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@ EpesaH.CKuu 4JusuttecKuu UHcruryr, 197 5 

JlBIVKylllHeCSi no Kpyroaoti op6HTe aneKTpOHbI. H311yq a 10 1 

. aneKTpOMarHHTHYIO aHeprHIO c HenpepbIBHbIM cne KTp8 1IbHblM 

pacnpeneneHHeM, npoCTHp810lllHMCSi OT peHTreHOBCKOH JlO n a -

neKOH HHcppaKpaCHOH OOP8CTH. 
· <l>opMYllbI JlllSi cneKTp8llbHOro pacnpeneneHirn H3nyl.JeHHH 

'ycKOpeHHbIX ~neKTpOHOB 6bllIH Bb!BeJleHbI BIIepBbie B 1898r. [l] 
'OaHaKO 6onee HIIH MeHee CHCTeMaTH'ieCKHe pac'ieTbl H H 3-

MepeHHSi napaMeTpOB CHHXpOTpOHHOro H31Iy'ieHHSi npOBOJlH -

JIHCb, H8'iHH8Si c 1947 r., B CBSl3H c 3anyCKOM aneKTpOHHbIX 

ycKOpHTe11eti [2-7] . 3TH HCCJie)lOB8HHSi AaJIH KOHKpeTHy lO 

TeopHIO AJI.H onpeneneHH£ cneKTpanbHOro , yrnoao ro pacnpe­

neneHHSi H CTeneHH non.HpH38UP.:H CHHXpOTpOHHOrO H3JIY'iCHH51 

npH pa3JIH'iHhIX 3HeprH.HX ycKopeHHbIX aneKTpOHOB. c neK -

TpaJibHOe pacnpeneneHHe MOH03HepreTH'ieCKHX aneKTpOHOB 

B MOMeHT t Ha eAHHH'iHbIH :RHTepBan nmIH BOJIH B OKpec T-

HOCTH A Bbipa)!{aeTCH [3] 

3% 1ic ? 
:J(t.1') = 16gr2 RT J' G(~) ' ( 1 ) 

rne J - MO!IlHOCTb H3nyqemrn , e - 3ap.HJl aneKTpoH-a, C··· 

- c KopocTb cBeTa, R - pam1yc KpHBH3HbI op6HTbI aneK-

TpvHOB, ():: E /mc 2 , E, lTl - aHeprHH H Mace a aneKTpo-

Ha, IlocnenHH.H c}lyHKI.Urn B ( 1) npeACTaBn.HeT co6oti h e Kur . · 
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pyro <l'YHKIIHIO pacnpeneneHH51, y'iHT1>1sa10my10 cyMMHpoaaHHe 
'ineHoB, conep}KBJllHX paanH11H1>Ie 'iaCToT1:>1. Olia HMeeT BHA: 

~ 

G(y} ::y3f K513 ("l)dt; 
~ 

Ac \ L;grR -~ 
Y = -X- j f\c-=: ~1 ( 2) 

"'c - XpHTH"l0Clt851 AlIHH8 BOllHbI; OHa xap8KT0pH3y-eT !laH­
tfthIA yc1wpuTenh c onpeAeneuaoA aueprueA aneKTpouoa. K s/J 
jnpeACTaBlllleT co6o:A MOAH<l'HllllPOBa!JHYIO 4JyH~IO Eeccem1 
BToporo pOA8 OT Apo61ioro apryMeHT8 HllH 1T81C H83bIB80MylO 

cpyJ;UCUHIO Jv\aK-JloHanhAa nop51AK8 5/3. 3Ha'leHH51 G (!i) B 3a­
BHCHMOCTH. OT y npHB0A0Hhl \Jfa pHc.1. floCK.OllhKY All51 BbI­
'IBCneHH51 yrnoBoro pacnpeAeneH".B51 H non.s1pHaaUHH HYlKHbl 

