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BBEAEHHE 

Pa3B~T~e $H3HK~ ~ TeXHHK~ C"nb HOTOYH~X penATHB~CTCKWX 3nCKT 
POHHblX nYYKOB I P3nl OTKpblBacT WHp!.JIHle n epCneK H tBbI ~I{ IICI1f)flb30

BaH~R B pa3nVl4H~X 06naCTA X HaYK~ ~, TC .)(HII1K~/ l 
OAHO ~ 3 a KTya nb Hblx HanpaBneH~t, npW-IClll.!tllHl 

I1CnOnb30BaH~eM AnR reHepa L\ Io1~1 101 YC'II1C'.., Io1 R M()Ill t! 

Horo 11 3nY4CHl.1R B p a3Jll.1lt HbiK A~c1na .10lld)( An 
acneK T~ npo 6ncM B3a~MoAeAcTBHR P3n 
B 3neKTpoAIo1 HaM~ 4ecKIo1x C~CTCM~ 

MeHHo~ B4-3neK TpOHII1Kei~,4 
peHYtR Io10H06 /5/. B I1C CneAf)"aH~lIln 
Hax /6 

nplo1 

HaMYt B 

aHanl1 3, Ka K npa BIo1no, np0I30A\.1TCR MO

Aem-tpoBaH Io1A . 

Pe3ynb T aTb! Lj"ClleH~IOro MOACnt-lpt1nOIl11 HC

cneAOBaHI1R n OATa epAt-IJlH $113~4CCKH~ nurn 
B3a~MoAeikTBI1R MOH03Hepren14eCKI!&\ 

XBaTa 4aCTHL\ nYY Ka B nOTeH4ManbHb!" 

npeKpa~aeTCR C Io1CT eMaTVl4eCKH~ POCT 

Hbee aon t'lOeOAHble CHC TeMhI, nOBepXHOC THbi 


peMeW~BaH lI1 e npo Vlc XOAYtT oc06eHHo 6b1CTPO J ", • 1 at( lfro 


Hbi eblxoAVlT Ha ypoB e Hb Hac bW\eHI-'lA, coeepwaR JU1Wb liC31·UNI1 T cllIJIIIJI 


OCL\IlIlIlRL\ Vl VI. B TeOp 111'1 n6B 3 TOT 3¢KlleKT 1'1 8BeC Tell KaK "Pi3ccnOC~IIIC 


nYYKa ll 
• 011 B03 HI1 Kae1 TOJlbKO np~ B3aIolMoAe.:1 c TBI1 I1 c Bom10~ 01110

Ct-l T~nbHO WH p OKor o nY 4 Ka , pa 3Mep~ KOToporo cpaB~YtMbI c pa3MepaMVI 


06ndc T ~ nOKanl13a~I1H nonR. 


3 1 0M CllY4ae aeCbMa ne pCneKTI1 B H~MI1 npeACTaBnR~TC R aHa1lHT114 n


CK(.1C MeTOA~ , OOpaUla l'JUlli!eCA Henocp eAC TBe HHO K OnL-lC a HL-I") COC TOAm1A 

H()C~eH'1R . 

3aMCH 1M, YTO Ha 3 Ta ne Henf;1He ~HOro B3a~MoAei1cTBI1A MCXlIII11 


HClCblUleHI1R npO TeKa e T aHan Orl1 4HO KaK AnA ny41<OBo-nna3Mel1l10ii I~ 


yCTO~4V1 BOC T(.1, Ta K VI n pYt B3aI1MOAeHC TB~ 11 n Y4 Ka C 3aMeAJlR~Ulew 

3neKTpOAI1 HaM Ii! 4eC KO~ CTPYKTYPO~ . Ho Vl 3Y4 e HVle He n VlHeHHo A AI1 Ha MI1KVI 
n YYKa B nna 3Me HHoR CVl CTeMe ocnO~HAeTCA HenI1HeAHOCT b~ 11 HeCTa 

q l1oHa pHOC T b~ n n a3Mbl , a TaK~e paanVl4 HblMI1 n a paMeTplilyeCKI1MI1 3$~eK

Ta MI1 . n 0 3TOMY n pOUle Ha6n~AaTb VI 113YY3 Tb Henl1He~HOe COCT OA HVl e 

60 n Ha - nY40K B 3neKTpoAI1H aMVl 4ecKo~ CTPYKType . C 3 TO~ L\enb~ 

6b~a nOCTpo eH a He TpaAI1Ql1oHHaR n6B B BI1Ae 3aMeA11A~UleA Cnl1panbHO~ 
CVlCTe Mbl AJ1HHO':;; B He CKon bKO Me Tpoe, rAe aBTopaM YAan oc b Ha6n~AaTb 

OKono nR TI1 3aTyxa~UllI1x OCL\ I1J1nAqI1A aMnnVlTYAbl nonA 116,17I. 3aXBa T 

3neKTpoHoB nY4Ka YCl1nYtBa eMoA BonHOM H HaC~eHl1e B3al1MOAeAcTBI1R 

npOf;1CXOAl1n l1 Ha p a CC TORHl111 - 0, 5 M. ~c nonbaOBan (.1 C b Hepen ATI1BI1CT 

CKl1e 3neKTpOHHble nY4K I1 C 3 HeprHeA AO 3,8 KB 11 TOKaMI1 AO 30 MA. 
Panl1Yc ny 4 Ka COCTa BnAn OKono 1/3 paAHyca c n l1panl1. B p afioTe / 17 / 
6bl~a n o nY4eHa n OAPo6HaR 3 KC n e p l1Me HT a nb HaR HH~opMa4I1R 0 HenH HeA

HOM COC TOHHI1~ Bo nH a - n Y4 0 K 11 6 bm H 11 3Y4eHbl c noc06bl pa3Pywe HI1H 
3 Tor o COCTOAHI1 A n YT eM YBenVl 4eH VI ~ 3a TyxaHI1H B Cn Hpanl1 H B036Y~Ae

HI1R Heyc To~4V1 9blX c aTennVlTOB . 

Hanlll41'1e 3K c n e pVlMe HTa nbH blx Aa HHblx B YKa3aHHblx pa 5 0 Tax n0390

J1Ae T CpaBHI1Tb f;1X C aHanI1T~4eC KHMH III ~l1cneHH~MI1 pe3ynb TaTa MM 

11 npOe e p l1T b 3$$eKTVlB HoCT b TeO pI1Yt. 

