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Slr. (ìrttrrttl llt riitLlol t¡"' l:)

; tt | :j 6 .1 ]udt(t 1'r.s/' /lo;rra/ri¡¿

*,,rin,r1:.,J.1-, tJris p¿ps1, \\,e cotìsider, Íìr nti)_\_nìi1 bic,r.iLerio.ìern -'it,rr .¡tcpâr'àtö rinear, 
-constraints. i¡ià p"o..e ,rat tiris, 

lrc 
t'a'sf.rnrecl i'to a ¡ic"ìto"iã"' t*ii"rr*r ,ìä--;*i_

,, ,g.r¿ùm, WarJ¡urton f,l 5 | clesciibecl
tlr ['"1i",?riìt""rrlalanl 

ete.r linear pro-

p1'

_{Ì'
I)l)
.clì

()ui' algorihhn for 1,he bicliteriorl rÌìax-rnj¡ fractional p'oble.ü colì-srj{r:i rir a¡rplvirre \v¿l'burton,s procerlurrr to solyc * 
".,ìt^lr-, 

bic'il.r,i.ni r';rt'i irur¿rl rn¿rxiririzal,iurr 1,r,ogiai.r-r. 
"''

()oncerning l;he bicriterion maxirniz,ation p'obre'r, we mention th¿r,r,iicol't.io' i6 lsrurtierr a bicritrxio,i-i"*r,rrä"";i"ãi";;ö;aì, or rhe fo'n :

Po. nra.x {ù-(/,(n), Ír(u)): æeB},

rgheÏ valueclfi oÌ that ar or
of .li valuecl .Br:aoh utility in

"/(B) : {(lr@), fr(a)): r € Srì.

trle suggeslerl a nlel,hod for, solving problcm pt¡ based on anv
,5ii?ìl l 

paramer,i'ic prog'arnmin* nËã;ithì"'i;;';h; frJi,o-ut"i" sub'rol
max {ø/r(æ) + (1 ,_ ø) lz(u) : ø e r9},

q'here 1,he parameter cr varies over ilre .turit interval (0 ç ø ( 1).Warbrrrton l''l5] clescribes also a proce_dure for solving problem .Poha'ing the objecti"u'fü""tio;î ri'i"i ¡" as rinear fractionar functions. s



fltì

(2.2)
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rì compact, pol¡'hcclr'aì sc1, rurtl {i iì r'cÍìl-\Ìalucd LLi,ilit,¡. Ïrtrtcl,it-rtt, irott¿.[r',-

(jr'oàsing' irr J, zlncl ;1, à,t'ttl coìttinuous ol the seÛ /(B).
!\¡e lnðntion t,hirl, 1,lris pt'tlbleur do(ìs lrot ahrai's'\'el'i]'y tlttl t'ottca,vii.1,-

rìsstlrnptiorL for J, '¿n(l ,/'z (ionsidcr'ocl b). Gec¡tfrion |-6 l. llcttce, l'ho rut'¿ìo-

i,ional llicljteliolt Warirulton's1l'oblern orclinirtily is rrot, iì p¿trl,ic'.ÌliÀl'('?t,s('
ol' 1,lLc probleìn corsidet'(ìd L)J Ctxlfl'riolr.

r\pplyilg sorno lesult,¡ frorlr [0 | anrl liì l, \4;tr,rbrtl'1,olI slìo\\'etl htllv
t,he problcrn,Po c¿ì,n'be ledrLcccl to rr, otre-pir,r'¿ì]ììc1 er lireà,r pt'ogt'atr rùtl([ :ì!

finite set of one-dirlersioÌrùl suìrplclblerns.
i\ speciaL c¿lse of 1'o is u,lstl cottsiderctt ill |õ | :

(t .l ) U (.;f ,(:t:), .l'"Q;)) -.- rr'/, ("r') I o",lr(u),

wlttrre ø'¿ùltrl r¿" ¿u'c lea,l rttiiltteg:lüivo rtt.ttìtbet's.
tìittet' l8Jgavo ilu algorithrn fol l,hc s¡tecìal c..Ìse ol'(l.l) irr tt'lticÌr

l,he oìtjectivo js to nra,xirnize Lirc srul of ¿r, lineal'alul it lille¿¡r'-fil,otiott¿ll
furrction.

