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the pap.r pr •••• t. a bii.t bi.l.sioal okaraot.ri.ti., .t 

the ... t.vDd1aDd oap.li. aDd di •• v •••• the ar ..... d tim • • t .. 
Ba •• d •• biolosiaal aad .tati.t10al data _, .. taeaatioal 

IMI!d.l .t .. t1aatill& 1011.. c._rdal .t.ck 1. work.d out, t. . -. . . . _. ..' 

d.t.rat •• 1011. •• pt1aal r.cta • • t ~l.iti .. the ..... roi~ 

.took ot the cap_lin. AS a result .f oomputias til.- o.mmor

cial stook .t the lIewf.undland oapoUn in 1971-1974., can b. 

with a fairly high pr.bability bolioTOd .010 to b. below 

1.230.000 to .... 

Aoc.rding t. the re.ult. .bta1 ... d the anaual oatch ot 

the .ewtoundland cap.lin ean bo 750.000-800.000 ten •• 

I.BRIE), BIOLOGICAL OIIARAC'l'ERISrIC 0)' !IEWFOUliDLAND CAPELIJr 

Tbf oapeli .. i. a ... 11 .ohe.l f1.h.21 ... 1.~, .. 

aaxlmum.The w.ight .t the b1SS •• t .peei.en. rare11 .x •• ede 

50 gr.Al.ns the Atlaatio o.&at .t AIuIr1ca .• apalin. are 

.b •• rTod tr •• Bay .t Bu.d ••• to Bqll .t FUndy and JIM" 
S.uth ot the Cab.t Stra1t capell .. ar., ha;-d.ly .b!l.~.d. 

YUbi .. the habitat t.eding aDd apawn1ns misra.U .... ,~. :cap.

li •• are •• n.id.rabl •• Atter .pawnill& the .p •• ~D8' aurY~Ted 

laaT. the Bllawu1ng gr.unda, ( in.here wahrs et •• wtO\Uldl~d 
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and South-sa.tern abpe ot the __ t,eundl.Uld Grand Ballkl ~d:: 
mi61" .. ta ta the W.rth Tla the Nerth-.... tull 8le~ • • t t~. prazul 

Bank,th. N.rth •• wf.undlaad Bank t. the are •• ~ ratt.1l1.~ 

(Seuth Labrad.r).lmm&ture c .. pelia. diap.r.ias i.the ,area et 

the Narth-.... t.rn al.p • • t the •• wt.undled Grand Bank ' 

a. the water beo.m •• wara.r are .. 1.. beund nerthward ter 

teedi~.By Octeb.r oapeliD. r .... h the N.rth.1i b.rd.~. et 

the habitat al14 diatrlbute In the area .t·S.uth Labr~.r. 

Wh.n the wat.r. be..... oe.l and !.~ing 0 ..... t. SA eJlll 

th.,. m161"ate to the area .t wintlttir!& (TAB •• rth .en'.Ulld

laJlll Bank).Here oapeUn •• taT till, Yebri....,.. ,In Y.bru....,. , 

IJl1l1Tidual .oh .. l. appear .n the .erth-.a.tern ale~., et t,he 

... t.uD4land Grand Bank.lD l/arch-April capelina aeeWllUlate 

.n the .erth-.aatern alep. and m161"at. te the area ot tho 

south-western depO ot the N.wf.undland Grand, Bank &D4 h 

the Bank • • t Saint Pierre an4 Gre.n"ln IIay-JUD. they appear 

in the ar.a .t apawnias 61"eun4. ( the Seuth-.aatorn alep • 

-

• t the ... teundland Grand Bank and in.h.r. watera ef ••• feund-

landl· 

Tha data .btalned durloa ebB.rTati.na in 1971-1974 .n the 

diartlbutlen abd denalty .t the abundancea ,the .. rea .t cone on

tratlona ot differ.nt denaity,aiz. and a~e struoture .t tho 

steo][ and o.mmeroial .tatlatloo p,r.Tide 61".und.s h beU".e, . 

tbat the the abundano. .t the capelln in the area .t the •• w

f.undland Grand Bank and S.uth Labrader la· tair17 o.n.ld~rab;J..,. 

