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I. PacqeT npocTet!mHx .. Iomoctrux ~P:arpSMM 

M.BHWHHecxy, B.ly6oB~R 

06'be.rtHHeHHJ:l! HHCTHTYT JI.nepHI:lX HCCJie.ttOBaHHI 

flpoH3Be.rteH pa.C'IeT HHSWHX ,nHarpa.MM TeOpHH :BOSL\YIIlemtl, OUCY­

Ba.JlllHX peaJtUWO ~-p ~ ~ ff' , C yqe~~OM BRJia,ltOB tl (1232) B 

npoMe.Ej"l'O'l!HllX COCTOJmHHX .l{OMHH:HpYJOO.tH:C .l{Ra.rpaMM. 

Pemmrut 1ip ~ r\ ff1 
MOlteT ~Tl! 88. C'leT HeCKOJli»Kl!X DpOilec­

COB, K8QI::Jif HS KOTOpl:lX HeceT BalltHyiO :;.mcfx:>pMa.Ulm 0 CTpJR'lj'pe B JtHHa,.o­

MURe BSa.HMO,zte!CTBHR: yti8.CTBYIOOt:HX B mu: ti8.CTlflt. 

Hsy-qeHHe 8THX nponeccoB MOXeT .~a.Tb HOBym HH~pMaUHD ~ 

.n;BcnepcHOHHOI'O riO.ItXO.rta, npa.BMJI CYJVIM K HMSKOSHepreTHtJeCltltX TeopeK 

H T.Jt. Hall6oJiee HHTepeceH, no-B~MMOMY, npouecc pacna,Jta, o6paso­

BaBIIleroc.ft B pesyJILTaTe nepesapJI.nKH nMoHa ~'0 ~ i'd'L 1 
, Jtor.na 

Ma.CC8. DHOH8. He JieDT Ha Ma.CCOBO:ti llOBepXHOCTH ~; J. :/.)1
0
1. • JlaHB:ue 

0 riOBe.rteHHH BepWHUHOI <f>YmtnMH iT0 ~.r-1 llOSBOJilt1IH 6y DpOBepBTL 

TaJUte RB.IIHTaJILHHe npe.nnoJioxenHH, Kru< rlfiloTesa. PCAC B ee w.nltf.a­
RB.IlHH, a TB.KJ!e MO,IteJie:ti, ITOSBOJI..fllOO.!HX BU'IHOJUJTL' CTpJKTYpHUe napa:lteT-o 

pu, BBO.ItiD41e npH Mo,nwpmtarx1n1 PCAC. v:syqeuHe e'l'oro 11p01tecca nouor.m 

6u BWICHHTL~HaJIHTH'IeCKHe CBO:ACTBB. ELMIIJlHTY.ItLI nepesapB.It1tlt B 0~ 
12 2.. 

TH O<~y <)'o . 
IT08TOMY 1 11T06H BWICHHTb 06U(y10 JtapTHHY Pea.RUD 1 OQ;eHB'fJ. 

fiO.PRJtKH Ce1!emd H BOSMOXHOCT:& BH.IteJIHHlUI HH{flopMaitHK Od 0'1'Jt8-11WIHX . 

npoJleccax, B JtaHHol pacSoTe pacct~HTuBa.IOTC.ft noJIDCHYe JtBarpaMMY c 

npocTeftmm.m narpa.HJma.Ha.MH Bsa.HMo,neloTBIDI .rtJUI Bcex Bepmm (Do KBli­

re IHBeCSepa/3/). 
DJ~..,, ,._.,. '·" i"" ....... ~ vvu: .. /) .. t ... > ........... ~~ t .... "- ~'1' 1 
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§ I. 06osaatteHtrm, RHHeMB.THKa 

i 

KmieMa.THtieCKHe 0609HatteHIDI BBE!,IteM C UOMOIIlY» .ltBa.l'p8l&& 

Puc. D 
HcnonsyeTC.R MeTpmta ( rJ. e) ;:: f1.0 to- U ~~ H CJie,ItyiiiU!e odossaqellliJI ~ 
qHCJieHHHe SHaqeHWJ <lJHSlfCieCKIDc BeJIHttlLI (Bee SHeprmt B MsB )/ 4:/: 

