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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�îÁ ÓØÏÇÏÄÎ�ÛÎ�Ê ÄÅÎØ ÚÒÏÓÔÁÎÎÑ ÚÁÂÒÕÄÎÅÎÎÑ ÎÁ×ËÏÌÉÛÎØÏÇÏ ÓÅÒÅ-ÄÏ×ÉÝÁ ÓÔÁÌÏ ÄÕÖÅ ÓÅÒÊÏÚÎÏÀ �ÒÏÂÌÅÍÏÀ. ïÄÎÉÍ Ú ÏÓÎÏ×ÎÉÈ ÄÖÅ-ÒÅÌ ÚÁÂÒÕÄÎÅÎÎÑ ¤ ÛÉÒÏËÅ ×ÉËÏÒÉÓÔÁÎÎÑ ÏÒÇÁÎ�ÞÎÉÈ ÒÏÚÞÉÎÎÉË�× ÑËÓÅÒÅÄÏ×ÉÝÁ ÄÌÑ È�Í�ÞÎÉÈ ÒÅÁË��Ê. ðÒÉËÌÁÄÏÍ ×ÉËÏÒÉÓÔÁÎÎÑ ÏÒÇÁ-Î�ÞÎÉÈ ÒÏÚÞÉÎÎÉË�× ¤ ËÁÔÁÌ�ÔÉÞÎ� ÒÅÁË��§: ÇÏÍÏÇÅÎÎÉÊ ÏÒÇÁÎÏÍÅÔÁ-Ì�ÞÎÉÊ ËÁÔÁÌ�Ú � ÇÅÔÅÒÏÇÅÎÎÉÊ ËÁÔÁÌ�Ú. çÏÍÏÇÅÎÎ� ÍÏÌÅËÕÌÑÒÎ� ËÁ-ÔÁÌ�ÚÁÔÏÒÉ, ÑË� ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ � ÔÉÓ-ËÁÈ, ÍÁÀÔØ ÄÕÖÅ ×ÉÓÏËÕ ÓÅÌÅËÔÉ×Î�ÓÔØ � ¤ ÒÏÚÞÉÎÎÉÍÉ × ÓÅÒÅÄÏ×ÉÝ��ÒÏÔ�ËÁÎÎÑ ÒÅÁË��§. ú �ÎÛÏÇÏ ÂÏËÕ, ÇÅÔÅÒÏÇÅÎÎ� Ô×ÅÒÄ� ËÁÔÁÌ�ÚÁÔÏÒÉ,ÑË� ¤ ÎÅÒÏÚÞÉÎÎÉÍÉ × ÓÅÒÅÄÏ×ÉÝ� ÒÅÁË��§, ÌÅÇËÏ ×�ÄÏËÒÅÍÌÀÀÔØÓÑ(ÓÅ�ÁÒÕÀÔØÓÑ) ×�Ä �ÒÏÄÕËÔ�× ÒÅÁË��§. ïÄÎÁË, ×ÏÎÉ ×ÉÍÁÇÁÀÔØ, ÝÏÂÒÅÁË��§ ×�ÄÂÕ×ÁÌÉÓØ �ÒÉ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ � ÔÉÓËÁÈ, Á �Å Ó�ÒÉ-ÞÉÎÑ¤ ÚÎÉÖÅÎÎÑ ÓÅÌÅËÔÉ×ÎÏÓÔ� ÒÅÁË��Ê. ïÔÖÅ, ×ÁÖÌÉ×Ï ÚÎÁÊÔÉ ÔÁËÅÓÅÒÅÄÏ×ÉÝÅ ÒÅÁË��§, ÑËÅ ÍÏÇÌÏ Â ��ÄÔÒÉÍÕ×ÁÔÉ ÏÓÎÏ×Î� ÈÁÒÁËÔÅÒÉÓ-ÔÉËÉ ËÁÔÁÌ�ÚÁÔÏÒ�×, ÁÌÅ ÎÅ Ó�ÒÉÞÉÎÑÌÏ ÚÁÂÒÕÄÎÅÎÎÑ ÎÁ×ËÏÌÉÛÎØÏÇÏÓÅÒÅÄÏ×ÉÝÁ.