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©1974 06'heClUHeHHblll UHCI!IUIIYII JIClepHbiX UCCAeCl06QHUU J!y6Ha 

I. _BBe,neHHe. 

Ym,Tpaxono.rurne Hehpolill co cR~pocTI>JO V <. Vo ::::. Veun 
o6Jia,naJOT, RaK H3B8CTHO, cnocodHOCTI>JO ncmmmaTI>-. np.aKTHtteCKH non

HOe OTp8Jit8HHe OT ;OBepXHOCTH MHOl'HX B8Ul8CTB /I' 2/ ~ TaRoe OTpaxe-
. ' -

Hne MOJ!teT HMeTI>_MecTo, xor.na ,n1Ill:Ha KorepeHTHoro pacceHHRH n.nep 

BemecTBa 

Bemr•nma 

S,neci> 

# 
Vo 

n01IOJ!tPIT81II>Ha • 

paBHa 

- ~ ~Hi' Vo- n;Y~. 
~ - nOCTOHHH8H llnaHKa, 

1.H - Macca HeATpoHa, · 

H. ~ - ~HC1IO R,nep B e,nHHJIUC o6~eMa • 

(I.I) 

.IlJm TBep,nbiX B8ll{8C~B CKOpOCT:b V., n_o nopn,ney B81IPI'IHHbl .- STO 

MeTphl B ceKyH,ny (,nM Me.nH Vo = 5, 7 M/ceK~ H ell cooTBeTCTByeT 

SHeprRH E rv ro-7. SB. . . 

.. , HehpOHhl CO CKOpOCTHMH V ~ J/o . . COCTBB1IHIOT, rp~nny, HM8!0lllYIO 

K8~8CTB8HHO HHble, no Cp8BH8Hlll0 C ,npyrHMJI, GBOikTBa. )!OSTOMY npc,n

CT8B1IH8TCH p8UHOH8JThHHM BB8CTH ,U1IH HHX H OC060e H83B8HHe, no,no6-- . ' . ., ' ,. . ~ . 
HO TOMy, KBK Me,n1IeHHI:l8 H8HTpOHbl HBM npimwrno . paa,neMT:b HB rpyn ·-

- . . . . /t·~- \ 
. 'llbi - pe30H8HCH!le, Ten1IOB!l8 H XOJIO,UHble, XOTH,'. CTPOFO l'OBOPfl, TO~.:.. 

Hl:lX rpamm M8JK,ey 3THMH rpynrraMH He cjmeCTByeT ~ B 1IHT8p8Type HeHT

pOHbl C 3HeprHel M8H:bme I0-4 SB ~aCTO H831lBBJOT ym,TpaX01IO,nHbiMll. 
. . 
. ' 

B CBa3H co CK838HHHM C1I8,UOB81IO 61l paa,nc1IJITb 3TY 061IBCT:b ~HeprHA 

Ha ,nBe: 

oqeH:b X01IO,nHble.HelTpOH!l 

-·yJti>Tpaxono,nHue·HeilTpoHhl 

E L ·rcr:4 :aB, 
' . 7 E .£. · ro- ·a B. 

PaccrAoTpeH:He onTH~ecKn:J<; cBoitcTn·Ta!mx· HeATpolioB MOJKHo Becmr·.ney-: 

MSI nyTSJI.U::·Mol!Ulo· noJionTI>' n ocHoBy p~~c~6TpeHRH cpe,nH~ noTeH -

UH81I, ,neilcTRY~!ldi H8 HeHTpOHhl B cpe,ne f 3f, H1IH xe HCXO,UHT:b H3 Be-

1Ill~HH!l DORa3aTeJia npeJIOMJICHHH HCRTpOHHilX B01IH/4,S/. 
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~.~.illarrHpO B CBOeM 0630pe / 3/ HCnOnb3yeT cpe~uR nOTeHUH8H, 

Herrocpe,ncTneHHo CBSI3aHHIDI: · c RB83HIIOTeHUHaHOM' ~epMH /G/ H paBHHli • 

.' '""' .. 

~-<- ' 

' 1,} ' ' , t;''2. t .~ ' '·. ?U.-~ ~ ' ' . ' ' 

27im. .iVc4. ::: ·::;rr-JV -1z ,1 (I.2) "'·~ ./ =- ~Iii; U= 
' ,4 ,,~ 2fill )/b f,(-71 t 

' ;;:~ 111 vz '1 
ECJm TaRo:ti noTeHIUiaJI m;>HODTeneH, TO :meprrur He:tiTpoHa E =--z · - ··I 

npH IIOII8,It8HHH B cpe,ny YMeH:E.IDHTCH H8 Be~ 

HHH 

1?t v. 2 
--~' 

2. 
mV2 

2 u 

, 2 - 1/ 2 ,,/2 '' 
Vf - - Vo , 

tL 

(I.3) 

r,ne Vo2~ ;; t{ = ~- ..tff- · paBHO {I.I), ToOo HeiiTpOHH CO 

CitOpOCT:biD V .0::: Vc, IIpH JII060M yrJie na,neHM B cpe,ny nPOHID<HYTD 

He MOryT, T8R R8R RBa.npaT, HX CROpOCTH V, z CT8HOBHTCH MeH:E.-

me HyM. 

IlpH 3TOM CHe,nyeT HMeTI:. B BH,Ity~ 'ITO CHH1l, :,neitCTBYRJII18H Ha HEiHT

pOH y rpaHHUH cpe,nu, HanpaBJieHa ITO HOpMaJIH R ee IIOBepXHOCTH • 

(OC:b ~. ) • Il03TOMY H3 Tpex ROMIIOHeHT CROpOCTH { t/~ ~I!+ I)Z+Ve? 
6y,n~T MeHHT:E.CH TOnhKO ~ 

TaKHM o6pa3oM, 
-~. ,;. . 

2 ~ -v. 2 
( Z . Z) v, =~+ 1 +-.~ -Vo; 

' z ' 2 ' z 
~l = ~--: v.; ~ 

(I.4). 

CJie,noBaTeJILHO, AJIH npOHHRHOBeHHH HeiiTpoHa B cpe,ny Heo6xo,ItHMo 
. . ; ,. ~ . 

Vi! > \lo , .a V2 = Vo onpe,ne!Iff~T yroJI nOJIHOJ'O BHYTpeHHe-

ro OTpalteH>ISI ,ItJU! HeiiTpOHOB C JII06HM _l.( • I!OCKOnbJtY . BCer,na 
·. ' - •• i 4 " .. , • 

~ ~ V . , TO np~ V ~- Vc, OTpalte~He IIpOHCXO,ItHT yxe. npn 

4 

I 
. I, 

\ 

I 
I 
I 
I 

-j· 
I 
j 

t 
t 
t 
.i 

-~ .. 

HRJ60M yrJie na,neHRH. CR838HHOC HBJIHeTcH KOpnyCJtYJUipHOH ~OpMYJIHpOB-
. . ~ . 

