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1 Bcryn

[Ipordarom >KUTTA MU HOCTIAHO B3a€MOIIEMO 3 IHIIUMU JIOAbLMU. MaJseHnbki Ji-
TH, HaMaralo4Iuch JJOOUTUCS TOro, 100 6aThbKU KYIHUJIN BIIOJ00AHY ITYKEPKY, 9acTO
MAaHTayKyI0Th 0ATHKIB CBOIMU CJi3bMu. llpuitmatodn pirenHsd 3aljiakaT, JATHHA
pPUBHKYE — BiH He 3HaE, siIK Oy/JyThb IOBOJUTHUCA TATO 3 MaMOIO. Y TPOXH OiJIbII
JIOPOCJIOMY BiIll abITypie€HTH, sIKi BUOMPAIOTH BUII, NPHUIAMAIOTh CKJaJHE PillleHHS
B TOMY, /IO SKUX YHIBEPCHUTETIB MOJAATH JOKyMeHTH. [lomMmiaka Moke KOIITYBaTH
JIOPOro: TIpU HeINpaBWIbHIM cTpaTerii MOXKHa OINMHUTUCA B CJIaOKOMY YHIBEpCHUTE-
Ti abo B3araJji 3aJUIUTHCA 0e3 3alOBITHOTO CTYJACHTCHKOTO KBUTKA. 3aKIHYNBIIN
BUIII, FOHAKM I JliBYaTa MOYMHAIOTH IIyKaTu podory. Ilepen iHTepB’'to 3 poboTO/1aB-
[IeM BOHHU IeperisdaloTh CTaTTl B IHTEPHETI B TOMY, 110 MOXKHA& 1 YOO He MOXKHA
IOBOPHUTHU Ha iHTEPB'10, — BOHU HaMaralOTbCd 3HAHTH HafKpally CTpPaTerito CBOET
MOBEJIIHKN, BUXOJAAYN 3 OUIKyBalb KOMITaHil, B 9Ky BOHU BJIAINITOBYIOThCA. Bci 11l
curyalil 0ob’eiHye Te, 10 PillleHHs, SKi NPUAMalOTh JIIOU, BILIMBAIOTH Ha iHIINX.
[Tormyk HaiiKpalol cTpaTerii € He TPUBIAJIBLHOIO 3a/1a4€l0, AK /I JUTUHU, TaK 1 JIJIs
nopocsioro. Ha »kasb He Bel MIIOTH 3a TPUHIIATIAMA TeOPil TPUWHATTS pillleHb, Teopil
irop UM NMpocTO aHAJITUYHO PO3B’SA3YIOTH ITOCTABJIEHY TIEPEJl HUMU MPOOJIEMY.

Ha wiit moryisar, naftbinsimit BB npobjiemMa MONIyKY ONTUMAJILHOTO PIITeHHS
Bifirpae B exkonomini. Ha chorojmi, 3rifHO 3 €KOHOMIUHOIO TEOPI€I0, KOHKYPEHTHA
piBHOBara € ONTHUMaJIbLHUM CTAHOM €KOHOMIKH, 1 BIJIXMJIECHHS BiJl HHOTO II0B’sI3aHO 3i
3HUKEHHA 11 epeKTuBHOCTI. O1HA 3 MOKJIUBUX MPUINH 1IHOTO BIIXWJICHHT — 3MiHa,
IIIHU TOBapy B pe3yJsibTaTi jiii BUpoOHUKa abo ClioXKuBada TOBAPY, KNI KOHTPOJIOE
3HAYHY YacTKy B 3arajJbHOMY 00cs3i mpojazkiB. Benka yacTuna peaJbHUX PUHKO-
BUX ITPOJIazKiB ojtironotii. B Toit vac, Sk okpeMuit CrioyKuBad He Ma€ pUHKOBOI BJ1a i1
1 loro BIIUB Yy 3araJbHOMYy 00Ca31 MPOJaXKiB CKJIaJla€ COTI BIJICOTKA, HAHOLIBLITII
BUPOOHUK Ha TaKUX puHKax 3abesneuye ne mMenie 10% Bij 3araabHOrO ClIOXKIBAHHS.
JocmiazKenHs: MaTeMaTUIHUX MoJeJseil 1 OlliHKa, O4iKyBaHOTO BiIXUJICHHS BiJl CTAHY
KOHKYPEHTHOI PIBHOBAI'W JIJISI PISHUX THUIIB OJITONOJI] CTAHOBJIATH BEJIMKUIT IHTEpeC.
TunoBuM miIX0/I0M 70 KIJBKICHOI XapaKTePUCTUKN YMOB JIOCKOHAJIOI KOHKYPEHIIil
Ta JIO OIIHKN OYIKYBAHOT'O BIJIXWJIEHH:d € IOPIBHSHHS KOHKYPEHTHOI PIBHOBAru 3
pIIIEHHAM I'PU, KA OIUCYE OJITONOJICTUYHY KOHKYPEHIIIO.