Eft.ct1n ti.hioa tor 1:ho capelin In the apri,ng-8U1J111e:r P:4'-' 

rl.d( Karch-August ) can b. carri.d tut in the ar ... • t the W.w

teundland Grand Bank and in the autumn-w1nter peri.d (S.pt~: 

b.r-December) - in the ar.a .t the N.rth Newfoundland Bank azul 

s.uth Labrad.r. 

Incr.ased tiahioa f.r the cap.lin 1n the N •• th-Weat Atlaa-,' 

t10 In r.oent y.ar. bas n.o •• 81t .. t.d eatimatioa the permi •• ible 

r.meTal .t tb6a ap.ol .. w1th .. ut d.tre .. ent .t ita a·teek. 

Y.r the tirBt time the eatlmatlen .t the abundanc • • t the 

eapelin apawning ateok wae made by Norwegian resear6her. b, 

A3 



- 3 -

tho hydro-ao.uBtic methed and the atock wa- •• timated to ~o 

800.000 tona /5/. 

In I973-I~74 Canadian reaoarohera alao gaveoon8idera~1~ 

attention to dotoraining the o;l)tilll&l regi ... ot. n:ple1ting the 

c .... roial atook ot tho .ewtoundland oapelin /6/. According 

t. them the total oatoh in I~75 oan ~o 750.000 t.ne and in 

n.xt yeara it may ~o .atilll&tod aa 500.000 t.na. Though thia 

tigure may ~. adJuat.d. 
In 1974 an att.~t waa ~. t. e.t1aato the c .... roial 

.t.ok with the help ot .ell-kn.wn mathematical meth.da. 

Due t. meagre ata.ti8tio data .n hte oap.lln at.ok and it" 

ti.hing thia att.~t haa pr.ved a tanur •• A WaT .ut .t the aitu

ation has ~.en tound ~y the t.llowing ... th.d. 
• 

2.JIODEL AlID lIKTHOll6 OF ESTIllATIBG THE COlllllmCIAL STOCK 

OF TIIIi: HIi:'fJi'OOlIDLAliJl CAPXLnr 

A88um1ng the at.ck .t tiah oaracterized in m.menta .t· ti.o 

t.tln •• - multitude .t inte~gora.by Xt (a~undanco .r bioma8s). 

Xence 

(I) 

~ ~ . 
• here Xt ' (Xt < ) - male et .. k(reapoc.tomale) ot"the as.o·'~ 
in the momont t (the unitary "ago- corre.ponda to the age ot 

reoruita). 

The atate .t the atock at the 

by the vector 

where 

...... nt 

""It. X-t , 

t i. charact.rizod 

X:: ..... /X:~ J. 

I -unitary matrix. • - tranap •• ing ar-b.l.tor all 
..... g' 

J • I ..... k-I valuo." .c.JtL.£~ de.,endill& in a Senoral· 0". 
on the veotor ~t . and charaotorising survivability bolong to 
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-1 . (X-'i the inter ..... l (0.1). V 
1'-1+1 c. + .. 1. I 

Ij. 
where fer all t~ ...... luea ~ are independant unifermly dia-

tributed nermal Talu.e, 

~:'~/X i, .. eI • COhsf 
T· of ' 

rt.5 
In appreximat1ea aUWllpt1ea er cencern.iDS recruit .. e"t .can 

be regard.d a. perr.rmed ir tb. ",alu • • t reoruit .. nt i. de

t.rmined tir.t .t all -7 a_l.tio taot.re.Keno. 110 oan b.· 

taken that the .... lu •• r r.oruit •• nt de .. n.t depend •. n. the 

at.t • • t the .t.ck. at lea.t rer a .t.ok witb undi.turbed 

ho •••• t.ai. /3/. 

Tbe a ... allable data en cap. lin year cIa .... • Tield- .d.:pel2!1iDS 

th.raic. pr .... id. gr.uad te .uppe.e that it i. Ju.t the ea •• _ 

with recruitment rer the c.p.lin. 

ll ..... " ~v .... .:z;-:u\"~t ' I'f~ fIef.'. 'J. 'I.:.. 5l'. Xt

f
! 

~uSS.l!ltl.n_..!. a •• ua1q ,,""~ J ."vl\ ~ ~ .~ ...•. 

~ -mathematic .~.ct.ncy operati.n. D - diep.roi.".~d.r 

the conditi.n • • t pt 5 Xt are n.rmal17 di.tributed .ean 

'Yaluee 

and 
) 

Th. proet i. trivial. 