KO! yCJIOBHH IIOJIHOrO ·oTp8ltCHHH He!TpOHOB H rOBOpHT 0 TOM, 'ITO ,ItJIH 

~TOrO HBH6HHH cymeCTB~-~~a TOnbRO. ~OMIIOHe~Ta ~KOpOCTH .Heif~~o~a v~ o 
' ~- ' ' ' ' 

~ H8XOJt,IteHHH KO~HUH6HT8 OTpaxeHHH, a·TSKEe nOTORB H nJIOT-· 

HOCTH He:eiTpOHOB B cpe,ne Heo6XO,ItKMO nepe!TH K BOJIHOBOii ~OPMYJIHpOB

Re 3B,It8'llll; ~ STO;~ H~06XO,ItKM~ Ha!TH - 'f ~~ ,It~ HeiiTpO -

~oB· B cpe,ne H3 ypai3HeHHH Illpe.ItHHrepa- npz 3a,naHHHX ··._E . .. n U . .• 

U.-. , · 9To TeM _6oJiee Heo6xo.n:mJJo noToMj', 'ITO' 

. B8JIH'IHH8 KOMIIJieRCH8H . 

H8 C8MOM ,neJie 

' I . · II ... 

U= U.~.~_U, :cr.s> · 

T8K K8K B6JIH'IHHB G KOMIIJieKcHa 

-#- = !1-i #'I 
I . 

(I.6) .' .. ' 

R 11 R 1 

IIpH'IeM (T 06U'IHO O'I6HL M81IS no cpaBHeHHID C U • • .B CBMOM 
. I -

.nene, BeJIH'llllHB # . BO MHOrHX cnyqaxx 6JIH3KB K ro-I2 
CM 

.! ·• I. · . II ·• 

'(,nJIH Me,ItH -8- = 0, 79 ~Io-12 CM) • liTO KaC.aeTC~ . ~ , TO, COr-

JI8CHO . OnTH'I8CKOi TeopeMe, MHHM8H 'IBCT:b # , T • e. ! 11 
C;BH-

33~8. C nOJiHUM Ce'i6HH6M .. Or .· ,ItJIH HeiiTpOHOB COOTHOWeHH6M 

~ - L/.1/pll 
Vt - X rT , .;:_ 0:~7) ,;, 

r.ne · K· - BOJIHOBoi · BeRTop ( 3,necL npe,nnonaraeTCH, 'ITO ~eK

TimHoe -8- 11 
B cpe,ne no JtpaiiHeH Mepe He O'I6H:b OTJIHtJaeTCH. OT ·· 

. pli ' . . 

MHHMOH qac:rz ,nnruw pacceHHHH , u., ,nJIH H30JIHpOB8HHoro s.npa). 

llpHHKMBH -Of · paBHHM I0 6apHaM ,ItJU! TenJIOBHX Hei!TpOHOB, T.e. 
. . " .. . . ' ' ' ' 

Otf = ro-23c~2 
I no~HM G =;= 0,3 .ro-15 

CM, 'ITO' COCT8BJIH-

·S· 



... 

• 

eT' Me!iee' THCJI'IHOii OT ~emroiHH ' -!-'' ~· ·ri:oaTOMY. B 60Jii.DmHCTBe JiB1Ie-
• . ._. . ~ , . . ~ - . ·- '· . ' . . • - c-· ·~. 

Hirli, CM3aHHHX c Me;ri.ireinnoor He~TPOHaMH; HSirpHMep, .zvm cinpe.n;e.ire -

H~ · Vo; ~olElio c.jzTaTl> -#· .n:e!cTBHTemHcill BenHtnmoA~ O,nHa~~ 
HeJii.M no1IaraT:& :& ,, pal3HHM HYJID np:H pac'reTaX K03CfxPmnJeHTa. ;OTpa

ieuHJi YJI:&Tpaxon.o.zurnx HelhpoiroB~ T.K; ~ aTor.i·cJIY'Iae oH · oKaEeTM 

paB~t e)izHzne, · nocK6nl.~' HMeiii~o -6" co~epu:T ce"!e:Hze 3~naTa 
HeiiTpbHo:S • .IIJIJI q)H3HRz y.iriTpaxono.Iuna ileiTpoiloB aTo KPa!He cytl4~d
BeiJHO'~ R ·ll~aToM;)' ·w ~e 6y.n;eM B :naJILHebeM TeKCTe npeHe6peraTl. # ". 
Mil .n;oJIZHH Ta:De HMeT:& B BIUY, qTo -#1 

,• a ocodeHiro ·. #" B cpe.n;e 

HeCKOJU,KO RHHe, "leM ~ 1 
H ~ K ': ,zi}IJI ~~;;mlPO~HHOrO .a:.n;pa • 3TOT 

BOnpOC 6y.n;eT 06CYE.D;eH U03Ie (CMo § 3). 

r.n:e 

T.o~1 BMeCTO (!.3) R (!.4) MH .D;OJDKHH UHC8Ti. 

.· 

.,z vz z . 4/2 v, = ' - Vo + ~ v, 
,. ' 2 

uZ _ 11z _ 11..2+ i V.. 
v1l: -. Yl · " ·· : ' , 

z lt.
2 N~' 2. 'lt..2 N8" 

Vo = 1?1 z II{' j //;_ :- -;;;z_ .7[' . • 

(I.8) 

(!.9}<. 

(I~IO) 

B03MOJltHOCTi. OTpHUaTe1IbHOI_Be1IH"D''H!l V,: z npz V ~ Vo R KOMII-

JieKCHOCTb ~z npHo6peTBD~ qJH3R"!eCKKii CMHC1I, eC1IR OT CKOpOCTeii 

nepeATH K B01IHOBHM BeKTopaM 

v. z v2. uz z . 
k/= ;z' j K 2= p ; ko

2= ';z, 0 = l(;ni/!;·K(=~=~J"IYI,"(I.II) 
• ~ • • ~- • • • • • > • 

T;o. ypai!IleHHH (!.8) R (!.9} 3anmnyTcJI_TaK: 

k 2 -_kz k. .. z · '·'K.' z.._ k·.z.· /l?rA/.o 
1 - -:"" o + t. .i. - ·- ""ToJ'I /Yt:r- · (I~I2} 

uZ_.kz. z .k·z :' 2 A/ 
"ta- 2 -ko +.!. l =k'Z:- Lf.l[ryd!, . . ·. ·(I.I3} 

& = rf'- i #" 

6 

,, 

! 

I' 

i 
I 1· 

l 
'• 

' 

f .. 
~ 1-

.\-...:.. 

