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ABSTRACT

In current market conditions, the company becomes increasingly difficult to
maintain its competitive position. One means continuous forward motion firms,
providing the necessary level of functioning, is an information technology. This is
the driving forcethat can affect not only a separate company, but the industry as a
whole, causing serious structural changes in the desired direction.

This work focuses on modeling the impact of information technology on the
company's competitiveness in an oligopolistiarket. Analyzed the relationship
between companies and the impact of new technology on the market structure
using the apparatus of game theory. The model has an analytical review anc
software solution. We study the adequacy of the maseilts given theeal data.

Key words: information technologies, competitive, oligopoly, game

theory, Nash equilibrium.
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WOoClIs, hts Hdzw j Sdtswe jj dZdzd = H J O ‘dzdz¥ & o i3 IS st
B'dzh ftosHEZC KZf o dz@dzL OdzH st sdRBtsetss o dh j
Bsy 2O L Off ste ' Be' Isef'o zjj dgdez  wu k2 o @y Wiz d -
IsO¢ 5 Ctste dzt ¥ Is L dzd @ d d3' te dzdfdl3dH oV kM jindak
f totsH Iz Chida o dzts

o)
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logQi(t) =@ zT, +@ v;l; + b, 1ogC, () + b, logK; (t) + by log L, (t) + (1.4)
t -1 1.4
+b,logM +e (t)

HJVMH jdzOo d uS d o3, dzg@ A djteddlstig Iste. ff s d3d dz&
[ Odz0 WistedsO L OfdMmMEz ftedL dzOYyj dzO Hdzv ¢
WHteds. L tOL ' L dES dzbrs Q] W2 & dilzts fisléc'O dafg W

1 ..
Wx () =x - -ax®=x1- % (1.5)
Hi NT €' dzr €' MmlsH Wt dz, hts tesLGEdzZ"HO' Is!
o dqesBdzdys’ WkdeSy' ' BOBddE] o©dcdzv H:
WilogQ, (t) =wW@q zT, +Waq v,I, +Wb, logC, (t) + Wb, log K (t) +
t j-1

(1.6)
+Wb;, log L; (t)We (t)

tczdzOHBEZHESO O oadEBBtcdmMistso iz B' dz! L C
sO¢ Iz w g IStc Odzy J dzel3] wglizO pz' dzB B 15 dzts'G © s @ dzfm)
o qtesBdzd Yo WkdzCy' v (st Misjdemj dz ° BKtstc @
B de' Bz dzr € ‘Blziel jtoj HY J dadaV , w e 315 Hs Olis
9d¢ sted Mmls Odadaw B dz h 55 BSUB 4BXIRIG A4 ff) @) daisky di£0
stcOdzidzts ¢ Oted ¥ d3'L Y ddOte ' UskRC Yo ¥ isH O B3P JdfOIdgO
ZOMiszf descglz © d ¢ dzw H °

logQ @) =( nt e )+@ezd,t+#, logC, (1) + by, (logC, (1))* + by, (IogC, (t) Mlog K; (1)) +

+ b, (logC, (1))log L, (1)) + b, log K; (1) + b,, (log K, (1))* + b, (log K, (©))(logL, 1))+  (1.7)
+ by loglL, (t) + by, (log L (1)) + & (1)

HS " ntel" |Bs)yd o0t dtso OISdi c@dizzx° OB &
Ut Odzindi=xlys Q@ s mdzd yo© WkdzsGy' v f sdz' ff
WikdC y' ' ¥ e EEoEn@® , Is @G L 9 SO & dgOdg@idzE M Is
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LOd3 M j dzdzv H dav O dz@pistlztdsa| @ dzdzo -~ sH ' 9, "9 'HHSL
BOMh Is OB diqE H | dzOfls d Y dis fiflsvo dzj yislztsizs © ' H
o0 'didzH Odzd & . W ddkOkss HemzOMO &y j BRlsd
HisY 5B & 6O dzftpdfts ci® @ O dzde'®  dzj 5B 5 ' H dztiig ls WzO
4o ' ugdIs'd, | s PEzdD dz o d 5B dzg Qs 2 AASIE o
o S Sted s Odzdzy B ' dz'dd dz' Gaidslz Y S W5 te dfoz. dzS i 4= oz
HEMY ¢ O g0 NidzSO HEH OIS Soa R toj Ctej Mste' o .
Blzlsd ttsLLc Gysdddxifiin dztse Oted W d3lz & O dzdaW

EC:ﬁF—C%:b1+2blllogc+blzlogK+b13logL,
Ef%%zb2+2b22IogK+b12IogC+bZBIogL, (1.9
Ef%%=b3+2l733logL+bz3IogK+b13IogC.

1 Otej hiIs® Is tc j 1t dzwdz0®i'B,z a s tsls d3lz i) f OtcC

L 3" dzdzd i BSH | oz 9 Odzdzy W' teBd L &zOR s5H d dzd fr
HOZ B, HsL o sdzdls’ ftotso j fls diste B D H j s O dz!
tdrrwf 2

flrefsldérvrvc 13¥JRIUV Adsuftd wu ¢ s
lrterdodar 10 JTwyp Y [JweaosrY [fU tRLSU

21. 1 5MlsOdkssCO LOHOY o csfsd filsdyc

1 OoHOdzdzY f BIzBE EBY ) BtsH j dzs 9 O dzdz' o 1
Isj - desdzts @ * 2 dzO d S Bdzs Ay’ ydzlz JWjclsd
Ctsdel Ztoj dzls s mideds dste o ePHEIESO 2 yd, hts dz0
HiC ' d2 SO Ctdf Odz' 2 OB Is!  dzOB dzd ¥ § dzfs
ftcdBdzdL degs BHAZOSCBod?2 ftedBlzIstsC, odlstcOL
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tesLodlsCkz Isjrdsdzse' 2, ' BRZOs Is! Isj dzH | dz
Hjwed?2 Bsdzj daB 0y O fiflzts B @ diz 2 odt' hddzO
Cde BtedBO Y 2 dzz s n desdztsc ' B, Is © Oz d3lgte Y Iz Is 4h
P dedzse Oyt 2 gz H T wWdzd dz' Mmils;y OB Es P s WS OB d
CsdzeS o] dgls 'O ' dgW stedzgOYy "' 2 dzO0 Is j - dzats dztsGO AW
HdWJ @uydzy' § tdstH Cys ¢ s dzOdzj dzdzy f etsyJ Mz
dZOf oW Bsdgeso 56  Isjmdetsdzse ' ' ¢ CBRfOde vt
ftesHEZC y" yd f§smdzeed L OH dzvy tedzjHtizes Af" B d
HisL o sdzd Is ¢ Ld3 dzedIsd CBdeSkztoj dzlsd® H sk &fd
ZzOf toW 038 iz ¢ 5 dz0O dzj dzdz™ ftesyj Mk o dtctsB dzd -
odlstcOIsd dzO odtetsBdzdylsets * kOSCddB yddztsds
HSLotsdzdIls! of dzdeo Olsd dz©O y' detsolz S tsdeS 2ted

S R Odz' W 9 JHYJ Mo s H' Wdz! dz' Mis! O dzO
offtcso OHY j dadav deso s’ Isj n detzdzt®dn'dzd € i O Get ¥z
Btsy ks OBt IOCtsY ftesotHdId ' dzdeseo Oy*' 2
Isj ndetsdzts @ ' o fjoeodzd?2 dsdzj dzgs yomk, OB
f s5° H dzO dzdz’ L d S Mmisj dzgmd ohdgdodgidy  dffj tdstsHHEE i
wdeW stedzsOy'" v ftets datso CdeW stedzsOy " 2 dz Is j
sy’ dzt pOEBGIsdoe dz' Mmls! T Hz09 fstiEas@®H X | tlzpgzvdztE
MstcOIsjce' tetsLodlsC z.

S iR Odz' W LH' 2 fdgs ° Mo ¢ H' Wdz! dg' mis!
dzd y' dEsdaCz 6y dzy ' W . stdlbkte] dz2lsdzO ff jtcoj 9 OGO

yd odzh s’ CdeW st 3O Y @ dzls OC tsy - dsts ditswL' 9  Is €
f' ' Hodh jdedgv ftocsHEZGCIsdo desfyls’

10 ftotslswi ' Isjtcd3" dzz  dBtsH j dzt @ Odzdz? € &
skted Bz §jodd?2 HiR dilste O dls ARt d dzjsfy O dz
dzts o t5° Isj mdesdztsc ' 7, w gt o Cdzt Yoo Is! " dzo
Cslif Odz" BOLE  Is: v O WkdSy''’ fsfdls
CsRf Odz’ ° flesHOE ! clstsolz fsHEZS Y

ftcdelzlsSC d.
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10 BEis' BSHjdoOdadzy kOSY L& dzs ‘s
tcd dz¢ Iz, O IsO¢C By Isd dzH § dzy* A tesL o d I
otcOrRBolzs yd o ' Hfso ' Hdg toj OCy" " dghdr ¢

2.2, 10cO0d &2 ©fdn &sHj &

[dzv  BtsH | dz¢ 9 Odzdzy  f 5ils Qo dzj dats’ L OH (
Hisfdz' HY j dzdaw : BsSH § dzf LsMdtcj HY § dg dzO
odtsBdzdylso © IsO BtedOdz L OY"' °’ o dtctsB dzd Y|
odfOHSBotsets fesyj M. | OdzO totseLsds Of jutashy
Isd {f tsd3.

