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A BSTRACT 
In tlrn1 rt.·po rt 11 i.t.odrn:-i tic 111odcl of moncy flow is considcrcd Tlii !:l mod cl 

cnn b<' nppl1t'<I íor ho1h s mnll nud big l'l'gious. C'onn~tion with stod111stic diffcr· 
(' lltiRI ('QUl\t 1ons is estnblished. 'l'lLt' d clini tions o f nbsoluu.• stnbihty nnd rcl nt. ivc 
inst11b1ht~· rm' mtroduct'<I. J\ s tochust ic rnod el wi t h n dclny (lng) is cons tdcrcd. 
Tht• M•AA~t1011 rabout. 11 <:1' itlw1 total llmo unt o f moncy o f orgnniM tions working 
stt1hh· 1.s 1110.dt• to ~(' ! OV(' r c l'ls is situatiou . 

RESUMEN 

En t'!<.h.• 11rt lculo ~t' cow; idi.:rn m1 modelo estocástico d el flujo de dine ro. Es te 
mf'Kkkl"" ¡ml'de nplicn1· tnuto u rcgioues p<.'<¡Ut.'l1ns como grandes. J\cl...: mfis, s1.1 
t'"ltnbl('(.'(' In conexión cou lm¡ l'C11ncio11cs diforencialcs est ocAst1cas. Se introducen 
1.i.s dt'finl('iOnt"'S de ~1 11bi l id11d nbso lul n e iuest nbihdnd rclnt1vn y se co11s idcrn u11 

1110tldo e--1ocñs1ico cou 1111 1·ctmdo. Se hoce unn :;ug1.> rencin aceren dt' unu c:11n­
lnhwl lo1.·d crlt 1cn de di nero d e las organizaciones trnbajnndo cs1nblcmc11tc ¡mm 
t111¡>t·mr mrn " llll llC•Ón de cris is. 

Kcy "' o rd11 11 11d p hrn11 c11: Mocho•flc cq11011011-•, d•QCTT11110/ cquflt11ma, 
11/uolutc .slablt ond rcfotu d11 u1u1ablc sys tcnia 

Mnth . Subj . C ln1111.: 93E03, 60U30, 91802 
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1 Int roduct io n 

Tlll' n·port is de"°' N:I Lo t ht• ¡¡tudy o f t'C(momicl.ll :-.y .. t('ms wít h thc h('lp o f s t chm;t ic 
nnd d1fft·n·nth\I l'<p1111iom; thnt. h; tht.' non•h,· in th(' :-.tudv of t his kind o f sy¡¡t('ms. 
Ab..oluh.' .. 1.ibll• rrnd n.'1111,iwly 1111tit nh lc ccor~omknl sr~11.•1;1~ nrt• dcfüwd iu l ('rms of 
~lorko"'"' mntric('s. lt is 1101 diflic11IL to trnn~form a Mnrkov's clrnin, corrcsponding 
to o ur discretl' t imt' sysll'm, lo stochnstic difforent ial equf\lions. Thc dcfinitions of 
st.1bility o f discre1c tina> syslcm:; nrc trnnsformed to the definition of s t nhilily of 
continuous 1 ime sysh.:111:;, For compktcness ~larkov's chnins with lngs ore considcrrd. 

Each (.>('()nomicf\l syst.cm wil h it s own degree of developmcnt dc fin :som<' vnhw 
Ser11 ,,0¡. l f t ite f\ mount o f 101.nl moncy of orga.nizations working srnbly is lcss thon 
Ser11 ,,01 • then thc infrnstnict urc will be destroye<I in thc course of time nnd ony 
economicsl systcm foil.-. in1 0 n d ccp cconomicsl c risis. 

2 Iarkov's m a t rices in economics 

Le t us ha,·e n o rgnn izut.ions. Each of t hem has comme rc inl trndcs witli th<' otlwrli. 
\\"e can ronsider n st fl1c likc one of thc m. Let us numerate thc orgsnizntions m1d 
the momcms of time. Let. us co11s idcr nn o rganizntion with t he numbcr i,i e 1 : 11. 

Let the i-th orgnniwtion luwc nt thc t-th moment a n a mount of moncy s1, in tlll• 
bank acooum. \Ve will de note by v:j a frnclion of a mount of money pnid by th<' i-1 h 
o rgauization io thc j-t h orgnnization ot the rnoment t. lt is obv io m; tlrnt 

o ~ p:1 ::; 1 , o ::; L P:, ::; 1 Vi,Je r:;;-. 
J.,dJ#-• 

\\'e will nlso denote by v:, t.he mcons that t he i-th company hns nt t he i-th momrnt 
of time. lt is denr thnt p:¡ = 1. 