�ÁËÉÍ ÓÅÒÅÄÏ×ÉÝÅÍ ÄÌÑ ÒÅÁË��§, ÑËÅ ÚÁÄÏ×�ÌØÎÑ¤ ×ÉÝÅ ÎÁ×ÅÄÅ-Î� ×ÉÍÏÇÉ, ×ÉÑ×ÉÌÉÓÑ ÓÕ�ÅÒËÒÉÔÉÞÎ� ÆÌÀ§ÄÉ (óëæ). óëæ ÄÅÍÏÎÓ-ÔÒÕÀÔØ ÔÁË� ËÏÒÉÓÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÑË ÎÅÔÏËÓÉÞÎ�ÓÔØ, ÎÅÚÁÊÍÉÓÔ�ÓÔØ �×ÉÓÏËÕ ÚÍ�ÛÕ×ÁÎ�ÓÔØ Ú ÂÁÇÁÔØÍÁ ÇÁÚÏ×ÉÍÉ ÒÅÁËÔÁÎÔÁÍÉ. ú ÚÁÍ�ÎÏÀÚ×ÉÞÎÉÈ Ò�ÄËÉÈ ÒÏÚÞÉÎÎÉË�× ÎÁ óëæ, ÚÒÏÓÔÁ¤ ÁËÔÉ×Î�ÓÔØ � ÓÅÌÅËÔÉ×-Î�ÓÔØ ÒÅÁË��Ê (ÏÓÏÂÌÉ×Ï ÄÌÑ ÇÏÍÏÇÅÎÎÏÇÏ ÍÏÌÅËÕÌÑÒÎÏÇÏ ËÁÔÁÌ�ÚÕ).ðÒÉËÌÁÄÁÍÉ óëæ ¤ s
H2O (ÓÕ�ÅÒËÒÉÔÉÞÎÉÊ H2O), s
Xe, s
C2H4 �s
CO2.ñË � Õ ×É�ÁÄËÕ Ú×ÉÞÎÏÇÏ ËÁÔÁÌ�ÚÕ, ÒÅÁË��§ × óëæ ÍÏÖÕÔØ ÂÕ-ÔÉ ÇÅÔÅÒÏÇÅÎÎÉÍÉ � ÇÏÍÏÇÅÎÎÉÍÉ. çÏÍÏÇÅÎÎÉÊ ËÁÔÁÌ�Ú × óëæ ÚÁÒÁÚÒÏÚ×É×Á¤ÔØÓÑ ÏÓÏÂÌÉ×Ï Û×ÉÄËÏ. ëÁÔÁÌ�ÔÉÞÎ� ËÏÍ�ÌÅËÓÉ, ÑË� Í�ÓÔÑÔØÍÅÔÁÌ, ÍÕÓÑÔØ ÂÕÔÉ,Ú×ÉÞÁÊÎÏ, ÒÏÚÞÉÎÎÉÍÉ × óëæ. ãÅ ÄÏÓÑÇÁ¤ÔØÓÑÛÌÑÈÏÍ ×ÉËÏÒÉÓÔÁÎÎÑ ÏÓÏÂÌÉ×ÉÈ ÒÏÚÞÉÎÎÉÈ Ì�ÇÁÎÄ. ýÏÄÏ ÇÅÔÅÒÏ-ÇÅÎÎÏÇÏ ËÁÔÁÌ�ÚÕ, ÔÏ ÄÅË�ÌØËÁ ËÌÁÓÉÞÎÉÈ �ÒÏÍÉÓÌÏ×ÉÈ �ÒÏ�ÅÓ�× ÂÕÌÉ�ÒÏ×ÅÄÅÎ� �ÒÉ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÕÍÏ×ÁÈ, Á ÓÁÍÅ [1,2℄: �ÏÌ�ÍÅÒÉÚÁ��ÑÅÔÉÌÅÎÕ, ÓÉÎÔÅÚ ÁÍ'ÑËÕ � ÓÉÎÔÅÚ ÍÅÔÁÎÏÌÕ.÷ ��Ê ÓÔÁÔÔ� ÍÉ �ÏÄÁ¤ÍÏ ÓÔÉÓÌÉÊ ÏÇÌÑÄ ÏÓÎÏ×ÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÉÈ � ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�×, ÑË� ÓÔÏÓÕÀÔØÓÑ ×ÉËÏÒÉÓÔÁÎÎÑ óëæÑË ÓÅÒÅÄÏ×ÉÝÁ �ÒÉ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��ÑÈ �, ÑË� × ÚÎÁÞÎ�Ê Í�Ò�, ÂÕÌÉÏ�ÕÂÌ�ËÏ×ÁÎ� × ÒÏÂÏÔÁÈ [1{7℄.