ApY i l1e a cneKT~ n p o 6 neMbi B3a I1MOAe~ C T B l-tA P3 n C 3aMeAnAIOlllMMM 

CTpYKTy p a MIo1 co cn~panbHblM Bon Ho BoAoM CBRsaHbl C HSY4 e H,.,eM ycnoBVI';\ 

aos6YI!(AeH VlH MeAneH HblX a OJ1H 60J1b WOM aMn Il Il1 TYAbl B c ,.,,:: TeM e C ~en blO 
I1 X B03MO)l(HOrO IIIc n onb30Sa HI1R An R YCK o pe HHR "IOHOS / l B-24 / . 

H3e e c THo npeAno~eHYt e 0 B 036Y~Ae H I1 H c nOMO~b lO P3 n MeAneH H~X 

4V1KllOTPOHHbIX eonH, IPa soBbie CKOPOC T..., KOTOPblX c y~ec TBeHHO MeHb we 

CKOPOC TII1 n YYKa / 21 / . OA Ha Ko , KaK 11 3 BeCT HO I CM • • HanpVlMep, / 21 I 
I1H Kpe Me HT 4I1KnoT P oH HO~ HeycTo~ 4M60CT~ n p o n op411 o Hane H (J b I J q )1/2 • 
rA e J b - TOK n Y4Ka , J a = 17 KA (J b < J a)' n03T OMY OH MOl!(e T fi bl Tb 
3 a MeTHO Me Hb we MHKpeMe HTa pe 30HaHC HO~ yepeHKOBcKO~ H eYCTO~4l-tBO-

C TVI n pOnO p L\VlOHa Il b Hor o (J b I J A j/3 . B CBR311 C 3 TYtM B pa60Te / 25/ 
ODCY)I(AanaCb B03MO~HOC T b Bos6Y~AeHHA Ha y epeHKOBCKOM MexaHIo13Me 

MeAneHHblX 90n H 60nbWO~ a Mn m1T YAbi B c n HpanbHOM BonHOBOAe Yt Io1 c nonb

3 0Ba HI1R MX An R yCKope HVlA MOHOB . 

BOOOUle rOBopR , B3aI1MOAe ~C Tel1e 3 n eKTpOHHblX ny4Koe C 3aMeAIlRIO 

UleH 3JleKTpOAI1 HaMM4eC KO~ CTPYKTYPOH Tl1na Cnl1pa J1bHOrO BOIlHOBOAa 

VlCCneAOBanOCb AoeOnbHO n OAPo6HO KaK TeOpeTI14eCKI1, TaK 11 3Kcne
pVlMeHTaIlbHO !7 -17 I . KpOMe IlYt H e~HblX acn eKTOB paCCMaTpl1eanl1Cb He

KO TOpble np06n eMbl Hen I1He~ HOrO B3a,.,MOAeAcT6I1A . npl1 aHanl1 3 e WI1POKO 

np~MeHAJlI1C b MeTOAI>! 411CneHHOrO MOAenl1pOeaH"'R H npI16nM~eHH~e al1a

nl-tT l1 yeCKVle Me TOAbi . 

OAHaKO B 60nbWYt HCTBe 3T I1X paGoT I1ccneAOBaH~e HenVl He~Horo 
9Sa l1MOAeH CTBI1A Or pa H~YIIIBanOCb IlI1Wb Ha4anbHbiM STanOM , nOCKOJlbKY 

s a Aa4a CTaBHnaCb npVlMeHHTenbHO K w~pOKononOCHOMY yc,.,nI1TeJ1~, rAe 

I1H TepeceH nVlHeHHbI~ pe~~M, TorAa KaK 3aXBaT 3neKTpOHoB H noc ne

AY~~Vle OC~HnnRL\I1H a MnnVl TYAbi c YlI4ec TeeHHO Hen Vl HeHH~. 

OCH09HOH L\enb~ HacTOR~e~ pa60TbI ABIlAeTCA aHaIl~TVl4eC Koe o nl1 

Ca Hl1e Henl1HeHHOr o Bsa,.,MOAeH CTBI1A BOnHa - nY40K B Cnl1panbHOM 
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BonHOBOAe ~ CpaB He HHe nOnY4eH HbiX peaynbTaToB C AaH H~MH peanb H~X 


H 4HCneHH~X 3Kcne pMMeHToe, a TaKme Mccn eAoea HMe yc noBHH Boa6ymAe

HH R H YCHneHMR 3n e KTpOMar HHTHbiX BonH 6onbWOH aMnnHTYA~ B cM CTe Me 

C 4enb~ HX B03MOII<HOrO Hc nonb30BaHHR AnR YCKopeHHR HOHOB. 


HenH He HHoe COCTORHHe nY4Ka npM Hac~~e HMM onHC~BaeTCR C no
M~b~ caMocornaCOBa HHoro KHHeTH4e CKoro ypaBHe HHR. AnR Bbl4HcneHHR 
OCHOB H~X xapa KTepHCT HK ny4Ka H BonH~ Ha KOHe4HOM 3Tane Hc n onb-
3y~TCR 3aKOH~ coxpaHe HHR nOT OKoB 3He prH H H HMnynb c a B CHCTeMe. 

1. OCHOBHblE PE3YIlbTATbf IlHHE~HO~ TEOPHH 

PenRTHBHCTCKVlH 3neKTpoHH~.:1 nY40K paAl1yca rb pacnpClCTpaHAe TcR 
co CKOpOCTb~ Vo = (30 C BAOil b OCH Z B CnHpal1bHOM IIOil ti OIlOAC paAMY
ca R C yrnoM HaMOTKVI to BCR CHCTeMa npeAnon.lrac rr R nOMClIlCH HOH 
B AOCTaT04HO CHIlb Hoe BHeWHee npoAoflbHoe Marl-lVlTIICll' nwll' all' TClK 

eBo 

"lTO "'11 = --» ~ y H nY40K aaMarllHl.leHi '''b lWllrMIOIlOBCKaA 


me 2 -1/2

4acTOTa, yo=(l-{3o) • 

npeAnoflaraeM a a BHCVlMOCTb Bcex BoaMY~CHI-tH Ol KIIOPJ I111!.jT 11 epe
MeHH B BViAe '" (x) exp(-it.l t I- ikz + i PcP). Hcnollb~iY('M VPoIlllIf'lIHR MaK
CBefllla H ypaBHe Hl1e ABHII<eHIi1R AnR 4acH1 4 nY'IKd, ol I IKlIIl' 11.lBeCTH~e 

rpa HH4Hbie ycnoBI-tR Ha rpaHHl.\e nY4Ka l1 Ha cn",pilllbIlO- I' [llllll)I\AlIle A 
nOBepxHocTVI /25/ : 