6blnB TaJC>Ke 3Ha'leBH51 Ks/3 , fKs71 ('l) d'll , K113 , Kz/'!>• 
TO C5hlna CQCT8B110H8 nporp8MM8 An5I . S'l'HX pacqeTOB Ha 
3BM. flporpaMM8 C51>1na COCTaBneHa Ha 513bIKe AllfOJI-60 
A1151 _M8WHHhI M-222 1 OH8 npBBO.!lHTC.sl. B npHlIO:lKeHHH. flo 
ll8HHblM M8WHHHHoro paC'l0Ta Bbl'IHC1151118Ch KpHBi:\51 cneK -
TPAllbHOro pacnpe,lleneHH.s1, KpHBB.51 MOIUHOCTH ycpe,CUl~HHOro 
cneXTpanbHoro pacnpeAeneHK\, yrnonoro pacnpeAeneHH.sl H 
non51pH38IlHH. Jln.s1 pacqeTa ycpeAHeHHOA no BpeMeHH MOIU - ' 
'HoCTB H311Y'l0HH51 Hcnonb30Bal1IC.SI 38KOH yaenH'leHH51 8HeprHH 
ane:m:TpoHoB 3a llHKn ycKopeHH.SI ( T = 10 MCeK) : 

. 2(§-1.:) Et--:_ E.m Sm 2T • ( 3) 

ttcnon1t31K (3) H (1) I MO:lKHO nony'IHTb ycpeAH~HHble 
no T 3Ha'lejHHSII HBTeHCHBHOCTH Hany'leHH.s1: 

. I . 

- i (T 'J(i\,E,.,): T j ~J{~,E(t . ) clt '-= 
. 0 

• !.!_ e.~~ 8 f ~ ''4L ("l E ) 8!Tlf Rl'"-om~ f- · 117 m , 

(4) 

4 

. L/ffR · -3 
;I rJle· /\m · -::: ~ 1"m ;.. ltpHTH'ieCKaH nnuHa oonHhl B 
ycpenHeHHOM cn1'tae An.SI 1toue11Hh1x 3Heprua ·anerrpoHo:a. 

, .Pacc•rnTaHHhie no cpopMynaM ( 1) H ( 4) Kpus1:ire cneK ... 

I
. TpanhHOro pacnpe,lleneHH.S: HHTeHCHBHOCTH CHHXpOTpOHHOI'O 
H3ny'leHHSl nOK83aHbI Ha pHC.2 H 3. 

' B [6 ] nony11eHo Bhlpa.>Keaue .IUI.S: yrnoaoro pacnpeAe-
neH1!51 CHHXpOTpOMHOro H3lI)'110HH51. 0Ho HMeeT BH A: 

,. - 2. z. 
J(A,f)=iJ!rr e~;(i\~)"1a[1+(lt) 2 J x 

{~~) 2 KTt~ n) 1 
.1 1- (a' ~ ) t J , -

• rAe -j =: ~~[i +(lo/)'-] 3/2 

~{t<~1~ ( ~ ) ~ ( 5) 

t .:.. yr on . Me:>Kny nnoCKOCTblO op6HTbl aneKTpOliO.B H Ha­
npaaneHHeM H:iUiy'l0HH51. YcpeAHeHHe 9'l'Oro BbipaJKe.HHSI no 
Bp&M9HB ycKopeHHH noason51QT nony'IHTb qiopMyny' )"UITbI­

BaJOmyIO MaxcuManhHyIO KoHe'IJIYIO e11epnr10 E,,. : 

".'" 1 T 
:!J{~,t,Em)~TJ 3(i\,f,E(t))dt"' 

0 

2 
_8.i .. ec 8(?1'")" ( ) 
- 85i" iP am T L Ji,'f', Em • (6) 

Ha puc_4.-4r npeACTasneHbI yrnosb1e aaaHCHMOCTH CHH ... 
xp6TpOHHoro · a31IY'l~HH5I B cnyqae MOHo9HepreTH'!eCKHX 
~1'~XTposo-., Kaa: noKa31:i1aaIOT pac'l~Tbt , ycpe,CUle.HHe e sTor-i 

. .. 
onyqae Aa~T. H03H8'1B'l'QJibHOe B3MeHeHHe. 