Let us int roducc t hL• following nrnt rix 

pt = ( ;;\: ;;(: ~: ) 

v:11 v:ii ''~" 
thot we will nomc t he i1 1dus1 rinl nrntrix of cxpcn~ or simply t h mntrix of ex­

penses M t h<' mo111L'11t 1. 
Lt•t us rnlculn1L' thc 11111olmt of ma ne.\' tlmt t lw k- h clie111 (org11nization) hru; at 

the t + 1- th momc11t of ti111c if il h11d si Junount of 1no1wy (lt tht.> t-t h mo1ne111 o f 1i11w. 
\ \ 't• will \\'rite clowu n 11 l.'(jlLHlion dl•scribinJl: tlw flow of rnonC'y from l hc t-lh momeut 
to tlll' I-'- 1-lh lllúlllC'llL. 

Tlw .. 11111 o f moncy pnid by f\ 11 C'Ompf\nit-s 10 tlw k-th rom¡>any 1u t ht• t + 1-th 
monwnt is 
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The k-1-h compn ny hM Lh o fo l!owing nmounL 

(1) 

t:oget:hor wit h it.s ow 11 money wit1houli pu.y ment to t he others oomp A-nies nt: t he l. + J-t;h 
11101mmt of time. 

Let us inlroduce 11 vector-column s1• 

wlmrc tihc elcment s:, i E 1 : n, is t;he nmount o f money that. 1;he i. -t h com¡~nny 
, i E l : 11 , hns. 

l t is ob\•ious t;hnt ( 1) in nrn t rix fo1•111 is 

(P'·)'s'. 

whon.: t.he sign ' menns t he t;rnnspo!üliion. 
Now lct us cnlculnte tlhe s11111 Gf 1n oney t !rnt ll he k-th company pnys t·.o t he ot he rs 

oonqmnies with which t he f1 rst 0 110 ~loes busi11ess. T his sum of nll pny rne nts is 

stL vti. (2) 
j, j .pk 

nt. tJho t +· 1-th mome nt of ~ ime. 

Conside ring toget.her ( 1) o.nd (2), we cnn confmn t hnt the su m of me~ins a t t; he 
t-t;l1 111omcnt , obtn ined by t.he k- t;h cOLn ¡mny, is 

L vj1,. sj + st - st L r>t, = s~+i (3) 
j,J</; ~· i,i#Jk 

Wc suggcst in this moclel 1;lHl.t t:he .:i- t h client mnkes n pnyment t.o t;he k-t;h client nnd 
Uhe k-th clieuL pnys bock nll debtis 1i(: t:be snme moment of t ime, nn mely, ut th e t + 1-tli 
111omeut of time. 

8quntion (3) cn n be wr il:llen in t;he fo llowing rn n!;ri x form 

( ;¡ ) 
s~, 

(4) 



32 Prouc\11Ht0,· l .M. 

wlwrc 

\Ve will denote by 
Q' =(P')' - 1'. 

\ Ve will hn\'C from nbove t lmt 
(5) 

Let us ¡>rove 1 lrnt, Q1 is a ::;t;oolrnst;ic rnntrb:. According to t he defüii1iio11 we nC(.>(I 
l prO\'C thni 

1. nll el me:nt.s of i,he 11mt..rix Q' flre no1111egfli ive; 

2. t he sum L, q:J = l Y.1'., :i E T:/i:, 

where is thc q:, -t.h elem011t of l:he mntrix Q1 • 

Renil)', ns soon ns 

t hcn 
1 - ¿ v:, ~ o. 

, , i#-j 

Con.s<.-quen1 ly, nll d ingo11nl olc 11ic11t s o f thc nU\1 rb: Q' nrc the 11011 negnt ivc cle1nen1s. 
The 01her clcmcm s n rc no1u1ega l,ivc obviously, ns for ns Lhc elc rncmt s of thc mntrix 
P1 nrc nonnegnt ive. 

