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(3amava 1) 1 Mogens 3KCIIOpPTa PHIOBI

1. Moaenb 3KcnopTa pbiObI

1.1. 3apaua

Heo06xoguMoO COCTaBUTH MaTeMaTU4YeCKyI0 MOIeNb AJIs 9KCIopTa ToBapa,
(mpou3BOACTBA, MPOAaxKu yCayr ...). Llenb — MakcuMu3alus IPUOBIIIH.

1.2. KoHKkpeTu3auua 3apaiu

[TycTb MBI ¥ HEKHUM 0000IIIeHHBINM KOHKYPEHT IPOU3BOAUM 3KCIIOPTHYIO IIPO-
oykmuio. [y ompemeneHHOCTH OymeM paccMaTpuBaTh PHIOOTIOBHYIO IIPO-
MBIIIITIEHHOCTD.

[TyCcTb n — KOJIMYECTBO BHUOOB IIPOdaBaeMoM priObl, HAOOP Pa3HOBUOHOCTEM
y HaC ¥ KOHKYpPeHTa OQUHAKOBLIY (100 OHM B3aMMO3aMeHsIeMbI, HO HET CeK-
TOPA, B KOTOPOM Y KOT0-T100 U3 YYaCTHUKOB ObIjia ObI MOHOMIOJIUS [MBI 3TO
He paccMaTpuBaeM]), y Kaxkaoro (i-ro) Buga ToOBapOB €CThb ITapaMeTPHI:

IIpOU3BEJEeHO IIeHa
M=l T Di
KoHkypeHT Yi i

OrpaHuYeHUs:

* (' — KOJIUYECTBO JeHer Ha PhIHKE (CKOJIBKO MOTYT IMOTPAaTUTh MOKyMIa-
TeJn).

* k;, i=1,n—orpaHndYeHue CIIpoca Ha IPOOYKIIHIO (T.e. OymeT KyIJIeHO
He 0oJIee 9TOro KOJIMYeCcTBa).

* 3 — 3aTpaThsl

3apaya: /I — max, Il — Opomaxu.
HononHuTENbHBIE 0003HAYEHUS:

* 7; — KOJIMYECTBO TOBApPOB i-T'0 BUa, Ipou3edeHHOe KOHKYPEHTOM, UMe-
I0Illee ITPEeUMYIIeCTBO Had HAIllMM TOBApPOM TOTO XKe BHU[A.

* k; — «4HUCTBIM» CIIPOC HA HAIly IPOJYKIUIO (C y4eTOM IPEUMYIIEeCTB
KOHKYPEHTa).
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¢® z; — CKOJIBKO MBI CMO2K€M IIPpOoOaTh.

* (; — BHIpy4YKa KOHKypeHTa.

* (J; — Hallla BEIpYYKa.

HaM HyKHO ITOCUHUTATh pPa3Hble OIleHKU 9PHEKTUBHOCTU CTPATETUM [JISI 3TOU
MOMEJIN.

1.3. O6was Mopenb
Onpepenum F(X,Y).
F(X)Y)— max
* F' — IIeJib;

e X — CTpaTerumn (MHHOBAIIMY, HOBOBBEIEHHS, METOIEI SKCHJ'IyaTaLII/II/I),‘

* Y — HEKOHTpOIupyeMblie (aKTOPhI

B manHOM cnyuae:
X=("
Yz
Y =(Y1,Y2,Y3)
* Y! — HeompenmeneHHbIe PAKTOPHI C ©U3BECTHOM 00/1aCThI0 U3MEHEHU:
Y= ( v ) :
T
* Y, — cny4daiiHble (aKTOPHI C U3BECTHBIM 3aKOHOM PacIIpefeieHus;

* Y3 — HempenackalyeMble (paKTOpPHI (3aKOHEI ITpupodrl, Force majeure).

ITycts infy F(x;, p;, yi, ;) = Il — npuObLIb, 6€3 ydeTa CIIydalHbIX U HEKOHTPO-
JIUPYEeMEIX (PaKTOPOB.
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1.4. CnyyauHbie cbaKTOpbI

IOxHoe KoneO0aHue El Nino — 3To rimo6anbHOe oOKeaHO-aTMOCGhEPHOE SIB-
JIeHUe, IIPEeICTaBIIsAI0T COO00M TeMIepaTypHble PIIyKTyallui IOBEPXHOCTHBIX
BOJ B TPOIIMKaX BOCTOYHOU 4YacTU TuXOro okeaHa. Bmoibs BOCTOUHOTO Io0e-
pexbs FOxxuOoM AMepuku El Nino yMeHbIIaeT alBeJIIUHT (ITIOOHSITUE C TIIy-
OMH) XOJIOOHOM, O0raToM IMJIAaHKTOHOM BOLI, KOTOPAs IIOAAepKuBaeT 00JIb-
IIMe TOMyNsauuu phiObl. JIoKanmbHass PHIOOIIPOMBICIOBAS MHOYCTPUS BHOOJIb
0eperoBoy TUHNUYU MOKET UCHBITHIBAaTh HEJOCTATOK PHIOLI BO BPEMS ITPOAO0JI-
XKuTenbHBIX coObITHM El Nino.

