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1. Beeneaae 

HaeecTHO, 'ITO paccesraae anexTpoaoe aa srapax aaeT neaay~ aa¢opMana~ o6 ax cTa

Taqecxax H aHHHMH'I9CKHX CBO~CTBHX, npa p8CCMOTp9HHH p8CC8HHHH 91l8KTpOHOB HH nerKHX 

anpax ( Z >>137) caTyana" oxaabiBaeTCH aaa5onee npocToil, B aTOM cnyqae, aa acxn~qe

HHeM o6naCTH yrnoB B031l9 aa<jlpaKUHOHHblX MHHHMYMOB, MOJKHO nOilb30BHTbCH 6opHOBCKHM 

npa5naJKeaaeM; nnsr o6bi'IHO npaaaMaeMbiX aaecb pacnpeneneaal! nnoTaocTa aapsrna (rayc

coecKoro, na6o Mona<jlanapoeaaaoro rayccoecxoro eaaa) OKOH'!aTenbaoe BbipaJKeaae ana ce

qeansr nonyqaeTcsr e >JBHOM anne. B cnyqae JKe cpenaax a THlKSilbiX sraep eoanaxaeT aeo6xo

llHMOCTb Y'<~HTbiBaTb HCKaJKenae anexTponao~ BOilHbi B none srnpa ( BOilHbi yJKe ae nnocxae) 

H - B OTilH'IHH OT nerKHX sraep - HCnOnb30B8Tb B pacqeTaX peanbHOe <jlepMH8BCK09 pacnpe

ll91l9HH9 nnOTHOCTH 3apsraa, 05bi'IHO B aTOM cnyqae nonb3y~TCH TO'!HblMH paC'!9T8MH <jla-

30BOrO aaanaaa, rne qacneaao pewaeTcR ypaeaeaae .Uapaxa a aaxonRTCH napnaanbHbi8 <jlaabi, 

Oaaaxo aTH pac'!eTbi srensr~TCH TpynoeMKHMH, B anx TepsreTcsr aenocpencTeeaaaa cesrab 

pacnpeneneaaR aapRaa a cTpyxTypbi ceqeaaR, a ax TPYilHO npoBollBTb nnR 5onbmax yrnoe 

pacceRHHR, .Uanee npa pacceRHHH aa ae neaTpanbao-caMMeTpaqnbiX noTeauaanax (ne<jlopMapo

BaHHhie Sll1Pa) acnonbaoeaaae nono6aoro noaxona naTanxaeaeTcsr na npaauanaanbHbi e Tpyaaoc

TH. To JKe OTHOCHTcsr H K npo6neMe aeynpyroro pacceRHHR anexTpoaoe aa Rllpax. 

B CBR3 H c Ill 
9THM, HB'IHHBR C pa6oTbl illa<P<!>a , pa3BHB89TCSI llpyro~,npH61IHlK8HHbl~ 

MeToa naxoJKneaaR aMnnaTyabt pacceRHHR ( MeToa 6onbwax anepra~ E >> V). <PaxTH'!ectta 
/2-4/ 

CYTb 8TOrO H apyrHX nono6Hbi X M8TOaOB COCTOHT B TOM, 'ITO p8C'I9Tbl npoBOaHTCSI flO 

<jlopMyne, 8H81lOrH'IHO l\ 6opHOBCKolt, rae BM9CTO llllOCKHX BOilH BbiCTyna~ BOilHOBbl8 <jlyaK

IlHH aneKTpoaoe, aMnmiTyna n <f>aaa KOTOpbiX acxa"!eHbi pacceaea~WHM noneM srapa. TaKHM 

06p830M 0 06ht'JHO HCXOllHbiM RBilH8TCR Cll9llY~Wee BblpHJKeHHe: 

E 

2" 

...... ... ... 
-+ 1 qx + 1 ¢ ( x, q ) -+ 

3 (u*1 u
1 

)( g(x)e V(x)d x. (I) 

3anaqa TOrO RllH HHOrO llOilXOilB COCTOHT B H8XOJKil8HHH C noMOWb~ H9KOTOpb!X nony-

meaaA !IBHoro Blilla nonpaeox K <jlaae ¢ (; ) li aMnnaTyabi , 0'!8BHllHO, 'ITO 

B 60pHOBCKOM npa5niilK8HHH ¢ : 0 g : 1. 
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/3/ 
Henaeao e pa6oTe B npR6nRlKBHRR M&nhlx yrnoa ( 8 < 1 )