'Iìre purpost¡ of 1,hìs pâp(ìr is 1,o shot. .hor' \\i¿tlbru¿oìt!rJ pL'ooc([lìr'(Ì
ozlrì lJc zr,ltpliecl 1,o scllrto ar tnoÌ'e generrr,l casc of ì)o, t:ânlcì\'r ¿l ì:iolitt¡rio¡r
rll.itx-min flacbiona'l 1;r'o'blenL rvith nolr-joint; pol.i'ìrcttriul cortsl'r'¿r'iIl1s' illìttl'

1;la,n of the papel is ¿¡s lollol s, Sc'cf,ion 2 cr¡ntaitx 1;he ploblcrn lollrrrla,tjolt
a,lrd sorr-Lc genera,l àsSilrnptiorìs. illhe h'¿lusfounai,ion of the tttr,x-nLitr pt'tr-
blern illto usuairtra,xillizlbiotl llloglartt is giveu in section lJ' llt tho ¡lt¡-'lt
scction, au algolil,hrn for solving bhe inaxrnirr Ít'¿rctitlttal ltjclit,eriort ¡lt'o-
jrlern is givctt.

;1. Prr¡lllenr ft¡r'rnrrl¡l,iurr. lllht¡ rrr.¿lx.tnitt probleììl ulìdol ootisitlet'atjott
js of bbe, l'ol:rn : -1'. llilt.l

r' "= r¡y1'r 
'l:,1] 

h(tt'(:r'), Q(r, ry)),

rtll,ttrs .\ c 11" ¿¡nd Ì¡ c, .11,"' ¿ìt:e 1'\\'o t.rqtitltrtct cul-lì"ex ,uolyhrltlt:al. girtt',lt

se1,ä, ,h : I) -> Il,(l) c- ll'¿) is ¿¡ r'er¿[-vltì'.1,t:tI tttncl,'irlrr lìo]l(l(ìcl{)'<ùsing tr,ntI
conl,inuotts ()lt 1,he s(ìt

I) -- {(I;(:r), Q(r, lt)): *e.Y, u e Y},

and. li : X -+ A',0,XX la'+ JÙ ar.e J'r'actional funct'ions ol'the folrll:

(2.1) ;i(.r,) -- :!-+-? , uex,
.ln I q

_.r. lllliiliiîìr,¿trå:l:",r,tr", i'rvhal, fotlows, *.e co'sitlor,rhe lieasibic

(2'3) X -,= {*e .Iù,,: Aa{ a¡ n ) {)},

{2,'L) l' : {y e iJ,,,: Blt { lr, 3/ ) o},

;-:tä.1 
is ¿t'rL 'r X r¿ real rnatrix, -I3 is a l¡ >< ttt, reaTrnatrixr r¿ e,l.*¿r,ncl

,,',r.,ri3"olåT'],üir"tJ .t #it"' (æ', v') in lxl is saict to be oprìrrrar
i) h(Ii(n,), Q(n,, y,)) _: [.
ii) 

1:.ì,1] 
tt,(F(n'), 8(p', ù) : I¿(Iì(u,), g@,, tt,)).

On functions 7'. and g t we malre the follov,inÍf ¿ìssulnptions :

lu l- Ç, 0, for all ø in -ãl

dtr l.rS 0, for ¿¡,iI æ in X
ilhe ¡Ì'obrett.-^]--'= ._'gprnsents a gcner.arization of ilre iricÌiLerion rinea'

iì;l ¡¡:yiX';:i.¿ T,iH'åïb1ö ä"i;i.r";;l"i;y ï,\ä;il,å,, f15r, rÌra1; is,
'Jlhe lrarticul¿1,r, oase of problern p, nhert

ù(tt-(n), e@, y)):: lniìX (Iì(a), Q(a, y)),

l¿s, sirrclictl by Bclcnkii i1l. Ot,tii'r'tri,tcrl lo ¡u.olrlenr p ha,vc ilìË"-""*

+l':?bilù 
tlit'ä",i'î;,!l-i;^åÏr"îå1t* 

1îT:*-' 
'rve srrou' I'hat the 

'rax-rniniornr ¿iå fp"o¡iå--r7.g,i"ãî'îîî".,#" a maximizaf ion probú- ;l tr,"
Lolr'lfit;\ 8.1 ry /t, is aontin*otts and, nondecreusittg ou, D, .,Leta:

'Ì'.1íx *T-]ì 
h(F(ø), Q@, y)): m&-\ tt(F(u), nin Q@, 1¡)).

prooJ'. Ðcnobc 
¿e¿ r'e'

o(u) :' 
TJf; A(*, y), tor a| n in X.