... ~ 

.; QqemJ,IUIO, "'TO · HBUHCBHHll:e 3.D;eC:& ~ z- /(, z . . 
H ,a y.n;oBJieTBOPJIIOT ypaB- . ·. 

z · Ki! . npenoMJIJIIaJieli-, . 
· Hemm mpe.n;HHrepa .n;JIJI B01IHH c .n:amm ·k 

CJI B.Cpe.n;y, B KOTOpOli HMeeTCJI UOTeHuH81I t{ , paBH!lA (!.2) .'' .. 

ToT qlaKT, "!To B COOTBeTCTBHR c (I~4)' R3 Tpex KOMrioHeHT BeKTopa }( 

npH llp81IOM1IeHHH BOJIHH B cpe.n;y MeHJieTCJI T01IDKOXf,H~npaBJISHHaa no HOp

M81IH1JIBJIJieTCJI'0611U'IM CBOHCTBOM B01IHOB!lX'IlpOUeccoB. CymeCTBeHHO, 

o.n;HaKo, 'ITo ni>z .# ~ Con;f H3MeHeH~e_ Ki! ·- -TaKJKe KOHCTBHTD, · 

T •. e. He 38BHCRT OT I( 

· B ·aTOM C1IY'!ae TIOJIY'IaeM, 'ITO·. oco6eHHOCT>l oTpaJiteHHH M npe1IoM- .. 

neHHJi. HeihpOHOB, BKJIKl"lBJI H HX BSpOJITHOCTH, O.n;H03H8'!HO onpe,neJIJIDT-

CJI c Be1IH"!l'IH8MH K i! ' .. H -#- • ¥!3 Be 1IH"!HH -_ K, z R K.2 .. cpa 3Y r . ' . 

HBXO.n;HM· KBa.n;paT IIOKB3aTeJIJI npeJIOMJieHH.fi ~OJIH r n~=- E ' T.e._-BeJIH-

"D''HY·~ aHanorHlJHYIO .n;HaJieKTPH"lecKo:lt nocToJIHHoli E ·.n:JIJI: cBeTa~: ITo 

onpe.n;eneHHIO, 

···. n 2 ='·E /(,2 uz 
= KZ = vz I 

(I.I4) 

· H1IR,Hcnonli3yJI (I~IO) w(I.II}_, 
·. . "~- z IV&! . L7 p , . p /t 

11. = 1-./l · -r.- · • u = rr - z o- ;, 
' ./f , 

HJIH 

·. z. 
't-o. f!! ·t·· ·.·· .. U 2 - -·t. U· . . 
It = - - -+ -. 1/2 . 1/2 

.... - ····z. Y. Y..· .. --- .. -
c· Vnz·=~<Ntf!'j . . z- lz.z Nff!" 

0
. 1?7':7/-' 11- In ':7/'. 

(I.I5} 
-~ 

-CymeCTheHHOCTl. TOJII>KO ·K:i 'i, B OTpaieHRR nnpeJIOMJieHHH BoJIH; 

oqeBH,T(H01 U03BO~eT BMeCTO BOJIHH- C BeKTOpOM , k , , II8.D;810UleH IIO.D; 

YfJIOM . 8. . , ' paccMaTp~BBTi. BOJIHy, - ~.IJ:YlllYXl no·. HOpMaJrii· H HMSIDicylO 

.>-
'"cv 

7 
~- ·-· 
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BonHoBoti BeKTop K~ = KCos9 .-ITpK aTOM Ka cpaBHeHM (Ia2) n 

(I.I3) BIW!O, 'IT0,8H81IOrKtrnO (I.I4)1 TaKOfiBOnHe cne.nyeT Tipl'!IIKCaTD 

KB8~8T TIOK838TenH npe1IOM1I8HHR 11.'l'Z. , KOTOPHR TI0.7lY'l8eTCH .H3 

(I.I5), 38MeHoi V · Ha tic 
2 

2 Kta 
n? = Kt 

1- Vo2 • K-2 
~z + t. uz. 

a! YJ! • 

(I.I6) 

T.o., 

k,'i = K2. n~ .. (!. I7) 

;I . 
3~ecb, KBK K pauee, npe~rronaraeTCH, .'ITO 17" . . - B81IK'IHH8 TI01IO- . 

Xl'!T6nbH8.fl. T. 0. , 6C1IK npeHe6pet~b MH:IDJIOit '18CTb!O n 2. , TO TipK 

yM6HbW6HIDi V . Be1IR'iHH8 f1. z y6HB88T H CTSHOBHTC.fl OTp~aTeJrt,-

HOH TipK V <:. V., , T.e. l't CTSHOBHTC.fl MHRMOR B81IR'iKHOR. 3TO 

n onpe~enHeT oco6eHHOCTH onTHKH yJIDTpaxono.nHHX HeftTpoHoB. -~ 

Rn6P C OTp~aTenbHOH ~1IHHOH pacCeHHHR HyXHO TIOCT8BHTb 3H8K 
2 z . 

rrepe~ \lo K1IK C'll'!T8Tb . llo OTp~aTenbHHM. Benl'l'll'!H8 ft. 2 

J!Jl!OC 

npn 

3TOM paCTeT C yM6Hblli6HK6M V z • 

2. OnT~t~ecKaSI aHanorHR R oco6eHHOCTH 
~HcnepCHH H8RTpOHHHX B01IH. 

BTOpolt TIO~O~ K OnTHKeyJibTpaX01lO~X-HeiiTpOHOB COCTOHT B 

TOM, ~T06H, KCXO,uSI 1!3 KOHCT8HT .B:'iBHMO~eiiCT~KH HeiiTpOHOB C ~aMH 
K cpe~oii, cpaay HaiiTK Be1IH'IHHY --~z. , He.~:n6e~~ K'Haxo~eHHD 
TIOTeHIUI~118 .. · U ·, . Tor~a ,- II01lb3YSICb rp8HK'IHHMH YC1IOBMMH ~1Ifi B01IH, 

TipHBO,ltft~HllH X COOTHOmeHHHll,BH81IOrK'IHHM K03~~HeHTSM ~peHenH, 

MOJKHO H8HTH8MTIJIHTY~H I.i lPa3H ()TP~eHHOft H npe1IOM1leHHOJ! BOnH / 4/ • 

8 

'".·. 

-~. 

"i 

I 

J. 

)l; 

t 

06a IIO~O~a B np~e p8BH03HStlHH, T~K.1 3H8H Z( '· K8K ~ Bll

~emi,Cpaay llOXHO orrpe,JteJIHTD Y'L.b K, O'!ElBIW!O, Hao6opoT. 0.nHSK6, 

TIOCKOnbKY 38~8'18 Henocpe,JtCTB6HHOrO BH'IHC1I6HM . U - 2. . 
:ann n - no-

xa He MOXeT 6HTb.pemeHa Brronue TOtrno, TO o6a no~o~a cne.nyeT pac

CMaTpKBSTb KSK H838BKCEMHe. 

flpnpo~a IIOK838T81IH npenoMneHKH HefiTpOHHHX B01IH T8K8H Xe, K8K 

~ CB8TOBHX BOnH. ITa~SDmaH BOnH8 BH3HB88T TipH pacceHHKR BTOpH'I-

HHe BOnHH, KOrepeHTHOe C1IOlleHHe KOTOpHX H onpe~enHeT npe1!0M1leHIJY1D 

:a oTpaxeHHyn BOnHH. PaaJmtme co _cBeToM onpe~el!HeTCH TeM, tiTo pac

ce:~maJOT, 'B OCHOBHOM, He 8TOMH, a ~a K, TipRHHMaH 3TO BO,,BHHMa 
. -

HHe, ~OK838Tenb rrp81IOM1I8Haff HeATpOHHHX BOnH llOXHO HaTIHCaTb no 
auanor;r:a co cBeToM. 

