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KOOIIEPATUBHBIE UI'PbI

1. Ieanb 3aHATHS

HCHBIO IMPAKTUYICCKOI'O 3aHATUS ABJICTCA N3YYCHUC TCOPCTHYCCKHUX U
IMPAKTUYICCKUX MCTOAOB ITOCTAHOBKH U PCHICHUS KOOIICPATUBHBIX UI'P.

3ananue. KoonepaTtuBHas urpa 3ajaHa CBOEH XapaKTEPUCTHUUECKOU
¢ynkuueit. I[IpoBepuTh CBOMCTBO CynepagAUTUBHOCTU. PemuTh urpy c
IIOMOILBIO CUMIUIEKC-METOAA.

2.KpaTkue TeopeTudeckue cBeleHUsI

[Iycte umeercss N urpokoB. OHU (POPMHUPYIOT MHOKECTBO BCEX
urpokos N ={12,...,n}. Koamiuus S — 310 moboe nogmuoxkectso S < N
BceX UTpokoB. MimeeTcs Beero 2" pasanmuHbIX Koamuiuil. MHOMKECTBO BCex
KOAJINIIUI {S} 0603HaYaeTcs Kak 2" .

XapakTepUCTUYECKON (PYHKIIMEW KOONEpPaTUBHOW WUIPbl HA3bIBAETCS

mobast QyHKIMUS Aoxona V. 2N SR, onpejielicHHasl Ha BCEX KOATUIIUSIX,
obJnajarormiasi CBOHCTBAMM: V(@) =0, To ecTh I0XOa IYCTOM KOAJIHIIHU
paen 0, w  oOmamaromas  CBOMCTBOM  CYIEPaJJAUTUBHOCTU
V(SUT)2Vv(S)+V(T), SSTcN,SNT =, 1o ecTb npu 00beIUHEHHE
JBYX KOQJTHUIUH B OJIHY UX CYMMapHBINA TOXOJ HE YMEHBIIAETCS.

n
Kak cnenctBue mosiydyaeM Takke CBONCTBO V(N ) > Zv(i), TO €CTh.
i=1

JI0XOJT BCEll 0OBEAMHUBIIICHUCS TPYIIIBI UTPOKOB JOJDKEH OBITh HE MEHBIIIE
CYMMBbI UX YaCTHBIX JOXOIOB.
CnpaBeauBbeIM JEICKOM OOIIEro J0X0Ja B KOONEPaTHBHON HIpe

Ha3bIBACTCS JTFO00M BEKTOP X = (Xl, ey X ) , 00J1aJTAIONNII CBOMCTBAMU:
a) x>v(i), i=1..n;

b) ixi =Vv(N).

OTH CBOMCTBA 03HAYAIOT, YTO JIOJS KaXKJ0r0 UTPOKa JOJKHA ObITh HE
MEHBIIIE €r0 MHANBUAYAIBHOIO JI0X0JIa U CyMMa JOJIEN NOJDKHA PABHATHCS
o0leMy J0XOJy KOomepanuu HUrpokoB. MHOKECTBO BCEX BO3MOKHBIX
nenexxe ob6o3Hauwaerca kak X, DyHKIumeH osKciecca IS AeNexa

n
Ha3bIBAETCS BEJIWYMHA BUIA e(S, Y) = V(S) — Z X; M O3HAa4aeT pa3HOCThb
i=1
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MEXKJIy YAaCTHBIM BO3MOXHBIM JIOXOJIOM KOQJIHIMA U CYMMApHOH JOJEH
KOQUIMIIMM BO BCEM KOOIEPATUBHOM JOXOJIE. SIPOM KOOMEPATUBHOM WUTPHI
HAa3bIBACTCSI MHOYKECTBO JICJICKEN BUIA:

