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Ill B pa6o:re 6hlna npennpaas:ra nonhlTKa aaana:raqecxoro pewesas ypasae-

HBB nepeHOC8 aeATpOHOB C SRepraeA HBCKOnbKO COTeR ~SB. KHHeTBqecxoe ypaBHe

HBe pewanoc& B npa6na~eHBH 'npsMo-snepen' c acnon&30B8HBeM sec&Ma ynpowea

aoA $QpMhl ~8 HHTerpan&HOrO yp8BR8HBB AnR ~YHKUBH pacnpeneneRBR HeATpOHOB, 

8hl6paHH8B ~OpMa HApS Bnonae COOTB8TCTBOBana HM&IOWeftcg BHcjlOpM8UJIH B OTHOWe

HIIR SRepreTJiqeCKOrO pacnpeneneHBH K8CK8AHhlX npOTOHOB B npOTOH-SAepHhlX B38BMo

neACTBBSX, Onaaxo OTCyTCTBBe aenocpenc:rseaa~x naHHhlX o6 saepre:raqecxax pac

npeneneHI!RX K8CK8AHhlX HeATpOHOB B HeATpOH-HAepRhlX B38HMOA8ACTBHSX R 3Haqa

Ten&Hhl8 OWB6KB B 8KCnepBM8HT8nbHbiX B pacqeTHbiX A8HHhlX 06 SRepreTBqecKBX 

pacnpeneneHHSX K8CK8AKhlX npOTOHOB B npOTOH-RQepHbiX B38BMOAeftCTBBHX npHBOAB

na K He06XOABMOCTB HOpMRpOBKB cnexTp8 KeATpOHOB ( ~ ) B afSconiOTHhlX 8AHKII-
. dE 

uax B3 ycnosas aaanyqwero cornacas pacqeTHbiX • sxcnepBMeHTamoHhlX ASHKhlX no 

ocna6nesi10 B 38WBTe nOTOKOB aeATpoaos c H •~seA rpaaaueA cnex:rpa .. 20 ~sa, 

STa rp8HBU8 COOTBeTCTByeT nopory peaKUBH C 12 .. C II 1 qacTO BCnOn&3yeMOA B 

onbiTax. nony'leRKhle peweaas nasana B03Mo~aocTb onpenemrr& nOTOKB. aeATpoaos 

BbiCOKBX 9Hepraft B OU8KHB8Tb 9HepreTB'18CKOS pacnpeneneHRe 38 38WHTHhlMB 9Kpa

H8MB pa3naqaoA :ronwBHhl 5e3 yqe:ra yrnOBhlX OTKnoaesaA aeA:rpoaos B npoueccax 

Reynpyroro B38RMOAeACTBBH C HAP8MH, 

B aac:rosmeA pa6o:re B3narae:rcs pacqeT ocna5neaas B 3awa:re nOTOKOB caepx-

6hlCTphlx HeATpOHOB, OCHOB8HHbiA H8 15onee nonK«?M BCnOnb30B8KHH RMBIOUieftCR RH

¢opM8UHH no cnexTpan&ao-yrnoabiM pacnpeneneRBBM BTopa:qahlx ayxnoaos. C uen&JO 

nonyqeaa:s aaam1:r11qecxoro peweKBB ypasaeHJIR nepeiioca sxonaas RH~opMaUBH, ona

ChlBSJOwas cnex:rpan&soe pacnpeneneaae, npenc:raanse:rcs B ~opMe, yno6aoA nns 

aaana:raqecxax pacqe:ros. Pe3Kas aanpasneaHOCTb snepen yrnosoro pacnpeneneaxs 

~ 



ayKnOHOB, Bbin8T8101IlHX Jll3 SI.Qep npH HeynpyrHX COYA8p8HJIISIX1 ASBT B03MO)I{H0CTb 

npa6nH)I{8HHO yqec~ yrnOBbl8 OTKnOHSHHS! npH peweHJIIH ypSBHBHIIS!, 

Ypaeaeaae nepeaoca HeltTpoaoa AnR cny'iaR nnocKoro MOBOHanpaaneaaoro ac

TO'IHHKS H8 rpaHHil8 nony6eCKOHB'IHOrO .npocTp8HCTB8 38UHCbiB88TCS! B cneAYIOIIlSM 

BHAS: 

aF ( x, £,8) + p{E) F(x, E,8) = COB 8 
ax 

41T £ (
E' ~ .. F(x E' 8')dE' ... ... , , , 
n· .. 