B caMoM ~ene,~na noxaaaTena npenoMJieH:aa CBeTa, 6Jmaxoro_K 

e~HHHD;e, ero BeJll!'lHHa, KSK H3B6CTHO H3 OnTKKn, onpe~enHeTM <\)op

MY1IOii 

n 2 
,;;.. t + J.t :Jf" IV' o<. j l H ~-:- 1 I ~'- t . (2.It ' 

r~e -~ - TIOJIHpH3yeMOCTb 8TOMOB cpe~. 
. . ·. ·- 2 CcJZ 

YMHoxaSI ypaBHeuae (2.I) Ha K = cz 
~ ·';, . : . 

, r~e · CfJ --- '18CTOT8 

cseTa, nonyliaeM 

1<, 2 = l<z. + 471/V ~2:< ·, (2.2) 

, . . . . -

il01I8. HBnpaEeHHOCTbD ~ ~yeT B STOMe ~OXDHHA MOMeHT 
·. I . . - . .. p =~ E , KOTopld coa~aeT B uanpasneHHH nepBH"moA BOJIHH noxe 
< -- I.- .. · .. 

CA.i~ E · 
E =- - oe -- e r..k?:. <2 3) 

I C 2 't. · - • 

9 
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T.o., aMIIJIHTy,na,noJIR: :soJIHu, pacceRHHOJ:l , :snepe,n, pa:sHa 

0qe:sH,nHO, qTO B Cn:ytlae He~TpOHOB ee CJie.nyeT B. (2.2) 

-# .; Tor,na non:ytlHM <fJOPMy'1IY, co:sna.nBDntYil c (I.W: 

A= Cd~ cz. 
38MeHHT:& H8 

K 
2 Z . ·.A/ d_ . d_ . 17 / - • ;// 

1 = k - 4.JT/YfT ," -rT = tr. ":"' t. b 1 (2.4) 

HJil!l tzz.,: :s corJiaco c (I.I4), 

2 . 7. /1/# .. -f -{!-- ,-- .·~// 
n ="'-.:::\-· = -t:'ll'" . ~- -~·I •• (2;5) 

B !944 ro~ 3._1liepMH, Bli,n}IMO, :sriep:sue np~e!fRBIIIIDi no~THe _noxaaa...:. 
' ' ; ; ·. 1" • .- .. ' • •' • .• ~ . • ' 

TeJIR: npeJioMJieHIIH ,nJIH onzcaHIIH noJIHoro :sHyTPeHHero oTpazeHHH HeaT

poHo:s, ~cno;d,3o:BaJI: <fJ~pMyJiy: co:sna.n~~ c . (-2.!5).~ llpn. aT~M OH orpa·

HH'!H:saeTcH aaMe'laHHeM: "Ha TeopeTH'!eCKHX coo6paxeHH! cJie.nyeT"/?/~~ 
. .. , ' --:~ -,_ : - . - ""~' . 

BepoHTHO, coo6paJteHIIH.aTH :s npHHD;Hne aHaJiorH'!Hll npHBe,neHHHM a.nec:&, 

T.K. B, JieKIUISii no HeATpOHHO! <fJHa~e I945 r/8/ .OH ro:sopHT 06 SHa-. 

JIOriiHX llOK838TeJIR: npeJIOMJieHM ,nJIR: HeATpOHOB H ,nJIR: peHTreHOBCKHX 

Jiy'le!; 

lliopMyJia (2.3) ,nJIR: pacceHIDm CK8JIR:pH!iX BOJIH (HanpHMep, 3BYJtO

BiiX) 6llJI8 llOn:ytleHa lliOJJ,nH / 9/ B !945 r. 06~6~~~~e a;~~ <fJopMy~. . . 

H 06CY3,D;eHHe ee, B TOM 'l~ICXe npliiMeHHTeJI:&HO K HeiTpOHSM, co,nepuT~ 

cH B CTST:&HX ~aRCS /IO/ !95! - !952 rr. P~ CBH3SH~ ~- 9THM ,. 

npo6JieMo6cY3,D;aJICH B .npyrzx;. 6oJiee noa.nHmt/ pa6oTax ( 3.II-I4/ H, 

BepOHTHO, eme 6y,neT 06CYJt,n8TLCH. 
,!;_,,. ·.::.::... •. , •. ; . . -,"' • ··~ ~ i ..:.~ ~-

:tel Y lliepMH :seJilfiiHHa · I·· · 3BMeHeHa; ce'!eHHeM ·paccesrHM 6 = il!li 
KpoMe TOrO, OH paCCM8TptmaJI TOJi:&KO ~eDJIOBlle HeATpOHll, ,nJIR: KOT0-. 
PliX .n-.f 6JIHaKo K HYJIRJ (nopjw<a.Io;,G )-.i Trir.na ri,+~ · MOJt-' 

. HO. CtmTBT:& pSBHllM · .nBYM• ' 

10. 
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3,nec:b . H XOtzy' o6paTRT:& BHl!MSHRe. H8 .. OC06eHHOCT:& ,nzcnepCHH HeHT

pOHH!iX :soJIH. ConocTaBlilM c aToft n;eJI:&Rl <flopMyJIH (2.I), (2.2) c (2.5) 

H (2.4). llOCKOJI:&KY llOJIR:pH3yeMOCT:& _c< CJI860 38BHCHT OT J\ 

TO n 2._ f ,nJIR: CBeTa B._ ~ep:so~ npH6JimteHHH - BeJIHlllllia 
1 

OT i He 
, ' ' . ~ ' . . . ' ' . ' ~ . ' 

38BHCH!I!BH • .llJIR: HeiiTPOHH!iX BOJm, H8060p0T, eCJIH BeJIH'lHH8 &- ::: Co11_st, - . . . z 2 . - . . 
TO He 38BHCHT OT A BemPmHa K, -k-;z;--:-4.7ftf(oM. (2.4) _l'l (I.I2)), 

li TO lite COOTHOmeHHe HMeeT MeCTO _ H .nJIR: ( Kj: - K~2. ) = -:- 4~ ## 
(eM. (2.!3) ). 

ITOCMOTpHM,'leMy 3TO:COOTBeTCT:syeT H8.BOJIHOB~M Jr3llKe. 