C ={Ye X1e(S,X)<0,VScN,S = N} T, 4TO TOXE CaMOg,

n
C=1XeX|v(S)<> %,VScN,S=N
i=1
TakuM oOpazom, Jr00asi KOAUIUIMS MOJy4aeT CyMMapHYIO JOJIO0 HE
MEHBIIIE TOTO J0XOJAa, KOTOPBIM JTaHHAs KOAJIUIMS IMOJTy4aeT BHE oOIei
Koomnepanuu. Jlenexu u3 cocraBa sijjpa Ha3bIBAIOTCS CIIPABEIJIUBBIMHU.
SAapo koomepaTUBHOW UIPBl MOXET OBITh IIYCTBIM, TO €CTh
aOCOJIIOTHO CTPaBEIJIUBBIN JENeXK SIBISIETCS HEBO3MOXKHBIM. [loaTomy mpu
aHaJu3e KOOIEPAaTHUBHOM WIPhl PACCUUTHIBACTCS €—SJpO, TAE & —
MaKCHUMaJlbHasi Mepa HECHpPaBEeIJUBOCTH, JOMycKaemass KO BCEM
BO3MOKHBIM KOQJIMIIUSAM, 3TO MHOXECTBO JIeTISKEN BUa:

C(e)={xeX|e(5,X)<e,VS=N,S#N} wm

n
C(e)=4XeX|v(S)<> x+&VScN,S=N
i=1

I[J'IH IMPAKTHUKE II0JIC3HO IIOHATHC HAWMMCHLIICTO &€ —;Iz[paC (81)

KOOIIEpaTHBHOM MIpbL, Ijie €' =min max €(S,X).
XeX ScN,S=N

1
IIpu >TOM IpH €>€ HMEET MECTO BIOKEHHUE C(al)cC(a), 3TO

BJIOKCHUC TTOACHACT CMBICII TCPMHUHA «HAUMCHBIICC SAIPO>.

1
Ecan xxe e<¢€”, TO C(s) =(J, TO eCTh BCC £€—s/Ipa C IapaMeTPoOM ¢,

1
MEHBIINM 3HAYCHUS € SIBIISIIOTCS IIyCThIMU.
_x
PemiennemM koomepaTUBHOW WTIPhI Ha3bIBaeTCs JEnex X € X, Npu

KOTOPOM e'=min max e(S,X)= max e(S,Y*), TO €CThb
%eX ScN,S=N ScN,S=N
MHUHUMU3UPYETCS MAKCHUMAIIbHOE OTKJIOHEHUE OT CIIPABEIJIMBOTO JIEJIEXKA
10 BCEM KOAIIALIUSM.
Takum oOpa3zoM, HJIsI HaXOXKACHHUS PEIICHUS] KOOMEPATUBHON HIPHI
MMEEM MAaTEMAaTHUYECKYHO MOJIENIb BUJA!
Z — min;

V(S)-X(S)=v(S)-D2 x<z,ScN,S=N.
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3. HpnMep BBINNOJIHCHHUA 3alaHUA

KoonepatuBuas urpa Tpex WUTPOKOB 3a7aHa CBOEH
XapaKTEPUCTUUECKON

v(i)=0, i=1,2,3 v({1.2})=2,v({2,3})=1,v({1,3})=0,v({1,2,3})=5/2.

Haiitu pemienue urpsl.

Pemrenne.

1) IIpoBepum CynepagIuTUBHOCTh (KOpPPEKTHOCTB)
XapakTepUCTUUECKOW  (PYHKUMM  WUIPhl, TO  €CTh  HEPABEHCTBO

V(SUT)2Vv(S)+v(T), SSTcN,SNT=d.

S {T}TnS=g, [T|>|S]

{2}{3}12,3}

1) T={2},
V(SUT)-v(S)-v(T)=v({1,2})-v({1})-v({2})=2-0-0=2>0

2) T=1{3,

1} v(S uT)—V(S)—V(T)=V({1’3})_V({1})_V({3}):0_0_0202 0

3) T={23]},

V(SUT)-v(S)-v(T)=v({£2.3})-v({1})-v({23}) -

=5/2-1=3/2>0

{1}{3}.{1,3}

D T= {1}
Ota mapa S, T yxxe pa3dupanace.