Metoro jaHoli pobOTH € JOC/IIIZKEeHHsT [TOCTAHOBKU MaTeMaTHIHOI MOJe/Ii IIpOo-
Osiemu 1omyky piBHoBaru Hera y mMeperkeBo arperaTHBHUX irpax Ta ITPOBEJICHHs
YUCEJIbHUX €KCIIEPUMEHTIB aJrOPUTMIB HOMIYKY 11 ONTUMAaJLHOTO PIIlleHHS.



2 Omnwuc ajgropuTMis

2.1 VYmosBa 3aaa4i

Y Teopil irop arperaTuBHa I'pa — I I'pa, B dKiil BATPaIl KOKHOT'O T'PaBI €
dyHKIIi€o BIacHOI cTpaTeril rpaBiid Ta CYKYIHOCTI cTpaTeriil ycix rpasiiiB. Briepime
KOHIIerIis Oysia 3anpornonoBaHa Hobesipcbknum Jtaypearom Peitaxapiom CestbTeHOM
B 1970 porii, gaxuit pO3TJIAHYB BUIIA/I0K, KOJIN CYKYIIHICTb € CyMOIO CTpaTeriil IpaBIIiB.
Y Hamomy BUIAJIKY I'Pa € MePEyKeBOI0, TOOTO KOXKEH I'PaBellb CILIKYETHCS 3 THITIME
I'PaBIEIMI Ta OTPUMYE iHMOPMAILito mpo ixHi crpaTterii. ['pa BiI0yBaeThest TOKPOKOBO,
CIOYATKY BCl TpaBIll 0OUPAIOTh BUIMAIKOBY CTPATETIIO, Jlaji BOHU MOBIIOMIAIOTH 11
CBOIM «3HAOMUM» Ta OTPUMYIOTH iHGOPMAaIIilo PO IXHI cTpaTerii, 3MiHIOIOTH CBOIO
CTpaTeriio JIesIKUM YIMHOM, JIaJIi ITPOIIEC MPOJIOBXKYETHCA JIOKN KOXKHOMY I'PaBITIO Oy/1e
HEeIOTPIOHO 3MIHIOBATHU CTPATEriio.

ArperaruBsa rpa MicTuTb ¥ cobi N rpapiis npoingekcoBannx sk N = F1; 2; :::; ng,
Jle KoyKeH rpaserb | Mae obparu crparerito Xij 2 Xij  RM 3 Iy1I0 MiHIMISyBaTH
dbyukuio surpar fi(Xi;x); fi:R" R" ¥ R[flg, e x =31 le Xj

