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×ÅÌÉÞÉÎÏÊ, �ÒÉÎÉÍÁÅÔ ÚÎÁÞÅÎÉÅ xj É Ï�ÒÅÄÅÌÅÎÁ × Ó×ÏÅÍ ×ÅÒÏÑÔÎÏÓÔ-ÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å. äÌÑ �ÒÏÓÔÏÔÙ ÂÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ 8j Xj ÄÉÓËÒÅÔ-ÎÙ, Ï�ÒÅÄÅÌÅÎÙ ÎÁ ÏÄÎÏÍ ×ÅÒÏÑÔÎÏÓÔÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å É ÍÎÏÖÅÓÔ×ÏÚÎÁÞÅÎÉÊ | ËÏÎÅÞÎÏ.�ÁËÖÅ ÄÌÑ ÕÄÏÂÓÔ×Á ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÌÑÔØ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï ÉÎÄÅË-ÓÏ× S ÚÁÄÁÅÔ ÍÎÏÖÅÓÔ×Ï ÔÏÞÅË ÎÁ �ÌÏÓËÏÓÔÉ. óÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, ÒÁÓ-ÓÍÁÔÒÉ×ÁÅÍ ÒÅÁÌÉÚÁ�ÉÀ ÍÎÏÇÏÍÅÒÎÏÊ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ X × ÜÔÉÈÔÏÞËÁÈ. ÷×ÅÄÅÎÎÁÑ ÔÁËÉÍ ÏÂÒÁÚÏÍ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁX ÎÁÚÙ×ÁÅÔÓÑÓÌÕÞÁÊÎÙÍ �ÏÌÅÍ (Random Field).óÏ×ÍÅÓÔÎÏÅ ÓÏÂÙÔÉÅ (X1 = x1; :::; XN = xN ), ÉÌÉ ËÒÁÔËÏ X = x,ÇÄÅ x = fx1; :::; xNg, ÎÁÚÏ×ÅÍ ËÏÎÆÉÇÕÒÁ�ÉÅÊ X .ðÕÓÔØ X | ÓÌÕÞÁÊÎÏÅ �ÏÌÅ ÓÏ ÚÎÁÞÅÎÉÑÍÉ ÎÁ ÍÎÏÖÅÓÔ×Å A, Ô. Å.8i 2 S xi 2 A. åÓÌÉ x | ËÁËÁÑ-ÔÏ ËÏÎËÒÅÔÎÁÑ ËÏÎÆÉÇÕÒÁ�ÉÑ X , ÔÏ� | ÍÎÏÖÅÓÔ×Ï ×ÓÅÈ ×ÏÚÍÏÖÎÙÈ ËÏÎÆÉÇÕÒÁ�ÉÊ:� = fx = (x1; :::; xN )j xi 2 A 8i 2 Sg:÷×ÅÄÅÍ �ÏÎÑÔÉÅ ÓÉÓÔÅÍÙ ÓÏÓÅÄÓÔ×Á: ÜÔÏ ÍÎÏÖÅÓÔ×Ï � = f�i; i 2Sg, ÇÄÅ �i | ÍÎÏÖÅÓÔ×Ï ÜÌÅÍÅÎÔÏ× ÉÚ S, ÎÁÚÙ×ÁÅÍÏÅ ÛÁÂÌÏÎÏÍ ÓÏ-ÓÅÄÓÔ×Á ÄÌÑ ÜÌÅÍÅÎÔÁ i, ÔÁËÁÑ ÞÔÏ:n i =2 �i;i 2 �j , j 2 �i:ï�ÒÅÄÅÌÅÎÉÅ. óÌÕÞÁÊÎÏÅ �ÏÌÅ X ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ÍÁÒËÏ×ÓËÉÍÓÌÕÞÁÊÎÙÍ �ÏÌÅÍ (Markov Random Field, MRF) × ÓÏÏÔ×ÅÔÓÔ×ÉÉ ÓÓÉÓÔÅÍÏÊ ÓÏÓÅÄÓÔ×Á � ÔÏÇÄÁ É ÔÏÌØËÏ ÔÏÇÄÁ, ËÏÇÄÁ 8i:� P (X = x) > 0 8x 2 �;P (Xi = xij Xj = xj ; j 2 Snfig) = P (Xi = xij Xj = xj ; j 2 �i):ï�ÒÅÄÅÌÅÎÉÅ. ëÌÉËÁ 
| ÍÎÏÖÅÓÔ×Ï ÜÌÅÍÅÎÔÏ× ÉÚ S, Ô.Þ. 8s; r 2
 ) r 2 �s. úÁÍÅÔÉÍ, ÞÔÏ ÌÀÂÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï ËÌÉËÉ | ÔÁËÖÅËÌÉËÁ.ðÕÓÔØ x
 | ÎÁÂÏÒ ÚÎÁÞÅÎÉÊ Xi, ÇÄÅ i 2 
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)! ; (1)405



ÇÄÅ C | ÍÎÏÖÅÓÔ×Ï ×ÓÅÈ ËÌÉË, Á Z | ÎÏÒÍÉÒÕÀÝÁÑ ËÏÎÓÔÁÎÔÁ, Ôá-ËÁÑ ÞÔÏ: Z =Xx2� exp �X
2C V
(x
)! : (2)îÁÉÂÏÌÅÅ ×ÁÖÎÏÊ ÔÅÏÒÅÍÏÊ, Ó×ÑÚÙ×ÁÀÝÅÊ ÍÁÒËÏ×ÓËÉÅ ÓÌÕÞÁÊÎÙÅ�ÏÌÑ É ÒÁÓ�ÒÅÄÅÌÅÎÉÅ çÉÂÂÓÁ, Ñ×ÌÑÅÔÓÑ ÓÌÅÄÕÀÝÁÑ�ÅÏÒÅÍÁ (Hammersley|Cli�ord) [1℄. X | ÍÁÒËÏ×ÓËÏÅ ÓÌÕÞÁÊÎÏÅ�ÏÌÅ , P(X = x) | ÒÁÓ�ÒÅÄÅÌÅÎÉÅ çÉÂÂÓÁ.�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÉÍÅÅÍ ×ÏÚÍÏÖÎÏÓÔØ ×ÙÞÉÓÌÑÔØ ×ÅÒÏÑÔÎÏÓÔØËÏÎÆÉÇÕÒÁ�ÉÉ ÄÌÑ ÌÀÂÏÇÏ ÍÁÒËÏ×ÓËÏÇÏ ÓÌÕÞÁÊÎÏÇÏ �ÏÌÑ �Ï ÆÏÒÍÕ-ÌÁÍ (1); (2).ï�ÒÅÄÅÌÅÎÉÅ. óËÒÙÔÏÅ ÍÁÒËÏ×ÓËÏÅ ÓÌÕÞÁÊÎÏÅ �ÏÌÅ (HiddenMarkov Random Field, HMRF) | �ÁÒÁ ÓÌÕÞÁÊÎÙÊ �ÏÌÅÊ (X;Y ), Ô.Þ.×Ù�ÏÌÎÑÀÔÓÑ ÓÌÅÄÕÀÝÉÅ ÕÓÌÏ×ÉÑ:1) X = fXi; i 2 Sg | ÔÁË ÎÁÚÙ×ÁÅÍÏÅ "ÓËÒÙÔÏÅ" (ÉÌÉ, ÄÒÕÇÉÍÉÓÌÏ×ÁÍÉ, ÎÅÎÁÂÌÀÄÁÅÍÏÅ) ÍÁÒËÏ×ÓËÏÅ �ÏÌÅ ÓÏ ÚÎÁÞÅÎÉÑÍÉ × A.2) Y = fYi; i 2 Sg | ÎÁÂÌÀÄÁÅÍÏÅ (×Ï×ÓÅ ÎÅ ÏÂÑÚÁÔÅÌØÎÏ ÍÁÒ-ËÏ×ÓËÏÅ) ÓÌÕÞÁÊÎÏÅ �ÏÌÅ ÓÏ ÚÎÁÞÅÎÉÑÍÉ × B. ÷ÁÖÎÏ, ÞÔÏ 8i 2S;8d 2 A ÉÚ×ÅÓÔÎÙ ÕÓÌÏ×ÎÙÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ P(Yij Xi = d).3) äÌÑ ÌÀÂÏÊ ËÏÎÆÉÇÕÒÁ�ÉÉ x 2 � ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ Yi ÕÓÌÏ×ÎÏÎÅÚÁ×ÉÓÉÍÙ, Ô. Å.P(Y j X = x) =Yi2SP(Yij Xi = xi):òÁÓÓÍÏÔÒÉÍ ÍÁÒËÏ×ÓËÕÀ �Å�Ø Ó ÓÏÓÔÏÑÎÉÑÍÉ x0; x1; :::; xn, ÆÕÎË-�ÉÏÎÉÒÕÀÝÕÀ × ÄÉÓËÒÅÔÎÏÍ ×ÒÅÍÅÎÉ. ðÏÓÔÒÏÉÍ ÍÎÏÇÏÍÅÒÎÕÀ ÓÌÕ-ÞÁÊÎÕÀ ×ÅÌÉÞÉÎÕ X = fXi; i = 0::ng �Ï ÜÔÏÊ ÍÁÒËÏ×ÓËÏÊ �Å�É ÓÌÅÄÕ-ÀÝÉÍ ÏÂÒÁÚÏÍ: P(Xi = xi) | ÜÔÏ ×ÅÒÏÑÔÎÏÓÔØ ÔÏÇÏ, ÞÔÏ × ÍÏÍÅÎÔ×ÒÅÍÅÎÉ i ÍÙ ÎÁÈÏÄÉÌÉÓØ × ÓÏÓÔÏÑÎÉÉ xi. îÁÚÏ×ÅÍ X �ÏÒÏÖÄÅÎÎÏÊÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÏÊ.�ÅÏÒÅÍÁ 1. ìÀÂÁÑ �ÏÒÏÖÄÅÎÎÁÑ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁ | ÜÔÏÍÁÒËÏ×ÓËÏÅ ÓÌÕÞÁÊÎÏÅ �ÏÌÅ ÌÉÎÅÊÎÏÊ ÓÔÒÕËÔÕÒÙ.�ÅÏÒÅÍÁ 2. ìÀÂÏÅ ÍÁÒËÏ×ÓËÏÅ ÓÌÕÞÁÊÎÏÅ �ÏÌÅ ÌÉÎÅÊÎÏÊ ÓÔÒÕË-ÔÕÒÙ | ÜÔÏ �ÏÒÏÖÄÅÎÎÁÑ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁ.�Å�ÅÒØ ÒÁÓÓÍÏÔÒÉÍ ÓËÒÙÔÕÀ ÍÁÒËÏ×ÓËÕÀ ÍÏÄÅÌØ [2℄ É ÅÅ Ó×ÑÚØÓ ÍÁÒËÏ×ÓËÉÍ ÓÌÕÞÁÊÎÙÍ �ÏÌÅÍ É ÓËÒÙÔÙÍ ÍÁÒËÏ×ÓËÉÍ ÓÌÕÞÁÊÎÙÍ�ÏÌÅÍ. 406



òÁÓÓÍÏÔÒÉÍ ÓËÒÙÔÕÀ ÍÁÒËÏ×ÓËÕÀ ÍÏÄÅÌØ, ÆÕÎË�ÉÏÎÉÒÕÀÝÕÀ ×ÄÉÓËÒÅÔÎÏÍ ×ÒÅÍÅÎÉ. ðÕÓÔØ �ÒÉ ÎÅËÏÔÏÒÏÍ ÅÅ ÆÕÎË�ÉÏÎÉÒÏ×ÁÎÉÉ�ÒÉ �ÒÏÈÏÄÅ ÞÅÒÅÚ ÓÏÓÔÏÑÎÉÑ x0; x1; :::; xn ÎÁ ×ÙÈÏÄ �ÏÄÁ×ÁÌÉÓØ ÂÕ-Ë×Ù y0; y1; :::; yn ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. òÁÓÓÍÏÔÒÉÍ ÍÎÏÇÏÍÅÒÎÕÀ ÓÌÕÞÁÊ-ÎÕÀ ×ÅÌÉÞÉÎÕZ = (Z1; Z2; :::; Z2n+2) = (X0; Y0; X1; Y1; :::; Xn; Yn);�ÒÉÞÅÍ ×ÅÒÏÑÔÎÏÓÔØ P(Xi = xij Xi�1 = xi�1) | ÜÔÏ ×ÅÒÏÑÔÎÏÓÔØ�ÅÒÅÈÏÄÁ a(xi�1; xi) ÉÚ ÓÏÓÔÏÑÎÉÑ xi�1 × ÓÏÓÔÏÑÎÉÅ xi, Á ×ÅÒÏÑÔÎÏÓÔØP(Yi = yij Xi = xi) | ÜÔÏ ×ÅÒÏÑÔÎÏÓÔØ ×ÙÄÁÞÉ b(yi; xi) ÂÕË×Ù yi× ÓÏÓÔÏÑÎÉÉ xi. îÁÚÏ×ÅÍ ÔÁËÕÀ ÍÎÏÇÏÍÅÒÎÕÀ ÓÌÕÞÁÊÎÕÀ ×ÅÌÉÞÉÎÕÓËÒÙÔÏÊ �ÏÒÏÖÄÅÎÎÏÊ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÏÊ.�ÅÏÒÅÍÁ 3. ìÀÂÁÑ ÓËÒÙÔÁÑ �ÏÒÏÖÄÅÎÎÁÑ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉ-ÎÁ | ÜÔÏ ÓËÒÙÔÏÅ ÓÌÕÞÁÊÎÏÅ ÍÁÒËÏ×ÓËÏÅ �ÏÌÅ ÌÉÎÅÊÎÏÊ ÓÔÒÕËÔÕ-ÒÙ.�ÅÏÒÅÍÁ 4. ìÀÂÏÅ ÓËÒÙÔÏÅ ÍÁÒËÏ×ÓËÏÅ ÓÌÕÞÁÊÎÏÅ �ÏÌÅ ÌÉÎÅÊ-ÎÏÊ ÓÔÒÕËÔÕÒÙ | ÜÔÏ ÓËÒÙÔÁÑ �ÏÒÏÖÄÅÎÎÁÑ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁ.ó�ÉÓÏË ÌÉÔÅÒÁÔÕÒÙ1. Hammersley J. M., Cli�ord P. Markov random �elds in statisti
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eedings of the IEEE. |February 1989. | 77 (2). | P. 257-286.íá�åíá�éþåóëáñ íïäåìøîåðåòåþéóìé�åìøîùè úáäáþ ðïéóëáá. ð. ðÉ×Ï×ÁÒÏ× (íÏÓË×Á)äÁÎÎÁÑ ÒÁÂÏÔÁ ÏÓÎÏ×Ù×ÁÅÔÓÑ ÎÁ ÉÎÆÏÒÍÁ�ÉÏÎÎÏ-ÇÒÁÆÏ×ÏÊ ÍÏ-ÄÅÌÉ �ÏÉÓËÁ ÉÎÆÏÒÍÁ�ÉÉ [1℄. ÷ ÜÔÏÊ ÍÏÄÅÌÉ �ÅÒÅÞÉÓÌÉÔÅÌØÎÁÑ ÚÁ-ÄÁÞÁ ÉÎÆÏÒÍÁ�ÉÏÎÎÏÇÏ �ÏÉÓËÁ (úéð) �ÒÅÄÓÔÁ×ÌÑÅÔ ÉÚ ÓÅÂÑ ÔÒÏÊ-ËÕ I = hX;V; �i, ÇÄÅ X | ÍÎÏÖÅÓÔ×Ï ÚÁ�ÒÏÓÏ×, V | ÂÉÂÌÉÏÔÅËÁ,Ñ×ÌÑÀÝÁÑÓÑ ËÏÎÅÞÎÙÍ �ÏÄÍÎÏÖÅÓÔ×ÏÍ ÍÎÏÖÅÓÔ×Á ×ÓÅÈ ×ÏÚÍÏÖÎÙÈÚÁ�ÉÓÅÊ Y , Á � | ÏÔÎÏÛÅÎÉÅ �ÏÉÓËÁ, ÚÁÄÁÎÎÏÅ ÎÁ X � Y . ðÒÉ ÜÔÏÍÓÏÄÅÒÖÁÔÅÌØÎÏ ÚÁÄÁÞÁ I ÓÏÓÔÏÉÔ × ÔÏÍ, ÞÔÏÂÙ ÄÌÑ ÌÀÂÏÇÏ �ÒÏÉÚ-×ÏÌØÎÏÇÏ ÚÁ�ÒÏÓÁ x 2 X �ÅÒÅÞÉÓÌÑÔØ ÔÅ É ÔÏÌØËÏ ÔÅ ÚÁ�ÉÓÉ ÉÚ V ,ËÏÔÏÒÙÅ ÎÁÈÏÄÑÔÓÑ × ÏÔÎÏÛÅÎÉÉ � Ó x.407