151 
cnenaa pan xoa-

KpBTHblX 'IRCnBHHblX p8C'I9TOB JlR<jl<j>epeHilRMbHbiX C9'19HRA p8CCB!IHH>I 3R9KTpOHOa B8 !!Jlpax, 

OJlH8KO aTR p8C'I9Tbl H9B03MOlKHO RpOBBCTR C <jlepMH9BCKHM pacnpenenBHHBM DnOTHOCTH 38-

/4/ 
pana. B npyroA pa6oTe pernaeTcR ypaBHBHRe napaKa B KB83HKR8CCH'19CKOM npa6nHlKBHHH 

H nony'I9HO Bb1p8lK9HH9 £lnR BOnHOBb!X <jlyHK!IHA, neACTBYSI nanee B p8MK8X M9TOJl8 HCK8-

>i<9HHbiX BOna, 8BTOpbl nony'I&!OT !IBBOB Bb!p8lK9HH9 JlRll g(x) H ¢ (;) B <jlopMyne 

( 1), !IpB aTOM OHR RCDORb3Y!OT Bb1p8lKBHR9 JlRll ROT9H!IB8R8 B38BM0Jl9HCTBIUI BHYTPR l1Jlp8 

( V = C I + C ~ X ~ ) , nony'leHHOB p83ROlK9HH9M DO CTBDBHliM X TO'!HOrO Bb!p8lK9HHll 

ann noTeH!IRana, 3aTeM anR cnyqan pacnpeneneaan nnoTaocTH aap11na c peaKHM o6peaa

aaeM HM ynanocb naTerpapoaaaaeM no '!acT!IM nony'IHTb npa6nnJKeaaoe aaanBTB'Iecxoe Bbt

paJKeaae ana aMnnRTYJlht ynpyroro a aeynpyroro paccenHH!l aneKTpoaoa. Hx peaynbTBTbT xo

porno cornacyiOTcn c pac'leTaMB no <jlaaoaoMy aHanaay JlnH Bbt6paaaoro (cTynea'laToro) 

pacnpeneneaa>~ nnoTaoc•·a aapnna, 

B aacTonmeA pa6oTe npennaraeTcn cnoco6 1!8XOlKJl9HBll ceqeaaA B aaanaTH'IBCKOM sa

ne, rae, C OJlBOA CTOpOHbl, Y'IHTb!B89TCll HCK8lKBBRe aneKTpoHHOA BORHbl H, C JlpyroA CTOpo

Hbl ucnonhayeTcn peanhaoe, <jlepMueacKoe pacnpeneneaue nnoTHOCTH aapHna a cnyqae cpen

aux B T!IJK9Rb!X !IJlep, 3TOT cnocofi COCTOBT B 0Tb!CK8HHH BKR8Jl8 DOR!OCOB <jlepMR9BCKOA 

nnoTHOCTR B 8MRRHTYilY paCCBliHH>I, npH'19M OK83b!Ba9TC!I, 'ITO OCHOBHOI! BKR8Jl B C9'19HH9 

naiOT naa KOMnneKcao conpHlKBHHbtX non10ca, Ocaoaabte 'l&pTbl aToro nonxona yno6ao npo

cnenHTb aa npaMepe aaa6onee npocToro cnyqa!l - 6opaoBCKoro npa6naJKeHRH, Korna .. .. 
¢ (X ) = Q , &(X) - ( paanen 2). 3aTeM, a paanene 3, Mht paccMoTpHM o6maA cny-

'!a A, Korna a <jlopMyne ( 1) y'IRTbiBaeTcH acKaJKeaae. Cpaaaeaae nony'leHHhiX peaynbTaToB 

c aKcnepHM9HTOM a TO'IHbtMB pac'leTaMH <jlaaoaoro aaanaaa naeTCH B paanene 4, 

2. EopaoacKoe npa6nalKeaae 

3anarneM 8MRRHTYilY paCCB!IHB!I 6htCTpb!X aneKTpoHOB B 6opHOBCKOM npa6nHlK9HHB npH 

y'!eTe TORbKO KYROHOBCKOrO B38HMOJl9ACTBB!I (nonepe'!Hb!M B38HMOJl91!CTBH9M JlR!I cpeJlHHX 
161 

H TRJKenhtX nnep MOlKHO npeae6peraTb ): 

r.ae u r H ut 

f = -
E 

_E_(u*,ul 
2 17 

)(e 

.... 
1 q' ~ a 

V ( r) d r , 

-cnHHOpbl , COOTBBTCTBY!OlliH9 HMnynbCSM k H 

(2) 

