX AedeKToB [9], a Takxke HabaIOMAIOTCS
AHOMAaJIMHM B pAacCesTHHH YaCTHIL Ha MOHOKpHCTas/nuecKux mumeHsax [10]. Bee
9TH SIBJEHHS] aHU30TPOIHUH CBSI3bIBAIOTCS C JABHXKEHHEM YaCTHUIL B OTHOCHTEJb-
HO CBOGOMHBIX NPOCTPAHCTBAX pELIETKH — «KaHaJjax», 00pa30BaHHBIX COBO-
KYIHOCTSIMH COCEJHHX, NTapaJjIeJbHbIX APYT APYTY aTOMHBIX PSIJIOB HJIH aTOM-
HBIX IJIOCKOCTeH, JeXKalluX B OIpeJeseHHbIX KpHCTajsorpaduuecKux Ha-
IpaBJIEHHUSX.

3axBaT yacTUI[ B KaHAJBl OCYLIECTBJSIETCSI MOCEL0BATENbHBIMA CKOJIb-
3SUIMMH CTOJIKHOBEHHSIMM YACTHII C aTOMaMH PSIIOB MJH IJIOCKOCTEH, 00-
pasylolluX CTeHKH KaHaJoB. [TonroOHoe siBleHHe MOJyuYH/J0 Ha3BAHHE «KaHa-
JHPOBAHHUSI» YACTHIl B KPHCTAJNJIHUECKHX pelleTKaXx.

Cuaenyer OTMETUTh M APYTYIO TPYMNIy SBJEHHI, CBS3aHHBIX C BJIHSHHEM
KPHUCTAJJHYECKONH CTPYKTYPbl Ha JBHIKEHHe YacTHIl, 00pa3yIoIUXCs BHYTPH
CaMHX KPHUCTAJJIOB B fAJ€PHbIX peakuuax [l11] uam paccesaHHbIX Ha GOJbIIHE
yraiet [12]. I TakuX 4acTHll IV1aBHble KpHCTaJaorpaduueckie HanpasJ/eHUst
B OTJHMYHE OT YaCTHUIl, KaHAJUPYIOUIUX Yepe3 KPHCTAJJbI, OKa3bIBAlOTCA 34-
KpbiThiMH. Taxoe siBJeHHe NOJYYHJIO Ha3dBaHHe «OJOKHPOBKH» HIH «3ddek:
Ta Tenei» [13].

Taoaunna 1
CoenuHenue
NaCl NaBr KCi KBr Ki
Xapakre-
PUCTHKH
KPHCTAIJI0B
a-10—8 cu 2,81 2,98 3,14 3,29 3;53
re+10—8 cu 0,98 0,98 1,33 1,33 1,33
re 0,54 0,5 0,73 0,68 0,61
-ra |
q 0,657 0,76 0,55 | .'0,57 0,61
Fon: K 1077 1028 1049 | 1013 996
0, °K 306 243 221 185 155
3aech

a-—nocTosinnas pewetku [14],
ra—paauyc anvona B coenunenuud [14],
ry—paauyc KatuoHa B coenuHenuu [14],
q—K03(pPHUIMEeHT KOMIAKTHOCTH CTPYKTYphI [15]
Typ.—~T1emneparypa miasiaenusi [16],
8,—xapakrepuctuyeckass remnepatypa Je6asi [17].

OrMmeruM jaJjee, yTo Bce HCCefoBaHUs 3()PeKTOB KaHAIMPOBAHUS YacC-
THI K HACTOsILleMY BPEMeHH INPOBEJEHbl B Y3KOM KPYTY IIPOCTHIX BEUIECTB,
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rakux Kak: Si, Ge, Au, Cu, o06sajgaoWux pasauuHOI KPHUCTaJJIHYECKOM
CTPYKTYPOH H NPH Pa3/HYHbIX 3HEPrusax yacTuu. [losTomy peayabrathi pa6or
TPYHO CHCTEMATH3HPOBATb H HEBO3MOXKHO yCTAHOBHTb CBSI3b MEXKIy H3Me-
HEHHEM CBOHCTB KPHCTAJIJIMYECKOH CPe/bl H ee BJHSHHEM Ha JABHIKEHHe yac-
THIL. C 3TOJ TOYKH 3pEHHS LeNeco06PasHO HCCAeA0BaTh IQPEKTh KaHAIHPO-
BaHHsI B MOHOKPHCTA/JINYECKUX XHMHUUECKHX COEIHHEHHsX, 00./amaloLux
OJIMHAKOBOH KPHCTaJUIMYECKOH PECINeTKOH, HO C pasiuyHbIMH €e HapaMer-
pamu. MccieloBanue XHMHYECKHX COeJHHEHHIi TeM GoJiee HHTEPECHO, YTO
MOXXHO MpPOCJAeAHTb BJHSHHE KPHCTAJIHYECKOH CTPYKTYDPbl B PSLYy BElECTB
DA yCJOBHH NOCTOSHCTBA OJIHOH M3 KOMIIOHEHT COEAHHEHHS] IIPH H3MEHeHHH
JAPYTHX.

Ucxoast M3 3TUX YCJAOBHHM, HAMH B KauecTBe OOBEKTOB MCCJIEI0BAHHS
sbIOpaHbl MOHOKPHCTAJJIbI TaJOTeHHA0B LieqouHbiXx MeTtaa10B. NaCl, NabBr,
KCI, KBr, KI. Bce 3Td coeauHeHHs1 OTHOCATCSI K THIy MOHHBIX KPHCTAJ/JIOB
1 06J1a1al0T NPOCTOH KyOUYeCKO#l peleTKol.

Hexoropble XapakTepUCTHKH JaHHbBIX COeNMHEHHH IpeJCTaBJIeHbI
p Taba. 1.

HauGosee OTKPBITBIMU HANPaBJAEHHSIMH B NPOCTOI KyOHYECKOH peneTke
ssasgiorcs: Hanpassenus [100] u [110].

Ha puc. | mokasana CTPyKTypa KaHa/a {100} B MOHOKpHCTaJlie NaCl
W CXeMaTHYHO TMOKAa3aHO pachpe/eseHHe 3JEeKTPOHHOH IVIOTHOCTH B IJIOCKO-
etu (100).

Puc. 1. Crpykrypa kauasa [100] B mpocToii KyOHuecKoil pelieTke.
W — yroJ BJieTa MPOTOHA B KaHal,
¥ — aMmuutyga KoJsieGaHHSI TPAEGKTOPHH MPOTOHOB,
R — panmnyc Kanauaa,
d — paccrosinne MeXIy COCEXHHMH HOHAMH B pSAY,
A — JUIMHA BOJIHBI KOJIeGaHHS TPAEKTOPHH MPOTOHOB,
Zy wn Zy” — nopsiiKoBble HOMEpa HOHOB

MOKHO 3aMeTHTh, YTO OTHOCHTEJBHO CBOOOJHOE OT 3JEeKTPOHOB MPOCTPAHCT-
BO HECHMMETPHYHO OTHOCHTEJbHO OCH KaHaJja BCJAeACTBUE Pa3/HYHBIX MOPSIA-
KOBHIX HOMEDOB HOHOB, PACIOJIOKEHHBIX B y3/JaX PeUIeTKH.

« MexaHu3m KaHAaJHPOBAHHSA

'Anaju3 JABHMKEHHsi YaCTHI[ MO KaHaJaM pelIeTKH B KJIaCCHYECKOM MpH-
HARKEHHH, CIpaBelJIUBOM s npotoHoB [18], mokasbiBaer, 4yro Korjga wyac-
TR BJETaeT B KPUCTAJI MOJ J0OCTAaTOYHO MaJbIM yrJOM K OCH KaHaJja, OHa

55



B TEUEHHE OTHOCHTENbHO JJIHTE/NLHOr0 BpeMeHH OyleT JBUraThCs N0 OCLMJVIH-
pylolieii TPAeKTOPHH C aMIVIMTYJ0il ¥y B HEKOTOPOM CpelHeM MOTEeHIHaJb-
Hom nosie V(p), 06YCIOBJIEHHOM BCEMH aTOMaMH B psy WaH miaockocty. [pu
3TOM yA00HO paccMaTPUBAThb TOJbKO NONEPeUYHOe JBHUKEHHE YAaCTHIIBI C SHEp-
rueit E, = EW?, rne E — sneprug vacruupl 1 W — yroa Mexuy HamnpasJe-
HHEM OCH KaHaJjia i HalpaBJieHHueM IyuykKa 4acTHIL.

