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- ..,....,._! 
Peaxn;IDI "1j P ._ n I 4 MOllteT :Pm;TH sa C'IeT HeCKOJIT>Ki'IX rrpo~ec-

COB, ~~ H3 KOTOpRX HeceT BaJitHYD HH¢opMaUHD 0 CTpyxType H ~HHa

MHKe B3a.HMO~eiCTBIDl Y'JacT:syDIIHX B HeM '!aCTJm. 

MsyqeHHe aTHX npo~eccoB MOllteT ~aTr. HOBYJl HH!fJopM:UtHD .IV1H 

~HcnepCHOHHOro ITO~XO~a, ITpaBHJI CJMM H HH3K09HepreTH'!eCKHX TeopeM 

H T.~. HaH6o.nee HHTepeceH, rro-B:Pm;HMOMY, rrpo~ecc pacrr~a odpa3oBaB

meroclt B pe3yJILTaTe nepe3apll,li;KH nHOHa( <rr0 
- tt ), Kor,n;a 

Macca nHoHa He .nelltHT aa MaccoBol rroBepXHocTH ~~1/. /:_)J
0

2 
• .l{a.HHRe 

0 ITOBe.n;eHHH BepWHHHOI ~HH Tt0 t f-1 
IT03BOJIHJIH 61:l rrpoBepHT:D 

TaKHe KaiTHTaJI:&HRe npe.n;rro.noxeHIDI, KaK rHIIoTesa PCAC H ee MO~$

xanu, a TaKllte .Mo,n;enH, n03BOJii!JOIIIHe BH"'liiCJIR:T:& cTPYRTYPHRe rrapaMeT

pH, BBO~HMRe rrpH MO.D:DPHKaao PCAC. MsyqeHHe aToro rrpo~ecca rroMor.no 

dl:l Bl:li!CHHT:b H aHaRHTHqecKHe CBO~CTBa aMllJIHTY,li;H nepe3ap8,li;KH B Odnac-
12 2. 

TH 0 <~)I <_;lfo • 
Il09TOMY, 'IT061:l BWICHHT:D 0611lVD KapTHHY peaxn;HH, O~eHHTT> 

IIOpn,nKJII Ce'IeHd H B03MOJIBOCT:D BR,ll;eJJeHIDI HH!fJopM!l.nHH 06 OT~eJIT>HRX 

rrpo~eccax, B ~rumoA pa6oTe pacctiHTHBa.Jn'CJI rroJIJlCHRe ~liiB.I'paMMI:l c 

rrpocTelbllnm .na.rpa.HDaHaMJII BSa.BMO~elcTBd ,nJIR: Bcex Bepunm (no KHH

re lllae<lepa ' 31). 
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§ I. 06oaHa~eHHn, KHHeMaTHRa 

KzHer&iTKq9CKHe o6oaaa~eHKR BBe~eM C ITOMOmAO ~RarpaMMN 

<::fi-{!} --- --
~---~ 

Hcrroni.ayeTcn MeTpHRa (tJ.6) = Clo~- rit~ III cne,eyDQHe o6osaa~eHHSI lil 

~HcneHHHe aHa'!eHRn WIIISH'!eCKHX Be~ (Bee aHeprHH B MaB) 141: 
Yn (938,28) - r.acca ayxnoHa (rrpoToHa); 

vn" (939,57) - MaCca aeiTpOHa; 

)'- (I39,57) - MaCca '1i- -Mesoaa; 

_.Po (I34, 96) Ill f'
0 

(7 ,8" Io-6) - MaCCa lil IIIHJliiHa CJi f) -Meaoaa; 

~ (1232) H r;. (I!Q) - Ma.Cca lii llllpHBa A -peSOHaHca; 

nt I~/ e2 1 1 
\.:Y - H b4 · r;J.. =-= - · F =-, (MaB)-KOHCTaHTa pacrra,II;a 
Lf'!l- J ) 471 1~1; 4·10 

l. /6 I .f 1-9 -! 9 I ~0 v'(-/ • fAHplt,. - Q'S6 Q ' )J.D= ~ )• /J :: ~ 
.H ~4 ) ~f:fl - I ) I V)'\ /~Ill Y)'\M 

AM!r.JJ.wry~ rrpo~ecca saiiHIIIeM B BQ./3/: 