[BHjd& fjHmMsOodv' Msetd Gd ¢sftd
ti [0,2), Hy o CByded?2 Bsd3j dzs yomiz W' tocd3d
9 Is tc z y O dadz" ) sHddz L zOMmlis & f teg » dztddBcte
‘dedztse Oyt T o ! tizddsie OYIs b, ftesy MdzO ° dzdzts
H' Woz dz' mis! SHicOLEZ © Btsn dzOf tcw d3¢ On .
Shdzso © L OHdzv L dedy J dedz? o Otelstsmlis” o dtcts
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ftcsHEzCIs of dzde O 2O oL O' 3L Od3' dzdz' ldnylsiyw
My sy de OYUOBJ.

AN teddd o dtotsB dzw 8 Is! HW 4 tgdSdzy’"’ 2 8o QudE' J
g4' dz6a D' dsjiONO (1984) , Bdlsls* 90 WkdCy' w
MfsydoaOyod odL dzZOyoO’ Is! Mmw ) IsJ ted3’" dzO n fn
stso Ote” azZf'd IsO L tcOrntsokz’ Is: MW L O Wsttdizd

u(g; (1), m) = A(g, (1) + 0, (1) - (u(1)* +a,(1)*)/2- s(t)g, (1)a,(t) +m (2.1)

His®i[0y. J[BdjyJdedz" BOSHdB L OYS ' C BB
y' desets’  CpiEmp,dOouf wdufotsHdls! HE d&OMsizYy d

P =A- p®-sOA p®. "1, j.i,j=1n (2.2)

H J i Otc &)ty jo sty * mMsB 8 mMskzq * dz oL O &
stso Ote Oz, d® € fMils! € tsdzl Iz te Ry =u,d 7 6 1S HaE. Is d
f tsodz' Mmiss oL Q" d3t3L00BY dztztf POz, §BEMEZCIS
dzj L Odzj yded &3 ' S5y dzO W' 3@ SH{'2' t YOI B d&fs
oda' Hd&s’ @ SHE&&Y dIs ¢ o' H ftfmis' 2 dats’
1" HYtse ' Hdzts, &dIslsé vih@ H¥ &ggLel o s Ols

IdfEMS fHtesHbkSy' ® ¢ tdif &dg's'dad Yy &€& o
sCtc] Mdoj] dAs @ [ tc’ € O 1[BI]. ddnfdstslall @) s oz tc ts B dzd Yt
BEHE  Is! v 2O k! 7 thdse dd2 -BF S dezdEc t
stczHtse ' SO € OffZjls Gatsdeg 30 BrAdRd S Of ' s Oz

fsodovwL Odg L wo . v OC 5y tfdaz L Odzj ) dz'
WEdeC y' sdzlz ¢ s 3z dz' M. to s ufiy deldz™ , 1§ §HBie j0dzdZzCOoR
sHd ' <c¢OdzzL ', OBMlsteOclzs ydm: o H k' dzh
f OOdkj kil oL ZOYOs Is! fw tL fls Ols d )k

IsStcOdzmdztsc Oted W dzlz 0 Odzdzé o934 HBMdz HY J dzs’
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By 2O o dL dzOydIs(d:

g =ep@ 2T +a v )C O K 0> L 1" (2.3)

6T, =1w ¢ e 5L ¢ czwpcgl; =LY € O iz Ees L ¢ d2vipvf
(T, =0,0" dzhedcRf OH C OF %Ijzo,s‘ dzhedoff OH C OR

(2.4)
l dtesB & @ y' v 4t dp Sdf sdz® Hdvw  § sd
ZOMmiszy dzgd?2 o d e dzW H:

gt) =exp@ zT, +V)C (t)* K, (®)* L (t)*> (2.5)

1 edf MG O &S, hts HOWjtejdy Oy ' w 1t
" deojMmisdy 2 o ' dWstedkOy' 2dz I j - dasdtset
ftso' WL'OdddsolOy' 2 dets® MC ZzOHBo s ftesHEZC Y
WSt iz izts s

#t) =s(t)[- g;(t) - G_;(t) +¥] (2.6)

Higmwodzw' MtsBtst Mz L Ekmdde , B3sdj &idd
t, h =B LB dz " dlIsq HdW Jjte]j dzy® Oy' ¢ s)ff tots|
G,MH=ag®, bBBSYy MEBO LEMdd' L tess dj dd

f smd dzy dzdzv HdW Jjtej dzay' Oy'yi[ Of @& tbH zek QB ucizElz
Oi3stelsdL Oy* ° YydtejL MO’ dedgw s n dzsdzisc’
fsmis' 2dd?2 o yofm' .

MOtOCIsjtedMmMIsdsc O, o' wWLO®RO L cBtedL ts
ftcedL otsH(Is! HE f(todisets tojLbkzdz Isks ytsets
Wt d3d . K esRVodeEe () +y] 3 d20 f J ey f MO Is

1)

S(t) =-g,1)-G,®)+y (27)
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[flsOdzdz o' odgw dedz® ' HCtej Mz, hits h
fesHESClE L §daddsd yoOmkz d& d 240 o d&dlstk
stt' f e, W' ttdd Esykls! *dojflskze Ols

W OO ydzO o Okilstshtes * B fpsdL YOMmEsd
ROMszy dzsdslz €' dzj BOISd ydes Bz to' o dgv dzdz' :

#(t) =c (t)(- k () - h (t)Kk_; (t) +d) (2.8)

HJkho C OL z° dz0 L 2Mmd dzdzv,, niLsts sLdafjdez" dwis' d
o qtesBdzd ylso @t)i [ Oz dz§ y'oJ 3" tos * 5L dIsd e dzd 2
hts W' ittsds@®d ozlz* o' H ftsyd Mk ' dzdztso Oy ' 2 dzt

YOMdv[Gl]-deste BO OdkstelsdL Oy’ hts  jtoj HB
Wted ' Ml 20 o yoOm' .

1 sL dIsd o dzlz ' HHOYk 9 "' H offtctso OH Y j dz
Codel Zto j(das Ogf sz y d iy dz' ' 9" HBBS9 © 9 " H

dzj sBn " HdzsMIs' ) By d20 ST dmMOIsd dzOMiIskz{ dzd
F(t) =as kK (t)- Ah (t) (2.9)

Hjak@-fsL dlsdo dz [I]OLO®j sted
) odtc’ Mls dgEOydzds GZO L OCIsj tedL o Olsd dzOfl

K (t) = (k (t) + g; (t) + h (1))C. () - &K, (1) (2.10)

[dils 8 0O 9 0Otls' Mlis “dgo J Misdy' 9 ' dzdzC
9 Hiftso Hdzsuvwits)lﬁ'i(%é&i a uv(ki(t)):&ét»z, ' b
ftsLdIsdoe dz f OtcOd3j Isted Lo Stotsls dzts’ sy’ dzf «
' Hf 59 " Hdats’ R&D jWjSIlsdoe desmls® .

IMe "  dz €d HdWjtjdzy Odzt dzO GO, h s tots
I sls’ o ftiso Blsls Odf L WZ20m @ Is! Mw L O W tstcdilkz dzt
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99, (®)° _ bk (t) +h (t))°

PO =[A- 61)- sOQ - ¢ Ola B)- ="~ 5 (2.11)

[lsted &3Odzj L dzOyj dzdzdy ftedebkzlsClz o' L
sBjtedzj dzs’ Wk y' © dsidbkz, dO ¢ d ¢ f
offtcso OH Y j dzgdg? datso t5° Isj R desdzts@ " sO ' dz

' dedztso Oy Asdgds . H ' W A dz
10 HOMB® ®GSHj ddt shdse dss d&jlsss ¢

et BOCMdAdE L Oy*' W

1.(t)= ﬁe "p, (t)dt (2.12)

Hls09C 0O HOMEwEsEg OzGYO* s v  § shis’ 2 d
sBL W' tsds.
] LOcOd dt iz BEHEAEY H O fdsfsipQ st v S :

9(g;(1)* bk, (t)+h(t)) Qi
2

1O = " %A- a1 sSHQ, M- ¢ ®]g -

0

+ 08.

é
|

&) =s(O[- g, () - G.; () +]

1) =6 (OCK O hOKk, (0 +2)
i (t) = aKk , (t) - Ah (1)

q(t) = exp(a zT, +V)C () K (1) L, (1)

——>—>—>—>—>——>—>—>—>

i=1.n

HijTh dzr €' Mmls! W' teds, hts tsSLEdZYHO' Is!
vtsBlIsts, L O Odzsd3z d3tsH J dz! wg dzw mMtsB s
CsiRBf Odz" 2 z0 sMmdeso BsHdW ' S B&EOHSH Z8-
5B 34 3 4 dedzv 2 oSt Ezef © wiRedddeY © dpidsHe da@ s ¢ T -
H dzw HdW jtoj dzy’® Oy' °’ ftosHizCy" L d3d dz" J
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Htsfpdz" HY j degdgv tej OCy' ' ' [sjrdesdztse’ ydets’

23U jste" W ' @ists

vtk W & tstdztOdg' sy d drO frpv -7l 9346 YA Wz te 5 € 15
L Ofbkhmis: " o BOCOk! 855 15OSdavC { s dpl
‘dzy J dz tedzd = M d Mdsi@B, O oo -CCBU] 3Tz © Isj -~ dz2' € C
g Mmejdgii ¥' Lo WL G EOLE { sdj Hisys'j dzk dzts o
Hsfdz B@d @0 O Hismd HddS OdBde Cuklz f) s O dzdd
MlsOd&zO fj 62 5L dessusjeRiES @Mt | €6 s ds'Mis o dats dst
MfwOolk L MdskOy wdiq, Ctdd HoO @B & b "
fted?2 BOs Is! L@®dY | dade'i) e dz] dearvOmdzdf 7 W Q" dBidds ¢
L' & " sftedBissS, f toficsiCts a&sWipldE ils? , ¢ ©tsd
sy jdz CE@YR GO o &ZOMdzj 6 N j dedev W dzv
BjLEdMo®sE WEkds W tkilgdzdzy &@OL do @ Is:
108 6, wCd2 & Mmisdlk! off' &y ddeos dfm, ot o
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ZOL o O Is' MWe jiuphHsOHREE' 2 cteOo yv.

