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I. Bne,nemrn 

EoJibJIIoi1 KJiacc sa,na'l, B03HlIB8.IOIIlRX np11 pernemm npo6J1er.1 pa,nna

Ul!OHIIOli 30ll1l!TII yc1wp11TeJ1ei1 nporonon na nucorme ,meprim, cBo,ni1TcJI 

K onpe,neJI8Hl1IO qiy1mu1m pacnpe,neJieHIDI TIJIOTHOCTl! TIOTOlm ueHTpOIIOIJ D 

IlOJIY68CKOil8'lHOi1 r0More1mofi 3aJ1111Te C TIJIOCKlU,I !1,0flOimnpan.11eI1IillM 11(.;

TO'IHUKOM peJIJIT.IIBUCTCKl!X uetiTpOHOB !Ia ee rpaHHUe. ECJIU rrpmie6pe'lb 

BKJIMOM, ltoTOplli1 BHOCJIT sapR.JKeHHlle 'laCTllU!l B pa3Bl!TJ1e H,n:epnoro 

KacKa,na B B8IIlGCTBe, T • e • orpaHl!'ll!ThCH paCCMOTpe1rner.1 llCTO'!Hlll{OIJ 

Hei1TpOHOB C ::mepruei1 MeHee 400 i11'm/I/' TO sa.na'la 11axol!'.,n:eI1Vill STOH 

qiymm,m cBo,nl!TCJI K pewemm l!HTerpo,ni$pepenunaJI1,11oro ypamie11v,./2/: 

w 'JF~1f."' 1 +f' (E J F(x,E,w }=11(£JK (:):.:;..JF{,,E,' .,-JJE' (IJ 

C rpa.Hl!'!HllM yCJIOB!l8M Ji, 

F(q f,W'}=r: {E JS (w--1), (2) 

r.ne: 

F~E,w}- <PYHKUIDI pacrrpe,neJieHIDI TIJIOTHOCT11 noToKa nei1Tponon; 

x- TOJ!llll!Ha 3aJl111Tli B,nOJlh HOPMaJIU K ee nonepXHOCTl!; 

(,p - ROCl!HYC yrJia M8.llfJJY mmyJibCOM ne:ll:TpOHa l! HOpMaJib!O K 

nonep:Xl!OCTH 3aJl1l!TII; 
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£ - aHepr1m neiiTpoHon; 

/; - iiaKCE;-t.aJ.!I,1!8JI mreprIDI II8llTpOIIOB l!CT0'IHlIBa; 

.Jl{E )- 110.JIH0e Ma.I{p0CK0IIH'l8CK08 cetieID!e neynpyroro B3aIDrio.nei1CTBWI 

nefiTpOHOB C .FI,J:Wru.m B8lll8CTBa 3amHTilx); 
J//E~E)- .. _ .. I\ (t/ .... (d" ,nB0HH0e .nutxf.€p8HI.\H8JU,H08 pacnpe.neJieHlie H811TP0H0B, 06pa3yro-

!J1l!XCJI rrpl! B3am,10.nei1:CTBl1l1 neilTpOHa C .Fl)W0M. . 

B pa60Tax/2- 5/ ypaBnen11e (I) pe111aJioc1, B npl!0JIIDKemrn "npm,10-

nnepe.n" ILJIU c: rrpm1m!.1KeHHllM yqeT0M yrJI0BilX 0TI{JI0Jiemnl: H8HTPOH0B, 

DWICTarouu1x 113 HJI;Cp npu neynpyrux coy.napemmx. Bo Bcex CJiyqa.FIX 

J)ewetme :3Toro ypmmemm: npoB0.IUIJII1 c 11cnoJII,30BrurneM ynpomem1oti rJ:lOpMII 

~.11pa K {tc;f,-} ypaBneHWI (I) 11 orrpe.neJIH.JIH T0JII,KO ::mepreT11tiecKufi 

cneKTp IleJITpOH0B. 

B .nannoii pa6oTe rrOJiyqeno peruenue ypaBneHIDI (I) B nl1,ll;e oecKo

IIetIIIoro pHJI;a n pacc1u1TaHu qiymmm1 crrertTpaJII,Ho-yrJionoro pacnpe.nMeHM 

l!0T0K0B neHTpOJJOB n 3aml1T8 H3 ~to,, Ha rJIY0l!Ilax II5, mo, . 300 

460 r/cr.f. 