á×ÔÏÒ ÔÁËÏÖ ÝÉÒÏ ×ÄÑÞÎÁ íÁÒÔÉÎÕ ðÏÌÑËÏÆÆÕ, ÑËÉÊ ÎÁÄ�ÓÌÁ×§Ê ÓÔÁÔÔ�, ×ÉËÏÎÁÎ� ÎÉÍ ÔÁ �ÎÛÉÍÉ ÎÁÕËÏ×�ÑÍÉ, � ÑË� ÄÏ�ÏÍÏÇÌÉ §ÊÏÚÎÁÊÏÍÉÔÉÓÑ Ú �ÒÏÂÌÅÍÏÀ � ÚÒÏÂÉÔÉ ÄÁÎÉÊ ÏÇÌÑÄ.
ICMP{02{14U 22. óÕ�ÅÒËÒÉÔÉÞÎ� ÆÌÀ§ÄÉ � §È ÏÓÎÏ×Î� ×ÌÁÓÔÉ×ÏÓÔ�óÕ�ÅÒËÒÉÔÉÞÎÉÊ ÆÌÀ§Ä (óëæ) { �Å ÒÅÞÏ×ÉÎÁ, ÔÅÍ�ÅÒÁÔÕÒÁ � ÔÉÓËÑËÏ§ ¤ Â�ÌØÛ� ÚÁ §È ËÒÉÔÉÞÎ� ÚÎÁÞÅÎÎÑ � ÑËÁ ÍÁ¤ ÇÕÓÔÉÎÕ ÂÌÉÚØËÕÞÉ Â�ÌØÛÕ ×�Ä §§ ËÒÉÔÉÞÎÏÇÏ ÚÎÁÞÅÎÎÑ (òÉÓ.1). ëÒÉÔÉÞÎ� �ÁÒÁÍÅÔÒÉ
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òÉÓ. 1. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ × ËÏÏÒÄÉÎÁÔÁÈÔÉÓË-ÔÅÍ�ÅÒÁÔÕÒÁ, ÑËÁ ÔÒÁÄÉ��ÊÎÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÄÌÑ ÔÏÇÏ, ÝÏÂ×ÉÚÎÁÞÉÔÉ ÓÕ�ÅÒËÒÉÔÉÞÎÕ ÏÂÌÁÓÔØ. ì�Î�Ñ Ú ËÒÁ�ÏË ÓÈÅÍÁÔÉÞÎÏ �Ï-ÚÎÁÞÁ¤ ÕÍÏ×É, ÎÅÏÂÈ�ÄÎ� ÄÌÑ ÔÏÇÏ, ÝÏÂ ��ÄÔÒÉÍÕ×ÁÔÉ ËÒÉÔÉÞÎÕ ÇÕÓ-ÔÉÎÕ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒ� ×ÉÝÅ T
. ãÑ Ä�ÁÇÒÁÍÁ ÎÅ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓ-ÔÁÎÁ ÄÌÑ Ï�ÉÓÕ ÓÉÓÔÅÍÉ × ÒÅÁÌØÎ�Ê È�Í�ÞÎ�Ê ÒÅÁË��§, ÑËÁ ×ËÌÀÁ¤ ×ÓÅÂÅ ÄÅË�ÌØËÁ ËÏÍ�ÏÎÅÎÔ�×.