2) T={3},
2 v(sUT)=v(S)-v(T)=v({2,3})-v({2})-v({3})=1-0-0=1>0

3) T=-1{13),

V(S WT)=v(S)—v(T)=v({1.2.3})-v({2})-v({L3}) =

=5/2-0=5/2>0

{1}{2}.{1.2}

1) T ={1}
{3} | Oramapa S, T yxe pa3dupaacs.

2) T={2}
Dramapa S, T yxe pa3oupaiach.




S [{T}TnS=g, [T|>|S]

3 T =112,

V(S WT)=v(S)-v(T)=v({1.2.3})-v({3})-v({L2}) =

=5/2-2=1/2>0

Jpyrux map nogmuoxkecTB S, T, Takux uto T NS =J Her.

ITocTpouMm 3agady JMHEWHOTO NMPOTrPAMMHUPOBAHMS I HAXOXKACHUS

MHUHHUMAJIBHOT'O gJpa UI'Pbl U pCIIUM €€ C ITIOMOIIbIO CUMIIJICKC-MCTO/IA.
W=2Z— min,

X, + X, + X3 =5/2,

Kaxxnas mepemeHHass MOKET NMPUHUMATh KaK TMOJIOKHUTEIbHBIC, TaK U
OTpHUIIaTeIbHBIC 3HAYECHUSI, IOPTOMY BBOJIUM 8 HOBBIX HEOTPHUIIATEIHHBIX
NepPEMEHHBIX 10 (popMyiam:

X =x —x,1=123;

z2=7"-7".

[IpuBOaM 3a1a4y K KAHOHUYECKOMY BUJTY:
W, =-z=2 —2z" —max,

W +2z -z =0,

X —X +X5 —X; + X3 — X3 +r=5/2

—X +X —2"+2 +5 =0,

=Xy +X, —Z"+7 +5, =0,

+ ~ + - _
—X3 +Xg =2 +2 +85=0,
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HCpCXOI[I/IM K OCHOBHBIM IICPCMCHHbIM!
z=-w, =-1/4,
X =X —% =1/4-0=1/4;
X, =X; —X; =2-0=2;
Xg =X3 —X3 =1/4-0=1/4;
Takum 00pa3oMm, pelieHHe KOOIEPATUBHOW HWIPBI, TO €CTh

CIIPABEJIMBBIN JIEJIEK KOOIIEPATUBHOI'O J0X0a UMEET BU/I:
Y:(ll 4 2 1/ 4), IPU OTOM JIONOJHUTEIBbHBIA JIOXOJ KaXI0U

KOAJIUIIUK OT KOOTIepaIlii He MeHbIe ueM —Z =1/4.
JIJist TpOBepKHU peluM JTaHHyIo 3a7a4dy B makete MathCad:

w(x,z) =z

x:=(0 0 0) z:=0
Given
5
X1+X)+X3 = Py
X1 = Z
X2 = Z
—X3=Z
—X]—X%=z-2
—X]—X3=Z
Xy —X3=z-1
K ' ' 1
= mimmize(w,X,z)
z
0.25
z=—0.25 x=| 2
0.25

[lony4uunu TOT )€ pe3yapTar.
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4. UuauBuayaibHbIE 3aIaHUSA

No Xapakrepuctudeckas QyHKIHUS KOONIEPATUBHON UTPHI
1 v(i)=0,i =123, v({1,2})=2,v({2,3}) =L, v({L,3}) =1, v({1,2,3}) = 3.
2 | vi)=0i=123 v({1,2})=1v({2,3}) =L v({L3})=1v({1,2,3}) =3
3 v(i)=0,i =1,2,3, v({1,2})=1,v({2,3}) =1, v({L3}) =L v({,,2,3}) = 4.
4 v(i)=0,i =1,2,3 v({L.2})=1v({2,3}) =L, v({L,3}) =L v({L,2,3}) =5
5 | v(i)=0,i=123 v({L.2})=3v({2,3})=1,v({1.3})= 1 v({L,2,3})=4.
6 | v(i)=0i=123v({2})=3v({23})=1v({L3})=1v({L23})=4.
7 | v(i)=0,i=123 v({L2})=3v({2,3})=1v({1,3}) =2,v({1,2,3}) = 4
8 | v(i)=0,i=123 v({L2})=3v({2.3})=2,v({L3})=1v({1.2,3})= 4
9 | v(i)=0,i=123 v({L2})=3v({2,3})=Lv({L3})=3v({L2,3})= 4.