T - . e.t I m2 . ' ''M T~r ... "tt'- -t (rT1)'~'1 \f R }{ ~£ 1w. p_r;,! 'i;(p-+}-f- ~-ll. .JI -, , 

a ce'!eHHe 

J J-2 2 m ~ l t 2 c I I J /3 
1.\.(;" ~ I&~ 1 ({ ) - jl• fV\ b: + "'~- 1£ -1£. - P· l d-><~

1 

n ''Ill r: K. ~/ • 

4 

Hac 6YJteT HHTepecoaan JISMeHeHBe aHeprmr Ha.JieTannero '11.~
Ill• 

MesoHa B HHTepBB.Jie ~o = (0 + 275) MaB. Tor~a Ma.RCHMaJILHM 

0~ &HeprBR IIHOBa H DpOTOBa B aQM paBHHeTcn: 

~~ ~ I Ec =- ~};.,WI+ \<11e. -t.ft2 = 1295 MaB. 

0Tcnna cne~eT, ~To B rrpo~eccax c rrpoMesyTo~ ayxnoHOM cne~

eT, Boo61Qe roBOpn, Y'J:IIlTHBaTl> Blt1la.zt peaoHaHca A<1232). 

BlitiHCJIHM Ta.Rae MaltCHMB.JI:&H;y'l) HHBapHaHTHyD MaCey DpOMe~O'I-

Horo Meso sa, pacrra.ztannerocn Ha ~Ba 4Jc>ToHa. .lJ.1lll aToro rrp!II p "''t.')j! 

c. 
rronoDM f' =(rt~t1 0 ). Tor~a: 

I ~ 2 
Q, - c<pll't11.111 r/) ~'i 2 2 2 2 
Yttt«<l»- .l. - ~ =I,Jolu-MaB =(~0 M3B) =(2,67f1o) =7,If1o• 

t 2. 
T.o., HHTepBB.JI BOSMOmn.IX IIISMeHeHd ~ = (0+7,!~0 • 

§ 2. MarpH'!HHe aneMeHTH rrpoqeccoB 

Ilpo~eCCH, IIpHBO~IIle K pe~IIIH '.fi"r --> Y'\ ttl, OIIHC!lBa.IYI'

Qn COOTBeTCTBYJl!IIIIMH rpyiiiia.MIII ~RarpaMM ~IHMa.Ha. TaK 1 o6a qx:>TOHa 

MOryT 6HT:& HCrrymeHH Ha.JI9TaJliiHM <:ft- -MeSOHOM: 

M:: 
1 

H= ;,). 

:>
~ /1'1-

/ / 

I 
')!- I'll
~ 

~ /
~T, 
~ t 7 + 

¥ c • .. 
~ + 

P < /< n ~ f 
¥-

M p 
06a WOTOHa HcrrycxaDTcn rrpoToHoM: 

-,~/ s \((' 
-< f E 
n p I' 

t 
,...,-1 t' "\..r-
1~/ ~ ~< 

&: • 
"'V\ p p 

06a WOTOHa HcaycKaDTcH HeiTpoHoM: 

M3= 
I I 

~:\ ~;~ + 

I 

!"'(J: 
\'\ p VI. .,. 
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~ee rrepe~Hc~ rrpoMexyTo~HHe BapKaHTY: 

-~$, I':\' 
Y\ I" 

M4 
t-/ 

T - )- 7' :\ 
p 

rr , 
M,~ - J'"~ 'l{ T '(!-··~-'\~/ Tt ~ ~ 1 

' -n. r tl p 
. f 

M == t' ~ ~/ 
6 - ~ ·~ + -<~' 

n r Y) p 
38.1\!eTHM, ~TO Ha .nHarpaMMaX 2-4 BMeilTC.fl _nBa HyxJIOHHblX rrpoue:XY'fOtJ

H'dX coc TORRID!, TaK ~To M 1 '! t. "- _i_ z , a rro•roMY I(Jl.fl Ha.niHX 
l I • \1111 2 * ~ 

aHeprd ( § i) B:!t.ll8.naMH I~ + M:3 + M41 K <M;z + ~ + M4 ) <MS + ~ )+ 

+ KOMI!. coup. rrpeHe6peseM. TeM 6oJiee rrpeHe6pe:ateM _nJI.fl sTKX rrpo

ueccoB KaHaJIOM C rrpoMezyTO~HHM COCTO.flHKeM Ji (!232). ,lL.lui HaHOOJiee 

JEe mrrepecY!IIIero Hac rrpouecca c pacna,noM 'SJl 0-> '/'t- 1 ~eM o6a 

KaHaJia: 