(ÔÅÍ�ÅÒÁÔÕÒÁ, ÔÉÓË � ÇÕÓÔÉÎÁ) óëæ, ÑË� ÎÁÊÞÁÓÔ�ÛÅ ×ÉËÏÒÉÓÔÏ×ÕÀ-ÔØÓÑ × È�Í�ÞÎÉÈ ÒÅÁË��ÑÈ �ÒÅÄÓÔÁ×ÌÅÎ� × �ÁÂÌ. 1. ¶ÄÅÑ ×ÉËÏÒÉÓÔÁÎ-ÎÑ óëæ ÑË ÓÅÒÅÄÏ×ÉÝÁ È�Í�ÞÎÉÈ ÒÅÁË��Ê ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÕÎ�ËÁÌØÎÉÈÒÏÚÞÉÎÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÑÈ ÒÅÞÏ×ÉÎ, ÑË� ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ × ÔÅÈÎÏÌÏÇ�§ÓÅ�ÁÒÁ��§. ãÑ ÔÅÈÎÏÌÏÇ�Ñ ×ÉËÏÒÉÓÔÏ×Õ¤ �ÅÒÅ×ÁÇÕ ×ÌÁÓÔÉ×ÏÓÔÅÊ óëæ× ÏÂÌÁÓÔ� Â�ÌÑ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ (Tr � 1:0 � 1:1 ÔÁ Pr � 1 � 2, ÄÅTr = T=T
 � Pr = P=P
). ðÒÉ �ÉÈ ÕÍÏ×ÁÈ ÆÌÀ§Ä �ÓÎÕ¤ ÑË ÏÄÎÏÆÁÚÎÁÓÉÓÔÅÍÁ � ÏÄÎÏÞÁÓÎÏ ×ÏÌÏÄ�¤ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÇÁÚÕ � Ò�ÄÉÎÉ. îÁ òÉÓ. 2



3 ðÒÅ�ÒÉÎÔ�ÁÂÌ. 1. ëÒÉÔÉÞÎ� �ÁÒÁÍÅÔÒÉ (ÔÅÍ�ÅÒÁÔÕÒÁ, ÔÉÓË � ÇÕÓÔÉÎÁ) óëæ,ÑË� ÎÁÊÞÁÓÔ�ÛÅ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ × ÔÅÈÎÏÌÏÇ�ÞÎÉÈ �ÒÏ�ÅÓÁÈòÏÚÞÉÎÎÉË T
, C P , MPa �, kg=m3N2O 36.4 7.255 452H2O 373.9 22.06 322NH3 132.3 11.35 235CO2 30.9 7.375 468Xe 16.5 5.84 1110C2H6 32.2 4.884 203C3H8 96.6 4.250 217�ÏËÁÚÁÎ� Ò�ÚÎ� ÏÂÌÁÓÔ� ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÏÇÏ ÆÌÀ§ÄÕ.