(E.,6COSi t · [I;, Rill. ) , ,,, II ,,,. (I. 
b 

lEzlr=r = 0. lHcP1r=;rb =0, 
/1/ 

lIIr,6cOS( + Hz siD( I r = H = O . I Ii: .p I, It - 0 . 11~ 'A 1r .. 11 - II 

B peaYllb Ta Te. npeHe6per aft Ofi"eMI-IbiM 3"PflJ\CIM nY'lIt,1 II 11111 t'PAMH 

B CnYlpanH, nonY4"'M AViCnepCl-10HHOe ypaBHc.'lI1l', nlllfc I.,,, '.II I~"I· l1Y1Her::i

Hblr:i :nan BaaHMOAei1cTBVlR: 


Ke(x) c2
K 2 kP 2 1 

~,,--.::..2 - --(tg£ +-) ---__ -= • - • ~ . _" ./2 
K l (x 2) ",2 ,,2R x2Ip(x~Kf(X2) Ir(X:l)I!\y(lL)'/(XI'X 1) 

k 2rAe K2:. - ",2/c 2 x = Kf X = KR'I b' 2 • 

_ [1 '" 1, J 1/2xb - x 1 - ,
Y 3(w _ kv ) 2 

o 0 


L f (x I) I r(x I) I P(x b) 

- kb /3/Kf(x 1) I e(X) " 1Ir(xb)

t; (x I' x b) 

x b I e(x b) _ _K f(X ]) 


X l I pCx b) Kp(x 1) 

If (x) , Kr(x) - MOAH¢J"'ltVlpOBaHHble ¢JYHKI.\VlYI 6ccccnll. 

... 

C T04HOCTb~ AO nl'1HeAH~X no nn OTHOCTH nY4Ka cnaraeM~X nHHeA
Ho e AHcnepCHOHHoe ypa BHeHII1 e / 2/ Mome T 6b1Tb aanHcaHO B BI'1Ae 

2 
wb 2 I 'pex2) Ki (x 2 ) 


- - - - - ---- I + 

y 3(w _ kv ) 2 x II ' t (x i Kf (x2 )¢ (xl ,x2 ) I f ex 2) K f (x 2 ) o 0 

/ 4{ 
e 2" 2 kt 2 
-- (tgf + - - ) 1 = Dr<w. k ) , 
w 2 ,,2 R 

I " I'I t (XI) It (x 1) __f)rAe ¢ (x l' x 2 ) 11 + x ( e I . I 
J: (X 2) I ' I , ' I 

f 

PeweHHe AHcnepcHoHHoro ypaBH e HHR Dt (w. k) = O o n peAenR e T AHC
nepCI'10HHWe xapaKTepl'1CT I'1 KI'1 AaHHoA CH CTe MW. COBMe c THo e peWeHI'1 e 
y paBHeHHr::i Dr (w o' k 0 ) = 0 VI Wo = ko v 0 o npe Aem le T peaOHaHCHble 4ac 
TOTW 1'1 BonHOBwe 4Hcna . PaCCMOTpl'1M peW e Hl1e ypa BHeH II1R / 4/ B pe mVl Me 
MaKCI'1 Mal1bHOro n pOC TpaHC TBeHHoro YCHl1 e HHR BAonb (IOlk z = max ) : 

- 2 1/ 3 
Ak I Imk I = v 3 (~~_) I x II e(x )K r (x )· ¢ (Xl ' x ) x

2 2 2
ko 2 2y 3w 2 

o 0 

x[ y 2 (I f' If K_t ) _I~_ i (_x2)K" __ l (.1.=-2)_K=-l +o 
X 2 -1-'--- +- / 5 

r K' f J f K p I ,cx ) Kp(x )2 z

2 Yo r Yo r 2 -1113 
+ -2 (tg( + - - )(tg ( - - - f3 

0 
)] I ' . 

f3 
0 

x 2 x2 

B c n Y4ae Baa ~MoA eH c T B ~R ny 4K a C a KCHa l1 bHO- CHMMeT pM 4HoA MOAO~ 
BOilH OBOAa H3 /5/ clleAyeT 

v3 x1[I5(X1) - I~(xl) lAko = (~) 1/ 3 x 
2 2yo3", 

0 
2 2Jo (x2)Y ~ 

/6/
11K 1 K o ) - 1 11 / 3 

x K o(x 2) [ 4 - x 2 (.!.Q. --+ - -- ) 
I I 1 0 Ko K I X 2 

B Aa~ b HeHweM AnR cpaBHeH"'~ pe aYIlbTa ToB C AaHH~MH 3 KC nepl'1MeH
TOB nOTpe6Y~T cA c lleAy~~~e na paMe Tpbl , WHPOKO n p"'MeHReMbie B Teop~H 
n6 B: 

1 . Ioi MneAa Hc Baall1MOAer::ic TBHft ZI = <E ;> / 2k~n , r Ae <E ~ > - KBa A
pa T a KCHa nb Ho r o nonR, YCP8AHeHH~~ no Ce4eH YI~ nY4 Ka, n - nOToK 
3IleKTpOMar H~THOH 3HeprVlH B CHCTeMe. AIlR aKCHanbHO-CVlMMe TpH4 HOH 
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Bo nHM ~MneAaHC B3aHMOAe~CTB~~ paBeH 

120 2 2 ) Ko (x iJ 10 11 KO K 1 -1 
Z j = --4 [lOCKI ) - II CKI) . [ 4 - x 2(- - - --+-) ] 

130 YO 10 (X 2) 11 10 Kl K o x2 

2. n a paMeTp yc~neH~~ n~pca C/ 26 
/ 

Zj J b 1/ 3 c [--1 181 
4w bO 

B Haw~x 0603Ha 4eH~~x n a paMeTp yc~neHHR n~pc a An R Hepen~T~B~CT 

CK~X n Y4KOB paBeH 

2cu
C = <--})1 / 3 ( _k ~Dl-1 / 3. 191 

w o ak 

3. na paMeTp 1 06 roHa" IOTHoc~TenbHaR Ha4anbH(JR pacc Tpo~Kal 

(kvo - <i{j ) 
b = [ ~ - 1] ..1 1101 

Cwo 13 C 

8wpa~eH~ e An~ OTHOC ~T enbHoro ~HKpeMeHTa B3a~MnnC~CTB ~ R, np~Be
AeHHoe B 15/ ~ 16/ , BM4~cneHO B ycnoB~RX MaKC~Manb Horo yc~neH~~ 

