
Game{2�àã¯¯ë C ¨ D�®¡ ¢«¥­¨¥ ª á¥¬¨­ àã:ª ª ¨áª âì ª®àà¥«¨à®¢ ­­ë¥ à ¢­®¢¥á¨ï.� ®â«¨ç¨¥ ®â ®¡ëç­®£® (á¬¥è ­­®£®) à ¢­®¢¥á¨ï �íè , ¢ ª®â®à®¬ ª �¤ë© ãç áâ-­¨ª á ¬®áâ®ïâ¥«ì­® á¬¥è¨¢ ¥â á¢®¨ ç¨áâë¥ áâà â¥£¨¨ (â. ¥. áâà®ª¨ ¨«¨ áâ®«¡æë â -¡«¨æë ¢ë¨£àëè¥©), ª®àà¥«¨à®¢ ­­®¥ à ¢­®¢¥á¨¥ ¥áâì á¬¥áì ¯à®ä¨«¥© áâà â¥£¨© (¨«¨¨áå®¤®¢) ¨£àë, â. ¥. ®â¤¥«ì­ëå ª«¥â®ª â ¡«¨æë (çâ®, ª ª ¬ë §­ ¥¬, ¤ ¥â ¡®«¥¥ ¡®-£ âë¥ ¢®§¬®�­®áâ¨ ¤«ï à¥ «¨§ã¥¬ëå ¯à®ä¨«¥© ¢ë¨£àëè¥©). � §ã¬¥¥âáï, ¤«ï â®£®,çâ®¡ë íâ  á¬¥áì ¤¥©áâ¢¨â¥«ì­® ï¢«ï« áì à ¢­®¢¥á¨¥¬, ¤®«�­ë ¢ë¯®«­ïâìáï ®¯à¥¤¥-«¥­­ë¥ ãá«®¢¨ï á®¢¬¥áâ¨¬®áâ¨ á® áâ¨¬ã« ¬¨ (á ¬®®â¡®à ),  ­ «®£¨ç­ë¥ ®¯â¨¬ «ì-­®áâ¨ ¢ë¡®à  áâà â¥£¨¨ ¢ áâ ­¤ àâ­®¬ à ¢­®¢¥á¨¨ �íè . �â¨ ãá«®¢¨ï £ à ­â¨àãîâ,çâ® á®£« è¥­¨¥ ® â®¬, ª ª ¨£à âì, ¡ã¤ãç¨ ­¥®¡ï§ë¢ îé¨¬, ¢á¥ à ¢­® ¢ë¯®«­ï¥âáïãç áâ­¨ª ¬¨.�®àà¥«¨à®¢ ­­®¥ à ¢­®¢¥á¨¥ ¬®�­® ¯à¥¤áâ ¢«ïâì á¥¡¥ â ª: ¨¬¥¥âáï ¯®áà¥¤­¨ª¨«¨  à¡¨âà, ª®â®àë© ¬®�¥â á«ãç ©­® á¬¥è¨¢ âì ¨áå®¤ë ¨£àë á § ¤ ­­ë¬¨ ¨ ¨§¢¥áâ-­ë¬¨ ¢á¥¬ ¢¥á ¬¨. �­ § ¯ãáª ¥â £¥­¥à â®à á«ãç ©­ëå ç¨á¥« ¨ ¯®«ãç ¥â ­¥ª®â®àë©á«ãç ©­® à¥ «¨§®¢ ­­ë© ¯à®ä¨«ì ç¨áâëå áâà â¥£¨©. � â¥¬  à¡¨âà â ©­® á®®¡é ¥âª �¤®¬ã, ª ªãî ç¨áâãî áâà â¥£¨î â®â ¤®«�¥­ ¨£à âì. � ¡®à ¢¥á®¢, á ª®â®àë¬¨á¬¥è¨¢ îâáï ¨áå®¤ë, ï¢«ï¥âáï ª®àà¥«¨à®¢ ­­ë¬ à ¢­®¢¥á¨¥¬, ¥á«¨ ­¨ ã ª®£® ­¥âáâ¨¬ã«  ®âª«®­¨âìáï ®â ¯à¥¤«®�¥­­®£® ¥¬ã ¢ à¨ ­â  ¤¥©áâ¢¨ï. �â® ®§­ ç ¥â, çâ®¬ â®�¨¤ ­¨¥ ¢ë¨£àëè , ãá«®¢­®¥ ¯® ¤®áâã¯­®© ¨£à®ªã ¨­ä®à¬ æ¨¨ (¢ ­ è¥¬ á«ã-ç ¥ ¯® â®¬ã ä ªâã, çâ® ¥¬ã ¯à¥¤« £ îâ ¨£à âì ¤ ­­ãî ç¨áâãî áâà â¥£¨î), ¬ ªá¨-¬¨§¨àã¥âáï ª ª à § ­  ¢ à¨ ­â¥, ¯à¥¤«®�¥­­®¬  à¡¨âà®¬. �¡à â¨â¥ ¢­¨¬ ­¨¥, çâ®¨£à®ªã i ¨§¢¥áâ­® «¨èì, ª ª á«¥¤ã¥â ¨£à âì ¥¬ã, ¨ ­¥¨§¢¥áâ­®, çâ® áª § «  à¡¨âà ¤àã-£¨¬ (¥á«¨ ¡ë ¢¥áì ¯à®ä¨«ì áâà â¥£¨© ¡ë« ®¡é¨¬ §­ ­¨¥¬, ¥¤¨­áâ¢¥­­®¥, çâ® ¬®�­®¡ë«® ¡ë ¢ íâ®¬ á«ãç ¥ ¯®«ãç¨âì | íâ® ç¨áâë¥ à ¢­®¢¥á¨ï ¨ ¨å á¬¥á¨).