
I(- &3 I · 
COOBUIEHJ.1H 

OB'bE,lU1HEHHOrO 
.t1HCTJ.1TYTA 

H,l(EPHbiX 
HCCJIE~OBAHJ.1t1: 

JlytSHa 

=-• -• • z • :I: 

Pl4-5624 

H .Kpoo,~.CeHTHpMaii,)J, .HoBM'Q 

I ~ HCCRE)J,OBAHHE KOH)J,O-COCTOHHHH ... 
1: 

~ B CllJIABAX AI(Mn) 
f 
I 
I 
~ 1971 

~ - - -----



Pl4-5624 

H .Kpoo,I.CeHTRpMal,,n .Aos11q 

HCCRE.Z.OBAHME KOH.Z.O-COCTOHHHH 

B CORABAX AI(Mn) 

'( .. --:,~-_: <,'' ~~:~--·:·_:'·-:-~ 

• 1>.. .. b ... =-.:.. }..-_. _: ... ~~?~ ... ~· ,. Ill 

!;_~~~-=;~~i;:.<: ~~li:~-·- . ·~ 



llooasneHHeM K HeMai'HHTHbiM MeTannaM HeoOJiblliOI'O KOJIH'l:eCTBa aTOMOB 

3d HJIH 4 £ rrepexoJlHhiX Merannos rrony'l:aeM paa6asneHHbie M8I'HHTHhre 

crrnaahr. MarHHTHhie caoiicraa 3THX crrnaaoa aaBHCSI:T or reMrrepa'ryphr. B 6on~:r

lliHHCrse H3 HHX .B OOJiaCTH KOMHaTHh!X TeMIIeparyp HMeiOTCSI: TaK Ha3biBaeMbie 

JIOKaJIH30B8HHhie MOMeHTbi 1 BCJieJlCTBHe 'lero 3TH CIIJiaBbl OOJI8)laiOT IIapaMai'-

HHTHb!MH CBOHCTB8MH ( HX M8I'HHTHaSI: BOCilpHHM'IHBOCTb MeHSI:eTCSI: ITO 38KO-

Hy KIOpH, 3JieKTpH'IecKoe corrpoTHBneHHe yMeHhlllaercSI: c TeMrreparypoii, yaenb

HaSI: rerrnora H repMo- 3.a.c. - orpoMHhre). 11 Horaa 3TH )Ke cmiaBhi c yMeHb

llleHHeM TeMrreparyphi IIOCTeiieHHO TepSI:IOT CBOH JIOK8JIH30B8HHb!e MOMeHTb!
1 

a 

B o6nacrH T"' 0 craHOBSI:TCSI: HeMarHHTHhiMH ( ocraeTCSI: socrrpHHM'IHBOCTb 

IlaynH, IIO'ITH IIOCTOSI:HHOe COIIpOTHBJieHHe, HH3K8SI: TerrnoeMKOCTb H TepM0-3.Jl.C.). 

3a rrocneLtHee aeCSI:THnerHe MHOI'He asrophr crpeMHJIHCb K oo'bSI:CHeHHIO 

yiiOMSI:HYThiX 3KCIIepHMeHTaJibHb!X ¢aKTOB 1 HO yHHBepC8JibHOH TeOpHH JlJISI: HX 

OO'bSI:CHeHHSI: ellle HeT, H OCTaJIOCb ellle MHOI'O HeSI:CHhiX BOIIOOCOB. Ilo TeOpHH 

<l>puaenSI: H AHaepcoHa I 1,21 , HcrronbayiOI.I..eH rrpHoJIH)KeHHe XaprpH-<I>oKa, 

LlOIIYCK8IOTCSI: TOJibKO LtBa COCTOSI:HHSI:: Mai'HHTHOe, ecJIH ~/U < 1 
1 

H HeMai'HHT-

Hoe, ecnu ~ /U > l , rae i\ 

MeCHOM aTOMe d ypOBHSI:, a 

SI:BJISI:eTCSI: lllllpHHOH JIOK8JlH30BaHHOI'O Ha IIpH

U - orraJIKHBaiOlliHM KynoHOBCKHM rroreHuHa-

JIOM, JleHCTBYIOlllHM Me)!{LtY d 3JieKTpOH8MH IIpOTHBOIIOJIQ)KHOI'O CIIHHa. ~ 

aaaHCHT or aenH'l:HHhi aaanMoLteiicrBHSI: s-d 3JieKrpoHos. 10. KoHao 13,41 

orrpeJleJIHJI 'c>TO B38HMOJleHCTBHe C IIOMOWbiO OOMeHHOI'O I'8MHJibl'OHH8Ha. 

H =- _}_ S·s (R ), 
2N 

3 

rae J < 0. (1) 



..-! 

3necb 
J - o6MeHHOe B38HMOJleHCTBHe (B eJlHHHU8X 3HeprHH), S - CITHH npH-

Mecaoro aTOMa, S(R) - nnoTHOCTb cnuaa aneKTpOHOB npoBOJlHMOCTH Ha 

MeCTe npHMeCH H N - nnOTHOCTb aTOMOB OCHOBHOf'O MeTanna, 

QqeHb B8lKHbiM S!BnSieTCSI npeJliTOnOJKeHHe, 'ITO B38HMO)leii:CTBHe nOK8liH-

30B8HHOf'O CITHH8 H aneKTpOHOB npOBOJlHMOCTH - 8HTH<i>eppOM8f'HHTHOe {J < 0), 

BClieJlCTBHe "'ero llpOeKUHSI CITHH8 p8CCeHB8~WHXCSI Ha llpHMeCH aneKTpOHOB 

6yneT Bcerna npoTuBononoJKHoil:. Cyn /5/ H A6puKocoB /6/ npennonoJKHnH, 

'ITO <llasoBbiA nepexon nonJKeH npoucXOJlHTb npu xapaKTepaoA nnSI MaTepuana 

KOHJlO - TeMilepaType 

N __ ), 
T ,TF exp(-2iJI Po K 

(2) 

rne T F - TeMrrepa Typa 4>epMH 0 p - I1liOTHOCTb COCTOSIHHil: 3lieKTpOHOB H8 

ypOBHe 4>epMH, 

no Teopau HaraoKa 171 rrpH T < T K aneKTpOHbi npoBOJlHMOCTH rrocTe-

neHHO KOHJleHCHPY~TCSI OKOnO CI1HH8 llpHMeCHOf'O aTOM8 0 C03Jl8B8SI o6naKO 

BHpTyanbHO CBSI38HHbiX, llpOTHBOilOl!OlKHO nonSipH30B8HHblX 9lieKTpOHOB T8K 0 

'ITO CITHH S I10liHOCTb~ KOMileHCHpyeTCSI, 3Ta KOHJleHC8UHSI H83biB8eTCSI 

COCTOSIHHeM KoHJlO-HaraoKao Pa3Mep CKOHJleHCHpOB8HHOf'O o6naKa xapaKTepH

ayeTCSI paCCTOSIHHeM KorepeHTHOCTH: 

.; = ___::,:.f_ 
k T k 

(3) 

3necb a - MeJKaTOMHOe paCCTOSIHHe B MaTpH"'HOM MeTanne, f - 3Hep-
l F 

f'HSI 4>epMHo nnSI .; B CHCTeMe AI (Mn) no 3TOil: <llopMyne rronyqaeM 3H8-

o 
qeHue 300-600 A o nocnenaue TeopeTH"ieCKHe uccnenoBaHHSI, rrpu6nuJKa~mue · 

CSI K rrpo6neMe pa368BlieHHbiX MarHHTHbiX Clll18BOB C pa3Hb!X CTOpOH, e.UHHQ

rnacHO npHHHM8~T 4laKT cymeCTBOB8HHSI COCTOSIHHSI KoHJlo-HaraoKa, 0JlH8KO 

paCXOJlSITCSI MHeHHSI 0 ero <i>H3H"ieCKOM XapaKTepe ( HallpHMep, TeOpHSI liOK8libHbiX 

/8/ 4ln~KTyaUHil: CllHHOB (Jl4>C) ),Pa3HbJe TeOpHH Jl8~T pa3Hble oueHKH JlliSI eo 
no Teopuu M~nnep-XapTMaHHa 191 H EnyM<i>HnJla 

1101 
nonSipuaauuSI aneKTpo

HOB CKn8JlbJBaeTCSI H3 OCUHnl!Hpy~WeH H arrepHOJlH"'eCKOil: KOMllOHeHT, l[OCl!eJl-

HSISI 38TyxaeT H8 paCCTOSIHHSIX e D =< 1-2 8TOMHhiX )lHaMeTpOB 

4 

1.~ 

(D ~:....., 
"' u 

rne D - lliHPHHa SOHbi npoBOJlHMOCTH. Wofio 

onpeJleliSI~T Jll!HHY KOrepeHTHOCTH C IlOMOlllt 

d ypoBHSI: 

t: a f 
':.~ ,-.J'__ 

~ 

3TO paCCTOSIHHe no nopMKY BeliH"'HHbl COC 

3KCilepHMeHT8llbHbie pesynbT8Tbl ( B rrepBy~ 

KaJKeTCSI, IlOJlTBeplKJl8~T cymeCTBOB8HHe KC 

1 .. 15 X 

OnpeneneHue H3MeHeHHSI nn 

C DOMOlllb~ TyHHel!HpOB8 

n 0 TeOpHH Woil:oMa H 3aB8JlOBCKOf'O I 1 

HOH DpHMeCH yMeHblllaeTCSI DliOTHOCTb COCT 

UHH I18Jl8~lliHX H pacceSIHHbiX 3l!eKTpOHHbiX 

S!BliSieTCSI <i>YHKUHefi 3HeprHH H KOOpJlHHaT: 

p = p ( r , w ) , rJ 

3JleCb r - paCCTOSIHHe JlO I1pHMeCHOf'O 8TC 

l13MeHeHHe B p 6yneT MaKCHM8libHbiM I 

ypOBHe 4>epMH ( W = f F ) • 

B TyHHellbHOM KOHT8KTe THila MeTal!. 

npoBOJlHMOCTH rrpoXOJlSIT co cTopoHbi M 1 

COTbl cp B aneKTPOJl M2 TOlibKO nyTe~ 

HellhHhi:il: TOK 

nepBOM (p
1 

) 

4>epMH ( n F ) 

nponopuuoHaneH rrpoaaB 

H BTOpOM (p
2

) aneKTp 

H3-3a B03MyllleHHSI eV 

5 



HOe B38HMOaeHCTBHe (B eaHHHU8X 3HeprHH), S - CITHH llpH

S(R) - rrnoTHOCTh crruaa aneKTpoHOB rrpoBO/lHMOCTH aa 

N - rrnOTHOCTb 8TOMOB OCHOBHOrO MeTanna. 