.llJIR: JIRl6iiX BOJIH 

k~2 =k 2Cos 2 &;;:; k 2{~-Sl'! 2B), 

r.ne e· - yroJI na,neHIIH;~H 

K z. v2 z. 2 1<2/. 2 . 2 Ia = rl IZ Cos ~ = ( 11. - s~·, e), 

p •. 2 ~ . f Jl.•. ze 
T.K. H3 88KOH8 _JlpeJIOMJieHM iU.n r:7t = h..~ -4U1 • 

ConocTa:s~ aTH ypa:sHeHiiH, noJiy'laeM 

. z '· . 2 ... · -' 

/(_~ - K;~. = 1</(t-:- nZJ. 
- . 

,,.·. 

(2.6) 

(2·. ?) 

(2.8) 

EcJIH w noi'pe6yeM·,- '!To6u cTOH!I!BH cJie:sa pasHocTi, H~,, 3aiitceJia ~T 
1< 2 ~- TO cpaay UOJIY'IHM~ .ivui - ( 1 -fi2 ) npondpn;Hc>HSJibHOCT:&.A Z ~-

KSK 3TO H'HMeeT MElCTO B (2.5).· 

- Mll llpHXO,nHM1 T • 0.1 K' BllBO.ny, qTO _ eCJIH npaBHJieii 38KOH ,nHCUep- , 

co (2.4), To npH J>accMoTpeHmt o;pa.:e~u H: np~JioMJieHu HeA~p~HHHX 
BOJIH. CY!I!eCTBeHHa. TOJI:&KO"· KOMIIOHeHTB : V.i! CKOpOCTH HeiTPOHa, ,nJIR: 

KOT<>poit"f.&OlltHO BBe-CTE.'n0KaaaTeJI:& npeJIOMJieHM • . nz,· (I.I6)~ 

II 
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CorHaCRe C Teopnefi B8HHqRHH yrna ITOHROro BHyTpeHHero OTpazeHHH 

~ T8ITXOBHX HeHTpOHOB R BennqHHH ~ ~nff YnbTpaXOXO~HHX HefiT-

pOHOB noKasuBaeT, ~To aTo YTBep~eHHe n saKOH ~cnepcHH npaBnnh

HH, C TO~OCTLID, no Kp8HH8H Mepe,·B HeCKOXLKO npo~eHTOB, B HHTep

Bane RSMeHeHM A-z. , no KPBfiHefi Mepe, B 105 pas (oT Tenno:Bux 

~0 YnhTPBXOHO~HHX H8HTpOHOB). 

nna 06XSCTK ~HKH BOHR 0 COOTB8TCTBYIDmDX peHTreHOBCKRM l1 BaKY

yMHHM JHLTpa¢HOXeTOBUM nyqaM1 3~eCL HMeeTCH rrpRMaR OHanorRR CO 

CBeTOM, T.K. ~nR CBeTa npaBKXeH TOT ~e saKOH ~HcrrepCHH : 

cvz . 'f> 
wz I 

nz.- 1- (2.9) 

z. .If ..7T ;Ve z 
r~e W,.P = nz , T.H. ·£~.83M8HHBR ~aCTOTa. 

OIUiaKO B 3TOM C~ae BHITOHHRIDTCR cpasy .IiBa He06XO,IUIMHX ~nR 

3X8KTpOMarHHTHHX BOHR yCJIOBM - 11.2 . 6XH3KO K e~~e ll, Rpo-

. Me Toro, w npeBHmaeT co6cTBeHHHe ~acTOTH aToMa. B o6HacTn 

~m!H BOHR, T8Kl1X ~e,. KaK y YnbTpaXOXO~ H8HTPOHOB, a Ta~e ~nff 

CBeTa OITTR'l8CKOrO ~nana30Ha· ~OpMJJIB (2.9) 38B8~0MO HeBepHa. 

B 3aKnroqeHne OTMeTKM, qTo ll B ~yrRX OITTKqeCKRX RBX8HHRX., 

CMaSH!lHX C H81l:TpOHaMH, .. TaR ~e . KBR J.I ,nJiJ:{ l OTpazeHHH H ilpeXOMn8HM 

BOXH, cymeCTB8HH8 TOnbKO .HOMI10H8HTa CKOpOCTll v~ .. 
TaR, o'!eB~o. q!O JCHOBife Bparra-:-Bym,cpa ~m:r oTpa~eHRR neilTpOHHHX 

BOXH KpRcTannaMH i ecnn BHJla3HTL ero -qepes . V z. , samnneTCSI 

TaR /4 • 9~ 

m ~ 2c::l = h.lz.. 

3TO KBBHTOBaR sanHCL,BITOHRe llp!tiBH'!HaR C TO'!KH 3p8HKff 60pOBCKOrO 

12 

.,., ~ 

. " 

,. 

YCJIOBKff KBaHTOBaHHR f p·dtp. = h ~ • 0Ha y~06Ha npz · paCCMOTpe

HJ.Ill M8TO~a ~~pa~ HeiTpOHOB no BpeMeHH nponeTa. . -

3. ~eKTJ.IBHOe ITOJie HeiTpOHHHX BOHR • 

IlpH no~eHRH ~OPfA!JIH (2.5) ~ noxasaTenH rrpeJIOMJieHJ.IR 

HeiTpoHiiHX BOHR MH ncxo~ ns aHanorHH co cBeTOM, .~m:r KOToporo 

I!pHM8HHMO COOTHOWeHHe (2.1). O~aKO rrpaBHJILHOCTb (2.1) orpaHHqe

Ha 06JiaCTLD n, 6JIR3KRX !(' e~~e. IIpn n, 38MeTHO OTJI~HX 

OT e~KUUi(2.1) CHe~eT 38M8HHTL ~opMynon !opeHT~-]~peHUa *) 

2 . L!ifo<.·· n == 1. + UT" .f - 7"F A/oC: .·:J"" tY• . 

ROTOPBR coBrra~aeT c (2.1) TOnhRO IIPZ AI« ~<I! .1 • EcJIR Mil Boc-. . - . 