.. 
k I ' 

q-+ = k- k - ne-
t f 

penaaabtl! HMnynbc, 

T9HilR8n B38BM0Jl8IICTBH!I 

E - aaeprRH aneKTpoaa ( h = c = 1). noncTaBnHH CJOJla no-

v (;) Z e 
p(;) 

I i'- ;I 

4 

a 
d X fp(;')d 3
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-+ -+ -+ 
If BBOilll HOBYIO nepeMeHHYJO U = r - X 1 no:ty'I89M: 

22e 

~~ ~~ 
1 l q u lqx 

E(u~ • u 1 ) [ _ _ f -"- -- d au]· fp(x-+)e d ax • 
411 u 

(3) 

Bb!p8JK9HHe B KBAIXPATHblX CK06K8X 9CTb 
1 

H Bb!UHCAHO .[lnll TOro, 'IT06b! npocne.[lliTb 
7 

aaanorHJO c BhrKnAIXKAMH cneayJOmero paa11ena ( cp. ¢opMyny (9) ). TaxHM o6paaoM, aaaaqa 

CBOIXHTCll K Bbl'IHCfl9HHIO rjJypbe-o6paaa OT nnOTHOCTH pacnpeAeneHHll 3Apllll8 , KOTOpoe Bw6e

peM B BHJ19 rjJepMH-pacnpeAeneHKll: 

p(x)=po 
X- R 

1+e_b_ 

Toraa, Bbt6r<pall KoopAHHaT'IYJO c HcTeMy, a KOTopol! ocb 0-; II;; , H o 6oaaa'!aSI 

,. = Cos q';' ( d 
8

x ~ x dx dl'd¢), nonyqaeM: 

0(-.~)). 
!( 

(4} 

it q X 
e xdx 

x- R 
+ e --b- 1 + e 

.c:.l! 
b (5) 

11HTerpan a ¢opMyne ( 5) nerKo npeo6paaoaaTb, ecnB paccMoTpeTb nollbiHTerpanbHYJO rjJyaK-

UHlO HB KOMnneKCHOA nnOCKOCTU X • BH.llH0 1 qTo OHB HMeeT npOCTbie noniOCB 

X
8

=l<+i<(2s+1)1Tb (<=;t1 , s=0,1, 2 ••• )H CTp9MHTCH K HynJO 1!8 KOHTyp e ((f) 6eCKOH9'1HOro 

paaHyca (eM. pH c. 1). 3ana1Ue M Tenepb HHTerpan a ¢opMyne ( 5} qepea cyMMY HHTerpana 

no KO!!Typy ((f) , HHT9rpana no MHHMOl! OCH H CYMMY Bbl'i9TOB B nonJOCBX, TO eCTb 

OCI I( q X 

f e xdx 

o 1 + e x~R 
=- r 

if qx 

e xdx 

c<<J 1 + e x b R 

rae 

.. ox 
o e X• dx - r + 2,i. 

ltool+exbR 

e 
lfqx 

X 

x-R 
+ .-b-

~ l<es ,. !< J ( x •. ) , 
8 =0 

(6) 

nocKonbKY 31l9Cb ( = 0 , TO OCT89TCll OU9HHTb HHTerpanw no MHHMOl! OClf. noK8lK9M, 
c<<J 

'ITO HX BKfl8.[l B rjJopMyny (5) H3-38 pa3Hb!X 3HAKOB npeae6p9lKKMO Man. neliCTBHTenbHO, 

0 l(qx 

r e xdx 
x- R 

+ .-b-

5 

R 

b 



-R/b 
" ee axnan B ceqeaHe HMeeT nopRllOK e no cpaBHeHHJO c enHHHilell, T.e. B peanbHhtX 

3Hll8'1HX ( Ji >> b ) HM \,fOJKHO npeae6pe'lb. J1TaK, IICXOllHOe BbtpSJKeHHe ( 5) o n penenReTCS! 

nHWb BbP-19T8MH B TIOnK>C8X X 

(f) ltqx
8 lies .. (x

0
)=-bx

0
e 

H p aBHO 

... t<Vc-+ a 8rr~ oo -{ 2 1!1+t)rrbq 
fp(x)e d x =---bp

0
l(!iCosqli-(2s+l)·rrbSinql' )e (7) 

q a=O 

nonCTHBil S! S! (7) B 6opHOBCKY!O 8'-'llllHTYllY ( 3) ll Y'IHTI>IBBH , 'ITO l I u; 0 u 

no ny'IHM Bbtp.'lJKeHHS! llll!l llV.<jl<jle peHUHHllbHOf'O Ce'!eHHSl 

• I =Cos• e 
2 

r11e 

(~) 
dO 13 

(~) · I 8rr 2 
dO M --- P 

q 

( da 
dO)M 

-(2•+1)7Tbq ~ 

!ibl (CosqR-(2s+l)~ Sinqli)e { , (8) 
•=0 li 

•O • Cos -Ze 2 ___2_ 
( --) - • 0 

2E Sin "2 

nu<jl<jlepeHnllanbHoe ce'leHHe pacceHHliH Ha To'le'IHOM 3apHne (<jlopMyna .\\oTTa). 11TaK, a 6op-

