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Cnenye r o>kHAaTb, 4TO B MeTaIlI1aX nOA" Ae~CTBHeM' rpaB HTa4'HOHHbIX 
'I, 

~ CHIl HIlH 3KBHBaIle'HTHblX HM CHIl' HHep4HH MO>l<eT BOSHHKHYTb 3IleKTpH
uecxea nOIlfJPHSaI...\HfI. Bnepasie nonur ka 06HapY}f{HTb 3IleKTRH4eCKYIO 
nOIlflpHSaI...\H~, HHAYI...\HpOBaHHYIO rpaBHTal...\He~ /3nl-1r/, 6~Ila npeAnpHHRTa 
euie B 1911 rOAY n.H.lle6eAeBbIM/ lI,a aarer- HeCKOIlbKç> pas noaropa
hac~ APyr~MH HCCIleAoBa~eIlflMH~2-4/iHOsaMeTHTb 3TOT 3~~eKT He 

:l" YAaBaIlOCb. t1Hor04HCIleHHble TeopeTH4eCKHe Ol...\e!'"lKH /5- 8/. npHBOAH,IlH
~J> 

i K ~ehH4HHe O}f{~AaeMO~ Hanpfl}f{eHHOCTH 3IleKTRH4eCKoro nOIlfl B Me!aIl 'I 
, ItiP&~. Ile 
l' 

roi . /i/IE:::-e-g, 
~!... 

rAe ~'i" Macca HoH'a" e - ·sapRA 3IleKTpOHa, g - YCKopeHHe' c soõon~ ~ 

~, 

ir u.f Hora -naAeHHR. 
,;)" nOIlp}f{eHHe ~MeHHIlOCb B 19E3 r., KorAa B onbffax c Bpa~eHHeM 

'l
 f,
 }f{HA~O~,PTYT~/ll/, a saTeM B cepHH ~KcnepHMeHTOB c Bpa~eHHeM 

'i
 llÓi-.
 r aepnoro CBHHl...\a H THTaHa/ 12/ 3~$eKT "3n~! 6blIl 06HapY}f{eH. ÓKasa-' 
IlOCb, 4TO XOTfI 3TOT 3~~eKT BeCbMa HeBeIlHl< H saMeTeH TOIlbKO c 
nOMO~"blO BblC,OK04YBCTBHTeIlbHÓ~ annaparyou , OH, TeM ti,e MeHee, npH-;

j. Ót..
M~PHO Ha BoceMb /1/ nopRAKOB 6oIlbwe, 4eM AaeT Ol...\eHKa /1/. B caR

'1;-' 
~í , ~H ~ 3THM BOSHHKaeT, no Kpa~He~ Mepe, ABa Bonpo~a: # 

1. KaK MO}f{HO 06bflCHHT~ BeIlH4HHY 3nl-1r, Ha6IllOAaeMYIO B Il~6opaTop-'j 

~ HblX onur ax no BpaufeHHIO MeTaIlIloB?i 
2. f1{l4eM)' 3TOT' /3$$eKT He" õun oqHapY}f{el;l paHee? 
4T06bl OTaeTHTb Ha 3TH aoripocu , pc3'CCMOTPHM AeetlópMal...\HIO MeTaIlIl,a· 

rpaBHTaI...\HpHH~~H CHIlaMH HIlH ~KBHBaAeHTHblMH H~ CHIlaMH HHepl...\~H:~ 
I 

1. AE~OPt1AUl-1R METAllllA rPABl-1TAU~10HHbIMl-1 C111lAMl-1 

AeTaIlIl B !paBH~aI...\HOHHOM nOIle yAo6HO onHc~BaTb KaK COBoKyn
HOCTb ABYX nOACHCTeM ~ HOHHO~ peweTKH H nOACHCTeMbI 3IleKTpOHOB ~ 

IJPOBOAHMOCTH, MOAYIlH ynpyroc r u KOTOPblX Yi H Ye COOTBeTCTBeHH9· 
rpaBHTal...\HfI Ae~CTByeT npH 3TOM npaKTH~eCKH TOIlbKO Ha TR}f{eIlYIO 