U RNBH' LB YW dstf derfellp® d H'dE ster j W §
CZOMdY ' €Y 8 sH s MW &OMisk ] ded &8 Y d dats ds:

1. 1  tsq dztsHmns cO@drje ' "y OfffleOIls d ydz' * HJd
s Olsd Ybzs Y | dztc CaQpti®(t O ldsj' iz R datdsto@L s o' d3 I
Hdzv HoR CctkOoy" 8 Mo suldonsd O, dzj 5B
MsOlsj ¢C By defstlEMs G tOo yvw & fMisdlse’ 5O Cdswij
ZOL do O Is' v  BOIs 6 bf widgise 2 deddesd g f Lldsts dskzo * H f
o Mgy dzd o ° & tHdsBf oEsyf dydds Miste Ols j cd3tsy zHso s -
LOf diOdOIsted ydz' 2 V¥ steds

U HAEZz ydz' 2 G’ Sty dlse@OWE s to @ tSdlQ
L Odzj ¥ det jou'fH tej too dafs ¢ 5) \ODBffems ts 6] tisdg |s ¢ ts@
ftesyj M. MOl 'sEdzOtedzH d dzf O 6zq CteOoy' o
HoWijdey' Odz dzd 3, tols tlso@Stlsdy dsFOL d o O Is! MW  H
CGtots®s VW dz' ts9 WiEdCy' o, h ts CGtcOoa ' dzO ¢
B d2 B Lo Old, W& fizeg qiEsmddios dfeeddsils * .

2.1 bsySd Ltk cistsddshlsoficnolsd s
dzj S j cObd ozl S ¢ GOy p dz' A tdas@ng jioyg' W og® * Is
ftotso j Hj dzdz o dizOMmdzts’ fsdz sdSd IO HBMWC
"deh dd3d Gt OEH Y dzdtc M j dadaw H dzv ¢ tzf] Cots BtftsjdiEX
' odzsg DOF [ 241 ' o dzso OcC OB plsjoh O 5 RIS Is j e
MisOy' sdzOtcdzd 2 3 b Pde, ¢ &6 08 D lddia| desdfds s tads dzd
fSEWHSE o' HiNskfOlsd' oV @h ot k@aks@lis
SBLdEo &z 8 Olsd MW ' dzutOf Hids  Wide] dEEEIS @B ¢ d8ts 3 C
tesL Gdzv H @ls q §Y Spdzinjderdzv. Of tsB 3B SE 5 G 6 C
i odkso OGO pBJ Bsistcd &30 dz0 M s O dprf @ B[SO
sflsdd LWy MisOlsdydt  oddEds te d fiyls O dzda jdis e s
Ef tcOo dz' Jedz” H df¥3 H d dzO.d3| Qdaisdz' Milsted OB ts z
o' odzpg OOy zj S jweOlsdodzs® cted dzj L Os

VU Cobfgie®dsds NYO CiEj d'o OWMED Y'Yy ' &
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ctslsfmyf " of cOYyt 9 OlIsd tSHddz L tsH dzd d3, h tsB
WkdSy' . sO0Cdd3 yddesdz, Csstf jteOlsdo dzO &
BOGORsLts Odz! dzts” sflsdihy 'S | s o dad
"1 Ote jsldftls  3O'dB2HE’ Chidsjtsif tis  d3@edz' " dejdzdzs zdgsff d ) O dzd
wilsOy' sdzOtcdzd 2 Mils Odg, Hj Hz§ dgts yydzdis tis o 2 ts «
GtcOQopyj o obtcO@sdizh Bdzf ¥ f tcd dzO 2 d3dz’ S H
Sistcd B3O gy tis  d3@lzy degily©,’ B zlsd Isd diis A dgPdD ts 9 |
flotse dgfHO] &3 L Oy’ HY z dBSYUs J"ZO'd! d&z® 2§ dztss €
y' dzt smedr WkdeS y' 2 tc6icze ' oo tig CRitES: o dif" Chtc O
Bsy Bl tlted BOd' tEteOddy' L O 1 0tjls

10 9" HA azilzs 2 O@id e P Py a0 H Mdz@ dg'Otts d
] Otcjuldftds d 3O de ' dzgicdilzy o 5 H datstdpisHsSidAs. dzdzs @ €3df o3
o' M j dedgv CteOh ddz o MdIs BN FidS Is t§ dsddz|ee @l
Mistc O j & B SIfEHZOdz! des s OB s Cusdsd rj teHOdylS d ¢

3. YS dtf sz’ Hiso detsfipds" M i @B e J R J A3 I
#lsOC jdzt Bjtcetsd3 HdzVW dzj 6 ststhg fip'®ls'df e df2 3@
o' h jdedz? SHEASPOflYdAE wWEC o dtdzkzb s @Sindz' s
fted2dzv Isdgw, tcla@ylSts L ¢ tcOo Y p dedzipdz?Hdi O Mss t
f j toj H O dsts & MistcOIlsj ¢ & dzO fc gz d © GO
(fsmMdz Hseo dzd &° B Wtz @ 'RIOY s ' H ! dz'da®] ) Issct©'Is
s OC jdzt B jtec O { j tojHtBipdy O tso' dpd'S, d M tdsO p' fifs dzO
MistcOlsgzern § o' o + dzd d3 d dgpdflalzty dzO¥ yd , haszH £ ts
tc] OGkzo Olsd st Isd BOdz' dzts, bizlz @ |pfdafts O IS fiesthdiatidsHj d
d4IsOC jdzt B sEBEE)NR L zs W &S W disaHdtse &'
dlsOC jdz2 BitEgB] BOE B! dzOH § sMdz' Hiso dzd & Oz
LdZOIsdo fny ' rlz' f smdz' Hiseo dzd € " @dtcd uviIdd 8 I @Syjf de'dE
sdz' ¢ 5 5dab ozt ezl 2 RZOdgdZOO o j dzd S dr H A oziz
dz' Hjtc" azh-"df) o j dzd & ' -f S5dzY Duzd e Slzff € ° ¢ ts dst
f tc Oo dizRH |Is " odaW WitgdsQdw edez dzO HE At eOjdeizd Sz d3
f sdz' Isd& jOodzdiOd 2 Ml dgls j <20’ * dzh d -
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4. 1 btySd mtsgkz yd dy daeidd WLk dt ' tedd
dzz dz' s 58 Mz iy dzj dzz dz' s s MEdsE G teo
sB' ‘" Clsdodedrn WEdSyYy' 2 eMm' 7" GctOo YL ®ce Bdz!
ftedte’" Mls y' dz soadnm W hkdf y' L20cHOjd dzlyr? dzed tis@saf
W€ y' 2 " dhdr ctOey' 9. v OC ddfg s d detw iz, G
dzlz dz' 5o tis® |, Micdz o dztso O O | JWhC®' olsd@foBIG O * "HLES
ssyS s Hazd dsdf so dm " dffictefd C1dzO dzz dz' s 8O Miz
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sO¢C 5y, hts SBYO Lotstetsisdzd? L' WIMSCEGts'
WMo Odzsets € " dzyjotsets etedLBd&zIsz o9 L O
C'dz2 €O to' Ldzdr L otdts lodadifls Qaj ' otsodEta@iz] = M ls
dzad MG * dzyd dzded d3 G tsted L tsdzls ts d3, &zOo ' Is+ wCh s
MisOB ' dz! dzts¥* o HJdzOR ydesdzsz Mg dzi® .