·, Eo 
=f dP ( p (E')K 

rAe F(x,E,O)- ~YHKiliiR pacnpeAeneHHR nnoTHOCTR nOToxa HeATpoaoe; 

X - TOnlllHH8 381IlHTbl BAOnb HOp Mana K ee noaepXHOCTH j 

8 - yron OTHOCBTenbH~ HOpMSnJII K noeepXHOCTHj 

E- saeprHR aeATpoaa; 

( 1) 

p(E)- nOnHoe C8'18HH8 Heynpyroro B38HMOAeiCTBHS! HeltTpOHOB C SI.Qp8MH 

aamBTbl (ynpyrHMR coyAapeHRRMJII npeae6peraeM); 

dO= 2~r sin6d8- sneMeHT Tenecaoro yrna; 

p
8
{E)- 9~KTHBH08 C8'18HH8 p8CC8S!HHS! HeltTpOHOBj 

(
E' .. E)- ABOltHoe AH~~epeauaanbHOe pacnpeAenea•e aeATpoaoe, o6paayiOIIlRXCR 

K _. .. 
Q • .. 0 npa B38HMOAeltCTBHH H8ltTpOH8 C SI.QpOM j 

(E' E) r d D f K .. .. .. dE = 11 ( E ') - 9~8KTHBH08 'IRCno BTOpH'IHbiX HeATpOBOB, 

fl ' .. 0 
41T ( ~..>. 

fpaHH'IHOe ycnoeae 3anuweM e cneAYIOIIleM BRAe: 

F(x,E,O)i =F (F) 
X ::c 0 0 

8 (cos 6- 1) 

21T 

rAe F
0 

(E)- cnexTpanbaoe pacnpeAeneaae aeltTpOHOB BCTO'IHHK&, 

B pSI.Ile 38A&'I ~H311KB aamaTbl AOCT&TO'IHO 3H&Tb waxua10 

F(x,E)~ fF(x,E,8)dfl. 

41T 

.UnR F(x,F) ypaaaeaae (1) nepexOART 8 (2): 

a -- f coa8F(x,E,8)d!1 +p(E)F{x,E)• 
a x ." £ 

/,.. (E')K(E' .. E)F(x,E')dE' . 
• 

£ 

4 

(2) 

,, 
• I 
' .. ;ttf_.l····-· .::~1 
" ·.;,' 

·~·~~-'I ··~j· .''• 
l, 

"':~~ 

.;(' 

,fi: 

.I ._ 

11cnonb3YR Bblp&*eHaR AnR nnOTBOCTR Toxa aeATpoaoa, I ( x, E) 

3H8'18HBR COB 8 

, x) a cpe.Qaero 

II (x,E) .. ;;o = 4~cos6F(x,E,O)d0 
fF(x,£,8)d0 

41T 

I (x, E) 

F (x, E) 

nepenacbleaeM ypaaaeHHe (2) AnR WHKiliiH pacnpeAeneHIIR nnoTHOCTR Toxa: 

a I(x, E) 

ax 
+ p(E)---· 

ll(x, E) 

Eo,.. (E') 
f • 

11 (x, E ') E 

K(E ' .. E)I(x,E')dE'. 

• 

(3) 

(4) 

ITp11 Bb16ope aaanaTB'Iecxolt ~opMbl RAps Y ( E ' .. E ) cneAyeT eocnonb30B&Tbcs 

BM8101Il8ACR 9KCnepiiM8HT8nbHO:lt HH~OpM81l118it 0 All~lf!!!P8HilH8nbHblX C8'18HHHX HCnycxa

/2-10/ 
HHR HyKnOHOB , Haa6onee nonBbl8 II TO'IHbl8 A8HHb18 1 nO-BHili'IMOMy, npRBeAe-

/9/ 2 
Hbl e , rAe sano*eHbl pe3ynbTSTbl aaMepeaiiA eena'IBH d q I dE d 0 11cnycxauSI 

npoToaoa B3 RAep Be , C , C11 u np11 60M68pARPOBK8 HX npOTOH8MH C 888p-

raeit 660 Mae. 113 nony'leHHbiX peaynbTSTOB cneAyeT, 'ITO a cnexTpax npoTOBOB Bbi

AenReTCR UI'IK K883HCB060AHOro (KB83Rynpyroro) p8CC8RHHR 6oM68pAIIPYIOIIlHX UpOTo-

HOB aa ayxnoaax Sl.llpa, 

Mo)I{HO upeAnonO)I{RTb, 'ITO aaxonnesue aeltTpoaoa BbiCoxax saeprait no Tonmaae 

381IlHTbl UpOBCXOAHT B OCHOBHOM 38 C'IST HX K883Bynpyroro p8CC8RHIIR, ITO&TOMY upH 

ycTaHoaneaaa SI.Qpa ypaaaeaas ( 4) 6yAeM Y'IBTbiB&Tb nRWb xaaaaynpyroe pacceRsae. 

.UnR nony'leHBR B03MO)I{HOCTB aaATa cpaaaaTenbao npocToe pemeaae ypasaeiUis (4) 

npeHe6peraeM p83HHU8it MB*AY cneKTpanbHO-yrnOBbiMB COOTH01Il8HHR~ 8 K883Byupy

roM II ynpyroM paCCeS!HHH H 6y.QeM OUBCbiB8Tb KBH8M8TII'I8CKB-KB83JIIyupyroe p8CC811-

HB8 HSltTpOHOB H8 SI.Qp8X KSK yupyroe p8CC8S!HH8 HSltTpOBOB H8 CBo60AHbiX UpOTOBSX 

a aeATpoaax, 

CpaaaaaaR 3Ha'leaue ce'!esaR acnycxaHBR npOToaoa xaaaayupyroro pacceHHRR 

dq ):XX) 
(~ C eenR'IHHO:lt C8'18HHR ynpyroro p8CC8RHHR UpOTOHOB H8 CB060AHbiX Hyxno-

d,- qe 

H8X1 MO)I{HO BBSCTH KOS~~BUHSHT KB83Hynpyroro p8CC8RHHR T/ ( 8) , oriP8A8nS8Mbllt B3 