M -t ~.~ = M -
':1- ng- H-

:i <+.-1 K't" n-r 
·.;(/ ~ / 

J(o 1 "' + ->-' :X q:lo 'Jtf " 4 / ...... 
""" "t.a 4! IE ....e:.: .,. -== ....... 

"' 11 r Yl P r 

~y- $ 71-/ p-M -t M - M = I ,"11.-o 1/, + '1-' ~ 'TI 
~ ~0 9~0 .,.'i "'b I 

6 
,..- ..... .'TtO 

vt .h0 P ""' Yl.. 6-t "' r" 
0TMeTHM, ~TO ITOCKOJI~KY .nJl.fl ~aCTHU CO CTIHHOM 3/2 He pemeH ·BOrrpoC 0 

Bli!Ol;e rrporraraTopa BHe MacCOBOI 06oJIO~II, M1i HCITOJ11>SJ8M o6uid 

6 

ero BH;IJ;, rrpne.neHHH:ii B pa6oTef6a/. IlpH aTOM M 9, HanpHMep,BblrJUI.JJ;J.iT 

TaR: 'F ('2..1£1/) M ::t e e'K K' 
~ )tv sf{ y v .! ' q ( .1 ' r 

o<.\(\C - .ft• + lj{o ~ 

. ~ (t )1 [!' (?') ~\£+ \(\_ + *-( c ~ ~ "')]. 

l (p~~)i_+H:-'_ i N\A ~9'-j' + 1 ~ ~ + ~~·(P•~l(f+J~-
_ .L (D t + Q. t. _ t r _ v 4 . )~ + _i ~ r y (.1 A-H "'r + 

3M rtl.. J!> vr~- J rJ J 0cJ. Vf~ ~M 2 ;V-\+ 1 L 0oL .t 2A-tf 

.l. A+ l " AM ) J} -+ J. ~ ~ -+ ~ '(y. - 't.,_ff> + tcJ. VJ + Pt.t~~ tt~-.iY . 
. (~5\~J:;{j)i )ll(p)) 

r.ne x R A - HeKoTop.te rrocTO.flHHble BeJI~HHbl (o Bb16ope HX eM. /Sa/, 
a TaK:at/66/). !.laTpMllHble aJieMeHTbl Msw MoJtHo rreperrHcan B cTaH.napT-

HOM BH;IJ;e: M _ 1 1 F (11. l!..ll:.
1

) 

HO - E_.MVJ6 e)Ae'V l(p l(li' .;1~ '- 1. • r 
v ~ ,}(e + 1;. 0 1. 

~ (t )' ii ( p') [ B + ~ C] IL (f) . r 
&ipa:ateHH.fl _nJl.fl Koa<fxPTIIUl'IeHTOB B Ill C _naHbl B rrpHJiollteHHH 2. 

nanee ITpOH3Be_neH pac~eT Bepo.IITHOCTeH rrepe~HCJieHHHX npOUeCCOB 

(c CyMMHpOBaHHeM HJIH C ycpe_nHeHHeM ITO CITHHOBbiM COCTO.flHH.flM ~aCTHU). 

CTpyKTypa ITO~eHHOrO Bblpa:ateHH.fl BOCrrpoH3BO_nl'ITC.fl Ta6JIHUeA C o~e

B~MB o6osHa~eHB.flMK. 3.nec~ MU rrpBBe.neM pesyJI~TaTbl pac~eToB HaH-

6oJiee HHTepecyun11x aac .n!IB.I'paMM I, 7, 8, 9, IO ( rrpMo:ateHHe I) • IloJIHoe 

BYpa:ateHKe,cooTBeTcTBYIJllee Ta6JIHUe I,conepJtHTC.fl B .nerroHKpOBaHHoA 

rry6JomanD OHHH ,EI-2-8446. 
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§ 3. 06cmeHHe pesym.TaToB 

