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BBE,llEHV1E 

B /1/ a Ka Teor>eTV14.eC xo OÕ"bRCHeHlI1flp aôo r e npennpuua r nonsrr r o 

1I13MepeHHorG / 2 1 3~~eKTa 3neKTpH4ecKO~ nonRpV13aUHV1, II1HgYU HpoBaH
HOI1 rpaBII1TaUltl-e~ B' MeTannax /311~í/. 

3KcnepKMeH~bl 121 , BblnonHeHHble aar opo-, UI1T\I1PyeMblx p aõo r , CBH
Ae~enbcTBY~T, 4To 3~$eKT nOnflp\l13aQHH MeTannH4ecKII1x len B none 
TRmecTV1, no Bce~ BepoRTHoCTH, cy~ecTByeT, XOTfl BCnI14V1KY 3~~eK
Ta, KOTopaR, KaK YTBep}\(AaeTCR B /1. 2/, Ha BOCeMb. n.OPRAKOB npe
B~illaeT \I13BeC~HY~ OUeHKY, AaHHY~ B 1911 r. n.li.néfieAeB~M, nO-BH
AV1MOMY, Henb3A C4V1Ta·Tb OKOH4aTenbHO YCTaHoBneHHo~. Taxo so me,11-' ~epORTHO, H MHeH~e aB10pa 0630PHO~ CTaTb~ /31 , nocBR~eHHo~ He
cTaHAapTH~M npV1McHeHV1RM CKBV1,QOB 

I 
KOTOP~~ BKn~4V1n oGHapymeHH~~ 

6.BacV1nbeB~M 3~$eKT B npe,QnomeHH~~ ~M nepe4eHb TOHKV1X ~V13V14ec

KV1X flBneH~~, Tpe6YlOll.\V1X 3KcnepV1MeHTanbHoro nOATBep}\(geHV1R. Teope
TV14ecKoro OfiOCH08aHV1R V13MepeHHO~o 3$~eKTa TaKmc He cy~ecTByeT _ 
TeOpV1f1, pa3BII1TaR B '11 , V1 o~eHKa ~~Il-~í) CAenaHHaR B 121 , OKa3bl
BalOTcfl~ KaK 6YACT nOKa3aHo B AanbHe~weM, HecocToRTenbHwMH. 

B HaCTOR~e~ paGoTe npeAnaraeTCfI TeopeTH4eCKafl MOAenb, cor
naCHO KOTOpO~ none BHYTP~ MeTanna B03HII1KaeT npll1 n~60~ HeOAHopOA
HO~ Ae~opMa~lI1V1 MeTannll14eCKOro Tena, a 3$$eKT 3n~í npe,QcTaBnAeT 
co60~ n\l1Wb 4aCTH~~ cnY4a~ RBneHHA 66nee oG~e~ npHpoA~. Ecn\l1 3TO 
laK, TO nlO6~e ABne~~R, CBR3~HHb~ c HeoAHopoAHO~ Ae$opMaU~e~ Me
TannOB, 6YAb TO ~3rV16 ~n\l1 KoneGaHV1R CTep}\(He~, pacnpOCTpaHeH~e 
3 BY Ka, YAapHble BOJlHbl, HCTe qeH~e }l{V1AKOrO MeTanna V13 OTBepCTV1R, 
TeMnepaTYPH~e ,Qe~opMauV1V1, coygapeHV1e TeJl, ge$OpMaUV1H 8 none TA
meCTV1 ~ T.A·, AonmH~ conpOBomAaTbCR 3neKTpOMarHII1THWMV1 flBneH~fl

M~1 ". BCflIl14V1Ha V1ii,Qyu,V1pOBaHHoro 3neKTpl-1QeCKOro nona OKa3blBaeTCA 
nponOPU~OHanbHO~ rpaAHeHTy Ae~opMa~lI1V1 /T.e. rpaAHeHTY Aa8neH~A, 

a He AaBneHV1IO, KaK OWH604HO YTBep*AaeTCR B /1,2 B OTHOWeHII1V1 
3t:P~e KTa 3n~ r/, np~14eM no npOH3 BOAV1MOMY 3<pepe KT y Ae~OpMaUI.-1:1 B no

( ne TRmeCTl-1 Hal-1MeHee B~roAHa no cpaBHeHV110 c ~pyr~MH BHgaM~ Ae
epopMa4 V1 V1. HanpV1Mep, npV1 HsrV16e MeTann~4eCKoro CTepmHfI 6YKBanbHO

'1 11pYKO~" BenV14V1HY ~HAYUI'\pOBaHHoro nona MomHo nony-urr s Ha 6-~ 
nopflAKoB 60flbwe 3epepeKTa 3n~~.

,i, 

t
1I 

* B OTHOmeJ{J..í.H p,HHaMyjl-reCJG1X npouccco u AeepOpMalJ,Hl1 3'fO YTBep)KAe-
HHe OY(-:BHAHO 11 RBJUi€1'Cfl' H3 ReCTHbIM <paI< T/H , ~~I • ~ :-, 
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n03TOMY 3Kcnep~MeHTanbHaR npOBepKa cgenaHHoro npeAnonomeH~R, 

RBnR~~aRCR OAHOBpeMeHHO ~ KOCBeHHo~ npOBepKO~ 3$~eKTa 3n~r, no
B~A~MOMY, He BCTpeT~T oc06~x 3aTpygHeH~~. 

H~me ~snaraeTCR 3neMeHTapHaR Teop~R R8neH~R, Aena~TCR KOHKpeT
H~e Kon~4eCTBeHH~e 04eHK~. Kp~T~Ka TeopeT~4eCKO~ 4aCT~ pa
60T/ 1• 2/ gaHa 8 np~nomeH~~. 

1.	 3nEKTP~4ECI{OE nonr B "HEO,OIIOPOtlHO ,OE<t>Op~1vlPaBAHHoM
 

METAJIIlE
 

np~ HeOgHopogHo~ Ae~opMa4~~ MeTann~4eCKoro Tena ~OH~ peweTK~ 

~ anexr pouu npOBoA~MOCTV1 HepaBHOJvlepHO pac npeaertsuor c a no 06beMY 
MeTanna. 3neKTpoHbl Ilp080gvlMOCT~ cpaau-rr en suo criaõo C8R3aHbl c ~.o

HaM~ ~ B ~lSBecTHOM CMblcne seny r c efis KaK r aa , n03TOMY Han~14~e 

rpaA~eHTa KOH4eHTpa4~~ 3neKTpOHOB npOBOA~MOCT~ 03Ha4aeT OgHO
BpeMeHHO ~ Han~4~e rpaA~eHra AaBneH~R, T.e. c~n~, cTpeMR~e~cR 

W	 . * 
B~AaB~Tb 3neKTpOHH~~ ra3 H3 30H~ OTHOC~TenbHoro çmaT~R MeTanna . 
MomHO om~AaTb, 4TO MeTanfl 6ygeT nonRp~30saH ~ BOSH~Kwee BHYTP~ 

Hero 3neKTp~4eCKoe nane ypaBHoBeCHT BWAaBn~Ba~~ee Ae~cTB~e rpa
A~eHTa gaBneHHR 3neKTpOHHoro rasa. 