[ToTeHnua bl aTOMHBIX PSIIOB MU aTOMHBIX NJOCKOCTEH JIETKO IOJYYHTh,
3Hasl NOTEHIMAJbl B3aUMOJeHcTBUsT yacThulbl U(r) ¢ OTAeIbHBIMH aTOMAaMH.

H3BecTHO, YyTO MpPH paccesiHUH NPOTOHOB, C SHEPTUSIMH B HHTepBaJje OT
or 1 k3B g0 10 M3B Ha MaJjble YIJbl OCOOEHHO BaKHBIM CTAHOBHTCSI y4er
3KPAHUPOBAHUS siIEP aTOMHBIMH 3JEKTPOHAMH.

Bop [19] masi yuera 3KpaHHPOBAHHS BBeJ NOTEHIMA] B3aHMOJEHCTBHS

MeX Iy yacTUIlell ¥ aTOMOM BHJA:

2 / B
U(r)=——Z’Z—2€expk——-f>. (1)
r ap

3jecy U jgajee HpUMEHseM cjaeayiouipe 0003HAUEHHA:

Z,e — 3aps; npoTroHa,

Z,e — 3aps)| pacceuBaloLlero atoma,

r — pacCTOsiHME OT LeHTPa aroMa A0 HaJjeTamoueid 4acTHILb,

as — Pajauyc 3KPaHHPOBAHUS. '

a5 = a, (2} + 2)7, (2)

rae a,=0,529-10"% cm — GopoBCKHIl paauyc aToMa BOJAOPOJAA.

B GoabiiuHcTBe ciiyuaeB 60Jjiee TOUYHBIM, OCOOEHHO JJSI TSIKENbiX
aTOMOB M HA MAaJBIX PacCTOSHUAX, ABJAsercd noTeHuuan Tomaca-Pepmu,
3anucaHHblil B Buae [20]

ZZze? r
Ur) = =22 X( ) (3)
r aATo
r
3nech x(-a——> — (ynkunsi sxpanupoBanuss Tomaca-®epmu A OTAEb-
TP
HOTO aroma.
are — paauyc 3kpanupoBanus Towmaca-Pepwmu.

are = 0,8853 a, (Z5 + Z3)—. (4)

o 1
B naabmrefimiem tak Kax Z; <Z,, 10 are = 0,468 Z—:. ]l 3HauyeHWH r,

r
CpaBHHUMBIX C PaJlUyCcOM 3KpaHHpPOBaHuA, (byHKumo x(——) MOXHO ar-
arte

NNPOKCUMHUPOBATh BBIPAKEHUEM

(s Arto
i A ik 5
(a'rqa) 2r. ©)
U TMOTEHLMAaJ 3anUIleTcs B BHIe
Z.7.e%a :
i) = 9T
gE e (6)

Hast Gonbmux 3Hauenuit r, a umenno aaa 0<r << 6are Gosee TOU-
HBIM ABJAETCA MOTEHUMAM, NMOJAYYEHHbIH Mounep [21]

ZyZ,e? ( :
URr) = %28[0,1 exp(— 6_r>_|_ 0,55 exp(—-lﬁ)-,L 0,35 exp (_(l3_r) ]

arte Are

(7)

aro
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Hamu Oblin 1OJyYeHbl BBIPAXKEHHs JJIS1 MOTEHUMAJ0B aTOMHbBIX PO
M ATOMHBIX IJIOCKOCT€H B MOHOKPHCTAJ/IAX JBYXKOMIIOHEHTHBIX XHMHK-
YECKHUX COEJMHEHHH, COCTABJEHHBIX H3 HOHOB C Pa3JHYHBIMH [OPSL-
KOBHIMU HOMepaMmu Z, u Z,.

Jlas atoMHBIX pajoB HoTennuanss bBopa (1), Moabep (7) # Huab-
ceHa (6) uMeloT BHJL:

V) = 4 [ZKO( ) + Z;K, ( )] (8)
a aB as/
vV 2 .
V(p { [01}( (b )+o,55f‘0(_«£)
are | \aATo |
+ 0,356 5 ] [0 1K, ( = ) 055K, (01,33) + 0,35, (25 ““) | :
(chb aTq, are | ato ) |
(9)
— w73 , .
Vp) = e [Z,are + Ziare|. (10)
dp-a

3nech

K,(2) — byuxuus Makjponanbja [22],

p—paccromme MO pajMycy OT IEHTPA ATOMHOTO psijd.

Ilnsi aTOMHBIX TIOCKOCTed aas morenuuano Bopa, Mosabep u Huaw-
CeHa TOJIyUeHB! CJeIYIOUHEe BbIPAXKEeHHSs:

V() = ks L [Zéals exp (—~ —‘T—) -t Z;aﬂs exp (-——(raﬂg)} . (1
a* . @b
- ) , L
V(p)n.n = ﬂZ;e {Z;aTCb 0’1 exp(”—" b'P )
a 6 Ato
(12)
. F0.55 1,2%) , 0.35 ( 0,3p> Ty
+ | ex — e - Zyare X
[1,2 p( ar )+O3 p\ are | R iy
0,1 6p 0,55 1,20° 036 ( 0,3p" ]l
X | = exp | — —— ex + = exp| — 2~
[6 p< am>+12 p( am) 3 0,3 p\ aw,) J
e 7 :
()or = "‘2 1€ [ Z2are -+ Zyarl. (13)

Paccuuranneie 3aBucumoctu notennuasos V(z) sast aromueix psijtos [100]
v aromubix miaockocreii (100) B KBr nmpeacraBaensl Ha puc. 2 U 3.
CpaBHUM NOTeHIHaJbl PSAMOB M IJIOCKOCTell Mexay coboit. Ha pucyH-
Kax BUIHO, YTO NOTEHUHAJBl PSAOB U IMJIOCKOCTEl MaJjbl 10 HEKOTOPBLIX 3HA-
YeHHH p = a1e , a 3aTem HalbJI0faeTcsi UX pe3koe Bo3pacranue. Ciaemyer
OTMETHTb, UTO IIOTEHIHAJbl PSIZIOB YMEHBINAIOTCS ObICTPEE C PaCCTOSTHHEM,
yeM MOTEHLHAJbl NMOCKOCTel; 00a MOTeHIHaka CTAHOBSITCSI PAaBHBIMH Ha pac-

CTOSIHHH ~5~,0TCI0/1 3¢ dexTh psAxa AOMKHB ObITh 00Jlee UYBCTBHTEIbHBI:

MH K HApYLICHHAM pELIeTKH. HBH}KeHI’Ie B MEXKIIJIOCKOCTHOM MOPOCTPAHCTBE,
XpoMe TOro, fBJA€TCA ABYXMEPHBLIM. OTMeTHM, 4TO IIOTEHUHAJbl PAAOB 3a-

Z.e

BHCAT TOJBKO OT 3apsiia Ha €JAHHULNY pdana d H He 3aBHCSAT OT

sHeprud. Takum 00pa3oM, KaHaJbl, PacHOJOKEHHbIe BIOJb TVIABHBIX KPHC-
rajsorpaduuecKux HanpaBeHHil, HMEIOT He TONbKO GOJbIIHE pPa3Mepsl rnome-
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PEYHOTO CeYeHMsl, HO M SIBJISIOTCH GoJiee 3(PPEKTHBHBIMH C TOYKH 3PEHH
BJHAHUSA HA XapakTep ABHXKEHHS YaCTHIL.

B psapax paccmaTpuBaeMblX COeJHHEHHIH BeJHYHHBLI TOTEHIHAJOB BO3-
)ACTaloT ¢ yBeJHYeHHeM NOPsAKOBbIX HOMEPOB.