Ilpe~e BCero OTMeTHM, 'ITO HMeeTCR COrJiaCRe Me~ HaJDRMH 

pesym.TaTaMR R pesym.TaTaMR BM.ztma!I/, oD;eHJIBaBmero Mr~, 
R Jia.nwca H M,ycaxruro~2/ 1 pacCMa.TpHBaB!l!RX ~OiHOi ~RaD;ROHHiii 
8axBaT IIpoTOHaMH OCTaHOBliBIDHXCR Tt- -MeSOHOB. IlpH IIO,ItCTaHOBKe B 

HamH BHpa&eHKR: \- '::' ( i J 0) y;ItaeTCR Bll.lteJIHTL 'V!eHll, COBIIa.D;aDIIRe C 

~PMY'naMH (!3)-(!5) pa6oTH/
2/. IlpHBe,IteM HeCKOJil.KO oqeHOK 1 c~eJiaHH~X 

.ItJIJI c.eyqas:, pacct«>TpeHHoro B 12/. 

IlpH 06Jiyq8HHH fi- -JleSOHaJIH IIpOTOHOB 1 KpOMe pea.KLU!H :TT-p - ~ (J 1
, 

lUtY"1' x 6onee xsyqeHBHe peaxno o:::n-r- Vl'"f\ 0 z ~l-r--» vt 't-. 
IlpH 8axBaTe OCTaHOBliBIDHXCR IIHOHOB KRHeTH'IeCKHe SHeprHH HeiTpoHOB 

OrpaHH'IeHll B IIOCJie,ItHHX .ltBY'X pea.RD;lfJIX RHTepBa.JiaMH 'v\/=(0,42+8,9) MsB 

Jrt w = (0+8, 9) M3B COOTBeTCTBeHHO. Y'Ka.JteM paSJIH'IHe SaBHCHMOC-

Tel OT VV BepoRTHOCTel HSJiy'leHKR: ,ItByX ~TOHOB B RHTepBaJie 

vJ =(0+8,9) M3B OTpHD;aTeJILHHM IIHOHOM (1 ('-(
1 

J2) R- HeiTpa.IILH!iM 

IIHOHOM ( \ M ~ + f-.(« 12. ) • Jtna npocToTH pacct«>TpHM c.eyqal 

pa3JieTa ~TOHOB B IIpoTHBOIIOJIOmJHX HanpaBJieHRR:X j('"- jZIJ ~cl_;"~ • 
EcJJlil npH W = 8,9 MsB 

I \'2 • ..,. -,o :3 
o _ M.. _ o.~·•o =f). ·Lo 
"- 1 t-el., Htl2 - O,'t· lo~t~ IO , TO Ha. nopore nepesa-

pJWUI R_ y&e paBHO R_ = O' IS • m- = 3~ I! OSTOMY HMeHHO B6JlliiSH 

0,25• rq:IO • 
9TOI 8H8pl'Bll JfanBlCYC B ft\ycaxruroJI2/ H IIp8,1tJlai'all'I' onpe,IteJIJITL SHalt 

8loiiiJIBTY'.ItH '"'J1°~k'--~
1 

IIO RHTe~peHIVIOHHOMY 'VIeHY' (M., + Ma ) (M~ +• • •) 

+ x.c. 3alleTBM, liTO HUe nopora nepesapJWUI npR W ~ V ~ 

\ H -i 12.. ,._ W ~ 0 , BltiJ8,JtU B BepoRTHOCT:& HCeycKaHRR: ~TOHOB 
JIYUOHilMH ocTamcR Ha. npeJtH.ItYIIIeM ypoBHe ~ 01 11 H.+-1- N?(:=t>ft2. 

I lz ' ':1 a lot9.'rpB118He 8JI8MeH'rY "-7 + Me BOSpacTam 81118 B !6 pas 1 TSX KSX 
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"\! 
nponaraTop 'll0 

-MesoHa npeBpamaeTc.fl B ( 'J...r ~) • T.o. ,.IVIH 

Bane~eHHH nponecca HsnyqeHH.fl ~Byx ~TOHOB sa c~eT pac~a 

BIU'O~HH 60JibiiiH8 yrJIH paMeTa rpOTOHOB H OTCyTCTBH8 OT~a~H y 

HeaTpoHa. 