Ilo.naraa , 4TO p acnperrene ane KOH4eHTpal~H~ ~OHOB nr no 06beMY 
ge<t>opMHposaHHoro MeTanna HSBeCTHO, a 3neKTpoHW npoBog~MoCT~ RB
nR~TCR HgeanbH~M $epMH-rasoM, sanHweM ~CXOgHY~ C~CTeMY ypaBHe
HVl~, CBR3bIBaiOU\yKJ HanpR}KeHHOC Tb Ê ~HAY4 V1posaHHoro Ae~opMa4~ e~l 
3neKTpH4eCKoro nonR c KOH4eHTpa4~e~ n ~ gaBneHHeM P 3neKTpOHOS 
npoBoA~MOCT~. 

BHYTpVl Ae~opM~p08aHHoro 06beMa ~MeeM 

~	 /1/enE = VP, 
-~ 

dív E = - 417e (n + - n ] , /2/ 

h 2 3 2/3 5/3
p -(-_) n
 

5m 8.17
 
/3/ 

*B p,H3neKTpHKe 3'Ta cu.na He B03HHKae'T, nOCKOJIbKY 3JIeK'TpOHbl 

npo inro CBH3 aHbl c aTOHHOH p euie-rxoü H ae HMelOT B03MO)j{HOCl'l1 npo-: 

CalIHBaTbCH CKB03b Ne:>KaTOMHble no-re nunart suue õap sepsr , Hf'palOLU;He 

B p,anHOM crryxae pOJIb HeTIpOHHl~aeMblX rreperopop,OK. B xe r anne ')1'11 

rrepe poporucn "rropnc rue"; VI 3J1eKTpOHHbrH r as ne r xo npouax.ae r CKBü3b 

HHX, CTpeMHCb BblpaBHHTb CHOlO KOHIl,eHTpaIl,HIO no BceNY npenoc'r aane n

HOMY OÔ'beMY. ITbe303neKTpl1l..J:eCKI1H 3$lJeKT - npeHMYIJ~eCTBeHHa5I opr(

ellTaLl,HH'1,rronHpHbIX /v10n(.:KYJI f l1-Hi ,'J.eltJOpl.l<.iI~l[H p;H3J!eKTpHKa, - O'-IeBllp,

HO, ne HMeeT OTHomeHHH K '::HpqleKTY "BbIP,aBnHBatlHH" 3neKTpOHoB. 

2 

3p,eCb m H e - Macca ltI s apan 3neKTpOHa (e < O) • h - noc r oannaa 
nnaHKa; n+ - KOHueHTpa4~R ~OHOB, YMHomeHHa~ Ha BaneHTHOCTb Me
Tanna,- ~3BeCTHafl $YHK4It1R KooPA~HaT. AaBneH~e 3neKTpOHHoro rasa 
npHHRTO paBHblM p,aBIleHVlfO et>epM~ /paCCMaTpVlBaIOTCR COCTORHfI1R TepMO
p,-VlHaMI14eCKoro' paeuo aecua npVl r e anep ar yp ax T« 1O4 K/ /5/. 

YcnoB~e paBHoBe~~fI 3JleKTpOHHoro ra3a /1/ flBnReTCfI cneACTBHeM 
nOCTOflHCTBa X~M~~eCKoro nOTeH4Vlana. nepBaR 4aCTb /2/ - CYMMapH3R 
06~eMHaR nnOTHOCTb 3apRAa - Tomp,eCTBeHHO paBH3 HynlO B Hep,e~op~H

pOBaHHOM ~n~ ogHofOAHO ge~opl-1~pOBaHHoM COC:rORH~~. 

Ilonar-aa E -\1 cP, ~3 /1/-/3/ Haxog~M ypaBHeH~e AnR nOTeH4~ac: 

na: 

~cP = 477e [n+ ·-n (1 + ~-2cPQ..~ )3/2 J. 
a /~/ 

-677'\ en o 

3,cteCb 

2 1'3
2 11 77 -16 2

À	 :; --(--) .. 10 em, /~a/ 
4me2 3no 

no - cpegHRR no ge~opM~DOBaHHOMY 06beMY MeTanna KOH4eHTpa4HR 
3neKTpOHOB npoBogVlMoCT~, cOBnaAalO~afl CO cpeAHe~ KOH4eHTp34It1e~ 

~OHOB /YMHomeHHO~ Ha aane-rr HOC Tb/: nO = n"t -~ 10.22 - 1023 CM -3 ; 

cP O - KOHCTaHTa / no r euunan npu n = no /, fl zz h /211. [lPItI ycnoaua 

IcP	 - cP O: 
.

« - 617'\ 
2 

e no' /5/ 

T.e. ecn~ VlHP,Y4~poBaHH~~ nOTeH4~an MHoro M8Hbwe HecKo~bKHX 

BonbT, ypaBHeH~e /~/ nHHeap~3yeTcfI H np~H~MaeT BVlg 

1 
~cP - --- cP 4ne (n t -- no) .	 /6/ 

,\2 

3gecb Vl B AanbHe~weM ~o= O. B 4enOM M~T~nn 3neKTpoHe~TpaneH, 
n03TOMY HopManbHaR COCTaBnAIO~afl BeKTopa E Ha nOBepXHOCTItI Tena 
paBHa HynlO: 
-+ 

~ n	 cP "" O. /7/ 

3TO ycnoB~e He HaKnaA~8aeT orpaHH4eH~~ Ha TaHreH4~anbHYIO COCTaB
nfl~~YIO nonfl, T.e. nOBepXHOCTb MeTanna He oGRsaTenbHo Aon*Ha 
ôu r b 3KBItI nOTeH41-1an bHO~. OgHaKo B ganbHe~UJeM e c e r r éiKI-1 nOApa3YMe
BaeTcR, 4TO BHe ~eTanna 3neKTp~4etKoro non~ HeT Bo06~e. 3TO 03
Ha4aeT, ~TO ycnoB~e /7/ CTaBItITCR Ha 8HYTpeHHé~, He3K8~noTe~~Hanb

HO~ CTopOHe nOBepXHOCTVl MeTanna, a 3KBltlnOleH4~anbHO~ R~nReTcR 

3 



ee	 BHeWHAA CTOpOHa*. AnB 048HKH nOnA 8HYTPH MeTanna, Ha HeKOTO
pOM YAaneHHH OT rpaHH4, T04Ha~ ~opMynHp08Ka rpaHH4HblX ycno8H~ 

~e	 HMeeT npHH4HnHanbHoro 3Ha4eHHA. 
Ilp aaaa 4aCTb 16/ H38eCTHa: -OTKnOHeHHe KOH4eHTpa4Y1H HOHOB n + 

OT cpeAHero 3Ha4eHHR n~ = no CBR3aHO c 06beMHO~ Ae$opMa4He~ Me
Tanna COOTHoweHHeM 

+ .~
 

n - n O = - n odivU + ... , 181
 

rAe ~ = Iu x + [u y + ku z - narpaune aa KOOPAHHaTa 4aCTH~bl MeTan
~a, HJlH BeKTOp CMe~eHHR. CTporo rOBopR, CMe~eHHR, DTBe4a~~He OA

HOPOAHOI4 Ae$opMa4HH I div~ == Cons ti, cnenye r HCKnf041-1Tb H3 181 
c TeM,4T06w AnR OAHOpOAHO Ae$opMHpOBaHHoro COCTORHHR coGnfOAanocb 

paaeuc r so n + = n O Ino YCJ10BHIO n~ = n o - CpeA"HRR KDH4eHTp.al..\H~ 
1-10HOB B Ae$opMHpOBaHHOM MeTanne/. OAHaKo B 3T-OM Her' He06xoAHMOC
TH, nOCKonbKY ogHopoAHaR Ae$opMa4HR BHOCHT HyneBo~ BK~aA B Ha
npA»<eHHOCT b H~IAY4HpOBaHHoro nona 111 noc TOAHHblÇ1 BKna,q B IIHYJleBO~11 

nOTeH4Han ~O· n03TOMY ; Ae~CTBY1TenbHO MomHO C4HTaTb narpaHme
BO~ KOOPAHHaTO~, a nO - coOTBeTCT8eHHO KOH4eHTpa4He~ 3neXTpOHoB 
npoBoAHMOCTH B HeAe$opMHpOBaHHOM COCTORHHH Tena. 

