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liiYII JIOepHWX UCCAe006QHU0 J!y6Ha 

B pa6oTax /!,2 ,3/ npe~oxeu weTo~ nonyqeHHH nonapeaovauuux 

woTouov npe~en~uoU aueprue Topuoauoro cnexTpa, ocuovauuu~ ua npo-
-•- -

nycKaHHH nyqxa 't - Kll8HTOB qepea TOHCTNB MOHOKpHCTSHHU. llpH npo-

·xo~eHHH uouoKpMcTaxna 6onbmHX paauepov nyqox npao6peTaeT qacreti

uy~ nonapaaanec. Bexuqeua _npHo6peTeuaoH nonapeaanee nponopneoHaXbHa 

TOH~HHB MOHOKPHCT8HH8 H O~THM8 ~H H8H60H68 'xeCTKOH qacTH Cfl6KTpa. 

~HSKO BMBCTB C npHodpeTBHMSII nonHpH38ItHH npOHCXO~HT AP06HeH~e WO
TOHOB Bucoxex auepreM H o6ora~euee cnexTpa ~orouawH wanux auepreM. 

,ltlul paoqeTa axcriepHweHTOB no woTopo~eHHK> ueaouov H pe.aouauoon no

HHpaaovaHHHIIH ~OTOHSIIH H606XO~IIO TQqHOB 3H8HH6 SHBpreTHqBQKOV. H 

yrnoBol aavHcHuocrH Hohoxbayeuoro qoTouuoro nyqxa~ no~o6uue vuqHc~· 

neHlfH 6uJiH c~enauu ,ItJUl cJiytiaSI ,Kor,Ita qacrHuu <lOJiblliHX sHepriin ria.ilanr · · 

Ha aMOp~Hoe'BemecTBO TOJI~HOR B H8CKOJILKO pa,ItHaQHOHHUX ,ItJIHH/4{ 

B H8CTOH~611 C006~6HHH MH npHBO,ltHII peayHLT8~ :suqHCH6HHA ODBKT

pa H yrxovoro pacnpe,Iteneua ~!l!OHOB, npome~mHx qep'ea Toxorua uouo-
. . : . . . . . . ·~ 

KPHCT8Hn KPBIIHHH. llpe~noxaraHOOL, tfTO nepvHqHYA ~OTO~HUA nytfOK HIIB-

6!1! ~p11y OD6KTP8 beTe-raATHepa. ·npH npOXOX~BHHH qepea KPHCTSXU wo

TOBHHI nyqox 06paayeT SHBKTpOHHD-~TOHHHB HHBHH_, EBPOHTHOCU 06- . 

p830B8HHH KOTOpUX 38BHCHT OT yrHOB Bn6T8 OTHOCHTBHbHO 0061 KpHOT8H

JJHtf60KOA pe•erKH. BYqHcJieHHH.npove~euu no- q,opuyna~, yqHTUllaK>II!BII 

xorepeB!Hwe npo~eccw E !opUosuou BsnyqeHBH H odpaao»aamR aneK!poH-' 
HO-n03HTpOBHHX nap B KpHCT8HH6 /5,6/. 
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IT30!~ HenonapH30B8HHNA ~OTOHHHA Dy'lOK B BH~e 6exe-raRTHepOB-

cKoro cnenpa dN(k )/rlk na~ae! ua KpHcraJIJI xpe1niHH no~ yrJiou Q • 

YrJIOBOe pacnpe~eJieHHe 4)cTOHOB 'no~tJHHBHO 38KOHY raycca c napaueTpOII 

mc
2/E

0
. , r~e E

0
- SHeprHH anelt'rpOHHOro yCKOPHTeJIH (5 ~::JB •. )': 

YtJTeHO, 'lTO ~OTOHH BH6HBS~T 1!3 nytJKS TOHbKO 38 CtJ6! 06pa30BSHHH 

aneKTpouuo-noaHTpouuax nap, xoTa nonuoe-ce'leHHe norJIOII!eHHH paBao: 

o;,~H- =-~.~ t-6-K.3rf>tP + ~ap • 
t :'· 

CeqeHHSI tlJ9TOaqxJJe~Ta H K!)MIITOH:- a@)eKT_~ CH~i>H_O, na~a~~. c yBeJIHtJeHHeu_ 

SHeprHH ~OTOHa •. ITOSTOMy C6'l6HH6 UOrJIODtBHH!! ~O~OHOB npaKTH'l6~KH paB-
~ 4, • ' • • 