COOTHOW8HBR: 

x) 
BeKTOpHOe 0603H8'18HH8 TOK8 onyCK88M 1 HMSR B BBAY 1 'ITO OH H8Up8Bn8H 

BAOnb OCR X 

xx) dq /9/ 
QnpeAeneHHe BSnB'IBH (---) ASHO B 

dO qe 

5 



77(0) 

d (1 ) 

(~q. u (A- Z)+u Z 
pn PP 

(1 

(~) (A-Z)+ (...2..£:.._) Z (5) 

dO PI\ dO PP 

I'Jle Upn H U PP - aneMeHTapHble Ce'leHHII ynpyrax npOTOH-HeATpOHHblX H npOTOH-

npOTOHHhlX paCCeiiHHA COOTBeTCTB9HHO; 

( J2_) H ( ..E£..._) - LIHcMJepeHI.tHanbHhl9 Ce'l9HHII ynpyrax npOTOH-HeATpOHHblX H npOTOH-
dfl pn dP PP 

npOTORHhlX pacceHHHA COOTBeTCTBeHHO; 

t1 - Ce'leHHe aeynpyroro B3aHMOJleilCTBHSI npOTOHa C S!LipOM. 

BenH'lHRa '7 ' Bbl'lii:CneHHaSI KaK cpeLIHee apHcjlMeTH'leCKOe 3Ha'leRae '7 ( e) 

AnSI yrnoa e- 12,2°; 18°; 24° II 30°, npaaeLieRa B Ta6naue 1. B norpeWHOCTb 

aenl!l'lHHhl 17 ( Ta6n. 1) He aowna MeTOLII!I'leCKaH 

( d u I d 0) , paaaa11 .. 20%, cornacao oueaa:aM, 

ae.TO'IHOC'l'b onpeAeneHKSI aenH'li!H 
/9/ 

KMeJOWKMCH a • Ha p11c. 

paCC'li!ITaHHaH Ha OCHOBaHI!IH 3MUI!I-
qe 2 

npeLICTaaneHbl 3Ha'l9HHII __!!_ ( da/ d{)) , a TaKlKe 
/11 12/ 1717 qe 

pH'leca:ax cjlopMYn ' aaaHCBMOCTb 

( du du 
-' (A-Z)+(--) Z 

dP P" dO PP 
w ( 6) • 2rr 

u (A-Z)+u Z 
Pll PP 

aao6palKeaaaSI a:paaoA 1 ; npeAnonaranoc&, 'ITO A • 2 Z ( aTo - anonae LIOnyCTBMOe 

npa6nHlKe«Re). CpaBHBTenbHO ae50n&WOA paa6poc TO'l9K OTHOCHTenbHO Kpii:BOA 

ya:a3biBaeT Ha npaeMneMOCTb BB9LI9HI!SI cpeLIR9A aenH'lBHhl '7 . , He· 3a&BCSIWeA OT 

yrna BbmeTa BTOpl!l'lHOro npOToaa. STo noaaonSieT onpeAenHTb acjlcjlea:THBHOe ce'les:He 

pacceHHHH: 

p..- '7 p.. 
(6) 

3aa'lHTen&HaSI aHB30TpOUBSI pacCeSIHHII HeATpOHOB BhlCOKJIX aaepraA S:a CB050LI

Hb!X HyKnOHaX noaaonSieT y'lBThlBaTb TOnbKO Te aeATpOHbl, KOTOphle pacCeSinHCb B 

CHCTeMe LteHTpa Mace B nepeLIHee nonynpOCTpaHCTBO no. OTHOWeHI!IIO K HanpaaneHBIO 

JlBHlKeHBH nepBB'lHOro aeATpos:a. Ecna npeae5pe'lb aea:oTopoA acKMMeTpaea.pacces-., 
HHH a CHCTeMe ueHTpa Mace, yrnoaoe pacnpeAeneaae pacceliHS:biX, aeATpoaoa _. ( 6) 

/11 12/ 
MOlKHO npeJlCTaBHTb B cneLIYIOII.teM BilLie 1 

: 

6 

; 
I 
I 

w ce>-~ (~) 
np (1 dO np 

llp 

4 .. 
5( A np ClOI 6 + 1) 

2(A +5) 
llp 

(7) 

w., .. c;, • ..!!...(..!!..) 
u dO "" 
"" 

4 .. 
S(A.,,.coa 6+1) 

A + 5 
nn 

(7a) 

rAe 6 - yron pacceHHHH a cacTeMe ueaTpa Mace; 
. Ill 12/ 

A"" B A"" - npaBeLI~Hhl a pa60Te ' • 

Yrnoaoe pacnpeAeneaae aeATpoaoa, pacceHHHbiX Ha CHCTeMe npOToa-aeATpoR, 

KOTOpoe HOpMapoBaHO Ha OLIHH aKT B3aBMOLI9ACTBHII, aanaweTCSI c y'leTOM (7) a 

(7a) KaK 
4 .. 4 .. .. (1 (A eoa 6+1) u (A COl 6+1) 

w(O) • 5[ 
ftll ftll + _1_ llp llp ]. 