(3.1) 

nonbayeMCH (3.1) KSR JIJCXO~OI ~1Ill HBXOJ!,Il;eHJ.IR- n ~ Hei\TpOHHHX .· . . '' .. 
BOJIH, TO no~ RHOI aaKOH .nic.nepcn :H HHYID BennqzHY Vo 1 .: · 

• ' • • • . .·' 'O 

PI I!pH 3TOM ~I! yJte He. 6y~e";' KOMUOH8HTOI!1 He 38Bl'ICHD18H. OT 

.V/: IIPR.B38HMO~eiCTBPIZ co cpe~o~~ if .. 
' 

Heo6XO~O, CJI8~0B8T8JILHO, ITOHRTb I!pH~ff.y HapymeHJ.IH BHBJIO-
\ . . ' . ~- - . - ' ' - .. - ., . -- ' . - . . . . . . . - . 

rn CO CB8TOM. B 3H8KTpO~aMHKe ~OPMYJia (3.1) ITOJIT,iS.eTCH, KBK 
' • ""t •. • •• ·.•. -"'1 -· 

H3B~9THq, 3JI8M8HTBI;l.~,9, H~ f. ~.c~ IIPJ.IIU!T,~ ~0 B~HPI~, _'IT~ .~JI~.K~::i. 
- . .. - . . . . I 

pH'!eCROe none. ~eACTBYJlll!ee . Ha STOM. ' E ' • He paBHO' B cpe~e - ,, 
',• . ",:;.. ··.. ·.· .. :··:· ''.' ,~·.·:~· ~ ·.~ ·~ . . .·, ..... •..;; ·.'-···· 

*)'B 'caMOM ~eJie; ecJin -paspeinin· (3~1) OTHOCKTeiiLHO .N«s~.;Ti{'~C?. 
Jiy'!KM IIPlmH'!HYD 4>0PMYJIY . f .q AI« = .;:~:~.. . . .. ..~ ·;~ 
rr> CM.,HanpHMep;''OIITHKy"MaRca EopHa'I93Z (pyccxoe H3~8HHe,I93?) 
IG/,. B KO'l'opo~ •. B '!BCTHOCTH rrpne~eH Bim0~.4K>PMYJIH iiopeHT~.,.]o~., 

pei~Ua za· mliePIPe:Peaitmi K~repeHTHo-pac~~ BoJIH. 3Ta Rffiu.a -He·· 

noTepgna CBqero mrrepeca li cehac', BeCMOTpR ·Ha p$t.Jl nocJr~ " 

ee ns.n:aHBI /~G/.. · . · . · · · 

13 

..... 



~~ ~ :-:::..:-

I 
!· 

·., 

"· 

BHenrneMY nom:> E 

I 

E-==E+ 

OTRy~a 

·' • 

•''" 

, a HMeHHo: 

!1...7/P .3 · P=lic<E' ~ , 

E E'= 
1- ¥"N« 

1'1 3To; O"ieBI'I,I\HO 1 ~OJDKHO Y'JI'ITHBaT:bCR. . 

.· 

(3.2) 

(3.3) 

Il03TOMY <iJOPMYJia (2.~n, KaK llOKaaaJI JlaKC /IO/, B 06l!leM B~e,npH-
rO~HOM 1'1 ~na CBeTa 1'1 ~na He~TpOHOB, EMeeT B~ 

K, 2 = k 2
.-+ ..t./:11 .!Vc f (a.~ a.)· (3.4) 

3~ec:b /(a ~a) -a.MpmrTy~a BOJIHH,ynpyro pacceJIHHoi Bnepe~. a 

C agxpeKTlmHoe noJie 
Bemt"ii'!Ha · = KorepeHTHoe noJie 

T.o.,B-CJiy-qae CBeTa (3~4)''0TID!"iaeTCR'oT (2.2) HaJII'I'qFieM KOa<lJ<PH-
. - £' . . 
· IU'leHTa C • IloJiara.II C = E, na (3.3) cpaay noJiy-qaeM <iJOPMY-

liY JiopeHTW·JlopeHUa. ,llJI.II noJiy-qeHI'I.II {2.3) O"ieBI'I,I\HO, ayiao ~na .He:ltT,.. 
/ . . ~~ 

pOHOB,B OTID!"ii''e OT CBeTa1 nQJIOUT:b C =I. T.o.,npo6JieMa OTJil!!-

~' (2.3)•1'! (3.I) CB.II3aHa C pa3ID!"iPieM a<P<iJeKTI'IBHOro nona B o6oFIX 

~TI'IX CJ!Y'IB.IIX. Ka"ieCTBeHHO 3TO OTID!tllre JierKo TIOH.II?,':bo B caMO~ ,rie:.. . 

':. ~ 

Jie, aJieKTpMecKHi! ~HnoJI~, KpoMe nona B BOJIHoBoA aoHe (2.3)', npo

noplU'IOHBJI:bHoro K 2 
M y6uBaBll!lero c · paccTO.IIHFieM KaK ·.f, , ii 

6mmalhneft aoHe. coa~aeT a.ileKTpocTaTll:"iecKoe noJie, He aaBzcsriiiee .oT · 

K . OH~ npo~op~I'IOHBJI:biiO ~HTIOJI:bH~MY MOMeHTY, R·y6uBaeT ·c paccTo-. 
I - . 

~ .IIHReM KBK z3 • T • 0., BHenrnee llOJie, 38 C"ieT' llC>JI.IIpH3aUFIH ~HTIO~ 

Jiei,coce~mC C ~aHHHM~ B caMOM.~eJie C03~BeT ~OllOJIHHTe.nl,Hoe:aJieKT
pOCT8T1'I'qeCKOe UOJie, ,,T{TO ~ COOTBeTCTBYeT (~~2) ~ ,llei_CTBHT6JI:bHO; (?:3), 
B OTJIH"iHe OT (2.3)1 He 38BHCHT OT -qacTOTH KOJie6aHHi. HHa-qe 06CTOHT 

14 
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~eJio ~n.II.CKBJI.IIPHOR BOJIHH, ,TaKoi ;aK HeHTpOHHB.II ~) B aTOM CJiy-qae 

aMTIJIMTy~a pacce.IIHHO! BOJIHH Ha m:>6HX paccTO.IIHI'I.IIX; nPeBHillanmnx pa

;rn'I.YC MepHHX c:rm, y6HBBeT KaK 
. -8-eiK?:, . .~. 

.i 1'1 TIOJie llpOTIOPUFIOHBJI:bHO 

~ , T.e. peayJI:bT14JlYBllllee noJie QeJIHKOM noJiy-qaeTCR 1'13 Kore-

peHTHoro cJioJKeH:rm BOJIH · ;gr;) 

MoJKHo ID!, O~HaKo, YTBep:ar,naT:b, liTO ~JU:t'ite!Tpo\fiffix 'BoJIH C. 

paBHO 6,l(HHI'Irte? IJO-BH,II,HMOMY; 1'I _ TeopeTH'le <:KI'I 1'1 3KCnepHMeHTaJIJ>HO 

MOJKHO YTBep:ar.naT:o, 'ITO OHO 6Jm:3KO K e~I'!I~e. G 3TOH TO'IKI'I apemm 

miTepecHH· pa6oTH /II,..I2/ Baimuie:BcKoro, ITo.nropeQKoro H .II!o6o~Rua ( 
B KOTOIJHX o.zumM MeTO,l(oM· 1m Kor~pEmT~oro 'ciiolieHI'I.II Jimoroi<p~THo' 
pacceimHilx Boirn onpe~eJiea' KDa<iJ<PHUPieHT npeJio~JieiiM~ ·n·c~ae , ... 