300 ~ :

250 ;

2001

36

150 {

Vig)

{00 1

501

0 02 04 06 a8 Zoﬂ 12 14 {6 (8 20 22
)0-10' CM

Puc. 2. Cpeanue mortenunans V(p) mas psimos [100] B KBr.
3nech M HA CJAeAYIOIEM DPUCYHKe MNPHHATHI caeaylouipe o060-
3HAYCHHS:

1 — noteuumana Bopa,

2 — notenunan Henbcona

3 — notennman Mouibep

Ilpubanskenve HenpepbiBHBIX PANOB CIPaBeMJHBO Ha PaCCTOSHHAX @,
AHOJbIIHX, YeM PaJHyC 3KPaHHPOBAHHSI aTOMOB.

Jlas Toro yTo6bl 3TO NMPUOGJHKEHHE OBbLIO CIpaBelJIMBbBIM, HEOOXOXHMO
noTpe6oBaTh, YTOOLI paccesiHue YaCTHIBl PSAIOM ONpeessioch OJXHOBPEMEH-
HO MHOTHMH aTOMaMH B pAAy. DTO yCJ0BHE, OUEBH/HO, Jyullle BHINOJHSETCH
npu GOJBIIHX 5HEPTUAX yacTHU. MoXXHO NOKa3aTh, YTO KaHaJHPOBAHHe CTa-
HOBHTCS BO3MOXKHBIM, €CJIH YroJ BJIeTa 4acTHLbl B KaHaa W MeHble HEKOTO-
poro npexeabHoro yraa Wy [23]

<=V 2, (14)

Z,Z:e*
———*— — JMaMeTp CTOJKHOBEHHs B J1aOOPaTOPHOH CHCTEME KOOp-

rae b=

AMHAT. -
53



BenuuuHy npenenpHOro yria KaHaJAHPOBAHHS MOXHO HAHTH, €C/IH H3-
BECTHO MHHHUMAaJIbHOE PAaCCTOSIHHE IOAXO0Ja YaCTHUUBI K PsiAy, NPH KOTOPOM
HenpepeiBHOE OMHMCAaHHE PSIO0B M IJIOCKOCTefl emie BbinosHsercsa. CorsacHo
Jlunaxapay [23] mias yCTOHYHBOTO KaHAJHPOBAHHS O min == Gre. C ApPyroi
CTOPOHBI, €C/JH TPAEKTOPUSI YACTHLBI JIEKHT B IIOCKOCTH ATOMHOTO psija,
MHHMMAJIbHOE PACCTOSIHME MOXKHO HAHTH U3 pelleHHus ypaBHEHHS

150

0 02 oy 06 08 10 12 14 16

-8
f’m 0
)
Puc. 3. Cpeauue noteHuuasisl V (p) pa, Aast miaockocreir (100)
B KBr
V(p) = EY2. (15)
Orcwna B

ZORE:
L1 AP WRE L
¥ = [ . ] : (16)

FEcau Tenepp HalTH 3HaueHWe MOTEHUHANAA V (Pyin), TO MOXKHO MOJYUYHTH
3HaYeHHe MAaKCHMAaJbHOTO YIJa KAaHAJUPOBAHHS MPH JAHHOH 3HEPrHH
4yacTuy.

Yactuubl, ABHKYLIMECS MO KaHaJaM pelleTkd B cpeineM nose V (p)
¢ nonepeuHod 3Heprueit £¥?2 noaxoias K psilam HJIH MJIOCKOCTSIM HA pac-
CTOSIHHE Qpi,, BCTpeuaioT Kak Obl moTeHuMaabHulit Oapwep. Ilpu BbICOKHX

CKOPOCTSHIX YacTHI TOTEHUHAJLHBIE Oapbepsl 110 MOPS/AKY BeJUUHHBI
PABHE:
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4Z . Zaer

JJIs pAJLOB = 224+ 20 38

(17)
upd d~ da,; ‘
JJISE TIJIOCKOCTe i ~5Z,Z.e*- N -dnare =~ 52,228 38, (18)

rie dy— paccTosiHde MexJy IJIOCKOCTAMH,
N-dy— cpenHee 4HUC/IO ATOMOB HA €JHUHHIY IJIOWALH [JIOCKOCTH.

[loTennuanbubie Gappepbl AJsi MJIOCKOCTel Huxe b~ 4Zi pa3 6apb-
€pOB pAJOB U OTCI0JA IpejelibHble YIJbl KaHAJMPOBaHHMA JUIg IJIOC-
KOcTefl JOJUKHLI OBITh HMXE B ~ 2716 pasa mnpepenbHbIX yraoB JJis
pPALOB.

Ecan ucnosb3osaTh Bblpaxenue (16) A/ BHIYHCAEHHS AMIJIUTYAbI
KOJIE€6AHUS TPAEKTOPHM YACTHIBI B kanaje y ka(¢ gyukuun yraa ¥ npu
Pa3/JIMUHbIX 3Heprusx dYacTui £, TO MOXHO MOJYYHTb KPHUBbIE, MpE.L-
crapjieHHble Ha puc. 4 wu 5. Pacuer BHIIOJHEH AJS IPOTOHOB C 3HEp-
rusivd 1 Mas, b Mass u 10MsB st kasanos [100] u [100] B KBr
M s noreHuuanaa bBopa.

21/ e e e Bl 5 R el BT el SR IS e | 0 | 2 S 9
yo‘RK /"‘r—_—/
- /V/// /
: ///,

10 M4
'?: 20 /? 5
7 / //

18 P =2

T e RS B R Y e 2:/0*
¥ pad

Puc. 4. AMmintyga xosebaHuil Tpaekropuu npotoHa B kanase [100] KBr B 3aBu-
CHMOCTH OT yIJIa BJIeTa NPOTOHA B KAHAJ IPH PA3JHYHBIX 3HAUCHUAX ISHEPTHH
NPOTOHOB

M3 pHCYHKOB BHJAHO, 4YTO JJs1 pa3JHYHBIX 3HEPrHi KPHUBHIE pac-
NOJIOXKEHbl OJM3KO JApPYT K APYry M, CJ€J0BaTe/bHO, aMIIUTYAbl Y ca1a60
3aBucsat or yraa V. CosuxKeHHe KPHBHX II0 Mepe NPUGIHIKEHUS
aMILUTY /Bl K 3HAYEHHMIO pajuyca Kanana Ry ¥ MX HacwbluieHue o6ycaoB-
JeHO pe3KHM BO3paCTaHHEM NOTeHLHAJ0B, HaYMHAs CO 3HAYEHHUH

Pmin = RK — Yo =2 Aro. ‘ (19)
ITpunumast 3TO 3HAUEHHE JAASA Ppip, MOXKHO HAHTH MPEAEJIbHBIE YTkl
KaHa/NMPOBAHUSI TPOTOHOB B MOHOKpHcTaaaax. B cayuae KBr aas mpo-
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TOHOB C 3Heprueil 6,72 MsB yribl ais KaHaqMpPOBAHUS BAOAb [100] na-
paBaenust 1 MexJy maockoctaMmu (100) paBubl

W axi00) 2= 0,49°,
20
W naxqiony =< 0,17°, (20)

Bpems oxnoro kosedanus TPACKTOPUH YACTHILBI NPUOGJUSUTENBHO
pasHo |18]

4y
To (21)
—  — -u——i- — e — s st e — e e | e |t
16 - N Yo = Rx ///;//‘/
14 nsg /
5 | 2] /
x P 2
aoh e
| /
= _’// 1M34
101 nd
//
08 -
510" 7 893 2 3 4 5 €’
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Puc. 5. AMnautyaa KosjeGanuii TPaeKTOpPHH HPOTOHA Mexny miaockoctsmu (100)
KBr B 3aBHCHMOCTH OT yIVIa BJeTa NMPH Pa3JHYHBIX 3HAUCHHAX SHEPIHH NMPOTOHOB

M, cJiejgoBaTesbHO, JJIMHA BOJIHBI TPAEKTOPHH IN paBHa

b o~ 4)' O«
A== [—L»’_ . (22)

Cootnomenue Mexay v u W, mpencraBiedHHoe HA pHC. 4 M 5, rOBOPHUT

0 TOM, UTO A yMmeHblnaercs ¢ poctom W, 4To M c/1e0Bajlo OXKHMAATH.

M3 puc. 4 u 5 MOXHO HaiiTH, YTO JUJISI IPOTOHOB C 3HeprHeii 6,72 Mass
ans MoHokpucraaaa KBr

Mooy == 2-10-5 cm,

(23)

}‘(100) ==t 3,9 10—5 CM.

CooTHolleHHe MexXJIy aMIauTynoit & u yraoMm W B psily COeIHHEHHIl 103BO-
JSeT c/esaTh BBIBOA O TOM, UTO IPU YBeJHYEHHH MOPSAJKOBBIX HOMEPOB KOM-
MOHEHT BeJUYHHA JJHHBI BOJHBI HE3HAYHTE/NbHO BO3pacraer.

‘Tenepbp KauecTBEHHO PacCMOTPUM TMOBeJeHHEe IIyuKa 4YacTHL, NPOXOIs-
IHX yepe3 pelleTKy Kpucrajios. [Ipu yriax maieHusi yacTHIL HA KPHCTAJ
OTHOCHTEJIbHO TJIaBHBIX HANpPaBJeHHIl HJIHM IJIOCKOCTEeH, MEeHBbIUHX Mpeleb-
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Horo yraa W <W ,,, , YaCTHLbI 3aXBATHIBAIOTCA B KaHaJ/bl pewerTku. [lon-
XOJ UX K aTOMHBIM psi/laM Ha pacCTOsIHKe, MeHblllee paauyca 3KpaHHPOBaHHS,
3aTpyAHeH, U YIVIOBOe pacnpejesieHHe TaKuX yacTul OyAeT OTJAMYHBIM OT
' YIJIOBOTO pachpejiesieHusi YacTUull B aMopdHoil cpefe. Takoii nydok moayqmi
- Ha3BaHHe LeHTpaJJbHOTO nyuka yactul. Ecau W >W ,,,, TO YacTuilbi, npo-
XOi5l yepe3 pelleTKy, HCNBbIThIBAIOT 0ObIYHOE paccesiHue Ha OTAeJbHBIX aTOMax
.M B OOJIBLIMHCTBE CJy4YaeB HX JBHXKEHHE aHA/JOTHMYHO ABHIKEHHIO YaCTHI
B amop¢Hoii cpene. Takoii Mydok Ha3bIBAIOT HOPMAJTbHBIM H/IH XAOTHUECKHM.
HutepecHo OTMETHTH, UTO 3TH JIBa MyYKa He CRA3AHBI MKV CO0OH H nepe-
. XOJ 4aCTHIl M3 OJHOTO NyukKa B JAPYrod B COBEpPLIEHHOM KpHCTaJJje HeBo3-
moxkeH. JleficTBHTe/IbHO, UTOOB YacTHIlA MOTJia M3 IEHTPAJbHOrO NydYKa me-
peiiTH B XaOTHUECKHH, eii He0OXOAMMO HCHBITaThb OUEHb CHJIbHOE PacCestHue
Ha OTAEJbHOM aToMe, a AJIst 3TOro el HeoGXOAMMO MOAOHTH K aTOMYy Ha pac-
crosinie p < @ ¢ P, 4TO A/ LEHTPAJbHbIX YacTHI HeBO3MOKHO. [To aroi xke
MpHUMHe 3aTPYLHEH W lIepPexo], YacTHUI, U3 HOPMAaJbHOTrO MNyuKa B LEHTpPAJh-
apiii. O6aactb yriaoB W= YW \,x sBJseTca NPOMEXYTOUHOH H pacCMOTpeHHE
IOBEeeHHs] TAKHX YACTUI[ Ype3BbIYAaHHO 3aTPy/HEHO BCJEICTBHE HAJOMKEHHS
MHOTHX 3(eKTOB.

Jlo cHX mop MBI paccMaTpPUBaJM MOJE/b JKECTKOH PelleTKH C aTOMaMH,
HEMOJABHIKHO 3aKpeNJeHHbIMH B CBOMX Yy3asaxX. OueHuM BJHsIHHE TEMJIOBBIX
Kosie6aHKil aTOMOB pellleHHeM Ha BeJHYHHbl TOTEHLHAJOB.

PaccmoTpuM rapMOHHYECKHe KOJeOaHHs pelleTKH C KJIaCCHYECKOH TOu-
Ki 3peHus. Takoe paccMOTpeHHe JlaeT Xopoilee NpPUOIHKEHHE AJsi TeMIle-
patyp OoibluMx temmeparyp Jleoasvn. lloaaraem, uyto cMmeLleHus
aTOMOB IOJUHHSIOTCA pacnpejeneHuio l'aycca co cpeﬂHehBaapaqumM

cMellleHHeM S2.

w(8)ds = CFLIE exp f— i : (24)
V 2zs-? 233

[lpu taxoM pacnpeneseHHH CMELEHHI aTOMOB, MOTEHIHAJ/ BHjA
V(v) = Aexp(—pla),

rze A ¥ a-— NOCTOSHHBIE BeJHYHHB, Npeobpasyercs B MOTEHUHAN BHU-
aa [24]

—_ N

V() = V(e exp (—S—) , (25)

rjpe sJ_—cpeﬂ,HeKBaﬂpaTuque CMelll€HHe B HAUpPaBJIEHHUU NepIreH un-
KyJSPHOM TPaeKTOPUH uacTHub B Kauajse. COrJacHo JAMHAMHYECKOF
Teopuu KPUCTAJJIMUYECKHX pPEIIeTOK JJsi OTKJOHEHUSi aTOMa OT CBOEro
. OJIOXEHHST PABHOBECHSI MOXXHO 3anucarth [25]

£ 05 T npu T >08j

_ Yo .o ,
e R 10 %ﬂnpu T <8peir (26)

nia

3TO BBIpa)€HHe CIPABEVINBO TOJbKO JJIS1 MPOCTHIX KYOHUYECKHX penre-

TOK, TJAe BHINOJHAETCH YCJoBHE S = 5 s

YroObl OLEHHTb BJHSIHHE TEMJOBBLIX KoJeOaHWit Ha Beanuuny~ V(p),
_ paccMOTpHM H3MeHeHHe moTeHuuana B MoHokpucraajse KCl ¢ usmenenunem
_ TeMmeparyphl T. Ina oueHkH Hucnosab3dyem notenunana Moavep (14) pas
atomuoi niaockoctu (100). PesyabraTtel pacuera npuBeiaem B Tab.a. 2.
v MoOKHO 3aMEeTHTb, UTO TeNJIOBble KoJeGaHusi aTOMOB MPHBOAAT K He-
3HAUUTEJbHOMY POCTY TNOTEHIHaJ/Ja, U 3TOT POCT BbI3bIBaeT COOTBET-
cTBeHHOe H eule 6osee cnaboe yseanuenue yriaa Wyax . C Apyroii cropons,
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TENJIOBbIe KOJIeOaHHSI aTOMOB NMPHBOASIT K yYMEHBIUEHHIO Pa3MepoB KaHalla
R Ha BennuuHy cpeiaHell aMIMTYAbl KoJebanus S*. Tenepb A5 yCTOHYH-
BOTO KaHa/JHPOBAHMsI PACCTOsSIHHE OJIMXKHEro NMOAXO0/a K CTeHKe KaHada P pmin
Oyner onpenensaTbesl Bhipaxkenuem [26].