HOBCKOM npH6JlH)f<eHHH nonyt:reHo npocToe aHanHTHqecKoe Bbtpa>KeHne nns:~ ceqeHHSI B cny't:fae 

tjlepMHeacxoro pacnpeneneHHH 3ap Hn a. OcHoBHoil BKnan B ce'leHHe 11ae1· nep a bt ll 'lneH pnna c 

s = 0 (naa xoMnneKCHO conpgJKeHHbtX nomoca). KaJKllbril nocneny10wHll qneH p>~na a e Orrbo 

pa3 Me Hbwe npe nhrnymero H no 3TOMY liM MOJKHO npeHe6peraTb. Tor11a ceqeHHe npHHHMaeT 

naH6onee npocTo ii BHJl: 

da ) 
(d?l 6 

( 
da 
-) 

dO M 

1 2 • rrb -2 b 
-,(Srr libp

0
) (Cosqli _ __ $inq1')2 e "• 

li q 

0TM9THM, 'ITO ceqeuHe ( 8) COAepJKHT B ce6e KBK 'IBCTH blfi cnyqafi ceqenHe C nnOTHOCTblO 

pacn~J9.::IUrJe!-llHI C peOKliM o6p938HH9M. t.{T06 bi y6ell,HTbCH B 3 TOM 1 HY>KHO yCTp9MRTb napaMeTp 

pa3MB3KH b K nyn10. B STOM cnyqae non10ca crymaiOTCSI M n~exo.os:~T B cnnomey10 nn:HnJO, 

rrpoxonmny10 qe pe3 TO'IKY X = li • Torna a <jlopMyne (8) l MO)f{HQ 38M9HHTb HHT91"'-
t!l =0 

panoM no 3neM9HTHpHbre BblKilBllKll llpHBOllS!T K H3B9CTHOMY pe3ynhTBTy: 

(~) 
df! 6 

da I 3 Sinql' 
<--l ... · --2( --

d!: (qli) ql' 

6 

-Cosq!i)l
2

• 



nony'leHHbie BhiWe peaynhTBTbl npaMeHHMbi a Tex cny'la51x, Korna acKaJKenae aneKTpoa 

HOil aonHhi KynoHoacKRM noneM 51/lpa aecymecTaeaao (aanpaMep, paccesmHe aa nerKHX 51/lpax). 

l1 aTepecao paaaaTh aaa norH'IHbiil MeToll llllSI Tex aana'l, rne HCKaJKeHHeM npeae6peraTb aem>-

3 !J ( paccesiHae aa c penanx a T!IJKellbiX !1/lpax). B aToM cnyqae 6yneM n cxo!lHTh na BblpaJKe

HH!I (I) llll!l aMitnHTYilbl pacceSJHHH, rne aTo acKaJKeaae yqTeao c noMOntbiO aaeneHH!I <jlaabl 

H MOilYllHpyiOIUeil 8MITllJITY/lbl g( ;) • Jlanhael!wee paccMOTpeane, aoo6me roaop!l, 

He 38BHCHT OT KORKpeTHOrO Bbl6opa 9THX <jlynKUHII. Ho ITOCKOllhKY, ITO-BHilHMOMy, H8H6onee 

KOppeKTHblil y'leT HCKaJKeHH!I aneKTpoHHOil BOllHbl ll8H B pa6oTe/
4 /, TO ll8llee Mbl 6y!leM 

ITOllh30B8TbC!I ITOlly'leHHbiMH B aTOi! pa6oTe BbipaJKeHHSIMH !lll!J ¢ H g 

TaK JKe, KaK a a pa3Aene I, ITO!lCTBBHM B HCXOilHYIO <jlopMyny (I) BbipaJKeaae nnH ITO-

TeHnuana qepe3 nnoTHOCTh pacnpeneneHHst aapst.na H aseaeM nepeMeHHYiO U = ? - x-+ • Tor.ua 

f = 2Ze 0 E( u*· u 
I I 

.... 
3 t q X 3 

d u]p(X)e d x (Ill 

0cHOBHOA BKllBil B HHTerpan B KBilllpllTIIblX CK06Kal< 113-38 60llbWJIX OCUHllllSIUHll ITO/lbiHTerpanh-