Yn (938,28) - MaCCa JIYKJIOHa (npoTOIIti); 

vn~(939,S?)- Ma.Cca aeiiTpoaa; 

)A (139,57) - Ma.Cca ~- -Mesoaa; 

}Jo ( !34, 96) H J:F
0 

(7, 8 • !CJ6 ) - Ma.CCa H nm:pmta c:fi O -MeS0118.j 

~ (1232) H r;, (IIO) - Macca H ~HpHHa A -pesoaaaoa; 

Q. 2. _ ~ ~ 6~ If( rJ..: .!?:.2= _L · F ,~,{M:t)-. ROHC'l'ura pacoan, 

2·. 

~- I ) 471 1.~T) 4·10 
1111::1-:"o "lA' . f:.~ t.l, .. _ Qrs6 /6Ct I · u. = ~. ~~ J. ll :: ::I, tj • 
. H "+4 l ) --;;:..~- - I ) -' P V'Y\ /'M YY\ 

ltJt I . .. . 
A.Mru1.HTYJI.Y npouecca aanmneM B BH.ne 

31 • 
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~-1 '(-' (-/ ... ~ 

~-Mit - /; ~s -r 
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'lit - I 

< V\ 
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t 'Y\ p 

r-t ' 
. ){-·~--'-,;/ 'fi ~ ~I 

M: ~lqt~:t. T 
~ - - ' Ollltoa -., f> V\ r 

-t- 1 7i/ + 
y-' ~ f:T,-~ 

t-·\ = _t~ ?~ "S-.. ~ _.,._ 
Y\ r \'\ p 

3aMeTHM 1 qTO Ha ,JJ;Hal'pa.Ml'!la.X 2-4 HMeiOrC.fl ,JJ;Ba ftYJlOHHHX IIpOMe.'QT01J­

HllX COC'I'OJIHH.f!, TaK liTO M ,_ 'l 4 .._ :L. 2. , a noTOMY .ItJlJI Hanna 
' J \tV\ 2 .. . ~ 

aaeprd (§ 1) BKJI~aMH <M:z + M3 + M4) H (~ + ~ + M4) ·o:'S + ~)+ 

+ KOMII. corrp •. npeHe6pelKeM. TeM 6oJiee rrpeHe6pezeM .ItJIJI &'l'KX npo. ·. 

uecCOB KaHaROM C IIpOMe*YTOliHHM COCTORHMeM ~ (!232). ~ HaH6o~ee 

.z.e HHTepecymtero Hac rrponecca o pacna.n;oM ~ 0-> 'Ct'-1 
yqTeu ocSa 

KaHana: 
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ero BJm, npHBe~eHHH B pa6oTef6a/. I!pH aTOM M 9 , B81Ipl1Nef1 

I i 
IT r -.+)• i.· ., 
'3 l·lt • i j ; . 

• i 

I 

llpoHsBe~eM pacqeT BepoHTHOcTen nepeqHoXeHHYX oponeccoB 

(O CYMMHPQBaHHeM BAH 0 ycpe~HeHHeM no COHHOBUM COCTOHHBSU .SCTBQ), 
CTpyxTypa. no.nyqeHHoro BllpaJKeHH.FI BocnpoHsBo,nHTCH Ta6JJHite I ~ oqe­

Il~HUMH o6osHa'IeHltHMH. PesyJinTaTu pa.cqeTa npHBe,JteBH B DpltJIO&eH11BX 

I H 2. 

' . 
I' 



§ 3. 06cy!8eHHe pesy~:&TaTOB 

ITpe~e Bcero oTMeTHM, 'lJTO HMeeToSI oor.mcue ue~ aamma 

pesyJILTaTa.MH H pesyJI:&TaTa.MH Ea.n):(MHa!I/, OI(emma.Bmero ToJnKO Ll~, 
a JiarU~l(yca H Mycaxa.Hona/2/ • paCCMa'rpl1J3a.BlllHX ,ItBOibtol pa.l\llalll!OHHHI ~ 
sa.xaaT npoTOHa.MH ocTaHoBHBmmcca "'.1\- -MesoHoB. ITpu no.ncTB.BoBEe B 