*B pHAe' p aõor , nOCBJI~eHHbIX BbI'U1Cnemno Benlf1n.f~bI ::meKTpH'leCKOrO 
nonH BônH3H MeTanna IBHe ero/\ coÀep~aTCH aHanOrMqH~e B~BO-

g~I /9,iO< <I{ 
c:( ('-- 1 

~ & ~ i. i • "À ;"ryt ,

© .061teAHHE!BBIlIi\ HH~TH1'Y'I' ,JepBWX HCCJJ~OBaml'R AYf)ua, 1985.
 'I ••• ". -e• .•s «...:uid '.r 
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Ye
 

~oHHy~{nOACHCTeMY. 3a ç4eT 3n~KTpOCTaTH


~eCKOrO'B3a~MOAe~CTB~R Ae$OpMa~~R 'HOHHO~ 

peure rxa auauaae r Ae$OpMaL4HIO 3neKTpOHHOrO 
ra3a. QXeMaTH4eCK~' 3TOT nP04ecc nOKa3aH 
Ha p~CYHKe. 3Aecb npY>j<HHbl Y

i 
~ Y MOAenH

"	 '-I '-Ie 
PY~T ynpyrocTb ~OHHO~ H ~neKTpOHHOH nOA
C~CTeMt a Yei 0603Ha4aeT ynpyry~ CBR3b . \ 

MemAY .HOHaMH ~ 3neKTpOHaMH npOBoA~MOCTH. 

np~)TaKOM on~caH~~ ypaB~oBeW~BaTb Ae~

CTB~e rpaB~T~4~~ B MeTanne 6YAeT cyMMa 
ynpyr~~ c~n, B03HHKa~~~X 8 HOHH~ peweT
Ke ~ nOAC~CTeMe 3neKTpOHOB npoBOA~MOC-Ye i 
T~ -(VP i + VP e) ; v - npOCTpaHCTBeHHaR npo
~3BoAHaR no KooPA~HaTe, cOBnaAa~~e~ c 
HaripaBneH~eM TRrOTeHHR, P ~. Pio - Bb13e 
BaHHoe rpaB~Ta4He~ r~APOCTaTM4eCKoe Aas
neH~é B 3neKTpOHHOM ra3e ~ ~OHHO~ peweT
Ke. nonHoe r~APOCTaT~4eCKoe AaBneH~e,y.
B03H~Ka~~ee B MeTanne nOA'Ae~CTBHeM rpa
B~TaL4~~, 0603H?4HM 

I 

/2/P=Pi+Pe • 

CYMMapHbl~ MOAynb ynpyr'qc r a. MeTanIla, B COOTBeT(:'TB~~ c paCCMaT
p~BaeMO~ cxeMO~4 

~ Y • :Vei eY=Y +(----).	 /3/
i Ye + Ye i	 

I 
" 

n~ Ae$opMa4~1I1 MeTanna rp8,B~Ta41-10HHbIM nonen 1-10Hbl CMeCTRTCR' 
anons HanpaBneHHR CHnbl TRmeCTI-1, 1-13 'CBO~X nepaouavans sux nonoxe
HI-1~, kOTopMe OHI-1 3aHHManl-1 B OTCYTCTB~e rpaBHJaL4l-1l-1, H3 HeKOTOpy~ 

BeJl~4~HY (). Ha3b1BaeMY~ aexropoa CMel1.leHI-1R HOHOB. AHanOrl-14HO on
peAenHM BeKTOp CMel1.leHI-1R 3neKTpOHOB npOSOAHMOCTI-1 Q. B03paCTaHHe 
nnOTHOCTI-1 HOHOB 1-1 3neKTpOHOB B anene-rr e OÕ"beMa 6YAeT onpene
nRTbCR npOCTpaHCTBeHHMMH npOH3BOAH~MH OT e 1-1.~. IT.e. KOMnOHeHTa
MI-1 TeH30p013 Aeq,opMa4H~ U.::<. V() ~·V == VQ • l-'1CXOAfl 1-13 3aKOHa' Fyka 
Ae(popMa4H~' ~,3neKTP9HHO~ nOACHCTeMe aaruuuex B BI-1Ae 

." P	 I'V=_e_ . /3/Ye 
B COOTseTCTBHI-1 co cxeMO~, nOKà3aHHO~ Ha pI-1CYHKe, Ae$opMa4H~ 