(u +u ) (A + s) 2 (u +u ) (A + s) .... llp an .... llp np 
(8) 

PacnpeAeneaae w(6) a na6opaTopaoA cacTeMe ~ony'laeTCH aa (8) npa no
/13/ 

MOWB B3B~CTHOrO COOTHOW9HHSI 

[1 2e"' a .. ·; 
w(O)•w(O) s" +y (l+eoa6)alsa 

.. 

I' Lie y:~- .. 1+-E_. 
2m e2 ' 

Y (1 + eoa B) 

me 2 - aaepra11 noKOSI aya:noaa; .. 
() 

tg- ~ y tgO. 
2 

Ha pac. 1 a:paaaSI 1 nocTpoeaa cornacao ypaaaes:a10 (9) AnSI 
.. 

o < e < ....!L - 2 • 
Kpaaa11 2 nocTpoeaa c noMOWbiO annpOKCBMHpyJOweA cjlys:KI.tBH 

(. 
w ( 6 ) .. a ( cos e ) 

napaMeTphl "a" H "(" a:OTopoA aaXOLIHTCH aa cneAyJOIIlHX ycnoaaA: 

a•w(0)•4y 2 w(0); 

7 

(9) 

(Sa) 

(10) 



rt/2 ( rr/2 .. .. 
B f (COB (} ) Bin(} d (} m f W ( (}) Bin (} d (} '" II , 

0 (lOa) 

BenH'lBHa II eCTb TO CaMOe aljlcjleKTHBHOe 'iBCnO uei!TpOHOB, Ha KOTOpoe 

npOH3BOJliiTCll HOpMI!pOBKa B yp8BH8HBB (1), 113 ycnOBBll (10) B (lOa) nony'iaeM: 

2 .. 
4y w ( 0) -----1. ( 11) , .. 

II 

O.auo3aa'!Hall 3aBBCHMOCTb Me~.ay aaeprseA pacceHHaoro aei!Tpoua 11 yrnoM 

ero a&meTa nosaonl!eT H3 ypaaaeai!A ( 9) - ( 11 ) nony'lHTb Bbipa~eHI!e .anH l!Jlpa 

K ( ·E'-+E)ypaaHeHI!ll (4), 
/13/ 

l13aecTao , 'iTO cneKTpanbHOe pacnpe.aenease pacceHHawx HyKnoaoa w(E',E) .. 
B HyKnoa-ayKnOHHhlX ynpyrRX B38BMOJl9i!CTBHliX CBl!3aHO C pacnpeneneaBeM w ( 6 ) 

npOCTOi! 3aBHCBMOCTbro: 

2 w ( 0) 
E' 

w(E',E) .. ( 12) 

Pacnpeneneasro (Sa) conocTaasM pacnpe.aenenl!e 

w(E',E) .. K(E'-+E) •a'(_!_)(' -1-
E' E' (128) 

CO cnentiOIIlHMII ycnOBI!liMB: 

E'w(E',E'--) .. E'K (E '-+E)j , .. a'.,2w(O); 
E=E ( 13) 

E' 

fK(E'-+ E)dE .. ...,. (13a) 

113 ycnoasi! (13) H (lSa) nonyqaeM: 

.. 
?:..!:J..Ql 

II 

,._ 
-1 . (14) 

CpaBHBBal! (10) c (IS) a (11) c (14), nerKo aaxonsM: 

a•2y 2 a'; ( 15) 

8 

~r 

((+1)•2y
2
(('+1). 

( 15a 

Y'ieT TOJibKO OJlHOKpaTHhlX CTOnKHOB9HHi! Hei!TpOHOB C HYKJIOH8MH B RJlpax 

np11 pemeHI!H ypaauensl! nepeaoca naeT B03Mo~uocTb aaeCTII onpe.aenenn&Ie ynpome-

HIIll B OTHOIIleHHH aenl!'lBHbl U (x, E) , AaanH3 38BHCIIMOCTII cpe.aaero KOCHHyca 

yrna p8CCel!HIIll np11 MHOrOKp8THOM pacCel!HIIII OT aenB'lHHbl (E)IE ) llOK83hlB8&T, 
0 'iTO MO~HO C'iHTSTb 

E >. 
u(x,E),..(-) ::::- eosfJ, 

Eo 
(16) 

T.e. cpena•A Kocsayc yrna nps MHoroKpaTHOM paccel!HHH nps6na~eauo paaea Koca

uycy yrna llpH OJlHOKpSTHOM paCCel!HIIH, 3To paaeHCTBO TeM JIY'iWe BhlllOJIHli9TCll, 

'ieM 6JIB~e E K ·E • noK838T9Jlb CTeneus >. 
0 HSXO,l:IHTCll H3 Cnenyrowero COOT-

HOWe Hill!: 

K ( E ' ... E ) • a ( eos (} ) ( d ( eoafJ) 

dE 

PeWall COBMeCTHO ypaaHeHI!ll (16) B (17), IISXOJliiM: 

' 1 a -~. >. = -~- = 2y 2 

( 17) 