HaniH Bupa%8HIDI ~ -:: (} J 0) y:naeTCSI Bll)tt~JIHT:L liJleiDJ, COBna.ztaiJIPte C 

!fi>P!AY JiaMH (13 )- (I5) paOoTiil/2/. IIpMBe.n;,~M necKOJThKO neaoR, ClleJlaH­

nux .n;RH cnyqan, paccMoTpennoro B 121. 
- ~-" ... '-'t' ITpa OOJiyt!eHHH :rt -Me30Ha.MH npO'l'OB KpOMe pea.KI:(Jill ~ 1 r _,.. ~ 6 

H,ItyT H OOJ!ee H3yt18HHUe peaRQHH 9\-f ._. y{[\ 0 
H ~L r -r ~ ~. 

· flpH Sa.x:BaTe OCTaHOBMBWMXC.fl TIHOHOB KHHt3THtleCKHe SHeprHll HeiTpOBOB 

OrpaHKtleHH B ll0CJ18,IJ;HMX ,n;ByX peaRiliDIX J!IHTepBa.JI8MH W = (Q t 4.2-tS, 9) 

MaB H W = (0+8, 9) MaB cooTBe'rCTBenno. YKa.JKeM pasJIIrqHe sasneHY:>C­

T6R oT VI BepoHTHocTeti HSJ.ryqemm .n;By.K qJOTOHOB B HHTep:saJle 

vJ ::(0+8,9) MaB OTpruJ;aTeJibllllM fniOHOM (1 {'-(1 J2) H HeiTpa.JILHIDI 

nHoHOM ( \ N ~ + N~ ll. ) . )I)m npooTOTI:l pacCMOTPHM C.Jil"lal 
~ ...... , ~ ~~ 

pasJieTa lf>c>TOHOB B IIpOTHBOIIOJIOiKHHX HaiT)a.BJieHWIX al := - It I [~it,-; • 

F£JIH npH W = 8, 9 MaB OTHOlllelnl•;} 

I \2 ! ·~ ·ao -3 
~ _ --~-'!.-- -= _!)J.fl: If•.~ .. -;;:: f) • LO 

- l H~-t Ht\~ O,lt·IO~t~ • -IO , TO H& Dopore nepe ... 

pH~H R. yae :P8-BHo ~ = 0 ' 15 10 •= 3~ nos'l'OMY HMeiUio B6.1D• 
·. 0,25· rq-10 · 

aTol aHeprHH ~~c H MyoaxaHoEf2l H npe~JiaraDT onpenenHT~ SBaK 

B.MIIJmTy.ItH Tt0 ~ '/-~1 no HHTe~epeHr(HOHHJMY lJJieHJ {U., + Mg ) (..; +• • • ) 

+ K.C. 3aMeTHM, liTO HUe nopora nepe3.3.pH.ItKH npH W ~ fJ BKNU! 

\ H"' l2- ,_ W -7 0 • BKJia.nl:l B Bepo.FITHOOTJa ucnycJtaJDIJI pwosoB 

lfYIUIOHSMH ocTamoa aa npe~l:l~YIQeM ypoBae ·~ 01 1 I H-1 _. N? l ~D 'tl 
I l

1. ~ .'j 
. a Ma.TpHlJHHe SJleMeHTI:l ~ + Ma BOSpa<}Ta.mT 81Jl8 B !6 pas, 'J'U K8K 



l '" l 

0 [ "! i nponaraTop 'IT -MesoHa npenpamaeToJI n ~.r ~) . T.o. llJUI 

BwteneHIDI npouecca Hs.nyqeniDI ~Byx cpoTonoB sa cqeT pacna.tta: 
I 

BurO.ltfDl 60JlbWHe yrJIH paSJieTa npoTOHOB U OTCyTCTBH6 OT.l{ali.B .J 

HeRTpoHa. 