1-10HH0é1. -oeurenca: 

P i P P e	 4
U=-,-=~+--.	 / /

Y:Yi e 'Y ei 
BenI-14~HY MOAynR Yei .onI-1C~Ba~~ero B3aHMoAe~cTBHe 1-10HOB c 3neKTpo
HaM~ npOBOAHMOCT~, MomHO 04eHHTb, Y4I-1TbISaR, 4TO 3TI-1M MoÁyneM 

2 

li'
 

\
 

Ir; 

i" 
6YAeT onpeAenRTbCR 4aCrOTa Kon~6ãHH~ 1-10HOS, ecnl-1 MeTann' p~ccMaT~ 

J;I pHBaTb KaK 3~H~Te~HoBcKHH KpHCTann: . 

2 . ya . 2 •	 .
Y. = -- wa-..	 • /5/

ei 4 JJ t /' 
2v 

3B r:	 6 v3	 - MaKCHManbHaR 4aCTOTé! 3BYKOBblX xone aHI-1I;1; y. AeCb wj) = -a

,.; nIlOTHOCTb MeTannq; a - pa,qI-1Yc coepu , npI-1XOAR~e~cR ua 0A(.I1H 1-10H 
\:(_..,	 /3neKTpoH/ B Me'Tanne; n = (4/3 l1a3 )-1 - 41-1CnO 1-10HOB /3Ilei<TpOHOB 

npOBOAI-1MOCTI;1/ B eAI-1HI-14e' b6beMa; V'.aB - ÇKOpOCTb 3~YKa. TaK Kal</ :3/ 

I 
\ m

v2 ===_e_ v 2( /6/;~., 38 mi F 

rAe me - Macca 3neKTpOHa, VF:-ckoPOCTb 4>ept-1H, TO 

t	 Ye i :: 2n EF ." 17/ 
1 
li!. 

E F - 3Heprl-1R <!>epMI-1. Y4I-1TbIBaR, 4TÇ>, no onpeneneuao / 13/. MOAynb1 
I BceCTopOHHero c~aT~R 3neKTpOHHoro ra3a 

Ir Ye 2 
a, == -3- == a nEF •	 /81 

OKOH4aTenbHO nonY4aeM II\
"
Í, • 

.::<. 3B = Y	 /9/Yei e e 

\' B pe3ynbTaTe H3 /3/ nODY41-1Mi~ 
(
 

Y = Yi + Y /2 /10/
e 
.1 

~l 1-1 1-13 /4/ I 
{ P. P
 
lEi! U==_l'==2-~ /11/


Yi y e '	 i

~" 
,iR, TaK 4TO 
I 

f P&
U - v = -----'- /12/

Y:1: . e
 

J' H nOTpe6Y~~HeCR HaM B AanbHe~weM paBeHCTBa: ~
 

~
 Ye Yi P =-p/2 P., == -- p.	 /13/ 

?f' e . Y I Y 

.,!wr,. 2. BEnl-'14~NA 3~~EKTA 3n~r~ 
,. 

PaBHOBeCl-1e B 1-10HHO~ nOACl.1CTeMe MomeT 6blTb 3anl1.CaHO I;l} 
BI-1Ae:~r.	 3 

{ lO' 

I 



v , 
j' f 

l' I , ; 
h, J. 

\ 

-yg<t-VP'1 +PiEi';='O. /14/. \ 

3AeCb Pi - 3JleKTpl-14eCKaFl nJlOTHOCTb ~10HHO~LlnPACI-1CTeMbJ', E}- Ha
npRmeHHOCTb 3JleKTpl-14eCKOrO n~Jl~ Ha 1-10H9X, PpBHOBeCl-1e B ra3e 
3rteKTpOHOB npOBOAI-1MOCTI-1 I-1MeeT BI-1A: 

! 

\, ;~5/ .
V'P e - ' peE' e = O •
 

\.
 

3A'eCb P e - 3JleKTpl-14eCKaFl nJlOTHOCTb 3JleKTpOHHO~ nOACI-1CTep1bl, E' e 
HanpRmeHHOCTb 3JleKTpH4eCKoro pOJlR Ha' 3rteK~poHax npoBoA~MO~TI-1. 

