
������� Ǒ� ����� \���������� ��� �����������{2"22 ¤¥ª ¡àï 2004£.� ¬ ¯à¥¤« £ ¥âáï ç¥âëà¥ § ¤ ç¨ ¯® â¥¬ ¬ ªãàá . �ã¬¬ à­ë© ¢¥á § ¤ ç á®áâ ¢«ï¥â 140 ®çª®¢.�á¥ ®â¢¥âë ¤®«�­ë ¡ëâì ®¡®á­®¢ ­ë.�ª§ ¬¥­ ¯à®¤®«� ¥âáï 4 ç á .�¥« ¥¬ ãá¯¥å !� ¤ ç  1 (40 ®çª®¢). � ­  § ¤ ç  ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï: ¬¨­¨¬¨§¨à®¢ âì äã­ªæ¨®­ «
x21 + 2x1 + 0

∫

t0 ((u+ x)2 + 2u)dt¯à¨ ®£à ­¨ç¥­¨ïå
dx

dt
= x+ u, u ≤ 0.§­ ç¥­¨ï t1 = 0, t0 < 0, x(t0) = x0 áç¨â îâáï § ¤ ­­ë¬¨,   §­ ç¥­¨¥ x(t1) = x1 | á¢®¡®¤­®¥. ) �ë¯¨á âì ¤«ï íâ®© § ¤ ç¨ á®¯àï�¥­­®¥ ãà ¢­¥­¨¥, ãá«®¢¨¥ âà ­á¢¥àá «ì­®áâ¨ ¨ ¯à¨­æ¨¯¬ ªá¨¬ã¬ .¡) �¯¨á âì à §«¨ç­ë¥ à¥�¨¬ë ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï u, §®­ë ¨å ¤¥©áâ¢¨ï ¨ «¨­¨¨ ¯¥-à¥ª«îç¥­¨ï (¢ ª®®à¤¨­ â å (t, x)).¢) �«ï á«ãç ï t0 = −2 ®¯¨á âì, ª ª¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ à¥�¨¬®¢ ã¯à ¢«¥­¨ï ¬®£ãâ ¢áâà¥-â¨âìáï ­  ®¯â¨¬ «ì­ëå âà ¥ªâ®à¨ïå x(·) ¨ ãª § âì ®¡« áâ¨ §­ ç¥­¨© x0 = x(−2), ¯à¨ª®â®àëå à¥ «¨§ãîâáï íâ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨.£) � ©â¨ ®¯â¨¬ «ì­ãî âà ¥ªâ®à¨î x(·) ¨ ®¯â¨¬ «ì­®¥ ã¯à ¢«¥­¨¥ u(·) ¤«ï ­ ç «ì­ëå ¤ ­-­ëå t0 = −2, x0 = 0.� ¤ ç  2 (35 ®çª®¢). � ­  «¨­¥©­ ï § ¤ ç  ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï: ¬¨­¨¬¨§¨à®¢ âì äã­ª-æ¨®­ «

t1 + t1
∫0 (2x1 + x2 + 7u)dt¯à¨ ®£à ­¨ç¥­¨ïå

dx1
dt

= x2 + u,

dx2
dt

= x1 + 3u, u ∈ [1, 2℄. .§­ ç¥­¨ï t0 = 0, x1(0) = x01, x2(0) = x02 ¨ x1(t1) = x2(t1) = 0 áç¨â îâáï § ¤ ­­ë¬¨,   ª®­¥ç­ë©¬®¬¥­â ¢à¥¬¥­¨ t1 | á¢®¡®¤­ë©. ) �ë¯¨á âì ¤«ï íâ®© § ¤ ç¨ á®¯àï�¥­­ãî á¨áâ¥¬ã ãà ¢­¥­¨©, ãá«®¢¨¥ âà ­á¢¥àá «ì­®áâ¨¨ ¯à¨­æ¨¯ ¬ ªá¨¬ã¬ .¡) �¯¨á âì ®á­®¢­ë¥ à¥�¨¬ë ã¯à ¢«¥­¨ï u, ã¤®¢«¥â¢®àïîé¨¥ ¯à¨­æ¨¯ã ¬ ªá¨¬ã¬ , ¨ ¢ä §®¢®© ¯«®áª®áâ¨ (x1, x2) ®¯à¥¤¥«¨âì á®®â¢¥âáâ¢ãîé¨¥ á¥¬¥©áâ¢  âà ¥ªâ®à¨©.¢) �¯¨á âì á¨­â¥§ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï: §®­ë ¤¥©áâ¢¨ï à §«¨ç­ëå à¥�¨¬®¢, «¨­¨¨¯¥à¥ª«îç¥­¨ï, ä¨­ «ì­ë¥ âà ¥ªâ®à¨¨,   â ª�¥ ¬­®�¥áâ¢® ¤®áâ¨�¨¬®áâ¨, á®áâ®ïé¥¥ ¨§¯ à (x01, x02), ¤«ï ª®â®àëå § ¤ ç  à §à¥è¨¬ .£) � ª®© ¢¨¤ ¨¬¥îâ ®¯â¨¬ «ì­ë¥ âà ¥ªâ®à¨¨ ¨ ¤«ï ª ª¨å ¨§ ­¨å à¥ «¨§ã¥âáï ¢ëà®�¤¥­­ë©á«ãç © ¢ ¯à¨­æ¨¯¥ ¬ ªá¨¬ã¬  (λ0 = 0)?