ITonHHA aH~s xo~a Bepo.flTHocTel B HHTep~e nepe~a~ 

y( 12. = ( 0 + 7, I )~01! npe~oJiaraeTC.fl e~eJiaT:D e IIOMOI!Il>D 3BM. 

§ 4. 0 !]iopMilaKTope pacna,g:a "fl0
-"> t->fl 

3~ee:D MH npHBe~eM pesyn~>TaT&, nonyqeHHHe e IIOMOI!I:DJ) MO~enel, 

B KOTOpHX BBO~TeSI TOnl>KO HSBeeTHH8 ~acTl'Il{H. ilpeJgJ;e Bcero npHBe

.rteM peaynr,TaT (eM., HanpHMep, I 1- I), cne.JC'IIIIHI IdS pac~eTa 
Tpeyron:DHOI .n;Ha.I'paMMH e IIpDM8JIYTO~HHMH ~OHaMH, BIJepBH8 paceMOT

peHHOI CTeiH6eprepoM: 

_f A. ( £.)2 
f(i~l£\.oJ\Lr.t=-0)-= 4+fi -m~"'" jol....,t "t __ _ c ~2< lt'"'J . 
~pMYna npe.n;eKa5HBa.8T poeT ~pMfmtTopa B HHTep~e (0 + 7, I Jol. 
Ha I,3%. 

Eoa:DmHe QMCHa 6y~y:r, oqeB~Ho, npe~cxaaHBa:r:D 

MO~eJIH, HCllOJI:D3YD~He ~eD B8RTOpHOI .ItOMHHaHTHOCTH. En~OB H 

~MHIIIIOB paccMOTpenH B ~eeT~HOM rrpH6nBZeHBB ypaBHeHBe 3.n;Bap~ca 

.rtM BeplllJIHHOI !JlyHRn1D1 HenepeHopMHpyeM:>ro PVV -BsaHMO~eleTB:a:a:. 

l1x pesyn:DTaT .n;M Hamero cnyqM .n;ae~f .!£!.. ) ( '2 l.) 
F (1l} V..l=O} \l

1
t=0) = t + 0, ~3 # 8 4- t r1 T.-. ~ ~ ~). 

B 3TOI MO.ItMH B TO~e ~J = 1, 1tt ~pMflaKTop BOSpacTaeT 138 Ha 

7,5 %. 
Hs STHX 0~8HOR ene.n;yeT, ~TO B H8KOI MO.rtenH, o6~e~el 3TH 

.ItBa. Me:x:amiSMa H ~HTHBallll81 6o~ee BHeOKH8 peSOHaHCH, MH IIOJJY'IBM 

poeT noPJW(B. IO%. 
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t 
1 

.ABTopH 6JiarO~pHH C.E.repacHMDey, A.E.rooopxoBy, E.E.roBop

xoey, B.C.38MidpaJ.IoBy, JI.H.JJanwey, A.T.~Mmrrr.oBy H oeo6eHHo 

JI.JI.HeMeHOBy sa II0~8SHH8 o6cy~eHH.fl BOnpoeoB, eBffSaHHHX e STO:ft 

pa6oTol. 

l ~\ \2 = 

IT p H ~ o x e H H e I 

I 
Po-~ -YY\ 

GJ.&J-!21t -~fk.1+-.2llli) E(O) 

( ~~JYrt'? C ~ll+ 1{{,'-itt'J2 } 
p=o·, 

E c ()) = c 1 + c.lr~.z) c ~tJ( ~,~c'> 4-l4 C1- ~.tr~t~) · 
.c~- ~1ffiL') ( ~k. ~ ~ll-')2. + ~J. e.t c!- ~ .z fcc~)· 
· C ~- ~~r"iii' J (~ lt.'f + ccl~,~c~- ~~rle')C~- U1

2r&£il)· 
· (~IL)l.- :J. r f 2- (filt _ (fFl .z+ (fiZYfel(~-e)] . 

L 'y k 2 IZ'.t ~qf..t. 