Ecnu npOBHTerpHpo88Tb (6) DO A ' K&X 9TO c~ena­
HO :B [7 J · , · nony'IHTC.H nomroe. yrnosoe pacnpe~eneHHe 
~HHXpC>Tpo_HBPro Ha&y119111151 lllUi BCQX lUIHH BOnH : 

5 
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e2 s;. 
~ ( t) : T6 R~ 0 5 [ 1 + (Qt ) 2] 2 x 

x { 1 + ; 
(a- +)2 } 

1+(1'-t)a . (7) 

0TCI0.ll8 nerKO nony'IHTh nomiyIO MOIIlHOCTb CHHXPOTpOHHOI'O 

H311y'!eH11Sl, 38BH€SllllYIO TOllhKO _OT Em , nyTeM HHTe!'pHpo-

B8HHSI no + 
'.J(Emax)= 

3S e2c ti 
192 R2 Ornax 

unu a 6onee ynpomeHHOH !IJopMe: 

Ii 

~ r3t/cef'i. ::: 11, 53 ~/3~ * 
" MflTP 

3TO COOTHOllleHHe cpaKTlI'ieCKH onpenenseT IlOTepH 3HeprHH 

ycKopseMhIX qacTHU Ha cnH.XpoTpoHe. HarrpnMep, wrn ycKo­

puTens APYC, .ll11SI Toro, 'lT06hr .llOCTH'lh aHeprHH aneK­

TpOHOB. paaHOH 6 f 3B 1 He06XO.llHMO AOIIOJIHHT8JlbHO coo6-

lllHTb HM'. 3HeprHIO IIOpSI.llK8 24 faB, 

0,llHOH H3 oco6eHHOCTeH CHHXpOTpOHHOI"O H3J1y'leHHSI SIB­

nsreTCSI BhICOKaSI cTeneHb ero nonsrpH38UHH. B !IJopMyne ( 5) 
nepBblH H BTOpOH '!Jl8Hhl B cpurypHbIX CK06Kax npeACT8BJ1SIIOT 

co6o:H HHTeHCHBHOCTH KOMilOHeHT H3nyqeHHSI, IIOJISipH30B8H -

HhIX napannenhHO H nepneHAHKynsrpHO aneK'lpO HHOH op6H­

Te (pHc.5). CneAoaaTenhHO, cTeneHh norui:pH38IlHH, onpeAe­

nseMasr KaK P = { J 11 - J .l) / (J 11 + '] .l ) , srarui:eTCSI ¢yHKUHeii 

.ll11HHbl B011Hbl H yrna OTHOCHT811bHO IIJIOCKOCTH op6HThI 

aneKTpOHOB [8] : 

6 

P(?i, +) = 
[ 

(a~ J 2 

k ~/3 - 1 + r a- t 1 2 }1<~13 
2 [ ('JY,)2 J ~ 

K2/3 +- J+(<r-+12 . k.113 ( 8) 

Ha pHc.6-66 IIOK8'38Ha 38BHCHMOCTb CTeneHH IIOJ1SipH38-

UHH OT yrna * .lllISI p831IH'lHhIX 3Ha'leHHH .ll1IHH BOJIH CHH­

xpoTpOHHoro H311yqeH11SI APYC, pacc'l11TaHHaS1 AllSI aHeprHH 

:3JleKTpOHOB 1 paBHblX 6 faB, 4 faa, 2 faB 1 COOTBeTCTB8H-· 

HO. iln5I pac 'IeTa II01ISipH38UHli o6meH: MOIUHOCTH MO)!(HQ HC-

TIOJ1b30B8Tb cjlopMY11Y (7)' r,z:te OIT5ITb .lKe. nepBbIH 'l118H B 

cjl11rypHb!X CK06Kax L{aeT KOMITOHeHTy H31ly'leHH5I, nomipH30-

B8HHyIO naparmenbHO' a BTOpol1 •. nepneH,D.HKY 11.SlpHO op6HTe 

aneKrpoHoB .• OueHKa noKa3brnaeT, '!TO .o.mr xapaK Tepucra­

KH nomrpu3au11u ycpeAHeHHe rro speMemr ycKopemrn cyme­

CTBeHHoH: ponu He Hrpaer. 