M HBnHeTCH rrpearronoMeHHe, ~TO B38HMO/leHCTBHe noxanH

aneKTpOHOB llpOBOaHMOCTH- aHTH~eppOM8f'HHTHOe (J<O), 

poeKUHH CITHH8 pacceHBBIDilJHXCH Ha llpHMeCH aneKTpOHOB 

HBorronoMaoa. Cyn /5/ H A6pHKOCOB /6/ rrpearronoMHnH, 

oa aonMeH rrpoucxoaHTh rrpu xapaKTepao.H an2 MaTepuana 

pe 

T ,T 
K F 

( N __ ), 
exp - 2iJI p 

0 

(2) 

aTypa <PepMH, p - ITnOTHOCTb COCTOHHHft aneKTpOHOB Ha 

raoxa 
171 

rrpu T < T K aneKTpOHbi rrpoBoaHMOCTH rrocTe

TCH OKOno CITHHa llpHMeCHOf'O 8TOM8, C03/l8B82 o6naKO 

HbiX, llpOTHBOilOnOMHO llOnHpH30B8HHbiX aneKTpOHOB TaK, 

HOCTbiD KOMileHCHpyeTCH. 8Ta KOH/leHC8UHH H83hiBaeTCH 

!Haraoxa. PaaMep CKoaaeacupoBaHHoro o6naKa xapaKrepu-

Korepenraocru: 

t: a c "'= __ §_ 

k T k 
(3) 

TOMHOe paCCTOHHHe B MaTpH~HOM MeTanne, f F - 3Hep-

B CHCTeMe AI (Mn) no aroa <jlopMyne rrony~aeM aaa-

Docneaane TeopeTH~eCKHe HccneaoBaHHH, npu6nHMaiDruHe · 

8BneHHb!X M8f'HHTHbiX CllnaBOB C p83Hb!X CTOpOH, e.QHHo

'8KT cyrueCTBOBaHHH COCTOHHHH Koaao-HaraoKa, 0AH8KO 

o ero <jlnan~ecKoM xapaKTepe ( aanpnMep, TeopHH noKanhHbiX 
18/ 

n<t>C) ) .Pa3Hbre TeopHH A8IDT p831ible OueHKH JlnH ~ • 
apTMaHHa /9/ H EnyM~nnaa 1101 rrongpnaauuH aneKrpo

ocunnmrpyiDruea H anepuoaH~ecKoR: KoMnoaenT. llocnea

ccToHHHHX ~ D "' 1-2 8TOMHb!X AH8MeTpOB 

4 

J .. 

1 

:~ 
)l~~~· 
It 
I, 

'I 
,!I 
',11 
,! 

,,~: 
'Ill 
·u 

~D 
a c ~, , ____ , 

(4) D 

rae D - wnplfna 30Hbr npoBoaHMocrn. llloiioM, 3aBaaoBCKHii H Meaeu /11-13/ 

OllpeaenHIDT JlnHHy KorepeHTHOCTH C llOMOlUhK1 

d YPOBHH! 
t1 -umpHHbr noKanuaosannoro 

t: a f "'.1. "'---F __ 

t1 (5) 

u 
8ro paccTOHHHe no rropHAKy BenH~HHbi cot::TaBnHeT 10-100 A • HoBe.fiume 

3KCilepHMeHT8nbHbie peaynbT8Th! ( B nepByiD O'Iepe/lb H3MepeHHH .HMP /14/), 

K8MeTCH, ll0JlTBepMa8IDT CyiUeCTBOB8HHe KOrepeHTHOf'O p8CCTOHHHH llOpH/lK8 
0 

7 r15 A 

Onpeaeneaue H3MeHeHHH rrnoTHOCTH cocTOHHHii 

C llOMOlUbiD TyHHenHpOB8HHH aneKTpOHOB 

/11 12/ 
fl 0 TeOpHH llJ OHOMa H 3asaaoBCKOf'O ' B OKpec THOCTH rrapaMaf'HHT-

HOH llpHMeCH yMeHblll8eTCH llnOTHOCTb COCTOHHHH B pe3ynhTare HHTep<jlepeH

UHH naaaiDIUHX H pacceHHHbiX aneKTpOHHb!X BOnH. flnoT~OCTb COCTOHHHft (p ) 

HBnHeTCg <jlyHKUHe.fi 3HeprHH H KOOp/lHH8T! 

P=p(r,w), rae w = f F + t' V , 

3aecb r - paccrognne ao npuMecnoro aroMa, 
e V - 3Hepf'HH B03MyiUeHHHe 

I13MeHeHHe B p 6yaer MaKCHManhHbiM na Mecre rrpHMecu ( r = 0 ) H npu 

ypoBHe <PepMH ( w = c F ) • 

B rynaenbHOM KOHTaKTe THrra Merann-ananeKTpHK-Merann aneKTpOHbi 

rrpoBO/lHMOCTH rrpoxoagr co cropoHbi M 1 ~epea 6apbep ronmHHbi B H Bbi-

COTbi rp 
B aneKrpoa M2 TOnbKO rryreM ryanenupoBaHHH (puc. 1 ). TyH-

HenbHbiR: TOK 

rrepBOM 

<PepMH 

(pI ) 

( n F ) 

rrporropuHOHaneH llpOH3Be}leHHID rrnOTHOCTeH COCTOHHHft B 

H BTOpOM (p 2 ) anexrpoae, a T8KMe H3MeHeHHID <jlyHKUHH 

H3-3a B03MyiUeHHH eV 

5 



_. 

I ( V) 
eV 
f p P [n -n (eV)]dE; eV«£ 

I 2 F F F 
(6) 

0 

EcnH see rrapaMarHIITHbie aTOM hi pacrronaraJOTCSI Ha rpaHIIUe M 1 - D ( r.e. 

r=O)II P 1 
0603Ha'iaeT II.IIOTHOCTb COCTOSIHHH 'iiiCTOrO MeTa.lllla i -ro 

3neKTpoJla, rrp11 T = 0 rronyqaeM 113 (6) 

(7) 
eV 

I(V)=p 2 f z(E)dE. 
0 

3JleCh p2 = p p I= z ( E )·p 

TaK KaK z (E) 

R z ( E )<I H83bJsaeTCSI tiJaKTOpOM rrep~-

HOpM8.1IH38UHii, Ha ypoBHe 4>epMR ( T,e, rrpH eV =0) o6naJlaeT 

MIIHRMYMOM B JlHHaMH'ieCKOH xapaKTepRCTHKe M-D-M TyHHe.llbHoro KOHTaK

Ta, IIpli Hy.lleBOM H81IpS1lK9HHII II05!B.IIS1€TCS1 IIRK B COIIpOTHS.IleHRH, 3TO SlS.Ile-

HH€ H83biB8€TCS1 HY.119BOH aHOMa.IIHeH COIIpOTHB.II€HIIS1. (B aHr.IIRHCKOH .IIHTepa-

Type ZBA = zero bias anomaly 

R3 (7) pasHa 

) • 0oCKO.IlbKY JliiH8MR'i€CKaS1 IIpOBOJlliMOCTb 

G = 
dl 
dV = z (E), 

TO OTHOCIIT9.1lhHOe JlRH8MR'ieCKOe COIIpOTHB.IleHRe 

R(E) R(V) I (8) 

R
0
(E) R 

0
(V) z(E) 

rJle R 
0 

( E ) - JliiHaMII'ieCKoe conpOTIIB.IleHRe 6ecrrpHMeCHoro KOHTaKTa, KOTO

poe H3MeHS19TCl1 M€Jl.II€HHO B <jlyHKURR OT E=eV • no 3aBaJlOBCKOMy
111

•
121

, 

rrpR TeMrrepaType T = 0 B€.111i'i11H8 aHOM8Jlllli paBHa: 

(9) R(V) I --- = l + N. TT p -- ( 2 e + l ) Im t n ( w ) + . . . • 
R (V) I 0 2 L 

0 

r)le N I - KOHUeHTp8UHS1 rrpHMeCR B €JlRHHU8X aTOMHOrO C.IIOSl, e = 2 Jl.IISl 

s -d li e = 0 Jl.IISl s- s B381iMOJlei\CTBHS1, Im t e (w) - MHRM85! qacTb 

aMII.IIHTYJlhi pacceS1HHS1. DpH ayneBOM HaiipS1lK€HRH ( e V = 0) 

( 10) Max I t e (w) I I 

TT p 0 

6 

vt; 
'~ \ 

'\t.! 