3JieKTpGMarHHTHHX BOJIH TIOJIY'IBJIBC:O <iJopMyJia JiopeHTU-JIOpeHUa, a B 

·CJIYT{ae HefiTpOHHHX .·-. <fJOpMyJia (2.3).0 COrJiaCUH ee C OllHT.OM . 

yxe ynoMHHaJioc~>. Heo6xo~m.1o, o~aKo; OTMeT~Tl>: 'ITO BeJIUl!UH!l yrna 

noJIHoro BHYTpeHHero ··oTpaJKeH:rm n· noporoBofi CiwpocTH · V.. eMs a-
- I 

HH C ~eiiCTBI'ITeJI:bHOfi "iBCT:OIO.~Jm:HH pacceRHI'I.II -B , a, CJie,IJ;OBa -

TeJU,HO, )J.efiCTBH~eiiJ>HB.II 'iBCT:b C B CBMOM ,neJie 6111'131\8 H e,l(HHI'JUe. 

1JT6 KacaeTC.II MHHMOH 'IBCTH, TO MOlKHO TOJU,KO YTBepJJUlBTb, 'ITO 0118 

M8Jia llO CpaBHeHIDO ·C e;rzyJ.HI'!Ue~. IlpPI 3TOM XOTJI 6H He60JibillBR MHlli'IIB.II · 

'IBCT:O B B61Jl'l"illli8 C He TOJIJ>KO MOJKeT 6HTb, HO 38Be~OMO HMCeTCR, 
,-; .·,.' 

H ee Heo6xo,nl!Mo Y'JHTHBBT:b. lr · , , 
,llonycKa.II STO H, o6o6tn8Ji <iJOPMYJIY (2.4) B. COOTBeTCTBI'II'I C pe3y1JJ>

T8TOM JfaKC81 Mll llOJIY'lBeM 

~) ABTop 6naro.napeH:M.H.IIo.nropel{KoMy sa o6c~eHHe aToro Bonpoca. 

B) Cyll!eCTBeH~ J3onpoc · o MDrinmiux . BaaHMo.D.eicT.BMx a.nec:o He 
paccMaTpHBaeTCR. 

IS 
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K, 2 = K2~ L/.7/N(c '- ,· c':J[io'- i io"J 
,__ ~ . . ' I (3.5) 

., , , 
~.ne #o H &., - ,n1IHHH pacceJIHirm .nmr naoiDipOBaHHoro R,npa~ 
BoaBpamaic:r:. K li!CXO,nHOi.i lPOPMYRO (2.4) l'IJIR (I.I5)1 ~o.nytrnM, 'ITO a<p-:. 

<PeKTHBHHe ,nJil'IHH pacceaHBH B cpe.ne 

.. ,g_~. ,p/ . . · .2":_ "D~'-tc'P'' 
"fT - C VD , .·. U"0 - C O"o 'lr 1 (3.6) 

"" , npHtteM, BBz.ny MaJIOCTH -u n c. HX nponaBe.neHJ.IeM npeHe6pe-. 
. . ~ . .' 

raeM., 110CKOJibKY J30~t:!li!Ha -8 7.ti1 
, , KBK BlJ,IlOJHl:, TIOpa.nKa IO~, TO 

. c' . , p '~' ~OCTaTO'lHO ~axe Yanon·no cpaBHOHHD C BOJIHtiHHU C. ,'lTOdH~ 

p/1 
3BMOTHO H3MOHHJIOCb ITO CpBBHOHED C tr0 

110KBXOM, 'ITO B KBKOR-TO MOpe 3TO ,l{OJIMHO HMOTI:. MOCTO. B OTJIH-
1/ · . N 

tiRO OT -8- ( CMo lPDPMYJIY (I.?) ) K #. 3BBO.l{OMO TipHMOHHMa 

OllTHtiOCKBR TOOpeMa. 

T.o.,_. 

pit K·c>-· K . 
U"o = "f.JT. u-t = q;JT (oeK +O'en 4 0c) 

. . . (3.?) 

r.ne Oe.K - ynpyroe' KorepeHTHoe pacceJIHPie, ~n. . - ynpyroe 

Iie~orepeHTHoe pacceRHHe H Oc - ceqeHHe 3axBaTa Hei.iTpoHoB. 

nonycTHM, 'ITO BCOMPI CO'lOHPIRMH, KpOMe OeK ' MOD!O npeae-

6pe%. Ha TOOpHH pacceRHM ~3BOCTHO, 'i~O B cnyqae UOHTpa_JibHOil: 

cHMMeTpHH :PI S - Bomrn: aMmnrry.na pacceaaKII f paBHa 

I= (:Z ·i K)-:1 ( e~'·J'_ .t) ~ t e ,·~,;,. tP. (3.8) 

Ce'leHne pacceaHirm np:PI aToM ,noJIEHo 6ur:r:. 

·16 

. -· 

-· 

QeK = '-1 'll/f /2 = t'f ~Lh 2J: (3.9) 

To Jlte CB'lOHHe ,l{OJID!O ITOJIY'i:I!T:DCR1 COrJiaCHO OITTR'lOCKOi.i TeopeMe, R3 ... 

MHBMOft 'lSCTH f . 
- ~.7/ T ~- 4'.JT · 2 0eK ~ I< ./ht ..,... kz, -SiJt tr, (3.IO) 

BOJIH'll'IHB KOTOpOft ,nei.iCTBHTOJibHO COBITB,l{BBT C (3.9). ·'•. , . 

BeJIR'iP.!Ha - -G ITOJIY'l:PITCR ltaK npe.nen I .nmr MaJIWC K-

( c: =- f) · T .o., B npe.nrro.lroxemm Mimux x 

;_;1-. // ~cf'~tP 
lTo - lro - c. f:. = - e ~· : (3.II) 

nonyCTHM, ~TO l'I3 TBRHX ROrepeHTHO paCCOHBBDmllX R,nep C ,nJIHHOR

pacceRHirm &. . UOCTpOeHa llJIOTHaR cpe,na. 11pe,niT03IOJKl'IM, 'iTO K 

XOTH H MBJIO, HO BCO :r;e 6oJibme - f<o (XOJIO,nime HJIR O'iOHI:. XOJIO,l{ -

RHO HBITPOHH) • 110CKOJibKY O,n:PIHCTBOHHHM TipOUOCCOM B38HMO,nei.iCTBRff 

C R,npBMH, .. KBK MH_ npe,niTOJIOllHJIR, HBMOTCR KOrepeHTHOO paCCeJiime 1 . · 

TO BOJIHB B cpe,ne MOlltOT TOJibKO rr_epepacceHBaTI:.CH, KOrepeHTHQ CRJia

,nHBBHCI:. D BOJIHY_ c BOJIHOBHM BeKTOpoM K; _, pacnpogTpaHRIOuzyRJCR -· 

B cpe,ne. Ii.a 3BKOI!B COXPBHOHRff 'iBCT:Hll CJie.nyeT, ,,lfTO TBK~H BOJIHB•• .. 