2. Pel'1e11ne ypannemlfI rrepenoca netiTponoB. 

Hpmriemm rt ypaBuemoo rrepeHoca 11ei1TponoB (I) npeo6pa3oBamre 

Jlannaca-l<apcoHa 
00 

f(P)=P }-''f (x Jilx , (2) 

0 . cp - KOl\!IlJI8KCHUi1 napaMOTp) 

x) Ynpyroe pacce.11Hue i11reeT pe3KYJO nanpaBJieHH0CTI, BIIepe.n H ·He3HatIH

'l'0JII,Ho DJil1/IeT. Ha U3MC1!8IIHe 0YHIU\l!!l pacnpe.neJieHHH HYKJIOHOB/2/. 
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Il0JIY'll!M 

I £ 

f {P,E,w)[oP-tjt{ED,,2/i" jeuJ;{E) !(({,f;fr }F(P,E,'wJ;/E~pf;(E )J'{ur- .t)(3) 

-I E 

3aMeHofi 

#,E,ur)==[(RE,wj{w-p +/(E}] (4) 

ypa.BHeHIIe (3) CBO,IUiTCJI K l!IITerpaJI!,!I0iVIY ypa.BH8Hl!JO c)pe.nroJH,l.Ja BTO

poro po.na: 
✓ ~ . 

jrP,~+~/14:t~f/;l;iifR~'wJalc'+ 
+ff;(£)J{w--1)'. (5) 

Pel!IM ypa.BH8HWI ( 5) M8T0,IJ;0M noCJie,noBaT8JI!,HlIX npH6JIIOK8lUlli U TIOJia

rM, 6e3 o~anWie"nwt OOlllHOCTH, f; (f} = J ( E ~ Eo ), Haxo.nuu: 

frRE;w}=fJ'{E-~}t(w- l}+L{b/'K"{pJ(E-Eo)f(ur- 1iJ., (6) 
If:.,( . 

3~8C!, 1< 11

/ '! 1 =KI Kp-'!r JJ) 
I E,, 

/(['f)=}c/(11 1 f!:(~J!((tf_;!,) 'f(E;w;t/E' 
J j.L. evp +j'l(E; · 

-f £ 
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ilpm.,eHilFI K ypamrem!IO ( 6) , c ytieTm,1 ( 4) , o6paTHoe rrpeo6pasoBa.mm 

Jiaruraca-Ka.pcoHa, Haxo,n.lM 

f(K;E; w)=,,f e -.i!f P'cf'(E -E.)f{t,r~1 )+ 2v .11£-'jf/!;7/s} {e-;tf;Jx_ 
I -I G~E, E; 

-e-J11EoJ~t(Jff )~ ~t{ .. )vu{ 4 &4 ... ~!f'IAJ · ·/11&,2 x n-' j~' JvJu, j/-(v u7; . . . ~ 
- 1 -I Ii G E 

!/(Ea- E;.,. ) f<I E,. -> t;,,_, ) 
X /\ ( _.. <.,tT,, I w,; ➔ tu;_, . • K/C,_.t) ~ 

{ //;. -w-
. -/,v(E,,,} )( 

b
,, e ~ 

~ ~ (--ffe + lrffl) (- ft/E,..J + / (E: )} 
f11::-I ~ <-¥" ~ 

X 

I -+ 

X rlr-AJf:d+J~ 1 (j (-A/&J ~ -4{µ) 
J I 

. ~ w;- J . I ~ ·,1 I = q d~,.+ g 

-~ ,· e w 
+ 

+ (-r-lJ1 +_Iii{~)) (J (-/JP+~) 
'J ;=~ I 

(7) 

+ 
e-/fE,,)X -j 

( 7"(E.)• J#l) Ji (:fV(E.), _l'L7/1) J;. 
;:: ✓ •. ~ 
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B IIOJIY'J:8HHOM BUpaiiWHl1H rrepBHH l!J.18H OIIHCHBaeT HeiiTy>oIIU ,.UOC'i'I,r

nrne rJiy6mru X n samnTe 6es Bsm1Mo,nei1cTBIDI, nTopoH l!J.Ie11 - 11efrrp01m, 

11CIIUTaBillH8 O,UIIO Heyrrl'.yroe B3aI1MO.U8MCTBJ1e, 11 T • .u. TamU:1 0011a30i,i, 

ec;rn B BWillCJieHIDIX MU orpa.mI'lliMC.II 11 -HJ.1 tJ.JI8!101,I rro.u 3HaitoU z ' 
TO IlOJIY'll1M CIJYHI<Ul1JO crreKTpaJII,HO-yrJIOBoro pacrrpe,U8Jl8H:I.II l!CiiTpOHOD 

B IIpl!c5JIIDK8Hl!l! n +I B3aJ!MO.U8MCTBl'III. 

3. lI11cJieHHHi1 pactteT wYHimuu crreKTpaJinHO-YI'-'IOBoro 

pacrrpe.ueJJeHIDI IIOTOKOB H8HTpOHOB. 