[TycTh BepossTHOCTH ITpouciectBus cooriTus El Nifio 7%. Korga npou3oiio
cooriTre El Nino, 6ygem cuuTaTh, YTO PHIOBI HET. M MBI HU4UEero He IIPOuU3-
BoguM &, (X) = infycy F(X,Y) = 0. Torga:

Dy(X) = J . Ji%fF(X, YYd...df(Y*) =0+ —II

1.5. Henpepackasyembie (haKkTOpbl

BymeMm cuuTaTh IITOPM HemnpenckKalyeMmble (aKTOpoM (IOIIyCTHUM, Ipemy-
MIpeXaaTh IIITOPM MBI HE HaY4YUIIUCh). Bo BpeMs IIITopMa, Mbl TEPSIEM IT0JIO-
BUHY PBIOOJIOBEIIKUX Kopabien (MOpPsiKK cItacarTcs). Torga:

1
s . 1 _
4(X) = inf inf F(X,Y'a) =TI

K HeKOHTponupyeMbIM (haKTopaM MOXKHO TakK ke OTHEeCTH HallafeHUs MOp-
CKHUX ITMPAaTOB. 30eCh MBI 3TO pacCMaTpUBaTh He OymeM.

1.5.1. 3aBncmMmMocCTb (haKTOPOB APYr OT Apyra

CnyyariHble U HellpeAacKa3lyeMble (haKTOPEl MOTYT 3aBHUCETH OAPYT OT ApyTa.
IonycTuM, mTopM IIpoucxoauT nocje coouitTusg El Nino. Ho npu aTom, dak-
TOp IITOPMa BBIBOOMTCS M3 Kjlacca HellpeacKa3lyeMbie (haKTOPOB U CTaHO-
BUTCS CIIy4alHBIM.

1.6. NtoroBas oueHkKa

98

o(X) = %J-..J'i;IIfF(X,Yl,YQ)df(Yz) _ % =
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2. KoasMUuMOHHbIE Urpbl

2.1. 3apaua

CocTaBuM IJIaTEKHYIO MaTPUILY (MBI ee NpUAYMani):

I II III 1V
ar By 6| —2 1 10
a fiom 02| 11 -1 -1
ar By o2 6| 10 =2 1
ar By o2 42| 0 -2 1 1
ar P2 1 O 0 1 1 -2
a; B2 m d2| 1 1 =2 0
a B2 v2 6| 1 -2 0 1
ay B2 v2 02|—-2 0 1 1
az B o m o0 |—4 2 2 0
a2 B om 02| 2 2 0 —4
a2z i 2 0| 2 0 —4 2
az P 2 62| 0 -4 2 2
az B2 m 0| 0O 2 2 —4
az P2 M 62| 2 2 -2 =2
a2 2 2 6| 2 —4 0 2
az 2 2 62 |—4 0 2 2

Hy}KHO HaUTU pelneHne Pa3/INYHBIX KOAJIMITHMOHHEIX UI'D. I KaXKaoun Koa-
AU OHHOM HUT'PHI pEIIeHne 2XKejlaTeJIbHO NCKaTh Pa3HBIMHA criocobaMu.

BaxXxHO OTMeTUTh, UTO HEe BCe IIPUBEOEHHBIE UTPHI PEIIeHBl KOP-
pekTHO. [lepen peleHueM JIr0001 MAaTPUYHOM UTPHI HEOOXOOUMO
VIOPOCTUTL MATPUIIE], yOpaTh U3 HUX 3aBegoMO He 3¢ (HeKTUBHEIE
cTpaTeruu. MHI 3TOTO He feflaeM. B maHHOM ciiydae, Mbl BEIOpaIu
CIIUIIIKOM «IIPOCTYIO» MJIAaTEeXHYI0 MaTpuily. M peilrasi Bce «mpa-
BHUJILHO» MBI HE CMOTJIX OBI ITOKa3aTh METOMHI.
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2.2. Irpbl 1 x 3

2.2.1. | npotwms II, lll, IV
‘51=’Y1,51 Bi,71,02 B1,72,01 Br,72,02 B2,71,01 Bay 71,02 Ba, 72,01 B2, 72,02
aq -2 1 1 0 0 1 1 —2
Q9 —4 2 2 0 0 2 2 —4

HaiipeM MakCUMUH 1 MUHHUMAKC.
HuxHss 1ieHa Uurpsl (MaKCUMUH):

o = v;; = max min
at,02 BiyYj,0k

= max{ min {-2,1,1,0,0,1,1, -2}, min {—4,2,2,0,0,2,2, —4}}

ar,02  Bi,75,0k 1,750k

= max{—4, -2} = -2

1,02

BepxHsisa 1ileHa Urphl (MUHUMAKC):

f = v = min max = min {max{-2, —4}, max{1, 2}, max{0,0}, } = -2
Q1,02 Q1,2

1,75 ,0K 01,02 B0k 1,02

JIerko 3aMeTUuTh:
a=0

Hrpa uMeeT pelieHue B YUCTHIX CTPATETUSX, T.K. BEPXHSASI U HUXKHAS 1leHa
UT'PHI COBIIAAIOT.

I711 mepBOro UTPOKa OIITMMaibHA CTPATEeruul «;. IS OCTAJIbHBLIX B PAHOMU
CTeNeHU TPUMEHUMBI:

* Bi,71,01

* B2,72,02
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2.2.2. ll npotwus I, I, IV
‘061,71751 1,71,02 01,792,01 a,72,02 2,71,01 9,71,02 Q2,72,01 Ao, 72,09
b1 1 1 0 -2 2 2 0 —4
Ba 1 1 -2 0 2 2 —4 0

HaiipeM MakCUMUH ¥ MUHUMaKC. HUXKHSS 11eHa UTPphl (MAKCUMUH):

v9; = mMax min = —4
B1,82 ai,y;0k

BepxHss 1leHa Urpsl (MUHUMAKC):

vy = mMin max =0
@iyYj 0k B1,02

K coxkaneHu1o, oKa3ajoch, YTO

V21 7’é V22

Hrpa He UMeeT pelleHus B YUCTHIX CTpaTerusax. [IpuaeTcs uckaTh pelieHne
B CMEIIIaHHBIX CTPATEerusiX. YIPOCTUM KOaJIMIMOHHYIO MaTpuly. Brruepk-
HeM 3aBelleM Xy[Iue OJIs KOanuluu («,v,d). B uTore monyqyuM MaTpuuy:

‘ Qg, 72,01 (2,72, 02
B 0 —4
B2 —4 0

Ecnu

* p; — BEPOSITHOCTHL IPUMEHEHUS I1ePBOM CTpaTeETUHU
* pi — BEPOSITHOCTDb IIPUMEHEHUS BTOPOU CTpaTeruu
TO, MOXKHO HaTV BEPOSITHOCTHU ITPUMEHEHUS CTPATETui 1Mo ¢popMynaM:

a;p; + anpy = v < IPU CTpATEruu [

a1op} + agpy = v < IPU CTPATETHUH [,
[IpuHMMasi BO BHUMAaHUe, 4TO p; + p5 = 1, B UTOre IOJIYYUM:

92 — A12 O — (—4) o 1

a1 + a9 — Q12 — Q21 :0+0—(—4)—(—4) 2

Pl

P2§
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TakuMm oOpa3oM onTUMajbHAasI CTPATEeTUus UTPoKa [3:

A
% = (55)

OntumanbHas CTpaTerusa Ojisi KOaJIMIUHU HUIMETCA aHaJIOTHU4YHO:

. 11
Staa) = <§, §>

HaiimeM 11eHy UTPHI:

Q22011 — Q12021 o 0—16 o

v = -2

a1y + age — @12 — Qg1 8
HauigeM ToxKe camMoe pellieHne rpadpuyecku

(Y

B,y % p
0 I
2
—2
N
—4 B{
By

Pemenre MOKHO OBIJIO UCKATh He yIIPOIlasi MaTPUILY. TONbKO 3TO HECKOSbKO
He pauuoHanbHO. MEI BCe paBHO IOJIyYUM IIPABUJIBHEIN OTBET.

(

) Bs s /
5,6
. B ,
1,2
0 By 3 P
By

B
9|23 i B)
—4 B!
Bs 7
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2.2.3. lll npotus I, I, IV

‘ a1, B1,01 on, 81,09 au, 2,01 ai, B2,00 g, B1,01 g, 81,00 g, Ba,01 g, B, 02
" 1 —1 1 -2 2 0 2 -2
Y2 -2 1 0 1 —4 2 0 2

HaiipeM MakCUMUH ¥ MUHUMaKC. HUXHSsI 11leHa UTPphl (MAKCUMUH):

v3; = mMax min = —2
V1,72 @4,535,0k

BepxHss 1leHa Urpsl (MUHUMAKC):

v3; = min max =1
;5,0 V1,72

K cozxkaneHnio, oKkal3ajloch, 4TO

V31 7é V32
HWUrpa He uMeeT pellleHns B YUCTHIX cTpaTerusax. [Ipumercsa uckaTts pelleHue
B CMEIIIaHHEBIX CTPaATerusiax.
3a11a111/1M BEPOATHOCTHEIE BEKTOPA OJIA TPEThEro UT'POKa U OJIsd €0 IIPOTUB-
HHUKOB:

 II71s1 TpeThEero UrpokKa
P = (py,,ps)
o IIns1 KOANMULIuKU
Q= (qa17/31751a Qay,B1,025 Qa,B2,015 o, B2,025 o ,B1,015 o, B1,025 o, 2,01 5 qa2,52,52)

BymeMm peiuats urpy MmetogoM bpayHa. Meton bpayHa — uTepaluOHHBIN.
I Toro, 4TOOBl OH KOTIa-HUOYIb OCTAHOBUJICS, HYXKHO 3aflaTh yCIOBUS
OKOHYaHUS. MBI SBHO OTPAaHUYUM UYUCJIO UTepamuu. IIycts Oymet 9 utepa-
LU,

Boo06111e roBops, 3amady mogoOHOro Kjacca He CTOUT pellaTh Me-
TogoM BpayHa. Bosnee Toro, nepen BooOIiie KakKuM JINO0 pellieHueM
3aflauy cjenyeT ynpoCTuThk. M MaTpulla UTPhl CBEOETCS K MaTpPU-
e 2 x 2. Ho B maHHOM ciiy4yae, Mbl XOTEJIA IIPOUJIIFOCTPUPOBATh
cam Metopn bpayHa. OT4acTH, MBI UCIIOJIE3yeM 3TOT METO[ 3[eCh
13 MI000MNBITCTBa. He M3BeCTHO KaKOM pe3yabTaT MbI ITOJIyYUM.

CpenaeM BCe 3JIEMEHTHI MATPHUIIHI TOJIOXKUTEILHEIMU. [[715 3TO IpubGaBUM K
KaXX[OMy 3JIEMEeHTY MaTPUIILI YHUCIIO 5.

7 3.