06be/'v,HaR Ae$op/'v,a4HR IHnl1 06beMHoe paC!'JHpeHHel BblpGl>t<aeTCR -ie

pe3 rnaBHwe KOMnOHeHTW TeH30pa Ae$OPMa4H~~) 1-1 TeH30pa Hanps>t<e
HH~ (a) no $OPMYnaM :7,' . 

div u 
-+ 

= e + ( f- e ,	 18;]1 
x Y z 

• -+ 1 - 21/	 )dívu = ---(a ta + a .E x y z	 1361 
O 

3Aecb EO - MOAyn~ ynpyrocTH, v - K03$$H4HeHT RyaccoH3. 8 cnY4ae 
cmaTHE aneMeHTa 06beMa BHeWHHM AaBneHHeM Po KOMnOHeHTW HanpAme
HH}1 •a x '00 a y c-:: a z := •• p O • 

BAanY1 OT rpaHH4 MeTanna, Ha paccToRHHRx.MHoro 60nbwHx 
À ~ 10-8 CM, peweHHeM YP3SHeHHA 161 AnR HanpRmeHHOC TVI HHAY4HPO" 
aaHHoro nonR 6YAeT 

2 ". 1- 2 -+ +
E	 = 417 À e \l (n -, fi o ) = 4171\ e 'V n 191 
HnY1,C y~eToM 18/, 

*Tpe60naHHe 3KBHI10TeHU;11.anbHOCTH BHelllHetí nOBepXHOCTH MeTanna, 
/6/rro-BHp.HMOMY, onpaBAano. HanPHMep, B pa60Te ITC?Ka3aHo, 'lTO BHe 

MeTaJlJla 3JleKTpH4ecKoe none, HHAYU;HpoBaHHoe r-p anwr ainre.à BHY'PPH 
3aMKHYTot'1 MeTaslJllItlecKot'I crpept.r, p a aao -rng/e /T. e. B T04HOCTH 
KOMrreHCI1PyeT ne c mg 3Jle~TpOHa/, a BHe cóepsr -"ell.l,e tvie-HbIlle. CYII\e'-
c-rave-r 11 3KcnepHMeuTanbHoe fIDp;TBep){(,lJ;elme oU;eHKH -rng/e /8/ ." 

B pa,cCMaTpHBaeMm) Mo,u,eJIH seCOM 3JIeKTpOHa npe ne.õp e r ae r-c a , n03TO

MY	 rrorretr mre MeTaJma cnenye T r arcxe np e ae õpe ue , 3TOT BblBOA, ae 

pOHTHO, MOJKHO 0606II\HTb na ac e BHp'bI CTaTK'leCKHX HnH KBa3HCTaTI-:!
'le CKHX ,u,eti:>o pMaUHI1", 

4 

.... 2........
 
E = - 417 À e nO V div U ,
 110/ 

TaK~M 06pa30M, 3neKTpH4eCKoe none, HHAY~HpOBaHHoe HeOAHopOA
HO~ Ae$opMa4He~ B MeTanne, npRMo nponop4HoHanbHO rpaAHeHTy 

06beMHo~ Ae$opMa4HH H HanpaBneHO B CTOPOHY YMeHbweHHR nnOTHOCTH 
MaTepHana /CM./911 -peweTKa BWAaBn~BaeT 3neKTpOH~ npoBOAHMOCTH 

H3 60nee cmaTWX 06naCTe~ B MeHee CMaT~e. K03$$H4HeHT nponpP4HO
HanbHOCTH 3aBHCHT TonbKO OT KOH4eHTpa4HH 3neKTpoHoB npOSOAHMOC
TH /3aBHcHMoCTb BHAa n~,'3, nOCKonbKY À~n~l &1. ,lJ,nFl AH3neKTpHKa,p 
04e Blí1AHO , fi o = O. 

npHBeAeM HeCKonbKo 4HcneHHWX npHMepOB, nonaraR, 4TO 1101 
YHHBepcanbHaR $opMyna AnR HHAY~HpOBaHHoro nonR. Bo Bcex npHMepax 
KpHTepH~ 15/ BwnonHReTCR. npeAnonaraeTcFI, 4TO BpeMA yCTaHoBne- . 
HHR Tep~OAHHaMH4eCKoro paBHOBeCHR B 3neKTpOHHOM ra3e MHoro MeHb
we xapaKTepHoro BpeMeHH Ae$opMa4HH peweTKH. 

2.	 METAnnW-lE Cf<J;1 (;1 U14J1~H,[lP B IlOJTE Tfl}aE CTl1
 
13$<t>EKT 31llt1rl
 

nOA Ae~cTBHeM coGcTBeHHoro ~eca MeTannH4ecKH~ 4 Hn HHAP IpHc.11 
HaH60nee cmaT B cBoe~ HH~He~ 4aCTH H COBceM He C>t<aT B caMOM sep

xY IHa PHCYHKe CTeneHb c~aTHR ycnoBHo nOKa3aHa rYCTOTO~ rO~H30H
TanbHblx nHHH~/. 3neKTpOHbl npOBOAHMQCTH gonMHbl "BbIAaBnHBaTbCRII 

a se px, H, cneAOBaTenbHO, HHAY4HpOBaHHoe none r oxe gonmHo 6blTb 
Hanpa8neHO BBepx. 

Ha BblCOTe Z a z = -pg(H - Z), 0x ='= G y '" U; P -nnOTHOCTb, 
g - YCKopeHHe cB060AHoro naAeHHA. CornacHo 1861 HMeeM 

.... 1 - 2v ....
V div u --2- g , 

r.-
C
JL 

r ne c o = V E / P - CKOpOCTb 3BYKao 
B CTep>KHe. 

L~
 
CneAoBaTenbHb, BAanH OT rpaHH4 HH


AY4HposaHHoe rpaBHTa4He~ none nOCTOFlH

HO H paBHo
 

.... 2 1 -2\1 ....
E 417 À eno ---g.	 111 I2co 

tE 
Pl1C. I. MeTaJlJlIltIeCKHH l~HJIHHJJ;P B norre 

nDKec TH. l1H,u,Yl~HpoBaHHoe no.ne nanpae 
/7/T1

H 

1:. 

r ; 
JleHO a ae px .0 

5 



nOACTaBnRA 4~CneHH~e 3Ha4eH~~ napaMeTpOB, HMeeM xapaKTepHY~ 

AnA ac ex MeTannOB 04eH Ky nopnrnca 8en~4lt1Hbl nOIlA: E z -10 -6 SIM. 
S npeAenbHOM cnY4ae Hecm~MaeMO~ m~AKOCT~ Iv = 0,51 ~H~Y4~PO

BaHHoe none, KaK cneAyeT ~3 111/, paBHO Hyn~. K03~$H4HeHToM nyac
cOHa, 6n~3K~M K 0,5, 06naAaeT C~HHe4 Iv = 0,446/. OAHaKü 3a C4eT 
H~3Koro 3Ha4eH~A c~ = E Ip norte B cB~H4e OKa3blBaeTCA, TeM He 
MeHee, B 3,3 pa33 B~we, 4eM B nerKOM H ynpyroM THTaHe, XOTA K03~