HO C6'l6HHJO o6pa30llaHHH 3JI6KTpOHHD-n03HTpOHHHX nap •. _/PO.TOH, · BJI6T8H 
• -. '- • -. - - .• . . 'c ·. • .,. . - . {cP) ' 

.ll KpHCTaJIJI,, HW66T HB!tOTOpyD ~IIIHY, CB060~HOrO npo6e,ra len ~0 nev- ·· 
' . . . . . . ' . - ' . ~' ·. . . . - . ' . ' 

BOro B3aHVO~eACTllri.R 1 l/1 B '.r01JK6 ll38HWO~eitC~BHH po~a~TCH SJieKTpOH~O- .. ·; 
' .. . .. . ·: ,. __ . ' -· · ... 

noaHTpouuaa napa. Ha ~HqxJJepeH~HaJibHoro cneKTPa o6paaoBaHJ.{H n!Jp B_ . __ 
-~·-· .· ... ---~ . ---~----'- ... :-'-· ·..,,_~.,...~ 

KPHCTSJIJIB C BepQ!!THOCTD~, . nponOp!(HOHBHDHOit .~aHHOIIy. pacnpe~eJIBHIIID, .. 
• ' • - ' .• •.. ··' ._! :·· • • ·- ••. -· t: ,• ) .. ·, . _ ... -·- -: •J -· .-·:. ··q. -· -/~ .- •• 

llHelHpaeTOH SHeprHH O~HOA ,H3 tJ8CTHit, ~onypTHW1 n0.3~TpQH_8 .llCXO,JtSUi.3 . .3aK!)Ha 
0 :.. ' "! • :- .. ·,1'•' '', '._ :.. ,< '·." • ', ,: ·- ' > '• ,, ' ,,Y 'o ' ~ ~ 0 '•; 

coxpalieH~~ aHep~HH K ~- E + + E_ . B~tJHAcJiitet.rcf:!_ aHeprlllJI ~~opoa. 'lacT!J.Illl-:-: _ 

SJI6KTpOHa. BbiCiHpaeTC!! cpe,~tH9KB8,I!paTHl!HIIR yroJI ·BJ:iiiet.ra O~Oit_ H3 

'l8CTIIIU .llaPii H3 pac~pe~e~eHHH mc.
2 /k no ~opuaJibHOIIy. 3~KOHY C ,~a-:-

~ . . ,- -· . . . ~ . ... -' '.. -~. .· -- ' - .. 
KHW l16_ napaUeTpOM raycca. YrPJl BHJ16T_8 BTOpOA .'laCTHI(hl lllitJHCJI!!B'.rCH 

,;._. ' " .. "', ·' '' 

Ha OCHOBaHHH 3il.KOHa COXpaH!lHHJI HMTIYJ!bCa 

'., ~=~ ~ ~ *+ ~~ .p :- ~ : .. . <,..; 

OTKy~a 

:. ' P~~osQ+ = K~P:~os·Q_ -'S; . 
··l.' 

.· 
TaKHu oCipaaou, npocJie~Hll cy~6y uatJBlJbHoro ~o!oaa, llhlonpe~eJIHJIII 

~ ; ,-·· .. : 'I'-~.~··'·· ....... -~. ' ·'· . • . . •• _.. . ' ,, ._ . -·· 

KOOp~HHBTY ll38llliiO~eUcTBHH qJOTOH8 C H~POII 1 . SHeprHH H yrJIH anett!pQ,:,,-. ·~~;:·' ... '·~ ';~~~ _ ..... ,_._ .•. : '.~- . _ .. , .~ 

aa H noau!p~ua. 

1\aJIDme paccuaTpHBaeu o~y us aapaxeHH!iX -qacu~, ~onycnu,, . 
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3JI8KTPOH. 3HaH SHeprH~ 3JI6KTpoua, IIOJtHO Bhll!HCJIHTL cpe~HHU npoCier 
. - '·- te) , : . 

~0 ll3i:IHIIO~e£1CTBHH . ecn . • B--lCOKOSHeprHtJHldl.. SJIBKTpOH OT~ac~T· CBOD . 