(~t.)(~"-'J(~"-t-}IL'J + !1.[1~)[1'92. [CT~Jc,~r~ii,

- {J~1)(~it')l _ J.fl(~ _ C:-4'2vL-)[r~ _ (fi1[ili?l. 
-e-'.t j V . [fit I iZ'.z j 

·(~k')(1"+t~J -o?~~c~- ~2fp,) [~fl'-
- Lf'iJ(ilij](;1L)(fllt11l) t-.2[ll'- CfiZ~~,zjJ 

...... II 



. [ 1iL - (fiZ¥~eJ] C ~~<)[~~t.) + ;;.N)'{Iit:~. 

. [LfiZ'J c..~r-..~, - 19~1~-e')] ; 

2 t 

I M f2 = ~ G(JAlJ G-pw:.t> r:t;ti(IIJ 
=J-i W\1. I • 

(!1.1£1£ -J<~ l +}:r;~ 
- (~ll. +jl£.')2( llll')'l f<: I 2 l 2. I • 

(.2J>t4 +al- \2. (-lt7tt ~ u~ \2 L:l.(ft})(pry) -tj ~ -}J Lff J] ' 
If- 11-

M+f N~,o + H1-r Ms,o = 
-= !:i_ fi) 2 G('l)Q(.21tfl.')~(i"f(J{~Il+jltJ(Il1L1l . 

,WI~l} ('-t~+.r2JC~t~-.JlJ ITQ~tlt'-:,4: )2 +pt r;.l] 

{"' (rv f~) (_ R~ IS •) r IJl*' ~ 9{f1Xf~ -J<2li'r) J 
·(C.iC.~)}; 

\ 
l.J /2 - _!__ F.tt.u~~')f.± )". ,-l !j 40 - ~ ... .z. L' lJt 

(\L '£.')2 [ 
· - IB \2 (rr'+'t1 2)+ '"(B'C. + 

+{SC..,_ )(r~+r\) + ltl2{!~"'2+ ~crr)Lr'yJ

-yt(rf')]j · 

12 

! 
~ 
l 

~ H ~ 0 X e H H e 2 

15 = B c_ 1, ta) - g t-a l -~ ) ; 

~ ::= c_ c ~/4) - c (--q )-~) J 

I Q ~ k::+IL. 

t3(4 Q) = 1 . 
I 'M~-~--~2+:lr1-M2-iHr; 

f .2.[(P~)-4-~ 2 ·X~P+~'l:(P~)] (. () 11 o Q 
'S H 2 • c""~l1~ ~r\.f +o(Mt t T 

+ ~HfQ- fH~z- Mft )+ 
-t H-~~-x.~ C\"{t-l+H~2L,Q~rv~ OJ-tf'it)-r 

-+ ll.:c "'-"' ~ ~,.... C r G ~1 a)( ~nl) - "11J- "'! oj + 

-+ A-+~ 1 'l+i}.. ) {bAx -1 ~:t.-A -1)~ +lAH -'t1J.Hx..t-
'?>H2(lt._+~) l~ f} ~(ik-+..f) 

+ x 2 . [ .2[(r~)+j 2-+X~2+2x:(r1U . 
~1 + 12 + 1f1- f1 -+ I H ~ 1 ~ M L 

l~'<lt1Q + 4MlG +~Mf~ +~16\fQ -4H,.~-~#'tfl-) + 

+ M- ~~H- :x:K L 6M« f +(2~ttf} +- 4 M1t-+ ~ t-1 f}) + 
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+ ~~M -M -!l~~ [4(rQ)(f}) + 4[1G)(p~)+21>4Mp'\t+ 

+ ~,2 (rQ) + l~2(~ fl)- ~2~l- Qttt~fl + H 1o1 f~- 4 ~lP~)

-1~-4lf~)2] -~~vQ- ~H1~ +'*1ry +H12 +21>4p,+ 

-+:LM r~ 7. * x_C~+ n [3 c c,2-+ :)..klc..). J ~Hl (iA- .q) I ~ r 

( b A-x.+ 4-x -A- -1)"' +2lH -4/h1~ + 
~A-+~ 

+ ~ CrJ.t:--1)(~ 2 -~-~rt)]j 
i c c v, a ) =- ~ 2 + ~ 2 + :;tr~ _ H ~. * ~. H G 

J.. [trey)+ }2 + ~}2+~~r~)l c~Q+rQ+~"' H 4-i Hi\-t-
'3H j 

+ H- ~~H- :c.~ c~1 Q + 2rQ - ~V -:J-~2-~ 2._ Q~~t 
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