•:t 

1
,:;\: 

-

l1TaK, s cnyqae s- d S3aHMOJleHCTSHSI 

I R(V=O) =I+2,5NI=z 
R(V=O) 

Po 
II P= l+2,5N 

0 

Benll'iiiHY f3 MOlKHO 3KCIIepiiM9HT8.1lbHO 01 

IIO.IIYllillpiiH8 IIIIKOB Hy.lleBOH 8HOM8.111111 COIIpOTIII 

/12,13/ 
JlO • 

R(V=O)] =AkT =Eoexp(--;; 
[--- 1/2 k " 

R o<V=O) 

rJle A - IIOCTOSIHH8SI IIOpSIJlK8 9JliiHHUbl H 

( 11) 11 ( 12), aaBIICSlT oT p • CneJlOSaTe 

IIpHMeCHbiX aTOMOS H3MeHS1JOTCS1 8MII.IIHTYJ18 

aaoMa.IIHH. EonblliHM KOHUeHTpaUIISlM rrpHMeC 

6onee y3KHe IIHKH H MeHhlliHe 3Ha'ieHRS1 T 
CTB9HHOH 38BHCRMOCTR II.IIOTHOCTII COCTOSlHRH 

CKHH /13/, 0HR H8lll.IIH 1 'iTO CIIIIHOB8S1 IIO.IISlp~ 

tPYHKUII9H 1 6biCTpO 38TyXaJOUI9H B IIpOCTpaHCTB 

HOCTh COCTOSlHHH Ha MeCTe IIpHM9CII. XapaK~ 

peHTHOe paCCTOS1H119 ( t ) onpeAe.IIS19TC5! 9KCII 

Mll'iecKoii rrposOJlRMOCTH ( G ) s6nH3R V = 

X OT 6apbepa JlO IIpHM9CHOrO C.IIOSl (pRC, 

Hb~ 9tPtP9KTOB II 3KCII9piiM9HT8.1IbHOH IIpOBepKl 

MeaeR Mbi Bbi6panR CHCTeMy crrnaBa AI ( M 

IIpaK TR'i€CKR XOp0lll€H H8IlbinS1€MOCTbJO a.IIJOM: 

SlJlepHbiM pacceSlHReM HeiiTpoHoB. MarHHTHb 

O'ieHh SbiCOKOH Tk , 'ITO 11 yrrpomaeT 

TyHHe.llbHbie KOHTaKTbi 6hmH rrpHroTOB.IIE 

BaKyyMaoro aarrhmeHHSl. Harrhi.1IHTenbHaS1 ycTaJ 

yMHoro arperaTa BA-05-4 H 3aBOJlCKoro Hal 

Ilbi.119HRS1 JlBB.IleHHe IIOJl KO.IIOKO.IIOM IIOJlJleplK! 

MeTOJlHKa orrHCaHa s pa6orax /15,
16/ • Ha < 

75 x25 MM, Till8T€.1IbHO O'iHWeHHb!X IIepeJl ~ 

7 



eV 

I ( V) f p P [n -n (eV)]dE; eV«f 
1 2 F F F 

0 

paMarHHTHbie aTOMbi pacrronaraJOTCSI Ha rpaHuue M 
1 
-D 

o603Ha"'aeT IIJIOTHOCTb COCTOSIHHH "'HCTOI'O MeTaJI118 Pt 
rrpu T ~ 0 rrony"'aeM H3 (6) 

eV 

J(V)~p 2 f z(E)dE. 
0 

(6) 

( T,e, 

i -1'0 

(7) 

p , p 1 = z ( E ) ·p H z ( E )<I Ha3biBaeTCSI !PaKTopoM rrep~-

"· TaK KaK z (E) Ha ypoBHe tPepMH ( T,e, rrpH eV =0 ) o6nanaeT 

B nuHaMu"'eCKOH xapaKTepucruKe M-D-M TyHHenbHOI'O KOHTaK

BOM HaiipSIMeHHH IIOSIBJISieTCSI IIHK B COIIpOTHBJieHHH, 3TO SIBJie

TCSI HyneBOH aHOManueil: COIIpOTH:BJieHHSI, (B 8Hl'JIHHCKOH JIH:Tepa-

zero bias anomaly ) • 0oCKOJlbKY JlHH8MH"'eCK8SI IIpOBOJlHMOCTb 

a 

G _ dl - --;IV- "' z (E ) , 

JlbHOe nHH8MH"'eCKOe COIIpOTHBJieHHe 

R(E) R(V) 

R
0
(E) R

0
(V) z (E ) 

(8) 

- JlHHBMH"'eCKOe COIIpOTHBJieHHe 6ecrrpuMeCHOI'O KOHT8KTa, KOTO

Cl1 MenJieHHO B tPYHKUHH OT E =e v . no 3aBa)lOBCKOMy 11 1· 12 1, 

ype T "'0 BeJIH"'HHa 8HOM8JIHH paBHa: 

(V) 1 
-- = I + N. 1r p -- ( 2 f + 1 ) Im t n ( w ) + . . . , 
(V) 1 0 2 L 

0 

(9) 

OHUeHTp8UHSI ITpuMeCH B enHHHUBX 8TOMHOI'O CJIOSI, f = 2 nnSI 

/J.JISI s- s B38HMoneil:CTBHSI, Im t e (w ) - MHHM8SI "'8CTb 

CCeSIHHSI. Opu HyJieBOM HaiTpSIMeHHH ( e V = 0) 

Max I t e (w) I I 

1T p 0 
( 10) 

6 

J ... 

I' ~Ill 

l'"'''' 
li 

'i~' 
filii 
I 
i1JI111 

''!' 
(< 

,I 

·)k. 
l~', 

<l'.i~A··: .~.· 
§ ' 

1,\ • ~ 

I1TaK, B cny"'ae s- d B38HMOnei:ic TBH Sl 

I R(V=O) =1+2,5Nt=z 
R(V=O) 

0 
( 11 ) 

P0 Po 
H .P = ---- = ----

I+ 2,5 N 
1 

1 + ,8 N 
1 

BenH"'HHy ,B MOMHO 3KCIIepHMeHT8JlbHO onpenenuTb, C npyl'OH CTOpOHbi, 

rronywupuHa IIHKOB HyJieBOH 8HOM8JlHH corrpOTHBJieHHSI CBSI38Ha C SHeprueil KoH-

112,131 
no 

N - ), R (V =~ ] = A k T k = E oexp (- 2jJj"; [ __ 0) 1/2 
R o<V= (12) 

l'JJ.e A - rrocTOSIHHaSI IIOPSIIlKa enuHHUbi H E 0 "' k T F • 06a ypaBHeHHSI, 

( 11) u ( 12), 38BHCSIT oT p • CnenoBaTeJibHo, c u3MeHeHueM KOJIH"'eCTBa 

rrpuMeCHbiX BTOMOB H3MeHSIIOTCSI BMIIJIHTyna H IIOJlYIIIHpHHa IIHKOB HyJieBOH 

8HOM8JIHH, BOJibiiiHM KOHUeHTpaUHSIM ITpHMeCH COOTBeTCTBYIOT BbiCOKHe, HO 

6onee yaKue ITHKH 1:1 MeHbiiiHe 3Ha"'eHHSI T k 
• OrrpeJJ.eneHHeM rrpocTpaH-

CTBeHHOH 38BHCHMOCTH IIJIOTHOCTH COCTOSIHHH 38HHM8JIHCb MeaeH 1:1 3aBanoB

CKHH 
1131

. 0Hu HBIIIJII:I, "'TO CITI:IHOB8SI ITOJISipH38UHSI SJieKTpOHOB orrpeJJ.eJISieTCSI 

cpyHKUI:IeH, 6biCTpO 38TYX810llleH B ITpOCTpaHCTBe H I:IMeJOlUeH H8HMeHbillYIO IIJIOT

HOCTb COCTOSIHHH Ha MeCTe ITpHMecu. XapaKTepHoe nnst STOH cpyHKUHH KOI'e

peHTHOe paCCTOSIHHe ( ~ ) OITpeJJ.eJISieTCSI 3KCITepHMeHT8JlbHO H3MepeH!feM IJ.IfHa-

MH"'ecKoil: rrpoBonHMOCTH ( G ) B6JIH3H V= 0 IT pH pa3Hb!X paCCTOSIHH SIX 

X OT 6apbepa /J.O ITpHMeCHOI'O CJIOSI (puc, 2), JJ/15! lf3y"'eHH 5! BbiilleyKa3aH-

Hb~ 3cpcpeKTOB H 3KCITepHMeHT8JlbHOH ITpOBepKH TeOplflf illOHOMa-3aBa)lOBCKOI'O

Me3eH Mbi Bhi6panH cucTeMy crrnaBa AI (Mn) , 3ToT Bhi6op o6ycnoBneH 

rrpaKTH"'eCKif Xoporneil: H8ITbiJI5!eMOCTbiO 8JIIOMHHH5! H IIOJIHOCTbiO KOI'epeHTHb!M 

stnepHbiM pacceSIHHeM Heil:TpoHoB, Mal'HRTHhie crrnaBbi aJIJOMHHH5! o6nana10T 

O"'eHb Bb!COKO:l:i: Tk 1 "'TO H yrrpomaeT Heil:TpOHHbie HCCJienoBaHH5I. 

TyHHenbHbre KOHTaKTbi 6biJIH rrpuroToBneHbi H3 99,999% anJOMHHHH rryreM 

BaKyyMHoro H8IIbiJieH!f5!. Haiib!JllfTeJibHa5! ycTaHOBKa 6biJI8 COCTaBJieHa H3 BaKy

YMHOrO al'pel'a Ta BA-05-4 If 3aBoncKol'o HaiTbiJIRTeJIH YBP-2. Bo BpeMH Ha

ITbiJieHHH naBJieH!fe non KOJIOKOJIOM IIOnJJ.epxmBaJIOCb IIOPSIIlKa 1t-3•10-5 TOp, 

M eronRKa orrucaHa B pa6orax 
115

' 
161 

• H a cTeKJIHHHbiX ITOIJ.JIOMKax rrnomaJJ.bJO 

75 x25 MM, TIIIaTeJibHO O"'HIIleHHbiX IIepe/l lfCIIOJib30BaHH:eM, OnHOBpeMeHHO 
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IIpUrOTOBJISinOCb 6 KOHT8KTOB (puc, 3), illupUH8 9JIBKTp0llOB - 0,3 MM, HX 

0 

TOJ!lllHH8 2-3000 A . B Te'IeHHB 113Mepei!USI 9JIBKTpH'IBCKHMH KOHTaKTaMH 

CJiy)KHJill opOH30BhlB npy)KHHhl HB IIJ10lll8llKBX 9JIBKTpOUOB, 

Docne HaiibineHHSI rrepsoro anmMaHaesoro 9neKrpona o5pa3Ubi rroasepra

nucb neiicTBUID aTMocrjJepHoro Bo3nyxa. 3a 20-60 MliHYT aa rrosepxaocTli anm-
u 

Ml!HliSI B03HliKBJI OKliCHbiH cnoii TOJI!llliHOH 10-30 A • DoToM 'lepe3 MaCKY sro-

poro 9JIBKTpOJ:18 H8llb!JISIJIU HB IIOBepXHOCTb OKliCJIB 11:3 T8HTBJIOBOH JIOllO'IKU 

CJIOH MapraHUB TOJI!llUHOH 0,1-3 8T,CJIOSI li cpa3y IIOCJIB 9TOrO BTOpOH BJIID

MUHUBBbiH 9JIBKTp0llo C IIOMO!llbiD Bp8lll8ID!llBrOCSl HliiiKOBCKOrO llliCKB Mbl HB 

OllHOH li TOM )KB IIOUJIO)KKB IIOJIY'IBJIU noraplir\JMli'IBCKH liJili JiliHBHHO B03p8CTBIO

!llBB KOJIU'IBCTBO IIpliMBCli H8 llUOllBX, 8 HBCKOJibKHX 9KCIIepUMBHTBX llp11MBCli 

ObiJlU HBHBCBHbl HBIIOCpenCTBBHHO HB rrepBbiH 9JIBKTPOL1 1 a IIOTOM IIOKpb!Tbl 

0 

cnoeM aniDMliHliSI Tonwaaoii 30- 50 A • TaKliM nyTeM Mbi U3roTosnna KOHTaK-

Tbi Tan a AI (Mn) AI- Al 2 0 3 - AI , rne CJIOH IIpHMBCH HBXOAUJICSI Ha rny6HHB 

20-40 :a. BHyTpH 9JIBKTpona. 3TH KOHT8KTbl obiJIH HCIIOJib30B8Hbl UJISI orrpene-

neHHSI nnaHhi KorepeHTHOCTli. EnaroaapSI TaKoii rrocnenoBaTenbHOCTU orrepauaii, 

HBM ynaJIOCb H30B)K8Tb MBlll8ID!llHX HyJIBBbiX BHOMBJIUH M8KpOCKOIIH'IBCKOrO 

rrpoucxo)KneHl!SI I 15,16 I. KoaueHTpauHID Mapraaua orrpenenSinu XHMH'IeCKUM 

IIyTeM, H3MBpBHHBM IIOTOK8 BTOMOB H8 MOHHTOpHOH IIOUJIO)KKB, IIOMB!llBHHOll 

MB)KllY HCTO'IHHKOM H o6pa3UOM. KoHUBHTpaUHID MapraHU8 1 H8XOllliBWBrOCSl 

B paCTBOpe B BHLlB Mn o- . Mbl H3MBPSIJIH c IIOMOWblO cpoToMeTpa. 
4 

Orrpeneneaue TOJI!llHHhi TOHKliX cnoeB aniDMHHliSI rrpoa3sonunocb H3Mepe

HUBM HX OIITli'IBCKOH IIJIOTHOCTli C IIOMO!llbiD llBHCliTOMeTpa, ToJIJllliHY 6apb
l 

epa HBXOllHJ!li ITO COIIpOTHBJIBHUID IIpH KOMH8THOH TBMIIepaType, ITOCKOJ!bKY 

lg R = 8,45 • 10-
2 

d - 2,07 ( 13) 

rne R - TYHHBJibHOB COIIpOTHBJIBHHB IIpli KOMH8THOH TBMIIepaType B 8AHHI1-

uax oM•c~, 
u 

d - TOJI!llHHa OKI1Cna, A I 17 I. 3aBHCHMOCTb nuHaMH'IBCKoro 

COIIpOTliBJIBHHSl OT H8IIpSI)KBHHSI H3M8pSIJIU H8 yCTBHOBKB, ITOK838HHOH HB pi1C,4, 

06pa3eU, H8XOJISllllHHCSl B 'IBTblpBXIIOJIIDCHOM BKJIID'IBHHH, IIOJiy'IaJI TOK <JT re

Heparopa IIOCTOSIHHOf'O TOK8 If MOllYJISIUHOHHhlH nepeMeHHhll TOK 'l8CTOThl J KrU 

OT reHepaTOpa nepeMeHHOrO TOK8, DpH 9TOM 8MIIJIHTYAbl K8K nepeMBHHOI'O, 

8 

~:~ 

'(: 

.

. ,:";· . 
" ! 

TaK 11 IIOCTOSIHHOrO CHrHaJIOB Ha KOHT8KTB ObinU : 

neHI1ID KOHTaKTa. AMIIJI11Tyna rrepeMeHaoro aarrpSI~ 

a IIOCTOSIHHOrO :!; 350 MB, C11rHaJ1 rrepeMeHHOrO 118 

HbiH YCI1JII1TBJ1b 11 C11HXpOHHbiH LlBTBKTOp ITOll,tB8JICl 

C8MOITI1WY!llBf'O ITOTBHUHOMBTpa, Vl3MepeHI1SI 11pOBOLl 

Dony'IeHHbie Ha rroTeHU110MeTpe R- V Kpi1BbiB 

30Bb!B8JII1Cb B G- v xapaKTBpHCTl!Kll ( pl!C, 5). n 
G

0 
("rjJoa", T.e. npoBOLl11MOCTb 'II1CToro TyHHeJl 

napaoOJihl /18l, KOTOpyiD p8CC'IUTbiB8Jll1 C 110MO!llb 

300 MB, rne y~e HeT aHoMaJIHH, cosnaaana c Kp11 

H
Ha puc. 6 rrp11Beneaa cepHSI KpUBbiX --

R, 

fiOK83biB8IOT, 'ITO KOHUBHTpauHSI IIpi1MBCI1 B03pacra 

Mapraaeu B 9TOM cny'lae ohm aarrbinBH Ha nosepx 

8MITJIUTYllbl COIIpOTI1BJIBHUSI OT KOHUBHTp8UHI1 Bl1ll, 

M8Jlb!X KOHUBHTp8U11 SIX, 110K8 B3al!MOllBHCTBHB IIp 

BHCHMOCTb JI11HBHH8SI, HO IIpHMBpHO C 1-ro BTOMHOI 

HOH, 3TO llOHSITHO, BBllb B rjJopMyny (10) aMBCTO 

TpaUHSIX Hy)Kno rroncTaBI1Tb 
11

2,131 p = z p 0 

8HOl.f8JIHI1, [ ~RR ) lfo , neiiCTBI1TBJibHO 38BI1CUT 
;2 

0 

Tp8UUH, K8K 9TO cnenyeT H3 rjJopMyJibl ( 12) (puc 

ll8IDT B03M0)!(110CTb OIIpBllBJII1Tb OOMBHHOe B3UHMC 

Typy Koano Tk l-13 p11C, 7 C IIOMO!llbiD r\JO] 

'IliHY f3 = 1 ,2:!: 0, 1. 0Ha OTJili'IBBTCSI OT TBOpE 

nnSI s- d B3aUMoneM:crBliSI u 5onbme TeopeTH'!ec 

s- s pacceSIHUSI. DoncTaBJISISI 9KCIIepaMeHTam: 

Mbl li36eraeM OWUOOK li3MepeHUSl KOHUBHTp8UHli I 

E 0 u J He 6ynyT 3asaceTb oT aeonpenene 

TpBUlill B JiliHBHHOM llliBIIB30HB ¢opMyJibl ( 10). 

8TOMOB IIpliMBCli OKliCJISIBTCSl H8 rpaH11UB 6apbep 

pe8JibHOf'O KOJIU'IBCTB8 O'IBHb TpyUHO, (3KCIIepll1 

IIOJIHOCTbiD OKUCJIBHHbiH MapraHBU B 6apbepe liJlJ 

BBBT HliKBKOH HYJIBBOH BHOMBJilili), 
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JIOCb 6 KOHJ'aKTOB (pHC. 3). lliHpHHa 8JleKTpO.QOB - 0,3 MM, HX 

0 
3000 A . B re'IeHHe H3Mepef!H51 8neKTpH'IeCKHMH KOHTaKTaMH 

OH30Bbl8 rrpy)I{HHbl Ha IIJIOIUa.QKaX 8Jl8KTpO.QOB. 

HaiibiJl8HHSI rrepBOI'O amDMHHH8BOI'O 8JleKTpO.Qa o6pa3Ubl ITO.QBepra

HID arMoc¢epnoro B03.Qyxa. 3a 20-60 MHHyr na rroBepxHocrH anm-
u 

Kan OKHCHbiil cnoil roniUHHOil 10-30 A • IToroM 'Iepe3 MacKy Bro-

oaa HaiTb!JlS!JlH Ha ITOBepXHOCJ'b OKHCJla H3 TaHTaJIOBOll JIO.QO'IKH 

ua roniUHHoil 0,1-3 ar.cnoSI H cpa3y rrocne 8TOro Bropoil anm-

neKrpoa. C llOMOIUbiD BpaiUBIDIUe!'OCSI HHilKOBCKOI'O .QHCKa Mbl Ha 

)1{8 rroano*Ke rronyqanH norapHcjJMH'IeCKH HJIH JlHHeil:Ho B03pacram

TBO rrpHMecH na .QHoaax. B HeCKOJ1hKHX 8KcrrepHMeHrax rrpHMeCH 

Herrocpe.QCTBeHHO Ha rrepBblll 8JleKTpO.Q 1 a llOJ'OM l10Kpb!Tbl 
0 

HHSI ronwHHoil 30-50 A • TaKHM rryreM Mbi 1:13f'OTOBHJ1H KOHTaK-

n) AI -AI 2 0 3 - AI , l'.Qe CJlOH llpHMeCH HBXO.QI:IJ1CSI Ha rny6HHe 

TpH 3J18KTpona. 8TH KOHTaKTbl 6b!Jll:l HCilOJ1b30BaHbl .QJISI orrpene

KorepeHTHOCTH. BnaronapSI TaKoil rrocnenoBarenbHOCTH orrepaul:lil:, 

H36e)I{BTb MelllBIDIIIHX HyneBbiX aHOMBJIHll MBKpOCKOlli:I'IeCKOf'O 

HSI I 15,16 I. KonueHrpauHm Mapranua onpenenSinH XHMH'IeCKHM 

peHI:IeM llOTOKa aTOMOB HB MOHI:ITOpHofi l10.QJ10)1{Ke, llOMeiUeHHOA 

o6pa3UOM. KoaueHrpaUHID Mapraaua, Haxo.QI:IBwerocSI 

Mn o- . Mbl H3MepSIJIH c llOMOlUbiO <PoroMerpa. 4 

eHI:Ie TOJIIIIHHbl TOHKHX CJ10eB 8J1IDMHHHSI 11p0H3BO.QI:IJ10Cb H3Mepe

H'IeCKOH rrnoTHOCTH c ITOMOIIlhiD aeHCHTOMerpa. ToniUI:IHy 6apb-

rro COllpOTHBJleHHID 11pH KOMHBTHOll TeMneparype, rtOCKOJlhKY 

lg R 3,45 • w- 2 d - 2,07 
( 1.3) 

HHeJ1bHOe COllpOTHBJleHHe ITpl:l KOMHaTHOll TeMlleparype B e.QHHH-

U 

d - TOJ1IU1:1Ha OKHcna, A 117 I. 3aBHCHMOCTh .QHHaMH'IecKoro 

OT HaiTpSI)I{eHHSI 1:13MepSIJ1H Ha ycraHOBKe, l10Ka3BHHOA Ha pHc.4. 