5 7 )7

A 1 -1 1 -2 2()2—2.:> 6 4
S \-2 10 1 —-420 2) 3 6

10

6 3 7 5
5 6 1 7
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121646 3|75 7|3 /|4 3] 6 |3.0000|6.0000  4.5000

2019 10119 |8 |12]12]10| 5| 10| 7 | 4.0000 | 5.0000 | 4.5000

31|15 14|17 (12|15 |17 |19 | 13| 4| 13 | 13 || 4.0000 | 4.3333 | 4.1667

41021121 11823 | 15|22 (22|26 | 16| 4| 16 | 19 | 3.7500 | 4.7500 | 4.2500

D224 (24128212329 |31 |23 4] 19|25 | 4.2000 | 5.0000 | 4.6000

6| 1(27]30]33[27 (2436|3630 5| 26|26 | 4.0000 | 4.3333 | 4.1667

7233341393031 4143|334 29|32 | 42857 |4.5714 | 4.4286

81 1] 36|40 |44 |36 |32 |48 |48 |40 || 5] 36 | 33 || 4.0000 | 4.5000 | 4.2500

911 42|44 |50(39[39|53|55|43]| 41| 39|39 | 4.3333 | 4.3333 | 4.3333

9To penieHue OBIIIO TTOTYYEHO YMCIIeHHO. JIerko, JoragaThCs:
1 13

43333 =4- = —
3 3

~ 13

9TO O03HAYaeT, 4TO IIpeaBapuUTesibHAas IIeHa UTPHL U = 3 Ho ato He OymeT
OEeVCTBUTEJIbHOU 1I€eHOU UTPHL.

BcrmomMHUM, YTO O COCTaBIIEHUS IIPUMEHEHUSI MeTooa MbI Ipuba-

BUJIU K KaXKIOMY 3JIEMEHTY HadaJIbHOM MaTpPUILI Yucio 5. Tenepb

OJIi TIOJIy4YEeHUS HAaCTOSAIEN 1IeHBl UTPHl €T0 HaZlO OTHATH OT 0.
TakuM 00pa3oM MOJIydYUM:

~ 13 13 15 2

V=0V—29 ———=-z

3 3 3 3
11
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BeposiTHOCTHBIE BEKTOPA [JI TPEThEro UTPOKA U OJIS er0 IPOTUBHUKOB OY-
OyT:

e Il71s1 TpEeThero Uurpoka

po (24
9°9

e It KoaIuiiuu

3

6
=10,0,0,-,-,0,0,0
Q (aa79797a77)

Boo0O111e ToBOpsi, pe3ynbTaT BHITJISOUT CTPAHHO, HO OH COOTBET-
CTByeT OXupaaHusM. [IoBToOpuMCs, 3aauu ITOgOOHOT0 Kjlacca He
CTOUT pelllaTh MeTonoM bpayHa.

3anuieM UTOTOBBIM pe3yIbTarT:

p_ (54
9°9

12



(3amaua 2) 2 KoanuuuoHHBIE UTPHI

2.2.4. IV npotwms |, II, 1l

‘Q17ﬁ177l a1, B2 o1, B2, a1 Beve o B o, By oo, B2, az, fe e

01 0 1 -2 1 0 2 —4 2
P —1 1 0 1 —4 2 0 2

HaiimeM MaKCUMUH U MUHHUMAKC.

vy = Max min = —4
01,02 @i,B5,Vk

v;p = MIin max = —2
i, B,k 61,02

K coxkaneHuro, oKka3ajoCh, 4TO

V31 7é V32

Hrpa He UMeeT pellleHus B YUCTHIX cTpaTerusx. [IpumeTcss uCKaTh pelleHne
B CMEIIaHHBIX CTpPaTerusiX. YIIPOCTUM KOaIMIIMOHHYI0O MaTpully. Beruepk-
HeM 3aBelleM XyOlIue AJ KOaluluu («, 3,v). B uTore nmomydyum MaTpuLy:

‘ a2>ﬁ17’71 @2,52,’}’1
01 0 —4
09 —4 0

Ecnnu

* p} — BEPOSAATHOCTh IPUMEHEHUS IE€PBOY CTpPaTEruu
* p5 — BEPOSATHOCTH IPUMEHEHUS BTOPOU CTpaTerun
TO, MO2KHO HalTH BEPOSITHOCTU IIPUMEHEHHUS CTpaTeruu no gopmynam:

anpl + axp; = v < IPU CTPATETHUH 0,

a1opi + axph; = v < IPU CTPATETHUH O,
[IpuHUMAas BO BHUMaHUE, YTO p} + p; = 1, B UTOTe MOJTYIUM:

29 — 19 O — (—4) B 1

a11—|-a22—a12—a21 :O+0—(—4)—(—4) _2

Py =

13
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1

p2:§

TakuM oOpa3oM onTUMajibHasi CTPaATEeTUusl UTPoKa [3:

. /11
35:(5,5)

OntumanbHas CTpaTerusd OJjisi KOaJIMIIUY HUIMETCA aHaJIOTHMYHO:

. 11
Stasa) = (5 5)

HaupgeMm 11eHy UTPHI:

_apai —apay  0-—16

—2

a11 + az — a1z — A 8

14
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2.3. Urpbl 2 x 2
2.3.1. I, Il npoTwms lll, IV
CyMMUPYS BBIUTPHIIIN ITPOTUBOOOPCTBYIONIUX KOATUIAMN TTOTYYUM:

Y101 1,02 2,01 2,72
a, B -1 2 1 =2

aq, 62 1 2 —1 -2
g, 61 —2 4 2 —4
g, 62 2 4 —2 —4

* HuxHsa4 11eHa Urpbl (MaKCUMUH):
Vs = —2
* BepxHssa 1ileHa Urphl (MUHUMAKC):
Vgg = —2
JIerko 3aMeTuTh:
V51 = Us2

Hrpa uMeeT pelieHue B YUCTHIX CTPATETUSX, T.K. BEPXHSAS U HUXKHAS 1leHa
WUT'PBI COBIIAAIOT.
I711 IepBOro ¥ BTOPOT'O UTPOKA B PABHOM CTEIIEHU ITPUEMIIEMHI:

° 042>B17
° al)ﬁl)
¢ 0517527

¢ a27ﬁ27

II71s1 TPEThETO ¥ YETBEPTOI'0 ONITUMAIbHOM OyIeT CTPATErus iy, Yo.
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(3amaua 2) 2 KoanuuuoHHBIE UTPHI

2.3.2. |, lll npoTus Il, IV

CyMMUPYS BHIUTPHIIIN IIPOTUBOOOPCTBYIOIIUX KOQTUITAYN TTOTYyYNM:

51761 B17§2 52751 52752
1,7 —1 0 1 —1
a1,72 —1 1 1 —1
a2, Y1 —2 2 2 0
g, Y2 -2 2 2 -2

* HuxHsa4 11eHa UTrpbl (MaKCUMUH):
ve1 = —1

* BepxHsas 1ieHa Urpsl (MUHHMAaKC):
Voo = —1
JIerko 3aMeTHUTk:

Vg1 = Vg2

HUrpa nMeeT pellleHUEe B YUCTHIX CTPATETUsX, T.K. BEPXHSASI U HUXKHSAS LleHa
WUT'PBI COBIALAIOT.

Il7151 IEPBOTO U TPETHLETO UT'POKA ONTUMAJIbHOM Oy[eT cTpaTerus: ay,y; s
TPEThEro ¥ YEeTBEPTOI'0 UTPOKA ONITUMAJbHOM OyHeT cTpaTerus: [, 0,

16



(3amaua 2) 2 KoanuuuoHHBIE UTPHI

2.3.3. |, IV npotus I, Il

CyMMUPYS BHIUTPHIIIN IIPOTUBOOOPCTBYIOIIUX KOQTUITAYN TTOTYyYNM:

B Py B2 B2,
Qa, 51 —2 2 —2 2
ay, 0y 0 1 1 -1
g, (51 —4 4 —4 4
g, (52 -2 2 0 —2

* HuxHsasa 1jeHa UrpH (MAKCUMUH):
v = —1

* BepxHS4 IeHa UTPH (MUHUMAKC):
Vg = 0

I/Irpa He IMeeT PEeIlIeHusA B YUCThIX CTPATETUuAX. HpI/IJIeTCFI HCKaTh PEIlleHne
B CMEIIIaHHBIX CTPpaTerugiax.

* BeposATHOCTHBIM BEKTOP MPUMEHEHHUS CTPaTerui UTPOKOB a U §:
P = (Pa1,61+ Par s3> Pas,or s Paz,sa)
* BepoATHOCTHBIN BEKTOP IPUMEHEHUS CTPpaTeru UTPOKOB [ U :
Q= (qﬂh“ﬂv 4 v2y 482,715 q@zm)
[TormpoGyeM peluTh 3amady, ceens ee K 3JII1! CoenaeM Bce aJIeMEHTHI MaT-

PUIIBL TTOJTOKUTEbHLIMU. [IJ19 3TO IPpUOaBUM K KaXKIOMY 3JIEMEHTY MaTpU-
IIbI YMCJIO D.

A+5-F, rme FE — MaTpulla U3 eqUHUI]

Br,7i Bz Basyi Ba e
ai, 01 3 7 3 7
aq, 02 ) 6 6 4
g, 01 1 9 1 9
a2, 0y 3 7 5 3

13agaua TUHEHHOr0 IPOrPaMMUPOBAHMS
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(3amaua 2) 2 KoanuuuoHHBIE UTPHI

Ecnu 3anmucaTth IPOCTO MATPHUILY, TO

3 7 37
5 6 6 4
1919
3 75 3

B KauyecTBe IpsiMOM 3ajayu BO3bMEM 3ajaydy OIpefesieHUsl OIITUMallbHOU
CTpaTeruu UrpokosB j,v:

Y1+ Y2+ Y3+ Ua max
3y1 + Ty2 + 3ys + Tya
5y1 + 6ya + 6ys + 4ys
Lyr + 9y + 1ys + 9ys

3y1 + Ty2 + dyz + 3ya

INININ N L
e e

\

HpI/IBeJIeM K KaHOHHU4YE€CKOMY BHUOY:

Y1+ y2+ys + ya — max

3yt +Ty2 +3ys + Tya +ys = 1

Sy1 +6y2 +6ys +4ys +ys = 1

lytr + 992 + lys + 9y +yr = 1

[ 3Y1 T Ty2 +5ys +3ys +ys = 1

IITar O

1 1 1 1 10,0100
BIL |BP | y1 | 2 | 3 | Ys | Ys | Ve | Y7 | Ys
Us 1 3 7 3 711107010
Yo 1 5 6 6 4 10(1]010
yr | 1|19 1]9]0l0[1]0
Ys 1 7 5 31010011
Uuc| o |-1|-1|-1/-1{0(0]01]0

18



(3amaua 2) 2 KoanuuuoHHBIE UTPHI

[lar 1
11| 1] 1]0]0]0]0O
BII |\BP |yi1 | Y2 | Y3 | va |¥Us| Y6 |Yr|Us
I/IC%O%%—%O%OO
IITar 2
11| 1 |1, 0] 0 ]0]|O
BII | BP |y | v2 | ys |Ys| Ys | Y6 |Yr|Us
S EART RN P RN P

19



(3amaua 2) 2 KoanuuuoHHBIE UTPHI

HaHHaﬂ 3aa4a UMeET OIITHUMaJILHOE PEIIIeHne

Y*

Blve © ol

5
y1+yz+y3+y4—ﬁ

Tak kak 3JII1 1o onpegeneHuio ONTUMAIbHOU CTPATEruU UT'POKA SIBISETCS
OBOUCTBEHHOM I10 OTHOIIIEHHWIO K PAaCCMOTPEHHOM, TO pPellleHre MOXKHO Hal-
TU, UCIIOJIb3YS PellleHue IPSIMOU 3ajadu Y*:

X*=Cp-P!

roe Cp - BEKTOP-CTPOKA, COCTaBIeHHAas U3 KO3(pPUIIMeHTOB 1ie1eBOr QyHK-
MY TIpU 0A3UCHBIX TePEeMEHHbBIX.