~~4~eHT n~aCCOHa nocneAHero 3Ha4HTenbHO H~*e Iv = 0,3/*. 
OTMeT~M, 4TO no nopAAKY BenH4HH~ 1111 coanagaeT c $opMyno~ 

n.H.ne6eAeBa 
-> 

-~ lTIig 
E-- 111 ai 

e 

rne m i - Macca "'10H.1. B paõor e Il~ co cq~lnKoH Ha 3Kcnep~MeHTbl 12~ 
oTMe4aeTcR, 4TO pe3ynbTaTw H3MepeHHA 3neKTp~4eCKoro nonA Bpa~a~

~~XCR MeTannH4eCKHX Ten /B 4aCTHOCT~, CBHH4a H THTaHa/ Ha 8 no
PRAKOB Bwwe 04eHKH n.H.ne6eAeBa. PacxomAeHHe OfibACHAeTCA 'li KOH
AeHca4~eH 3neKTpOHOB Ha HOHax, B pe3ynbTaTe KOTOPO~ 3neKTpOHw 
npoBoA~MOCTH npOABnRIOT 3etJetJeKT~BHY~ nnor aoc r s aapana p = (ne ) 3CP 
(1 ne'l acp « Ina 1). no noraxe pacCY}I<AeH~~ /1/ 3TO npeAngnO>Kel-me 
3KBHBaneHTHO BBeAeHH~ 3etJetJeKT~BHoro 3neKTpOHHoro 3apRAa ea~ 

( I e SCPI I « I a I), HO He 3etJct>eKT~ BHOH KOH4eH Tpa4HH 3neKTpOHOB 
n acp «n IB ynpyrux napaae r pax , AaBneH~H ePepMH cP~rYPHpyeT n , 
a He IV I. nOACTaB~B 8 oopayny n.H.Jle6egeBa BMeCTO a " 3<PcDeKn acp
T~BHbl~ 3apA,qll' a a<t:> = 10-8 e. paa y-iee r ca , nonY4HM peayns r ar Ha <3 

nopAAKoB 60nbwe, HO AonycT~Ma nH TaKaA nOAcTaHoBKa? CneAoBano 
6bl O}i{~,qaT b, 4TO r eopna , paaeu r aa B./1.I, AonmHa np~ BO,q~T b K TO~ l',<e 

<popMyne n.H.ne6eAeBa ~nH noxome~ Ha Hee, HO c 60nbw~M nonpaB04
HblM K03et>cp~4~eHToM ele a4J' BenW-iHHa «oroporo 0AHo3Ha4Ho onpeae
nReTCA caMoH me Teop~eH. 

OAHaKo pe3ynbT3T III Ka4eCTBeHHO OTnH4aeTCR OT /lla/ IHanpA
~eHHocTb nonR Ez nponoP4HOHanbHa rHAPOCTaT~4eCKOMY AaBneH~~, 

T.e. 3aBHCHT OT z/, a 3cpcpeKTHBH~~ 3apAA, Hn~ nnOTHOCTb 3apRAa 
p , He onpeAenA~TCA H, KaK OKa3WBaeTCR, He MoryT 6WTb onpeAene
Hb~ B npHnomeH~H nOKa3aHO, 4TO Teop~A/l/ np~H4HnHanbHO HeBepHa, 
a ee rnaBHW~ BWBOA IcpopMyna /231 npHno}i{eH~AI npOT~Bope4~T CP~3H

u,eCKOMY cMblcny H nOAB~nCA no He,Aopa3YMeHHIO -,t13 ypaaueuna , KO
r opoe AomKHO 6blTb o rõpoureao , 

*Oôa MeTaJIna cpaananaxrrca npa OAliHaKoBbIX BaneHTHOCTHX. ECJIH 
B351Tb OTHOIlleHHe BaJIeHTHOCTeM Pb H Ti paBHblM 2 / no tIHCJIY 3JleKT
pOHOB ao BHeIllHeH 2Cf90e/, TO OTHOIlleHHe I1Hp;Y~HpOBaHHbIX norreü B03
pacTaeT AO 3,3·1 = 5,3.I 

6 

~lc.2. 3neKTpH"leCKOe none, HHXI AYUHpOBaHHoe npH H3rH6e MeTan
ITH"leCKOrO cTep~HH, HanpaBneHO 

1 no paAHYCY KpHBH3HW. TIYHKTHPOMt r!t:
Za. lO I U

1 tI 1.,__I ~ J	 cnpaa a H306pmKeHbI CHITOBble rns-: 
HUH noria H KOHTYPbI ,I./,ecP0pMrrpo
BaHHoro Ce"leHHSI CTep~HH.~L 

3. ~3r~6 METAnn~4ECKoro CTEPmK~ 

np~ H3r~6e CTepmHA npAMoyronbHoro ce4eH~A ABYMA OA~HaKOBWMH 

H npOTHBononomHO HanpaBneHH~MH MOMeHTaMH M /pHc.21 KOMnOHeHTW 
Be~Topa CMe~eHHA ~ HMe~l BHA,/7/: 

_ Z 2 + v (y 2 _ X 2) xy xz 
U U y -v----." U
x 2R R z R
 

rJW R ~ J /M	 - paA~YC KpHBH~Hbl, J =: 400 a /3 ;.. MOMeHT HHep4~~E o y 
ce4eHHR OTHOC~TenbHO OCH y /01. pHC. 1/. CneAOBaTenbHO, div li = 

= (1 - 2v) xlR, .~ aena 4W-ia HHAY4HpOBaHHor-0 nons , cornacuo 110/, 
2 1 - 2v

Ex =: - 47TÀ en o -R- .	 1121 

nOAcTaBnAA xapaKTepH~e 3Ha4eHHA napaMeTpoB, np~HAB, B 4acTHocTH, 
v = 0,25, HMeeM no nopAAKY BenH4HHW 

1 
E - -,	 112al x R 

rAe E ~ R H3MepA~TCA B eAHHH4ax 8/M H M. TaKHM 06pa30M, AnR ,qaH
Horo MeTanna HHAY4HpOBaRHoe npH ~3rH6e none 3aB~C~T TonbKO OT 
paAHyca Kp~BH3H~ H HanpaBneHO BAonb R /3TO 048BHAHoI. 3neKTpoH~ 

"sblAaBnH BafoTcA 1 1 
~3 HH>+lHeVl C}KaTOVl 4ac TH B pac TA HYT y~ BepXH~~ 

4aCTb CTep>+lHA Ip~c.2/. 

npV1 panuyc e KpVlBH3Hbl 1M HHAY4HpOBaHHoe norte - 1 SIM. 3Ta 
04eHKa Ha 6 nopAAKQB 8~we npeAwAy~eVl. npH AOCTaT04HO ManOM npne
pe4HOM pa3Mepe a /CM. pHc.2/ MO>+lHO 6e3 oc06~x YCHnHVI nonY4~Tb 

BWCOKY~ CTeneHb KpHBH3H~. HanpHMep, B 30-caHTHMeTpoBo~ MeTannH
4eCKOVl nHHeVlKe, cKpY4eHHo~ B Konb40 /R - 5 cM/, HanpAmeHHOCTb 
nona ~ 20 8/M. Cuno sue nHHHVI HanpaBneHbl ~3 ue-rr pa «onsue , BHe 
nVlHe~KH nonR HeT. 

npH H3rH6e HepaBHOMepHOCTb ~ecpopMa4HH 04eHb BenHKa IAe$OpMa
4HA MeHReT 3HaK/, 4ero He Ha6n~AaeTcR npH Aect>opMa4HH cmaTHR 
B nane TAmeCTVI, rpaAHeHT KO~OPO~ Man H He ~3MeHAeTCA, KaK 6w M~ 

HH YBenVlYHBanH Bec /B~COT~/ 4Hn~HApa. 3THM H 06bACHAeTCR 60nbwoe 
OTnH4He nonA, HHAY~HpOBaHHOrQ npH H3rH6e, OT 3ct>etJeKTa 3nHr. 