Let us ¡>ro,·e 1 he seeond qunli t..y. For t.his we shou\d find the s um of 1 he clemcnu 
o f 1he mntrix Q' st.nyi11g i11 t.he col u111 11s. We hnvc for the j-th rolunrn 

L v~ . + 1 - L vJ, = 1. 
lm l.i;o\J i= l ,i?'iJ 

\\'e will rnke in1 o considerntio11 1,hn1, 1,he columns of th mm,rix Q' 1nc t.hc li11cs 
or t h mntrix P'. Conseqw.mt;ly, t hc m 11Lr ix Q1 is r nlly stochnstic. So wc proved t.hc 
fo llowing \emnm. 

L m nm 2. l T/1e m(ll1·i~1: Q' ·is !he stoclwstic 11wl1ú. 

\\"e h1w • from hcre 

o rollnry 2.1 Thc .mm of al/ mo11cy of al/ com¡xuucs or organizntions is co11strml 
ot llrl!J momo1 f t i. e. 

¿.~~ = co11s t Vt > O. 
J• I 

(6) 
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Proof. According to e<1un 11ion (5) we hnve 

Lut us wri tc t:his equnt.ion for ni! co0rcl iunhcs. V·le hnve t hen 

Lq:1sJ=s:·1-1, (7) 
j • L 

wllere q¡j - nre t.he elements of \',he nml!r ix Qr. The sum on i of bot;h s ides of (7) is 
cqunl to thc follow ing number 

" n " 

L L 1d1sJ = L s~"" 1 • 
i • ! j • l 

Lec ll !i cbnnge t he a rder o f uhe sum ab0ve. We will hnve then 

n 11 " 

L sjL qf; = L s:+ I_ 
j • l i • I 

As SOOll ns 

L q~j = i, 
i~ l 

t1ho11 

LsJ =Lsj+i, 
j= l ia: l 

'Phu conclusion is provecl . .6 

R e m m· k 2 .1 The Conc fosi on 2.1 follows f1 '0m the geri eml propert:ies of 1.he slochastic 
m11l1·ices. 

Rem nrk 2.2 lf s~ ;s n pud. of the common sum o/ menns wliid1 /Ji.e com¡mny j has 
11l tlie t ·tl1 moment. of t.ime, then cqual-it11 (ú) is sot.isfied witl1 tJ1e consideml'ion o/ 
i,11flaliori. Wc Jw11e in 9e11 ern.l cuse tite followi.ng equalion 

L sj = co1Lst = 1 't/t > O. 
j • l 

Stnbility of n.ny econo m icl1l sysuem ca11 be de fined correspondi ngly to stnbili ty of 
(5). lt is known from t.he hhcory of llhe stoohasbic matrices thnt. stn b ili ty of (5) is 
Glofiuod by mea.ns of the mu l!iiplicity of the root equnl to the o ne . \:Ve wi ll sny in th is 
cn~e t1\mt nbsohue st.nbili t:y hn.s pince. 

"l'ho C.'Cplruuuion o f t h i.s foct.. is t1ho fo llowing. 
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lf tlu.• mrurix Q' hn:; t,ho sf•varnl rools, c<tun..I 10 the onc, thc.n t hc 1nn1rix Q' cnn 
be dccom¡>OSl?<I nnd l111s t..ltc fo!lowi11g fo rn1 nít.er se\'ernl trnnspositions 

... s" ) ... s,. 

··- Q~ 

() 

whcrc tite mat rices Q¡ , i E LJ, llave t he cigenvnlue ,\ = 1 wit,h mult.iplicit.y l . T hen 
nny sohuion of 1 he syst:em 

Q'.t = I 
tends to t he sel 

X = co {x 1,.c2 , .• ,x~. }, 

whcn t - · , whe re :1: ; is n solutiou of t he system 

Q:x, =x;. 

lt poin1s to inst.Rbility or sys\;em (5). We will cnll this ki nd of inst nbility 11.s re lntivc 
insLnbility ns fo r ns stnbili ty 11nd i11stnbility nre defined by qunlit.y o f control o f nny 
cconomical system in every cnse. 

lf wc tnkc in10 considern.(;ion addil;ionnl subsidies or lrnnsmissions of money from 
one brnnch to nnot,he r, t;he1i cq1111l;io11 (5) cnn be rewrittcn in t.he fon n ' 

(9) 

w hcrc u' is n control- v~c1:or n.ud 0 1 is n mnt rix of cffective cont,rol elc111ents. Thc 
vector ,,r is us1mlly chose11 in Lh~ form 

111 = C's1 . 