[ dzv B ' dz' h G dzd Bt jisd!ts  HOHAOES 'L g Oxdzlzd o
o' Ldzedr Mbstste’ dz. A J dsEHsdzO Isujtdstic8 d Is dH UV Q@ toH
LO 1 4Mhdd&, HY off 0L ddsd * L d dedg
sflsdds" Lo Olsd y' dziwt€eskrz W dEsy ', 8 SOz HU O H
COtcOdzlstso Odzgdm Mistc@lsjj ¢*“ Bdzld 't jHJ a2 d3 d
o dc @Y.z

251 teddzydf HBOSMdBzdBE ! sdstew ¢ dzo

[JHdzd d3 ' L LeOhipiss da{éw Lz o @dalizy tc j @@y 'OQdz da
odSted MisOdzdz?y Isj ste’ ' tsflsddizOdz! desegts § j to
Hdzw oM et C dzOME ¢ tsH' Bdzdr L OO d dgOR
wed?2 Blzoe dzOLoOdzed?2 o vyj-fhlpteh jJ, s 1 das
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d dzOd3" ydats’ sflsdd3 L Oy' ° ® BJLEZdMkss dzlz,
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J LOCOdz detsd3dz o df OHSEZ B dzZv " H' dalsj
MisswWilsd dydetsy lz®C WwWC o' dz tsoaddsjdz  jte] ¢
WedzeCy' v dzgj LO200 © LOHOY" . (¢cS¢hts " H'
LOHOY , It vyj2,BEeflsHddzd dydapPled &3 dzj d
ofmM'n HwOCIlsdydedr y'tsdgjs? 2 akz0j € wkdzdaiZzOy ‘B, dzy

hts i3y dzO /i)eHjtste IsEsdefits o Odzts e s L dzOy 4 dzdzv .
lteddzyd { BOSC Md B3z i3kz o' Hte' Ldgv ' s+ fyw :
fssHdES 5 § pidsbasts §steW"HSE., 1 jh O ke
] OB dz' stsdz" Odz " Mzle Cakzy | BHEEBLP OB
9 ZzOGtcOdzy " Odz" . l sdz0@ tslted iz’ Is! Mmw Hd
9 "' Hdztsh | dzdz® Hts Cjtlkzs yts’ L 3" dzdzts’ (wghq
L3 dzdz' 2 CjtokzoOdzdzv ), LOGCOdMz dzgdm SO HESH t

mJaxH(t,y,u,/) "ti [0,T] (2.13)
W Hy

wdz" g2 Mfsm e, WEdE & &syids sf(d
BOC fd Bz iz :

H(t,y,u* /)2 H(t,y,u,/)" ti [0,T]," u* u (2.15)

s’ B Ists@ts:

1. sg=dt AN o 05 Is ! s | oRis s
ud:swc{‘; , @oLde fdmlsj ds 1
COdetsdz’ ydets¥ MmdMlsj di3se

2. Huzdj, :sw@%m' ofdpvdizs'd o5 f o lststsj dzdz

LOdzf yded d3d O € jtolkzs yddsd L dit) alzidd GptoQ@iE], dp,
hts ftedtc' odgs “Is! MW HBs dzgj eOIsdo desets L dzOy g
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3. [BdHO9 O tc' 9 daV dzdeW 1 Unjd MHsq Wiz tc j4 deps” Qirr! IS
fJtehses fsteWHSCE, * doJ BO° HAWJ ] dzy' Odz
[9].

ltcOr oz ydu,¢ dzody W OFRHD oantsHdls! s dMo
OHOY' By 20 s jMisd LO HBfGSBSEE
sfsitess ftoddydilkz BOCMHMdzdkz v L Of
dzC y*' w | Od3' dz' Is s dzO BLEkHJ W dzv Is mts
"H' dzs@ect@arCdg v SO Isted tBd3J Y J dedev L
3" dzdzd 3. | O3’ dz' Istsdz’ Odze BOISJ A3y o G dz¥ H:

-

-« = I

H (@k,g.5hD) =e " A- 40 SOQ, - 6 Ola 0~ LoD

+/,(OsO- g, (1) - G (t) +ad] + m (t)c; ()(- ki (¢) -
-hOKk O +ad)+a mte,OCk O - hOkB+a k®)+a)+

Ii]

+w, (t)(ak, (t) - AHK, )+ & w; (D(aKk., @) - Ah @)}

N

_ bk () +h (1)%)
2

1 dz2h HjlOdz dzgd?2 OdzOdz' L. WkdeSy' ' | Od
9 dOmMlsizf dzdr ttsL H' dzOR B BIsd.
26 |0tcOdzlsts 9 Odz'L Cnlutg GEHHEY jjds j dzy ' Odz' dzd n

vkls! Ctedljtt's wjo' ' HYO fsdvWeEO' Lk
Hsf EZMmisdlsd dOH®B ttds odmMsCdn oltOls, |
LOBjLYjudlsd fjodzd?2 cGOwOdastseo Odzd?2 o dGtc
9' Hdatsh jdgdz® HEts toj L lEzdz sOIs' 9.

L0 wjo  HYjdB ftojHMIsOo dew o BERY. dOMls

108 ' 6 q L dzOYyoO' L OcOd dzd?2 fshls' t
BJLdZ yyt H' 2, w g azd 99 0y Olsd d3j d3
f o s sEBYNGO (O0LOR]sted| N @0 yhH
ftots' dzH j § fEsH.Odpd®  BYECHS ¢ € s tiNls j(3.£)Y, S teOo yW
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ZOL d o O Is! e tefCeds ¥ Hodyw diglgd 7 o © H
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flstcOlsj " *, 86 "Eth@o WS sz 5! MW Edse O
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sdz"H L OLdOydlisd, hts B t@PRld® ddBlcdE
BOC Md 3" dedets® MlstcOlsjc" ‘¥ HOdsGts GteOo Yyw
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L dzO2Isd, dzOftcd C dz@Bid]. ©¢ [ Debreu, 1952]

1 OHOYO L 02O~ tsSH Y J dzdz” BOC Md 3" &z L' w
ftoed dzO2 d3ddz’ o Istc! GRS QEOMIsP)f 4 - BB ¢ tcOo 1
L dzOIsd tjL kzdz sOIs, wed?2 o' dz MEB2 iBsy
"dzgh R ctOoy' o; 2) o dL dzOyJ dedzv BOS Mdd
od to* M j dzdz Ctsts § tc OHsHW jdatsjcdzy * sO@ie " desdzls 26 te d
L dz@tg dadzv fsH' dzk ' cted, o d L dz@jtadssiy) 5
COtcOdzlsso OdzO MlstcOIsjc' w ftcOo ddzsdz ff ts¢
AW stled3OyY W BB M3 N d d20 st dzr € d L dzOdzdzv o3
BJLAE yyt mMttOlsjec' 2 cttOoay' a ' c¢MmMoatses |

VU LYPHOBOS M dzO oid W OCIsdydes EBE Bt
Gte@Qoayw ' ofm' 7 " dghdn.

qdzod3” ¢ 0 O’ cted k) xgy=Y MmdMmls

CcEhts HEts LOHOY' f " HAtSHdId L fsLdy
ZOMlskzf dzgj . 1 j~02 WEdeCoayd vdzcHe. O y¥ o dctcON

(U, u,) =A LT, X(T)] +T|71:(t,X,U1,U2),X(to)dt
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rdzv WedeCy' sdzOdzz MisOoa s Mmw L O9 H O dzdaw

I” = maxmin I (u,,u,)

Wl U; ul U,

t " hddadzy BBsy dzO ftese j Misd dzOMiIskzy ded d3
1. 1 dzw 9o " At Mt EEs2diakd bk de) s O€ 2, " s
0, (u) =u,(t,x.u (X)) UH dzv -8B B €8 U,

(U, U (u)) = min 1 (u,,u,)

(O EELEEHO' &s ' d Cd odfOHEd,
Wl dzS W) H dzs L dzOYdz®, s L dzOY0' , f s
{txulo ' Hf tso " HO"' ‘umtckddj E'L dzOy j dada”

2. wleUndzO2 5q H & & efidizd fpsde Qs § @ '

(g, 05 (1)) = maxt (ug, U (6, ,,))

rsfemsdd’ wBLoB)c'"'s odL dPEP} i dde
tc' o dzv dzdzv d3q , ZOL do O Is+ fqw g [38].j dzgetizs (BO!
dzi sBr ' Hdzs f jtejo  todlsd daj sB - " HM' ‘to' H gk
BOSC Md d3sd dzdzts™ L OH OY' .

27.0 dzOdz' Isd ydzd 2 Ztersj dzd v L 5 €

[ dzw tesL ©O6W L OdzadaWtH j tzh sfdz' H H Pdalz? d3 to't
oS tcdmlssoa zo Ols d iy tc' o dzco OGO 1 j hrOdzw ¢
fsyOlSlkz dzjsBr' Hdets HEse j Misd, hts to' o dats:
CdeW stcaBOY W j toj dzy'yQ dziHdE MK sa®©'dzO f * H Gt O.

[ EMCSdz0dE0e O f "Hishdz HY Y EORQW d&3d L Of j 2 |
Zz 3" IslsjdzHtsteW O( 197 8()983). rd % Pis g bzy 2@ gztc ;O G |
f* " HAatHdI! , ¢ Hdzds 2 A O @' ISy ‘w € tekf Is * 2 i L
A s Oy T, BMlsOddzr f, sOCBE | BhE dv g
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Hi(a.k.c.g,s.ht)=e "{[A- g (t)- s(t)Q. - ¢, ®)]g (1) -

g, Z(t»z bk (t)22+hi O 1/ sl 0.0)- G, )+ el +

+m OGOk - hOKk ) +a)+q mt)e; OCk 0 - (2.1
- h K () + 8 k ) + ) +w; (B){ak, (1) - AHh, (0)+

ILij

+8 w; t)(aKk () - A )

N

Ok BbHE & bdsed §jhsets §sEYHCL

A- stha a;(t)- ¢ (t)

B —0v A-240- sQ, (- ¢ 0=0; g ()= 5 (217

uH, PR AL UL )
L0V -g,t)- /,()s(t)=0; g (t) = — 22 2.1
0 @i (1) - 7 (B)s(t) g; (t) o (2.18

%:0\’( -bk (1) - M ©)c, (1) - b OF me, (1) - ma =0 ;(2.19)

- m@M)c ) - hMa me;t) - wa

K () = - (2.20)
%=0Y bR (B - m 1) OKK,, - 1 () =0;
- MO OF K - wy O
(1) = x (2.21)
| weshls' C el sdzsse R’ Hdzs ) Oth @k dlsd,