n

2.2 AJaroputm guHaMiku HerepepBHOro 4dacy [13]

Hasasti 6yae po3riisHyTO HaIliB/IelleHTPai30BaHy JMHAMIKY HEIlepEPBHOIO dacy
JIJIsT OOYHUC/IeHHsI PIBHOBAI'M B KJIaci arperaTHux irop. 3o0KpemMa, CXemy Jie JIelleHTpa-
JII30BaHa JIMHAMIKa IIPOTHO30BAHOTO I'Pa/Il€HTa BU3HAYAE IMIJIICHIIT 3aKOH KOHTPOJIIO.
Byne nosejsieHo 1yiobaJibHy €KCIOHEHIAIbHY 301?KHICTH 3aIllpOIIOHOBAHOI JIMHAMIKI
JI0 CYKYITHOI piBHOBaru. byje BUBEIEHO JIOCTATHIO YMOBY I100a/IbHOI KOHBEPIeHIIil,
[IO3UIIIOHOBAHY B PaMKax Cy4acHOI JITepaTypu PO arperaTHl irpu Ta 1okKa3aHo, 1110
1le MTOKPalllye€ BU3HAaHI pe3yJIbTaTH.

BinpmiicTs aaropuTMiB po3NIdgIaloTh JAUCKPETHY JAMHAMIKY dacy, 110 3a BiJIIo-
BIJIHUX TEXHIYHUX MPUIIYIIEHDb 1 JJOCTATHIX YMOB I10JI0 JIAaHUX 3aJla4l, CXOAThC JI0
piBHOBaru rpu. EjperanTHuil miaxig ¢pakTUIHO MOJIArae y XapaKTepuCTHIl 6arkaHol
piBHOBaru, GopMyJIioe 3a/1a9y 3 HEPYXOMOIO TOUYKOIO, siKa BUPINIYETbCA 3a JIOTO-
MOTI'0I0 BIJITIOBIJIHOT HEJIIHIAIHOT JUCKPETHOI JUHAMIKH 13 rapaHTOBAHOIO IVI00AIBLHOIO
ACUMIITOTUYHOIO KOHBEPTEHITIEIO.

3 inImoro O6OKy, JUIIe JEKiTbKa BHECKIB PO3IVIAIAIN TPOOJIeMy OOUMCIeHHs PiB-
HOBarm depes jJuHaMiKy Herepepsroi poboru, Hanpukaas [10], [12]. Oxna 3 npudaun
MOJIATAE B TOMY, IO Y BUIAJIKY HEIepepBHOTO Yacy, BUHUKAIOTL TPOOJIEMU 3 ONTHU-
MaJIbHAM PIIIEHHSIM.

st koxxnoro rpasis 1 2 N dyuknis sutpar T mae Burisn:

fi(xi; ) =gi(xi) +(C )'x; (1)

ne dyuknig gi : R ¥ R asiui menepepsro audepeniiiopaa ta CUILHO OIMYKJIA Ha,
muoxkuni Xj, 3 C 2 R N
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fi(xi; )= %Iikxi x K2+ (a +bTx; (5)

s AN

A&y AIREIAG 406 AcYOI 1afoGiii cia=aily iadai&0diA: 00;a=1;
b=0:5X; =[0:250:75} x; U(0;1)0al; =1:5; 8i 2 N.

Dicaéyiooi cada+i aéy oouio aeiadéia = 0:2;, = 0:4; = 0:6, aoaoiée
iepfiododpol aianoail liee Nadaaitip nodaoaailp aineiad oa nadaailip fodacaailp
diaitaade a+afik (t) k(befi.l), a daéiae dianoaiu lice ilodadoaeliei éadop-+ei
Aeaiashi (1) oa é1af 6iailaadip  (Def.2).

Caiail ¢ 1Madaaiiié aineiasediiyie é1aoioitio ineeaiiy ¢ (3) iieed
iflioiT I0épacageoe caceadiiy ai diaitaade, aca oieliée ai édeoe~+iial cia-
+aliy, aeud yéiar ifee6ol aeieéade éieeaaiiy.