10 | v(i)=0,i=123 v({L.2})=3,v({2,3})=1,v({1,3})=3,v({1,2,3})=5.

11 | v(i)=0,i=123 v({1,2})=3,v({2,3}) =1 v({L3})=3,v({L,2,3})=6.

12 | v(i)=0,i=123 v({1,2})=3v({2,3})=3 v({L,3}) =3, v({L.2,3}) =6.
13 | v(i)=0,i=12,3v({L,2})=3,v({2,3})=3,v({L3})=0, v({1 2,3})=6.
14 | v(i)=0,i=123,v({1,2})=3,v({2,3})=0,v({L,3}) =L, v({L,2,3}) = 6.
15 | v(i)=0,i=123,v({1,2})=3,v({2,3})=0,v({L, }):1 v({1,2,3})= 4.
16 | v(i)=0,i=12.3 v({1,2})=3,v({2,3})=0,v({L3})=1,v({,2,3})=5.
17 | v(i)=0,i=12.3 v({1,2})=3,v({2,3})=0,v({L3})=2,v({1,2,3}) = 5.
18 | v(i)=0,i=123,v({1,2})=2,v({2,3})=0,v({L3}) = 2,v({1,2,3}) = 5.
19 | v(i)=0,i=123 v({1,2})=2,v({2,3})=0,v({1,3})=0,v({,,2,3}) =5.

20 | v(i)=0,i=12,3v({L,2})=0,v({2,3})=0,v({1,3})=2,v({1,2,3})=5.
21 | v(i)=0,i=123 v({L,2})=2,v({2,3})=1,v({L3})=2,v({1,2,3}) = 5.
22 | v(i)=0,i=12.3 v({L,2})=2,v({2,3})=0,v({1,3}) =1, v({1,2,3}) = 5.
23 | v(i)=0,i=123 v({L,2})=3,v({2,3})=0,v({L,3}) = 2,v({,2,3}) =5.
24 | v(i)=0,i=12,3v({L,2})=2,v({2,3})=0,v({L3})=3,v({1,2,3}) =5.
25 | v(i)=0,i=12,3v({L,2})=2,v({2,3})=0,v({1,3})=0,v({L,2,3})=5.
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5. KOHTpOJII)HbIe BOIIPOCHI

1. JlaTh onpeneneHue XxapakKTEPUCTUUECKON (PYHKIIMU KOOTIEPAaTUBHOM
UTPHI.

2.CKOJIbKO BCEr0 BO3MOXHBIX KOQJIMIIMM, €CITU YHUCIO YYaCTHUKOB
KOOTIepaTUBHOM UTPHI paBHO N ?

3.11o xakoit opmysie BBIYUCIACTCS OOUIMNA KOOIEPATUBHBIM JTOXO]
BCEX YYaCTHUKOB UIPHI?

4.Yt0 TaKoe CHpaBEUIMBBIA JICJIEXK OOIIEro KOONEPAaTUBHOIO
1oxoja?

5.YTo Ha3bIBaeTCS SAPOM KOOTEPATUBHON UTPHI?

6. JlaTh onpeneneHue ¢-sAapa.

/.YTo Takoe MUHUMAJILHOE SIZIPO KOOTIEPATUBHON UTPHI?

8. Kak ompenensiercs: penieHne KoornepaTuBHON UTPhI?

9. ChopmynupoBaTh MATEMATUUYECKYIO MOJIETb HAXOXKACHUS PEILICHUS
KOONIEPaTUBHOM UTPHI B OpME 3a7a4M JIMHEHHOTO MPOrpaMMHUPOBAHUSI.