L a3 dzdz® MIs,0dzO W "Metslzdo o deBtstc’ G Isd d30dz! dzt
wWed22 oy@e tcdzs@tsyJ ' cdestezo Olsd L 3 dzgze W §
mMizy jStled uvsBIStS, dzj GZOBGetsj WY §1skL Czo Sé6ts lod
odsBddylsa ®© ftesHkzC Yy’

[ sfdz" Hd BB Mg qOls ¢ kzdzW BdetfizO Yy " 2 dzd n s
HdW jtejdzy Oy' ¢ ftetsH EZRiy) 218 G df Gyde'w Ist), I o3



54
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LOBBC dzzlsd s S sdesztetsds dzgj LB cO8 Is! Mw, 1 C
9" HG tiod lpllzts o Oz j BRIAM OHdzs 9o tcOn Qo delo OIsH S L ¢
L o3 dedets® fysprdziz st ¢.A )] dte@damtsH[dGE S s M
( mMd dzt dzO© L Odgj@ndz td lo dzs&'@EDC Is | g 513 € ts dz@® cizd
f He@PEO6]d j ezyd dzOo jHJ dz' Hasd hizjo Odg'dte € Hotbdz
My ' dzhé@dztcweo de¥ dzdlzgzgth e € Isteds B3O dOMIskz{ dzd 2

CBHGD s B GO 405 (D s B GO 49D W)

- r () U
ps(t) i Ha(t)  ps(t) 5 Hg(t)  ps(t) Ht

MO 408001000 6.0 -4 390 @22)

AGIAGEQ)

a7y
LVdiseo d IstcOdzoe j et Odz! detsls *
Bime "/, s(t)=0,i,j =1n
jI; o (223)
i

im e’/ ,s(t)=0,i,j=1n

[ dzv i3Sy dzd @ s5Mis ' dzCGodiOIsy dsdfvedigisdzts ¢ O M d d3d |
hsHBE GcttOoay' o:

g (t)=q;(t) =qa@),i,j =Lng,t)=g;(t) =g@®).i,j =Ln (2.24)
uBH' BBO' i3 sdqtsBddylkeo O ftsHEZE Y = O
q) = = (2.25)

2+8 s(t)
i

l tcOrBBakze yd
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L)=/,®=/®0j=1n 5O /(t)—-@’((t)) (2.26)

dstcd dsz* dsts dzOMmiskzq dzy tc' o daW dadzv :

O - (0- 9t + E20 gt + - 11 (n- 9501 0 p B (2.27)

Mt é

o' HMdoEEqYlsg] ©flsdBPddz@ * dedbisac@y

ZO HdWJjtej dy OQpden. § @sHBS Y

:megmmo (2.28)

«t) = s()[- ng, (1) + 4]

(t)

- &n- 1M0f+?%;mmo+d ﬁm (n- n“”“” .
- T4

#() =
g (2.29)

aM’*e Bt
(n- 1) s) os(t) - (1) s(t)[- ng; (1) + 4]

o

tdfm. ADLIsso’ sStcO’ Clstste’ ofdazde kz

fesHES Y

t dzcjz
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1 OMlszf dzgddz S tosC 3 dej SBR ' Hdzs tofsL ¢ dzw
(LsCtej d&BO  ° odtetsB dzd U’ ) off dzd o O Is! dzts o
tc' odagWw dgdz?" HBfBd3 ydedre L A3 deded= o | Od3' dz' &

B BHD QGO WO e
e ® O ak® e M

_“”:’In(t) =g (t) + m @)k (t) +h OKK, + 7 - d)- (2.30)

WD 5 m e (om e O+8 me OO mOs O +ad w)

b N i i,

CHHGY G KT BHGY K G (O o) U
e () pk(t) He;(t) T Hk(t) pe(t)  mt !

PR ok ©+h Ok ©+h OF kO +7 - 0)- A0 bk 0+
pt i (2.31)

+mt)c () +h, (t)a m (t)c, (1)) +# a m@(h; ©)m t)c 1) +

I, 0,]

+mO)c ) +h (t)a m (t)c; (t) +a )

Ll

i ooy g PaS ) s s ds© jW Sk Lol
AN 1o

Hes i, uOfnlsle%tdjm;‘tda-ﬂda‘alz*flslfr]W L

sflsdBOd ddr L zOhikte Y del sy BiewuClz:

m; (t)c; (t) + h () m (1) (1) (2.32)

K (1) =- .

A Ediscod f so d gzdz ERsgds sy’ df syOlIls¢
{cO}={c,;}sO Ed@ito O3 IstcOdzMmo j M Odz' desfls'

1Ellme ‘mec (t) =0, i, j—ln
[©e (2.33)
Hrrle /77]Cj(t)=0,|,j=l,n

ddz H L OL dZOudlsdiz Bt asq DR i /Q,0 ' H dzw
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oM'1.0 ukHAHL SO Ho&,tsslsteLq@(:%idmo ldSsiedmsse

CdeW Ste RO W B3P ed GHlidds@L  H dzv s Is d di3¥ tzte dgd -
sOCdd3z yd dzts d3:

K (1) =- Lbc(t) (2.34)

s IsW G dzj L%BBHB&W, MR HS S0 ' HdEs, 8
i

o' HCtedlstss ' ‘dal s EEOADLjEEsrdzs s O d L ,L OF &
Yy dL d&zoyo* fddz dzz L, B tzp s tef f)ls '] OoA Wz gO B) tzj
fesyj § BEOLEzBsdds  jteh sets SteWHEEZ " F
f syoOlsCsadnrs kW&o

v {3t disy jftedMmiszfdisd HBs ~OLOCIS] tedfm
CdaW sted3Oy " B . ltcORtsa zs yd F dstse d f J t
Iste O dzmo J tc O dzfn dzic iy ks detigfoa@eR s 2 § dzd d3 W d dzfs d3:

CHHIGY _pm() ’
He; (t) bt r s
W?T(t):qi (®) +m )k ) +h (OKK () + 7 - d)
uH, (,t) _ wm (t) ‘ >
YOI
wn (t)

ST MOk O R OKK O 7 - )

W LdzORtsHd B tsflsddBdOd daj * dzd jeiglinkz o @ dzd

I (2.36)
= ac®)- brk ()
| b
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/

0 k=n/(1+6) k

{dfM.A QLB kKO Cliste' ' (odctmditzts & dafiasls
zjmddds SwSsd &O° BRld H &S O fakd
sjhidsdse yds'® oL O[EsH' ~ & 3 Csif Od W

- |J~Hi(-1t)_ - U'Hi("t) d-‘h*i(-’t) — ] (t)_ r W(t) U
b () o Wh(t)  He (D) Mt |
””ﬁt“)—q(t)w(t)(k O+hMKk, +r-a)-  (2.37)
& MO k o
S m (06 OKK, (0 4]

w; ()(- 1) 3
u

i,

CD>C_D'_('D NCNE

j i

CEH (D)L H D) dlh*i(.,t) _ b (©) U
c® & mo owo w0

%() =8 mOCkO-hOKO*+8kO)+)- (2:39)
-m (t)a Ki
S8 N O+ 06 O Kk, )+ & w O #)

i

Vdsse d lttOdhe j tMOd dsfls' :
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ﬂlm e"v,h(t)=0,i,j =1,n
I H - r _ L.
Hime i 0=0,1 =17

(2.39)

| ZORsHd B BYldBOd d odlstOlsd HA&Y ¢t

4t 2BOdzdzY ISjrmdzbdzse’ 2 9o CBBdeSlztej dzls’™ o:

ﬁtt) - W (t)C(t) - W (t)‘g(t)

b

BH, () _ g 0 :
_ i - i _ YU

o o
R - g 1)+ w, (00 ) +h KK, O+ 7 - @)

:: O IAG , (2.40)
e ow #OY
g (1) .
S =AM OCK O hOKO+ 8 k©)+a)
19" HE(]
h:aT”k (2.41)
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tdm. An@LBs ' IO CItste’ ~ §t5° HAdzOdzdzv o
odesBdzdylsoa O IsO dzO HW jtjdzy' Oy' ¥ G teSHL

28 MbshizeldmMe cOwOdsStse Oded =~  figdsste Q Isky
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LoOwWL Gl L f sH' Bdz Misk h dzw 7 Iz tcsL o OwWL

~nOteOCIsjtedmisdSlk y* " LOHOY . k2§ ddd d3ts
4 syl twsLodvwL iz Is! Mw L OClatOdglo tdstdfLisH
Odzy L Cwdljte’ " &3 3" dz' &3 L Oy* ° WkdC y' s

odedol Sdlsjte' 2 EOdd] odc¢dvH:
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1.(1) =min) (), R={s, (t),k, @®),h, ©}D ={s ©),k O, h ®}i, ji+j=n