� ¤ ç  3 (35 ®çª®¢). ) �¯¨á âì ­  ¯«®áª®áâ¨ (x1, x2) íää¥ªâ¨¢­ë¥ ¯® Ǒ à¥â® â®çª¨ ¢ § ¤ ç¥ á ¤¢ã¬ï ¬ ªá¨¬¨-§¨àã¥¬ë¬¨ ªà¨â¥à¨ï¬¨:
f1(x1, x2) = 21x1 − 5x2 − 4x21 + 4x1x2 − x22,
f2(x1, x2) = min{1− x1, 1− x2}.�â¢¥â ¯à®¨««îáâà¨à®¢ âì £à ä¨ç¥áª¨.¡) � áá¬®âà¨¬ íª®­®¬¨ªã ®¡¬¥­  á ¤¢ã¬ï ãç áâ­¨ª ¬¨ ¨ ¤¢ã¬ï â®¢ à ¬¨. Ǒ¥à¢ë© ãç áâ-­¨ª ¨¬¥¥â äã­ªæ¨î ¯®«¥§­®áâ¨ u1(x1, x2), á®¢¯ ¤ îéãî á f1(x1, x2) ¨§ ¯ã­ªâ   ) ¨ ­ -ç «ì­ãî á®¡áâ¢¥­­®áâì a1 = 2, a2 = 6. �â®à®© ãç áâ­¨ª ¨¬¥¥â �ã­ªæ¨î ¯®«¥§­®áâ¨

u1(y1, y2) = f2(20 − y1, 12− y2) ¨ ­ ç «ì­ãî á®¡áâ¢¥­­®áâì b1 = 18, b2 = 6. � ª¨¬ ®¡à -§®¬, ¢ íª®­®¬¨ª¥ ¢á¥£® ¨¬¥¥âáï 20 ¥¤¨­¨æ ¯¥à¢®£® â®¢ à  ¨ 12 ¥¤¨­¨æ ¢â®à®£®. �à¥¡ã¥âáï¢ ïé¨ª¥ �¤�¢®àâ  ®¯¨á âì íää¥ªâ¨¢­ë¥ ¯® Ǒ à¥â® â®çª¨ ¨ ­ ©â¨ ¢á¥ ¢ à¨ ­âë ª®­ªã-à¥­â­®£® ®¡¬¥­ .� ¤ ç  4 (30 ®çª®¢). � áá¬ âà¨¢ ¥âáï íª®­®¬¨ª  ®¡¬¥­  á ¤¢ã¬ï ¢¨¤ ¬¨ â®¢ à®¢, ®¤­¨¬ ¯à®¨§-¢®¤¨â¥«¥¬ ¨ ®¤­¨¬ ¯®âà¥¡¨â¥«¥¬. Ǒà®¨§¢®¤áâ¢¥­­®¥ ¬­®�¥áâ¢® Y ¨ ¯®âà¥¡¨â¥«ìáª®¥ ¬­®�¥áâ¢® X§ ¤ ­ë á¨áâ¥¬ ¬¨ ­¥à ¢¥­áâ¢
Y : y1 + 2y2 ≤ 0,5y1 + y2 ≤ 0,13y1 + 8y2 + 54 ≥ 0; X : 10x1 + 7x2 ≤ 126,0 ≤ x1 ≤ 8,

x2 ≥ 0.Ǒà®¨§¢®¤¨â¥«ì ¯à¨ § ¤ ­­ëå æ¥­ å p = (π, 1 − π), π ∈ [0, 1℄, ¬ ªá¨¬¨§¨àã¥â ­  ¬­®�¥áâ¢¥ Y á¢®î¯à¨¡ë«ì ψ(π) = πy1+(1−π)y2, ®¯à¥¤¥«ïï â¥¬ á ¬ë¬ ¯à¥¤«®�¥­¨¥ ­  àë­ª¥ â®¢ à®¢. Ǒ®âà¥¡¨â¥«ìà á¯®« £ ¥â ­ ç «ì­ë¬ § ¯ á®¬ a = (a1, a2) = (6, 13) ¨ ¬ ªá¨¬¨§¨àã¥â á¢®î äã­ªæ¨î ¯®«¥§­®áâ¨
u(x1, x2) = 5x1 + x2 ­  ¬­®�¥áâ¢¥ X ¯à¨ ¡î¤�¥â­®¬ ®£à ­¨ç¥­¨¨ πx1 + (1 − π)x2 ≤ ϕ(π), £¤¥
ϕ(π) = ψ(π) + πa1 + (1− π)a2.�¯¨á âì ª ª äã­ªæ¨î æ¥­®¢®£® ¯ à ¬¥âà  π (¢®§¬®�­®, ¬­®£®§­ ç­ãî): ¯à¨¡ë«ì ψ(π), ¯à¥¤«®�¥-­¨¥ á® áâ®à®­ë ¯à®¨§¢®¤¨â¥«ï ­  àë­ª¥ â®¢ à®¢, á¯à®á ¯®âà¥¡¨â¥«ï ¨ ¨§¡ëâ®ç­ë© á¯à®á. � ©â¨à ¢­®¢¥á­ë¥ æ¥­ë, á®®â¢¥âáâ¢ãîé¨¥ ®¡ê¥¬ë ¯à®¨§¢®¤áâ¢  ¨ á¯à®á.