O.Q'iilUHllCSI B 'IeTbipexrronmcHOM BKJliD'IeHI:IH, ITOJ1Y'IBJ1 TOK ')T re

OSIHHOI'O TOKa H MO.QYJlSIUHOHHblll rrepeMeHHblll TOK 'WC TOTo! J Kl'U 

a ITepeMeHHOf'O TOKa. fipH 3TOM 8Ml1J1HTY.Qbl KBK nepeMeHHOro, 

8 

.,.;. 

~; 
''\: 
" 

' 

TBK 1:1 ITOCTOSIHHOI'O CHf'HB.TIOB Ha KOHTaKTe 6bJJ1H rrporropUHOHBJlbHbi COilpOTHB

neHHID KOHTBKTB. AMITJ1HTy.Qa rrepeMeHHOf'O Hallp51)1{8HI:ISI He rrpeBb!Wana 70 MK~, 

a ITOCTOSIHHOf'O :!; 350 MB. Cl:lf'H8J1 ITepeMeHHOI'O Harrpn)I{8HHSI 'Iepe3 Y3KOIIOJ10C

Hblll YCHJllfTeJlb H CHHXpOHHbill .QeTeKTOp ITO.Q>lBBJlCSI HB OCb LIBYXKOOp.QHHaTHOI'O 

CaMOITHWylllero ITOTeHUHOMeTpa. Yl31\1epeHHSI IIpOBO.QI!JlUCb B o6naCTI:I 1,3 +- 300°K. 

ITony'IeHHhie Ha rroreHUHOMerpe R- V KPHBhie rrepen o6pa6oTKoil: rrpeo6pa-

30BbiBanHCh B G- V xapaKrepHCTHKH ( p11c. 5). Dpearronaranocb, 'ITO KpHBaH 

G 0 ( "cjloH", r.e. rrpoBOAHMOCTb 'IHcroro TyimenbHoro KOHTaKra) I:IMeer Bllfl 

IIapa6oJ1bi l
1
8l, KOTOpym paCC'IHTbiBBJIH C ITOMOIIlbiD 38M TaK, 'IT06bi OHa ITpH 

300 MB, l'.Qe Y*El Her aHOMBnlfll, COBITa.QaJia C Kpi!BOA 

H- R 0 H,., pHc. 6 npHBeneHa cepHSI KpHBbiX ---- = 

Ro 

G 

GQ.- l -(; 1 KOT'Opbie 

fiOKB3biBBIOT, 'ITO KOHUeHrpaUHSI ITpi:IMeCI:I B03pacraeT OT J-ro K 5-My KOHTaKTY. 

MapraHeu B 8TOM cnyqae 6biJ1 HaiTbiJleH ua noRepxaocrb 6apbepa. 3aBHCHMOCTb 

BMllJli:ITY.Qbl COilpOTHBJ18HHSI OT KOHUeHrpaUHH BH.Qifa liB p1:1c. 7 • 8Ha'Iane, llpH 

MBJlbiX KOHUeHTpBUH51X1 llOKB B3aHMO.UeHCTBH8 IipHMeCHniX BTOMOB MBJ10
0 

38-

BHCI:IMOCTb J1HHeiJ:HaSI, HO ITpHMepHO C 1-ro 8TOT\1HOI'O CJIOSI CTBHOBI!TCSI H8J1HHeif

HOH. 8TO 110HSITH01 Be.Qb B cpopMyny (10) aMeCTO p
0 

llpii 60JibillHX KOHUeH-

TpaUI:ISIX HY)I{l!O rroncTaBHTh 11 2,131 
p = z p 0 DonywHpHHB llHKOB HyneBOll 

BH0!.1BJ1HI:I, [ ~RR ) IL , .neifCTBHTeJ1hHO 3BBHCI:IT JIOrapl:lcjJMH'IeCKI:I OT KOH!leH,2 
0 

rpauHil, KaK 8TO cne.nyer H3 ¢opMynbi ( 12) (pH c. 8). KpHBbie 1:13 pH c. 7 H 8 

aamr B03MO)I{HOCT'h onpenenHTb o6MeHnoe B3illfMoneilcrBHe J 
11 reMnepa-

rypy Koano Tk Yl3 pHc. 7 C l10MOIUhJO cpopMyJ1bi ( 11) nony'IaeM B8J11:1-

'IHHY f3 = 1,2 ± 0, 1. On a ornH'IaercSI or reopeTH'IeCKoil Benl:l'l:I:IHhi {3= 2,5 

.QJISI s- d B38.1:1MO.Q8HC TBI:ISI 1:1 OOJ1blll8 reopeTI:I'IeCKOH BeJIH'II:IHbl {3 = 0,5 .QJISI 

S- S paCC85IHH5I. D 0.QCT'BBJ15I5I 8KC118pi:IMeHTBJ1bHOe 3Ha'IeHH8 {3 B ( 12) 
1 

Mbl H3oeraeM 0IUH60K H3MepeHH5I KOHUeHrpaUffH MBpl'BHUB, TaK 'ITO BeJ1H'l:HHbi 

E 0 1:1 J He 6ynyr 3BBHcerh or Heorrpe.neneHuocrH onpeaeneHI:ISI KOHUeH-

rpaUHH B JlHHeifHOM .QHBilB30He cpopMyJ1bi ( 10). 8ro BB)I{HO, T'BK KBK 'IBCT'b 

BTOMOB llpi:IMeCI:I 0KHCJ151eTC5I HB rpBHI:IUe 6apbepa, H ll03TOMy H3MepeHHe HX 

peaJ1bHOT'O KOJlH'IeCTBB O'I8Hb T'py.QJIO. (3KcnepHMeHT8JlbHO YCTBHOBJieHo, 'ITO 

l10J1HOCT'biD OKHCJ1eHHbiH MapraHeU B 6apbepe HJIH Ha ero rpaHHUe He Bbi3bi

BBeT HI:IKBKOll HyneBOH BHOMBJlHI:I). 
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i, 
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.. 

!13 puc. 8 rrpH rrpenrrono)Kei!HH A= l 1!8XOJlHM CJ18JlYIOiliHe 3Ha'!ei!HSI 

napaMeTpoB: 

E
0 

= 210 ± ao M8B; 
2Jp 

___ o_ = 1,45 ± 0,1 ; J = 1,24 ± 0,1 8B 

N 

l1 raK, npH N 1 ·• 0 k T k = 105 M8B H T k "'1200°K, '!To HaXOJlHTC51 B 

XOpOlllBM cornacrm C pe3JJ1bT8TaMH JlpyrHX aBTOpOB, ITOJlY'lBI!I!biMH JlpyrH

/19-21/ 
Mil MBT0Jl8MH 

B sKcrrepuMeHTaX JlJIH onpeneneHHH TyHHGJlbHOro KoppenSIUHOHHoro p8c-

croHHHH OhlJlH HCITOJ1b30BBHhl KOHTaKThl, B KOTOphlX rrpHMBCI!hle 8TOMhl HaXO-

JlHJlHCb BHYTPH 8JlJOM'IHHeBoro srreKrpona. Hx p8CCTOHHHe x OT rp8HHUbl 

6apbep8 OhlJlo ycT8HOBJ1eHo c y'!eTOM H3MeHeHHH TOJliUHHhl rrpoMe)KyTO'!HO~o 

BJliOMIIHIIBBOrO CJ1051 H3--3.'1 OKIICIIBHII51, Y13riiBH8HHe JliiH8MH'!eCKOH rrpOBOJlHMOC

TII rrpH HYIIBBOM H8ITp51)!{8HHH Ilp!I T = 4,2°K B <jlyHKUIIH OT x H300p8)!\BHO 

H8 puc, 9, 8KCIIBpHMBHT81Ibl!ble TO'!KH Jie)K8T Ha TeopeTH'!eCKOH KpHBOH 
113

/ 

c rrapaMeTpOVl ~=11+5 

DOCKOJlbKY CKOpOCTb OKHCJ18HH51 1!8 3Bp!!aX II H8 !IX rpaHHUB pa31!851 0 a 

ITOBepXHOCTb 08pbepa He 11Jl8BilbHO 11J10CK8511 OIUHOKa Ollpe!lBJ18Hl151 ~ B03-

p8CT8BT, 3TOT pe3yJ1bT8T H8X0111ITC51 B COOTBeTCTBHH C KOrepeHTI!hlMH p8C

CT051Hl151MH, O!IpeneneHHblMH B H8CT0511llee BpeM51 )lJ151 p83Hb!X Cl1J18BOB, llJ151 