Cp =

O O ==

- MaTpUlla, COCTaBIeHHAs U3 KO3GhUIIMEHTOB, PACIIOJIOKEHHBIX B CTOIOIIaX
0a3UCHBIX IEPEMEHHBIX B HAaYaJIbHOU CUMIIIEKC-TaOIHUIIE.

W = Ot W
W O B g
O = O O
— O O O

[Tocne He CIOXKHBIX ITPeoOpa30BaHUN MOTyUYUM:
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(3amaua 2) 2 KoanuuuoHHBIE UTPHI

3700 —55 2= 00
5400 2 -2 00 1 4
X* = (1,1,0,0)- =@1100)-| * 7 — (g,ﬁ,w)
1910 -5 210
3301 -2 -2 01

MOKHO HallTH LIeHYy UTPHI KakK:

~ 1 23
v e —

ity tystun 5
Ho sTo He OyOeT melCTBUTENbHOU IIEHOU UTPHI.

BcrmoMHMM, 4TO OO COCTaABIIEHUS CHUMIIJIEKC-MATPHUIBI MBI HpI/I6a-
BUJIN K KaXKOOMY JJIEMEHTY HadaJIbHOU MaTpPHUIbI 9HHUCJIO 5. TeHepb
OJId IIOJIYHEeHU A HaACTOSIIEH IIeHbI HUT'PBI €0 HaJO OTHATH OT .

TakuM 06pa30M IIOJTYUUM:
_ . 23 _ 23 25 2

V=0—9 == ——==—=

5 5 5 5
Llena urpsel: v = —

[SA3] ]

Ho MBI moKa He 3a0bljiy 4uciio v. Ha OCHOBaHUM HETO ellle Ipefl-
CTOUTH OIIPEOEIuTh ONTUMAaJIbHbIE CTPATETuu UTPOKOB.

pal ,01 _ L
v 23
Poay,é9 _ 4
v - 23
Poagy,8q o
Pas
Pay,d9 _ 0

v

Torpa nony4yum:

_ 1
Parsv = 3
4
Payss = 3
Pas,si = 0
Pas,é2 0
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(3amaua 2) 2 KoanuuuoHHBIE UTPHI

U amamoruyHo:

4y, =

46y =

S O glw

4Bs,m

[S1\]

4B .v2

Hy u B 3aknwuyenue:

1
1
P=| 5
0
0

Q

Il
G O O ollw

S

Il

|

|
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(3amauga 3) 3 HemnpepsiBHBIE UTPHI

3. HenpepbiBHbIE Urpbl

3.1. 3apaua

[TycTh €CTh HEKOTOPAsl HellpepLIBHAS? UI'pa:

(1+ Nz)(1+ 2y)
F = ; 0<r<]; 0<y<y

* OnTtuMasnbHOE pellleHre MepPBOTro UT'PoKa

o 1
@) = A N2 In2

e OnTuMaIbHOE pellleHKre BTOPOT0 UI'PoKa

2

120 = 5 2y n

N — IOpPsAOKOBBIA HOMED B rpymie (nyctb 6yaer 25).
Hautu a, b, c.
3.2. KoHKpeTu3auusa 3apaium

(14 252)(1 + 2y)
F = 01 0

N
<
N
k)

* OnTuManbHOE pelleHKe IePBOro UTPoKa

1
(1+252)In2

fil@) = -

e OnTuMaabHOE pellleHre BTOPOT0 UI'PoKa

. 2
J2(¥) = {52
2B NIPOTHUBOBEC IUCKPETHBIM.

23



(3amauga 3) 3 HemnpepsiBHBIE UTPHI

3.3. YcnoBuss HOPMUPOBKHU

3.3.1. Insa oNnTUManNbHOIro peLleHnsa NepBoro Nrpoka

00 1 1

N . B . B 1 B
o= oo~ [

“s 0 0

W3 3TOT0 HE TPYOHO YCTAHOBUTDH, YTO:

CIn@25+1) 1

25In2 25 log, (26)

3.3.2. nsa oNTUMaNbHOIro peLieHns BTOPOro Nrpoka

fily)dy =1
i)y = | f3)dy = |
0 0

J
—00

2
b(1+2y)In2

dy

W3 3TOTr0 MONTy4YuM:
In(2a+ 1) =bln2

In(1+ 2a)

b=
In2

= log,(1 + 2a)

3.4. ONnTUMAaNbHOCTb

[Pt <o< [P i@

[TocuuTaem NepBBIM U BTOPOU UHTErPalkl.
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(3amauga 3) 3 HemnpepsiBHBIE UTPHI

3.4.1. NMoc4yuTaem nepsbIN NHTErpa.

b b
J‘(1+25t)(1+2y) 2 2(1+25¢) .Jd(1+2ty) B
(L+2ty)2 b(l+2y)In2™ ™ 2wln2 | Q1 +2ty)?
o 2(1425t) 11 _ 201425t 2ta
~ 2tbIn2 (1+2ta) (1+2t0))  2tbIn2 (14 2ta)
2(1 + 25¢) a

" In(2a+1) (1+2ta)

3.4.2. lNoc4ynTaemM BTOPOW UHTerparn.