T he ndclitio1ml condi1,io11 011 t.lie 111111.rix C 1 Cllll be givcn for cquntio 11 (9) to describe 
n stochnstic process. VVu wi!I st;udy (9) lnLer. 

Lct us rewri1e eq11n1;io11 (5) i111"0 n system of dilfc rcntiol ec¡unLions. Wriie (5) in 
the rorm 

s(I + h) = Q(t + h)s(t), 

0.:;-1101e by Q0 = B., 1111 i11il,i11 l v11 l11c of 1hc s1och11stic mouix Q(t) T hen 

.<(l + h) - s(I) Q(t + ::) - En <(I). 

Tnk" thc limi1 on h - ·I O . Wt• wi ll gel the lí llowing dHforentinl equn1io 11 

.<'(t) = A(t)s( t ). 

where 
A(I) = ¡,~~','o¡, - ' IQ(I + h) - Enl· 

The malrix A{.) t'Xists if 1 l1e 11111t rix Q(.) Is difü•rentillbh• Th~· obllti11cd 111111 rix A(.) 
lm.s th(' ron wing qun!it ies 
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l. r1 11 (t ) <0; 

:1. ¿:, n,,(I) O. 

Thr c1urstion nbout .srnbillty of nn l~couomicnl sys1em is reduet'd to t he question nbout. 
iitahility of the difft.~rrntinl N¡un1im1 syst<'lll 

j·(t ) = A(l)x(t ). 

Thls prohlcm t'1lll bl' s lvNI with t.hl' hl•lp of Lnypuno\·'s íunclions jl]-13]. Thl' li11111u 

probl<•m nbou1 t'lfocl i\'C' mc·1 hocls of con! rol cnn bl' fonnulnU.'d by nH."fUlS of t.hc e ni.rol 
\'t·i·tor for tht.• f llowi11g sysl t•111 o f cl ifü1re111inl t.•qun1ions 

.i·(t ) 11(1).r (t) + D(t)u(t). ( JO) 

l l b not diflicuh 10 :;('(.' 111111 tlit' systC'111 (10) is ,..todu~t ic if the mfllrix A(t )-+ 
JJ(t)C(l) b ,..1ochn.."1k for 1111 1 iit tc•rn•s of tht.• drfinitíon gin•n nbove. 'fhC' probleui 
11bo111 p~ .. ibilit~· of tmnsfl'rt·11cC' of 1111 l'C'Onomicnl .sy:stcm from 0111..• stnH· to a 111orc 
h1•11t>hdal "rn1t• ¡... 4.."<Jlliv11lc111 iu 111n1.ho1unticnl tcrms to th<' problem nbout. totnl con­
trollnhíh1 \· of :.~·Mt.'111 (10). Sy:-i1e111 ( 10) is wcll stuclil'<l nnd thl.' n<.'C1."SSflry nnd suflk ic:11t, 
rouditlon" of to11ll t·on1 roltnhilit,y of sys!cm {10) ore found 11-IJJ. 

lf wl' h.ni.• a th•lny of 11 t nx pn)' lll<'lll. or n lonn in J.: wnrs 1hcn modcl (5) cnu be 
l"l'\\' rill t•n in tht• form 

Tht• <-ondiuc>n of ~rnbility of systcm {11 ) is 

'T'liM re m 2.1 /1 n r1trcssnry r111d .~11ffic1r11I /or sy tcm {11 ) lo be absol11le. slnblr lllfll 

Q Qo J Q, + Q, + ... + Q, 

1111.~ lhr n9r11-rnlur <qua/ In /h e rmr u1ith tht 11111/t1pf1c-1ty cq1ml to thr one wherY.' for 
llfLf/ M°l/Ulll« l rn • 

Tlw 1;001 c>f .rn~· govc:r1111w11t is to 1nF1k1,.• it ~ e nomy srnble tiO 1hn1 nll bnsic com­
panh"S \\nultl dt•\t·lap proportio1mlly. h 11\C'i\ns in thr mathcnuuicnl tC'l"ms t hnt. it is 
Ut'('t's.".tr\ to hnd •\ :.t1tliounry point Qf a st:'I \·nluC'd mnppinK C'(.) : 9~ · 2M" wil h 
th1• l11i.1ir•...., 

C'(.<) (th IA ~·1 



wlwrl :::1 L'. :-1"1t1f111\• Nlodlllstil' 11u11rit:\ nt tlw mnnwnt t wilh tlll' hd1> of whkh 
tlw guwmm\·nt 1rks 10 stabilizt N'Olll1111Y i t' it i..' 1wn, .... ir'" 10 :-Ol\'e th(' problC'm 

(12) 

Tlw romhtions fl l't' \n'll know11 wh\•11 tlu .. ' s<'l·\·Alm-d mn¡1ping '( .) hns n Sllltio1rnry 
point Tht> Ílllml' studiC's /ll'l' to ttSl' !hl"S<' conditions 111 orcl('r to find 1he stntionnr~· 

pOillh OÍ th(' •-.1,:l ·\'fl luc•d lllll\)pi11g ('' (.). it i!oi im¡>Ortillll for l'('()UOlllic-S. 