B tt:11CJJeHHHx pactteTax Mhl orpam:1ttlIDaJI11c1, tteTblpnMrI tJ.JieHar.m, nxo

.WilllUMI:! II0.1( 3!-laI{ z D cpopMyJie (7), '!TO COOTBeTCTBOBaJIO 11TJHOJllJK8HHJO 

II.IITl1KDaTHOro B38.UMO.U8MCTBIUI. 13HttHCJJ8HIDI BHIIOJJII.IIJillCL )J,JJ5I 3aI11l!TLl 

us ./£ ~ IIJJOTHOCTI,IO I ,8 r/cr.1
3• IloJJl!hle cettemm 1iey11pynx n3m.,; .o

)lellcrn111t neiiTpouoB c R,Upru.m n ,ICBoiinLie .ni:1giLepeuuuaJJr,u11e rac:rrrie.ne:ie

HIDI neitTpOHOB, oc5pasyiomuxc5I Ilpl1 D3aJIMO.UeiicTmrn neilTpOHOB c H,Una':il, 

DhltJHCJJHJIHCI, no CIJOPMYJJaM, rrpe.n,nOlKC!llillM 0JJC~.ll:!JIJiepo1/
6/ JJ,7lfI amn OIC

Cl!M8.IUHI pesyJil>T,ilTOB pactteTa BlryTpl1.II.1(8p!illX KaC!CaJ(OD, DblTIOJIHeHHUX 

EepTmn/7 I. Ilpu ttttdenuoM u11Terp11p0Bamm B DHpai1temrn ( 7) r,a3611e

H11e o6JiaCTl1 ImTerpHpOBaIIIDI Dlid11paJIOCI, raK lK8, !WK 11 ;:lITCf D3JJU, 

B KOTOphlX Clwrn 38.,l:(allhl KOajxyim11eHThl B annpOKCl1MaQl10HHliX rpopMyJiax 

0.JICMliJJJiepa/6/. BH6pamruii aJiropHTM UHTerp11ponaHIDI IlpCJJJ'C!,IG.TT:HJlaJI 

Bhl'll1Wl8Hl1e IlO)lliHTerpaJibHOlt c;~ymuum B tj,opr,;yJJe ( 7) n T(JtJ:Rax, ll ICOTO

pHX Hl1 O,IUlH l!3 COUHOJKJ!TCJieii BM,Ua 41 --/~ He OO]Jail18.JJCJI 

if 
B IIYJJL. 

B Bhl'IHCJl8lllUIX npeHedperaJI11 11eilTpOilaJ-,m, .JJCTID!jlrr.:It B sn,n11ec 

IIOJJYIIPOCTpaIIC:TBO ,u orpaHl1tIIDJ8JII:!CL mITepBaJI0!.1 ::mcpr.m neii'TpOIIOB 

25 1.1:m ~ E ~ 400 !.!:in. Ilporpar.1.m JJ,7lfI pactteTa if1y1muim crreit'l'paJiwo-
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yrJI0B0ro pacnpe,neJieHIDI Il0T0Ka HeiiTpoHOB B 3allll1Te C0CTa.Mel!a Ha 

.11s1me (l)0PI'PAH u pea;rusyeTCR Ha 3BM IxlCM-6. PesyJILTaTl:l pactJ:eToB 

cneKTpaJILHl:lX H cneKTpaJILHo-yrJioBillC pacnpe,ne;re1rnii npe,ncTa.MeHl:l 

Ha puc. I-4. Ha puc.5 npUBe,neHa KpUBaJI oCJia6JreHUR ueiiTpoH0B c 

sneprIIeii,60JI1>111eii 20 MsB B .AeO.z.. Ha puc.I ,wm cprumeHUR Ta.IOKe 

np1rne,ne1rn sHepreTHtJ:ecKHe cneKTphl, pacc'!lITaHHhl~ MeTo,noM MouTe _ 

Ka_pJio/I~ a Ha puc. 5 - pacnpe,neJieHIIe Il0T0K0B HeiiTpoH0B c 3Heprneil 

6oJiee 20 Msn B 3a.IllHTe U3 )eo.t' paCC'!UTa.HlIOe MeT0.I\0M ,nnCKpeTHl:lX 

op,nuHaT/I/ i! MeT0.I\0M l1IOHTe Ka_pJI/I/, 

.B 3aKJIJO'IeHIIe aBT0phl 6Jraro,nap.11T M.M.KOMO'!KODa sa nOJieSHl:le 

C0BeThl,a B.IT.rep,nTa sa Il0M0ll{I, B pa6oTe. 
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Puc. 5 Pacnpe;neJ1em1e TIJI0TH0CTll no To Ka HeilTpoIIoB rro rJiy6mrn 3ill!ll\Tll ns A Q02 : 

-- 1.1eTo:n ;nucKpeT1111x op;n1maT/Il. 311epr1m ;.reii:-rpoHoB ncT0'I!llllia 400 Llan; 

, pemeHne KHHeTH'!ecKoro ypamremm, 3Hepr11.q Hel1:Tpo110B HcT0'!ImKa 400 r,,an; 

• peme1rne KHHeTl!'IeCK0T'0 ypaRHeim.rr. 3,rnprn:n HeilTpOHOB HCTO'IHI1Ka 300 ,.ian, 

it MeTo;n i.ioHTe for.JI/I/_ 3neprmr JieMTP0HOB l!CT0'Ilil:Ka' 400 :.,SB. 
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