It io natural te .upp... that X 

tude that ltt X 1e. equal te the el1la1naUe" .t tb. !';t •. ck. 

In this ca •• thr .urriv .. l .r the .t.ek i. characteriz'. by 

prebabili ti .. 
Pt .: ~ ~ Xi ~ X cr } 

It i. r ..... nable t. believe that I) ... alue. pt are ... -

n.t.neueIT iner ••• ing llt 2) wh.n ~ are c.n.iderabl. 

lit Ml >'" X h • <r '-10 '" Coost 

AS 



, 

5 -

F.ll.wlns fr.m Bugg.etien I the Blmpli •• t c.ndltl.n when 

prepertl •• I) and 2) are Batlefled 1. the c.ndltl.n 

In further o.mputins (6) 1. a •• umed te b •• ati.fied.ln thi. . . 

oa .. fr.m (6),(.) and (5) it fell ... that with Ilt:>-7 Xu 

the matrix A~, in (2) can be regard.d cenetant. 

"it":: :X::<t 1 Xt ·511 (2'). 
Pr.c .. dlng fUrther .. e ehall a"Ume that .. 8 c ..... ba.r .... acal-

dental ... aoter. t t dbtribut.d a ..... ater. 

(7) 

Y.ater. ~f are .!ten r.llr .. ented by oatehea p.r ett.,,;t: ~~~: : 

which the equality (7) i. a oertai. appr.ximatlen i8 parterm.d 

in a number ef fi.hery medel. /2/. 

~"e.tien_g. A •• um. that the ~am10. et ta,. .t.ck i. 
~ - - ~"! 

described by the fe1"lllll1a (2). ~ ( .tand. fer ... chr ( ~ i 
c?lc,." It. ~ , 

. ~ t ,~ t fer the ... alue 1:1 ~,,' ., f U) ~ ) 
t.r the cerrelatien ceeffieient betwe.n mean ... alue. ~ 

and '? .Hence 
D ( if' j u" ) 

-/ 

<?" ( -' ~ 1- i(.~l. I t - I) t. ... ~ I 
~ 

..5' (~";.~'" i/"' ) 
.,.,. (.,.,~ toO" ~,.._i 

1 
. I 

J.. ,<. -.1. i ,- ..P ~(_k .. !..rt :i .. .I. 
• 

(S) ). ,,-rt..._ 1 
L ("" f <T" \ uL ~ ... -! 

J> f t _ ... , /) 

.... 
[or;. 

,. -reourrently dete::min1ns faoter. 

Pre.t • Sub.equently oemputing the rati. et c.rrelati.n

ee.ffici.nta in the rlght 81d •• f the f.l"lIW.la •. (S..) afte~: ~. 

elemetary .perati.n. ( .. hiah w. emit due ·h the unwhldin ... 
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.t the t.rmula.) w • • btai. the o.r •• latio. (8). 

Similar t.rmula. mu.t b. al •• true t.r the tact.r. 
J.. '/. i 

Thu. Sugg .. ti •• II pr.vid •• a ... thad a11lwil2& the t.aot~r.~ '. ( C 

.,(.r'; and ul if, to b. ldentifi.d it the state .t· the .holt 

with acoid.ntal r.oruit ... nt ( ..... ing pt ~) i. t.r tr.m 

critioal. 

UnfertUDat.l,y due to lack .t data appr.bath • • t thb 

... th.d t.r the cap.lin .t.ck i. unimpl .... ntabl •• 

Uad.r the c.nd1ti... .t .ugg •• t1.. 2 are 

true the t.rmula., 

L o"n 
~ ..... , ~ ) { -1 (oJ 01 'r( 

~ 
, 

d"'" . Q""r'I-' ~oli Uf', ft) .,;. 

whon to\!' ( ••• ) -ia the c.variatil. symb.l. 

The pr •• t i. p.rt.r.aed by dir.c~ c.mputing .~r ••• i.ns in 

tho r1gnt .id • • t the t.rmulas (9). 