( 18) 

.llonymea11e He3aaacaMocTI! u(x, E) OT KOOpJliiHSTbl X Jl88T B03MO~HOCTb 

npRMeHI!Tb npeo6pa3oaaaRe Jlannaca c uenbro ynpomeHI!ll ypaaaeHBll (4): 

r.ae 

.. 
J(p,E) .. f e-P"t(x, E)dx; 

0 

/L(E) 
J(p,EH--+p]• 

E /L (E') u(F) 

.. f I K(E'-+E)J(p,E')dE'+ F (E). 
E u(E') 0 

K(E'-+ E)= a'(_!_)(' 
E' E' 

.llnH yno6cTaa peweHRll ypaaueuse ( 19) nepensc&IaaeM a nepeMeHHbiX "u " 

9 

(19) 



rAe 

IL (u) 
J(p,u)[--+ p] = 

u 

1 (u ') u ( •.fa-"--(-) J(p,u')du'+F (u), 
" (u ') 2 u ' o 

(20) 

CZzl'jw(O). 

.Ons BanH'IHH a , ( , 1L , Ba 38BHCSIIIIHX OT SHaprHH, H B npaAnOnO:IKaHHH 

MOHOXpOM8TH'IHOCTH HCTO'IHHK8: 

F
0
(u)•B(u-1), 

(21) 

pemeaue ypaBHeHHH (20) ecT&: 

0.1! u' (22) + 
( p + ....e_ ) 1-o. ( p + ) 1 +cz 

u IL 
IL + p 

/14/ 
8bipa:~KeHBIO ( 22) COOTBeTCTByeT OpBrB!lan ' 

I(x,u) • e-11 " {B(u-1) + 

(28) 

-""c...L-11 
+cz1£XU(e " F [(l+o.), 2;1£x(J...-l)ll, 

l l 11 

rae F [(l+cz) 
I I 

2; "x(-
1
--1)1 

u 
BNpO)!(.[l9HH8SI ranepreoMaTpH'IeCK8SI 

tflyHKUB41o 

npeACTaBnseT HHTapec HCCneAOB8Tb nOBeAeHBe l(x,u) npB 3H8'19HHSIX , .... 
1 

'ITO OTBe'l8eT 6aCKOHa'IHO y3KOMY yrnOBOMy·pacnpe.[leneHHIO paCCaSIHHNX 

ael!TpoaoB. Hcnon&ays npeAcTaBnaHHe AnH F [ a, b; z] 
1 l 

( 23) caecTH K cneAyiOmeMy npeAanbHOMY Bhlpa:IKaHHIO: 

lim I(x,u) • e-""[B(u-1) + 
r, .... 

+a I' xu( 

1 
I ( 2..; cz I' x In -, l 

I • 

10 

VIZILXIII _1_ 
u 

npH a -+ oo 1 MO:IKHO 

(24) 

I~ ,, 
! 
I 

I! . ' 

t 

(I 
•{ 

l !· 

3TO Bhlp8:1KeHH9 SIBnHeTC!I Henocpe.QCTBeHHbiM pemeHHaM yp8BHeHHJl 

HblX u B npufina:~KeHHH 'npsMo-Bnepe.tt', T.e. xorAa cos 8 • I • 

(4) a nepeMea-

1. (2ycz1£XIIl..l.;) • 
I U 

- tflyaxUH.H Beccens MHBMoro apryMeHTa. 

HaTerpapys (24) no "u " OT 0 AO 1, nonyqaeM H3Meaeuae no Tonmaae aa-

WBThl nnOTHOCTB nOTOK8 HeATpOHOB KB83Bynpyroro pacCeHHHSI B npsfinB:IKGHBB 

'npsMo-BnepeA': 

I f[ lim I (x,u)] du. e -z1-1 c 1-17111 , .... (25) 

PacCMOTpBM Tenepb BCDOnb30B8HB9 B3nO:IKeHHOrO tflopManB3M8 ans KOHKpeT

HhlX p8C'I9TOB 9HepreTB'19CKHX cne&TpOB HeATpOHOB B 38WBTe, npBLBM8!1 80 aBB

M8HBe (8), (12a) u (28), nonyqaeM BNpa:~Keaue Ans tfiYHKUBB cnexTpan&aoro pac

npe.tteneaus nnoTHOCTB nOToxa aeATpoaoB KBaaaynpyroro paccesaas 8 a~e: 

-"" F ( x, E) .. e I 8 (E- E 
0

) + 

Eo~ 
(' ~ 1'~<!1-t-l l !o ~ 

+ILia~ (l)- e E F ((l+o.),2;1£X((-;;-) -1)]1. 
E E I I r. 