D.o c11x rrop rosop11nocb a OCHO'BHOM o MOlllHOCTH H3-

.ily'IeH115I, OAHaKo y Ao6ao a.rm cneKTpoMeTpH'leCKHX pa6oT 

I1MeTb pacnpeJJ.enemre liHTeHCHBHOCTH, Bbipa.lKeHHOe B 'lI1C­

nax cpoTOHOB 3a ceK, Ha puc. 7 npencTaaneHhr TaKHe 3&­

BHCl1MOCTH, Bbl':!HClleHHbie no cpopMyne: 

tJ('A) =2,46·10
13

( ~c J2 E ~(y) )1-
1 

( 9) 

3HaqeHH5I ¢yHKUHH ~ ( ',!) B35ITbI H3 Ta6nHUbI II pa60TbI 

{8] . Heooxoru1Mo OTMeT11Tb , "'ITO aTH .llBHHbie cornacyroT 

Cff c np11seaeHHb!Mli B pa6oTe [.9] ' ri:te BblilOIIHSIJIMCb pao--

'leTbl n 1'13Mepemrn l!Hcna cpoTOHOB B CeK B Ali8II830He 

0,6 - 2 ~ .umr c1rnxpoTpOHHoro H31Iy'leHH5I APYC. 

O ~t H.it-, , , iF:>J C01-rliiCOB8HHSI paC'leTa C &KCnepMM8HTa-

I 



1MH Ha peanbHhIX ycxopuTeruix Heo6xo.llHMO y11uTb1BaTb p.Sl.ll 

~aKTOpOB, aaBHC.SllilHX OT oco6eHHOCTeR KOHCTpyKUHH H pe­

!)KHMa pa60ThI ycxopuTen.S1. llpe:lK.lle ecero, Heo6xo.llHMO oT­

\MeTHTh1 'iTO TaK K8K CHHXPOTpOHHOe H3.riy'ieHH0 HMeeT Mee-
' ITO TOnbKO B MOM0HThl HaXO:lK,lleHH.SI 'i8CTH~hl B aneKTpOMar­

IHHTe ycxopHTeruI, a .llnHHa M8I'HHT8 COCTaBnSleT nHWb 'i8CTb 

;.UnHHhl paBHOBeCHOif op6HThI, TO nonpaBO'iHhIM . xoacjMpHUHeH ~ 
:TOM B aTOM cny11ae SIBruieTCSI OTHOWeHH e aTHX Anirn. Lln.s 
;ycxopHTeruI APYC aTOT xoa4$:HuueHT paaeH 0,7. 

D.anee, l;l8KOUHTenbHOe K011bll0 H CHHXpOTpOH, HM0IOUUle 

O.QHH8KOBhI0 aHeprHH aneKTpOHOB H paaMepbI, ,ll8IOT COBep -

; weHHO P83Hhle MOIIlHOCTH CHHX,POTpOHHOI'O H3ny'ieHHSI; B Ha­

'xonHTene aTa MOutHOCTb Ha HecxonbKO nopSIAKOB 6on&we 

'a3-38 c>oru.wux 3H81i0HHA TOKOB, HenpepbIBHOI'O pe:lKHMa pa-

I 60Thl H. MOHOaHepreTJAHOCTH amtKTpOHOB H T. A. .. 

I nu CpaBH0HH.sl napaMeTpO& pa311H1iHhIX yCKOpHTeneA H 

.H8 :KOnJITeneA npHBO.llHTCSI CBO.QHaSI Te6nuua xapaKTepHCTHK 

! napaMeTpOB aTHX ycxopuTeneA H CHHxpOTpOHHOI'O uany11e-

HH.H (CM. T86nH!UY 1 ) . . 
e·aalUIIO'i0HHe HeOOXO.llHMO OTMeTHTb, 'iTO yHKKanhHble 

j CBO:ACTBa CHHXpOTpOHHoro Hany11eHH.S1 AenalO'l' ero HeaaMe­

·, HHMhlM HCTO'iHH KOM a11eKTpOM8I'HH THhIX .BOSJI' !;' ~BpOKOM 

: .QH8H830He 'iaC TOT. He OCT8H8BIIHB8.SICb Ha MH(:)J$1fl!ClieH-

: HhIX o6naCTSIX ero npHMeHeHH:H: (cM.,HanpHMep .: (10-14}· ) : 
~ MhI OTMeTHM nHWb HeKoTophie TexHH11ecKHe Tpy.QHOCTH,aoa- I 
; HHK8IOIUHe npH HCil01lb30B8HHH CHHXpOTpOHHOI'O H3ny'i0HHSI. 