ECJlI-1 npeAnOJlO}XI-1Tb, 4TO 3apRA 1-10Ha paae a CBo50AH'bMY 3apRAY CBO
6oAHoro 3JleKTpOHa, Y4I-1T~BaFl, 4TO 

Ee :::: Ei ' /16/ 

1-13 /14/ 1-1 /15/ cpaay nOJlY41-1M 1-1 epOPMYJlY /1/,1-1 TO, 4TO vp=yi. 
OAHaKO \B MeTaJlJle 1-10Hbl oKpymeHbl nJlOTHblM 06JlaKm" 3JleK-rpO~ÓB npo
BPAI-1 MO CT1-1 , CKOHAeHCl-1pOBaHHblX aa 1-10HaX. 3TI-1 06JlaKa CMe~aIÓTCR 
BMeCTe C 1-10HaMI-1 npl-1 AeepopMa~~1-1 1-10HHO~ peWeTKI-1. n03~OMY 1-10Hbl 
~ raa , 3JleKTP9HOS npOBOAI-1MOCTI-1 npoaannor 3epepeKTI-1B'HYIO anexrpn
4eCK;YIO DJlOTHOCTb 

.\ 
717/P; =P1 «en '-" 

Ha~TI-1 3ep<l>eKTI-1BHbl~ 3':::PRA I-1JlI-1 3<P<l>eKTI-1BHYIO nJlOTHOCT,1) MO}f(HO ,MI-1K
pOCKOnI-14eCK~M cnocoõoa , HO 3TO BblXOAI-1T aa 'paMKII1 p:aCCM,aTp~Bae:'" 
MO~ '3Aeeb MOAeJlI-1. PeWI-1M 3TY 3aAa4Y, BOCnOJlb30BaBWI-1Cb H'eo6XOAI-1

'MbIM AOnOJlHI-1TE}JlbHbIM YCJl0Bl-1eM, AaBaeMblM 3aKoHOM Fyxa , J\ei(1c1BI-1
TeJlbHO, CI-1CTeMa ypaBHeHI-1~ /14/ 1-1 /15/ cÓAep}f(I-1T Tpl-1 HeI-13BeCTH~x ~ 
p_, P ' E, ee· MO}f(HO peWI-1Tb C I-1CnOJlb30BaHI-1eM paáeucr aa /(2/ I-1JlI-1e
/13/. I \. 

,( I CKJlaA~BaR 1-1 B~~I-1T~R /141 1-1 115/, nOJlY4aeM 

- y g +Vp + (J (() - 17 ) \7E = O , -yg+Vp-2VPe +2PeE=O,. /18/
e 

1 ,
 
3A~Cb I ((j - 17) VE = E i - E'e' 1-1 ycpenaeuuaa HanpR}f(eI;lHOCTb nOJl.A
 

Ee +, Ei' '
 
E =-.>---- .Hanpaxeunoc r s 3JleKTpl-14eCKOro nOJlR MomHO Bblpa31-1Tb 

2 
{lepes- Al-1nOJlbHbl~ M9MeHT eAI-1 H1-1 qbl 06beMa d = Pe (O -17): E = - 417d::;;: 
= - 4 17p / ( O- 17), T. e . 

e 

VE =-'417P e (U - V) • /19/ 

nÓ3,TOl'v1Y C Y4eTOM /12/ 1-1 /1 3/' nOJlY4aeM 

Y 
_e_ pVpo 

y-2 , 
jI g - V p'= ------- /,2oi 

4-~ 
Y

4 I 

1 :~
I' 

I" 
'\ 

. 
1-1 

dVE=~ p\7p 
, {?-1/ 

y2 
4-~· 

y 
P 

B CJla60M rpaBI-1Tà1.41t10HHOM none , «oraa A~$opMa41t11-1 MaJlbl: y «1 j.1 

p::: gcP, cP- nOTeH41-1aJl CI-1.IJbl TRrOTeHI-1R, TaK 4TO 

dVE'::: 2 V(yq,·)2 /Z218y2 

E2 ' (yc/J)2 2
 
_::::._--{:3
 /23./

817 8Ye 

1-1 

~- 'fi 
E = v'_17_ yc/J/3 - • /24/ 

Ye U 
I 

3Aecb /3 = Y I y ~ UIU -eAI-1HI-14Hbli1 EteKTOp, B HanpaBJleHl-11-1 BeKTopOBe
 
CMe~eHI-1~ I-1JlH Ae<l>opMa~ltIl-1 MeTaJlJla.
 