�â ª, ª®àà¥«¨à®¢ ­­ë¥ à ¢­®¢¥á¨ï | íâ® á¬¥á¨ ¨áå®¤®¢ ¨£àë, ã¤®¢«¥â¢®àïî-é¨¥ ãá«®¢¨ï¬ á®¢¬¥áâ¨¬®áâ¨ á® áâ¨¬ã« ¬¨. Ǒ®á«¥¤­¨¥ ¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥-¬ã «¨­¥©­ëå ­¥à ¢¥­áâ¢, ¯®íâ®¬ã ¬­®�¥áâ¢® ¢á¥å á¬¥è ­­ëå ¨áå®¤®¢, ï¢«ïîé¨åáïª®àà¥«¨à®¢ ­­ë¬¨ à ¢­®¢¥á¨ï¬¨, ¥áâì ¢ë¯ãª«ë© ¬­®£®£à ­­¨ª (®£à ­¨ç¥­­ë©, ¯®-áª®«ìªã á®¤¥à�¨âáï ¢ á¨¬¯«¥ªá¥, ¨ ­¥¯ãáâ®©, ¯®áª®«ìªã, ª ª ­¥âàã¤­® ¯à®¢¥à¨âì,á®¤¥à�¨â ¢á¥ à ¢­®¢¥á¨ï �íè ). �¡®§­ ç¨¬ íâ®â ¬­®£®£à ­­¨ª C.� áâ® ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ ­¥ áâ®«ìª® á ¬¨ ª®àà¥«¨à®¢ ­­ë¥ à ¢­®¢¥á¨ï, áª®«ì-ª® à¥ «¨§ã¥¬ë¥ ¢ ­¨å ¢ë¨£àëè¨. � á¢ï§¨ á íâ¨¬ à áá¬ âà¨¢ îâ â ª ­ §ë¢ ¥¬ãî®¡« áâì ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨©| ¬­®�¥áâ¢® ¯à®ä¨«¥© ¢ë¨£àëè¥©, ¤®áâ¨�¨-¬ëå ¢ ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨ïå ¨«¨, çâ® â® �¥ á ¬®¥, ®¡à § U(C) ¬­®£®£à ­-­¨ª  C ¯à¨ «¨­¥©­®¬ ®â®¡à �¥­¨¨ U : �(S1 × . . . × Sn) → Rn, á®¯®áâ ¢«ïîé¥¬á¬¥á¨ ¯à®ä¨«¥© áâà â¥£¨© á®®â¢¥âáâ¢ãîé¨© ­ ¡®à ¢ë¨£àëè¥©. Ǒ®áª®«ìªã ¯à¨ «¨-­¥©­®¬ ®â®¡à �¥­¨¨ ¬­®£®£à ­­¨ª ¯¥à¥å®¤¨â ¢ ¬­®£®£à ­­¨ª, ¢¥àè¨­ë ª®â®à®£®¥áâì ®¡à §ë ­¥ª®â®àëå ¢¥àè¨­ ¨áå®¤­®£® ¬­®£®£à ­­¨ª , â® ¤«ï ®¯à¥¤¥«¥­¨ï ®¡« -áâ¨ ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨© ¤®áâ â®ç­® ­ ©â¨ ¢á¥ ¢¥àè¨­ë ¬­®£®£à ­­¨ª  C,¢ëç¨á«¨âì ¨å ®¡à §ë ¯à¨ ®â®¡à �¥­¨¨ U ¨ ¢§ïâì ¢ë¯ãª«ãî ®¡®«®çªã ¯®«ãç¥­­®£®¬­®�¥áâ¢  â®ç¥ª.



� áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨¬¥à: âà¥¡ã¥âáï ¨§®¡à §¨âì ­  ¯«®áª®áâ¨ (u1, u2) ®¡« áâì ª®à-à¥«¨à®¢ ­­ëå à ¢­®¢¥á¨© ¤«ï ¨£àë ¤¢ãå «¨æ á â ¡«¨æ¥© ¢ë¨£àëè¥©:
t1 t2

s1 3, 3 1, 4
s2 4, 1 0, 0� áá¬®âà¨¬ á¬¥è ­­ë© ¯à®ä¨«ì ¢ë¨£àëè¥© a (s1, t1) + b (s1, t2) + c (s2, t1) + d (s2, t2), £¤¥

a+ b+ c+ d = 1 ¨ a, b, c, d ≥ 0. �ã�­® ­ ©â¨ ãá«®¢¨ï ­  ç¨á«  a, b, c, d, ¤ îé¨¥ ª®àà¥«¨à®¢ ­-­ë¥ à ¢­®¢¥á¨ï.� ©¤¥¬ ãá«®¢¨¥ ­¥®âª«®­¥­¨ï ¯¥à¢®£® ¨£à®ª  ®â áâà â¥£¨¨ s1 ¢ á«ãç ¥, ¥á«¨ ¯®á«¥¤­ïï à¥ª®-¬¥­¤®¢ ­  ¥¬ã  à¡¨âà®¬. �£à®ªã 1 ¨§¢¥áâ­®, çâ® ¤®«�¥­ ¨£à âìáï ®¤¨­ ¨§ ¨áå®¤®¢ (s1, t1) ¨«¨(s1, t2) (â. ¥. çâ® ¨£à®ªã 2 à¥ª®¬¥­¤®¢ ­® ¨£à âì t1 ¨«¨ t2) á ãá«®¢­ë¬¨ ¢¥à®ïâ­®áâï¬¨, á®®â¢¥â-áâ¢¥­­®, a
a+ b

¨ b
a + b

. �á«¨ ¨£à âì s1, â® ®�¨¤ ¥¬ ï ¯®«¥§­®áâì á®áâ ¢¨â (3 · a+ 1 · b)/(a+ b),  ¥á«¨ ¨£à âì s2, â® á â¥¬¨ �¥ á ¬ë¬¨ ãá«®¢­ë¬¨ ¢¥à®ïâ­®áâï¬¨ a
a+ b