3BTyxBT:D _He 6y,neT. 0TCI>,n8 CJIO,l{yOT, 'iTO:_.J<t , a COOTBOTCTBOFIHO; 
z - . . // 

H K, - ,neiCTBHTeJibHHe BOJUI'!UUnl. CJie,nOBBTeJI:DHO, tf ·. q:.I2) 
II . . . 

:PI (3.6), B OTJIR'ilr!e OT ~ J 38BO,l{OMO paBHa HYJ!D (aTa OC060HHOCTI:. 

. OTMetreHa B pa6oTe /II/) • . " . 
P~ o! 1 

T.o., cpaBHHBBH c (3.II) :PI npe,nrroJiaraR, .'iTO v "02> .· ( ·-C = I) 
. . .. . J 

ITOJiylmM 
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··''·. , 
•· 

..$- = e £Jl&;, 

lfHHMR CJIOB8MR1 

• 

.· -ivzJl 
=-y 

-c.·O' . .?/ c = e == to~ i Ko() . 

(3.I2) 

(3.I3) 

· B .neficTBRTeJI:&Ht?CTR, BeJIR'!RHa c" saae,noMo co.nepuT eme .nae no

npaBKn,. KOTOpHe ,ItOJIXHH 6HT:O yqTeHH. TaK, HaJIH'IHe ynpyroro HeKore

peHTHOrO paCCeHHKff B O,ItHOpO,ItHOH ·Cpe,ne, IIO-BR,ItHMOMy, TaKEe BHOCRT 

TOJIDKO He60JI:OWYD IIOIIpBBKY B BSJIRlJEHY 38TyxBHKff KOrepeHTHOH BOJIHH 

B cpe,ne /I4/. CJie,ItOB8T8JI:OHO, MHRMaJI lJBCT:b C B KaKOH-TO Mepe 
~ o• . . 

KOMneu~:apye~ uen B :· O"o • J(anee RMeeTCJI rrponecc Heyrrpyroro 

paCCeHHHH.HeHTpOHOB cpe,noi. J(Jin O'ISH:b XOJIO,ItHHX R YJI:bTpaXOJIO,ItHHX 

HeiTpoHoB oH npnBO.ItRT. K :ax HarpeBy ll:, cne.nimaTeJI:&Ho, BH6HBaHmo ns 
.? // . 

BOJIHH, pacnpocTpaHSIIOllleHcSI B cpe.ne. BeJIR'!RHa -c., .ItJISI RH.ItRBz.nyan:o-

Horo SI.ItJl8 a TOT DpOUSCC, 0'!8BR,ItHO, He ytJRTHBBeT, T .K. Heyrrpyroe 

pacceHHRe EosmmaeT TOJI:&Ko B cpe.ne. Cne.noBaTeJIDHO, oHo nxo.nwr B 

BSJIR'IRHY C 1/, T • e. TaKEe 38 C'!.ST MHRMOH '18CT.II BSJI.II'!RHH C 

HecMOTJlSI Ha TO. 'ITO 31fxiJeKTHBHOMY. nomo · C nocBSimeuo .cnenRaJI:&uoe 

::ac"cne.noBaHRe · JiaKca I952 /IO/. BR.ItHMO, nocne.noaaTeJI:&Hoe Teoperii

'!ecKoe ero orrpe,neJieHRe. noRa HenosMoirno~ liTo RacaeTCJI aRcnepm.ieH.:.: 

TaJILHOro ee H8XOlK,It8HPIH, TO RM88TCJI 0'!8Hb lJYBCTBRTeJti;HJiH CIIOC06 

orrpe,neJieHM BSJIR'IRHH c''. ( 3 ~ 6 J. KoaqxpRnReHT OTpallteHM : IZ 
.ItJISI y~TpaxoJIO.ItHHX HebpoHOB · 1~. 4/, :If) 

~ .: . zv~ -&'/ 
1-J<·=. ruz-u.z;sz. If'. 

JE.--) -B-p-a6_o_T_a_x_JM3, 4/ aTa ¢lopMyna .n.aHa n HecRon:oKo HHoi! sanncn. 

II' 

T.o.,nsMepeHne BpeMeHn xpaHeHM YJIDTPaXoJio.ItHHX HeiTPOHOB Henocpe.n-
~, 

CTBeHHo · nosBoJISieT orrpe,neJIRTi. v· •. I1MeJO~CJI cei'!ac aKcnepRMeH-

TaJIDH!iH MaTepHaJI IIOK83HBa8T, .'ITO RMeeTCJI H8KOTOpOe ,ItOIIOJIIDITeJI:b

HOe nornomeHRe HeHTPOHOB, IIO~B~OMY, He 38BRCSimee.oT ~H. 
no IIOPSI.ItKY BeJIR'lRHH BSPOJITHOCT:&.nornomeHRSI rrpn OTPSXeHRR 6oJIDwe 

. 1/ : • ' ' 
OlltR,ItaeMOH R3 ~ npRMepHO ·Ha 3.10-4• EcJIR c,neJIBT:b rRIIOTesy, 'ITO 

OH8 06'i.siCHSieTCJI BSJIR'lRHO:it C /1 , TO IIOJiyqHM, 'ITO ,ItOIIOJIHnTeJI:bHOe 

yBemrtteHRe C 11 npoTRB ~JJtR.ItaeMoro, ns· aJieMeHTapHHX coo6pallteHRi, 
-4 / npRMepHO 3.10 • MOlltHO Ha,IteffT:bCJI, 'ITO npR 6oJiee IIOCJie,ItOBaTeJIDHOM 

BH'!.RCJISHRR BeJIH'I.HHH C 1i npzpo,na 8TOH IIOIIp8BRH 6y,neT IIOHSITHa. 

Bo BCJIKOM cnyqae,_ oHa osHal!aeT HacTOJIDKO · MaJioe ·oTmrttne C OT 

e,ItRHroni, 'ITO HeT OCHOB8HRH Y.ItRBJISIT:OCJI TOMy, 'ITO OH8 MOllteT RMeT:O 

MeCTO. C TO'I.KR speRM cpnsR'!eCROH, BBe,IteHRe TBKOit cpeHOMeHo.iior~iiec
KOfi norrpaBKR. B . c II 03HairaeT. 'ITO B saKOHe nornomemm YJlbTpaxo

JIO.ItHHX HeiTpOHOB B.HSCTOSII!lee BpeMH He Bee YlJTeHo. B, o6Jiac~n-riko
pocTe:it He:itTpoHOB, ·nPeBHW810tm'!X . Vo • aT a nonpaBKa. KaK noRa sa-· 

B8JOT 3KCIIepRMeHTH lliTe:itepna, IIO-B~OMy, OTCYTqTBY8T / 3 ;I'7/. 
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