H npeHe6pel!<e HI1~ 06beM HbiM 3apflAOM (b - 0). 
AHcnepc~oHHMe xapaKTepH C T~K~ aKc~anb HO-CI1MMCTP~ 4H~X ~ aK

Cl-l anbHO- He CHMMeTpH4HbIX Bon H l-I a c TI1 L1 HO I1CCnCAOBilJll1C b B12fl, 27 /. np~ 
f = 0 B An~HHoBoilHOBOM npI16J1 I1l!<eHI1I1, KorAa kR ,". l,pCUJe Hl1e ypaB

HeH~R DO (cuo' k o) = 0 npl1 (,) 0 = k 0 v 0 elMeCT 611/\ 

- 1 2 2 2 
k O= YOR exp[ - Yof30 12 tg d. 

8 3TO~ o6n acTH Anl1 H Bo n H c n~pan b o6naAaeT xOpOWO BMpameHH~MI1 
A~ cnepCHOHHbIM~ C BO~C T BaM~. B c nYl-iae kR ",. 1 ypaaHIHll1e DO (w ()o k 0) = 0 

2 
npH wo =ko vO n pHH~MaeT B~A tg 21/yJf30 .1.3Aecb cn~panb Be AeT 

c e6R npa Knl4ec K~ KaK He Al1cnepr~pYlOU\a~ 3neKTpOA~HaMH4eCKa~ 


CTpYKTypa . O TMeT~M, 4TO peweH~e nl1 HCHHOro A~cnCpCI10HHOrO ypaa 

HeH~ ~ npl1 Wo = ko v 0 ~MeeT Mec TO Ton bKO AJ1R tg( = Yu f3u • 
~Mn eAa HC a3a I1MOAeHCTB~~, a COOTBeTCTBeHHO ~ OTHOC~TenbHoe 

YCH Ile H ~e (Im k/ko). n aA alO T C POCTOM paAl-lyca cn~panb Horo BonHoao 
Aa. B 3 TOM c nY4ae 3neKTpOMarH~THoe none Bce fionee KOHueHTp~ pye T

CR B 06J1aC T~ c nl1pan l1 H c n a60 B3a~MoAe~cTByeT c nY4 KOM. np l1 YBe
nl14e HI1~ OT HOWeHI1R R/ r b Ta K~e YMeHbwaeT cR CBR3b nYl-iK a c o cn l1 
pan bn, 4 TO npH B oA~ T K YMeHbweH~~ ZI.AJ1 R H epenR TI1 BI1C TC K~X nY4
KOB MaKC~Manb Hoe 3 Ha 4eH I1e Zl np~ n po411x paB H~x ycno BI1Rx AOCT~

r aeTCR np~ K2 ;;; 0, 5- 0 ,6. 

6 

C yB en~4e H~ eM 3Hepr~~ n Y4Ka / POC TOM Yo I, KaK ~ n p~ nY4KOBO
n na3MeHHOM B3aI1MOAe~CTB~11 nOH~maeTC~ 3Ha4eH I1 e ~k, 4TO np~BoA~T 
K YBen~4eHI1~ paCCTO~H~~ Ha CM~eH~ ~ B3a~MoAe~cTB~~. 

2. HEn~HEAHWA 3TAn B3A~MOAEACTB~H 

OCHOB HO~ MexaH~3M, n p~BoA~~~~ K HeycTo~4~ BOCT~ AB~l!<eH~~ 4ac 
T~~ nY 4K a B cn~ panb HOM BonHOBOAe , CB~3a H C pe30Ha HCH~M 3~$eK TOM 

BaBVI noBa- 4 epeHKo Ba, T. e . C pe 30HaHCHbiM B3a ~MoAe~cTB~eM 3aMa rH~
4eHHMX 4aCT ~ ~ nY4Ka C c06c TBeHH~M~ MOAaM~ cnVlpanbHo r o BonHOBOAa. 
8 pe3ynbTaTe B3a~MoAe~c T B~~ a Mn n HT YAa BonHbl HapaCTaeT 11 AOCT~
raeT Ben~4 V1 Hbl, npl1 KOTOpOV. npo~CXOA~T 3a xsaT 3neKTpOHOB nY4Ka 
noneM caMo~ 3neKTpoMar HVlTHo~ BonHM. Kone6a HI1R 3aXBa 4eHHMX 4acT Vlq 
B nOTeH~~anbHMX ~Ma x BonHM npI1BOA~T K OC~l1 nn~ ~ I1 ~M aMnn~TYAM non~ . 

KaK Yl!<e OTMe 4anOCb B~we, B BonHe C HeoAHopoAH~M nonepe4H~M npo 
$ Vl neM non~ $a30BOe nepeMeW~BaH~e npo~C XOA~T oc06eHHo 6bICT PO, TaK 
4TO BblXOA Ha YPOBeHb Hen~Hei:1Horo HaCbl~eH~ ~ conpOBOl!<AaeTCR n~Wb 
He3Ha411 Te nbHblMI1 OC~~J1Jl ~ q~ ~M~ aMnn~TYA~ non~. 

PaccMoTp~M Gonee nOAP06HO COCTORH~ e nY4Ka np~ Hacbl~eH~~ / 61 • 
Ha 3TOM 3Tane nY4 0 K, B qenoM, CI1HXpOH~30BaH C BonHoi:1, TaK KaK 
w/ k = v / v = f3c - YCTaHoB~BwaRc~ HanpaBneHHa~ CKOPOCTb nY4Ka , 
v < Vo I, 11 B C~CTeMe KOOPA~HaT BonHbl ~' - $YHKq~A pacnpeAeneH~ ~ 
3neKTpoHoB nY4Ka F' YAOBneTBopReT ypaBHe H~O 

v' .£!:.' + eE' aF ' 0 . 11 I 
az' z ap ' 

3AeC b VI H~l!<e Bce Ben~4l1Hbl co WTP~XOM OTH OCR TCR K C~ C TeMe KOOPA~ 
HaT ~ '. 