Aéfiitaié



2.3 Eifiéif caiceieé asaided) [15]

lfaeé aiciiaicdieé acaideoi fieuil 4e&idenoias! iad” agaideoio éiinai-
AGNG 0a oifaital ioitéoiéilar Aionés [14]. Ca Aeelil 1TiloliTal id&iduaiiy
i01 TNdaaiadaaitioia aiaiadasediiy, aiadaaii caidiiliiaaieé aeaioeoi ic oi-
éntaaieie oiciidaie éaiéia, ui eiiiéil caidalouny ai oiaitaaae laga. Ioii
odidaoe~ii dacéeuoaone iadadaioeil ~eneiaeie aéniaoeiaioe
2.3.1 13d3edaa aaddaaoeaia ada
Picaeyiail iaaid ¢ n 48aa0ia, idliiadéniaaied yé N = f1;2;:::ng. A 430a-
aaoceaiié aoi 00iediy aeodao ad0aaody, fi(xgx ) cacaseeol aia aganil aix; 2
Xi  RP 0a foéeédififioi aié adaaciax = & L, x; . Cadaaily adaacyi a AA
iléyaal a iifiiicadi” é1ai aeovao: fi(xjx ) ad x; 2 Xj, axj,j 6 i,j 2 N
oiéfiaalii, oa 1igdé diaitaade laga aiaaddaalouny aey anio acadosia. Acalitaiy
ddaadia iiee fitaip Tiefiolouny iaodevap aada W = fwjg, n adw; > 0 yéul
adaaoi fiieéopoury, oav; =0 a iiglio aeradéod
A&&ideoi
Nii+a086 aéy &ieeiial 40440y i 2 N Taédatii iodacddip xP 2 X; aeiaaéi-
aei efii oa v = x?
[Taoioplit iafodiio 181624606 aéy anio acaasdia i 2 N afliiéeé ia ciéaa-
A
K+l — K.
Oi = Wij Vi ; (6)
=1
R = xRS )
X
R L ®
VITE = X ()
aa fTaaoaii ainoaoiut iaeei, ula itneiataiinou f x*gkon Caidaeani ar diéntaa-
ii" ol-éé x ,v; eiéaelieé aaéoid, ui ciiiplouny a cagaeeiifioi aia aié noniaia,

Dicaeyiail n = 20 6idi, ui éfiodieppol L = 10 &iéacié, éieeiié 6idii i
iTodiaii 1adaoe " i01a0éodip gy, O0a cieseées; ia &iéaoi” .

Oii6 i81a0&6i” 6idie i fa &éiéaoi” | iigiateil yé ¢ (gy) oa aécia+eil yé
Gi(gi) = augi + higi; dday oaby iadaidode oige |

Aidia 6idie i fa éféasi’ |t sip(s) 4as = ,”_1 Si cadaélia cieseéa éiéadi
oap aiaitaiaia 66iéoiy oiie



N s A~ AN

AO&IRoU 181A0E6i™ didie | ia é1éaci” | caiegdii yé cap,. [deidnéap+e,
uf 1éada ca odaiiiidodaaiiy liee aafia eiéaciyie iveliaa, oiai idiacaia aey
oidie | aeaeyaal oaé:
% -
[Gi(g) si p(s)]! min (10)
=1
gi:si O o cap; (11)
X X
gi = Sil - (12)
=1 =1

O feioeyosi” acet ieeaaail g U(2;12); by U(2;3);d U(90; 100) oa
capg =500 aéyi =1;:;nodal =1;::;L: adU(ug; up) diaiiiioieé aicitaié ia
iiOé{iéééi [ug; us).

AEaioeoi atén aicaeyiool aéy oouid aeiaaéia:
" Linear: 48aaaol niieédtouny ¢ ddaacyie modi +11j;n)+1;0 j<n=1L
" Log: 483346l fiieéotouny ¢ 4daacyie modi +2/;n)+1;0 j< log, n:

" Complete éizeadi 46adao6U fieédrouny ci aniia.