TaK KaK nOJlHOe 41-1CJlO 1-10HOB ltI ~neKtpoHoB B MeTaJlJle OCTaeT~R\ 

Hel-13MeHHblM li! npoI-1CXOAI-1,T TOJlbKO I-1X nepepacnpeneneuae , MeTaJlJl 
OCTae-rCR :8 4eJlOM He~TpaJlbHWM. OAHaKO AJlR HarJl.AAHOCTI-1 3TOT 3$
<l>eKT Y~06HO npl-1n~C~Tb B03HI-1KHOBe~1-11O HeKÓ~ 3$et>eKTI-1BHO~ nJlOT~ 

HOCTI-1 3apRAa BHYTPI-1 MeTaJlJla: 

div E P = -.L. • /25/"
4tr 

npl-1 TãKOM OnltlCaH1-11-1 MomHO C4~TaTb, 4TO' B OAHOPOAHOM rpaB~Ta~ItIOH

HÓM naJle BHYTpl-1 ~eTaJlnaCKoHQeHTpl-1pye!CR pasHoMepHo pacnpe~eJleH-
H~~ OTp1-14aTenbH~A 3apRA t nJlOTHocTbri ~ 

p. = -
yg 

13 , /26/ 
," 4\lrrY~-
" 
111<\ 

a Ha HI-1}f(He~ nOBepXHoc:r1-1 o6pa?yeTcf! CJlO~ nOJlO}l(l-1TeJlbHOrO 3'apRAa
! 
~I ~ C n9BepxHócTHO~ nnOTHOCTb~ 

I 
.~ "} 

y g h 
0=--·---8, h - BblCOTa CJlOR MeTaJlIla , /27/' 

4V"Ye-

TaK, 4,.0 CYMMapHbl~ 3apRA MeTanJla Oc.TaeTCR HYJleBbIM" l-1's COOTB,eT
CTBI-1I-1, C,YCJlOB~eM MI-1HI-1MYMa 3~eprl-1l-1 3Jle~TpI-14eCKÓe none BHe ~e
r anna 6YAeT OrCYTCTSOBaTb'. BHYTPI-1 MeTaJl.Jla OHO B, COOTBenrtSllf1-1 
C /24/ 6y~eT nI-1He~HO paCTI-1 no Hanpa8JleH~1O CI-1Jl~ TRmeCTI-1. 

A~R Ul-1Jll-1HAPl-14etKoro o6pa3Qa Ha ~eHTpl-1et>yre, Bpa~~IO~e~cR"c ~~c
TOTO~ cu, B noné cun I-1Hepl..lltl~1, 3KBI-1BanetHHblX rnroréaao , 

<r 

5· 



I' " I'	 1E-"r••~~;\'I'"Ti~~ ~ 4tt }I[ "l"'t.. ""li' ,,' '}I iJ-- ~'\. , I 
l ~t	 I" ," .. I' f I	 ) ~ to" hl 

,t ':).} ,I,I ",J I' ,,' 11' ~, 11/ ;:, (,	 ,"
A d t ..{ 110"1	 ;A~ \ 

J l 
• ,I	 " ~~y,	 ;' 

" . 
:\ 

1~ 

\,.( 
cP (r') :::.' ú)2'r 2 /28/

2 " 

1-1 

-+,! Y(,L)2 r 2 ~' ; 
E{r):::-, . v~-I3--.--.	 /29,/ 

, 2 Y ' r 
e 

-+
U -+ 

r r. ' 
3Aecb Y4TeHO, lno -- ::: - • B03HI-1KH(i)BeHl-1e :noro nOllfl MO)/{HO C41-1

U ,r
r 

TaTb' 06yclloBlleHHwM C03AaHI-1eM BHYTpl-1 Me~alllla OTpl-14aTéllbHoro 3$

, ,,4>eiha 3ppflAa C, 06"beMHO~ rmoruoc r eo 
~1(~ 

2
Y41 r o3 _ ~-"IJ	 /30/p-~- - 

~. - 8 .J'71 Y	 , ,\ 
e 

r' , 1-1 Ha nOBepXHOCTI-1 41-1lll-1Hppa - CllOfl nOllO)/{I-1Tell~HOr9 3apfl~a C .nOBepx-