· B 11acTHOCTH, coaAaHHe BaeyyMonpoBO.lla .llrul CHHXpoTpoa­

; HQI'O H3ny'i0HHSI H CTbIKOBKa er 0 c BaxyyMHOA KaMepoli 

'. K01IbU0BOI'O ycxopHTenSI,: C03.rt8HHe MOHOXpOMaTopoB Bb1:co - -
~ ' xoro paapeweHHsi: 1 a TaK:>Ke perHcTpaUHSI H31Iy'leHHH ~ ea- I 

KYYMHoA ynbTpaupuoneTOBO:il: H MHI'Koti peHTreHOBCKo.H 06 - 1 
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TipBMeqaHBH K Ta6naue 1 

a 0 -10 
.11HTBHCHBHOCTb H3nyqemrn B ¢OTOH/ A,ceK. rn A . rnR x 10 • 

6 
JY'alllHHhI, KOTOpbIB aanymetthr a 197 4 r. 

B 
LlOPHC - Ta )KB M8lllHH8 Ha ABB aeeprmr. 

r . -
ITpeapameHHe H3 c:irnxpoTpoHa B .sii-lepHhrn HaKomrTenb. 

e 
TipeAllO)KBHHhIB HOBhIB M8lllHHhI, KOTOpblB B H8CTO.sIIIIBB 

BpBM.sI HB cpyHKUHOHHpyIOT, 

10 

.); ... ' .... -

llO.QlIHCH z: pucyuaM 

l"'HC.l -YRHBepcanbHaH xpuBaH cneKTpaJihBoro pacrrpe.nene­

HHH H3nyqeHHH MOHOSHepreTHqeCKHX aneKTpOHOB • 

1-'ac.2 -1-'accqHTaHHoe 1 cnex:rpanbHoe pacnpeneneHHe HHTeH­

CHBHOCTH CHHXpOTpOHHoro H3nyqeHHH MOHOSHepreTR· 

qeCKH x aneKTpOHOB pa3nHqHbJX SHepr:idi:. 

Pac.3-P acc•rnTaHHoe cneKTpanbHoe pacnpe.ueneHHe HHTeH­

CHBHOCTH CHHXpOTpOHHoro Hany<1BHH5l ' ycpeAH{!HHOe 

ITO BpBMBHH YCKOpBHHH , AnH paaJIHqHhIX KOHBqHbJX 

SHeprHH ycKopeHHhIX sneKTpOHOB. 

1-'uc. 4-YrnOBOB pacnpei:teneHHe CHHXpOTpOHHOI'O H3llyqeHH~ 
MOHOSHBpI'BTHqeCXHX snBKTpOHOB C SHeprHBH 6 fae 

.nmi: pa3nHqHbIX MHH BOnH. 

PHc.4a-Yrnosoe pacnpe.nen:eHHe CHHxpoTpoeeoro uanyqeHHH 

MOHOSHepreTHqBCK.HX sneKTpOHOB c 9HeprHe.H 5 fas 

JJ.fl.51. pa31IH'lllhlX AllHH BOnH. 

t-'Hc.46-Yrnosoe pacnpe.neneHHB CHHXPOTpOHHOf'O HanyqeHH.sJ. 

MOHOSHepreTHqeCKHX aneKTpOHOB c SHeprHBH 4 far 

An.fl pa3nH'IHhIX AnHH Bomr • 

.1-'Bc.4B- Yrnosoe pacnpe.ueneHHB CHHXpOTpOHHOI'O H3nyqe -

HHS MOHOSHepreTH'IBCKHX aneKTpoHOB c SHeprHeH 

3 faa .a.n.si: pa3JIH'IHhIX .LlJIHH BOnH . 

~Bc.4r-Yrnosoe pacnpeAeneHHB CHHXpOTpOHHOI'O H3JIY'IBHHSI 

MOHOSHepreTH'IBCKHX sneKfpOHOB c 9HeprHHMH 

1-2 fas .a.mi: pa3nH'IHhIX .[{OOH BOml • 

..t-'.Bc.5 - YrnoBoe pacnpeAeneHHe nnH u6eHx KOMllOHeHT n o-

n..si:pHaaUHH CHHXpOTpOHHOI'O H3ny~etlH.sI npn ~ 

= 1000 K H E = 4 faa, 
l - napannenbHa.si: KOMnoHeHTa 

2 - nepneH@KYiISrplta..si: KOMil OHBHTa 

1l 

' 1 

<4 
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"'--- ' 

-· 

~Hc.6 -~accqHTSHHO~ yrno:soe pacnpe.neJJeHHe cTeneHH no­
mrpH38IlHH CHHXpOTpOHHOro H~&HH.st MOH09Hepre­

THqecKHX a neKTpOHOB c 9HeprBeB 6 I'aB Jlll.st pas­

JlHqHblX WUIH BOJlH. 

