
r ~ 

OB'bE.!U1HEHHb1M 
HHCTHTYT 
.H.llEPHblX 

HCCnE.llOBAHHM 

.lly6Ha 

~ • -• • ·• s 
= :r 
! ... 
A. • ... ... 
I 
! 
J • lA 

~ tt6S 

P-1BB3 

noaH HXhiOHI" 

HEKOTOPbiE 3<P<PEKTbi 
DCEBAOCKAn.HPHOfO ME30HA 

C HY nEBOfi MACCOfi 



; i 



4_-.,--"C.• ~·-

/1 2 3/ B nocneA&ee apeMSI o6cyJKAanacb ' ' aoaMolKHOCTb cymecTaoaaHHSI nceBAOCJtansrp-
/4/ 

&oro nonS! C syneaoll MACCOII, KOTopoe 6yAeM o603H8'18Tb '19p93 e , B pa6oTe pac-

CMOTpeBbl HeltOTOpble cneACTBBSI cymeCTBOB8BRSI { - DOAJI, B Hell H8 OCHOB8BBR SKCne-

pBMeBT8nbBbiX IJ,8BBbiX OA9BRB8nBCb aepXBRe npeiJ,enbl ero llOBCT8BTbl CBSI3B C <jlep-

MBOHBbiMB nonSIMB, MBOIO paCCMOTpeB PSIA a~<jleKTOB B e • none B o6cyJKAeBbl BX OTnB'IBSI 

OT asanorB'IBbiX a~KTOB M8KCBennoacKoro nonll. Uenb aaMeTKB - npeACK838Tb Te caoeo6-

pa3Bble XapaltTepBCTHitB STBX S~KTOB, ltOTOpble MOrnR fib! DOMO'Ib AeTeKTHpOB8Tb STO, noK8 

rBDOT8TB'IeCitOe1 B3ny'leBBe, 

1. Ynpyroe pacceRBBe e -Me30B8 H8 aneltTpose 

flpeADonO*HM, 'ITO e -none B38BMOAeiiCTayeT C an&KTpOBOM C M8KCBM8nbHOII KOBCTAH

/4/ 
TOil B38HMOAeiiCTBBSI, AOnyCK89MOII ,, 

t +: e- .. e +: e • 

ll•arpaMM8 aToro nponecca npeACTaaneBa Ba pac. 1. 
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llnSI M8TpR'IHOrO aneMeBT8 BMe9M cneAyJOmee Bblp8lKeBJie: 
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3U9Cb g - KOHCT8HT8 ~BH3H e -M930H8 H aneKTpOHS, m -M8CC8 9UBKTpOH8. C DOMO!IUoJO 

aneMeHTapHbtX Bbl'lHcneHnll nonyqaeM unSI nongoro ce'leHHS! cjlopMyny 

• 
u = ___I..__ [ 

32 rr E2 

5 E2+. m2 4m2 E 
-----;;;--- +: ~ fn -- I . 

E E - m m 

B Ta6nuue 1 npencTaBneHbl HeKoTophte sgaqegug ceqeHHS! B saBHCHMOCTH OT uonHoll auepruu 

CHCT9Mbl ( B C.!l.M.) 

•Ta6nuna 

---~(M~-~--------------~-~-~~~--~------E' ~142):=~~~--------
2 

4 

6 

8 

10 

1,52 

2,08 

2,52 

2,85 

J,27 

21,60 

12,70 

9,12 

7,45 

5,90 

------------------------------------------------ ---------

3necb q
1 

-HMnynbC e -M930H8 B na6opaTopHol\ CHCT9M9, rue aneKTpOH UOKOHTCH. 

]lng" Cp8BH9HHH CO CUy'l89M 

~=L 
d n 4m2 

cpoToua uallueM yrnoaoe pacnpeneneuue aToro nponecca. 

<~ )2 l . ....!It + _iL + 2 I . 
q~ q~ q~ 

3necb f = --.&!, 
4rr 

q0 , q0 
- aHeprHSI e -M930H8 UO H UOCUe paCC9HHHS!. 

l 2 

/5/ 
0TnH'!H9 OT cnyqag paCC9S!HHS! cpoTOHOB COCTOHT B TOM, 'ITO ADS! e -M930H8 yrnOBOe 

pacnpeneneHHe H30TponHo, B TO epeMSI KSK yrnoeoe pacnpeneneHHe KOMn~oHOBCKoro pacce~ 

HHSl HeH30TponHO. 