(2.it)

(2.0)

reX, 11 eJl ,

ilhis 1i:oìrlern h¿¡s an irnportant applicntion in mocltilirtg valiotls
conflict, sil,uations.

.tn (2.1) and' (2.2), C is a giverr tù x )'tt, r'eal rnatlix, c ë lÌ,"', ç¡rJ, tt e Jì''"

and Qt, q, r 'àre given real numbers.



120 S. 'Jigan anil l. \4. Siatrcu-Vli Lrasj¿rn
On a bìcr.iterion rrrax-miu Il acl.iotral ¡r'oblcrnt 121Sjnce /¿ is ¿r cont,in[ous and 1ìon¿l€olL'àsing functjori orì J), lor evcr,\-

u in X, \\-e llar¡o :

trtirr /r(1r(r),Q@, y)) == lt(l;(r), riLirr (/ (t, lt)),
J c) I'r)

so, it follou's that :

rnax min /r(É'(a), Q(n, y)) == mÍì-\ lt(Iì(a), {/(ø)).
¡€-Y yeY .1 e.y

Oonsc't1uerttl¡'r b.-l' lretlulìiù lì.1, the .¡rroblerl /) cri,n be lcrrhrceri tcttlie foll orving biclit,clion uraxilujzatjon ltroblcrn :
P7. Irind

(3.1) l/7:ur¿t.\ h(Ii(a;),G(u)).

QJ:vioLrsl.l', !' =--¡, / a¡rrl i[i (a','!l') is an optirrt¿¡I solu.io' for 
', 

lìrenr' is a,n optimal solui,iori lot' P1.
ln tlealing rvith problenr l'l l'e c¿tn consiclcr'1,lrc sohrtion for tho

bicriteriorr llaleto proì:lenr vitll ihe objcctive J.rutctions 1i ¿r,nd (Ì o1er,
the feasiltle ¡re1, .Y.

l)uLrrNllrrox 3.1 A lroilt ri" iL -]l is saicl l,o bo palcto optinral, if
y.'...! at$ n(ø') 2F(n"), G(n¡')>G(n") irnplies th¿t l-(r,) - F(u,,) a¡vl
G(n') - G(n").

LeL Itr clenote 1,he set, of l,aleto optirnal points in -X.
llhe ¡roblem Pl is closel¡r lelated to the follorying pr,oLrlerl :
-P2. ïincl

snlr.jcc;t t;o :

(3,3)

(:r.+)

\ú.:t)

(3.6)

A¿ __ o,, 

" 
0r

ciz .-l- rt =- I ,

-ll./3 ç zC -.l- Ie,

¿20¡î,>0,t¿,)()
l-)('ll()Û(' lrt' .f ilrc li,¿r,sil¡J¡¡ scf oi ¡llobler¡ .l ,.3, ì.c.,1 lr. sr,l: r¡f l_roil¡l;s(:., t, tt) i, J¡i, : l, ,, *,tricii ì;;;;;i. ììi" o.rsLr,¿rints (i.ì,;l) _ (it.(i).f|rl*'lri'rr :1,2. r,f rt,'is cr¡tt,ti,,ttot.s *,d n,tir,detnr,u.sit¿.!/ ott. J), Ihett,:(i) ¡t,ortret's r'2 rt,¡td f)J rtct,ue the sttnte.optinu,r ,nr,,,rr: , rhqt is r:,2 : 1. g .

tna[ :toluliott .l,ttt, IrJ, tlten, (!, t,) ,i, ;r:

Ti"'::"r;!:' ll!'' 
tr"'" Íttere en:ists tt" Þ o'

e Z, lhe pr.oblerrr

U 
OU(ø, t): min (eC! 1_ tey I ftz)

s i¡ lilicn,r'l)rosl,lì,Iu. 
^rjincc Ì.is a r1o19nr¡rt¡, corrrlacü scL ()l,Llltr lirr"nr(?, l), lr1' tlrrr-t^ñl,lity p,,opà,ìto:ni:'ìi,,,,nr,p.og.arrrrLirrg, it lollows tlral :

tl,t(2, t): ,r,?* frrtz __ bu: _nJ]( eC n tu, u) 0|.
Corrsequontì,.r,, for c\rer,J- (ø, t) irt Z, \\,p, lrave :