[ dzw sOC ts° LOHOY' BkzHEk  Is! mw ] O3 dz
MstczC szt O, hts sfdMOdz0 o ¢ yioiszly' O H M &
L a3 dzdz’" . | tc@FHsjpdz't ytdj W zkz' 19 GOsHJO udts Lo blsvdLdi 1a

b =mind [ (RO, D®),R={s 0.k {).h ©}, D ={s) @).k @O0 ©O}i, j.i+j=n

[ Odz' ctksdl@ VL EZ' Is' MW LOHOYO ®flsdd3’ L
LEZORBHWIs! Mw C ' dzyjod?2 Lo dbwWLsE L OHOY'
28 vy digfRrdz'tedeL 9 0 WL € HW jtejdzy® 2dzdm ' <

rdwgjtej day't 3@ j @6 Jd ydzd 2 ' dzistelz d3j dzls
Mz jtedzd SO, CtB@flvijctzr" SdzdOplse O & % H o
GtcOo yw dzd . Il H fYyoOlSkz ode yj dzdav , O MM
ZOf d MOdzs” HtsCktesdz . ¢2L jSCMsdz, Isjtste
dzO B Iz dzd L dzOydetse s tosLodlsClz. " h jdadaw H
wg 90t Oy 2d20 L OHOYo ', Cte" &3 Istsg s, ti
| OB dcEtsdzd. mtsyO yddz Bj stsHisdy d@syj BEL
oMy LOLadyoO?2 LoesHdI! MW Hts Hg § & 'dAls B dgp@C
CsteHtsdzlz, WwWC' HEY] 90)C(t ftesO0dzOdz L o O

rdW jtejdzy 2dz20 ctc® sy j BERlsd Mftesh j dz
MmdMmlsj &3 | O3’ dz ss5dzO BO" HEXNJ o0ydzdoe
yjtejL MEdzOHdz Mis! MdMmlsj dz | OB dz' Istsdz0,
odt' h jdzO OdgOdz' Isd ydzts, v H s o ® dnlg ‘ddn vdzd A
stecOHdYy" 2 dzg ud mj dz dz' B ssHd tof hj dzda”
s H dats d3lz ¢ telsOdf 'to,d € dzOH , BizlstisHD ' Z dzdz] dz' 2 d
BOGOIsMmiskzy ' dzyOMmls" (2z0f tcd & d&zOH , d3j IstsH I
steOHdY" 2ds ydfj dzy getc j kg st s AL | Gz
dz' dz' 2 detsets e dedzvHEZ L Y 0O fmts ds, ‘ sOC dd3
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Mdkotsdzd fslstsCkz | O dz' Ists5dz0.

J s fls O dzdz' tets¢ d, His MdMmlsj 3G | Od3" d
fd i3 dzj € Isd yded 2 Odze stedIsd3 o dw e dzj dzd 2 i tc
f* Hise jtoH Y j dad 2 ftcOCIsdydzats. Aj?2 &34 Is s H
MstekSlskte §olssClk 4 Od d ssdzO. oddBf dj
1O dz' ssdzO@, ¢ Mkl ety ' Lddyw d
] O3 dz' IstsdzO. & d i3 dzjySils doyjdEtlzj dsjets ¢y VD Evisls s
sOCtss fYtsMisOdeso Cts8 HIW jtojday 2d20 SO ¢
Ho sMiststctsdzdz?" OBt BOGOItsMmiststetsdadz?y L OH Oy

wdz" dd3 §sh dtoj dzd 3 yudfmj dz' ded &3 d3j sStSH 5

Lo tetslsdzO ftetsyj HEztgA.sHS @ Qddsts 9V f fiy JOdRAdAY:
‘et BOLEBIS! Mw O Mdse Lo Stetslsdzts”
dZzOB e 9, hts oCdz6 yosils: o mMisj oM’ azts Y ¢
ctod . s0Cddz yddesdz tHddz ctOo j y! B3ts Yy |
Isj ted3’ dzOtztzezts e sty dzO0Opi€tgls  Higlew da{lWf'm H " 2
GteOoyvw. v tOL" dz' dg 2dzeds HIWJ tej dzgy’ Odz
Me zZOHO' Is! Mw L Hotsm G jttOy' 2 L s z¢

OdzG j Bt O ydets® MmeEdkd ' ¢cjtsdkjlstedydzz o' L dac
rdzv  ydmj dz’ detsets totsL 90w L Odadz?y ftoj HMls
fts' HdzOdadz" Isjtste’ ' BflddOdz detsets C jtolzo O

OzcstedlsdB o odzzlbt] Btgh s5'B Ofs 6 Y DuAIE* W d3 7145 ¢
o dzzIstc’ h dz ot dzvseO({S do Istskz, Nt fsh k¢
o dzzlstc’ h dz' 5° IstsySs ddad’  fdEeiipflsdizdif’ dz' o distSWHSdls C
sBd&zOMI® . 1 y' ‘¥ djlstss L OosHOdzdzw BsHJW
CstcHtsdze HEsf 2ZMisd d3ts”’ tsB dzOfls " L to ts ) lskAD'
CtstHBdstsH BOt' “tcdzedrmn WEZRZSEY' 2 LoeaBHdI! 6
y dz' seots’ fikzdz® y'odte’ widae safdzsis® L O9 HC
SflsdBHBSQBRE 3y ds’ WiEkdSy' '

F(xr)=f(x)+B(xr)
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HJ Bxr)- B®' Otodal kz ¢z¢ yd L dzOyJ d&zO dzd " j o M
Hf ZMisd &3d n ts Bjlsds (R ={=p a0 der}. B(xr) S OC O,
h 5B ZO cteOded Y Hsf EMmisd @3 dzdzts 3 d dzd
LOBJLYJykzea Olsd dzgj §tstelzh j dedaw (B3 txj oz
hsB Iwudd L BidsH v sdkkz §tcOs ddir Mdz@eg ded
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[jsH bteafjjyE ydnjd dses ' d&sjdkl
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cShts o'l L cfdzj 3j delsOteded B8 *  dzj ' ¢
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o ()= +pEOFAO- G OyI+5,0F 0O - LM +y])
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i=1mI=1n,
— (CiI (t)(' kiI (t) - hi (t) Kki_I (t) + d) + Ci|+1(t)(‘ ki|+1 (t) B hi+1(t)Kki-+I1 (t) + d))
)., (t) =M (t) + D > ,
i=1m | =1n,

aKk:' (©) - A (1) + aKk;\ (1) - AR, (1)

hi|+1(t):hi| (t)+D > , | :L_m,l :]?I;
ep@E 7T, +V)C 1" K! () L (©)*
C]i|+1 = Qil +D t +
2 y.,d,a,h>0,
exp@ zT, +V)CL, (1) * Kl (1) L, ()™
+ t 5 ,i=1ml=1n

s(t), (). a(t), k(t), g(®). h()>0, $(0) =s,,c(0) =¢,,9(0) =g,

l et yjtelk WEdCy tBdOdz BZOIddiy odc
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1, =8 e A- 4 0)- sHQ - ¢ ®ld -
e
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99 2(t))2 bk (t)’thI (t))zfga_ max

JIsyd, disd fjtej2hdzd Hts HdMCto] Isdats’ L
Cjtokzo Odzdav , hts L OHtso s Wiy ds'' L zts dsd3j W) izt
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LOGCOdz dgd?2 tsfdm dfgehH?) dz€ sHs O ' tcsd G HdzO didz
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sted3zdzd BsHjdz', fsyoOlkitse' HOdZ , L OGOC
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HdME®Y Oy" w CtefRlz ¢ lo'difvs e d hBH € Iz HOdzs®

oditedmlssoalz’ Is! v &BjIssH O jy' 2, h ts
OL d&zO0ydlisd, hts KNI TRO 9.0 dzj L HOIsdzd?
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F dz2v HOdese s W OR2fddzr ‘g admeif 'mo dBil _ ma x mi
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2.11. [ffd HYjdd" BsHjd L Stdtjl

[ dzw tcj] Odz! dztsG ts H 5 Mdz' LHOH] Glzdzy  dif J SIBISSO oH
Cdzl o Is dz’ L dzOyj dgdzv o d3sH J dz¥ . ) fjteh
WikzdeC y' 1 e dz sdziv ts dzO. g JteOt yd m! dzO
s dmMOdzse s o L H' d& 1.7 fftososHABS o] ¢
f OOz sted X [ sh @lstsC dzh * f OtcO3d sted IsO

CdaW sted3Oy " SO LO dzgjtsBr' Hdedr Mftotsh j
tcj Odzt dztfd MB B & Jd d3(d , hts HBtsLoBdzd Is! i tocts O dzO
sO ' tYsejH" dSk L dzgjsBR' Hdzdd3 tc' o dzj d3 C

| tOnR o s Mk dz2 odhj §OwO®jlsted, d
o ydmdzse dn & OBOEGY cdts &0 0ddzY 1§ B8Go s+
sy dz o) (TESBHWj & o Stdltojldsdz odddvH

#t) = sl- g;(t) - G.;(t) +0,02

() = ¢ (1)(- k (1) - h (OKK, (t) +0,0])

i (t) = 0,006s k, (t)- 0,001 (t)

g (1) =exp 239C, (1)K, ()L, ()
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05(g; (1)° _ 25(ki (t) +h (1))°
2 2

t

1.0)= FP'OM%OOO- q; (1) - s(Q.i (1) - ¢ (D]q, (1) -

0

‘=15

'I'%Ol

[ dzv tetsL 90w L Odzgdzg? HOdets’ BtsH j dz MY j t
sM¢" dz ¢ fsetOBdd?2 fwsHlkzCls Mlsott] dz
HgMGCteIlsdesdzge o dedzvH' . 10 Cts®=19 HJME to]

{ B3 pHzdzM C 16§ H d Is 5 o dXlEsizia||$) 67O Hz!