IToJIHUA aaanHs xo~a nepoJITHooTe~ B HHTepnane nepe.Itaq 

y' 2 
= ( 0 + 7, I >f•l! npe,llno.naraeTCJI C)lCJiaT:L c noMOIII:Lil 3mt, 

§ 4. 0 qppMf¥Tope pacrraJJ;a. 'Tl0·~ "t->!-1 

·8 

3.ItecL MH npHBe.l{eM pesyJihTaTu, no~zyqeHHae c noMO~Lm MD.IteAel, 

B KOTOpHX BBO,LtJITCJI TOJI:blto HSBeCTHUe qaCTHJ.:tll. ITpe~e Boero npl!Be-

J{f":M fJC3YJIL'r£iTU (oM. , WlllflL1Mop, I 1- I) , cJit'!.'f\YJllttidt ns l~C'Iura i 

' 

TpeyroJIMlOt! ~HarpaMMU o npoMeJKY•roqiiuMa fiYKJIOHa.MH, BnepBue paccwT­

peHHol CTe!a6eprepoM: 

.A. _f_ .J, j_ I £.)2 
f ( ~~ 1£.

2 
=oo) ILT.2.,. 0) -== ~ + l;l. """- J o l"" 1 t- .. 

troprzy.na npeJlOKB.SuBaeT poeT <Ix>PMtfk:1RTopa. B HHTep:sa.ne (0 + 7, I )J..t ~ 
' 0 

aa !,3%. , ' 

E6JLLWHe ~HcJieunue n pe,r(mta3annn, O'leint,nno, MO&O o~a'l't. Ot' 

MO~eneft, HCllOJILSY~HX ~ero BeKTOpHon ~~OMHHaHTHOOTH. En~OB a 
! 

~WlHiliTOB paCCMOTpeJIH B JieCTHH'lHOM 11pl1t1JimteHlnt ypaBH8HHe 3,ItB.ap.l(ca 

l(JIJI BepiiiHHaol tPyHKUHH aenepeHopMMpyeMt)ro PVV -Bsruwo.JtelcTBWl. 

nx pesyJILTa.T ;D;JIJI Hamero c.n:y-qrur .nae-:t;~ I j:_ ) ~ '2_; l.j 
F (lil I.- , t_ ) - J + Q $3 ... Y.~ I -1 4- .!. 2. T . c ~ ~ 

} \L - 0 1 \l - o - 1 1 ~ t. '- 6 "" .. • • I . ,. 
1 '''J ':J> .., ..~· 

B 3TOI MO,IteJm B TOqKe ~~:.: :-f, 1tl- <foplvxfla.KTOp BOSpacTaeT ya8 H& 

7,54%. 

lis 8THX OI.l8HOR CJie,IzyeT, qTo B H8ltOti MO,LteJilf, 06'beJtHHHDileJl 8ft 

JUxl Mexa.HH3Ma H ~HTEi!BalOO(eit. 6oJiee BI:lC·JKHe peSOHaHCH 1 W noJJ.yqo 

poeT nopsr,IU(a IO%. 
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ABTopu d.naro.n;ap1w c.E.repacHMony. A.B.roBopKoBy, B.BrroBOr 

KOBY, B.l!. 3a.MHpaJIOBY, JI. 11. Jiarnucvcy. A. T. <I>nJil!Ilnosy u ocoderuro · 

11. JI. HeMeHoBy sa noJiesnue o6cyJi\r~emm BonpocoB, cBJtsammx c 
1 

sTol i 

r~a6oTot!. 