Th. r.sult .t Sugg.ti.n 3 provid.s an.th.r m.th.d .t id.n_ 
~ ~' tityil2& the fachr. ,{ and.,(. • (I .. pt. n,l2) 

Everywh.r. further the c'ynamlca .t tho .tock 18 .uPP".~ 

t. b. d •• oribed by the t.rD~la (2 1 }.B •• id •• it i. tak.n that 

vf ~ 
.{. ': "- = 

,L~'~J..9."-. (10) 

In thb oa ... 1. true. 

~u'g.lIt1 •• 4 .. 

(Ill,. _', 

(r •• p •• t.t .... l •• ) 
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the tiah at the age 

" ... f,X t 
k. ' 

2: ')( l 
j" i. 

1 ... 4 aldar. 

i'i'l~ k . ___ J~'~~~~f~, ____ __ , {- Pc 
~;. ;X: 

(12) 

Th. abun ra.ult. ar •.. trua tar .. uDthhad ... taok.Th.· "!'&.'" .. 

,a.tia .. that talla •• i. da~l •• itk a .tack .ubJaat t. ti.hias. 

!uuaaUalt II, A .. uai .. ',_t at t~ ........ h. ti.,;', 1, .. ,."1., l S 1<-"rO/1 

the .taok are .1thdr .... r .. p.ati't'.~ a.~ _la ... " 6~ t_l .. 

(13) 

Ph." tl+Z 

~ .. tI,II'f''t. ;' 

.h.r. 
o '/ "" f- p, t 
/I', '" , 

" ""', 
f\t e -",,;'f~~::..< ..:X.:,.!t_J __ • 

~ :x.r 
of"' t 

~ .. 113) it 1 •• a.7 t. pr •••• " t •• 1aller t.~l .. t.r 
r f 

XI! alI4 XI! • 

~all .. 1as Zra. tk. r •• ult •• t .~ •• ti.. • &lid II •• .~t~!. 

the •• t~tla. tr •• b.la. at the .awtauadlaad oapali. .tack. 

~a. (130 

l",ar1q t.. oat.ok at 11171 u4 .aput1!1& by. T.:t>l.. I .. dr~. 

2 the 't'alu •• a2 ... b2 ( .ao • .,rata ta lOG; a hlshar a •• ~o7 
ataadlns ta .a rea •• a) ~04. ~at~t1 .. by Tabla • &ad 3 tke 

't'alu .. j. tL ,rL"~'" },,I471 ter_la (13') 1. raduood ta 

• "" .137 ' 10 _ 
'f. ,1(71' ,j! & ( I, ! - yJ (H) 
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_'J'able I. ..... ".1Ip .. 1U ••• ~ _le .oap.l.1II i ... tch .. ~.: : 

•• rk .... ~.ua4laad Or ... Baak aad s.uth Labrad.r· 

-------------------------------------------------------~~~-~ 
~;ar . _____________ ~-------!f!--------~---------~----~--~-~ 

_!!!~!!f _____ ! ________ ~ _________ ~~ ________ .~-------~---____ ~ __ _ 
• 

1971* 87 5258 

1972 92770 6Ul:53 401&80 17.4liI ' . 

1973 25350 492088 556~II 1225800 271607 6887 ..• .. --.......................... ---_ ......... ~.--"'''' --------_ ............ ~- ... ~ ...... ~- ... -_ ..... ":"'":'" _ ... ~ ~~ ~~::"'. . 
* ~.r 1971 data •• 17 O.T.r. tke .prl .. p.rl.d •• tke •• wt.uad. 
lad Or&114 Baak. 

Table 2. ~. o.lIp .. l ti ••• ~ ~.III&l.. capell~. ·.1. oat.eho(l: •• 

the ••• ~.uadl .. d Or.-d Baak aad S.uth Labrad.r 

1. thouaaada .~ .p.o. 

-----_ ......... -----_ ... _ ............ ----------.............................. -------_ ... -----. --.-." 
,..ar ac • 
• t -----------------------------------------.. -.-~~ ... ~-~~~ 
~1ahl.. I 2 II 4 5 6 --.. -_ ... ---_ ...... --------- ... --_ ...... -- ......................... --' ... " ...... " ...... --_ ... --_ .... _---_ .... -
1971* 1287 18777 65~6 , 196 52 

II337I5 473238 21884 
. ' '. 1972 

1973 
666 

773537 2665250 513337 13775 

*f.r 1971 data C.Tera .n17 tho aprina peried en the ••• t.und
land Grand Baak. 