1a0desy aaa W = fw;; g caaatouny oaé

8
20; (L) 2E
Wi = _ (i;j)2 E;i 6] (13)

1 d@i); 1=
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Dicaéyaalil 400, a yéo aoal asdia cadiéaaeaied acaaoia, ilaaéniaaiaN :=
f1;:::;Ng, acalitai” yéeo aecia+apourny aaciaip 1addaedp ca'ycédé G= (N ;E).
Aeéidenotaotit (i;j) aey iicia+aiiy Aidyitaaital 0aada, 6 yéiai 40aadou it
6ainofl, a j &ieiaip. Oi+a éleid 08401 e 2 E &fionéal 1aaieé iaioyiie,
ca'ycié +404c daaddie iaiaivaagaieé, 0laoi éiseedi 4024400 i ileed iadfiecaoe
ifaianieaiiy 1an éfal ai6odigiii Adniaai N* = fj 2 Nj(ji) 2 Eg 0a
ciaiigiii Adniaai N, := fj 2 Nj (i;j) 2 Eg, 1100=iifidi yééd iigcia+apouny
N, oaN, aiaifaiaii

1a0a éiaeildl 840346y i 1Meyaarl a ofio, uia iiiiiicoaace oiel i+iédaail”



4a00i1fioi, aecia+aiod; (xi; xi ;w;) := E[Ji(xi; si(Xi ; i;w;))], Ul caéaaeeou aia éi-
a1 aeafiitai oigaily x; 2 R™ 0a digaiiy é1a1 4iv0digiid Aohiaia X :=[Xj]i2n, -
Aasoi caaaaoe, Ui, dicaeyaapouny yé iadaidodeii adiae J;
Aeéidenoatil s a8y iicia+aiiy AoRIAilT aadaaaoil” 66iéoi
X
Si(X 5 W)= oy + WjiTXj o
j2N’
aaw; 2 Roaw; 2 R &ayei inoiéii iadaiaooe, oaéice 4aaaail aeiaaeiao
aaee<eio ; : I R Uf TiéA6! iddecia+alinol & s;. Digaily x;, 10&éiyoa
a0aaoai i, fianoyaéiadtouny iadioo éiéaénied faiasedic X; RM™
Aagi aécia=eit:
X X Y
Wi = Wi g <0 WS [Wiligy 0= s n = n; X = X
i2N 2N i2N
ATi6fioeieé iaaio iadaiaodia adaaoy i iicia+arouny Wi, daw; 2 W;. Cadaéti,
giéaéuia 1diaédia noldanoe+ii” fioelicadi” 4daddy i ileed 6idiaéuii caiefaoe
Oaé:

minimizey ox, Ji Xi; X; ; W, (14)
Oécaaap+e +anoéiai adaaitioe@ J; xi;x;;w, iiaedil ifaca0aaoe indas
2 flddaoid F, : X ) R"VyéF, C

ol: ¢iaeoe 1ado
)Y'g 0;8x2X.
i cada+i (14):

-]

AN AN 7

02 @l Xxi;x ;w, + Ny (X);8i 2N ; (15)
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leedi j=blkd( 0 Inif § InGons)2 S 1 aldaTiABID 1203868 ¢
ofiila alaaoieie aiadliasiieie caiehaie (diciidaie esieia). Eail oial, uia
5541068308, UT [66iTadé fa4id T oa 1T * Acaiaasaioiel, a faycaieé Aisi-
4308014 15if0I0 41404 Aecia+Aiel, AcAdAi Biciide edieia 6 1apou 460 Aifioa-
Oilif 1ageie, Ufa  46a &iaadit aécia-aiel. Aey éleiial 40340y | AlROAOIUT
aficaiiaeoe 3iciid edies eieasiial digdily ' > 2N, 0a &iciide ediéia
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clea 04 10 Aeiaaéial aeadaies 38488, Eiweia eggasiia alicioela ifeeia X
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