HÓCTHOt! nllOTHOCTblO	 I I 

(' 

,Q::: -.2..(02 R 2 /31/
\' . I ~. -7{3·v y. ,S 11 e, 

'3AeObl , R - HapY~Hbli1i pa.q.l-1yç '4I-1llklHApa,' T?K KaK' !""eTall[1 !?(, 4eJJQM -ocra

'e r cn ~e~TpallbHbIM, '3lleKTp1-14eCKÓe none cHapy>t{1-1 6~Ae'T 6TC'yTÇT~0-,	 -
BaTb. 

npl-1 paAl-1yce· MeTallrll-14e'cKÇ)ro oôpaaua nopanxa 1 CM /~aK 3TO õuno 

~ 3KcQep~~~HTa~ /1t12/ / Hanpfl>KeHHOCTb 3lleKTpl-14eCKpr~ nOllfl, onl-1

,cblsaeMafl paseHCTBOM /29/, npl-1MepHO Ha 8 noparncoa npeauurae.r 
npeACKa~aHI-1f1 4>OPM~llW /1'/ 1-1 HaXOAI-1TCfI B cotlla€1-11-1 c pe3yhbTaTaMI-1 

"~Ka3aHHblx .onuros Ka~' no BeFlrl-1~I-1He34><t>eKTa, r ax ~ no ero '3H~~Y" 
)PaCXO>KAeHl-1e Q4eHoK CBfl3aHO C TeM, 4To'~opMyna /1/ nonY4aeTcfI 

npl-1 paccMofpeHl-11-1 MdAelll-1, B KOTOPO~ 1-10HW ~ ~leKtpoHW dc-
TaIOT~~ ~Bq60AHWMI-1. QAHáKO samHwM f1BllfleTC~ T0 4 4TO BQkpyr KamAo~r 
~o I-1qHa cy~ecYByeT nllOTHoe oGllaKo 3neKTpoHoB.npoBOAI-1~O~TI-1, 

àKpa~I-1PYIO~ee 3apflA 1-10Ha ~1~/.TaKI-1M o6pa30M. X6TfI, ~lleK~pOHW MO~YT 
C~060ÀHO nepeTeKaTb OT OAHoro 1-10Ha K APyrOMY, OKOllO K?~Aoro I-1f)Ha 

r,OC,TOflHHO cyJ4ecTByeT oõriaxo r.1P,OBoAF:I~I-1X~ 3lleKTpOHOB " CMeLUalOlI.leeCfI 
I 

~MeçTe C HI-1M npl-1 Ae4>opMa~l-1~ MeTarlr~. Aei1cTBl-1e.rpaBI-1Ta41-1~ n~1-1 

3TOM He paapuaaer nap 1-10H. - 3lleKTpoH; npoBoAI-1MOCTI-1. 3Heprl-1H' 3T0i1 

C~fl.31-1 0,4eHb aerunca no cpa~HeHI-1IO c npl-1'pa~eHI-1f1MI-1, B!;l13b1SaeMb1MI-1 r o a-

I,	 B.I-1Ta4'l-1e~', «oropaa nl-1W'b Ae<t>opMI-1PyeT, 31}1 naou, I-1HAY41-1PYfl y, HI-1X 

AI-1r;JdnbHblé t-'\OMeHTbl, oôycnoanaaaounre pé ayns Tl-1pYIO~ée ancxrpu-recxoe 
\ .none .'Ê.	 ' 

B MeTallllax c 1l)/{~~TKOI4II pe~eTK,o~, I Y 'KOTOPblX 

'Y f :> Y ,',	 /13 2/e 

6	 ." 

I'l 

l

3llei<rPOHHáfl' ~,OMnOHeHTa B COCTOflHHIo;l OTCneml1BaTb MallYIO Ae4>QPMaLt'?11Q
 

"1 
1I!' peúieTKI-1 - Yi l " B03HI-1KalO14ylO npl-1 B63Ae'~CTBI-1.1-1 ~paBHTa41-1~. B TéYI'('~><, 

\ 
~ 

'I 
MeTallllax /K KOTOpblM, B 4aCTHOCTI-1, ''OTHOÓITCfI Ti. / "B c,óol:ereT-éT~1-11-1 !~, ...