As --0011 1\S tht• mnt rin'S A iu l.hl' dl'finition oí thC' ··~:t vnlm."<l t11nppi11g C(.) nre tht• 
stodi.-~tiC" nmlfi('C's, tl1t•11 t.111.' m11ppi11g C(.) trnn.!-form~ the C"Ollll>fi('t 

/\' " {.r {.r1,.r2, .. .,.rn)ER"I L ;x1= I} 

in it:.t~lf 'inre C(.) is eo111 inuow; 11 11d , conscqu<>ntly, upp<'r :,.emi-continuous, C(.) hns 
n :;tntionru-y I> int n<·cording: t.o nrnthooclory's thOOrC'm jSJ. The following 11'1l' Jl ¡., 
ron:-.tru('tion of n 111111wric11l 111ct.hod of looking for n suuionnry point s· nnd n mntrix 
A E: :::1 for some 1, for whirh 

s· = As". 

Th<' m<'t hods of looking for t hc si nt ionary points nre dt.~ribcd in [6]. 
Tht• ¡trohlt•m {12) <·11 11 bt' pnrflphrnst.'<I ru; the following o¡>limi1nt io11 probl<'11l 

F(A,.r ) = A.r - .t On (13) 

uudl•r ron:-.t rnints 

rE /{" {z E DI" l z (z 1 ,z,, . .,:,.), L '• !, :, ~ OVi E 1 • n), 

L"•J l VJ E l : 11, º•J ~O, Cl,J ~ 1 V1,J E 1 : 11. 

Tht·n· .U\' ~·t.:. of mn1 ricl'S 6 1 1111d 6:1: for r redit nnd tax polit iC".s rorresponclingly tlmt 
the íollowmR n111:-.1 rni111s A E 6 1 011d A E 6 2 hnv to bt' sa.tisfü.'CI. lt is pos.sibil~ to find 
th1• IM.""t t'«lnomk11I poli! ies eh1111~i11g thC' i.t'l.s 6 1 nnd 6:1: or. by otht>r w rds, chnnging 
tlw lim.,., ond rol11111 11s of 1lH·1nntrix A, rorres¡>onding gowrnmentlll orga11iwtio11s, miel 
~IVlllR (12).or (l:l ). 

Tlw prohl\•m (1 '.J} ('1111 IJl' solwd using d(·,·t'lop<'<I nhtonthms (SC(', for exo.mpl<', \71). 
\\'t• .Ut' looking for 1ht• c ll'mt•11t s of tht• mntrix A {o,,) Md flll coordinnl cs of tlw 
n:ctor r (r1.r,, ... ,.r 11 ). ThC' for11111IM for Rrndi<'llli, ru1· th following 

rJ Vt.J 1 1 n. 

nnd 

('"' 1 

fltJ "11 

º'" ) iJF f! J 1 (lJJ 1 "" º'" 
{J.r 

0111 fln:J ""' "·· 1 
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T lw \m-11 om• ¡ .. 1lw mntrix oí d i111t•11sio11 11 x 11. 
Thus. l l '-" ll('fl ... ory fot d lid1.·111 l'Olll ro l or 1.><:0110 111ics thi\t. llu.• fir~t , lht' {'('OllOt11k nl 

s,\'Sh'rn \\'1u. rontrollnbll' ló tnlly in .souw n.•gio n n nd, tlw s...'<'Ond. All hnsic comp1111ies 
wnuld work sl1\bly. 

'lb fu lílll to t ht· ln.st onc wt· will i11t roclucc two opcrntion.... T he first one is n 
rnmbiunt ion í\ml t lw Sl'<'oml OtiC' i:; n sop11rntion of t hc..• comp.\11i~. \\"t• will prov1.· t.hnt 
tlil·S<' t wt'.> o¡wrnlioml 111·1.· s11flicil•111 to mnkc l hC' componit.~ working :-.inbly. 