SHeprHD B OCHOllHOW_Ha lll3JiytJ6HHe. IiOHH3aJ:t.HOHHLIWH llOT6pHUH_npeae6p!l-
• > '"No: ~ ' 0 • ~· ~ > > .. , .. •. < < 

raeu. 3axou coxpaueHHH aueprHH H uunyJibca HMeex BH~: 
. ·:, . . .. . ·" 

E1 = E2 -t k, 
~ _,...~ 

•. q = i\-- p 2 - .i( • • . ~ . 
PaaL!rpall auepru~ If- KBaHTa uo UJIOTHOCTH llepoaTHOCTH no ~opwe xorepeux

uoro_ xopuoaHoro cneKTpa,aa acaose saxoaa coxpaueuHa aaeprHH .~a-

xo~HII SHeprHD llTOPH'lHOrO 3JI8KTpOHa. yroJI BHJI6T,a Jl,TOpHl!HOrO aneKT-

poua paahlrp!ill8611 · . no .4JYHKI(HH paC!Jp6,Jt6H6HHH r8,ycca · 

c napaueTpo·w mc
2
/E1 ~ a yroJI llHJieTa ~ - Kllauxa "7 no. aa.KO!JY cox- : _-

paaeHHa HunyJILca 

KcoaQk = _P1 - P2 coaQP
2 

- / .' . _ 

TaxHe nocJie~oBaTeJibHHe· onepa!(HH npoBo~v ~o Tex nop,· noKa: 

I) JID6aa ua tJBCTHI! ue ~ocxHrH~T aaeprHH l.eabme 200 t.faB, 
- ' .. . . .: _.,. ,· - - ~.~ 

2) JID6aa HS 'laCTH~ He'BLIU~eT H3'el0KOBOU noBepXHOCTH KpHCT8JIJia~ 

3) KaKaJI-JllllelO H3 tJaC!HI( He BHit,JteT H3 3a~Her9 TOPI!a Kp;lCTanJia. 

B rHcxorpauwy aauocaTCfi' !OJII>KO Te ~OTOH!i, KOTOpLie npomnH tiepea 

38~HHU TOpe~ Kp~cTa.nJia, B HyXHOY yrliOllOW HHTepBaJie, onpe~eJIHeWOII 

KOHHHWaTOpOII • . ' 

0UHWBII CXeWy pactJeTOB. ~OTOHH na~a~: Ha WOHOKpHCTaJin KpeUHHH 

no~ yrJiou K ocH"[rroJ g = 8 upa~. 8Tot.r yron llHCipaa ucxo~a ua'pac

t~e!OB HHTerpaJibHOU aCHMIIBTPHH ll 06pa30BaHHH nap nOJIHPH30ll8HH!iiiH 
. . . -

~TouauH. HunyJibc ~oToaa x Jiea:u .11 UJIOcKocTH frroJ [rrol • B pac-

tieTax CiHJIO Y'lTeuo, 'lTO rpoToHH, B38liiWO.JteAcnya c ll6D!ecTBOII, oCipaay~T 

TOJibKO 3JI6KTPOHHO-ll03H!p0HHYD napy. ~OT03~8KTOII H KOUUTOH-~6K!OW, 

a TaKae HOHHSal!HOHHiiWH llOTBpHIIH ,JtJIH 3JI8KTpOHOB H nOSH!rpOHOB npeue~ 

6peraeu H Y'lHTHBaeu TOJII>Ko Topuoaaoe Ha~yqen•e. 
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B ;~taJI:&Hei!meli eX.~ oaHallaiJ!r cnyqaifaue ll.Kcna ~ _pa:i3Houepao pac

npe;~teJieaaHe l3 -~H'l6PD8Jl6 {O;]J. tlSCTHI:\8 xapaxozepuaye~ca cJie]iyxml.KIIH 

napaMeTpaMM: x, ~"•, :i 

KOCilHycw; Eo.. - aaeprea; 

- KOO~~.KHS!~'; l , m, ::/1.- 'aa~paMH!l~e 
~ ·- np-HSH~K-~acT-,IVi fi.-:- ltJIH ipOTOHa·~ , .. 

3- ltJIH'aneK!poHa KJIH noaa'lpOHa). B'npo~ecce cqe!a ~:BO~HTCH ~e ;lt:BB 

napaweTpa: · <f (HJIH d_ ) H '8 -. yrJIH :BJieTa OTHOCHTemao ocelt Kp.KcTaJI-

JIHll6CKOI pemeTKH. 