MilJlOf'O .; , 0JlH8K0 0 OUBHK8 (5) )l8CT HeBepOS!THO IUHpOKHH BlipTy-

81Ibl!b1H ypoBeHb, TBK 'ITO <jlopMy J18 ( 4) Ka)!<BTC 51 oonee peaJlbi!Oii, 

Onpeneneuue pa3Mepa CKOHileHcupoBa&Horo o6naKa 

C ITOMOillb!O'paCCe51HH51 HeHTpOHOB 

l13BeCTHO, '{TO 1130ili!p0B8Hill>Ie, Heyrrop51Jl0'!8HHO p8CllOJ10)K8l!llb18 Mar-

HliTHWB aTOMW B Kp!ICTaJlJlU Bhl3hlBBIOT I!BKOrepeHTHOB M8rlll1TH08 paCC851HHe 

HefiTpoHOB, 3To p8CCe51HHe nrr<jl¢y3Hoe, ero yrnoBoe pacrrpeneneH»e 

l (K), IF(K)I
2 

"'I fp(r)e!Kr 
2 

dr I • 
41T 

r)le r -paCCTOSIHHB 1 OTC'IHTb!BBBMOB OT rrpllMBCHOrO BTOM8 1 K= -rsin8/2 

( 14) 

A - )]JlH-

liB BOJlllbl H8HTpOHOB 1 8 - yron p8CCB51l!H51 1 p ( r) - IIJ10THOCTb M8ri!HTI!b!X 

10 

t 

I 

( 

sneKTpOHOB oKono rrpRMecu. Ecnu BpeMH )KH3HH an 

o6naKe 6onbllle, qeM BpeMH B3aHMO.Qei1:cTBHH 11e1 

pafiOHOM OKOJlO MarHHTHOrO 8TOM8 (10-
1 3 CBK), 

Ha yrnOBOM pacrrpeneneHHH paCCBSIHHbiX HeHTpOHOB, 

TaKOrO OOJlaKa He CyllleCTByeT, HeHTpOH "'lyBCTB; 

Ha rrpHMecu H pacceRBaeTCH rrapaMarHHTHO, B 8 

MOHOTOHHO yMeHblllaTbCSI C YBBJlH'!BHIIBM yrn8, H< 

B8HI!b!X 8JleKTpOHOB p8CrrpeneneHHe pacceSIHHbiX I 

npH MaJibiX HMrrynhcax. Ecnu rroJHipH3BUHH o6n8Ka 

CH, ljlopM<jlaKTOp YBBJlH'lllBBBTCSI, a B o6p8 TI!OM en: 

Jlb!X K • DpocTpaHCTBeHHoe pacrrpeneneuue rro1 

BOJliiMOCTH orrpenenSieTC51 C ITOMOIUbiO H3MeHeHH5l 'j 

<jlaKTOp8 B cp8BHeHHH c <jlopM<jl8KTopoM CBOOOJlHO: 

B sKcrrepHMeHTax 6hln HCITOJ1b30B8H cnn8B anJOMH 

llleHH pa3MepoM (75 x20 x2) MM3 H3rOTOBIH!JlF. 

630°C c rrocnenyJOiliHM ObiCTpbiM oxna)KJleHHeM Jl' 

llH<jl<jly3HOe yrrpyroe pacceSIHHe HeHTpOHOB 

l1 EP-30. 06p83eU o6ny'l8J1C5l oellb!M ( M8KCB81IJ10B 

II H3Mep51J18Cb HHTeHCHBHOCTb pacceSIHHOrO ny'!Ka 

peneneHHOM yrne 
1221 • CxeMa H3MepeHH SI rroKa31 

CrreKTP p8cceSIHHhlX uefiTpoHoB o6p86aThlBa 

repeHTHOrO opsrrOBCKOrO pacceSIHII51 8Jl!OMHHHSI, 

pacceSIHHSI 1!8 IIpHMeCSIX, KOT0pbl8 MQ)!\1!0 p8CC'll 

rran8JOIUero H8 MHIUBHh rry'!K8, reoMeTpHIO u s<jl<jle 

<jlepeHUH81IbHOe Ce'!eHHB p8CC85lHH51 110K83aHO Ha f 

3)leCb ( ~~ ) HeKOr. - p8CC'!HT8HHaSI BBIIH 

uoro p8cceSIHH51. KpHBaSI 3d COOTBeTCTByeT 

pacceSIHHSI CBOOO)li!Oro 8TOM8 M8praHua. 0118 ow~ 

ro <jlopM<jl8KTOp8 )lJ151 HOH8 MapraHUa CO CITHHOM 

cny'!ae K > 0, 7 TeopeTu'!eCKHe H sKcrrepH Mel 

H 0 eCJlii K < 0, 7 , BeiiH'!H Ha <jlopM<jl8KTOpa yMe 

ObJTb B rrpucyTCTBHH sneKTpoHOB, H8npaBneHHB rrc 

HarrpaBJ18HHIO CITHHa llpHMBCII If Bp8M51 )K!I3HH T 
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8 npH npe]lnono}KeHHH A= I HBXO.QHM cne.Qy!O!lllie 3HB'I8HIHI 

± :J() M~0Bj __:_:!_~ ,= J,45 ± 0,1 ; j = 1,24 ± 0,1 8B 
N 

k T k = 105 M8B H T k "'1200°K, 'ITo Haxoanrcg B 

CKH C pC3JnbTaTaMH Jlpyrnx BBTOpOB, ITOnY'I8HHhlMH JlpyrH-

19-21/ 

nMeHrax JlJIH onpeneneHHH ryHnenbHoro KoppenHUiiOHHoro pac

~~:crronb30BAHw KOHTBKThl, B KOTOphlX ITpliM8CHhl8 BTOMhl HBXO-

anwMHHHeaoro sneKrpona. Hx paccroH&ne x OT rpaRHUbl 

ycTaHOBneHO C Y'I8TOM H3M8H8HH5I TOll!llHHhl ITpOMe}KyTO'IHOro 

cnog 11:3--3.'3 OKHCH8Hii H. J.13;.18HCHHe .Ql!H8Mii'I8CKOH ITpOBO!lHMOC-

H8!1p5I}K8flllll ll!JII T = 4,2°K B ¢YHKUHH or x 11:3o5pa:>~\eHo 

epnMenrnnbHhre TO'IKH ne*aT na reopeTII:'IeCKoi!: KPII:Boil /13/ 

( = 11+5 

CKOpOCTb OKII:CJ18HH5I Ha 3epRaX H Ha HX rpaHHUe pa3HaH, a 

pbepa He HJleanbJIO nnocKaH, oum5Ka orrpeneneHHH ( B03-

pe3yJJbTaT HaXOJlHTCH B COOTBeTCTBHii C KOrepeHTHhlMH pac-

8Jl8JlOJIHhlMH B HBCTOH!llee Bp8MH Jll1H pa3HhlX CITJ18BOB, llnH 

OJlllBKO, 0"8HKI1 ( 5) JlBCT 
HeBepOHTHO lliHpOKHH BHpry-

1 TBK 'ITO ljlopMyna (4) KB:>I<f?TCH 5onee peaJlbHOil, 

OnpeacneHHe pa3Mepa CKOH!leHcHpoBaHHoro o5naKa 

C ITOMOllib!O paCCeHHHH HeHTpOHOB 

'-!TO H3ClaupOBL1HIII•l8 1 HeyrropHAO'IeHHO paCITOJ10;>KCf!Hb!8 Mar

KpliCTBJll!U BU3biBBIOT H8KOrepeHTH08 MarHHTHOe paCCeHHHe 

pacceHHHe nHljlljly3Hoe, ero yrnoBoe pacrrpeaeneHHe 

~K)~ IF(K)I2 "'I fp(r)eiKr 2 
dr I ' 

4rr . 0/2 e, OTC'JHTbiBaeMoe OT HpHMBCHOPO BTOMa, K= -rstn 

( 14) 

.\- JlJIJI-

OHOB, () - yron paCCCHHHH, p ( r) - ITJIOTHOCTh MarHHTHbiX 

10 

.,. 

i 

'',',1 

j 

( 

8Jl8KTpOHOB OKOJIO IIpHM8CH, ECJIH BpeMH }Kif3HH 9Jl8KTpOHOB B ITOJIHpH30B8HHOM 

o6naKe 60Jibllie, qeM BpeMH B3aHMOJl8JfCTBHH Hei!:TpOHa C ITOl1HpH30BaHHbiM 

paHOHOM OKOJ10 MarHHTHOPO 8TOM8 ( 10-13 CeK), TO 8TO AOJl}KHO 0Tp8M8ThCH 

Ha yrnoBoM pacrrpeneneRHH pacceHHRhrX HeilrpoHoB, ro ecrb Ha F ( K) • EcnH 

TaKoro o6naKa He cywecrayer, Hei!rpoH "qyBCTByer" noKanH30BaRHbii!: CITHH 

aa rrpii:Mecl! H paccenBaercs rrapaMarHnTHo, B sroM cnyqae F ( K) 6yaer 

MOHOTOHHO YM8Hblli8TbCH C YB8Jli!'I8HH8M yrna, Ho B ITpHCyTCTBHH ITOl1HpH30-

B8HHbiX sneKrpoaoB pacrrpeneneane paccesHHbiX ae:HrpoHOB Mo.nn¢nunpyercs 

1IpH MBJihiX HMITYJibCBX. ECJIH ITOJI5IpH38UI!H o6naKa rrapaJIJI8JlbHa CITHHy ITpHMe

CH, <flopM<flaKTOp YB8Jllf'IHB88TCH 1 a B o5paTHOM CJiy'Iae YM8Hblli88TCH ITpH Ma-

llb!X K • DpocrpaHCTBeHHoe pacrrpe.neneHHe rronspn3aUHI! sneKrpo&oB npo-

BOJlHMOCTH OITpeneJIHeTCH C ITOMOllih!O H3MeHeHHH yrJIOBOH 38BHCHMOCTH ljlopM

ljlaKTOpa B CpaBR8HHH C ljJOpM<fJaKTOpOM CB060JlHOPO rrapaMarRHTHOrO aTOMa, 

B sKcrrepnMeHrax 6brn ncrronb30BaH crrnaB amoMHHHH c 0,5% Mapranua. Mn

wean pa3MepoM (75 x20 x2) MM3 nGroroBnHnnch repMoo6pa6orKoi1 npn 

630°C C ITOCl18JlY!OlllHM 6biCTpbiM OXJl8:>1\Jl8RHeM JlO KOMRBTROH TeMIIeparypbr, 

llnljlljly3ROe yrrpyroe pacceHRHe H8HTpOROB H3MepHl10Cb H8 peaKTOpe 

11 EP-30. 05pa3eu o5nyqanc H 6enhrM ( MaKCBennoBCKHM) crreK rpoM HelirpoHoB, 

I! lf3M8pHJI8Cb lfHTeHCHBHOCTh paCCCHHHOro ITy'IKa B <!JyRKUHH 9ReprHH Ha OIT

penene&HOM yrne 
1221 • CxeMa H3Mepeans rroKa3aHa Ha puc. 10. 