0 0 

(26) 

Kax cneAyeT aa Bcero xo.tta paccy:~K.t~eaaa, ypaaaeHBe (26) nony'leso ans 

3H8'1eKHA napaMaTpOB a , ~ , (,' 1 He 38BBCSIIIIBX OT saeprBB aeATpO&QB, 38BH

CHMOCTb napaMeTpOB OT SHeprHH npu6nH:IKeHHO MO:IKHO yqecTb nyTeM ~CD0nb30B8-

HHB B (26) ycpa.QH9HHLIX 3H8'19HBA, aanpHMep; 
Eo 
fa (E ') dE ' 

; (E) = ....;E:;__ ___ _ 

E 
0

- E (27) 

AaanorH'IHO Bbi'IHCnHIOTCSI ~(E) , ('(E). 3aBHCHMOCTb a(E) y.tto6ao a pac'le-

TaX HCDOnb30B8Tb B cne.ttyiOW9M BBAa: 

a(E)m7jw(O)e(E), (28) 

rAe e(E)- OTHOWaHBe KOS~tfiHUBeHTa KB83Hynpyroro·p8CC8HHBSI npB SHeprBB ! 

K KOS~BUHEIHTY KB83Hynpyroro pacceHHBSI 11 npH saeprHB 660 MsBJ saepreTB-

'19CK8!1 38BHCJIMOCTb w(O) onpe.ttenseTCH xostfltfluuHeHTaMH Ann B A B (8), 
llp . 
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17 8/ 
Cornacao aaHHhlM pa5oT ' ,Kaaaayrrpyroe pacceaaae ayKnoaoa aa gapax 

Tamenee 6epannaa rrpaKTH'!leCKH OTcyTCTayeT rrpa aaepraa 5oM5apaapyiDmax ayKno

HOB "' 90- 100 Maa, Ha pac, 2 rrpaaeaeaa aaaaCHMOCTb ~(E) , acrron&aoaaa

aaa B pacqeTaX, ,Una BbiHCHeHHH CTeiTeHH '!!YBCTBHTen&HOCTH OKOH'!!8Ten&HbiX peayn&

TaTOB K Baay tPYHKUHH ~(E) pacqeTbl 5binH rrpoaeaeHbl ana aayx tPYHKUHll: ~ (E )
0 

YK838HHbiX H8 pHC, 2. npa ITOCTpOeBHH KpHBbiX 
121 16/ 

5binH HCITOnb30B8Hhl TaKme aaa-
Hbie pa6oT H , 3KcrrepHMeaTan&Bbie TO'!!KH, rronyqeHHble H8 OCHOB8HHH aaa

(J .. 2,5° a () .. 5~ rrpaaeaeabi aa pac. 2. TaK KaK 
161 

HbiX ana yrnoa pacceaaaa 

Kaaaayrrpyroe pacceHaae cymecTayeT rrpaKTH'!leCKH Ton&Ko rrpa aaeprua E >100 Maa, 

o6nacT& rrpaMeaaMOCTH aanomeaaoro pemeaag ypaaaeaag rrepeaoca orpaaaqaaaeT-

ca caaay yKaaaaHbiM aaaqeaaeM aaepraa. MaaecTao, '!ITO ana TaKoro aaarraaoaa 

aaeprall: ceseaae aeyrrpyroro aaaaMo.nell:cTBHH aeli:Tpoaoa c HapaMu rrpaKTaqecKa 
/16/ . 

Be 38BHCHT OT SHepraa , noaTOMy HCITOnb30B8HHe 3H8'!leaaf "IJ. " , He 38BHCa-

IDHX oT aaepraa, a rrpeaenax oma5oK coataeTcTayeT HMeiDmeAca aKcrrepaMeaTan&aoll: 

HH!jJOpMaUHH, Pac'!leThl C ITOMOIDbiD (lOa) ITOK83b!B8IDT, '!ITO B AH8IT830He aaeprall: 

100 < E < 1000 Maa aaaqeaae rrapaMeTpa "11" , axoaHmero a PHA cooTaomeaaA, 

COCT8BnHeT aenaquay 

II '" (0,71 :!:_ 0,03), 

rrpaKTH'!leCKH Be 38BHCSIIllYID OT aaepraa, 

3aaacaMOCTb rrapaMeTpa (;(E) , Bhi'!!Hcneaaag cornacao ( 11) , rrpaaeaeaa 

H8 PHC, 3, 

BwcKaaaaaoe a caMOM aaqane pa50Thl rrpe.nrronomeaae, '!ITO xapaKTep ocna6ne

aaa ITOTOK8 Beli:TpOHOB Bb!COKHX aaeprall: orrpeaenHeTCH B OCHOBHOM aeli:TpOH8MH 

KBaaayrrpyroro paccegaaa, Momao rroaTaep.nuT& rryTeM corrocTaaneaua aljlljleKTHBBOro 

KoaljlljlauaeaTa ocna6neaaa (ana .nnaabi ocna6neaaa), rronyqaeMoro aKcrrepuMeaTan&

Ho, c pac'!leTHbiM aaa'leaaeM aq,ljleKTaaaoro Koaq,ljlauaeaTa ocna6neaaa. 3KcrrepHMea

Tan&ao Ocna6neaae rrnOTHOCTH ITOTOK8 Heli:TpOHOB B 381DHTe HayqaeTCH 05bi'!!HO C 

ITOMOIDb!O peaKUaH C l2 -+ C 1l 1 aMe!OmeJl rropor "' 20 Maa, C ITOK838HaaMH yrne-

poaaoro aeTeKTOpa COITOCT8BaM tPYHKUa!O F (X) 