Pinin 2 €814 (27)

rae ¢— MaJjasi nocTtossHHas BeauunHa. M3 mpocThIX cooOpaKkeHHuit cienpyer
0XHJaTb, UTO ¢ OyJeT ABAATbcsl QYHKIHMEH AJHHbI KaHAJMPOBAHHOH Tpaek-
‘ Tabauna 2

Mortenunan Moabep npas aromubix naockocteii (100) B monokpucraane KCI
C y4eTOM TenJoBbIX KoJeGaHHi MOHOB

V'’ (p)na C yU4€TOM TEmNOBBIX KoJeOaHnui

P/Q’m; ‘7(?)"” E
28 T=0°K T=300°K T=700°K T=1049°K
1,0 29,7 30.6 31,6 31,2 36,8
2,0 20,2 20,9 21,41 23,2 25,0
3,0 14,4 14,9 15,3 16,51 17,7
4,0 10,52 10,7 11,2 12,1 13,1
5,0 7,73 7,96 8,21 8,9 - 9,6

TOPHH NPOTOHA £, KOTOpasi NPUOJU3UTEJBHO PaBHA TOJLIHHE MOHOKPHCTAJ/Aa

3aBHcumocTb ¢ OT { o3Hauaet, uto W ,;, OydeT yMeHbLIATbCS C yBeJHue-

HMeM {, H, CJel0BaTeJbHO, BJHSHHE TeMMepaTypbl AJs TOJCTbIX 00pasuoB

foJiee CylIeCTBEHHO, YeM AJs TOHKMX. MoOXXHO IOKas3aTb, YTO 3aBHCHMOCTH

W max OT TEMIEpaTyphbl JaeTcs BblpaXKeHnem

1

. ~3 28)

¥ ool 2. (5,

Takum oGpasoM, NMOBLIIEHHe TeMIepaTyphl o6pasia NpHBEIET K CHHXKEHHIO

HHTEHCHBHOCTH KaHa/JMPOBAHHOTO Nyuka IIPOTOHOB INpPH JaHHON TOJIIHHE
obpasua ¢.

Motepu 3Hepruu NMPOTOHOB B MOHOKPHCTAJJIAX COeIHHEHH

Y TAXKeNbIX 3apsKEHHbIX YaCTULl NPH NMPOXOXK/JEHHH HX Uepe3 BeILeCTBO
IHEeprus TepsieTcs B ABYX MNpoleccax: B HEYNPYrux CTOJKHOBEHHAX C aTOM-
HbIMH 3JIEKTPOHAMH (3/71€KTPOHHOe TOPMOXKEHHE) M B YNPYrHX CTOJKHOBEHH-
AX ¢ 9apaMu aTomoB (siaepHoe TopmoxkeHHe). [1pu BbicOKHX 3HEprusx yac-
THI[ 3J1€eKTPOHHOE TOPMOXKeHHe npeobJiafaeT ¥ HEPrus 4aCTHIL TPATUTCA HA
BO30y»K1€HHe WJAH BbipblBaHHEe 3/J€KTPOHOB B aTtomax. B Xxaoruueckoi cuc-
TeMe silepHOe TOPMOXKeHHe NpeodnafaeT Hajl 3MeKTpoHHbiM npH &< 10, rae
¢ — Ge3pa3mepHasi Be/qHMuYMHA, XapakTepuaylollas 3Heprulo, BBefeHHas To-
macoMm-Pepmu.

g = Q'rd)'E_ M2

= , 29
ZZ, e M,+M, (=)

rae
M, — macca HaJetaoulell 4acTULl (B HalleM cJaydyae—IpoTOHA),
M, — macca siapa aTomMa Cp2jbl.

Tak Kak Hac MHTepecyeT NPOXO02KAE€HHe OBICTPHIX NMPOTOHOB Yepe3 BELIEeCTBO,
e sAepHoe TOPMOXKEHHE He3HauuTelbHO M cocTaBiasesar juwb ~ 0,1% or
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0o0LMX 1I0TEpPb HEPrHH, TO OCTAHOBUMCS HAa HOHH3ALMOHHBIX IOTEPSX IHEP-
THH YaCTHIL.

Ilpu paccMOTpeHHH MOTepPb SHEPTHH YAOOHO BLIAEAUTH MOTEPH IHEPTHH
Ha OJH3KHe CTOJIKHOBEeHUsI ¢ OoJblLIOH Iepefayeil HMOyJabca 3JeKTPOHAM
H Jajiekue — ¢ MaJoil nepejauvell HMIyJbca 3JeKTpoHaM. Takoe fgenenue 06-
YCJIOBJIEHO TeM, YTO B OJIM3KUX CTONKHOBEHHSIX HEOOXOJAUMO YUUTHIBATH KBAH-
TOBOMEeXaHHUYeCKHe SIBJICHHS, B TO BpeMs KaK B Ja/JeKHX CTOJKHOBEHHSIX OHH
He HIpaoT PoJH B ONpeJieleHHH MOTepb 3Hepruu. Takoe pasieseHue yao0HO
ellle ¥ TeéM, UTO KaHAJUPOBAHHbIE YACTHUIBI IBHKYTCSI B 0OJIACTSX, TJ€ 3JIEKT-
POHHAs MJIOTHOCTb 3HAYMTEJNbHO HUXKE CpejHell H, cJ1eJ0BaTeNbHO, POJib OJU3-
KHX CTOJIKHOBEHHI B KaHaJlaX HEBEJNHKA, B TO BpeMsl Kak JaJjieKHe CTOJKHOBe-
HHSI MaJIO YYBCTBUTENbHbI K CTPYKTYp€ BelllecTBa.

[Tpu GOJBUINX SHEPTHSX M MaJbIX aTOMHBIX HOMepax Zj, YacTHI[ JJsi
pacuera CpeIHUAX INOTepPb 3HEPruu chnpaselauBa Qopmyaa bere-bBroxa,
umetomast Buj [23}

2 ph
d_IESSen..N_Zz;thZ_,e‘N.B. (30)
dx muv?
3nech

N — uKcJ0 aTOMOB B eJUHHUe 00beMma,

Ss; — TONMepevyHoe CeueHHe 3JCKTPOHHOIO TOPMOMKEHHs st aMopd-
HOTO BelecTBa,

- g,
i I (2) cpemuuéi mo-

B — xoapduunent topMmoxennsi. B = Z,In

TeHUHaJ HOHHU3aIHuUu atoMa C aTOMHBIM HOMEDPOM =z2.

JIAst CJAOKHBIX COeJMHEHHH BeJAHYMHY | HAXOJAHM 1O NPABHIY
Bparra [27].
) Z NiZz In ]i

rae Ni yuc/ao aTOMOB B elMHHLE 00beMa ¢ aTOMHBIM HOMepoM Zi /i cpejHuit
MOTEHIIHaJ HOHH32IlHU aTOMOB 3/J€MEeHTa.

Hamu BBbIUHCJIEHBI [IOTEPH 3HEPrHHM NPOTOHOB ¢ 3Heprueir 6,72 Mss BO
BCeX HCCJeyeMblX BeUleCTBax ¢ Y4eTOM IIONPAaBOoK Ha 3pdext cBa3H
K-3nexrponos (tab6a. 3). IlonpaBkamMu Ha 3G @deKT NJIOTHOCTH Cpelabl M HA

; Ta6auna 3
MaccoBasi TOPMO3HAsi CIOCOOHOCTH COeJMHEHHH
1 Yucno anexkTpoHon 1 /dE\ w38
Coenunenue B CcM3 e (—)
38 NZ,- 1023 p \dx/ 2.cm?
NaCl 189 6,248 42,9
NaBr 316 8,647 34,185
KCI 219 5,790 40,12
KBr 345 715,580 34,32
KI 479 ¢ 8,179 29,86

3ddext cBsa3u L — 3/JeKTPOHOB B aTroMax IPH MaHHOH 3HEPTHH MPOTOHOB
mMoxHo npeHeGpeun {20]. Bere {28] npu BeiBoze dopmyan (3l) agas ciayuas
3JIeKTPOHHOTO ra3a yCTaHOBHJI, YTO MpPH BBICOKHX CKOPOCTSX YaCTHIL IIOTEPH
SHEPTHH Ha 3JeKTPOHHBbIe CTOJKHOBEHHS ACHMITOTHUECKH CKJIAIbIBAIOTCH 3
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paBHBIX JOJeil OT Jajekux H OMH3KHX cTojkHOBeHuil., Hemasno JIunaxapa

[29] noaTBepAMa 3TO NpaBUIO AJs Cjaydasi aTOMHBIX cucTeM. Mcxoast u3 aTux

3aMeyaHui, ynoOHO pas[e/NHuTb MOTEPU 3HEPruHu Ha najekdHe u Gauskue [23].
dE e :