CrreKrp pacceHHHwx Hei!rpoHoB o6pa6arwaancH c yqeroM ~ona or Ko

repearnoro 5parroBcKoro pacceHHHH anroMnHHH, HnepHoro HeKorepeHTHoro 

paCCeHHHH Ra ITpHM8CHX 1 KOTOpwe MO}KHO paCC'IHTBTb, 3H8H IIHT8HCHBHOCTb 

ITa!l810!ll8PO Ra Mlflli8Hb IIY'IKa, reOMeTplf!O H sljl<!JeKTI!BHOCTb C'I8T'II!KOB, .Quljl

<flepeHUHBJlbROe Ce'IeHHe pacceHRHH ITOKa38HO Ha pHC. 11. 

3necb ( ~~ ) HeKor. - paccqHramras BeJIH'IHHa snepaoro aeKorepear-

aoro pacceHHHH. KpnBaH 3d COOTBeTCTByeT Ce'IeHHID rrapaMarHHTHOPO 

pacceHHI!H CBo6onaoro aroMa Mapraaua. Oaa 5wna pacc'IHTaHa H3 n3BecrHo-

ro rjlopMljlaKropa nns nona Mapraiiua co crrnHoM S = 5 I 2 • BHAHO, 'ITO B 

cnyqae K > 0, 7 reopeTH'IeCKne If sKcrrepn MeHranhHbre TO'IKH coBnanaror. 

H o ecnn K < 0, 7 , Bennqnaa ¢opM¢aKropa yMeHhwaercH, KaK aro nonMJIO 

5b!Tb B IIpliCYTCTBHH 9Jl8KTpOHOB 1 H8Tip8BJl8HH8 IIOJIHpH38UHH KOTOpbiX 06paTHO 

HanpaBJl8HHIO CITHHa I1pHM8Cif I! Bp8MH )Kif3HH r > Jo-13 CeK, 

1 1 



! 

t. 

! I 

.,. 

llnH paAHyca 3neKTpoHHoro o6naKa nonyqaeTCH oueHKa 6-8 X , xopowo 

KOppenHpy!OIU8H C H8IUHMH TYHHenbHhiMH H3MepeHHHMH, HO 3T8 BenH'!HHa ro

pa3AO MeHbrne, qeM paHHHe oueHKH 115,23/. l1HTepecHo, 'ITO 3KcnepHMeHTanh

Hhie A8HHhie AnH ceqeHHH npH 6onblllHX K COOTBeTCTBy!OT BenH'IHHe CUH

Ha S = j_ , T.e. MOMeHTy Mn ++ · HOHa. 0AH8KO cneayeT OTMeTHTb, 'ITO 
2 

HeonpeaeneHHOCTb a6COn!OTHO!'O 3H8'!eHHH H3MepeHHO!'O ceqeHHH AOCTaTO'IHO 

BenHKa, l103TOMY 3TO KOnH'!eCTBeHHOe cornaCHe H8Jl0 I1pHHHM8Tb ycnOBHO. 

8hiBOAbl 

HamH H3MepeHH.H 3neKTpH'leCKHX caoficTB aanH peaynbTaThi, xopomo 

COBI18Aa!OIUHe C TeopHefi lliofioMa H 3aBBAOBCKO!'O /11-13/. Te A8HHhie, KO

TOpb!e Mbl nonyqHnH H3 H8IIIHX H3MepeHHH Ha OCHOBe 8TOH TeOpHH, T.e. 

T k "" 1200°K H J = 1,24 sa, san.HJOTC.H peanbHhiMH. 

3HaqeHHH KOrepeHTHO!'O paCCTOSIHH.H, nonyqeHHbie B TYHHenbHhiX H3Me

peHH.HX ( e = 11~ 5 A
0 

) H H3 pacceSIHH.H HefiTpOHOB ( e = 6-8 A 
0 

) • n.> 

nopHAKy aenH'IHHhi •coBnaaaJOT c peaynbTaTaMH HaMepeHHfi HMP, npoaeaeHRhiX 

Ha apyrHX cnnaaax /14/. Te TeopeTH'!eCKHe oueHKH, KOTOpbie H3BeCTHhi anH 

e 1 O'leHb rpy6bi /11-13/, HO H8lllH ABHHbie MOlKHO nyqme HHTepnpeTHpO

B8Tb C UOMOlllb!O lflopMynbi (4), '!eM Ha OCHOBe (5). 8 TO lKe C8MOe BpeM.H 

H8AO CK838Tb 1 'ITO B npHHUHUe pa3HHU8 MelKAY MOAenSIMH KOHAO H fl<t>C Bbi

palKaeTC.H He B 38BHC.HIUefi OT HMnynbCa (T.e. npOCTpaHCTBeHHOH) '!8CTH 

MaTpH'IHO!'O 3neMeHT8 paCCeHHHH1 HO B 38BHCSIIUeH OT 3HeprHH ( T.e. BpeMeH

HOfi) 'l8CTH. 

3TOT lflaKT BeAeT H K TOMy, 'ITO H3 MOAenH flC<t> CneayeT H8MHO!'O MeHb

lll851 8HOManH.H COI1pOTHBneHH51 UpH HyneBhiX Hanp.HlKeHH.HX, '!eM H3 MO)lenp 

KoHAO. MaKCHMYMhi, KOTOpbie Mhi nony'!HnH ( pHc. 4), xopomo onHChiBaJOTC.H 

lflopMynofi ( 9), T.e. Ha OCHOBe MOAenH KOHAO. 

CnnaBhi anJOMHHHH c nepeXOAHhiMH MeTannaMH SIBnSIJOTC.H cneuH!fJH'leCKHMH 

flO CpaBHeHHIO C ApyrHMH paa6aaneHHbiMH M8!'HHTHbiMH cnnaB8MH llOTOMy, 

'ITO HX TeMnepaTypa KOHJlO H8XOAHTCH Bbillle TO'IKH nnaBneHHH H3-3a 6onb

IUOH 3HeprHH <t>epMH anJOMHHHSI. CymecTayJOT nonhiTKH B HacTo.Hmee apeM.H 

06'bHCHHTb 8HOM8nHH 31'HX cnnaBOB anJOMHHHH Ha OCHOBe MOAenH fl<t>C. 3Ta 

12 

Moaenb xapaKTepHayeT cnnaa apeMeHeM lKH3HH lflmoKT 

TYPbi KoHao. OaHaKo OHH CBSI3aHhi MelKAY co6ofi cooT 

kTk ""r-
1 

rAe T - BpeM.H penaKC8UHH lflmoKTyaUHeli. 

l1a Harnett T k Mhi nonyqaeM r "' 10-13 ceK. 

HefiTpOHOB C OKpeCTHOCTb!O MarHHTHb!X Il!JHMeCeii He 

003TOMY HeATpOHhl 'IYBCTBYIOT CT8TH'!eCKHe MarHHTHhl 

J-1 T8K 1 H3 MO/lenH KOHAO cneayeT cyiUeCTBOB8HHe MHHJ 

H MOAenb fl<t>C B HallleM cny'lae rrpHBOilHT K T8KOMY I 
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pa~Hyca aneKTpoaaoro o6naKa nonyqaeTcg oueaKa 6-8 X , xopowo 

YIOW8R C H8WHMH TYHHeJibHb!MH H3MepeHHRMH, HO aTa B8JIH'iHHa ro

HbWe, qeM paaaue oueHKH 115,23/, I1HTepecao, 'iTO aKcnepHMeHTanb

hre ~ng Ce'ieHHR !IpH 60JibWHX K COOTB8TCTBYIOT BeJIH'iHHe CIIH-

' T,e, MOMeHTy Mn ++ HOHa. O~HaKo cne~yeT OTMeTHTb, 'iTO 

a6COJIIOTHOI'O 3H8'i8HHR H3MepeHHOI'O Ce'ieHHR ~0CT8TO'iHO 

OSTOMY 9TO KOJIH'ieCTBeHHOe COI'JI8CHe Ha~o 1IpHHHM8Tb YCJIOBHO, 

Bb!BO~bl 

H H3MepeHHR :3JieKTpH'IeCKHX CBOil:CTB ~8JIH pe3yJibT8Thi
1 

XOpOlliO 

He c Teopueil: llloil:oMa H 3asa~oBCKoro /11-13/. Te ~aHHhre, Ko

,, nony'IHJIH H3 H8lliHX H3MepeHHil: Ha OCHOBe :3TOil: TeOpHH
1 

T,e, 

°K u J = 1,24 sa, RBJIRIOTcg peanbHhiMH. 

KorepeHTHOI'O paCCTORHHR1 nony'l:eHHhre B TYHHeJibHh!X H3Me

ll;t5 A
0

) H H3 pacceRHHR Heil:rpoHos ( ~ = 6-8 A 0 ), n.> 

JIH'iHHhr •cosrra~aJOT c pesynbTaTaMH H3MepeHHil: .HMP, nposeaeHHhiX 

cnnasax /!4/, Te TeopeTH'ieCKHe OUeHKH, KOTOphie H3BeCTHb! llJIR 

Hb rpy6 bl /11-13/, HO H8lliH ~8HHhre MO)!(HQ JIY'iille HHTepnpeTHpo

OillbiO cpopMyJihi (4), '!eM Ha OCHOBe (5), 8 TO )!(e C8MOe BpeM.H 

Tb, 'iTO B !IpHHUHne pa3HHUa Me)!(~y MO~eJIRMH KOH/lO H Jl<t>C Bbr

He B 38BHCRllieil: OT HM!IyJibC8 (T,e, !IpOCTpaHCTBeHHOil:) 'I8CTH 

:3JieMeHTa pacceRHHR, HO B 38BHCRilleH OT :3Hepf'HH ( T,e, BpeMed-

!cfJaKT Be~eT H K TOMy, 'iTO H3 M0~8JIH JIC<t> CJienyeT HarJrHOI'O M8Hb

HR conpoTusneHug npu HyneshrX HanpR)!(eHHRX, 'ieM H3 Moaeny 

CHMYMhi, KOTOphre Mbl IIOJIY'iHJIH ( PHC. 4), XOpOlliO OIIHCh!B8IOTCR 

9), T,e, aa ocaose Mo~enu Koa~o. 