~Hc.6a-PaccqHTaHHOe yrnosoe pacnpeAeJieHHe cTeneHH no­
n gpH3aUHH CHHXpOTpOHHOro H311YqeHHH MOH09Hepre­
THqeCKHX 9JleKTpOHOB C 9.HeprHeii: 4 I'aa J:lJlH pa3-

1fil'!HbIX J:lJlHH BOJlH. 

~uc.66- Pacc'!HTaHHOe yrnosoe pacnpeaeneHHe cTeneHH rro­
n.stpH3allHH CHHXpOTpOHHoro H3JlyqeHH.st MOH09Hepre­
TH'!eCK:WC: aneKTpOHOB C 9HeprHeH 2 f SB am1 pa3-

JlHqHbIX ):lllHH BOJlH. 

. ~ ,. 

, 

Puc :7 - C neKTp81lbHOQ pacnpeaeneHHe HHTeHCHBHOCTH CHH­

xpoTpOHHOro H~qeRH.st an.st paanHqHblX XOHe'!HblX 
SHeprHA: yt:BDPeHHblX aneKTpOHOB. 
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IT porpaMMa MaWHHHoro pac'leTa 

TPAHCflii TOP TA-2M 

METKA OITEPATOP BXOllHOro H 3bIKA 

t$EGIN 
INTEGER I ,J ,K; 

REAL E,LC,L,A,KSI,K 1,K2,GP,ILP,PLP,G; 
ARRAY AE,ALC,AG [1:6] ,AL [1:10] ,AA[1:6,1:10] , 

AK1,AK2(1:100J ,S [1:5]; 
INOUT ('Rl0-2~ ,AE,ALC,AG,AL,AA,AKl,AK2); 

(< ) ) • INOUT P2-10 ,AE,ALC,AG,AL,AA,AKl,AK2 , 
FOR I;=l STEP 1 UNTIL 6 DO 
FOR I:=l STEP 1 UNTIL 10-00 
BEGIN 

E:=AE[I]; LC:=ALC[I]; G:=AG[I]; 
L:=AL[J]; A:=AA[LJ]; 

IF A"' 10-13 THEN GOTO M; 
TNOUT ( 'P2-10 J, E, l); 
FOR K:=l STEP 1 UNTIL 100 00 
BEGIN 

KSI:=O.lxK; Kl:=AKl[K]; K2:=AK2[K]; 
GP:=(2xlxKSI/LC)tl2/3)-1.0; 

IF GP<O.O THEN GOTO N; 
ILP:=Ax(l.O+GP)t2x(K2+GP/((lltl.0)xK1) ; 
PLP:={K2-(GP/(1.0+GP))xKl/ 1 

, (K2+(GP/(l.O+GP))xK1); : 
S[l] :=KSI;S[2):=SQRT(GP)/G; S3 :=GP; S[4J:=ILP 
S [5]: =PLP ; I 
INOUT (( P2-10) , S); 1 

N;; END; 
M:; END 

END; 
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b nporpaMMe o6oaHa'leHhl; 

E - MaKCHManbHa.H SHeprn.H sneKTpoHoB 

LC­
L -

°KpHTH'l8CKa.H AnHHa BOnHhlff 

AnHHa BOnHb! 

A _ 2..7 e
2
c ( 71c) 4 8 

32JP R3 A 0 

KSI - ~~ [ 'l+(uf)2] 3
/2 

Kl H K2 -Mo.ancjlm.tn posattH1>1 e <fJYHKU1rn 5eccen.H BToporo 

p10AC1, K2.'l-::i u K22/:; 
G-'y::_§_ 

tn 0 c<! 

Gr; - ( 0 ~ )T t -yron MeiK.Qy Hi.lllp8BJleHHeM Hanyqemu1 

C BeTa ll IlJIOCKOC Tb!O 8Jl8KTpOHHOH: op6}'1Tb!.!I 

l l p - HanyqaeMQ.H MOll!HOC T b. 

f' l f' -cToncui, non.11p11.::i:.uur 11 . 

- -~. 
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