— (r) = Sa [aN - Z, + (1 — a)p(r)], (32)
dx

- «
rae p(r) — NJIOTHOCTH 3J€KTPOHOB B HEKOTOPOH TOYKe NPOCTPAHCTBA, 4yepe3

KOTOpOE€ MPOXOLUT HacCTHlla. BTOp'Oﬁ YJIeH B BbIpAaXK€HHH OllpenessieT NOoTepH
1

SHEPrHH B OJIM3KHUX CTONKHOBEHHAX C 3jaekTpoHamu. Koadobuunenra = 9

H TIPH YBeJHYEHHUH SHEPTHH NpUOIHKaeTcss K 3HaueHHI0 1/2. DTo BbIpaxeHHe
OKa3bIBAEeT, YTO JJs ObICTPBIX YAaCTHI, MPOXOLSLIUX [0 KaHAJaM pelIeTKH,
NOTEPH SHEPTHH JOJKHBl YMEHBIIAThCs B /IBa pas3a, MOCKOJIbKY BEepOSATHOCTh
O6JM3KHX CTOJIKHOBEHHMII AJsl LEHTPaJbHOrO NMydykKa HeaHauuTeabHa. [loTepn
MOUYTH MOJIHOCTbIO OYAyT ONpeneasiTbCsi AaJeKUMH CTOJKHOBEHHSIMH YaCTHIL
¢ 3JeKTpoHaMu cpelbl. Tak Kak JajieKHe CTOJKHOBEHHSI He UyBCTBHUTEJbHBI
K TOUHOMY pAaCIHOJIOKEHHI0O TPaeKTOPHH INPOTOHA B KaHaJje, TO H3MeHEHHe
tTemnepaTypbl T He JOJKHO 3aMEeTHO EJHATb Ha IOTEPH SHEPTHH IPOTOHOB
B MOHOKpHCTaJJax.

Moxno BBecTH 3h(PEKTUBHBIA ATOMHBIH HOMEp Zs (E)), xoTopelil oI-
penesieT YMCJAO0 3JIEKTPOHOB HA aTOM, HAXOASILMXCS HA PACCTOSHUAX
60JAbWIHUX Pmin OT pfAJa, KOrJa

V (omin) = £.

Toraa monepeuHoe CceyeHHe 3JIEKTPOHHOTO TOPMOMKEHHS MOMNHO Mepernu-
catb B Buae [23]

SLME L) = Si {(ua) e 22_(25;)_} . (33)
,M())KHO noKasaTtb, 4To OTHOIUEHHE M JlaeTcd Jiblpﬁ)KeHP‘leM
1 Ly
Z; (Ey) g ___d : Pn:m ‘7/ (Pmm) ’ (34)
i 27,7, e? '
£
H »ﬂpl*lGJlHSHTeJIbHO paBHO E—‘}:F;L-— , €CJH MOTeHUnaJs U3MEHAETCHd Kak p"‘(”
I max

IloTepu sHeprun 4BJASAIOTCS CTATHCTHYECKHM IPOLECCOM H I[O3TOMY
dopmyaa (31) onpeaeasier Jullb CPeAHHE IOTEPH 3SHEPrHH HA €JHHHLY
nytd. JJasi TSxKeablX 3apsiXKeHHBIX 4YaCTHIL IPH NMPOXOXKAEHHH HMU J0OCTa-
. TOUHBIX TOJIUHH (QYHKIHS pacnpepeeHus MOTEPb 3HEPTHH OKOJO Cpej-
Hero 3HaueHus umeer Gopmyay pacopenesenus laycca. Paykryaunuu
NOTepb 3HEPrHH HA eAMHHIE mpobera 4YacTulubl OOYCJOBJEHB TOJBKO
O6JU3KUMHU CTOJIKHOBEHHMSIMM H, CJeJ0BaTe/JbHO, MBI BIpaBe 3aMEHHUThb
CPeAHIO MJIOTHOCTL 3JeKTpoHOB Z,N Ha p(r)

; 2 2y
Toraa [M)—} =4rZ}e'p(r) (35)
, dx o
HAH, UCTOb3Ys 3DPEKTUBHBIH aTOMHBI HOMED,
B 2 ® ’
LEEY | _anziet 23 (EL). (36)
dx B .

Taxum o6pa3oMm, NMOJYIIHPHHA AHOMAJABHONO TNMHKA [0JKHa OBITH yKe, 4eM
HOPMAaJIbHOTO: _

5. Baxaz 7504 65



Ormerum, uto npu ¥ =W ,,,, 10 QU3HUIECKUM COOOPAKEHHSIM JOKHAL -
HabJ0aThCsl NOTEPH  SHEPTHH BhIllE, YeM Yy HOPMAJbHOTO Iy4Ka 4YacCTHIL
BCJIeIcTBHe OJIOKHPOBKM HAa aTOMHBIX psilax MJau miaockoctsx., Ecau yraosoe,
pacnpejie/ieHne KaHaJHPOBAHHbIX YaCTHI[ [OJKHO HMMETb MAaKCHMyM IpH
W =0 u 3areM ObICTPO YMEHbINATbCS C POCTOM YIJla, TO YIJOBOe pacmpeye-
JeHue GJOKHPOBAHHBIX YACTHIL JOJXKHO MUMETh MaKcuMyMm npu yraax W=
¥ wax- Takoe MoBejeHHe yacTHL HAOJAIOAAMN B MOHOKpHcTamdie Sil4].

JKcnepuMeHTalbHble Pe3yJabTAThI

‘SKCHCPI/IMBHTBI 110 HCCHeNOBaHHUIO ITIOTEPb 3HEPIHH H KaHAJHPOBAHHIO
[IPOTOHOB B MOHOKPHCTAJlJIaX TaJIOTEeHUJ0B IIeJOYHbIX METaJJi0B HaMyu IPO-
BEJ€Hbl Ha SKCHCPI/IMGHTaJIbHOﬁ YCTaHOBKE, CXeMa KOTOpOI;'I npuBeJaeHa Ha

. o U

. ; Puc. 6. Cxema 3KCIepHMEHTAJbHOHl YCTaHOBKH

puc. 6. ITporons 1 u3 mukjIoTpoHa TOMCKOTO MOJHTEXHHYECKOTO HHCTHTYTA
NPOXOISAIT B KaMepy paccesiHusi, rfie NajaloT Ha TOHKYIO IJIaTHHOBYIO MH-
eHb 2 TOJIIHHOI 0KOJIO 3 Me/cm?, yCTaHOBJEHHYIO B LeHTpe KaMmephl. Ilyuox
NPOTOHOB, paccesiHHbl moj yraoM 30° oT MHIIEHH, KOJJIHMHPOBAJCS TOH-
KMMH TaHTaJOBBIMH AuddparMamMu u NPOXOAUJ B KaMepy TOHHOMeTpa, rue
noMeliaacs MUccaeayemMblii MOHOKPUCTananueckuii obpasen 3. luamerp nAat-
Ha Ha oOpasie 2 mm, 3HePrus nydyka NpoToHoB 6,72 MsB, u yraoBasi pac-
XOJMMOCTb Myuyka MeHbiue + 0,1°,

ToHKHMe MOHOKpHCTaJJHuYeckHe 00paslibl pasjiHuHbIX COECIHHEHHH C TOJ-
mwHHaMH oT 15me/cm? o 50 me/cm?, ipeaBapPUTEIBbHO OPHEHTHPOBAHHbIE OCBIO
{100] mo HanpaB/eHUIO yYKa, YKPeNnJ/JeHbl Ha NOBOPOTHOM YCTPOHCTEE FOHHO-
MeTpa, HMEIOLeM Pery/JupoBKYy B FOPM30HTANbHON U BEPTHKAJIbHOH NJIOCKO-
CTSAX C TOYHOCThIO ycTaHOBKH yraoB -+ 0,05 u 40,1 rpaayca cooTBeTCTBEHHO.
DHepruio NPOTOHOB MOC/E NMPOXOXKAeHHs 00pasloB ONpeessiiu CIUUHTHIIS-
IIMOHHBIM CIIEKTpOMeTpcM 4. DHepreTHuyeckoe paspelleHHe CIeKTPOMeTpa
JJ1sl IPOTOHOB ¢ 3Heprueit 6,72 MaB cocrasasier 28%.