/,).\ , (czi_ ut\').r/ il l

l,;,1" ." 
\,t,-r'0,' nrirr (:r'¿ ! tat¡-r t/"Ù ' (';'rl,' ,,,11.?), 1lz-t,tL))

S(2, t): {,ri e ltl, : _ tt,JJ < zC 1 te, tr, ) 0}, for, all @, t) itt Z.
sincc ¡i is conti'ru..s ana rLo'clt¡cr.casi'g, it 

'cs'rl s 
'ra,1,:(:t.s) n ('! -r at 

.
\.[z I et ,,'lf), {" - Úu))'- 

".'],.*-., 
I (+' 

"! , q, t,,,\.
J,ol, l.r l Çt, t) in z. 

1t€s(¿ /) \'l¿ t (ll " )'

r"i -"1ìiiil(i/l;ï'x,Íl;ihii,lÎli:''s i,n,,,ecriareì.¡. flr.,r i,hc p.oper.i,i.s (i),

tlre n ns 3.1 a,tttl 13.2, it Iollon,s flr¿¿t,
lxobl .a_ bis¡j¡g1'ion iin"a," fractional
llloce ich \\'at'brtl'1;orì's lrrt"r-,"1ì:i,,r,,i

(t;;+l,l ' :::,, (zcv I tev )- trt)
tt'ltet'e

Z - {(r,t)e }1,,r1 : Aø - nf ç 0, dz I t,t :1, ?:}- 0, t2 0,\.

'llnton¡;in 3.1 (i) II @J,) e 7,, ilte n, ¿ > 0.
(t_;) . \z', t') i_s_ an oltti,ntal solu,tiott, for PZ, th,clt u, : z,lt, is at¿,

opl,itnøl solttlion .f or l'| .

(iii) ry ¡;' is ut¡ o¡tlint.tr,l, solulion,Jot. Ttrtitletn, Pl, thatt, ( L -1 -l\du'lr tln'f r Iis ctn, olttintul solu,I,iott Jor P2.
_,^(iv) Th,e optinta,l uulu,es of pt.oblents P7 cntd l?Z cte egu,ctl, i.e. Irl :: V2.

Proof-. l'he asser,lion (i) can be easily obl,ainecl bJ' a sirnilar argu-
rnent as 1,hose usecl b¡. Oharnes-Cooper [2] for usual-linear fractioñal
programming'. The pro_perties (ii), (iii) anct (ir') can be easily provecl, by
performing the variatrle change ø : tr in problem Pl. Ì\¡e urention thai
by_ this change of -variable the problern P7 is transformecl into the eclui-
t.alent problem ?2.

Now n'e consiclel the follou'ilg problern relatecl to probrenr p2 :
-tr3. tr'inct

(3.2) V3: maxlt, cz l- ytt

.fø * qt

VZ : rnax /¿

lz,t) e z

gø -bu )lz,l,t,



1.),)

(il.1)

>-. ficJan ancl L Nf. Stancu-lvfinasialt {j ()n a l-¡ictlicrion ntax_ntilt [raclicr na 1 ¡t robiotrr l2i:ì

....r,_,*1..-l"llt'_ 
ltlf,¡rr!lìtnr. In 1;his sss¡;.n, we dcscribed aì-r ¿ì,lgotith't J,o'sol\¡tng' l,lro 1l'olrlcrrr _/).

, rJlrdel assumlltions,(?.5) anrl (2.6) ¿ùL.cl because -y a,nct .lf a¡cr rÌo¡erììJ_r_ty compa,ot sets, 1,he foll,rving 
'alucí a.e lvell_cleliinetl :

ì
I

r,,,,.¡ t1,!,',t'¡;,ì ,:':'lï, ïll".,liîîî'11ïliìî.,,,1ïTl,l-,',' rr¡ 1r,. ri,r'a. r,,,osri,,,,,

./'i .. ?rro( ?tr { . .. < rL)t, --,/'i

¿r,¡rc[ thc cot,r,r,s¡tuding lroills Z{ == (ti ,, l¡, rri) solr.i¡$ lr(¿r,i ).