I'1HTepecHO OTMeTHTb, 4TO a a C4eT Manor-o 3Ha4eHHA 11-2 vi AnR 
CBHH~a 3~$eKT H3r~6a CBVlH40BOVl nnaCTHHKH B 3 pa3a oHHme, 4eM 

7 



------

PHC.J. 3neKTpH4eCKOe none,HHgy

uupo a auuo e YA<1pHOrf HOSIHOÜ. C't-pe.rt-: 
KOÜ YKa3 ano u artp anrre aue rrOJUI, 
c o e nauarome e c HanpaBJIeHHe!'-l p ac-: 
npocr-p ane mrn aoruru ,+n -no 
8 nnaCH1HKe ,143 r ur aua InpV1 ogV1Ha
KOBWX paAV1ycax KpV1BV13HW V1 BaneHT
HOCTRX Pb V1Ti I, T'orAa KaK npu 

-L	 L x Ae~opMa4V1V1 B none TRmeCTV1 pe3ynb°I	 ~ TaT 06paTl-lbl~ - none B CBV1H4eLI _ 
B 3,3 pa3a Bwwe nonR B TV1TaHe 
ICM. npeAWAY~V1~ npV1Mep/. 3Kcne~V1

MeHTanbHoe nOATBepmAeHV1e o r oro BblBOAa ôuno 6bl BeCKV1M aprYM'eHTOM . 
B nonb3y paCCMarpV1BaeMO~ TeopV1V1. 

4.	 nOn.8pv13AUvUl METAJlJlA HA iPPOHTE Y,lV\PHOtl BOJlHbl 

nYCTb B neBO~ nOflOBV1He nnOCKoro MeTanflV14eCKoro cnOR TOfl~HHO~ 

2L nnOTHOCr b V10HOB asnue Ha ôn ~, a 8 np aaoá - HV1H<e Ha ônt, no OT
HoweHV1~ K cpeAHeMY 3Ha4eHV1~ nO /pV1c.3/. TorAa peweHV1eM 3aga4V1 
/61 - 171* B oõriac TV1 - L .:; x .::; L õyne T ~YHKqV1R 

\2	 ~ r
E x = -- 47711. e on o _~~_:.l~J_~l~ .. .1chL/A. 

3TO OCTPbl~ V1Mnynbc, Ha pV1CYHKe OH v1306pa;t<eH npeYBem14eHHO Wl'lPO
KV1M, c ~MnnV1TYAO~ 

2 l-
Emax• == - 4TTÀ e On o I 131 

B YAapHo~ BonHe Dn;/n~ ~ 0,10, OTKYAa cnenye r , 4TO Ema x;-· I O,9 siM.
 
eKa40K nOTeH4Y1ana, OAHaKo, He BenV1 K: o</J -. E mal' À. -. O, I B. npV1 a e

AeHHaR 04eHKa 3aBwweHa IT.K. tKa40K ynnoTHeHV1R C4V1TaerCR V1Aeanb

HWM/, HO He 04eHb CV1flbHO: Ton~V1Ha CKa4Ka Toro me nopRAKa, 4TO
 
V1 À.
 

5.	 3J1EKTPv1YECKOE nOJlE, V1HAYUvlPOBAIIHOE 3BYKOBOití
 
BonHO~ B METAnnE
 

PacnpOCTpaHeHV1e BonH B ynpyro~ cpege onV1CWBaeTCR ypasHeHV1
eM/7/ : 

2 ....a -, -t -, d.U
 
--- V di vU + G l\ u = p -- •

1 -	 211 dt 2 j,* " 3,a,ecb lPOPMYJILi /'..J/ HJIH /10/ npHMeHI1Tb HeJlb3H., nOCKOJlbKY QHH 

cnp aaennnsu B,a,aJ1H 01' r-p auunsr p aane.n a , a B J~aHHOH rtptu-re p e HMeH I 
no OHa H npep,C1'aBJIHeT HHTepec. i 
8 l 

3gecb G - MOAynb CABV1ra, OCTanbHble BenV14V1Hbl oripeneneuu Bblwe. 
npV1MeHV1B onepa4V1~ div K 06eV1M 4aCTRM ypaBHeHV1R V1 Y4V1TWBaR, 4TO 
iliv Ae~cTByeT HenocpeACTBeHHO Ha BeKTop cMe~eHV1R ~ nOA 3HaKOM 
nannaCV1aHa, nony4V1M 

1 a2 ....
(~	 - - ---) dív u =o , 

2c dt 2 

c == j"-~~-0-_=-=1I=)-0rAe	 - CKOpOCTb 3BYKOBO~ BonHW paCWV1peHV1R,
1 -	 211 p 

V1nV1 6e3BV1xpeBO~ BonHw/ 7! CneAOBaTenbHO, gnR ~HAY~V1pOBaHHoro 
nOTé H4V1ana cp ~ div~ V1MeeM ypaBHeHV1e 

l a 2 cP
~rP == -- ---, '1'41c 8 dt 2 

TaKV1M 06pa30M, .3BYKOBble aonuu B MeTanne conpOBOH<AaIOTCR 
3IleKTpOMarHV1THbIMV1 RBneHV1RMV1 r onsxo B TOM cny-iae , xorna B V1X 
COCTaB BxoART ao ru-ru paCL!Ú-1peHV1R, T. e. ~MeIOTcR Kone6aHV1R nnOTHO
CTV1 cpeA~. BV1xpeBaR BonHa IBonHa V1cKameHV1~/, pacnpbCTpaHR~~aRCR--- ,
CO CKOpOC TblO V CI p , , He AonmHa auauaar b .nonRpV13a~V11O MeTanna, 
nocxon bKY B TaKO~ aonue Ae(pOpMa4V1R I CABV1 r ai He npV1 BOAV1 T K V13
MeHeHV110 nnoTHOCTV1. BonHW Pene~, RBnRIO~V1eCR KOM6V1Ha~V1e~ BonH V1C
Kc1H<eHV1Tl I dív li == DI V1 sbnu paCWV1peHV1R I rot li = 0/ ~ pacnpOCT
paHTl~~~leCR co CKOpOCTblO HeCKonbKO MeHbwe~ V"GI P: , a r aroxe 
oCü6w~ BV1A ynpyrV1x BonH - BonHW B cTep~He, KoTopwe pacnpocTpa--- ---~----_.

HRIOTCR co CKOpOCTb~ Co =JEolp ==J 2 0 +v ) Gl p , ,AonmHbl Bbl
3WBaTb nonRpV13a~V1~ MeTanna. 