E 
0 -IJ.x 

F(x)=J F(x,E)dE ae B(1J.x,E
0

), 

El 

OCna6neaae B 381DaTe ITnOTHOCTH ITOTOK8 orrpeaena10my10 

12 

(29) 

aeli:Tpoaoa c aaepraell: 

awme rroporoaol!: aae~rua E 1 • MaomaTen& B ( /lX, E 0 ), aaawaaeMhlA ljlllltTop~M 

H8KOrrneHRH, X8p8KT8pHayeT OTHOW8KUe rrnOTHOCTU ITOTOK8 HeATpOHOB C 9Keprael!: 

E >20 Maa K rrnoTBOCTH rrOToKa aei!:Tpoaoa,ae rrpeTepneamax KH oaaoro aeynpyro

ro aaaaMo.nellcTaaa. Ha orpaKa'leKHhlX y'laCTKax aamaTw 'ocna5neaae nnOTKOCTH 

nOTOK8 MO>KHO annpOKCHMHpOB8Tb SKCnoaeauuan&.HOA ljlyHKUHeil e -IJ. I CEO I"' 
1 

r.ne 

p.
1 

(E
0
) eCTb aljlljleKTHBHhiA KOS~jlq,HUH8HT ocna6neHHHo Onpe.nenaM aenaqaay p. (E ) ' 

I 0 
aa oTpeaKe (x - x ) cne.nyiDmHM o6paaoM: 

2 I 

e -p.l I Eo I I"' A- "'I I -ll h -"' I B (p A I E ) • •e t 1 • o (30) 

B(p IE ) 
I 0 

Ma (30) H8XOAHM COOTKOWeKBe Mem.ny 1J. • "'•(Eo) Ana TOnJDBKhl 381DHTbl 

(xt-xl): B (p.x 21 E
0

) 
ln----

B(Ilx1 1 E 0 ) 
(81) "a (Eo) 

-·=1-

" 1J.X 2 -~J.x 1 

,Una aeN:oaoxpoMaTK'IeCKHX aeil'l'poaoa HCTO'IHBKa OTKomeue 1J. 
1 

( E 
0

) I IJ. 

Bhl'lucngeTca nyTeM ycpe.naeaaa aena'IUK B ( IJ.I, E 0 ) no crreKTPY UCTO'IKBKB. Ha 

( -1 
puc. 4 noKaaaaw ljlyHKDHU p. 

1
(E0 ) 1 /l) ·, Bhi'IHCneaawe cornacao (31) .nna aaaqe-

aull '1 • 0,67 U f1 -Q,46, 'ITO COOTB8TCTByeT T8KBM MaTepaanaM K8K 05bi'IH&Iil 

5eTOK U MeAb1 COOTB8TCTB8HHO, n;yHKTKpHble U cnnOWBhle KpHBbl8 H8 pUC, 4 COOT

B8TCTBYIDT Kpaaolt 2 a 1 pac, 2, coOTaeTcTaeaao. MaMeaeaae nOToKa aeATpoaoa pac-

cMaTpaaanoc&. H8 TOnJDBKe 381DBThl OT IJ.II • 2 AO 1J. w
2
• 8. Ha STOM >Ke pacy&Jte 

rrpaae.neaw aaaqeaua ( ll1 I,.,.) -I , Bbi'Iacneaa&Ie aa ocaoae aJtcnepuMeKTan&awx .nas-
/17-19/ 

RbfX DO ocna5neHBID nOTOKOB HeiiTpOHOB, reaepapyeMh!X H8 6epannaeBOil MH-

W8HB IIpOTOH8MII C aaepruel!: 170-660 Maa B 05hi'IHOM 5eTOKe, TamenOM 6eTOBe B 

meneae,3KcnepaMeaTanbH&Ie aenu'IUKbi Koaq,ljluuaeaTa ocna6neKB.B 1J. 
1 

/17-19/ 
pa50T8X H8 TQniDRH8X 381DRThl1 COOTB8TCTBYIDIIIHX 3H8'18HHaM 

nonyqeHbl a 

IJ.X 1 npuaa
/20/ 

npaae.neKbi B Th!M R8MII B p8C'18T8X, CneKTphl aei!:TpOHOB R3 6epannaeaol!: MUW8HH 
-I 

3aaqeaaa (IJ. I,.,.) , coOTaeTCTBYIDJDRe aKcnepuMeHTanbKh!M peayn&TaTaM, OTHe-
1 . 

ceaw K H8'18nbHOA aaepraa aeATpoaoa E 0 , npa KOTopoA OTaoweaae ( IJ. 
1 
( E 0) I p. ) - 1 

p8BKO OTHOIII8KBID, nony'IS&MO~ nyTeM ycpeAH8HRa ljlaKTOpOB.H8KODn6KRH no CD8KT

py BCTO'IHRK8, 3H8'18HIIa C8'16HRB aeynpyroro B38HMOAei!:CTBRH K8ATpOK08 C HAp8MH 

aneMeHTOB U Bhi'IBCrrMR cornaCHO RHTeprronHDBOHHOA ljlqpMyne: 

13 
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=--·-· 

O• 34,SA0,7!1 M6apH (32) 