2. Heynpyroe pacceSIHHe e -M930H8 H8 aneKTpOH9 

Mbl paccMOTpHM nponecc e +· e- .. y +' e 

nuarp&MMa KOToporo npeucTaBneua Ha puc. 2. 
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p H c. 2. 

MaTpH'lHbtll aneMeHT nng aToro npouecca ecTb 

A A A A 

I 

I 

I 

' • I q1 

J 

• 4 -.. "' i(p'+·q) -m i(p· -q,)-m "' I -+ M 1 = ( 2 rr ) o ( p + Q -p - q ) ....!.&..... u ( p2 )[ e 1 i y
6 

+ y • 11 2 
e· • u ( p ) • 

1 1 , 2 2 y4qo qo (p +:a ) +:m2 a(P. _ q ) +: m I 
I 2 I "I l 2 

nonHoe C9'l9HH9 9Toro npO!l9CC8 

e2g2 .m2-3E2 4E2 E 

6 
2 l.-;;r + ~ fn-- I·, 

1 rr E E E"- m m 
u· = 

rna E - nonHaSI aueprug cucTeMbl ( B c.n.M.). B Ta6nune 2 npeucTaaneubl HeKoTopbte 

3H8'!9HHS! UOUHoro C9'!9HHH, COOTB9TCTBYIO!IlHe pa3UH'lHbiM 3H8'l9HHHM aHeprHH. 

Ta6nuua 2 

--------------------------------------·---------· 
ql ( MsB ) E ( M3B ) G (cM2).1o30 

2 1,52 21,26 

4 2,08 17,02 

6 2,52 14,00 

8 2,85 12,35 

10 J,27 10,54 

-----
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3Aecb q

1 

-aMnym.c, .e -Me30B8 a n86op8Topaoll cacTeMe, Yrnoaoe p8cnpeAeneaae &MeeT 

BRA: 

rAe 

~= ~(~)2 
d n 2m2 

q
0 

__ii +:m ....iJ.- __!!!_..- 3 +:( 1+:~) cos 9 I 
q~ ( qo

2 
)2 q: qo2 

I 

e2 a~-- B q0 ,q0 - SHeprBB COOTB9TCTB9BBO e -Me30H8 B ·y -KB8HT8, 

41f I 2 

e -M830R8 H npOTOBI s. Paccegge 

nnB sToro nponeCC8 nonyqBM T8KlK9 Bblp8lK9BBB nonaoro ceqeBBB B yrnoaoro pac

npeAeneBBB, K8K B B cnyqae pacceBHHB aa sneKTpoae. Mb! 6yAeM p8CCM8TPBB8Tb AB8 cny-

qaB: nB60 B38BMOA911CTBB9 e -Me30B8 BBflHeTCB yHBB9pC8flbBbiM 0 na60 ReyBBB9pC8flbBbiM· 

B Ta6nane 8 npeACTaaneabl aeKoTOp&le saaqe&BB nonaoro ceqe&HII sToro nponecca. 

Ta6nan8 8 

----------------------------------
f5 (eli) .1024 x) G(cJi).ro29 E ( MaB ) q1( MaB ) 

----------------------------------------------------
2. 940,2 8,9 

4 942.,2 10,6 

6 944,2 10,8 

. 8 946,2 5,4 

948,2 J,6 

--------
2,69 

J,20 

J,2,4 

l,6J 

1,10 
10 

------------------------------------------------------------------------
x) /4/ 

KoacTaRTa cBB3H A8B8 a pa60Te • 

4. *cl>oT094>cileKT* e -Me30R8 

KaK a cjloToH, 

e+:A .. e-+:A'··' 

e -Me30H MOlK9T Bb16BTb aneKTpOB 83 8TOM80 nornoTHBWHCb B 8TOM9 

M8Tp&q&blll sneMeBT sToro npo~ecc8 ecTb ,. .. 
- ... ·Ill r -+ ..,. 

Mu m f, .P 
1 

( r ) y
6 

e t/1, ( r ) d r , 

3A9Cb t -RMnyllbC e -Me30B8
0 

t/1
1 

(i) B ;f, (i) -BOnHOBbl9 cpyJiltllBH B aaq811bBOM H KOH9UOM 

cocTOIIJIIIIIll.. B cnyq8e a-z « 1 aweeu: 

6 

•u •.• , •; u (p ) ( Ya Jo + Ya r, (y jl ) +: (; r2) r 4 Ya I' •o • 

3.1lec.lo 
t<k -; ) 1 - 'lr -+-+ -+ 

}
0 

•· f. e F [ it, 1.1 ( pr +: p r) I •dr , 

.. .. 
J I • - Y, a :r f f'l(k -; )-; -'lr -; F [ it, 1, i ( pr + :p -; ) ] dt , 

J2 2. 
f,e•<'k -~ >: -'l•vF [it,1,i (pr +~ :)J, d;. 

