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PaarrH'IHbie peaKunn co caeTOBbiMH n Terrnoab!MH ljloToHaMn oocyJKaaroTcs a rrocneaHee 

/1,2-,3/ c 
BpeMH B OCHOBHOM B aCTpOijlH3H'IeCKOM acrreKTe , apyrol! CTOpOHbl, Hel!TpHHO C HX 

orpOM!IOl! !IpOHHKaiOIIlel! CIIOCOOHOCTblO TaKJKe MOI"yT HMeTb OOIIbWOe 3Ha'l:eHHe ans acTpo

/4,5/ 
ljlH3BKB H KOCMOIIOI"BH , 

ECIIH BHTepeCOBaTbCSl TOIIbKO IIOBeaeHHGM CBeTa npn B3aHMOael!CTBHH C MelK3Be3aHbiM 

aemecTBOM, To cneayeT oopaTHTbCst npeJKae acero K TaKnM aneKTpoanHaMH'IeCKHM npouec-

-31 2 
caM, xaK aljlljleKT KoMnToHa, HMeiOWHM ans caeTa ce'l:eHne u ~ 10 eM • 31jlljleKTbi c y'la-

CTneM Hel!TpnHo HMeiOT, ecTecTBeHHO, MeHbWHe ce'leHRH, HO MoryT ObiTb liHTepeCHbl na-aa 

npncyTCTBHH Hel!TpBIIO. npouecc y+:e .. e +V +:v 
161

• aaromnl!, no-anaHMOM}', OOIIbWOll 

BKrraa B Hel!TpHHIIYIO CBGTHMOCTb 3Beaa, HMeeT Ce'leHHe u·- 10-69 
CM

2 
arrst CBeTa, AHarro-

/7/ -90 2 
I"H'IHbll! !Ipouecc Ha !IpOTOHe HMeEIT Ce'leHHe u·- 10 CM , 31jlljleKTHBHOCTb 3TiiX rrpo-

UeCCOB anSI MeJKI"arraKTH'IeCKHX B3aHMOael!CTBHl! yMeHbWaeTCH TaKJKe H3-3a Marro!! IIIIOTHo

CTH 3apsJKGHHbiX qaCTHU 10-
5 

CM -
3 

ans npOTOHOB). B 3TOM CMbiC!Ie MOlKeT Ob!Tb oo-

/1/ 
nee BaJKeH npouecc )' +:y .. II +:v 1 OUGHeHHbll! B CXeMe C !IpOMelK:)'TO'IHbiM Me30HOM 

H HMelOWHl! Ce'leHne 10-
62 

CM
2

, 3Ha'IHTe!IbHO MeHbwee Ce'leHne HMeeT OUeHeHHblli B 

IIOKaiibHOl! TeopHH rrpouecc
13

j+:y .. y+V+V u ~ 10-
11° CM

2
, CTO!Ib Ma!Ible ceqeHHH 

He rrpnaoastT K aaMeTHbiM aljlljleKTaM aaJKe ans caeTa, rrpnxoaSllllero K HaM c orpoMHbiX pac

cTostnnl! OT aarreKnx rarraKTHK, 

npnaeaeHHbie aaecb rrpoueCCbl paCC'IHTbiBBIIHCb ami oeaMaCCOBbiX nel!TpHHO, Ho SKene-

pnMeHTOM noKa He 3aKpbiTB B03MOlKHOCTb HMeTb Macey IIOKOS! KaK ans 31IeKTfJOHHOI"O, TaK 

H ami MIOOHHOI"O HGl!TpHHO, 8 CBS!3H C 3THM paCCMOTpllM ewe OaHH IIpOUeCC ans CBeTOBbiX 

ljlOTOHOB, a llMeHHO ynpyroe paCCeHHile Ha MaCCiiBHbiX Hel!TpllHO: 

y +v (v ) .. y +" <;) . ( 1) 

<:!TOT npouecc Mor obi aaTii a MeJKranaKTil'leCKOM rrpoc-rpaHCTBe a crryqae cywecTsoaanasz 