AV1nonbH~~ MOMeHT, V1HAY4V1pOBaHH~~ B eAV1HV14HOM ü6beMe MeTanna, 

-. 'VcjJ 2" -+. 
onpene nne TCR, co r naCHO 1101, Bblpa)t<el-i~1eM d = ---- = fi oe À. 'V dív u , 

477 

T.e. ypaBHeH~e 114/ onV1C~BaeT, no CYTV1, V1CT04HV1K AV1nonbHoro V13
nY4eHV1R. • 

6.	 3JlEKTPV14ECKOE norr BO BPA;UAIOL\EMC.8 gvlCKE 

80cnonb3yeMcR peweHV1eM TpeXMepHO~ 3aAa4V1 o HanpRH<eHV1RX 80 
upa~alO~eMCFl A~CKe/7/ ITon~V1Ha gV1CK~ 2a, paAV1YC R, yrnoBaR CKO
pOCTb Bpaw,eHV1R ta I. Ha HeKOTopOM yganeHV1V1 o r xp aa AV1cKa /7/ oop
Myna 1861 AnR 06beMHoro paCWV1peHV1R npV1HV1MaeT BV1A 

. ." 1 - 211 . 2 3 + 11 la 1 + 11 2 v ( L+ v) 2 2
 
dIVU = --- púJ [--R - -- r ~ ------- (a - 3z )1.


E o 4 2 3(1 - 11) 

CnegoBaTenbHo, BganV1 OT rpaHV14 HanpRmeHHOCTb 3neKTpV14eCKoro no
nR 110/: 
" 2 1 - 211 2.... 211....	 115/
E == 277'\ en o --pw (r + ---z) . 

G 1 - 11 
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paBHOMepHO sapFlmeHHoro wapa 

PHC. 4. 3neKTpHQeCKOe none BO 

np amaiomer-rc a MeTannUQeCKOM ,lJ,HCKe 

( v = 1/3). 3neKTpoHHblH r as "BbJ

,lJ,aBnHBaeTcR Il H3 nepHCpepHHHblX 06

JIacTeli K u;eHTpy AUCKa. 

B cnY4ae v = 1/3 3K8~nOTeH4~anb
H~M~ n08epXHOCTRM~ R8nR~TCR KOH
4eHTp~4eCK~e c$ep~ c 4eHTpOM B 
Ha4ane KOOPA~HaT /p~c.4/. np~ 

3TOM xap r uua cuno aux n~H~~ nona 
BHYTP~ A~CKa TaKaR me, KaK 8HYTP~ 

c 06beMHO~ nnOTHOCTb~ aapRga 

:À2enaw2/c~. llone HanpaBneHo K 4eHTPY A~cKa. 

npeAenbHaR 04eHKa HanpFlmeHHocT~ 3neKTp~4ecKoro nonR B A~CKe 

paA~YCOM R = 1 CM, apall\alOll\eMCR c yrnoBo~ CKOPOCTb~ ú.J ~ 0,1 caiR 
/T.e. Ha rpaH~ paSPyweH~R/, COCTaBnReT ~100 B/M. 

0614H~ BbIBOA, KOTOPb/~ MomHO cnenar b , cneAYIOU\VI~. 3neKTp~4ecKoe 

none aHYTp~ MeTanna AonmHo BOSH~KaTb np~ Bcex B~Aax HeoAHopOA
HO~ Ae$opMa4~~. np~ 3TOM HanpRmeHHOCTb ~HgY4V1pOBaHHoro nonR 
nponoP4V10HanbHa rpaA~eHTY 06beMHO~ Ae$opMa4V1~ /VlnVl rpaAVleHTy 
nnOTHOCTVI, B3RTOMY c 06paTH~M SHaKOM/ ~ paCC4V1T~BaeTCR no $Op
MynaM /9/, /10/. 

TeopeTVl4ecKo~ 04eHKo~ 3neKTpVl4eCKoro nonR, ~HAY4V1p08aHHoro 

rpaB~Ta4~e~ B MeTanne, no-npemHeMY OCTaeTCR $opMyna n.H.neôeAe
Ba /lla/ /VlnVl 60nee T04HaR $opMyna /11//. PesynbTaT ~~3MepeHVlR 

3$$eKTa 3nHr /21 , KOTOPbl~ oxaaanca Ha 8 nopanxos asuue r eoper u

4eCK~X 04eHOK /11/-/11a/, nOKa He ~MeeT 06bRCHeH~fI VI HymAaeTcR, 
no MHeH~1O aaTopa, B 3Kcnep~MeHTanbHo~ npOBepKe. 

ABTOP 6naroAap~T HrHaTOBVl4a B.K., nOKOTVln08CKoro ~.H., nH
capeaa A.$., Wa6anVlHa E.n. sa none3H~e oGcymAeH~fI pa60T~, a 
TaK*e BacVlnbe8a 6.8. 3a PflA 8eCbMa VlHTepeCH~X AVlCKYCCVI~. 

AaTop oc06eHHo np~SHaTeneH pe4eHseHTaM pa60T~ nywKap08Y U.H. 
VI np~e3*e~y B.6. 

~PHnO~EHHE 

K~HTH4ECKHE 3AME4AHHR no nOBOAY PA60T~ /1/ 

B pa60Te /1/ AnFl pac4eTa 3neKTp~4ecKoro nonfl E, VlHAY4V1pOBaH
Horo noneM TR>KeCT~ 8 MeTanne, ~cnonbsY~TCR cneAYIOO.\He ypaBHeHVlR. 
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, ~ 
II 
: ~ I1 

I" nepenVlWeM VlX, coxpaHRR 060sHa4eH~R 
~ ~. 

TaK~MVI, Ka~ 8/ 11 . AononHVlTenbH~e 
8en~4~H H HYMepa4V1~ $opMyn 
CooTHoweH~fI 6YAYT cneAoaaTb 

B an~aBVlTHOM nopAAKe. YpaBHeH~R paBHOBeC~R VlOHHO~ peweTKVI (i) 
VI 3neKTpOHHoro ra3a (e): 

~ --J ... 

/14/-y g + \7 P i + P t E i '::: O , 

-+ 

\I Pc '-PeE e =0,1+ /15/ 
I Y - nnOTHOCTb MeTanna, g - ycxope-rue c eoõónuo r-o né3.i\eHIIl~. Ilone 
, . IlHa L-10Haxll~ l VI -r0ne ilHa 3..feKTPOHaxll E e ~aKOBbl, 4TO E i - E e 
\ = W ~. 7]) dív E • . .E i + Ê e = 2E , rA~ 8 ~ 7] - ae xropa CMell\eHlIlfl /-10
I 

HOB III 3neKTpOHOB cooT8eTcTBeHHo, E - IIlCKOMaR HanpRmeHHOCTb IIlH
~ AY4V1pOBaHHoro rpaBVlTa4V1e~ nonFl. 3$$eKT~BH~e nnOTHOCT~ 3neKTpOH

uo ro / Pe / VI VlOHHOrO / P
i

/ SapRAo8 npennonaraor ca paaHblM~ /? /: 

P e = P i «en. / 17/ 

OTMeT~M, 4TO P < O, p\ <o co r nacuo /15/ ~ /14/.
8cKIIle

rVlAPocTaTH4e Aa8neH~}'f anex rpo-nroro rasa P e ~ ~OHHO~ pe:
weTKH (P I )cBR3aH~ c nonH~M rVlAPOCTaTVl4eCK~M Aa8neH~eM 8 MeTanne 
p ~ P e + P \ COOTHOWeHVlRMVI: 

s , Yi
P = -P, P = -P, /13/

i e 2Y Y 

rne y 1 ~ Y e - MOAyn~ ynpy roc r a ~OHHO~ peure r xn ~ anexrponuoro 
rasa, a Y:= Yi + Ye /2 - 8enVl411lHa CYMMapHoro MOAynfl ynpy roc r u ; 
Y e = 2nE F , rAe E F - 3Hepr~R <t>epM~, n .- KOH4eHTpa4~R 3neKTpOHOB 
npoBoAVlMOCTIIl. ~ ~ 

ü r aoc-rr ens aoe CMeu~eHlIle ~0':10B f) - ...7] ~BRsaHo C AVlnonbHblM MO
MeHTOM d eA~HVl4Horo 06beMa: 
KpOMe TOro, 

P edíV7]-t = diV(O -'~) 
-. • Ye ... 