Pewe H~e ypaBHeH~~ /1 11 ~MeeT B~A F' = F ' (u'- w'), rAe u' = 
=e (E'dz' - nOTeHq~an nY4Ka (u':;:. O) , w ' =( f v' dp ' - mc 2) - K~HeT~4e
CKa~ 3Hepr~ R nY4Ka B ~ ' . B AanbHe~weM nOAP06 HO npoaHam~ 3 ~ pyeM 

cnY4 av., KorAa AB I1l!<eH~e 4acT~q n Y4Ka B ~' Hepen~T~ BV1c TcKoe 
~ w' = p '2/2m . 

OrpaH~ 4I1MC~ CJ1Y4aeM B3aVlMOAev.cTB VI ~ 3neKTp o HHor o nY4Ka C a K
c~an b Ho- c ~MMeTp~4HO~ Bon HOM 11 Ha cTaAVI~ Hacbl~eH~R KOM nOHeHTY 
non~ B na60pa TopHOM C~CTeMe KooPA~Ha T L npeAc TaBVIM B BHAe 

E z (r, z, t) = E zO (r) sin (wt - k z ) • /12/z 

CornaCHO 112/, E = - E ~o(r) s in k'z'K u' = (eE ~oCr)/k' )(l + cosk ' z') + C o(r). z 

Co oTHOWe Hl1e p, 2/2m ~ CeE; o(r)/k')(l + cos\tz') on ~ CblBaeT o6nac Tb 
3aXBa4eHH~X 4aCT~U , $YHK q~R Co (~ - 06na CTb n pOCKanb3MBa~~I1X 
OTHOCI1TenbHO BonHbl 4a cT~q. np o qecc 3aXB a Ta ~ Ao n R saXBa4eH HblX 
4acT~q 3aB~C~T OT paCCTO~H~~ AO oc~ BonHOBOAa ICM . n OAP06Hee 
B /3/ I. 
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Ca Moco r naCOBaHHoe peWeH~e ypaBHeH~~ Ma KCBenna ~ K~HeT ~yeCKO

ro ypaBHeH~ R 6~no nonyy eHO B / 28 . 29 ~ . OHO ~MeeT cneAY~~~~ B~A : 

F ' = { OCr) [ u ' (z'} _p ,2/ 2m]1/ 2 ; 

I 0, p, 2/ 2rn ~ u ' (z'} • /13 

rAe (I (~ - HOPM~pOBOYHaR KOHCTa HTa . 
Hc nonb 3YR ¢YHK4~~ pacnpeAene H~~ F', Ha~AeM nnOTHOC Tb Db 

~ nOTeHI..\~an n YY Ka u' B CV1 C TeMe 2': 

nb = r F' dp ' ~ Db (r) [ 1 + a (r) cos k 'z' l • 
/ 14/ 

u' = er E'z dz' = Uo(r) [1 + a (r) cos k ' z' ] . 

r Ae n b= TT "'; m/ 2 8 (r) U o(r), U o(r) = eE :o(r) /k' + Co (r) = eE ; o(r) / k'. a (r) • 
nap a Me Tp a = a (r) (0 < a < 1 ) onpeAe n ReT Aon :o 3aXBa yeH HbiX yaCTV1I..\: 
n p~ a = 1 Bce yaC T~ 4bl n;4Ka 3a XB aT biB alOT CR BonHo~. np~ u = 0 
npOCKanb 3~BalOT OTHOC V1 TenbHO Bon H~. 

C nOMO~blO ¢YHKI..\ ~~ pac npeAeneH ~R B~Y~Cn~M 3 Hepr ~ 1O H HMn ynbc 
nYYKa B :£". non HbliiI V1M nYfl bC ny YKa B l' paBeH HynlO I F ' C~MMeTpV1Y 
Ha no p' B l' / . nonHa R 3Hep nlS'I yaCT V1 1..\ n y 4Ka S l' paBHa 

Tb 
w~ = r 21T rdr r dp 'n(p' ) (rnc 2 + p' 212m) ~ 

o 
'b / 15 

= f 21T rdr n ~ (r)[rnc 2 + u'(r) (1-l a 2 (r)/2)/41. 
o 0 

XapaK Tep pacn peAene H~ R non e iil on peAen ReTcR ~3 cneAY~~V1x ypa s He
H~ iiI 

~ .1 E zO (r) - K 2E zO (r) = f b (r) • 6.l Hzo(r) - K 2Hzo (r) = 0 / 16/ 

np~ 0 < r < rb 1-1 

2 / 171~.1 E ~o (r) - K Ezo(r) = 0, 6.1 Hzo (r) - K 
2 

Hzo (r) = 0 

np~ r > r b • 
B ypaBHeHV1 R /16/ H / 17/ BXOART cneAylO~He BenVl4~HbI: 

22 2 wrb(r) ". 4fT e a (r) ii (r) K 2/k , K = k - ~ , <AJ = kf:l c • 
c 

4aCTOTa w V1 BOflHO Boe 41.1 CIlO k CBR3 aH bI C pe30Ha HC HO~ 4aCT OTOH 
WO ~ BOIlHOBblM 4 I'! C.nOM k O B cn Y4ae YC V1IleH~fI COOTHOw eH V1 f1MH w = Ql 0 • 
k co kov o/v . HanOMHI-1M, 4TO Wo 1.1 ko o npeAe m m TcR pewe HV1e M ypa BHe 

HI,1R DO (<AJo' ko) = 0 npV1 Wo = ko vo ' 
YcTa HOBIleHHble Bblwe COOTHo weH V1 R MelKAY f b(r) ~ EzO (r) n0 3BOIl RIDT 

onpeAeIlV1 Tb xapa KTep paAV1aIlb HO'O pa C npeAeIle H~~ nOnR: 

8 

E zO (r) EoI o (/Lr ) , Hzo (r) = Ho lo (/Lr) . 0 < r < r b / 18/ 

IO Cy) 

E zO (r) E tf!o (Kr ) , Hzo(r) = Ho¥'o (Kr). rb< r < R ; / 19/ 


rpo (x1) 


E Jo(y) "'0 (X 2) I I(x2 ) 
E zo(r) -- ~ (Kr). H oCr) = - Ho K (l{r),r >R,f2 01 otf!o (Xl) K o(~ ) z K 1 ( x )2 

r Ae 

Io (X 1) lI (x 1) v II(Y) v I I (y) K1 (xJl _ I 
." = ( - ...i- --][ -"- - - + 1 

Ko(X1) 10 (x I) x l Io(y) X l 10(Y) Kn(x r ) 