'MopS!' Hel!TpllH0/
4 /, KOTOpOe MOlKeT HMeTb OOIIbWylO niiOTHOCTb 'laCTiiU, 

KpoMe rrpeanonoJKeHiiSl 0 Meece Hel!TpliHO, nPIIMGM rrpearronoJKeHHe 0 Ha!IIl'IIIH cnaooro 

(ev){ eV)- B3aliMOaellcTBHS!, 

npoueccy (I) B HH3W9M IIOpsaKe TeOpliH B03MyWeHHll COOTBGTCTByeT Tpeyi"OIIbHaH 

anarpaMMa (nepabll! IIOpHaOK no Crraool! KOHCTaHTe G If BTOpOJ! - no SIIGKTpOMai"HRTHOl!), 

KaK rroKaaano fenn-MaHI!OM/S/, TaKol! npouecc B nepaoM nopsnKe no G aarrpewen, ecnn 

B3aHMOael!CTBHe(ev){ ell ) C V - A BapnaHTOM IIOKa!IbHO R Hel!Tp!iHO He llMeeT MaCChi 

IIOKOS!, Ecnli JKe Hel!TpliHO llMeeT MaCey, yKa3aHHbiJ! 3arrpeT CHIIMBeTCg, 

3 



narpan~nan aana~n aaunweM a anne 

- G -
f • e N (if! yll .p All ) + V2 N ( if! y ll ( 1 + y 6 ) .p ) N ( v Y ll ( 1+ y6 ) v ) . • (2) 

~TO COOTB6TCTByeT V - A BSpHBHTY cnatlOI'O B3BHMOU6HCTBHSI, C UOMOWblO UpOU6Uypb10 

/9/ -
BHBnOI'H~Oil M6TOUY ¢>appn , uonyqaeM, 'ITO B6KTOpHBSI 'IBCTb 'TOKB' ,P y ( 1 +:y

6
) if! 

ne n&eT BKnana B MBTpH~Hbill sneMeHT paccMaTpnaaeMoro uponecca. Y'leT rpanneHTHOil 

171 
HHBSpHSHTHOCTH IIpHBOUHT K KOH6~HOMY Bblp8~6HHIO UnH MSTpH'IHOI'O sneMeHTS, COU6p~a-

W6I'O ¢opMSnbHO norapn¢Mn~eCKYIO H nHHellnyiO pSCXOUHMOCTH, 

nn¢¢epeHUHSnbH06 H IIOnHOe C6'16HHe IIpOuecca (1) B cnyqae H6IIOnSipH30BSHHhlX 

~BCTHU naeTCSI ¢opMynol! 

U e. J du· 
2;"3 

2 2 2 
G a mv 

( s - m~ ) 2 

2 2 ( •·nv > / • 

. f t 3 I
2 

(t) dt 

I ( t) e f { x2 y ( 1- x ) dx dy 

m 
2 

+ t xy ( 1 - x 0 0 

2 2 

(3) 

3U6Cb Sa·-·(k
1
+p

1
) , te(k,-k

2
) .2! 0, k 1 H p 1 - 4-HMIIYnbCbl Ha'lanbHbiX ¢OTOHa H 

nel!Tpnno. B cnyqae 

CTBHSI (ll Vfl )(ll Vll ) 

pacceSIHHSI ¢oTOHOB Ha MIOOHHbiX HeilTpHHO IIpH nanH'IHH a3aHMOil6ll-

B HHTepaane I ( t) aMeCTO MaCCbl SJI6KTpOHa m 
0 

tlyneT CTOSITb 

Macca MIOOHa miL. 

llmi paCC6SIHHSI CaeTa Ha "Mope" sneKTpOHHbiX H6HTpHHO l!JIH aHTHH6HTpHHO C MaCCOl!l 

HaMHOI'O npeabiiiiaiOW6H SHeprliiO CaeTa ( SKCUepHM6HTanbHaSI OU6HKa naeT mv
0 
< 250 sa), 

nonnoe ceqenne (3) npno6peTaeT ann: 

·4 
u ~ 4.10 

2 2 
G a --.-
m . (4) 

6 '
86 6 2 

<u ~ 10 W CM 

3necb W - SHepi'li!I <jJOTOHa a Cl!CTeMe IIOKOSI MBCCIIaHOI'O HeiiTplii!O, Bblpa~eHHaSI a SB. 