il',i'i;r.irt, 
st¡l't: t" ono-ilitrterrsiottal snb¡ltl¡lerrs tlefìnett li¡.:

ll', , rna,r lir Uf ¿,)) : Z c [2, ,, Z, I ,

irrI I <. r..¡( r',. r\'hetr,, lly..Z - G, îr,rT) u,c rlcnot;tr Í1, ¡1r¡l,rtirl, l.g¿r,silllc solrr_l,iorr ot l'3 a,r¡.tl b.r. // i. ll -_,lii'r'i"'lr.urctjon:

II ¡;, l, tt ) | t':' | |tl
{ ,. ¡ ,tt ' tlt t"')' lirt all (:. l, rt) irr l'.

.I*'l ili, lirl l ç.rl E ?,,, bo úlrt.r corresponrlirrg o¡t1 irra,l solutiorr oJ,p,.fllep '1. liìrrd j e {1, ?, ..., r,,) srrcìr tlra,l; :

I:(II(Z:,)) --- rna,x llt',: I" r'ç,,,J,

,i,,,,,,,.1''ì','Jl- 1,r',,,(;r'',*,,iïll,,l',f.'irn'l sorrrriorr ji,r' !' t,t,t z, \:,. t,, tr,)

..,1,r i',,Íl.T,riiì ,;lìî5:,, 'r,,;ì,iil" r,î]""" ¿rc.rirtlirts t<'¡ irrl,c.r'ou iì. r , ìs :.,
t'lt,ep 6. Solr.ri llrc follol,ing lireilr, l)t,()g,l,¿trtìr ;

rrrir t:'('!11 i;; e !/ I un'
j!c) tle,, 1, 1.

sirrce li is a, .oilcrecr'olì,ijingj Turrction, jt rc,srrri s ill¿¡b j]or, t¡l,t',r, (2,r r,r,, 
,)

ìrt Ìl' , r,r'rr have ;r:, . - 2;,¡tr, 
'i;.; 

ï ;;;i;u,r"ur*,,t¡..
ii' {l¡lttrrlt¡,'ìir¡¡ls" ln l,his lralt-cr,tvc olescrrtr.rrl a,rl iLplrlical,iorL o1, V\rar,_

l;ìlìl;,'iì ¡ra.ir,rrrcIr'ir: p'occ,rrri'riiir. sn"lvins^ ilr. rrr*x-rniir r.r,arf,i.r¿ì,r r,r,_

./í == rnax !?_+ p_t 
.

.fz-i-qt'
(::, t) e Zf

I

('+.2) ./l =.= rn¿¡,x {fl* - ltu, : (ø, t, u,) e ,1,},

( t.it) .tí, il 
( az 4- nt,-- 
I ; Ï 

oo', , (:, t) e z¡ gz -- o" , .t',:|,

(1..1) .f;' . ,',,rlt {0. - ttu: (p¡ t,u) e T, t: -l Pt , fllI la-l-qt''"J
I)enote by It)' thc Par,oto optinal solubions ovcr ?.Iìrom (4.1) - (4.3), i1, is obvious tha,1, :

Ii, < :" *- lt 
"Ïi,J; ) qt'

wh crneveL (2, t , u,) e Il , 
.

rr'or earh ¿o in 1,he inr,erva,r [ri' , Íi ], consitrer t]re proìlltrm :P(ro). I,'intì

l'(Lo) :,,,** {rr" .-- btt: e, r, u) e,L), "'J l't > ,ult " .[zl tlt '""[

rlurtber the llollorving results arc useful to justiliy t,he rulgor,ìi,¡¡r 
"

, ^1,,o,),,1),'t 
J.l. (131, llSl).1.f L:" t",tt') eIi)" ilrcn, ilnre t:¡tí,st,.x tt :;t:t¡t,ttt.tu^ellí',Jilsu'ch tltttl' (z', L',u,') s.olues li(*).conóersel4,eu,tih.tltl,í.t¡uL r,rl,-ìt,írt,.of probl,en l)(to) .[or \o'e l:|i,, fi] ts l,ì,reto optimut.' '

..^^..,^Ilttt',],\,J.2,(16/) !| t.hc. u,ssutt¿ptions o! J,entttttt iì.1 lto[rI, t,ltcy, ¡terecc:I.s.tr a,u oltttttro.l sol,ttti,on (t,, Í,rtr,,), of ?rolilcpt L,3, xuclt thst,ít .íx Irt1.t,l,¡
oyttitn,øl .