= 

d = p (t9 - 71) /ow~6Ka 8 3Hal<e/*. 
e 

** 
/ow~6Ka B sHaKe/ , /12/ 

E = -4nd, div E 411 dív d = - 4rrp P /Y .e e e 
~ 

/t1CKOMbIMV1 8enVl411lHaM~ fi BnRIOTCR : 1/ ~ - HanpflH(eHHOCTb ~HAY4V1p08aH

Horo nonfl, 2/ P - 3$$eKT~BHaR nnOTHOCrb 3neKT~OH08, KOTopaR
B

nOCTOflHHa ~ paBHa p. (1) ; 3/ p - r~APOCTaT~4eCKoe AaBneHlIle B 
1

MeTanne, KOTOpOe np~6nV13I1lTenbHO, HO He T04HO (?) , paBHO ygZ. 
C Y4eTOM 3aMe4eHH~X oW1ll60K, 8~nV1CaHHaR CVlCTeMa ypaBHeHIIl~ 

COKpa~aeTCR III npVl06peTaeT cneAYIOI4~~ B~A: 

'1 

·~l 
* 
** 

4 ... 

- p e(8 - 1]) • 
... 

Ilocxorn.xv P e < O ., nortsno 6blTb d 

C)f(aTHIO, T.e. nonDIKHTellbHoMY AaBneHHIO, COOTBeTcTByeT OTpR

~aTellbHaH BenHqHHa AHBepreH~HH ~eKTopa CMe~eHRH. 
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....~ 1...·~ YpaBHeH~e Icl r peôye r nOCTORHHoro OTHoweH~R divÊ IP , HO -.yg + V P + - E divE = O, lal 3TO ycnoB~e He B~nonHReTcR, nOCKonbKY Ben~4~Ha417 
-t -t-+ s, .1 + P/4Y- ,yg + (l - Y IY) V P + 2 p E = O , 161 417p 2 '= _ 2p Y divE YeCyg)2 

e e e e-P- ------ (1 - -) ------------~-----

P 4YP Y [1 + PCl - Ye I Y}/4Y] 3 

divE 
-t 

= - 411'p-  Icl He paBHa noc TORHHO~ I P - -8en~4~Ha nepe-ie auaa/". YÇJlo-a~e, Icl e 2Y 
sunonuae r c a B eA~HCTseHHOM cnyvae : np~ P/Y -+ O , dív E ... O l:rorAa 

C~CTeMa, nony4eHHaR 6e3 ~cnpaBneH~R OW~60K, OTn~4aeTCR OT 3a
n~caHHO~ TonbKü 3HaKOM nocnegHero 4neHa B neBO~ 4aCT~ la/. 

OgKaKo npeAnO)f{eHHafl Mogenb HeBepHa 6e30THoc~TenbHO K 3aMe
4eHHblM ow~6KaM. BI-1J~HO, I.lTO ~3 I a, 6, cl Henb3R ogHo3Hat.lHO onpe
gen~Tb f, p ~ .nOCTORHHY~ P • C~CTeMa g~$$epeH4~anbH~X ypaBHeH~Ge 
la, 6, cl B ~3BeCTHOM CM~cne nepeonpeAeneHa, nOCKonbKY ycnoB~e 

p e ~ const /--~ anaen,,, Aono~~t;'-'~WM y pa BHeH" eM. " n03 TOMY He 
~MeeT pefeH~R I~JnY4ae ?ep~MeHHd~ Pe K npaBO~ 4aCT~ Icl cne
AyeT g06~B~Tb E VJ)e I Re~(04e~, BBeAeH~e nepel-1eHHO~ Ben~4~
Hbl 3$$eKHtBHor-o 3JleKTPOH~oro aapana fiblJ10 6bl euie õone e Heo6ocHo
BaHH~M npegnono)f{eH~eM/. 

ae~cTB~TenbHo, B~4~TaR 161 ~3 la/, nonY4aeM, c Y4eTOM Ic/,., * 
gBa npoT~Bope4a~~x gpyr APyry COOTHoweH~R gnR E : 

... s , V P
E=--------,

2Y P 1 + P 14Y e
 

1'" -t Ye P V P
 
- E div E = --,
411' 4y2 1-+P/4Y 

Yp'aBHeH~e I a' I $1II-3~4eCK~ onpaBfaHo, 
MO~ aaBHCHMOCTH E OT P: E 2 ~ -p npH 

= 0 / 11 P I ~ y>t<e n03ToMY Aon>t<HO 6~Tb 

la'f 

I t5 ' I 

HO 16' I np~BOA~T K MH~
P« 4Y I E = lJ, ecnu 
oT6poweHo. TeM He MeHee 

~MeHHO H3 16'1 nonY4eH OCHOBHO~ pe3ynbTaT pa60T~!1! 
,2 • Y p. 2 

~ = _e_,_ • 1231 
811' 8y2 

rne , cornacuo 111 , P "" ygz, P «4Y. np~ ~HTerp~pOBaf:i~~ 16' I 3HaK 
IIMI'tHYC" nepen npaaori 4aCT b~ 16' I, KOTOPbl~ l~on>t<eH OCT aa a r bCR 
~ npH "Henp,ae~nbHo~r1 aaruicu ypaBHeH~~, 3aMeHeH B! 11 Ha oõpar

~ **Hbl~ . . 

nOKa)f{eM, 4TO ypaBHeHHe 16'1 B Ae~cTB~TenbHocT~ RBnReTCfl 
TO)f{gecTBoM O = O, ~3 KOToporo, pa3YMeeTCR, Henb3R 4ero-n~60 

IsblBecTH". 

* / a t / li /6' / 6bIJ1H 6bl 

pOCTaTliQeCKOe ,rI,aBJIeHHe 

1P = .., yg sín KZ CP« 4Y; 
K 

cnpaaenrrasu O,IJ,1l0BpeMeHllo, e crm 6bl I'HA

H3MeHHnOCh no rapMoHH4ecKCMY 3aKoHY 

e 2 16 2-2 
K = 4" P e I Y ". 10 / e ) eM ) .4TO JIH-e Ce 3cP 

nreuo BCHKoro q,I131PteCKoro CMhICJla.
** -t -+ '11Ilpa nonc r axoaxe a = -E/411' D <P0PMYJlY /21/' , KOTopaH 3AeCb 

He npHBO,IJ,HTCR. 
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~nrl Pe B Ic'l nony4aeTcR HeOnpeAeneHHOCT~ T~na 010/. ÇneAOBa

I, TenbHO, Icl 3aMeHReTCR TO)f{AeCTBOM O = O. A nOCKonbKY 16'1 no

\ > nY4e~o YMHO>t<eH~eM la'l Ha ypaBHeH~e Ic/, TO ~ 16~1 AOn)f{HO np~

HRTb B~g O = O.i 
I 

Bunomure YKa3aHHbll11 npeAen-bHbl~ rrepexon B ~CXOAHO~ C~CTeMe 

I a, 6, ç!, nony-raes, s anuc b ypaBHeH~~ ~ Ka-KO~ 
Ha caMOM gene B AaHHo~ MOAen~: 

-t -t -+ -tY... 
-- Yg l- V P == O , - +.2 PeE :::: O , y g + (1- -t·) V p 

-. 
3A~Cb vP ~MeeT yme RCH~~ ~~3~4ecK~~ CM~cn. 