Pacitie'l -~oc.!oaor .. ll cne;~tyllll{ew: 

I. Haqiuxo:· X=O -~· lf·,.o, :J.=o,:;e-=si",ieo, -m=o, ·n;cos8,, 
6,= o,oos pa;~t ·, lf' =0, _·v =I. Paaurpu:saerca Haqani>nan aaeprHa no 

Cll6RTPY na.l(&illl{llX !lJOTOHOB: 

I 
1 

== ~~ = . ".zii {f 1 + (1-:x:f)lJ',tL- j (1-x) ~:] 

. -~ . 
• c:t. . 

tv, = 17,2 ; 4';-= 18, i . . 
. ':: ~ :.!·· 

ECJ!l! 11' (o<.~) > d.:z M ' To'£;= Ot.(· s cr;~i; M _. ~rutCHII~M Ii H~ (D,'i). 
2. IIpo6er lfKpl'!coranJio· M l'iaaHMo;zieAcnHn: · ~ 

a)~iifi !lJOTOHOB t V '=I) 

1.- = -7,4 ~6 lnc( 3 ; 
... ~- , 

·6) ltJIH 'aJieKTJIOliODI ii03HTpOHOll; l ~ ~3) npo6er pai!urpiilla6!Cfl 

no aopuii'miiiiJ.iy a·aKotly ·a napallieTpill.nt ·a.:.;11··· 6' 

. r;r.·~ -z ='ioln2 tn (./~ 2 ·~1.) 
. • , • .. . ··' _ . ,, • _.c_ n 

-- ff f_ s ::- V10z en2 ( r-{o ~;) , £c = 40 M:Jb:, 
·' L= a. +6?,:'< · ; . ~: . .,.· . •;,·· ..... 

,, 

. -~'" ~ :0.-! ~ .~' ...~ ... ~!" 

. ~;..;. ·~ ~·-.]:;,_'. .-;'!, .. •-!':' 
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r;~te f pacnpe~eJieHO HOPIIBJI:&HO C napaweTpBIIH {01 I) ; 

Ej nepecqe! KOOp;itHHBT: 

::.r,~-~ ;_':r; +. "L e , 

lJ£+1 = lfi + L.m, 

li+f. = Zt + Ln ; . 

~ ' .. :L 

r) npo:sepKa: :e~mJia JIH qacTH~a xs KPHCTBJIJia, :x2 -1- f{2 > R2 
.·-

l!llmna qepes 6oKo:syD no»epxaocu, . z 7 30 

'ZOP61:\• 
· .... " 

3. BaaHiio.Ae£\cuHe. · 

Cpa:eHeHHe: v =I· HJIH 3. 

a)-·· ~.=.I~ 06paao:s~a-He 'ri~p~ 
·onpe;~teJiea.Ke aHeprHH. 

- :s~t~mna qepe_a aa;~tHHil 

! 2 =:; ~ Ncr[{y2 t(~-glJ.:17,2.ftyU- 1J)·18,i) 
6aa· KOrepeHTHHX ~8K'l0ll~ 

. . M=lt(O,S)·1,3 

Ec_JIH ct. It N <'I2 (ot.~)'· :~', To· 
e+ . 
iH :: £, • c(,.5 ' 

... 
£. ":- = £. -£/ · , 6CJIH f~i < 0,2 

: L+f L L+1 . · ' ,· 
!O.ll8CTHI(8 ;lt8JI66 He 

' ~: f 
-paccva~pe:saeTca. 

Onpe;~teJieHHe yrJio:s • 

e+ = e I '21 .. '2 - no HOPIIBJibHOVy. 38KOHy c napaweTpBIUI. {0, I) ' 

e =mcz' 
.·: E, :·'. :;:c;.· ... .-··· 

cos B..:.·.=.£;-£,., cos· e~::. 8 
--· • ~· ; . ,' '· . : '£;,: 1 •. ·. 

lf = 2i col~ ' 
lf- = lf + .·n ~: ;:.;; 

(' . :. 2. ' 'z . 
. 0 .· - me - me (t+ c£,· +)2 ) 

' ~.;,.,.-:- 2£;, 'JC1~t{r Wcz 8 

..~r~: 

. : :r-

T 

·;;. 



I 
' l 

I 
I' ! • 

! I 

~ r 

I 

IlpOJ.iSBO;zJ;HTCH nepecqeT HanpaBJIHIOIIIHX KOCHHyCOB; 

6) v = 3. Topwoanoe H3Jiyqenze. 

Onpe;n;eJieHHe aneprHH. 

I = do = Nif {[1. + (i- xf"} (17,2. ~ol.f':) .:j(f-.:r)(1S_1 r Ll';)} ; 
.3 dx x 

r,Ju'~ (2nl 4g ~ ~ Fe.xef-Arnf~l+n}gfJ] 
T 1 .1 L.. L. /. z 2 t z -2)2 

n2=1 n3 c·2o \,flzfJz+-1?393 + p . 