HOll <jlyHKllHII ITpH 60llhWHl< ITepe!lHHHbiX HMITYllbCBl< llBeT o6JJBCTb MBllbll< 3HB'IeHHll ITepeMeH-

noll u C npyroll CTOpOIILI 0 ITOITp8BK8 K ¢aae 
-+ 

nnaaaoll ¢yHKUHell. Monym<pyiOIUH51 aMrrnnTyna g( x) 

'lHMCst nepBLIMlf qneHaMH, TO 9CTb 

Torna aMnnn,.yna (9) ITJ:>HMCT BHil 

rne 

B bJ611 p a11 cacTeMy OTC'-IeTa 0 z II q 

7 

¢ ( %') Mana ( - V H HBnBeTCSI 
E 

6naaKa K ennaHne H TOJKe ecTh ITnaa-

B PHil ITO 
-+ 
u H orpann-

(I 0) 

H ITOllb3YHCb TO>KIIeC'TBOM 



1•"1' +t¢( •• 1'.¢> 
e a 

i(qx+ _a_¢(x,l', ¢)) all 
a~' 

lqXjL+I¢(x,l',¢l 
e 

nponaTerpapyeM (10) no I' no qacTHM, Toraa nonyqaeM 

f~ 4rrZe 2 E(u;•u
1
)_._

1 _ ~ < f G(xll'=<) 
i q t=+ 1 0 2 

ltqx +I¢ (x,IJ.=O 

e 

rue o6o3aaqeno 

- q acj:J (X,jL =<) 

4rr Z e E(u*
1

·u
1

) • ::£ fw(x,l'=<ldx 
iq t=+l 0 

2rr . d 
G(x,l' =<)= _1_ fg(x,l' =<l 1 9•X ¢ 

2rr o C(x,l'=•,¢·) 

C(x,l'=<,¢) iqx + i aa~' <t <x.IL,¢ l II'=• 

•p (x)· x• dx = 

( 11) 

( 12) 

TaK >Ke , KBK H a pa6oTe
141 , Mbl anech orpaHH1.f.H.'lHCb nHwh nepBhiM ttne!-IOM acHMnTOTIPiec 

KOro pnua no __ 1__ , nonyqaeMoro a pe3ynbTaTe RHTerpnpoaaHHH no qacTHM. OneaKR no-
/4/ q X , 2 1 

K83biB8IOT , qTo aKnaa cne.nyJOmero qneHa psrna HMeeT rropsr.noK ----- no cpaaHe-
137 (q!<)2 

HHlO C nepBbiM qneHOM H IIpH 6onbWHX q npeae6pelKHMO Man, 

Bnuao, qTo HHTerpan a BbipalKeHHH ( 11) aaanor11qea paccMoTpeaaoMy a pa3uene I ( 5) 

C TOll p8311HU9ll , 'ITO nOJlbiHT9rpanbH8H <jlyHKUHH COll9p>KHT Jl0flOnHHT9nbHbl9 MHOlKHTBnH, KO

TOpb19 H npHBOllHT K OTnH'IHIO OT 6opHOBCKOrO Cnyqag, 3ueCb H8pHJly C npelKHHMH noniOCB-

MH rrnOTHOCTH BH.08 X li+i<(2s+1)rrb co.o.ep}t(BTCH H .a.pyrHe non10ca, aoaHHKaJOmHe 

OT q
3

cj:J(x) H G ( x,l' =< ) 0JlH8KO 8 HBnH3 flOK83 biB88T 1 qTQ OHM pacnonO>K8Hbi .oaneKO OT 

nonlOCOB •. " aKn~a nx npene6peJKHMO Man. K poMe Toro, aannqne cpyHKUHH ~ ( x) B 

noK838Tene 3KCflOH9HTbl H3M9HH9T fl0B9Jl9HH9 flOllbiHTerpanbHOll cpyHKUHH HH KOHType ( (<) 

( p11c . 1 ) , B 3TOM cnyqae HHTerpan na KOHType C <o cTpeMHTCH K nyn10 npH BbmonneHHH 

ycnOBHH 

lie I i<l (pe ' ¢ ,fL=<ll < qp (.Sin ¢+ _1_ Cos¢ ) ; 
bq 

JT <.__¢ 
2 

fi eifCTBHT8nbH0 1 anH 8CCHMflTOTHqecKOrO 3H8q8HHSl cfla3bl ¢ ""c ln X 

8 

< JT p-+ 00 • 

aTo ycnoaue Bbmon-



) 

f 

H!l9T CSI . TaK lK9 Jl9r'KO JIOK838Tb, 'ITO p83HOCTb HHT9Pp81lOB ITO MHHMOtl O CR Or'p8HH'l9RB CBepxy 

nenR'!HHO~ - __!_ e -R/ b • TaKI!M o6paaoM, aMnnHTyaa (I) onpenen>teTcR onl!Tb nomoca-
g~ 