. ""'Ti~ L w. 
~~~~-~~~-~ ~,w . o "'~1. 
I M, r= li=-"': G!-z(.l- ~1:~-.:t~l+.:ll:~) E (o) • 

m2 ( v\( )2 ( vi(_'Y ( \ \( + \ IC'- lclc'Y ) 

M. M ... + M .. H = - __§- ( ~~=i~k::t-.lk'I!L:_ .:n~ k:') @(t/' 
, .l " J q 2 ( -)( T ( ' I I f. I . ... m 't I( ·vi£ J "~ ~~ 1e. -lclc J ( "~-rv.-r 

. ·?(- tf\)(~~) E (e,e') + (i(f) E(1·,p') +- (p'~rtr}) E (e,e')­

- (f\)E(\':~) -(~K)E(v~·~) +(pf)E(~,K) -(pp'A'tK)E{)e' 

. - J tt mt Ll \"~)(llll') E ( cp') - ( p'~) E ( ll~ ll) - {~~:!!) E/~,r) 

-t (~'() E c~',f') + l"' I()(VIl) E(e,e')- (r'~J E(l(:~)+ 
+ (p'\t') £(fy)\() + 
-+ (f11C) (\ll.1

) E (e,e') --t ( \( \(') E (r;~J - ( ~k'J E ( p~ k)-

- (pt) £ l ~,)) + (fll)( r1 ~t') E(e,e.') -1- (pk.) E (v:;JJ- . 

- ( r"(_) ( lt') E lee') + (\~e.) ~f 1c::') E (e,e) -rkJ E"ftoK)-

_ (rp(~tll'} E(e,e') + (y~) E (ll;~t)] + m"(JK)f(~e}-
. _ V¥11 E ( \

1
k) - J/~ ( y~~:) [- (P'~)(P'It:') E (E/:') t 

+ lf1t') E (~,l1 ) - (r~) t: (\(: P) + (P'I()(P'v) E (e_,e')­

- cv(.') E (r;~J 1lrf') £(It:~~> -tr(),) E(l(\)-
- Crr')(llt:.') E (e,e')] ) + ( \( ~ ~t:') ; 
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HiM: + HiM~ -=-· .i i 

= __ 4 G-(1A2 -l~E-t~~~k:j_GL~' J,f!. · 
1~ . I ~·~ 

Vfl1 c ~,_ )C11t' )(eviL -~-1~<-'- ""'L') C"-n +f2
) (J rr .2r" -.7j~~~- w·~ 1 

-ctrv)(P") Eter'> + Lr~'J(11L)c(et'>-(ff')E(~,;~t i 
-+(_ll~£1l(f))f(p'1 f') - ( ~IL'){p''-) E(pJf')-+ 

-+ cv0) 1_\'L·) t(r,f') - c r'IL) ( n,) E Lt£'l) -
- ( f'\(_1 ~~> EC ~ l > + (r'y) ( rl() E ("' 1 ~' > -

- (rr') C ~IL) El\L',f') + ( p~l)(v0) E Ct,f') -.-
-t VVI1 l- (P)) c~ tt.') E (_ e,e') I (flj,) E ( 1£~ I() -

' 

- (~\(_) E (tt; ~) ~ (f q ( ~ ~t.'J £: (c,e) !- (11£Xr")E (~c')+ 
-\' r f 0) t ( ,,IL) - c v: ll' > E Cr ~ 1 > + c ~ ~e.' J E ( r: I(> + .. 

. -+ C rl~t.) E(~t-~c~)- l\)'\()(10) E(e,e')- (~'1) t:(ll~!!)- , 
• f. 

- (~'cy)l'L~)'~(e,e')}} + l Kc.> K') ; .·. 



~ * t1 1M 4 + H." H ~ = 
1 i 

~ G (yz - .21lt ~- ~~c'~ + ~~~:') Gl-(fl2 )Prfl ~ i. ~ ~ 
m2 (t~t:)C\ ~c.')(~IL+V'e.'- ~t:k')(?pt-1F~< -.2~k~p)(j>K) i . 

--

[ (ft'>Lrr'J (f~t) E (_e F'J - (pk)(P!,'J = {~; rJ + (rk)(r~cJ E tr/r.').. j 
+ "" 4 (H.') E ~J e') -~.,It E (~e~ IC) - m·~(_p'~t:) (_p1t) E (e)e/) + . 

. . ~ 
l" 

+ I'll a (r'~'J E (r'~ ") + "''
2 (6() E {~e.;r'J - ~2. { 1!1(.~ E{ r,' p)- , ~ 

- m~. (r") (r~~:'J E ce,e'J - ~o~~(r"-'> ~: (P~") + 1112{p~)(p~<)E£e,rJ.- ~ 