b
J(1+25x)(1+2s) 1 dp— 1+2s 1 1
(1+2ts)2 c(1+250)In2"" " 25 (cln2) \1+2s

a

Ilaree He TPYOHO IIOJIYYUTH, YTO

Jb (1+ 252)(1 + 2) | L s

d p— P
(1+2ts)2 el +250)ln2""  In2  In26

a

3.4.3. HepaBeHCTBO

c b
jF(t, W)y < v < jF(as, 9 f; (0)da
d a

2(1 + 25t) a 25
. SUS 55
In(2a+1) (1+ 2ta) In 26

2(1 + 25t) a 25
: <
In(2a+1) (1+2ta) " In26
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(3amauga 3) 3 HemnpepsiBHBIE UTPHI

e [Iycth t =0, TOrOmA

2a < 25
In(2a +1) ~ In26

ey — Bo3pactatomast. U3 atoro cienyert, 410 a < . Ecm a = 3
PaBEHCTBO CTAHOBUTCS CTPOTHUM.

e Ilycts t = 1, TOrOA

2(1 + 25) a 25

m@a+1) (1+20) SInze

2(1425) a -
Inzar1)  (T12e) — YOBIBAIOIIAsL. ITO HE CIIOXKHO ONPENEIUTh eCIIU BEIYHUC

JUTH IIPOU3BOAHYI0 GyHKIUYU (0Ha MeHblIe 0). Ecnu a = 2 paBeHCTBO
CTAHOBUTCS CTPOTUM. 3HAUUT a > 2.

He c10XHO 3aMEeTHUTh:

BB LB

1S9 42y TATy

_2
T3

_In(26)
b= 0o = log,(26)
_In@26) 1
= S5ma 25 092(%6)
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(3amaua 4) 4 BayTpukoanuinuoHHasa 3agada (HJIII)

4. BHyTpuKoanuuuoHHasa 3apauda (HJIM)

4.1. 3apaua

Ha ocHoBe 3amaHus Ne 2 COCTaBUTh U PEUIINTh BHYTPUKOAJIMITUOHHAA UTPY.

4.2. CocTtaBneHue

BBuny mpocTOTH YHCEN BO BTOPOM 3afJaHNM, MbI He OyZIeM COCTaBJISATb BHYT-
PUKOAJIMIIMOHHYIO UTPY Ha €ee OCHOBE, a COCTaBUM HOBYIO. [IyCTh 3TO OymyT
UT'POKU 5 U 6 IpoTUB 7. PacCMOTpPUM KOaJIMLIMOHHYIO UTDY.

6 —1 2 8

5 0 1 4
A - B =

1 5 0 -2

3 2 -2 0

4.3. YnpouieHue

Ecnu yopaTh 3aBeJOMO HEBHITOOHBIE CTPATETUH, UTPa YIPOCTUTCS [0 BHUOA:

A= B =

27



(3amaua 4) 4 BayTpukoanuinuoHHasa 3agada (HJIII)

4.4. 3apaya HeJIMHEWHOro nporpaMMupoBaHus

[Tapa (P*,Q*) — onTuMaJsbHa 1o Hemry, Torma U TOJIBKO TOrga, Korga Ju, v:
P*,QQ") =arg max (PAQ — PBQ — u—
(P*,Q") =arg max (PAQ ~ PBQ —p—v)

Z={(P,Q):P>0,Q=>0,(P,f)=1,(Q,9) = 1 AQ < uf, PB < vg}

B cOOTBETCTBUHU C 3TUM COMOCTAaBUM 3a4a4y OIITUMMUI3AllNH.

PAQ + PBQ — in — v — max
2

Yopi=1

=1

2
Z ¢ =1
i=1

1 5 a1 0 -2 q1
(p1,p2) + (p1,p2) — u — v — max
3 2 Qo -2 0 42

28



(3amaua 4) 4 BayTpukoanuinuoHHasa 3agada (HJIII)

qQ1 q1
(p1 + 3p2, 5p1 + 2p2) + (—=2p1, —2p2) — u— v — max
q2 q2
p2=1—p1
@=1—q
pi=1l0=12
¢G=11=12
]_ 5 Ch
<uf
3 2 q2
0 =2
(p17p2) Vg
{ -2 0

Ilamee ympoIrasi CHCTEMY IOJIyYUM:

(

$ — v — max

p1 =0 no= 3 1
= = p2:§

P 5 v = —1

\plg%ﬂ

Takum o6pa30M OJ1s1 CUCTEMEI C BBIYEPKHYTEIMU CTPATETUAMMU:

11
P:(§’§)’Q:

1719 HavalbHOM CUCTEMHBI:

P= (0,0,1 1>,Q:

alnn ol

279

ol otw
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(3agaua b) 5 MKO

5. MHorokputepuanbHas onTuMusauua

5.1. 3apaua

IlaHO ypaBHEHUE.
r = Ne*', N =25

[TocTpouTs rpaduK OEeUCTBUTEILHON U MHUMOU YaCTU PYHKIINU B IOISIPHOU
cucTeMe KOOpauHAaT. OTu rpaduky OyayT BEICTYIIaTh B POJIK KPUTEPHUEB. 3a-
oaTh UX B KpUTEePUAJIbHOM IIPOCTPAaHCTBe. HalTu pellleHre oriTUMasbHOE 110
[Tapeto, o Cneutepy u 1o [IxopdpuoHy O 3agadyil MUHUMHU3AIUU.