Mil HJIOTHOCTH ~epMH H panaa: 

f = 
( 13) 

Pae 

npll J< >> b llOJIY'l9HHblll p>!ll ( 13) CXOlll!TC!l 6bJCTpO H3-<3a 118Jlii'!IIR 3KCROH9HUH8JlbHOPO 

,.. racstutero * MHO>fUIT9nSI, H Il03TOMY OK83biB89TCSI 1 ttTO BMIInHTyna onpe.uensteTCSI nRlllb n epBbiM , 

r'Jl8BllbiM '1Jl9HOM 3TOI"'O pll;l8 ( S = 0 ) 1 KOTOpbltl COOTB9TCTByaT llBYM KOMHJI9KCHO COllpSilK9H-

HbiM ROJIIOC8M ( X O = I< "!:_ irrb 

\189 HM99T BHJl: 

) • 0KOH'l8T91lbHbltl peayJibTBT llJlR C9'19HIIR B 3 T OM CJiy-

do 
dQ 

((qx +l¢(x 1 Jl. =f) 
e o o \~( 14) 

EcT ecTneuao, 'ITO B 'IBC THOM cnyqae b -+ 0 113 cjlopMyJihJ ( 13 ) aon JKeH nony'laTbC!l peaynh -

TaT llJlSI CJIY'lBSI 8MllJIHTYllbl p8CC 9HHI!H C p 93KHM o6p93BHII9M HJIOTHOCTII aapHaa ( b 0 ) • 

Dn>~ 3 T OPO CJI!illlY9T cyMMY no 38M9HHTb HHTerpanOM IIO 8 , T 8K KBK Rpll b -+ 0 

nonJOCa c n now b aanoJIH!l!OT npllMY101 npoxoaHtny!O 'lepea T O 'IK Y x = I< • B bJROJI HHB HHTerpa-

ponaHRH, H8XOllHM yJKe H3B9CTH09 Bblp8lK9HH9 1 ROJIY'l9HH09 paaee B pa 6 oTe/
4

/ 

....!!£__ 
dfl 

n pHB9ll9M Tenepb H906XOllHMbl9 l{Jlll KOHK p9THbiX p8C'l9TOB Bblp8 :K9 HHH llJISI 

KOT opble noJIHOCTb!O onpeaenHIOTCII aaaanHeM Moaynnpy !OtnePo <)JaKTopa g(x) 

cjlaabt <I (x) 
141 

(IS) 

G ( x) H q 3cjl (x), 

H HCK8)!{9HlHI 

<l ( x ,<) =- < ~ q x- <a( Y,qk ~- _l_ q a ) x a - \I b ( 4k ~- q2 )x 2 + Y, c( 4k 2 - q ~ ) 
2 

x • ; 
E 12 

( 16) 
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'G(x,<) -

q(l- V(O)) + 3<bq 2 x + aq(q 2 _ 2k 2) 1 2 _ ~ c q 2( 4k 2 _ q 2 ) x a 
E 2 

VH(O" 2 2 2 3 2 2 2 5 2 2 2 a 
q{l-...:..=.) - aq(_lk - ~q )x +<b{- q -2k )x+<c(k --4-'1 )-(4k -q )x 

E 2 2 4-

q V (O~ 3 2 2 2 2 • 2 • 2 a 
(x,<) ~ <q(l-- )- caq(..,...k - 11q ) x -b(4k -q )x +~ t(4k -q ) x 

:.¢ E ~ 

~ 2k Sin 0 
2 0 - y r on paccel!.HKS!. 