Wu.:: (2fif2'1S2 if- ~- p exef-A(rlftf+nf£})} 
T.. A L L z z · z :t. -z ~ 

. 2 
fl1=1 n;=·Zo (n.%91. + flJ~J + fo. ) 

z z 2 z /lzgz + n.Jg.J , .• 
(fl2'Jzct:&~+f1.1ljJSlt1df~' ' . 

2 J, z ~ 
/lz~:t. +rl.1~1 . ., ., . 

( 112 fj2tasc<. .. ,3 ~1Sinot.) '{) 

• [ ( n z 9,. ctJSci- + n..3'$_,s,·n.ot.) & - S] , 

F = J { 1 + exp[i.:n(n,+n,.)] + e.x.p[i.Ji(n2 +n.J)] + e~p[i.JiCn3 trl.1)]}{1+ 
' . . . 

+ ex.p{i.!J,(n1~n:.+rt.d]]/ 2 . 

Ha yqacTKe (O,OI; O,I) q>yn~mza l 3 (X)annpoKCIKHpyeorca upa

uolt, a na yqac'l'Ke (0, I; I) noJiaraeTca np116JiueiiHo KOHcoranoroA. 

Ha l:JBI.I E9CM,;_6 BHIIHcJieHHe 13 (X) 'B o~Hol <roue :ailHuaeor Bpe

ua = I ceK, qew B o6ycJIOllJieHa oraKaH annpoKcua~HH ! 3 (X). 

8 

. ~ '( 
IIo I3 (x) naxo;n;MK Ei+1 

t. K £ :E.- £, · , ecJIH 
l+1 ' .1.~1 

E. <0,2 
L+f . 

, Toqacn~a ;~taJiee He paccua:r-

p!11B86TCH. 

Onpe;~teJieHHe_yrJIOB. 

! -e==etet napaue:rpauH • (a', I)·, , ~ -_no_~Opli8JibHOYy 38KOHJ_C . 

B=mcz 
£, J 

. ( . ' ·- ' . .·. 

er. = £,-£,~,cvse -S · t= mc2 mc2a.f.J+(t' 2 e~f/. COS . £". - ., 2.1=. ·1- .xU me . '1 
t= L+ • '-t. 

r -tf = 2Ji.ot-, tpt;t{'t+:£, A .... , 

ITepec~eor nanpaBJIH~~HX KOaHaycoB. 

B aaKJIJOtJeHHe o~nieTHU, q:ro Bi:i6panaaa nan cxe_Ma P?CIIeTa rC -yqe

'l'OM KorepeHTHux a':SJieHH!, npoHcxo;~tHD!IIX n IIOHOKpMcTaJiiie, xopomo cor-
.. ,. -

Jiacye'l'CH C SKCnepHM6HT8JibHGUH 1'13M~peHHHWH. PacqeTHaH CTeneHb UO~H~ 

pl'I3BltHH npH OUHCB~HI:iX B pa60T6. ycJIO~HHX ( t ~ 3 ·~ pa;n; •. ;zJ;JIHHI:i 1 , 

g = a upa;n.., E0 = 5 rsB) cocoraBJiae:r ra % •. 
• • -~1. 
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P11c. I. 3HepreTHqecKI1ii cn~ItTp ,lJOTOIIOll 1 BUW~.lUiii1X li3 MOiioKpliC
TaJUia Jtpc:MHHH TOJii:lHHoli 30 i::u. YroJI BJICTa ·~JTOIIOB OT-
HOCETeJihiiO .OCH.(IILI) f) =8 Mpa.zt•, .. ol, = 0. ToqKaMH 
o6oaHa1feuu ::lKcnep11MeHTUJlhHue na11epeHHH ( Ne• e- ) • 
rHcTorpa£:i.m - peayJibTaT pac4uTa no liBTOJtY :.:oaTe
KapJio ( N HK ) • . 

·~ 

1000 

750 

500 

250 

NMK 

8 (HPAg) 

· D 2 II 6 S 10 12 ''14 !6 1B 

Pnc.2. YrnoBoe pacnpe.zteneHHe WOTOHOB, Bume.ztmHx· 
l13 MOIIOKpl1CTaJIJia KpeMHHH, OTHOCHTen~HO OCH 
(IIO) (pactreT no MeTO.ztY MOHTe-Kapno). 
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