I 8JIIOMHHHR C IIepexo~HbiMH M8T8JIJI8MH RBJIRIOTCR CII8UHcpH'ieCKHMH 

IO C ~PYI'HMH paa6asneHHbiMH M8I'HHTHblMH CIIJI8B8MH IIOTOMy, 

eparypa Koa~o aaxo~uTcg Bhirne TO'iKH nnaaneHuR ua-aa 6onb-

<t>epMu aniOMHHHR. CyruecrsyiOT nonhrTKu s Hacrogruee speM.H 

HOM8JIHH :OH'HX CIIJI8BOB 8J!IOMHHHR Ha OCHOBe MO~eJIH Jl<f>C, 3ra 

12 

... ~ 

Mo~enb xapaKTepuayeT cnnas speMeHeM )!(H3HH cpmoKTyaur~if BMecTo TeMrropa

TYPhi Koa~o. 0~H8KO OHH CBR38Hb! MelK~Y co6oif COOTHOWeHHOM 

kTk ,r- 1 

rae r - speMg penaKcauHH cpJIIOKTyauueli, 

Ha aaweif T k Mhi rrony'l:aeM r"" to-l3 coK, BpeMg ssanMoneikTBHR 

H8HTpOHOB C OKpeCTHOCTbiO M8I'HHTHb!X 1Ipl1Mece.ii He 60JibWe :3TOI'O BpeMeHH, 

Jl09TOMy Hei'!TpOHhl 'iYBCTBYIOT CT8TH'i8CKHe M8I'HUTHhJe "pa.iiOHI>I" MaTepuana, 

H TaK, us Monenu Koano cnenyer cywecTsosaaue MUHHMyMa cpopMtjlaKTopa, Ho 

U MO.QeJib Jl<f>C B H8W8M cnyqae 1IpUBO.Ql1T K T8KOMy MIIHUMyMy, 
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EFt.v c c c , , > cr««<~ 

8 

Pee. 1. CxeMa TyaaenbHoro KOHTaKTa. M 1 H l't1 
TPOilbi, D - llHaneKTPHK roniUHHhi B , ¢ 
6apbepa, p - nnoTHOCTb aneKTpOHHbiX COCTOSIHHI 

STOMa. 

PyKonucb nocTynuna B H3AaTenbCKHH oTAen 

15 ¢espanH 1871 POAa. D 

I 
0 

Mt I 
0 

I 

Nf/1 I 
0 . 

X 

Pac. 2. Paapea TyHHenbHOro KOHT8KT8 CO C~ 

14 15 .. 
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EFt.v < c c , , cr<<<<<t~ 
EF 

8 

Puc. 1. CxeMa TYHHenbHoro KOHTBKTa, M 1 u M2 - MeTannu'leCKHe :;meK-

TPOllhi, D - llHaneKTPHK TonmuHbi B , ¢ - BhiCOTa noTeHuHanbaoro 

6apbepa, p - nnOTHOCTb aneKTpOHHbiX COCTOSIHHli, S - CllHH npHMeCHOI'O 
8TOM8. 

D 

I 
0 

Mt I r / /J M2 
0 

I 

~./1 
I I 

0 

Puc. 2. Paapea TyHaenbaoro KOHTaKTa co cnoeo6paaaoll npuMeCbiO, 

15 



!, 

' . 
I' 

--

PHC. 3. 06pa3eU H3 6 TyHHenbHbiX KOHTSKTOB HS CTeKnSIHHOl!: liOAnOJKKe. 1 -
rrepsbil!: (o6wul!:) aneKTpoa, 2 - sTopol!: aneKTpoa. 

PHc. 4. EnoK-cxeMa H3MepnTenbHol!: ycTaHOBKH. 

16 

§ 
Go 

t,O 

qs 
300 zoo tOO 

mV 
PHc. 5. 06pa6oTKa aKcnepHMeHTSnhHbiX KPHBbiX. G -
KpHBSSI llpOBOAHMOCTH ( B OTHOCHTenbHbiX 9AHHHU8X), I 
ljloa, G I G 

0 
- aynesaSI aaoManHH, HcnpasneaHaSI aa ~ 

2 

-'of 
Q: ....... 
Q:: 

300 200 tOO 0 
mV 

-too 

PHC. 6. 11cnpasneHH8SI HyneBSSI SHOMSnHSI COllpOTHBnel 

H8llpS!lK9HHSI H KOHUeHTpSUHH llpHM9CH. 'tfHcna OKOno K: 

KOHU9HTp8UHH STOMOB MSpi'SHUS. 
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2 

ea 6 TYHHenbHbiX KOHT8KTOB H8 eTeKnS!HHOi! llOllnOJKKe, 1 -
o6mHi!) sneKrpon, 2 - aropoi! sneKTpon. 

odpu•a 

4. EnoK-exeMa eaMeperenbaoi! yeraeoaKe, 

16 

~· 

§ 
Go 

1/) 

qs 
300 200 100 

6 

J 

2 

, 

0 
mV 

Pee. 5. 06pa6oTKa sKenepeMeaTanbHbiX KpHBhiX, G - sKenepeMearanbaag 
KpeBaSI npOBOlleMoeTH ( B OTHoeeTenbHbiX eneHHU8X), Go - napa6onH'leeKHi! 
ljloa, G/ G0 - ayneaag aaoManHSI, Henpaaneaaag aa ljloa. 
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Pee. 6. l1enpaaneaaag ayneaag aaoManHSI eonpoTHBneHHSI B aaaeeeMoere or 
HanpSIJKeHeSI e KOHUeHTP8UHe npeMeCH, 'tJecna OKOno KpeBbiX nponopUHOHanbHbl 
KOHUeHTpauee 8TOMOB Mapraaua. 
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Pac. 7. 3aBRCiiMOCTb aMnnRTYJlhi aaoManaR npa V ~ 0 
Mapraaua (aToMic~). 
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OT KOHUeHTp8Uiili 

30 tO 20 tiD'"J 
Nt 

PiiC, 8, 3aBiiCiiMOCTb nonywiipliHhl TIIiKOB 8HOM8Jllili OT KOliUeHTp8Uiili TipliMe

Cii (BepT1iK8JlbH8SI OCb JlOf'apli~Mii'leCKaSI), a - Y.f'OJl H8KJ10Ha, CTpenKa no

K83hiBaeT TIOJlOlKeHHe 0JlH08TOMHOf'O CJlO:II ( 18•1 0Jll aTOMICM2), 
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d 
Pac. 9, 3aBHCHMOCTb BeJlH'IHHbi aHOM8JlHH OT paCCTOSIHHSI 

pa, KpylKKH o603Ha'la!OT aKcnepaMeHTallbHhie aaHHbie, 

HHeBOf'O CJlOSI M9lKAY npHM9CbiO H 6ap&epOMo KoppellSIUHO 

H83biB89TCSI TOJlillHHa, npH KOTOpOll: 8MTIJ1HTYA8 8HOM8J1HH 

60%. 

C'f&p!OBWI IDIRJ.U.CY 

~ 
~ 

Pac. 10. CxeMa aeli:Tpoaaoro cneKTpoMeTpa aa aMnyn&Cl 

lJ.eTeKTOp - nponopUHOH8JlbHh!ll: C'19T'IHK, H8TIOJlH9HHb!ll: : 
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Ni 

3aB~C~MOCTb 8MDn~TYAhl 8HOMan~~ DpH 

(aTOMic~). 

150 
~ e 

zo (lo'•J 

V=O OT KOHUeHTpaU~H 

30--------~------~--~ 
tO 20 (ID'"J 

N· 

' MOCTb nonyw~pHHhl DHKOB 8HOManH~ OT KOJIUeHTpaUI!I! Dpi!Me-

anbHSH ocb norapH¢MuqecKaH), a - yron HaKnoua, crpenKa no
nono)!{eHHe 0AH08TOMHOro cnog: ( 18•101 it 8TOM/CM2), 

18 

_ .. c 

1,0~~---------------

r-1 ......._ 

w 
~ 
•as , 

0 10 20 30 

d 
PHC, 9, 3aBHCHMOCTb BenH"'HHbl 8HOM8nHH OT paCCTOSIHHSI DpHMeCH liO 6apbe

pa, KpylKKH 0603H8"1810T SKCDepHM6HT8nbHble l18HHbie, d - TOniUHHa aniOMH

HHeBoro enoS! Me>KliY npHMecbiO H 6ap&epoM, KoppenSIUHOHHbiM paccTOSIHHeM 

H83b!B86TCSI TOniUHHa, npH KOTOpoA 8MDnHTyl18 aHOManHH yMeHbiU86TCSI H8 

60%. 

CT&pTo••• mmyncw 

PHc. 10. CxeMa aeATpoaaoro cneKTpoMeTpa aa HMnyn&caoM peaKTOpe HBP-30, 

lleTeKTOP - nponopuHoHan&HbiA C"'eT"'HK, aanonaeHHbiA 
8 

He • 
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c:: 
~1 , (do-tdnJ U£~eor. 

1,0 ~ 2,0 lcfA-fJ 

PHc. 11. LlH4JcjJepeHUHanbHOe Ce'leHHe pacceSIHHSI TennOBhiX HeATpOHOB Ha cnna-

Be AI (Mn) B aaaHCHMOCTH OT aenH'IHHhi BeKTopa pacceHHHSI. 
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