"'0 (X2) CKHo = iEo(tg"') Io Cy) rpo (p) = 10 (p) + TJ (x I ' y) Ko (p ) . 
!/Jo (X II (x ) W z

B eIl~4I-1 H a /L = y/ r 
b

, xapaKTepV13y~~a~ paA~aIlbH~~ npo¢ V1 nb nonR 

B nY4KOBO~ 30He , onpeAeIlReTCR ~3 peweH~~ TpaHc~eHAeHTHoro ypa B

HeH~~ 

rp ~ (p) K iX 2) C 2K 2 2 1
I ---- ~ ( ------------- 21/

r/lo (p) p= '2 W 2 x 1 l(x )K / X 2) Ko(x 2)2 2

rAe I ~ K o - MOA~¢~4V1 poB aHH~e ¢YHK4~M 5ecceIlR . OCT aIlb H~e KOMno-
HeH Tbl nOIlf'l CBR 3a Hbl C E z VI Hz ~ 3Bec THbIM V1 COOTHOWeHVlfiMI-1. 

tlIlf'l o npe Ae ne Hlo1 fi He V1 3B eCTH blX 3 Ha 4e HV1101 a Mn IlV1T YAbi nOfl R EO ~ YC
Ta HoBV1BWeilic f'I Ha npaBIleHHo iil CKOPOC TH nY4Ka n pV1 Ha Cbl~eH~V1 Vo BOC 
nOIlb3ye Mcf'I 3a KOHaMV1 coxpa He HIo1 R nOTO KO B 3He pr lo1M ~ V1Mn yn bca B CV1 C
Te Me . ECIl Io1 He y4V1 T~ B aT b AV1C CV1 na l..\V1 lo1 , TO nOTOK 3Hepr V1V1 101 V1M nynbc a 
Ha 4afl bHOr o MOH03H e pr e TIo1 4 eC KOro nY4Ka nplo1 yc~neH ~101 BonH~ nepepac 
npe AenReT CR Me~AY 3Ile K T pOHaM~ nY 4 Ka 1.1 BO~HOH B KOHe4 HOM COCTOR
HV1101 / 29 / . T a KO~ 6aIl a Hc nO TOK OB 3He p r V1~ ~ V1MnYIlbca B C~CTeMe n p V1
BOA~ T K cneA y~~ei1 CMCTeMe ypaBHe H~H 

t)2 2 -2 
2 1-' 0 l1e N - 9 - 2 - no E 0 + - = Nmc 2yo f:lo Y / (3 GoEoe Nmc Yo f:lo <f:lo- (3)f{3 ,

f:l 2 y 2(j1. 2_ K 2) 

rAe 
2 2fb v 2 2

Y = 1 - f3 f:l - 1/ Yo Y, n o = _(.L.- - 1)[ l o(Y) - II(Y)],
0 32 x 2

I 

N 2fT r r drn b(r); N
-2 

= 217' r r dr nb 
2
(r). Go = T (X ) p •

2 
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, rb 2 2 

1 2 Z Z W jJ.


P = - - I [ r dr[IO(jJ.r ) + I I (jJ.r) (k + _)_] + 

8{3y 2 0 c 2 K 4 


2 
R e 2K 2 2 !/JO(IZ ) 2 2 2 41 2 1 


+ r r dr --r tg c 2 [J O(K t) + I I (K r) (k + - 2) - 2 ) + 

o W r#o(X I ) 	 C K 

R I2 ( ) 	 ? - "" I 2(y) !/J 2 ( )
( d 0 Y [.1. 2( ) (.1. ' ( » 2 (k 2 W~ ) 1 J r d 0 0 x 2+ I r r - - 'f'o Kr + 'f'o Kt + - . -2 + r r x

2
rb "'leX ,) e K R !/J6(xl )Ko~x2 ) 


2
e2 K 2 2 K~(X2) 2 2' 2 w 1 
x [l +-2 - tg ( )[ Ko(Kr)+K)(K r)(k +-2 )-2Jl+2n O/{J; /22/ 

w K2(x ) e K) 2 

4y 2_ "2Y2(K tfK 0 - ~ /K 1 + lO ll ) - I) /10 )I x2 
T (x	 )

2
 
2(2y 2_1) - x 2 y 2{3 2 (K(Ko - KolK I + 10 / 1 1 - 11 / 10 ) I '2 


B ypaBHeH~AX /22/ Bce B en~4~H~ B~pa~eH~ 4epe 3 ~x 3Ha4eH~A 

B na6opa TopHo~ C~CTeMe KooPA~HaT. 


3. 	AHnn~TYAA BonHW np~ HACWmEH~~ ~ K.n.A. YC~nEH~H. 

CPABHEH~E C 3KcnEP ~HEHTOH 


~3 C~CTeMbl ypaBHeH~~ /22/ nerKO nonY4~Tb Hen~He~Hoe A~cnep
C~OHHoe ypaBHeH~e An~ onpeAeneH~A YCTaHoB~Bwe~cA HanpaBneHHo~ 

C KOpOCT~ nY4 Ka v = {3e B 3aB~C~MOCT~ OT Ha4anbH~X napaMeTpoB nY4 Ka 
~ cn~panbHoro BonHoBoAa. 

v [2lrr drw 2(r) 4~,2 . nofN = _._ e = - (- -1) LY + (f3 - {3 )- J /23 / 
Q)2 ~ {3 ][2 

o 0o , 	 0 
-2 0 - 2 


r Ae V = N ,[N] . 

napaMe Tp CBA3aH cneAY~~~M COOTHoweH~eM C TOKOM nY4Ka:f J 

3 	 2 2/ 2Jb = J A f N {3o Yox 1 4(4vr b) , 	 /24 
2me

rAe J A = -e- '" 17 kA. 
( ll -{3)

np~ Man~x nOTepAX 3Hepr ~~ nY4Ka , T.e. np~ o = ~-«1 ) pe 
weH~ e ypaBHeH~A / 23/ ~MeeT B~A {30 

2o _ f30 - {3 1 wb 1/3 aDo - 1/3 
= - ( - ) [ -K-J 	 / 25/2 0 af3 0 2yo (U o Ko 

KaK B ~AHO ~3 /25 / , Ben~4~Ha 0 ~MeeT TOT )!(e xapaKTep 3aB~C~MO
CT~ OT TOKa nY4Ka, 4TO ~ B n~HeHHOM cnY4ae. 
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AMnn~TYAa nonA B COCTOAH~~ Hac ~~eH ~A B3a~MOAe ~C T B~A AOCT~raeT 