Aco.rdina t. SUIK.ati •• 4 

.1."- (\,IP/ • 

.J>~" "', c¥7 1 • 
t"

Emp.ric Talu.. 1° I ~ Ic ,. 
'h,C911 

are equal te 

, 

Tabl. 3 Age aampli-a .~ mal. .apeli. en the .e.~aundland 
Oran4 Baak and Seuth Labradar. 

----------------------------------------------------.--------
;r:ir ---__ -_!_I_! ____ -----~--:-·-----·-- % 
!i.hina I 2 3 4 5 6 

-------------------------------------------------T--------T--
1971 

1972 

1973 

5,1 20,6 13,2 1,1 40,0 4N 

47,5 880 

0,1 5,5 8,9 22,7 5,0 0,1 42,4 1364 

-------------------------------.-----------------------------
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T!bl~ 4... Ag •• ampl1ng .t fo_l0 capol1ll 1n tho lJo.f.undland _-________ GI'D~_~~_~~~_~!~~~_~~~!~!~ ______________ ~ _____ _ 
year ago of ________________________________ % f ... l. to~al 

-~~~~~~---~-----~-----~----~---~---~---------------------1971 8,0 37,1 14,4 0,4 0,1 §.O,O 730 1218 
1972 1,2 32,9 17,5 0,9 52,5 \171 1851 
1973 6,5 8,9 34,9 7,2 0,2 07,7 1863 3227 

-----------------------------------------------------------

Tho Talu. y:, ~ for the kTPotho.i. H i. oqual t. 

).S"31 <.2.. q~G "X (3) 
.,6 

£1] 

~ 
Bo.c. ~ for the kTPotheoio H ~r.Tldo. the 10T.I 

of .... itud. ab.To 0.4.Bi.l.s1oaliJlT •• t1sati.a. 

aooopt h)'p~"tl!. ••••• tth the I.T.I .f _ltud. oqual. to 

0.05 aad .... 1 •• or.Aoc~ptlag tho kTP.th •• l. H .. , apPlY1 .. 
,J.L " " . 

, c -~ ~ 10'3 Il .... witl!. aU ...... for (It> 
, J>"" 

(16) 

(17) 

(18) 

~ •• (18) u.1-a tho data SiT •• 1. Tablo 5 .. , 6 

X197I > 13720270 Tons (Ii) 

:J:!!!!- I) , Ago aoapl1ag" ".f oaPella ... til. lJ.wt.Wldlaad 

Gr .. ' Bank aud S.utl!. Labrad.r 

---------------------------------------------------------y.ar ago 
.t ---------------------------------.-
fbh1ag I 2 3 4 0 6 -------_ .. ---_ .. -_ .. ----_ ...... -.. ". ----'_ .. -_ .... _ .. --_ .......... -_ .. -_ .. _-
11171 

11172 

19'73 

13,1 57,7 27,6 1,0 

2,8 5'7,2 38,2 l,e 

0,1 12,0 1'7,8 57,6 12,2 

0,1 100,0 1218 

100,0 1851 

0,1 "100,0 3227 --"'!------.--.. -------------------_ .......... __ ._-_ .. __ ._;.. .. _---_.-----
Tablo 15, .0 .. night .f uapoli ... the lJ .. foWldl~ 

.. d Bou~),. Labre,du " 
_________________________ • ______ D ___ a ____ ~ ___ • __ • ______ • 

ag. me ... o1allt .f ••• apooiao. 1. cr-
... ... -_ ............ _ ....... ---... -....... ---_ ........ _ ... -----_ ...... -_ .... -"-,-"""'''' --~---~-

19'71 • I! ''72 "' 19'!~ _______ , __ _ 

------------------------_._-----------------
I 

7,2 I 
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2 12,7 III\! 10,2 151 17,1 186 
" , 

3 22,4 702 20,2 1060 26,1 ~73 

4 29,8 337 27,1 70e 27,8 1864 

/; 36,9 III 28.0 32 28,9 3114 

6 16,0 I • 26,5 II 

_.-------------------------------------------------------
Talt1q It. i ~ =" Xt ter rel.Un, 1IId10 ... t tho W ....... :::" 

.t the c&p.l1 •• teck oharaotQr1all1& thl> pr.duot1y.1ty .t: fhh-

111& by .. lars. tree,,1 .. tr_l.r .. t tho. lI.wt.uadlaa4 Il:r .... d: 

Bank tr •• (III) ~d Table 7 W ..... ebtaia the d .. t .. olted la 

Tabl. 8. 