TaKIIM o6pa3oM, ann annuMoro caeTa "' - 173 3a) ceqeune nMeeT aenH'IliHY 

-86 -83 2 
- (10 f 10 )eM , T.e. TO~e neCbMa Mano, 'IT06bi npnnecTII K 3aMeTHb!M a¢<jleKTaM 

Up I! paayMHOii UJIOTHOCTH Hell:Tpl!HO a • MOpe". 

TipH paCCSRHHH CBeTS HB MBCCHBHbiX MIOOHHbiX HOii:TpllHO IInll 8HTHH9ifTpHHO, MBCCA KOTQ

pb!X Mo~eT 6hiTb 6onbwoil (aKcnepnMeHTanbnoe aHa'lenue ~ < 3+4 Mae), KBK BllllHD 113 
fl ' 4 y 

<jlopMynhl (4), C8'16HHe M6Hbiii6 C8'18HIISI. paCC8SIHHSI Ha V B OTHOIII8H!Uf (~ ) - 10 • 
e m 

e 

npl!B8U6M TaKlKe abipalKeHHe UJISI C8'16H115! npouecca 

y+y-+v+v (5) 

C pO~)l6HIIeM MaCC!IaHbiX HeifTpHHO Upll HaJIII'Illll B3a!IMOU6HCTal!5! (2); 

4 

.------------------------------------

2 2 2 2 
Ue r due·-·- G a 2 m.;s I (-s 

2 ,.a 

Ja(a-4~~) 
> _1_ r dt 

1 2 2 
e __ G a 

2 ,.a 

s 0 

2 2 2 . r-- ---. mv s I ( -s) V 1 -. 4mv • 
s 

(6) 

2 
3aeCb se-·(k

1
+:k

2
) 

2 

t=(k,-p,) k ll p HMIIynbCbl <jJOTOHOa H nel!TpHHO, 

PaccMOTpHM peaB:nnro annnrnnSIUnn MaccnBHbiX neiiTpnno npn nanu'IHII a3anMoael!cT-

BHSI (2) 
V+:V -+y+:y. (7) 

llu<jJ<jlepeHUHanbH06 II nonnoe C6'I6HHSI npouecca )laiOTCH ¢opMynofi 

2 
2ys(s -4mj'l 

__ s3 I (-s) { dt ==!==::;: 
471 3 vs(s-4 mv) 0 vs(s-4mv) 

u·=-f d u 
G

2 
a 

2 m~ 

2 2 2 2 

G a mv 3 I ( - s ) • 1 • s 
= ~ .J 8 ( 8 - 4 m~ ) 

(8) 

3aecb s=·-(p+ pf=-·(k+ k )
2

, t=-(P -k)~, p H k - HMnynbCbl H6HTpiiHO ll 
1 2 1 2 1 1 

¢oTOHOa. 

C UOMOWbiO STOH ¢opMYJibl MOlKHO OU6HHTb aneKTpOMai'HHTHOe H3ny'leHHe HeilTpHHHD-

aHTHH6HTPHHHOil 3a831lh/IO/' COCT05!W6H ll3 IIOJIHOCTbiO ahlpO~Il6HHbiX V H V I'B30a, 
13 • • 

cMemaHHbiX B paanoil nponopunn. TaKan 3ae3aa nMeeT Macey 
·10 Mace connua n 

19 panuyc R - 10 eM. Bbr6epeM onpeaensrrowull: 3Be31lY MaKCI!ManbHblil nMnynbc ¢>epMn 

'F Pv "' 0,82 mv C ll MaCey aneKTpOHHOI'O HeiiTpHHO m V- 250 8B. llnn BHHHI'Iill!IUI!ll TBB:HX 