... --- v ., r - CKOpOCTb B 8BeprHB H8neT8101U9rO sneKTpOB8 
v 

2 

.;---za 11 
N, = --.- . ao= -;;;7 

, ao 

.. 
~ .. 

2" t ) D =--'-· N =·( ---:Tflt . 1 1- e 

C BOMOIIIbiD aneMeBT8pBb1X BH'IBCneBBII. nonyqaeM Cfl9AY1011l99 Bblp8lK9BB9 AflB nonaoro 

ceqeBBa 

u· = 
2 1 2 m 

& z ako 

rAe k 0 - SHeprHII e -M930B8, 

3T8 cpopMyna BpBM9RHM8 TOllbKO B KpallaepenBTHBHCTCKOM cnyqae H AflH nerKBX 
ffll 

gnep. B cnyqae TSilKanblX Bll&P no MeTO.IlY T8KJKe MOJKHO aaiiTH noAo6aoe a~paJKeaae, 

HO ORO AOBOflbHO cnOJKBQe, 

6. 06paaoaasse sneKTpORBO-D03HTpORRbiX nap a none 1111pa 

nns npouecca e + A .. e- +·e++:A BM89M AB9 cneAYIDWH9 aaarpaMMbl 

(eM. pac:. 8). 
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p H C • 8. 
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M
11 

a 2 J1 8 ( f+ +:f _- k0 
) !....L..1 

.;fro 
1 X 

(p+:+:P_,-k )
2 

)( u (p ) [ y i(P.--k"·)-m y + 
- & ( P __ k )2 +. m 2 4 

i(-P\+k )-?m y, ),y ( -p . ) • 
y 2 • & +. 4 (-p+k)+·m 

+: 

C UOMOlllbK> sneM9HT8pHb1X Bbl'IHCneHHil H8lill9M 

du 

X 

z 2 a 2 f 

2 JT k0 

P+:P_,dt+ d (cos II+) d (cosll_l d ¢+: 

q4 
X 

(p~ -p_cosll_'f/ -p+:P_, COB~ COS II 
-p0 p cosll+p0 p cosll 

+ -· _, + + 
+: '+~ _}+ \ 

2 (p .P sin II sin II coa</> .+:p .P cosll cos II -· m
2

) + 
(p 0 -p cosll)(p0 -p cosll)+- + - + + - + -

- - - +' +' + 

----~- ( - p p coa II . cos II - p0 p coall +p
0

. p coa II +:t r, ) 
(p

0 
- p cosO) 2 + - +. _, -· + + + -· _, +: -

+ +' + 

If 

8 

3necb II+ -yrnbi Me>KilY P+ H k 
.... .... .... 0 

, </>+- yron M9>KIIY nnOCKOCTIIMH (p+ It) ,(p_k ) ; P:, P_, 
g2 .... ... .. :3 

k0 - 9HeprBII COOTB9TCTB9HHO U03HTpOH80 9neKTpOH8 H ( -Meaoua; f.,. r: ; q2=( :k -p -p ) , .. , - +" 
B Kpalluepeni!THBHCTCKOM cnyqae, Korna snexTpoH H noaaTpoH acnycKaK>TCI! npeHMymecTaeHHO 

anepen, 11:!: -Manbie, nonyqaeM 

z 2 a 2f k 0 
da=8 p p v 2 u 2 t~tdll.d0 dr., 

m q + - + -· + 

rne u = ~·, v = .1'±!!..±· , t = _1_ , Tf = __ 1_ 
m m l+.u2 1+ v2 

0TnH'IH9 OT cnyqag ¢oTOHa/
5

/ COCTOHT B TOM, 'ITO yrnoeoe pacnpeneneHne 3necb He 3aan-

CHT OT yrna cf. MS>KAY nnOCKOCTSIMH (p k ) + +. 
H '(p.,k)' 

B&Ipa>KaK> rny6oKyiO 15naronapHoCTh M.A. MapKoay 3a nocTaHOBKY 3aAa'IH n Hryen 

Ban Xbey 3a ueHHbie o6cy>KneHRH. 
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