!abl. 7. :rie1l1q pr.duoti'fity b7 .. BlIRr •• the •• wt.uadl ... 4 
gr ... 4 Baalt 

-----------------------------------------------------------year. 1971 11172 1973 1974 

-------------------- -------------------------------------~ 
pr.ducti'fity 
.t 24 ~ur.' 46,5 
tio.loi .. 1& 
t ••• 

50,0 41,11 

------------------------------------------------~----------
Tabl. 8. Battmati •• "tr ... b.l.w· .t the b1 ...... • t the 

.ewt.u.4la.4 o .. p.li. .t.ck 

-----------------------------------------------------------y.ar. 1971 11172 1973 1974, 
---------~------------------------------~-----------~~-----
bi...... 1. Ii720270 14752978 
t ••• 

19001840 123629117 

---------------------------------------------------------- ' " 

Tabl. 9. Tetal" c .. tcll .t tloe Fewt.Ulldlan4 capelf.- t.Jc •• " 
---, b7 S .... i.t tin.r1 •• 1,. til •• pr1aa-w1.~~1; p.rhd 

/Labra4.r plu. • .. t.uadlaa4 Graad Baak/ 
-------------------------------------------------------
_f!;r~.::------- _~~~~ _________ ~~:~ _________ ~~:~_-------
t.tal oatoh 

iB hn. 
830 60304 182520 

--------------------------------------------------------

All 

• 

• 



• 

- 11 -

Th. data .t Tabl. 8 aDd Tabl. \I all •• .-ki., up Tabl. 10 • 

!abla J:Q....... Batt_ti •• et the ce_udal r_Yal et 
capell •• bT S.Yiet tl~ari •• 

-------------------.------------------------------------------T.ar. et .... 
i 1971 11172 11173 , ._ill ____________________ ~ ________________________________ _ 

o._ro1al 
r ••• 'Yal 1. 
p.r ce.t • I 

------------------------------------------------~-----~~~--
the ab.n atucl et •• ta..t1111 ., at.!Dk.t ~hll .0" b •. r.-

carcl.tl ... xt .... l •• • t .tu -.tull da.eru. .... 1. p~.:r( :40].: .. 
Let u •• btal .... th.r •• t:·.-ti •• ·rr.. b.l .. ··.t tu !l!DW-

t.uacllaad .. p.l!. at •• k bT an.th.r.a .. ~ •• &U~l.u ... ~.d. 

A •• u.. tllat 182520 te.. ( tile tetal .. t.1l .t .ap.ll. 

tak •• 1. the USSR i. 11173 •••• table II) 1. 01 ... to tllo . 

crl ti.al yalu. et the 111_. .t til. .&J>.U. .t~· X er 

( til. p ••• ibllltT .t .IliCll pr •••• d. tr .. til. ab ...... t1aat~~ 

.t tlla bl..... .t tu .ap.UII .tuk) aacl tlla:t i •• atural: c~.

clltl.a. (u •• tt •• t.1l bT ti.hlac .. d .th.r aatr.p.' •••• u. ta.-

ter.) the probab1l1tT 

f [)(t. ~ IBtS.20} -.5 \0" 

troa (20) t.ll ... tllat 
= 

• 7 cl .• t. 1..... .tll.. ...a .. 1 .. u.. f It . ~ 'Z> 1+. a • • 1 th til. help .t T.l>l . . -
.qual t. 50.7 aa4 9.7 r •• p.ctl ... lT.H •••• acc.rcll., t. (21) 

~ tu kD ... t.raula ter •• r.al cll.trlbuti •• 

? Ut 5 Q} ~ 4'" l IL - ) 'f t ) 
~ 0)(t . (~) 

.h.r. ct>... b til. tlhtributh. tuact1ea.t til. 

atudarcliz.d a.rmal yalu. be .. cl •• (22) t.ll •• lac tr •• 

(23) .. ~ 
10 

(2.) 

.h.r. T 1. the •• t1aatl •• et til ... alu. i ~Xt 

A 12 
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