.l¡'r'otrr .lretììmâs 4.1. and 4.2, iL lollows that:
, .. [,]'ìlli\i,\ 'l .:l t.l' ,llt yt l¡ssyl¡¡ptions tt.[ ItØilln1u J.l ltold, lltrtt ,r n ,¡tLittrtr [,xlluliot¿ nl ..!''3 tttat¡ be.l'ott'trcI uirottg ll¿e nlruliotts o{ tiþ¡1¡' ot.t,r llte ipl.ertvtl,

:Í'i'<to<,f',.
sincc (2.5) hoìds, thc problen .p(to) rnay be r()-r,\,r,it1erì : I)(ur). lfirrrl
Ír\l) .,.. rnax .[qr - Inr, : (ø,1,n,) e I,, cø _i pt, > to(.fz t_ qt)i.

'l'bcit, thc solu,tiorr ol' lr(to) fol,./í,_< ¿{, <./i i.l,t;r,or.rlilrg (o \\.itrlrrrr.tolr.*'¡rloec{luto ll5l, ltrarls {o thc I'ollou'iir! rlgor.il'linr 1'ol. s¡li:i,,g ¡,iot,i"r,, 1,.
step /. solve Lhe ¡rroble'ns (4..r), (4.2) aurl (4.rì) 1;o ,ìrtai.r./'i,./1

a'ntI l!r.



1:.1 5. r- anii 1. N{. St¿ltcu-Minasi¿n s o ()n a bicrrilr¡rion lnax-ntin ft-.¿tctio nal problerrr
.4 blern Pobt¿r,in solu l,ioncorrerjp tcrion pr,algolit;l gorith*r

r,action¿l probltrn, t,el¿ù1,ecl Io ¡tlc_

1l' sottt(' nte.r'-Itli tt. l)settdol'rd(l.iolrrrl¡.lol.r/r',lls, Sinr
lõ. l)olilclr.'J-inri;onln (lìotnauilr), l0¡ì7, gil..f1,7,

ol hicri i tt.iott littcut. li.ocl ionrtl prortrrtnts, ()':l'ts.

1{ì' l'ro¡lt uttrntittr¡, l)iscrrssioLt ì,rrl)o¡.ii t}[J:)6:],

17. rltrl, Stull'Llrlcchcrr.ltlS2.
I .. I lu' liti t t.rst,nr'(r ttl lurttlie¡t l,r.ul.l t ìr:

¡rt't'llit:ns [ìcsclrr.clr, ¡:l (lgijlì), 1(l.l i7.1,
I{cccivcd 1J. I\. 1{]g0 $ 'l'i':'r rr

.llinisl t ll'tl ll,iur.ttl iot¡ tttttl,\,,irn, a
,\lr. (ic¡teral Ee,rIlt¿lot no. tJ

ì0ï3(; Due ltrtresl , llo¡nanin
tt¡td

l. lJ. Sirllru_)linrrsilrn
Ocrtl|e ol llallrcntctl.icttl,\lalisllrs

'l'1rc llonaniatt :lr:e¡lentu
lld . )I a.ghe rtt i!:!

ll]- i 0 | itt, llttclttLr(st :! J
Jlt¡¡n an it

I'/ ..= ll)¿ù\ tìLitì i¿
r 6 y t,6),

cil 1- l)- ')
,t',: q

{t¡1 i ct1 i- !!
d.tt ) 0,

l-
¡a

J::)t:'liì,{ "r,!i!, 
r¡, ('i, r'2, r/ h¿ùs tlte ¡i¿rnrc Jrìeiìrìing as irì thc problcrr p rì,ilr.-f

)oh 1o il¡ose 1,or, problelt .l) c:tJt ltr.;

e, i(atoh a,nrl lchinrot,j_ fl? | lrrlvr.
nrin-nt¿tN l)l,obletn rvit,h rli,srtl,t,1 r.