" 'c paaeacr aoa /24/, e4>4>eKT '3m1r np~:/K"fI-14,eCKI-1 OTCYTcTByeT. B Met'a'h- ';," 

-rtax c II)/{e,CTKI-1M" 3neKTpoHHblM ra30M H ,II'MRrKol'11 I pêWeTKOl1 /K KOTOpbl'1 

l~ 0THOCvrrÇfl, ,B 4aCTHOCT~, Pb / 
\ 

~I Y > V, • 
~	 /3'3/

,e 1 

~~) ,~ 
'I'·	 '" 

f 
~h' 1\ Allfl HI-1X ~~1 H pa~eHcTBo /291 npeA~Ka3~Bae~ cy~ecT~OBaHI-1~,34>4>eK-
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/,';'3. 3<t>4>EKT 3nltlr npltl BblCOKltlX nABJlEHltl/lX'
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npl-1 AaBj1eHI-1f1X nopanxa t:-1era6ap ace aeuiec r aa nepexona r -H, Me'" 
\ ,	 H~ , 

.t aIlJ11-14eCKoe COç10flHI-1e /14/. TaKl-1e AaBlleHI-1f1, Bbl3BaHHble r p aaa.r'a-'
 
,:1/ ~
 41-1dHHblMI-1 nCllflMI-1, ty~eCTBYIOT B rlly61-1He 3Be3A 1-1' nnaaer .•.: ltlé:XOAfI 
1)· ' , 1-13 3Toro, ,MO~HO C4I-1T~Tb, 4TO 34>4>eKT anltlr 6YAe~ HrpaTb onpeAelléH

yI
 HYIO pOllb B aCTpo4>1-13I-1Ke. BHYT~H nllaHeT 1-1 3Be3A'AaBlleHl-1ê Mo~eT'li,' 

I~ ")1 

((I" noe euurar s naane-u-e <l>epMI-1 /YAellbHYIO 3'l'lepr01O anexr pouuoro r;a3é)/ 

j't' 1 Allfl ~eTa~lla np~ HopMallbH~X YCllOBI-1~X. B 3TOM CllY4a~ He06xoA~~~ , t' 

Y4Í1fTbIBaTb, 4TO C pOCTOM BHeWHero AaBlleHI-1f1 6YAeT paCTI-1 l1 3Hepr,l-1f1 
1..... \ 

<!>epMI-1, r a« 4'1'0 MOAYllb ace c r opoauero C>KaTI-1f1 anekrpouuor-o r aaa 'B, 

~I "\; ~TOM CllY4ae caM 6y~eT oqpeAellflTbCfI BHeWHI-1M AaBlleHI-1~M/13/.
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ECrlll-1 Anfl npoc roru npennonoaurr s , 4TO nlla1.HOCT~ nnaaeru I-1JH1 ,3Be3Abl
fI ;'I nàCTOflf-jHa, HeTpiAHO nOllY41-1Tb Bblpu>KeHl-1e Allfl 3aBÍo1CI-1MOCTI-1 ,q,aBJ1,e.Hl-1#
 

BHYTPVt 3TOrO' KOC,MY14eCt,(OrO 06beKTa OT paAl-1yca
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3AeB,b Y4TeHO, 4TO B AaHH9":1 CIlY4ae U = - r-i" 3TO none , nopoxaaeaoe 

pacnpeAeIle~~eM~~nOIle~, AIl~ HarIl~AHOCT~ YA06HO OhHC9Tb pa~npe

AeIleH~eM 3$$eKT~BHoro 3IleKTp~4eCKoro 3ap~Aa c nIlOTHOCTb~: 

./2\!R- 2 -f 2 _ f . l •ro[ v' .-- - .- _ t::2'2	 /38/p (r):::: y \r~ ----- -r \!2v R- _ r 

KOCM~4eCK~~ 06beKT ripa 3TO,..1 OCTaeTCR eCTeCTBeHHO 3IleKT-pI-14eC'K~
 

He~TpaIlbHWM, T.K. ero nO~HW~,3ap~A
 

R. 2
J p(r) 47Tf dr
 
O 

aBTOMaT~4eCK~ coxpaH~eTC~ paBHwM'Hyrl~. 