DHepreTHyeckKoe pacrnpejesneHre NPOTOHOB, NpIUEALUINX MOHOKpPHCTAJ-
auyeckne o6pasuni NaCl Ttonufuuoit 17,3 wme/cm® u  KBr TonuiuHof
41,2 me/cm?, mpeacTaBjeHo Ha puc. 7 U 8. B nmpaBoil yacTH PHCYHKOB IpH- -
BeJleH 3HePreTHUeCKHil CeKTP NPOTOHOB, NaJaloluX Ha o6pasipl.,
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OGpasupl NOBOpaYMBaIH B TOPH3OHTANBHOMN II0CKOCTH BOKPYT ock {001]
TaK, 4TO NYYOK NPOTOHOB OCTaBaJjCs IapaJjieabHbiM maockoctsim (010).
KpHBbIe 2, 3, 4, 5 npeacTaB/IAIOT 3HEPTeTHYECKHE CIEKTPLI IPOTOHOB MPH YT-
Jlax TOBOpoTa O 0,6; 1,2 u 6 rpanycoB COOTBETCTBEHHO. Bce crekTphl HOp-
MHPOBAHBI K OXHOMY MaKCHMaJbHOMY 3HaueHHio. HesHauuTeabHblit caBur
CIIEKTPOB B CTOPOHY MEHbLIMX 3HAUEHHIl SHEPTHH H UX yumpeHue obycaoBJe-
HBI yBeJII/IquHeM TOJIHHEI 06Pasila IPH ero NoBOPOTe.
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Juepaus  npomowo  Mad

Puc. 7. DHeprernueckoe pacnperedeHde MPOTOHOB ¢ sHeprueil 6,72 Map mocie
HpOXO)K}.IEHI/Iﬂ moHokpucTamia NaCl mox pasiauuHBIMH yriiaMH OTHOCHTE/IbRO
nanpasJsenus [100] 0"—2 0,6°—3, 1,20 —4, 60—

M3 pHCYHKOB BHJIHO, YTO [POTOHBI, NaJamolidie Ha MOHOKPHCTA/Jbl
B HalpaBJeHHH, JOCTAaTOYHO JaJjekoM ot Hampaesenus: [100], umeior sHep-
reTHUECKOe pachnpejejeHde,  OXKHAaeMoe JJs1 - HOJHKPUCTANIHYECKHX
u amop¢ubix BetiecTB. Korma manpasaenune [100] MoHOKpHCTa//I0B cOBHa-
IaeT C HanpaBJeHHeM IydyKa, CHEeKTP HCKa)KaeTcsi MU' Ha BBICOKOIHEPTeTHY-
HOIl 4acTH CIIeKTpa INOSBJSETCS «XBOCT», YKa3blBalOUIMH HA TO, YTO HEKOTO-
past [OJsI YaCTHUI[ TepsieT MEHBIIYI0 SHEpruio, YeM YacTHLBI B HOPMAaJbHOM
cnekrpe. Ilpu yBenuueHHu yrja IOBOPOTA <«XBOCT» IIOCTENEHHO HCue3aer.
Yucso yacTui B LEHTPAJbHOM IyuKe MOXKHO ONpEeNUTb IPOCTHIM BbIYHTA-
HMEeM HOPMaJIbHOTO CIIEKTpa U3 HOPMHUPOBAHHOTO.

B Ta6sa. 4 npuBeneHnl cpeaHue mnorepu 3SHepruu nporoHoB B NaCl
u KBr, Bbiunciennole no ¢gopmyJse bere-Bioxa u nailiienHnble sKcnepuMeH-
TalbHO, a TAKXKe 3HaueHHe KO3((HIHEHTAa AHW3OTPONHH, NPEACTAB/ISIONIEr0
co60ii OTHOIIEHHe YHCJa YacTHI B aHOMAaJbHOH YacTH CHeKTpa K obuiemy
YHCJY YaCTHL B CIIEKTpe.

MoKHO OTMETHTb, 4TO 60J/bIIAsk YACTh NPOTOHOB HAXOAUTCS B HOPMaJlbs
HOM IIyYKe H ee 3HepreTHuYecKHe IIOTepH JOBOJBHO XOPOIIO COrJacylOTCS
¢ pacueTHbIMH. CpefHHe NOTePH SHEPTHH IyyKa NPOTOHOB, HaliJeHHbiE M3
IHEPreTHYECKUX CHEeKTPOB, OKa3blBAlOTCA HECKOJIbKO HHMXKe 3a CUeT TOi JOJH
YaCTHIl, KOTOPble KaHAJAMPYIOT yepes KpucTajibl. [oss uyacTuu B KaHadH-
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POBAHHOM MyuKe npHu HyseBoM yrae pasBua 0,36 anss KBr u 0,28 mnas NaCl.
[lpu yBesuyeHuu yrJja MNOBOpPOTa KpHCTaJsa [0Js1 KaHAJIHPOBAHHBIX 4ac-
THLl YMEHbLIAETCss M CpeJHHe NOTepH NPOTOHOB Bce GoJjiee MpUOJIHKAIOTCH

K pacCyeTHbIM.
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Puc. 8. DuepretrHueckoe pacnpejesieHHe. IPOTOHOB ¢ 3HeprHeii 6,72 M3 mocie
MPOXO¥KAeHHsI MOHOKpHcTaana KBr moa pasqMuHBIMYU yrJaMH OTHOCHTEJbHO Ha-
npasJaenus [100] 0°—2, 0,6°—3, 1,2°—4, 6°—5

Ha puc. 9 mnpexacrasjieHa 3aBHCHMOCTb KO3(@HIIMEHTa AHH3OTPOINHH
OT yrJia BjeTa NPOTOHOB B KaHAJ [100] nast NaCl u KBr. [lns o6oux Kpucrad-

: Ta6auma 4
IMoTepn SHepruu NPOTOHOB B MOHOKPHCTAJIAX COENHHEHH

CoenuHeHue y;ggol:g- 'I;%J;)l;l::aa AE“PP- Auopm. sken. | AEsxen. Nean.
B rpanycax Mz|ea? lcsa‘ (cas K38 NHOP-‘

0 17,3 742 760440 650440 0,28

NaCl 0,6 ~17,3 ~T742 760440 710440 0,14
12 ~17,3 ~T742 760-4-40 740440 0,04

6 ~17,31 ~T743 770440 770+40 ~0,0

0 41,2 1410 14204-60 1250+4-60 0,36

KB 0,6 ~41,2 ~ 1410 1420460 132060 0,266

12 -~41,2 ~1410 1429j:60 1380--60 0,11

6 ~41,24 ~1411 1440-1-60 1440 4-60 ~0,6

0B XOJI KPHBBIX aHaAJOTHUYeH, YTJOBBE MOJNYIHPHHB KpuBeiX s NaCl
u KBr pasnbi~0,68° n 0,8° coorsercrBenHo. CoriacHo TeopeTHUECKHM
ouenkam (20) mOJYIIHPHHBI KPHBBIX JOJIKHBI COCTABJATh BeJHUHHB ~ (,25°

B8’



s KBr u ~ 0,02° nasi NaCl. Tor ¢akT, 4To «XBOCTbI» HCU€3aI0T 3HAYH-
TeJbHO MeJJIeHHee, ueM TpeacKa3blBaeT TeOpHs, MNOATBEPXKAAeT BbIBOL
O TOM, UTO NPH BBLICOKHX HEPTHSX TNPOTOHOB OPHEHTalMOHHbIE 3(DeKTH
06yCJIOBJIEHBI TJIaBHBIM 00Pa30M aTOMHBLIMH TJIOCKOCTSIMH, a HE aTOMHBIMH

psAnaMd MOHOKDHCTAJJOB.
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Puc. 9. 3aBucuMocTh MONH KaHAaJHPOBAHHBIX INPOTOHOB B
monokpucramiax KBr (1) u NaCl (2) or yrna  BJera
npoToHoB B Kanaa [100]