OTHOCHT6nbH0 Manoanepri!'IHb!X nei!Tpi!HO ¢opMyna (8) npHM6T Bllll 

2 
2 2 2 2 3 

G a mv ['"v- (p
1 

p
2
)l 

-m-4- •/(p p )2- m4 
e 1 2 V 

(9) u 
(24)2 

11 

MOlKHO OUeHHTb OTCIOilB C6'16HR6 aHHI!I'I!JISIUIIH HeilTpi!HO C 

10-7l cM
2 • 

p - 0,8 m c 
v v 

Ha IIOKO!IW6HCH 

qaCTHUe, 8TC C6'16HH6 HMeeT aeni!'IHHY U -

3 
KonnqecTao annnrl!nHURil a 1 eM aewecTBB 3ae31l~ 3a 1 ceK aaeTcn ¢opMYnoil 

N 

F F J p2 

J r u 
0 0 

.. 
2dp, ~-;; 
(271 )8 (271) 3 

2 6 F 3 F 
3 

_1_, G a 2m v i.!1...L J.b.l_ , 
24" 3 m: 3,.

2 
-3,.

2 
(10) 

5 



3Jl9Cb IIO'l'OK 

··~ 

i=· y(p,p2) -mt 
E 1 E2 .. 

I ~ - IIJlOTBoc-n. "'l!lcna "'ecTmx B BDIPD~eHHOM 
(2lT) F F q,ep Ml!l-r8.3e C l!lMIIYIIbCOM p B HHTepecyiOIIIeM HaC cey"'De p •·p • 0,8 m c l!l~ {10) _

3 
_

1 
. I 2' V 

IIOIIY'i89M N ~ 0 14 •l0-21 
CM Celt , 0TCIOJl8 IIOIIHoe 'IHCIIO COObiTI!llt J:1 SB93Jl9 

NI!OIIII.a + lT'ff N •4•1036 CeK-1 

F 
Bonae TO'IH&H onenKa (c y'leTOM aanHCHMOCTI!l nn0'1'HOCTK 'laCTI!lii l!l p OT p8Jll!lyca) 

. 35 -1 
Jl89T N IIOIIH -10 Celt , TaKI!lM 00p830MIB H9l\TpHHHo-aHTI!lH9liTpl!lHHOlt 3B93A9 Kal!(Jly!O 

. 35 -1 31 26 
C9KYHAY Bb1Jl9JIH9TCH SHeprHH ~ 500 sn•10 CeK a5•10 Msn/cex•10 spr/C91t ·a Bl!lJl9 

SII9KTpOMarHill'HOro H3IIY'i9HI!l!l C xapaKT9pHOll SHepruelt - {250f 300) SB (AIII!llfil BOIIHbl 

- 50 a!frCTpeM), COOTB9TCTBYIODl9ll B91II!l'll!lH9 • mV 

B aHanorn'IHOM ceyqae v -·v 
11 R - 10 CM l!l Macey 3B93Jlbl paBHOlt 

. 
ane3Ab1, npHH!IB 11\, - Sm .. 2,5 Man, IIOIIY'IBM 

5 • 
- 10 M8CC COIIHII8, npeJliiOJiarag OIIS!Tb1 'ITO 

F 
M8ltCI!lM81IbHblll l!lMIIYIIhC ct>epMI!l B ll9HTpe 0 - 0,8 m c 1 IIOIIY'II!lM OII91fi[Y AIIH BbiJlGIIBe-

.45 "V " 
MOll B 3B93Jl9 SHeprHI!l B Bl!lll9 - •10 spr/ceK C X8p8KT9pHOlt SHepruell Y -KDB.HTOJ:I 

n o6nacTu(2,5f3)Man. 

B aaKJIIO'IeHHe npunowy onaro~tapHOCTb npo<jl. M.A. MapKoBy u B.H. Baeyeny sa BHTe

pec x paooTe n o6cy)!(Jl9HH51, 
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30 ~tettaopg 11l64 r. 

! 
I 
It 
'i 
~ 
~: 
;' 
[' 

!i 

~ 
11 
~ l 

i! 
!: 
~ ~ 
t·_ 

t 
!. 
ii 
li 
J: 
ii 