5.2. N'pacdukm

r = Ne*' = N(cos 2y + i sin 2¢p);
15 0)1%1
r = 25C0S 2p + 25i Sin 2¢;
* f1 =25C0S2y;
* fo=25sIn2y;

5.2.1. B pekapToBon cucteme

fo
C
25
f17f2
25 f2 B A,Ef
1
AW \B\NC DO E =25 0 25
O % % 3 T ]510
D
—95 —25
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(3agaua b)

5.2.2. B nonapHonm cncrteme

5 MKO

5.3. NapeTo

P = [180 + 360 - k, 198 + 360 - &)U
U[215 + 360 - k, 235 + 360 - k]U
U(252 + 360 - k, 270 + 360 - k], k € Z

3Ha4yeHUs JaHHl B Ipagycax.

31
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(3agaua b)

9" = [A,B)U[C,D]U (E, F]

5.4. Cnentep

S = [180 + 360 - k, 198 + 360 - k]U
U[215 + 360 - k, 235 4 360 - k]U
U[252 + 360 - k, 270 4+ 360 - k], k€ Z

3HavYeHUs OaHbl B rpagycax.

9° = [A,B]U[C,D|U[E, F]

5.5. Axod¢ppmoH

y° — adderTuBHas no [xkobGpuoHy, eciu
VY Yre < Urer Yo > Yim

0o _
30 >0, eV <o
yim - yim
[Tpuuem
O = tga
Torma 1o 3agaHuIoO:

G = (180 + 360 - k, 198 + 360 - k)U

U(215 + 360 - k, 235 + 360 - k)U
U(252 4 360 - k, 270 + 360 - k), k € Z

3Ha4yeHUS OaHEI B rpagycax.

9% =(A,B)U(C,D)U (E,F)

32
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(3amaua 6) 6 Merton ycTynok

6. MeTopm yCTYnokK
6.1. 3apaua

f1 =sinzx

— cos
f2 N +2

rel0,2-N -7

Hy>xkHo OymeT, HCIIOIb3ysl METOMI YCTYIIOK, 3aJaBasi IEePBYIO YCTYIIKY:

1

Ay = 3 ‘f1($10)|

HyXHO HaWTH ONTHManbHOe mo ITapeTo permenue r*° ¥ COOTHECTH METO[
YCTYIIOK C METOOOM 9KOHOMMYECKOTO CBEPThIBaHUA. HaliTu COOTBETCTBYIO-
e Koa(ppuIIneHTH Beca:

Q(x) = A fi+ Ao fo

i — K03 PUIMEHTH Beca, COOTBETCTBYIOIIME OIITUMAaIbHOMY I10 ITopeTTo
PEILIEeHUIO.

To ecTh CBA3b pellleHUu ABYX MeTOO0B. MOXHO CUUTaATh, YTO A\; + A2 = 1, TO
€CTh COOTHECTU O€CKOHEYHOCTb 1 O0TPe30K oT 0 mo 1.

6.2. KoHKpeTu3auusa 3apaum

i = Sinx fi = sinz
N=25 = = COS = = —
f2 25+ 2 f2 €05 o7

x € [0, 2725] x € [0,507]
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(3amaua 6) 6 Merton ycTynok

6.3. lNMepBbIN KpUTEpPUN

fi — min
z€[0,50-7]

210 = {37” + ok k —_,25}

fi(a?) = -1
OnuieM mapaMeTp MeTofa YCTYIIOK:

1 1 1
A =c|AE) =21 ==
=5 lhE@ =5 1-1 =3

6.4. BTOopou Kputepuu
f2 > min

M =1[0,50-7]N {m; fi(z) < fi(2') —I—Al} =1[0,50-7] N {!E7f1($) < %2}

(=2
220 = {27 .7 — arcsin (?) } = 85.5527293032

LML
""v . vl"
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(3amaua 6) 6 Merton ycTynok

Touka onTuMabHO 110 [TapeTo z?° € P B CUJIY OIpeneIeHus:
y

filz) < fi(@®) filz) < fi(@®)

Az, WA

falx) < fo(2®) fo(z) < fa2®)
6.5. MeTon 35KOHOMUYECKOIro CBepThbiBaHUA
CooTHeceM C METOOOM 3KOHOMHUYECKOM CBEPTKHU. HamgmeM: A\, Ay : A\; = 1— \o.
D(r) = A fi(x) + A2 fo(x)
20

o* ~arg min_ &(z) = arg ,nin_ D(ALf1(2) + Ao fa(z))

Mfi(@%) + Ao fo('a™) = 0

20 1 ZL’QO
M (cos 1—A ——.8in— | =0
1 (cosz®) + ( 1)( g sin 18)
1 ZL‘2O 1 xZO
A 20, — .gin”— )| = — .sin —
1<c05x +18 sin 18) 13 sin 13

1 . 2?20
T Sin T3

A

20 + 1, gin 2%
cos 2?0 + - - sin L3
. 27.wm—arcsin( =2
Losin=—"———3~ (%)
A= 9 1 27-wfarcsin(;2)
. ) -
cos (27 -7 —arcsin (3)) + 5 - sin ————==

Takum obpa3om

isin 27-w—arcsin<%2)
)\1 — 18 18

. [ _o 1 27-7r7arcsin(%2)
cos(27-7rfarcsm(7))+ﬁ Sin ———g———+
27-7r7arcsin(_T2)

18

1
Ny = 1- I

cos(27-7r—arcsin(—72))+%-sin

sin

27--rr7arcsin( _TQ )
18

r?°, HalileHHOEe MEeTOJOM yCTYIIOK, COOTHOCUTCS C pelleHneM, HaugeHHbIM
MEeTOIOM 9KOHOMHYECKOTI'0 CBEePTBHIBAHUS, €CJTH COOTBETCTBYIOIIEE )\ BHITJISI-
OUT KaK B CUCTEMeE BBIIIIE.
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