¨ b
a+ b

à¥ «¨§ã¥âáï ¨áå®¤,á®®â¢¥âáâ¢¥­­®, (s2, t1) ¨«¨ (s2, t2), ¯®íâ®¬ã ®�¨¤ ¥¬ ï ¯®«¥§­®áâì á®áâ ¢¨â (4 · a + 0 · b)/(a+ b).�à ¢­¨¢ ï, ¯®«ãç ¥¬, çâ® ®âª«®­ïâìáï ®â s1 ­¥¢ë£®¤­®, ¥á«¨ a ≤ b. �­ «®£¨ç­® ¬®�­® ¢ë¢¥áâ¨ãá«®¢¨ï á®¢¬¥áâ¨¬®áâ¨ á® áâ¨¬ã« ¬¨ ¤«ï s2, t1 ¨ t2. Ǒ®«ãç ¥âáï á¨áâ¥¬  ãá«®¢¨©
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a ≤ b
c ≥ d
a ≤ c
b ≥ d
a+ b+ c+ d = 1
a, b, c, d ≥ 0,ª®â®à ï ¨ ®¯à¥¤¥«ï¥â ¬­®�¥áâ¢® C.� «ìè¥ ­ ¤® ­ ©â¨ ¢á¥ ¢¥àè¨­ë ¬­®£®£à ­­¨ª  C (¢ ¬ ¨§¢¥áâ­®, ª ª íâ® ¤¥« ¥âáï?). �å ®ª -§ë¢ ¥âáï ¯ïâì. �â®¡ë ¯®«ãç¨âì ®¡« áâì ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨©, ­ ¤® ¯à¨¬¥­¨âì ª® ¢á¥¬¢¥àè¨­ ¬ ®â®¡à �¥­¨¥ U , â. ¥. ¢ëç¨á«¨âì ¤«ï ­¨å ¯à®ä¨«¨ ¢ë¨£àëè¥©:

v1 = (0, 1, 0, 0) , U(v1) = (1, 4) ,
v2 = (0, 0, 1, 0) , U(v2) = (4, 1) ,
v3 = (0, 13 , 13 , 13)

, U(v3) = (53 , 53)

,

v4 = (13 , 13 , 13 , 0) , U(v4) = (83 , 83)

,

v5 = (14 , 14 , 14 , 14)

, U(v5) = (2, 2) .�¥à¥¬ ¢ë¯ãª«ãî ®¡®«®çªã ¯®«ãç¨¢è¨åáï â®ç¥ª ­  ¯«®áª®áâ¨ (u1, u2). �â® ¨ ¥áâì ®¡« áâì ª®àà¥«¨-à®¢ ­­ëå à ¢­®¢¥á¨©.
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U(v1)
U(v2)U(v3) U(v4)

U(v5)
e ç¨áâë¥ ¨áå®¤ë ¨£àë
r ®¡à §ë â®ç¥ª vi£à ­¨æ  ®¡« áâ¨ ¢á¥å ª®àà¥«. ¢ë¨£àëè¥©£à ­¨æ  ®¡« áâ¨ ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨©� ¬¥â¨¬, çâ® â®çª¨ v1, v2 ¨ v3 á®®â¢¥âáâ¢ãîâ à ¢­®¢¥á¨ï¬ �íè  (¤¢ã¬ ç¨áâë¬ ¨ á¬¥è ­­®¬ã).�® ®¡« áâì ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨© ¢ª«îç ¥â ­¥ â®«ìª® ¢ë¯ãª«ë¥ ª®¬¡¨­ æ¨¨ à ¢­®¢¥á­ëå¢ë¨£àëè¥©,   ¥é¥ ¨ ­¥ª®â®àë¥ â®çª¨ á ¡�®«ìè¨¬¨ ¢ë¨£àëè ¬¨. � ¯à¨¬¥à, â®çª  v4 (¯à¥¤¯¨áë¢ -¥âáï á à ¢­ë¬¨ ¢¥à®ïâ­®áâï¬¨ ¨£à âì ¯à®ä¨«¨ (s1, t1), (s1, t2) ¨ (s2, t1)) ¤ ¥â ®�¨¤ ¥¬ë¥ ¢ë¨£àëè¨

(83 , 83), ­¥¤®áâ¨�¨¬ë¥ ª®¬¡¨­¨à®¢ ­¨¥¬ à ¢­®¢¥á¨© �íè . �®�­® áª § âì, çâ® Ǒ à¥â®-£à ­¨æ ®¡« áâ¨ ª®àà¥«¨à®¢ ­­ëå à ¢­®¢¥á¨© § ¤ ¥â ¯à¥¤¥« ¢®§¬®�­®áâ¥© ª®®¯¥à æ¨¨ á ¯®¬®éìî ­¥®¡ï-§ë¢ îé¨å á®£« è¥­¨© ¢ ¤ ­­®© ¨£à¥.