-+ Y\'12. Crr'> E ( ~t', !!) - vnll.(r I">( \L IL

1
) I~ ( e}e') -1- "'"'{pic) E {it.: p

1
)- ~ 

t 

- \1\ 1 (r~) E l \l') t') ] ·+ l k: ~--!> K.') ; 

lMs-l
2

= 

=- (}-'-( l- .1~~) [lr'IC)- .2Mr2. m2{pk) + o2;((r2 {r"-)(pf'J' E fe' l_li_.)+ . 
,,

1
2( l't.'}>(p'9 j I ~ \::I (IJ" . ; . 

G!tt -1\~c.')O (f z - 11~ r (_t + 4 wt 1115 ~ ( rr'> E~.~/) E (e't t)t . 
+ ).1111. (\lt. )()JL') (pit.) (p~') r / I 1 

<} ! 



. -t (IC~) lrr'> E lee~ Vtr) - ..,a (1£\£1
) E(ee~ v(l) + m

2 t (e, ~)~c.). 

• E (e11 ~1 k)]- (r'tc)(r"-'J E lee', 1> t) + (pi£')E (e, h p') · 

·E. &,1, >t) + (p"-) E ( €/lo \(1
) EU:~, ~~ p')- ( pk) (p'll') •. 

· E Le-e'>~ ,1-) + 4f: ( f\(_)( r "-) E(2£-'/r,} > r.., z._ ~r' 1 J ; 
\Mdll= 

= .s ~.tc}tl_!)_J,\(_)~; Cr~~J~-G~~£0 E(e,},t-)+ 
Wll (.t rrv - 9. pI( - 1 (v 1( -1 /(;\ 2 ) l ('til/ 

13. ~' 

+ ? G-Y~2 - ~u~ IL') f !Jr~
2

-Cr. [::_ •• ll E ( e~ q,/v) + 
Y>ll (lr'V - :tr k'- :Jr~ k' +j'' )z ( tk')2 ~ 

. r~ 

-+ \? ~ c.L\2
- ;l.~ "-) _s::_er~ _-_J.:r _k:;.~; . i 

lVIl (l f\<- Jfll- :;lrl lc tf2) ( Jf~- 2f k'-,.2Ji/ -t 1'l) { ~ 1L)(1 k') . ~ 
~­
t 

. { mt [ (r'"'J(r't) E (cc~~ 1~ ~)- (r~) E( e,~~ k'J E (e:h p')- r 

-lrt'> E (e,~,k') E (e; '~' k:) + (ll: ~c )(pf 'J E ( c< h if;) -t I 
i ~ (l(~e.')Ele,)JP') E(c.','~/J- ( p1tt:) E (e,rV>P) f(e;J,,k')j- I 

- m4 [Ltt:~e) E lee',h'v)- E 1,e,~,k) E (e:~,") J - . 
1 - (r'"'>(r'I(Xr~) E (ee~~,'~)+ (p',c'>(rf) E(e,'1.,p'> E (e.',~1 tt J t . 

-•. t 

+ (r'k:)(r~) E (e,chk'J Ele;), r') -(KK1J(rp'lt(e~~/>F(e:v'J j ; 1 
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M' y 't 
5" M, + Msr Ht = 

= _ 4 G ("2 - il':'>_G(f_ -:~~k:) f ~.~p • 

(_ \ ~') (~~£ )(pll) (D-rrv- 9-p\(- (Q~ k. +;u2) i 

{Wit [- cr~ )(P~1) E L ec~ ~)}) + (r~'> E [e) hP) E [e~ V1-: 
, I - (rp') E(e

1
l,k:) E l~11 1>1!) :t- {~tll1)(Pf) E (ee~ ~.).)-

- (r'i> E l e, ~~ p'J E Ce~(~>"-) + (r'K'J U'~) E (ee; i, ~) t-
' f i 

·. ',~,~ )( lll£
1
) E ( e 1) /) - ( 1/ 1e) F [ e 11, 1 k) E ( e', } 1 r'J ..-

+ (pkXr"'J Elee~ty,i-)] -1 "'4 [ E(_e,}J~t:1) E(e:~1 k)-

- (lllt:f)E (ee'1 ~/)1.-)]- (r~)(rVJ(rf')E(ee~t·1 ~)~ 

~~ ,p)(v~)(p!C) E Le,~) p') + (r k) (O'J E t e,i) t£') E( e: h f1
) !-

· .... - 1 c"Ct:_:_2j_~').LI!lrl!,, __ §_(':~j_1/r) I - • 

. . . vn ~ ( rv ~) 2. ( r~£) L ;~._f't- :lf k'- 211£':fz) 
. ~ 

. j. 

il . ? 
~ 
" • ! 
~ 
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