( r.ae A - STOMHb!ll Bee) 1 OTBe'ISIOI!leJI: C TO'IHOCTbiO ( 4- 6)% HMeiol!lBMCSI SKCUepu-

MeHTan&Hb!M Jl8HHb!M 0 Ce'leHBSJX Heynpyroro B38HM0JleliCTBHSI HyKnOHOB C ll.llp8MB, 

!13 paccMOTpeaus puc. 4 MO)KHO c.aenaTt. Bb!BO.Il1 'ITO B npe.aenax owu6ox Teope

TH'IeCKHe 3HS'IeHBH BenB'IHHbl ScjlcjleKTHBROro KOScjlcj)HUHeBTa OCna6neHRSI UOT()ft8 ·H-&A

TpOHOB Bb!COKHX SHeprRll COBU8Jl810T CO 3H8'1eHHHMH 1£ I 
1 

nony'leHHb!MH 3KCnepu

MeHT8n&HO, 

-I B Ta6naue 2 npBBOJlHTCH cpasaeaue TeopeTH'Iecxax 3.118'1eaull (I' (!!'. )/I') 

/21 I 1 0 
.ans HeKOTOpb!X MaTepuanOB C SKCnepBMeBTan&Hb!MB 3H8'1eRBHMH j acjlcjleKTRBR8Sl 

1211 
aaeprusr aeliTpOJiOB HCTO'IRHKa npBHBManac& 1 cornac.ao 1 pasaoll 270 Mas. Cpasae-

aae noKa3b!BaeT snonae y.aosneTBopaTen&aoe cornacue TeopeTH'IeCKHX H sKcnepu-

MeHTan&Hb!X pe3yn&T8TOB, 

Y'leT TOn&KO KB83Hy~pyroro paCCeHHHH He .aae; nonaoll K8pTHHbl cj)OpMHpOBa

HHH CneKTpa Hel!TpOHOB Bb!COKHX SHeprHll B 3811lHTej He06XO.IlHMO Y'IBTb!B8Tb Ty '18CTb 

cneKTpa K8CK8)lHb!X Hel!TpOHOB1 o6pa3yiOI!lHXCH B aneMeHT8pHOM 8KTe
1 

KOTOpag He 

OUHCb!B89TCH MO.Ilen&IO KB83Bynpyroro pacCeHBHH, npe.asapBTen&Hb!e OU9HKB UOK8-· 

3b!Ba!OT1 'ITO ae npBHHT8H BO BHHM8HHe '18CTb cneKTpa K8CK8JlHb!X HeliTpOHOB npaK-

TH'IeCKH He BnHHeT H8 BenH'IHRY l't )lnH TOnl!lHH 1£ J: » l 

ABTOpbl Bblp8)K8IOT 6on&wyiO 6naro.aapHOCTb r. WyneKOBOll 38 BbinOnHeHHe pac

'le~. 

Ta6nuua 

Cpe.aaee 3Ha'leHue KoacjlcjluuueHTa xsa3uynpyroro pacceHHHHI ., 
1 

npOToaos 

c SHepruell 660 Mas Ha pa3nB'IHb!X H.llpax (no .aaHHbiM pa6oTbl/9/) 

lUlpO-MHWeHb ., 
Be 0,76 ±. 0104 
c 0173 ±. 0,02 

Ca 0146 ±. 0106 
u 0122 ±. 0102 
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Pac. 1. Yrnosoe pacnpeaeneaae npOToaos KBa3aynpyroro pacce~ft' np• 6oM6apaB-
posKe ~ep npOToHaMB c eaeprBeA 660 Mea (cornacao ): 

• -Be, • -C, • -Ca, A-U; 115 
1 - paC'I9TH08 pacnpe.Qeneaae; 2 - annpOKCBMBPYIOIII8B KpBB8SI - 9,7 (COl 6) ' , 

\,., 
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Pac, 2, 0Taoweaae Kos~~auaeaTa KBaaaynpyroro pacceHHHH syKnoaos aa aapax 
npa saepraa E K Kos~auaeHTY Ksaaaynpyroro pacceHHaa npa saepraa 
660 Mss: I H 2 - aasaCHMOCTB, acnom.aosaaable B pac'l:eTax; •- Be, 

\'-C, •-AI - .11na yrna pacceHHHs 6• 2,5°,o-Be,v-c- .11n• 
yrna paccesaas (J • 5° (cornacao 161), 
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Pac. 3. 3asHCHMOCT& napaMeTpa ( OT saepraa aeATpoao~ 
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4. 0THOW9HH9 C9'19HBSI aeynpyi'OI'O B38HM01l911CTBHSI 1' K 3tjxp9KTHBHOMY 

C9'19HHIO ocna6neHHSI OOTOKS Hel!Tp
1
0BOB 1'

1
(E

0
) B 38BHCHMOCTB OT aa

'ISnbHOI! saeprHH ael!Tpoaoa: 1 H 1 - pac'!eT llnB Mella; 2 H 2' - pac

'19T lln!l o6bi'IHOI'O 6eToaa; 0 - o6bi'IHbiii 6eToa (cornacao 1111/), 
C) - T!IJK9nbll! 6eTOH (cornacao/19/), • - JKene30 (cornaCHO /18 ). 
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