(SO /() - G' ©+002 +5.,0O[- 9l () - Gi1() +002)
5 :

S,(t)=s()+
i =30,1 =15,

- (CiI (t)(' kil (t) - hi (t)Kki-I (t) + O’O:D + Ci|+1(t)(' ki|+1 (t) - hi+1(t) Kki-+|1 (t) + O’O:D)
fr)., (1) =f (1) + > ,

i =130, 1 =15,
0,006Kk™' (t) - 0,001 (t) +0,006Kk (t) - 0,001, (t)
2

hi|+1(t) = hil (t) + s i :@, | :],_5,

iy = ey . ©PE239C] (1)K (1)°° L (1)
Al (t) =g () + 5 Y dan>o.
+exp( 239Cl,, (1)K, ()L, ()°*, 1 =130,1 =15

s(t), c(t), (). k(t), (1), h(t)> 0,  s(0) =1,¢(0) = 200Qq(0) =3000

l Mot yYyjtwelk WEdCyYy BdOdz $ZOIddy odc

o,S(gé' t)° 25k (t)2+ h (®)? § max

1, =4 €% %000 ¢/ ()- SOQ' M) ¢ Bl ()-
i=0 é

i =1,30,1 =15.

tdLEzd s0OIsd jiHtddscOo@zgddz’ f @ H B)H.OISE OR
slstcd 3Odzdr» tojLEzdz sOIs' &9 § sBEZHB Odg' G tc!
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fJjtehO ¢ daBth Otz BO* o dtOy 4 dziz Is § dzH §
CtsdeS Etej dz2lsOdzd. cShts " dgh ™ W' teddd daj f tod:
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yomkz ftwdekzlsS¢d ofmj My Ld&gjdhlkzsls: mw, )
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Cs3f 6 lsjtc’ &8 W 20@d 3" huj dafidcd d3' 1 j dzdz’ to s L
sW' mMded=s Missdz o .

10 dzgjBjLijSCtss ROy jdedaw jdzj Clsted ydzad o
HS COkjcetste" ’ fteddz” M j dz BJL ' Hadh j dat
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- 43 BJLYJCO EZteOy Jdedew Jjdzj Clstedydedds Mistet
- ded BJLYJSCO o9dded & daj dzdzy 54 Y ;
- " Hodh jded?2 t' 8 jdz NMEdgE;
- 9" Hnddzj dzdzvc ‘g0 dz' dbs Qualediss: bk dsse o ' H dzstec
] d&zOdz ftedd3’ N j dgdzv dzQo jHjdzd?2 dzO tdfm. 4
16 M.

19.5 M.
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z2Ht dzgjBj L jSd EZteOy j dedgw Jj dzj € Istcd ydzgd

- jdzj CSlstedydzO ftosotsHGEC O o sdzlsso OdzO o M
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HsMIsOIlsdz MiIs! hilskzydzesets tsMme ' Isdzj dzdz” ;

HsMIsOIsdz MiIs! o jdalsd dzv y*

- fMsOdz ' Hdzsed * Mism' e ' ftds dtcOdad
LOBJ LY Judd Mis! {4 &g ziswetyddf Odd deda'tcdizls.
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AO2d Run. ampl

reset;

resetdata;

optionsolverknitroampl;

optionknitro_options "maxit=1000";

model Differ_game_model.mod;

solve;

printf "%% OptPen 'datafilgeneratedby AMPLn" >Matlab data.m;
printf "%% Intervalcondition$n” >Matlab data.m;
printf "T = %g;\n", T >>Matlab_data.m;

printf "'n = %g;\n", n >>Matlab_data.m;

printf "del = %g;\n", del>>Matlab_data.m;

printf "\n %% Modelparametews’' >>Matlab data.m;
printf "delta = %g\n", delta>>Matlab_data.m;
printf "ro = %g;\n", ro>>Matlab_data.m;

printf "eps = %20.12¢n", eps>>Matlab_data.m;
printf "A = %20.12g\n", A >>Matlab_data.m;

printf "nu = %20.12gn", nu>>Matlab_data.m;
printf "b = %20.12gn", b >>Matlab_data.m;

printf "alpha = %20.12&n", alpha>>Matlab_data.m;
printf "B = %20.12g\n", B >>Matlab_data.m;

printf "ksi = %20.12gn", ksi>>Matlab_data.m;
printf "betal = %20.1fn", betal >>Matlab_data.m;
printf "beta2= %20.1f\n", beta2 >>Matlab_data.m;
printf "beta3 = %20.1fn", beta3 >>Matlab_data.m;
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printf "\n%% Outcomén" >>Matlab_data.m;
printf "Objective = %20.120", obj>>Matlab_data.m;
printf "\n %% Keyvariables: q[j,i] c[j,i] k[,i] a[j,i] s[j,i] h[i] 11[j,i]] 12[),i]
K_reslj,i] L_res[j,i] Qlj,i] K[j,i] Hh[},i] G[j,i] P[j,i] J[j,i] \n" >>Matlab_data.m;
for {jin 0..n-1} {
printf "ampl=[ ...\n" >>Matlab_data.m;
for{iin 0..T-1}{
printf "%20.12g\t %20.12g\t %20.120\t %20.120\t %20.12¢\t %20.12¢\t
%20.120\t %20.120\t %20.12g\t %20.12¢\t %20.120\t %20.12¢\t %20.120\t
%20.120\t %20.12g\t %20.12g\n",

ql.il.
c[,i,k0,11,900,11,s[.i1,h[,i1.12[j,11,12[),1], K_res]j,i],L_res]j,i],Qlj.i],K[},il,Hh[},i],G[]
AL P[),1],J[),i] >>Matlab_data.m;
I3
rintf "];\n" >>Matlab_data.m;
¢
ANO2d& Differ _game_model . mod

# Copyright (c) 200420015 byZienaOptimization, Inc.
# AllIRightsReserved.

#Autherofprogram AMPL codeisShkarabura Igor.
#Version3.3.

# AllIRightsReserved.

param n:= 5;

param T:= 30;

paramnh:= 30;

paramdel:=T/nh;

paramavail_mean> 0;
paramavail_variance> 0, <avail_mean / 2;
paramavail = max(Normal(avail_mean, avail_variance), 0);
paramdelta:= 0.01;

paramro:= 0.07,

parameps:= 0.5;

param A:= 5000;

paramnu:= 0.001,

param b:= 2.5;

paramalpha:= 0.006;

param B:= 1.76;

paramksi:=0.02;

param betal:=0.07;

param beta2:=0.9;

param beta3:=0.14;
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setind={0..(r1),0..(T-1)};
set ind2={0..(R1),0..(T-2)};

var g{ind} >= 3000;

var c{ind} >= 1000;

vark{ind} >= 0, <=1

var g{ind} >=0, <=1

var s{ind} >= 0, <=1,

var h{ind} >=0, <=1 ;

var 11{ind} >= 1000;

var 12{ind} >= 1000;

varK_res{ind} >= 1000;

varL_res{ind} >= 300;

var Q{(i,j) inind} = (sum {(z,0) inind} q[z,0])- q[i,j];
var K{(i,)) inind} = (sum {(z,0) inind} k[z,0])- K]i,j];
var G{(i,j) inind} = (sum {(z,0) inind} g[z,0])- g[i,j];
varHh{(i,j) inind} = (sum {(z,0) inind} h[z,0])- h[i,j];
var P{(i,) inind} = (A-qfi j]-s[i.1"Qli{] -cfi ) qfi] -11[i jJ*b*( -
(k[ j1+(h[i,))*2)/2 -12[i,j]* eps*(9li.,j}*2)/2;

var J{(i,j) inind} = (sum { (z,x) in ind2 }
((del*(P[z,x]+P[z,x+1])/2)*exp(ro*j/(i+1))));

var X >= 0, := Uniform(0,1);

# Objective function to be maximized.

maximizeobj:
(sum { (i,)) inind} J[i,j]*(1/2*n));

# Equalityconstraint

ODEode_c{(i,j) inind2}: c[i,j+1] = c[i,j] +del*(c[i,j]*(- K[i,j] - h[i,j]*K[i,j] +
delta)+c[i,j+1]*(- k[i,j+1] - h[i,j+1]*K]i,j+1] + delta))/2;

bnd_cO0: c[0,0] = 2000; bnd_c1: c[1,0] = 2000; bnd_c2: c[2,0] = 2000; bnd_c3:
c[3,0] = 2000; bnd_c4: c[4, 2000;

#let {(i,j) inind} cJi,0]:=100;

ODEode_h{(i,j) in ind2}: h[i,j+1] = hli,j]+ del*(alpha*K{i,j]-

nu*h[i,j]+alpha*K]i,j+1] - nu*h[i,j+1])/2;

bnd_hO: h[0,0] =0.1; bnd_h1: h[1,0] = 0.1; bnd_h2: h[2,0] = 0.1; bnd_h3: h[3,0] =
0.1; bnd_h4: h[4,0f 0.1;

ODEode_s {(i,j) in ind2}: s[i,j+1] = s[i,j] + del*(s[i,jJ*€kK[i,j] - K]i,j] -
delta+0.05)+s[i,j+1]*¢K[i,j+1] - K][i,j+1] - ksi))/2;

bnd_s0: s[0,0] =1; bnd_s1:s[1,0]=1; bnd_s2:s[2,0]=1; bnd_s3:s[3,0] =1;
bnd_s4: s[4,0] = 1,



ODEode_P {(i,j) inind}: PJ[i,j] >=0;

ODEode_Q {(i,j) inind}: Q[i,j] >=0;

ODEode_J {(i,j) inind}: J[i,j] >= 0 ;
ODEode_Hh {(i,j) inind}: Hh[i,j] >=0;
ODEode_q_dif {(i,j) in ind2}: q[i,j+1}q[i,j]>=0.1;