Lt~t us introdur<· n 111ntrix Q1 in tlw form ( ). lf '12 /- O. t lw n ns it is know n 
fro111 l•ll thc nmt rix Q~ t1U1 not ht1w t lw ('igr1H•nlucs cqual 10 llw ont' thnt 1ncfl 11:-; 
lm1t11hillly of l ht• s<'C'ond rrn up1111y. lf wt• unit r t he fir:;t two c:om1)f\nie8 1hc mnt rix Q' 
will luw(' t h\• fo rtn 

( l•I) 

Tilt' unit\"tl C'(HllJ>f\ ll)' 1-2 will l1f1VL' 1 lic cigcn-vnluc \'qual to 1he 011l' t hn1 111c11ns its 
11laliility. 

[f w1• ust' t h1• ~l'J)flrnt io 11 oporn t,ion of t he compnnies l and 2 we will gC't thc mot rix 
Q1 t hot hns 5 11 O Jmd 52 1 = O. Tite 1nntrix Q1 will hnn• thc íorm 

( 
Q', o 

Q' = : ~\ (15) 

Tlll' motriC'\~ Q~ and Q~ of ( l f1) lrnw t hC' cigen-mlu~ rqul.ll to t hc 0110 thnt. mcnns 
~tnhility oí tht" rompnuic·s 1 nnd 2. 

T hus. tlu.• íollowing theo l'urn is provcd . 

Thonrf'm 2 .2 Th« '"'º opeml.iom: comlmu1tio11.s a11d scparnlion.s o/ /h e <·01111umic:s 
/1•111/ to thr ~1lualto11 wlicu /he 11f' w or9r111iu:tl comptuuc.~ u•rll be absohile sl.nble. 

Tlll' nunwriC'•ll t•xperi111e111 s Wl' l"l' do11L' for n 111odC'I C<"Onomicnl sy:;t t·1n. T lic l"011clu-
11inus W1'n' dom• 1\bout d lk il'll(',Y nf 1 ht' fo.;cal und Cft'<lit p<>liti~. T !l(' 1·1•s 11lt s sny t,h11t 
dt•v1·lop11wnt o í ~1111111 nnd111vdi1111 1 bus im~sscs is more l'f1kicm ¡>olitics for 1·eviving of 
1·rouomr Th1• h~t one i:;i 110 1 diflicult to 1111d L•rstnnd . Thc elC'mcnt!) oí ! he 111ut rix Q' , 
n w11':!ponding to the ~ 1nn l l n11d 111cdi11111 busi11('S.._«:CS. nrc much more t hn 11 1,110 cle111c11ts 
of t lw Mnw mntri~. r\'.spo11s il Jll' fo r t ht• govcrt1t11C'nt's L'("01101nk.ril politics. Tlit• 111on.:' 
d1•ml'nt~ 1w cAn chnngl' the 111ort• l'fli cieutly wc con c:hnngc the t'igcn~v11 lucs of t.ht• 
11101 rix Th.,, ¡.., ri~ht if wt• hlLve witk·lr dcvc-lop<.'d ~mnll nnd 111Nliu1n business. Tht· 
l 'Xtlln plt>s (',1J1 I><- l(i\"l'll. 

3 o nc lus ion 

A sit tmtiou i ... ~ibl"• wlwn tlll' mntrix Q lms the M'wrnl l.'i,ge11-vnl11cs equ11l to t.hc 
0111•. \\'+• "'"' .1hcni.• thnt ! lw 111a t rix Q cnn hl• pr('M'nlt'tl in this sit untio n i11 t lu.; fon 11 
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oí 1m1lrb: (8) whl'rc t.h .. 111111,riccs Q'. , 1 e { l : l· }. luwe 1 he eig~n~vnl11cs I = 1 wit h t h 
multiplicity eqrn\I t·o 1.110 0110. Lol. l l l) denote by s .... m thc summnry 1non y t hnl 1hc 
bnsic compnnies Urnt, corrcspo11d Lo t.he motriCl"S Q:, 1 e {l : k} , hove. 

lt is not diílkult. t.o provc t.lmt, somc criticnl number O S scr•t ~ 1 corresponds 10 

en h economicnl sysM:1n 1,Jrn.t. il' 1;~1'11 > S4 um then the economicn l sys1em fn lls into n 
decp cconomicnl crisis. 
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