Ben~4~H~ 

2 2
2mc 2 r b ({3 o - ,8 )(Yo- ll ,8o f N 1/2 

EO = - - k o[ 1 26/ 
e 18/t) {3 0 o (7Trb

2v) 

AMnn~TYAa nonA Eo CBA3aHa C 6e3pa3MepHo~ aMnn~ TYAo~ A, ~cnon b 
3yeMo~ B Teop~~ noB /1 4/ : 

aDO] 2/ 3 
[ -kaTeE 0 {3 y 2R Io(y) t/Jo (x 2 ) 

A = -- ------- . - ---	 /27/
f 2/32mc 2 2x 2 (Yo- 1){3o "'0 (x 1) 

N 

Ha~6onbW~~ npaKT~4eCK~~ ~HTepec npeACTaBnAeT K. n.A. yc~neH~A , 

onpeAenAeM~~ 4epe3 6e3pa3MepHY~ aMnn~TYAY nonA ~ napaMeTp yc~ 

neH~A n~pca cneAY~~~M 06pa30M / 14/ ; 

1/ 
w 	

=2 1A1 2 
C /28/ 

B HepenATHB~CTC KOM cnY4ae ~ 

2 	 (Yo +1 )2 
1/ w 2 1AI C--	 29 / 

4y 4 
o 

B penAT~B~cTC KOM cnY4ae. 
Ha p~c.' npe AcTaBne Ha 3aB~C ~ MOCT b K.n .A. yc~ne H~A OT napa

Me Tpa C . napaMeTp~ nY4Ka ~ cn~pan~, ~cnonb3yeM~e AnA pac4eTa, 
6bln~ B3ATbi ~ 3 / 8, 14, 16,17 / , rAe ~ 3nO)!( eHbl pe3ynb T aTbl 3Kcnep~MeHTOB 
~ 4~cneHHoro MOAen~poBaH~A An A cn~panbHoro BonHOBOAa C 3neKTpoH
HblM nY4 Ko M. np~ 3TOM cnnOWHaA Kp~BaA - Haw paC4eT , T04K~ 
3K cnep~MeHT . 

?wio 
30 

~ 

o 5 	

60 /1 ,., 

1. 0 - I ~----- :Jt 
--- ..-.:~ 2'20 

0,2 0,6 1.0 J3015 C:;0-2 

P HC. I . 3aBHCH MOC Tb K . n .,D.. YCH  P UC. 2. 3aBHcHMoc'rb K . n • .u.. YCH 

JIeHHH 1/ OT n a p aMeTp a C . JIeHHH 1/ OT lIa'lanbHOH CK OP O

C T H nY'IK a {30' 
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Ea(KB / C'.) Eo ', KS/eM ) 

60 

1. 0::,~ 
20 10f~ yo ~ ~ M ~ m u " ~x~ 

o 0.2 0,6 1,0 G' /J 

P H c. 3 . 3aBH c H MoCTb a Mn JtI1 T Y )J.b1 P lic .4. 3aB H CHMO CTb aMTIJtHTyp,bl 

H a n pH)J(eHHOCTH n oJt H OT 1( 0 2 p,JtH H a npH)J(e HHOC TH nOJtH OT n a p a MeTpa 

pa3 Hblx a 1 a = 0 . 9 ; 2  r 	 = (~)1 / 3 An H p a3HblX u 
a = I; 3 -a=I,I. 	 J JA 

- a = 0 ,9; 2- (J 1; 3 
a = 1, 1. 

Ha p~c.2 nO Ka 3aHO Bn~A H~ e penAT~B~C TC K~ X 3~~eKToB /Ha4anbHo~ 
C KOPOCT~ nY4K a / Ha K03~qH14~eHT yc~neH~ fI : cnn OWI1 ble Kp~Bble - Haw lo1 
paC4e T~ , nYHKT~pH~e - pe3ynbTaTw 4~cneHHoro C4eTa ~3 / 14/ . 

KaK B~AHO ~3 3T~X P~CYHKOB, cOBn aAeH~e aHan~T~4eC K ~X pe3ynb 
TaTOB C 3Kcnep~MeHTanbHWM~ AaHHWM~ ~ pe 3ynbTaT aM~ 4~cneHHoro 

MOAen~pOB aH~R BnonHe YAOBneTBop~TenbH~e. 

anR np~KnaAH~X 4en e~ Ba~HO 3Ha Tb Ben~ 4Io1 HY aMnn~ TYA~ Han pR~eH
HOCT~ nonR np~ Hac ~~eH~~ /CM. ~opMyny / 26// ~ ee 3aB~C~MOCTb OT 
napaMeTpOB nY 4Ka ~ BonHOBOAa. H3B e cTHo , 4TO aMnn~ TYAY nonA MO~HO 
YBen~4~Tb /YMe Hb W~T b /, ecn~ ~cnonb 30BaTb C~CT eM~ C nepeMeHH~M Io1 
r eOMeT pIo14 eCK~M~ pa3Me paM~, Ha np~Me p, ~3Me HAA y r oIl HaMOTK~ c nlo1 
pan~ ( = £ (z) . 04e B~AHO , 4 TO B 3 TOM cnY4ae ¢a 30BaA CKOPOCT b Bon
H~ 	6YAe T TaK~e ne peMeH HO~ Ben~ 4~HO~ . 

BBeAeM napa MeTp a = ( 'ttl fO ' r Ae ( 0 - y ron HaMOT K~ cn lo1pan~ B Ha
4ane BonHoBoAa, (l - B KOH4e . Ha p lo1 c. 3 n peACTa Bn eHa aMn n~TYAa 

HanpA~eHHoc TIo1 nonR KaK ¢YHK4~R Benlo14~ H bI x 2 = ~f30 np~ r b == R 

AnR U == 0,9; 1; 1,1, a YO == 2, == 2,1 2 KA /(.Y3 == 0, 5/. (0J b = 48 , 8° . KaK B~AHO , C POCTOM X2 aMn Il~ TYAa nOJl R Eo pa CTe T, AOC T ~ 
r a e T MaKC ~MYMa nplo1 x2 ::: 0,5, saTeM y6 b1BaeT. n p lo1 3TOM eem141-1 Ha 
E o TeM Bblwe , 4eM Me Hb we u. 3 TO 3Ha 4~ T , 4 TO c~ecTBye T He KOTopa A 
o nTIo1 MaIlb HaA 06Jla cTb na pa MeTpoB. nplo1 KOTOPO~ nonY4aeTC R Ha101 60Jlb
wa A BeIl101 4~Ha aMnnlo1TYAbi nOIlA, a TaK~e MaKC ~Man bHbI~ OTHOC~Ten bHbI~ 

~HKpeMeHT ~ Io1Mne AaHC B3aIiMOAe~CTBIo1R. 