ODEode_Q_out {(i,j) inind}: q[i,j] =
B*(K_resJi,j]"betal)*(L_res]i,j]*beta2)*((11][i,j]+12[i,j)betal3) ;
ODEode_K res {(i,j) in ind2}. K_res]i,j+1] =K]i,j] +del*
delta*K[i,j]+I1[i,j]+12[i,j]] -delta*K]i,j+1]+I1][i,j+1]+12][i,j+1])/2;

bnd_K res0: K _res[0,0] = 1000; bnd_K resl: K res[1,0] = 1000;
bnd K res2: K res[2,0] = 1000; bnd_K res3: K_res[3,0] = 1000;
bnd_K_ res4: K _res[4,0] = 1000;

ANO2dz Matl ab_data. mod

% OptPen 'datafile’ generatedby AMPL
% Intervalconditions

T = 30;

n=>5;

del = 1;

% Modelparameters
delta = 0.01;
ro=0.07,

eps = 0.5;

A = 5000;

nu = 0.001;
b=2.5;

alpha = 0.006;
B =1.76;

ksi = 0.02;
betal =0.07;
beta2 = 0.9;
beta3 = 0.14;

% QOutcome
Objective = 26174791035.3;

% Keyvariables: q[j,i] c[j,i] k[,i] gli,i] s[j.il h[j,i] 11[j,]] 12[},i]] K_res]j,i]
L_res|j,i] Q[j,i] K[j,il] Hh[,i] G[j,i] P[,i] J[i]

ampll=[ ... ];

ampl2=[ ... ];

96



ampl3=[ ... ];
ampld=[ ... ];
ampls5=[ ... |;

[ BHOISE

J
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\ 4

Launchampl
Solver_block{

option solver;

set up the model;
discretization;
solve;

1

Display_block {
display results
1

Matlab_block {

Differ game modelmod

Parametrization{

setting parameter asnstants ;
computing from other parameters }
Variables {

model variables;

state variables;

b

Target_Optimization {

target function;

constraints;

};

A

A\ 4

Discretization

Discretization{
objective dscretization)

constraints tbcretization

b
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tdm.1.] ABedi0Odz LsoOdzd?2 BYdm ¢ tetsc tcOd3
[ BHOIsSSS 7

K L C ¥ BbIBOA UTOTOB
0,23152 22,308 0,31248 1,164456
0,6528 33,8 0,4872 1,94076 PezpeccuoHHas cmamucmuka
1,004 52 0,896 3,2346 MHomecTeEHHBIA R 0,999966413
0,884 72,8 1,176 4,52844 R-kBampaT 0,999932827
1,30544 86,632  1,24656 5434128 HopmupoeaHHbIA R 0,933832067
1,839424 99,6268 1,382976 6,520954 CrangaprHas own6  0,008553948
Habnonenua 6
Ln K LnL LnC Lny
-1,46309 3,104945 -1,16321 0,152254 JIMCNEepCHOHHDIA aHaNN3
-0,42648 3,520461 -0,71908 0,66308 df 55 Ms F 3HauuMocme F
0,003992 3,351244 -0,10981 1,173305 Perpeccua 3 2,178395812 0,726131937  9923,898406 0,000100758
-0,1233 4,287716 0,162113 1,510378 OcTaTok 2 0,00014634 7,317E-05
0,26654 4,461669 0,220388 1,692699 MWrara 5 2,178542152
0,609452 4,601431 0,324238 1,875021
Hosghguyuenm andapmuaa owutt-cmamucmuka_P-3Havenue  HuwHue 95% BepxHue 95% HuxHue 95,0% BepxHue 95,0%
Y-nepeceyeHue -2,386151239 0,195393598 -12,21202363 0,006638702 -3,226862038 -1,54544044 -3,226862038  -1,54544044
NepemerHana X 1 0,071463569 0,015577301  4,587673283  0,044374627 0,004439851 0,138487288 0,004439851 0,138487288
MNepemenHan X 2 0,904862685 0,046629308  15,40544544  0,002645007 0,704232965 1,105492406 0,704232965  1,105492406
lNepemerHan X 3 0,144602929 0,044143548 3,275743271 0,08190583 -0,045331427 0,334537285 -0,045331427  0,334537285

tdMm. 10 tJjctiMm 2dd2 OdkOd L fkOlsdmlsd:
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C C\Users\lgor\Desktop\Diplom\First_sort\Knitro\ampl.exe

include run.ampl;
?.1.0: m =100m

axi
0z Number of threads

al Ziena License (MOT COMMERCIAL USE>
KNITRO 2.1.0
Ziena Optimization

i
1000
ar_concurrent_evals: 0
HITRO changing algorithm from AUTO to 1.
HITRO changing bar_murule from AUTO to 4.
NITRO changing _initpt from AUTO to 3.
HNITRO changing _penaltyrule from AUTO to 2.
changing _penaltycons from AUTO to 1.
changing bar_switchrule from AUTO to 2.
changing linsolver from AUTO to 2.

rohlem ChaPaCtEPl“th“

Haxlmlge
of variables:
hounded helow:
hounded above:
hounded below and above:
fixed:
free:
umber of constraints:
linear egqualities:
nonlinear egqualities:
linear inegualities:
nonlinear inequalities:
range:
of nonzeros in Jacobian:
of nonzewros in Hessian:

_ oMl

tdMm2l | Cdes ftescteOdRRd. | dad Yots dzdaiatz'v dzd -

f et e tc Od3q

C Ch\Users\lgor\Desktop\Diplom\First_sort\Knitro\ampl.exe

—1 635200e+012 1. 8453+m1m

-634260e+012 1 .843e+010 1.145e+000 3.995e+000
—1 634230e+012 1.843e+010 1.145e+000 9.284e-DOL
—1.634175e+012 1_.843e+010 1.14%e+000 3_.32%e+000
—1.63392%+012 1.843e+010 1.145%e+000 1.532e-+001
—1.633902e+012 1.843e+010 1.145%e+000 92.637e-+000
—1.63387%e+012 43e+010 1.145e+000 6.014e+000
—1.633856e+012 43e+010 1.145e+000 3.835%e+000
-1.633767e+012 -843e+010 1.145e+000 1.807e+000
—1.633734e+012 1.842e+010 1.145%e+000 1.985%e+001
—1.633620e+012 1.842e+010 1.300e+000 2.%46e+001
-1.633406e+012 1.842e+010 3.875%e+000 1.105e+002
—1.633287e+012 1.842e+010 6.985e+000 1.626e+001
—1.633263e+012 1.842e+010 B_.204e+000 4.871e-+001
—1.633225e+012 1.842e+010 9_260e+000 7.01%e+000
—1.633148e+012 1.842e+010 9_.662e+000 7_5%90e+000
—1.632364e+012 1.841e+010 1.072e+001 4.5%94e-+001
—1.631283e+012 1.840e+010 1.195%e+001 1.945e-+001
—1.630337e+012 1.83%e+010 1.294e+001 3.021e-001
1.485068e+010 3 .588e+007 3.025e+00% 1 .470e+001
1.503307e+010 3.595e+007 1.216e+007 9.78%e+001
2.303184e+010 3.595e+007 1.19%e+004 3.755e+001
3.259553e+010 3.596e+007 92.777e+003 2.452e+002
6_.489%6%e+010 3.598e+007 6.165e+003 B._677e+001
1.23021%e+011 3 .600e+007 2_565e+003 B ._980e+D01
?.867951e+010 3.600e+007 1.574e+003 3_.776e+002
8_.7184%1e+010 3.600e+007 2_00%e+002 4_603e+001
2.085374e+010 3.600e+007 1.857e+002 2.252e-+001
D.795203e+010 3.600e+007 1.423e+002 B.602e+000
1.072007e +011 Ofe+007 8.666e+001 8§.73%+001
1.035260e+011 Ofe+007 4.31%e+001 1.17%e+000
1.109748e+011 -600e+007 3.273e+000 3.530e+001
1.156758e+011  3.600e+007 2.876e+000 1.612e+001
1.185042e+011 3.600e+007 8.723e—001 7.347e+001
9 .804377e+010 3.600e+007 5_.973e—001 1.951ie+0D02
7.050%02e+010 3.600e+007 1.966e—002 1.646e+D01
6.200478e+010 3.600e+007 8._027e—003 2_805e+000
5.8807%94e+010 3.600e+007 1.582e+000 2.673e+002
5.064537e+010 3.600e+007 1.127e-002 B8.1%6e+001
2.642047e+010 3.600e+007 1.54%e-005 1.901e-+001

[=l=l=I=ElSEI=I= R =L Y s T == =T Sl = s == == S = = s = == ===

EXIT: Convergence to an infeasible point. Problem appears to be locally
infeasible. If problem is believed to be feasible,. try multistart
to search for feasible points.

tdm3.]l Sz fescteOBd. whsjteOy' ~ " HEKGO
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L] C\Users\lgor\Desktop\Diplom\First_sort\Knitro\ampl.exe = = “
Final Statistics

2.617479103530%90e +010
3.60e+007 ~ 1.95e-003
¢abhs - rel) 1.00e+000 ~ 3.58e—-003
of iterations 398
of CG iterations
of function evaluations
of gradient evaluations
of Hessian evaluations

9
otal program time (secs? 43.813 CPU time>
ime spent in evaluations

ITRO 92.1.0: Convergence to an infeasible point. Problem may be locally infeasi]

ohjective 2.617479104e+10; feasibility error 3.6e+07
(398 iterations; 492 function evaluations
1:

{ M4l T Cdes fesctOBd. (jLbd sOkd §h
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