IìIìIIIìIì1.]NcJÌS

problutts tuill¡ lit¡t:ttr cot¡slrttinls ttutl tnrllr¡t,s ¡t

i,,l,tlr'i,, ;t,l,l) ), t i r t, r u. I. r .t, t i r r t ul /Ìr rcl iorr rrls, )ir r r,i r

I i t t r rr r. I't.at, l i o t t t l ¡trug rrt nt rn i ttfl, .J. Op tj nl.,l.lrt,,;t,.
'l' (i i rrt rr c rt (ì '' 1'' i fj ll ll s , o prLñi.uttti ¡rtlitulttiulä tlc nta.t-utin t:rt tc,stritlii lini,t,,Scnrinultrr "'r'. '\ni.i-irrìruf.r-r'', rrist.. rjurii,ri,.'i'ì;lu.¡-N¿ì¡rocir (rìorrrnrri:r), rf)riiì,3i; :Ìg.ir'(l'or¡ \\"I)'liir.rrY ir.,r.r..,ÀIcllnrriluttt rì. r,.,..1ri¡¡aru.irttriottrt!.\in¡1-,l!irt protsLtn, ()pns. ììc,,., illt (1f)75;, J, I1i |r21 .

" l,;t''nl,l 
I i r¡ rr '\' \I', '\'tt:'itt'1 ltirtiltritttt ,t.llttrt.ri..l l)rotit(trÌt\, oirrs. iics.. 1j (lij(jì,ì,

7 !)¿11.1¡ar'\' N"sLrtlttltt-ìlillasilrlr l.ÌJ.,,1 tlis.itLnt,lio.litttru.-lrttclit)r.lrú¿..r-tn),,probl cnt, l)or'Iu¡¡tl _\llLth., (lo altpt,ar.).
lì. Iì i t t tr I ii., .l unr.lttt,:-lrir: 

.tuciltoti l'rtr snLt;itt¿¡ t,arltti¡ 1r¡ttr:c,¡tt:tt¡t¡tt,.t.l¡ti:triiott ¡trrtÍtlr,t:1.1. Or>rrr¡rut. S¡,sr Sci., I (t9rj7), .t.tl ;t""' '

f) St'rrrrcll-ìiillitsirtrr l..\ì.,ì)lllilir.\', N.,..1 n.[a¡,¡ t¡r¡tlit¡tttr li.ttt,li,tttt!,¡tt.r.-t],,tjptr)hlcnr, r-at. lcirrt. iici. Lc{.lcr.s, $ (1 98j);2, :j9- il.
l0' slrLlr cu-\Ìill¿t si¡.tì l. ìI.,'J'i¡1 rLrr lì., //z iltini¡trtttn |isl: rr¡t¡trout:ii l0 ¡¡tr.t.-tt¡i :,)l,i,r,',,'rï,,,{,.r,,',,rrrttrttiit,¡,.\D. StiiDt. r'iìi. .U. l. (:uzir tiisi. \.,,,.r... 1,.r1. l:r. ;il tt0r,i¡,.,

ll St¿Lrrctr-ll iltltsi¡t.ll !'11..'l irla n s.,(ìr.¡ttru,l i:trl psr:ttrlolrrrr:iior,l ,urt-¡,ir! lttobl(¡rr.li*lllilt:llL. ìitrtrcli.t'tl t"r¡.,.lrl'os. ,,ii,l ,,u''',,,"¡i), ¡lìiii-ñ;;;;;¿r r¡rir,. (rì.,r:rria),
I12 'l'iurtlr S" 'Stt irtrt!..r¡ttt:; lttt¡ltlit¡tt* tl!: I)tollt(rtnltti!liott ¡sr::trlo!rtr(liorì([ir?,,\rrafl.sc. Ìirur;-'i'tr..\¡r¡rror.. II (lt,jj2;, I ':1, tr;7 i;1.t"'':t^
1iì. 'f i g:r rr S., .l r¡irrrriltuuolt)ui(: .ntrt.t._/tr¡// Dt.()tlt.utÌrinirt(l ¡txtltlcnt u¡illt Ii¡tl.'¡¡l r:otisít.ttirtl.,:,

iliÅì;'j'lt;i l!1;';. '""'"t"'rrrrl 
li'¡., ,,¡,¡,,,,,'. ,,,',,r ,,u,'.',,rii'r','(ìlrr.i-Nrr¡r.t:u lrrrir.. (iìrrrrr*irir),

t/
fI