3aBliCIo1MOCTb aMnnlo1TYAbi nOIlA OT TOKa nY4Ka Jb /na paMeTp r == JJ b 	 1/ 3 
== (-) ,JA 17 KA/ nOKa 3a Ha Ha plo1 c .4 / np~ Tex ~e 3 Ha4eH Io1R X u.

JA 
%2 == 0 , 5. Yo 2/ . BIo1 AHO, 4TO C POCTOM TOK a nY4Ka aMnn lo1 TYAa Ha 
npA~eHHOCTIo1 nonR paCTeT, np lo1 4e M CK OPOCTb pOCTa y Ben li 4li Bae TCA 
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C YMeHbuWlHu' H Il dlldMt Ipil o. 'I ... KIo1M 06pasoM , pac4eT~, 6 a 3101pYIO'4lo1eCA 
Ha K~lHL 01'11'( "11M YPtlI1 1HIII-1I1. 3c.1KOHe COXpaHeHI-lA 3Heprlo11i Ii BOIlHOBOM 
ypaBHClt~1I1 f ,p,llt~'ltlibiMIi YCllOBIo1AMI-l ,tIllA cnlo1panbHoro BOnHOBO,tla nOKa
3an",. q I " rll fill 111UIH;' 1 CKIi.:1 3neK TpoHHbI.:1 nY40K B pesynb TaTe 4epeH
KOBCI<n~j IICyc: TOH4101BOCTI'1 COS,tlaeT AOCTaT04HO MOU\HYrJ 311eKTPOMa,H~T
HYIO 110Jllly . YpOBCHb nonR o npe Ae1lReT CA COCTORHl1eM Hem1HeiiiHoro Ha
Cbl~CHIo1A. KO'Aa B01lHa saxeaTblBaeT 3neKTpOHbi nY4K a , YClo1nliBal'l e ro 
MOAYJ1R41i~, a Bo nHa 101 ny40K B 4enOM CIo1 HXpOHI1SyIOTCA. nOCKOIlbKy 
n pOIiCXOAIi T 3H a 41-lTenb HaA n epeKa4Ka 3Heprl111 ny4Ka B 3Heprl11O nonA, 
TO npoIo1 CXOAI1T C HIo1~eHlo1e CKOPOCTI1 nY4Ka, 11 peSOHaHC Me~AY nY4KOM 
Ii Bon HOCl B AaHHOM cnY4ae no,tlAep~~BaeTCA sa C4eT YMeHbweHIo1A 
~a30BO~ CKOpOC T~ xonOAHOH CIiC TeMbi /nepeMeHHblH yr on HaMOTKI1/. 
6n a r OAapA 3TOMY aMnnl1 TYAa nonR OKaSbiBaeTCR 60nee BbiCOKO~, 4eM 
8 c nY4ae, KorAa pe30HaHC BbinonHAeTCA TOllbKO A1lA Ha4aIlb HblX CKOPO
c Teiii nY4Ka '" BonHbI /nOCTOAHHbI~ y r 01l Ha MOTK I1 / Ii Mo~eT ,tIOCTI1raTb 
3Ha4eH I1~ _/50+70/ KB/CH. CneAyeT 3aMeTI1Tb, 4TO Anfl B036Y~,tIeHI1A 
cy~ecTBe H HO saMeAneHHblX BonH (~«l) paCCMOTpeHHaR CI1CTeMa He 
ABnAeTCA onTIo1Man bHO~, T . t<. nplo1 60nbWOM saMeAIleH1i1i n04TIo1 BeCb 
nOT OI< 3Heprlo111 cocpeAOT04e H BHe c n"'panlo1, Ii BonHOBoe conpOTIo1Bne 
Hl1e _E2 pe3KO YMeHbwaeTCA npl1 Ma1lblX ~. OA HaKO B peaIlbHoiii CI1 CTez 
Me Bce r Aa cy~ecTByeT BHewHIo1~ npOBOAR~"'H KO*YX. nepe pacnpeAenRIO
li!"'H nOTOK aHepnl~, 6narOAapA 4eMY BeIlli4101Ha Z i 11 none Ez saMeT
HO Bospac Ta lOT no cpaBHe Hlo11O C OT I<PblTO~ CI1CTeMoH. 

3TO 06cToRTenbcTBo n03BonReT n0l1Y4aTb B c nlo1panbHoM BOI1 HOBO,tle 
C KO~YXOM Ha OCHOBe 4epeHKOBCKoro MexaHIo1SMa npOAOJlbHbie BOIlHbI 
C AOBOIlbHO ManbiMIi ~a30BblMI1 CKOPOCTAMIo1 101 BeCbMa sHa4lo1 TellbHO~ Ha
npR~eHHOCT b lO nonA /-100 KB/CH/ , 4 TO Mo~eT npeACTaBI1Tb IiHTepec 
Ka K C T041< I1 3pe HIo1f1 YC KopeHIo1R 110HOB. Ta K Ii AnR reHepa41il1 CB4
BonH. 

B saKnlO4eHIo1e oTMeTIiM, 4TO I1sno*eHHaA Henlo1HeiiiHaA Teoplo1R 4e peH
KOBCKoro YC"'IleH"'R MeAneH HblX BonH penRT~BIo1CTCKIo1M 3ne KTpoHHbiM ny '-! 
KOM B c nlo1paIlb Ho M BonHoeoAe xopowo corJlacyeTCA C ~Me~~~MI1CA 
3KcnepIo1Me HTa.nbHbIMI1 Aa HHblM~ ~ Mo~eT CI1YIlllo1lib OCHOBOa:t AnA paC4e Ta 
B3aIiMO,tle~CTBIiR P3n c ,tIpyrlo1MIo1 3aMe,tlnRIO~~MIi C~CTeMaMIi. 
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