~OPMY~~ /37/ ~ /38/ n03BOIlR~T paCC4~TaTb MarH~THwe nOIl~ 
nIlaHeT ~ 3Be3A. B03HHKa~~~e KaK CIleACTB~e ~x Bpa~eH~~. Pe3YIlbTa
TW TaKoro,pac4eTa/ 1V BnOnHe-YAOBIleTBopHTeIlbHO corIlaCY~TC~ c 
A~HHW~~ Ha6Il~AeH~~. Hanp~Mep, paC4eT MarH~THoro~oIl~ 3eMIl~ ~aeT 
oTKIlOHe~~e OT Ha6Il~AaeMoro 3Hf4eH~fl IlHHb Ha 40%. 

3AKII104EHV1E 
( 

KaK 6WIlO nOKa3aHO Bwwe, rpaB~Ta~Hn ~ C~IlW ~Hep~~~ BW3WBa~T 

3~eKTp~4écI{Y~ 'nOIlAp~3a~~~ TOIlbKO BHYTP~ MeTaIlIla. 3ileKTp~-ll~CKa,,~ 

He~TpaIl6HOCTb 06beKTOB B ~eIlOM ~ nO~B~>KHOCTb nOBepXHOCTHWX 
3Ile~TpOHOB np~ 3TOM np~BOA~T K OTCYTCTB~~ tTaT~CT~4eCKoro 3IleKT
p~4eçKoro nOIl~ CHaPY>K~ ~eTaIlIla. n03TOMY B onWTaX,B KOTOPWX 
~3MepflIlotb BHeWHee 3IleKTp~4eCKoe none /3,4/. 3cv<l>eKT' 3nlttr He ,..10w.eT 
QblT'b' 06HapY)i(eH. 1l0Il~p~3a~J.1~ BHYTP~ MeTaIlIla MO>KeT 6blTb aaperac'r 
papoaaua npa ero Bpa~eHlII~, eCJlH Cl-lapy>tCH ~3Mep~Tb B031;l~Ka~')li\ee 

npn 3TOM Ma-rHJ.1Tt;toe none . Ilonsrrox nOCTaSI-H.b TaKO~ 3KcnepHMeHT 
6WIlO npeAnplllH~TO, nO-B~A~~OMY, HeCKOIlbKO, HO 3aBepw~HO H3 H~X~ 

HaCKOIlbKO HaM 1II3BeCTHo, TOIlbKO AEe. BrnepBOM onWTe n.H.ne6~AeB 

8 1911 rOAY AocT~r.BwcoKO~ no TOMY BpeMeH~ 4Y8CTB~TeIlbHOCT~ 

~0-3 rc. Bo BTOpOM/ 2/ B 1928 rOAY 4YBcTB~TeIlb~ocTb 6WIla Bwwe 
np~MepHO Ha nop~AOK~ 

,	 TaKO~ 4YBCTBJ.1TeIlb~OCT~ HeAOCTaT04HO AIl~ per~cTpa~~~ 3$$eK
"Ta 3nV1r. XOT~ ero BeIlH4~Ha Ha MHoro nop~AKOB 60Ilbwe npeAc~a
3aH~~, AaBaeMWX $OPMYIlO~ /1/, Bce-TaK~ o~ Ile>K~T ~a npeA~Ile 4YB
CTB~TeIlbHOCT~ 06W4HWX MarH~TOMeTpOB ~ Tpe6yeT T~aTeIlbHoro YCTpa
HeH~~ nOMex. TOIlbKO B nOCIleAH~e rOAW pa3pa60TKa'HaAe>KHW~ !li 

BbICOK04YBCT'B~TeIlbHLIX KS.3HTOBbIX Man;I~ToMeTpoB nana ,B03MO}l(HOCTb 
ero yaepeHHo per~CTplllpOBaTb. 

B 3aKIl~4eH~e 'aBl'Op euoaxaer ~CKpeHHIOIO ôrtar-onapaocr e 8..vt. rp~
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