OHa Aon»<Ha -6b1T b 

-+ 

divE ==0. 

HeKoppeKTH~e COOTHO
weH~A Me»<gy 8en~4~HaM~ BToporo nopRAKa ManocT~, B 4aCTHOCT~ 

ypaBHeH~e 16'~ ~c~e3n~. 

PeweH~e J a' 1 3TO~ C~CTeMbl fJp~H~MaeT 8~A 

'1 Y.e 
E 

-I 

vP 
2YPe 

r ne Pe - Helo'13BeCTHaR noCTORHHaa. B cnyuae 
c T04Ho'crblO AO MHO>t<~TeIlR 3/2 cOBnaAaeT c 
~e~ p aôo r a . 

TaK~M o6pa30M, oT6poC~B Manble Ben~4~Hbl 

IAI 

P = ne 3TO peureuuee 
<popMyno~ 1-91 HaCTOR

P/4Y ~ divE , KaK 
ororo r peôye r ycnoaue P e = const , Mbl AOn)f{Hbl ogHoBpeMeHHO au
4epKHYTb ~ 'COOTHoweH~R Ic/, /6'1 ~ 123/. P~weH~eM Anfl Hanpfl)f{eH
HOCT~ ~HAY4V1pO'BaHHoro anexr pauecxoro nona f1SnReTCfI np~ 3TOM 
$opMyna IAI, CXOAHarl C o~eHKO~ n.H.neGeAeBa, OAHaKO 3$$eKT~B-
HaR nnOTHOCTb 3apRAa P oCTáeTCR Ben~4~HO~ HeonpeAeneHHO~. • 

I 

e 
B 3aKnlO4eH~e OTMeT~M, 4TO $opMYJla 1231 He TonbKO $opMaJ1bHO 

He BepHa, -HO, HeC--MOTpR Ha BHeWH~~ np~ BneK-.3TenbHOCT b, npOT~·BO

pe-urr \01 $V13J.o-I4ecKoMY GMblcny. 1-13 'C096pa>t<eH~~ C~MMeTp~,~ RCH0, 4TO 
np~ paBHOMepHOM C)f{aTV1~ 'MeTanna IP = const/ ~HAY4~pOBaHHoro nona 
6~Tb He AOn)f{HO. 06 3TOM npRMO CB~AeTenbcTByeT COOTHoweH~e la'l. 
COMHeH~R Bbl3'brsaeT ~ caM$aKT HeorpaH~4eHHoro pOCTa nona E c 
paccToRH~eM z OT BepxHerb TOP4a ~~n~HApa 14To, onRTb >t<e, Hei cneAyeT ~3 la~!/. 

I 

ij
 
(AenaHHwe 3aMe4aH~R caM~ no ce6e HaBoART Ha M~cnb, 4TO $~


3~4eC-KV1 BepHoMY peweH~~ OTBe4a~T COOTHoweH~fl T~na la'l ~n~ IA/,
 
HO HV1KaK He ~opMyna 123/. 

-B paôor e /2/ cOAep>t<~TCR '6onee paHH~~ BblBOA <popMynbl 1237. 
Ho ~ anecs OHa nony-reua 1'~3 H~4eíoll, nOC·KonbKY KBaAP<H~4Hbli1 

4neH B pa3nO)f{eH~~ /51 1'21 
OMera-nOTeH4~ana U -no CTeneHRM r~APO

c r ar.a-recxo r o .AaBneH~R /ocuo aa $opMynbll TO)f{AeCTBeHHO paaeu HYI1IO. 
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floMHAae a.n. Pl?-86-428 
3neKTPH4ecKoe none, HHAY4HPDBaHHoe HeOAHOPOAHOH craTH4ecKoH 
Ae¢opMd4HeH B MeTanne 

noKa3aHO, 4TO npH no6oH HeoAHOPOAHOH Ae¢opMa4HH MerannH4eCKoro rena BHyr
PH Meranna B03HHKaer 3JleKTPH4ecKoe none, o6ycnoeneHHoe 11 Bb1AaBnHBaHHeM" 3neKr
PQHHoro ra3a H3 6onee c•arwx o6nacreH HOHHOH peweTKH e MeHee c*aTble. BenH4H
Ha HHAY4HPOBaHHoro noreH4Hana 

h2 D 2/S .. 
¢ ~ · d.ivu, 

4nme 

r.qe h - noCTOAHHaA OnaHKa, e H m - 3aPAA H MaCCa 3JleKTPOHa, D - CpeAHAA 
KOH4eHTPB4HA 3neKTpoHoa npoao.qHMOCTH. CMC~~~eHHe u HOHOB peweTKH npH Ae(j)OpMa4HH 
pacC4HTb1BaeTCA Mero.qaMH reopHH ynpyrocrH. Bonpoc o BeflH4HHe nonA sHe MeTanna 
He paCCMaTpHBaeTCA. npHae.qeHW K0nH4eCTBeHHble 04eHKH HdnPA*eHHOCTH 3neKTPH4eC
Koro nonA, HHAY4HPOBaHHorO A~OPMa4HeH Meranna B none TA*eCTH (-10-6 6/H), 
npH H3rH6e CTeP*HA (- 10 8/M), BO apa~a~eMCA AHCKe (AO 100 8/H), B 3BYKOBOH 
H YAaPHoH BOnHe (Ao -t09 8/MJ. KpHTHKyeTCA HHTepnpeTa4HA pe3yJlbTaTOB OAHOrO 
3KCnepHMeHTa no H3MepeHHQ nonApH3d4HH MeTdflfla B r~ne TA*eCTH, BbiJlOJlHeHHOrO 
Ha 4eHrpHIIJyre. 

Pa6ora BblnonHeHa B fla6oparopHH HeHTPOHHOH ~H3HKH QHaH. 

Coo6111eHHe 061>eAHBeHHoro HHCTHT)'Td li,AepHWt HCcnt!,[lOBaHHA. ,lly6Ha I 985 

nepeBOA O.C.BHHOrpa.qoaoM 

Lomidze V.L. Pl]-86-428 
The Electric Field Induced by Ununiform Static Deformation 
in Metals 

It is shown that an arbitrary ununiform deformation of the metal leads 
to appearance of the electric field inside the metallic body caused by 
"squeesing out" of the electron gas from the regions relatively more comp
ressed into those less compressed. The electric potential induced by defor
mation is 

h2 0 21s ... 
c/J= ---. d.ivu, 

bme 
where h is the Planck constant, e and m- the charge and mass of electron, 
respectively, n - conductivity electron density,u - the displacement of ions 
(calculated by the methods of elasticity theory). The problem of the field 
outside the metal is not considered. The quantitative estimations of the 
electric field voltage induced by gravitation (Jo-6 V/m), at metallic rod 
bowing (10 V/m), in the rotationing disc (up to 100 V/m), and in sonic and 
shock waves (up to 109 V/m) are given. The interpretation of the results 
of one experiment connected with the measurements of the polarization effect 
in metal caused by gravity is criticized. 

The investigation has been performed at the Laboratory of Neutron Physics, 
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