3necb 

. 2 d 2 2 . b. b 
V (0) = - 41TZe p ( _x_x __ = -21TZe p 1\ [ 1 + -11- - + 0(_)] 

a = 

o o 1+e~ o 31\2 1\ 

? 
417 

- 3-

2 
Ze P 0 

--R/ b 
1 + e 

(17) 

2 dx 1 11 Z e P f -- "-=1' 
h = ~ 0 o

1
+e b 

~ 11 Z e 2 p o H [ 1 + ~ In ( 1 + e -a/b ) ] 
1\ 

x-R 

c = 
2 ~ e-b-dx 

I 11Z e . _.!_ ( x R 
--- Po b 2 

k' 8 ° x(1+ e-,-) 

11 

k's 
2 

Ze Po 11/4 )~ --·<--. 
1\ 1-(2..E/ 

1\ 

4. 0 5 c y "' n e a 11 e 

0TM8THM, '<TO nony 'le UHbie peaynbT8Tbl ( ¢opMynbr (4), (5)) cnpaaennHBbi npa BblllOn-

aeaHH cnenyJOmax ycnos11 ll : E >> v ql\ » • ITpaKTII'IsCKH :.To oaaa<JaeT, 'ITO 

BbrpaJKeHHS! nnR nRtjl<jlepeanaanbHblX ceqeaHA ( 14), ( 15) MOJKHO acnonbaosaTb n pa cpasaeuHH 

c 3KcnepHM8HTOM s 5onblllOM aaTepaane yrnos ( 0 > --rf.t:: ) . HanpHMep, npR paccesl!fi!H 

300 Mas KMeeM 0 > 8
0 

= 30°. 

cpasaeaae ua¢<Pepea -

a neK'PpOHOB H8 Cp8Al1H X H TSI)I(BnbiX S!apax H E a aJO 

B xaq_ecTae nnnJOCTpanwa 88 puc. 2 - 4 npHaeneao 

10 

. 
< 

A 
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uaanbHbiX ceqenati ynpyroro pacceRHHR aneKTpoaos a a Rapax Ca E = 250 M:3s), 

Co E = 300 Mas) a &i E = 300 Mas), pacc'!HTaHHbiX no <jJaaosoMy ananaa~7• 81 

(cnnowHbte KpHsbte) H no npa6na>KeHHbiM ¢opMynaM (8), ( 14), ( 15) (nyHKTHpHbte KPHSbte) . 

Ca 171 nOJTHOCTbiO YKJTaUbiSaiOTCR aa KpHSYIO 

<jJaaoSOI"'O 8H8 JTH3a I! nOaTOMY Ha pHC. 2 He npHSe):leRbi, Yia pHCYHKOB SH,I:IHO, 'ITO HMeeTCR 

xopowee coana.a.eHRe TO'!HbiX BhPJHcnenHA c HBUIHMH pacqeTaMR . He6onbwoe pacxo>KneHHe 

KpHB bi X npH 60llbWHX yrnax, B03MO>KHO, CBH38HO C T8M, '!TO 3!l8Cb HCI10llb30B8Hbl npH6nH

>K8H H bl8 Bblp8>K8HHH OllR ~ (x) n g(x) 
/4/ 

HaMil TaK>Ke 6binO npose.r~eao '!Hcneauoe 

HCCneAOSilHHe CXOAHMOCTII pS!Ail S <jJO!JMyne ( 13) • KaK II CJTellOS8JTO O>KHilaTb, SKJTall 'lneaa 

c s = 1 S ce'!eHHe HaCTOITbKO Man, 'ITO Ha pHCYHKaX ero H306pa3HTb n pll KTH'IeCKH He-

soaMo>KHo. KpoMe Toro , '!HcneHH bte pac<teTbi no Kaaana, 'ITO Sbtpa>Keaae ( 14) MO>KHO cywecT-

seuno ynpocTHTb, ecna o TI5poCHTb MIIHM bte ao6asKH a <jJyHKUHRX G( x) a q (x) • P ac-
a¢ 

qeTbl no HBillleHHOI\ TBKHM aMITIIjJH'IeCKHM nyTeM <jJopMyne CyiileCTSeHHO yrrpOIIlBIOTCSl , noaTo-

MY ell y.r~o6ao nonbaosaTbCR .Ha npaKTHKe. Ha pac. 5 aa.Ho cpasneHae KpHBbtX, paccqaTaHHbiX 

no TO'IHOH a ynporueHaoil ¢opMyne. Bu.r~ao, 'ITO paaunua Me>Kily HHMH oKa3btsaeTcSl uecy w ecT-

HTaK, MO>KHO caenaTb Sbtsoa, 'ITO rrony'leHHbte aaecb npu6na>KeHHbte <jJopMynht xopowo 

OnHCbiSBIOT llH<jJ¢epeHUH81TbHbte Ce'!eHHR ynpyi"'Of'O pacceSIHHR aneKTpOHOS IIB cpellHHX H TR >Ke -

ll bi X SHlp8X1 H UMM y.ao6HO 110llb30B8TbCSI LlllH [llJ8lll138 SK CI19pllM9HT8llbHbiX .U8HHbiX 1 110CKOllb