Huxe o6cynum HekoTopble ¢GakTopbl, KOTOPbIE MOTYT IOBJHSITh Ha H3-
MeHeHHe ¢GopMbl crnekTpoB. ITockonbKy notepn Hepru¥ NPOTOHOB CyILIECT-
BEHHO ONpeNensio1Ics pacnpejeeHHeM 37eKTPOHHOH IJIOTHOCTH B NMPOCTpaH-
crBe Mexnay naockoctamMu (010) uau B nanpasaenuu [100], Mol BnpaBe mo-
Jarath, YTO M3MEHEHHsi B pacnpejieleKHH 3JEKTPOHHOH NJIOTHOCTH B PSAY
coenunennit or NaCl no Nal u or KCl go KI npuBesner u kK H3MeHEHHIO
¢opmbl 3HepreTHyeckoro cmnexrpa. s HarAsAHOCTH oOpaTHMCA K pHC. 1.
Mml yxe oTMeuaJii, 4TO NPOCTPAHCTBO, CBOOOJAHOE OT 3/JEKTPOHOB, B HOHHBIX
KPHCTaJJ1ax HeCHMMeTpHYHO oTHOCcHTenbHOo ocH [100], uro o6ycnoBaeno pas-
JHuYMeM B IOPSIAKOBbIX HOMepax HOHOB B y3/ax pemerkd. Hecummerpus pac-
npeaesieHHsi 31eKTPOHHOH MJOTHOCTH BO3pacTaer B psAJax raJoreHuoB HaT-
PHA H KaJjiisg C POCTOM NMOPSIAKOBBIX HOMepoB rajoufioB. [To Mepe nBHKeHHS
yacTHubl BHOJAb Ranpasiaenus [100] kapTuHa pacnpeneneHus 3/eKTPOHHOMH
naoTHocTH OyaeT noBopauuBaTbca Ha yroi 90° mpH nepexoie OT ORHOro
aTOMHOTrO CJIOSi K APYrOMy 3a CueT NnepeMeHbl HOHOB B yajax pemerku. Cra-
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HOBHTCSI OUEBHHBIM, YTO BCe MPOCTPAHCTBO, 3AK/MIOUCHHOE MEXKAY aToM-
ueiMu psigamu [100], yro6Ho pasbHTb HA TPH YACTH.

Yacruiia, TPSeKTOPHIO KOTOPOI MOMKHO 3aK/IOYHTH B IHJHHAP C- OChIO
B10Jb [100] HanpaB/eHHus U ¢ pajMycoM OCHOBAHHUS Oy, IBHIKETCs B 00JacTH,
rje TepsieT SHepPruio NpeuMYyIlecTBEHHO Ha JaJieKHe CTOJIKHOBEHHsI C aTOM-
HBIMH 3/JeKTpoHaMu. [loTepu 3Hepruu y TaKHUX YACTHI[ COCTABJSIOT IPUOJIH-
JKEHHO TOJIOBUHY IIOTepb 3HEPrHM HOpPMaJbHOr0 Nydka uactui. [Ipu G6sb-
IIUX YIJaX TPAEKTOPHS YACTHIIBI MOXKET 0Ka3aThCsl B 00/1aCTH, OTpaHHUEHHOM
UHHHIAPOM C PAJHyCOM Py, TA€ KPOME Na/eKHX CTWIKHOBEHHIl B TIOTePSiX
Hepryil HAYMHAIOT UTPaTh pOJb U OJM3KHE CTOJNKHOBEHHS C 3/1€KTPOHAMH,
MPUHAMJIEKAUUMH OTPUILATENBHO 3apSKEHHBIM HOHAM C GOJNBUIMMH IOPSII-
KOBbHIMH HOMepaMH. IToTepu 3Heprum y TakuX UYacTHUI[ HECKOJbKO OOJbIIE,
yeM MOTEePH 3HEPrHu y NepBOil TPYNIH YACTHI, HO MEeHbIUE, YeM Yy YacTHIl
B HOpMaJsbHOM myuke. M, HakoHel, npu yraax Baera B Kpucraian V>,
MBI HMEeM JeJI0 C HOPMaJbHBIM My4KoM yacTuil. COOTHOLIEHHe MeXKAy STHMH
TpeMss 00J1acTSIMH B M@KHOHHOM IPOCTPAHCTBE M ompepenaser GopMmy 3Hep-
reTHYeCKOro CHeKTpa NMPOTOHOB. DoJbiias HeCHMMETPHUHOCTh B pacnpeje-
JIeHUH 3JIeKTPOHHO# NJOTHOCTH B MoHOkpucramie NaCl, uem B MOHOKpHC-
taane KBr, u o6bsicHsieT TOT (aKT, 4TO aHOMAJIbHAs YaCTh CIEKTPa B cJyyae
KBr Beipaxena oruerausee B ciaydae NaCl.

3akJiloueHue

1. PaccMoTpeHO BJ/HMSIHHE KPHCTAJNJIHYECKOH CTPYKTYPbl COeIHHEeHH
raJIOTeHU/I0B IIeJOYHBIX MeTaJJoR, 00/1a1al0UHX MPOCTOH KyOHUeCKO# CTPYK-
TYpOH Ha NpPOXO0XKJAeHHe OBICTPHIX IPOTOHOB.

2. Huasi coegunenuit NaCl, NaBr, Nal, KCI, KBr, KI nafiaens nmores-
[M&/Ibl ATOMHBIX PSNOB. M aTOMHBIX MJI0cKocTel, C yBeJHYeHHEeM . OPsi KO-
BOTO HOMepa TaJionaa B Py MNOTEHIHAaJbl BO3pacTaloT.

3. Hafizensl mpegesbHble YrJbl KaHAJAMPOBAHHsl OBICTPhIX TPOTOHOB
B HOHHBIX  KPHCTaJJIax B,uonbr.naBHbeHanpaBneHHHIIOO]H[IIO] H MexXay
naockoctamu (100) u (110). B psny COeIMHEHUH ¢ yBeJHYeHHEM NOpPSAKO-
BOTO HOMepa ra/joHja IpeAesabHbIil yroJ Bo3pacTaeTr. 3aXBaT IPOTOHOB B Ka-
HaJibl peuieTkd HanboJiee 3(pdeKTHBeH B COEUHEHHUAX C OOJBIIMMH MOPSA-
KOBBIMH HOMEpaMH.

4. 9KcnepnmeHTaJleo HCCJ/IelOBaHbl norepﬂ SHEPTHH MPOTOHOB C Iiep-
BUYHOI 3Heprueii 6,72 MsB B psjpax coeauHeHuid. [lpu coBmajgeHHu ocu
[100] Monokpucra/i0B C HamnpaBJeHHeM IyYyKa NPOTOHOB YacTb MPOTOHOB
KaHaJUPYyeT 4epe3 MOHOKPHUCTAJJ, Tepsisi BABOE MEHBIIYIO 3Heprmo 10 Cpas-
HEHHIO C HEKaHAJTHPOBAHHBIM IYYKOM.

5. Jlonsi KaHaJIMPOBAHHBIX IPOTOHOB BO3PACTAET B PSILY COEUHEHHH
c yBeml‘quHEM NOPAAKOBOIO HOMEpa TamnoH/a, YTo MOATBEPIKAAeT TeOpeTH-
'yeckHe ‘OleHKH.

i C}lenaﬂ BBIBOJ{ 06" onpenenmomem BJAHSAHHH Ha KAHANHPOBAHHE! Bbi-
CTPBIX 'POTOHOB  aTOMHBIX [JIOCKOCTeH  KpHCTAJIIOB,

7. KamannposaHnue B psilax TajOTeHHAOB HATPHS ‘M 'Kajiusi HaHGOMee
Bblpame*ﬂo B monokpucraniax NaCl u KCl n’ ymenpuaercst’ ' paax coe-
“AHHEHHH npn YBEJHUEHHH MOPSIAKOBOTO HOMEpa Ta/loHja’ C'H3MEeHEHHEM 'CO-
- DTHOMIEHHUs ' MY pagHycaMH HOHOR, B’ COeANHEHHH.
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