KY OHH SlSHbiM o6pa30M 38SHCRT OT napaMeTpOS <jJepMHeSCKOI"'O pacnpeaeneHHR 11JTOTHOCTH 38 -

pRA8 I< H b 

B aaKmoqemre OTMeTHM, 'ITO s aToll pa6oTe sctoay Hcnonhaosauo <jJepMuescKoe pacnpe

aeneHue nnoTHOC TU aaoRna. 8TOT noa xoa, oanaKo, ueTpyauo pacnpocTpaHHTb IJa Knacc <jJep-

MHeso - noao6HbtX pacnpeaeneuaA (p(x) =p0 [I +exp ) , KOTOpbte TaK>Ke MO>KJ!O 

H COOllb30BClTb IlpH Cp8B H8HHH C 3KCil8pHM8HTOM. 
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p H C, 

12 

Re )( 

jQI ~---.---r--.--..----.----r---.--,---,--.-----.--

Ca40 250 Mev' 

103 

104 

If? 

ltf 

til 

lr! / 

trf 
I 

!. 
1010 L___,_40___,_6:Lo,.--~-----=a'=""o--'--I-::O-=-o --'--,,~2o=-'"-f40L--'::8~flpooJ 

P H c. 2. Ynpyroe pacce!IHHe :meKTpoHoB Ha Ca c ,PepMH-pacnpeAenenHeM nnoTHOCTH 

3ap!!Aa. 1' = 3,6f , b = O,S76f , k = 1,27J -t • ---- ¢la30Bbil! 
aHanH3/7 I 141 

; ----- - pacqeT no ,PopMyne ; -- . - · - · - · 6opHoB-
cKoe npH6nH>KeHHe, ,PopMyna (8), 
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3. 

tli!rr2J dQ 

16 

16" 

165 

166 

1iF 

t68 

!69 

161
' 

'\. 

Co 300 HSV 

\ 

\ \ ,- -- -------~ 
\ , -- --\ , .... . 
\ / . / --~-
,_ \ '-,, 

'· I -,, I 
\! 

J: 
-It 

10 L-~40;;---'--*60:--_._-B:::o:--_._~l~oo=--_._--:12-!:o:---'---:14~0:---'-;:;e;:czp:::'aa J 

Ynpyroe pacceRaae aneKTpoaoa aa Co c ¢epMa-pacn~neneaaeM nnoTHOCTH 
aapaaa. I< ~ 4,19 f , b - 0,52 f , k = 1,5204 c-1, 

/8/ . 
¢aaoBhili aaanaa ; --- - pacqeT no ¢opMyne ( 14); 

- · - · - - - 6opaoacKoe npa6nH>KeHHe, ¢opMyna (8). 

14 

p B C, 4. 

fli1 ~~-.---.---.-----.----..------.---,--.,..---..-r----

8£ 300 Mev 

164 

165 

/06 ........ ~, 

/07 
\\ 

\ .. ,~------ .. 
' --'\ // 

/06 

16 

til' 

) 
40 

\ .. ' 

\ --;-~ , 
. / \ " 
\ I \ "\ 
I I \ ---~--
\/ \ __ / \' 

120 /40 eczpaa} 60 80 100 

Ynpyroe pacceRaae aneKTpoaoa aa Ei • KpaBble I paccqaTaHbi nnR <jlepMI! 
pacnpeneneaaR nnoTHOCTH aap<~i:ta . I< • 6,64 f , b • 0,56 f 

k • 1,5204 f ·I , K pHBble 2 - nnR cTlneaqaToro pacnpeaeneHH!l nn 
aocTH aapsaa. ¢aaoBbiii aaanual I;- - - - no <!>opMyna 
( 14), ( 15); - · - . - . - 6opaoacxoe npa6nHJKeaae (8) . 
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p H c. 5. 

Co 
IBi 

gg(f'J 

ra dO 

/02~ do 

163 

1031 ~ 1u;• 
164 

!65 

1()6 

/07 

t68 

tOg 

I flO 

lrl'l 
ItO 60 80 100 120 140 812paaJ 

Cpaaueuue pacqeToa ynpyroro pacceHRHH aneKTponoa ua Bi 
aepxuue KpHB&Ie) H Co ( E = 30Q M as, HHlKHHe KpHBble) 
<J>opM yne ( cnnoWHbie KpHB&Ie) H no <l>opMyne c ynpomeHJibiMH 
( nyHKTUpHbJe KpHBbie) • 

( E • SOOMaa 
I no Toquoll 

G(x) H qa<l> {x) 