÷ ËÒÉÔÉÞÎ�Ê ÔÏÞ�� �ÚÏÔÅÒÍ�ÞÎÁ ÓÔÉÓÌÉ×�ÓÔØ ÞÉÓÔÏÇÏ ÆÌÀ§ÄÕ�T = 1� � ���P �T ;ÄÅ � { ÇÕÓÔÉÎÁ, ¤ ÂÅÚÍÅÖÎÏÀ � �ÒÉÊÍÁ¤ ÄÏÓÉÔØ ×ÅÌÉËÅ ÚÎÁÞÅÎÎÑ �ÒÉÕÍÏ×ÁÈ, ÝÏ Ú×ÉÞÁÊÎÏ ÍÁÀÔØ Í�Ó�Å �ÒÉ ×ÉËÏÒÉÓÔÁÎÎ� óëæ ÎÁ �ÒÁË-ÔÉ�� (× ÔÅÈÎÏÌÏÇ�ÞÎÉÈ �ÒÏ�ÅÓÁÈ). ÷ �ÁÂÌ. 2 ÏËÒÅÍ� Æ�ÚÉÞÎ� ÈÁÒÁËÔÅ-ÒÉÓÔÉËÉ, ÝÏ ÄÏÚ×ÏÌÑÀÔØ �ÏÒ�×ÎÑÔÉ ×ÌÁÓÔÉ×ÏÓÔ� Ò�ÄÉÎ, ÇÁÚ�× � óëæ�ÏÂÌÉÚÕ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ�.ñË ×ÉÄÎÏ Ú �ÁÂÌ. 2, × ÓÕ�ÅÒËÒÉÔÉÞÎ�Ê ÏÂÌÁÓÔ� ÄÉÆÕÚ�ÊÎ� ×ÌÁÓÔÉ-×ÏÓÔ� � ×'ÑÚË�ÓÔØ óëæ ¤ Â�ÌØÛÅ �ÏÄ�ÂÎ� ÎÁ ÇÁÚÏ×�, × ÔÏÊ ÞÁÓ ÑË ÇÕÓÔÉÎÁ¤ Ó��×Í�ÒÎÁ Ú Ò�ÄÉÎÎÏÀ. �ÏÍÕ, ÄÉÆÕÚ�ÊÎÏ ËÏÎÔÒÏÌØÏ×ÁÎÁ ÒÅÁË��Ñ, ÝÏ�ÒÏÔ�ËÁ¤ × Ò�ÄË�Ê ÆÁÚ�, ÍÏÖÅ ÂÕÔÉ �ÒÉÛ×ÉÄÛÅÎÁ ÛÌÑÈÏÍ �ÒÏ×ÅÄÅÎÎÑ§§ �ÒÉ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÕÍÏ×ÁÈ ÚÁ×ÄÑËÉ ×ÉÝ�Ê ÄÉÆÕÚ�§ � ÚÍÅÎÛÅÎÎÀÍ�ÖÆÁÚÎÉÈ ÇÒÁÎÉ�Ø ÇÁÚ-ÆÌÀ§Ä � ÆÌÀ§Ä-ÆÌÀ§Ä. õÎ�ËÁÌØÎÏÀ ×ÌÁÓÔÉ-×�ÓÔÀ óëæ ¤ ÔÁËÏÖ ÚÁÌÅÖÎ�ÓÔØ ÇÕÓÔÉÎÉ ×�Ä ÔÉÓËÕ: ÇÕÓÔÉÎÁ ÍÏÖÅ ÂÕ-ÔÉ ÎÅ�ÅÒÅÒ×ÎÏ ÒÅÇÕÌØÏ×ÁÎÁ �Ú ÚÍ�ÎÏÀ ÔÉÓËÕ ×�Ä ÇÕÓÔÉÎ, ÈÁÒÁËÔÅÒÎÉÈÄÌÑ ÇÁÚÏ×Ï§ ÆÁÚÉ ÄÏ ÇÕÓÔÉÎ, ÑË� ÔÉ�Ï×� ÄÌÑ Ò�ÄÉÎÉ (òÉÓ. 2). ÷ ÏÂÌÁÓ-Ô� �ÏÂÌÉÚÕ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ Ó�ÏÓÔÅÒ�ÇÁÀÔØÓÑ ×ÅÌÉË� ÚÍ�ÎÉ ÇÕÓÔÉÎÉ�, ÝÏ ÓÕÔÔ¤×Ï, ÒÏÚÞÉÎÎÏÓÔ�, �ÒÉ ÍÁÌÉÈ ÚÍ�ÎÁÈ ÔÉÓËÕ. ãÅ ÄÁ¤ ÍÏÖ-ÌÉ×�ÓÔØ �ÒÏÅËÔÕ×ÁÔÉ ÏÔÏÞÅÎÎÑ ÒÅÁË��§, ÍÁÎ��ÕÌÕÀÞÉ ÔÅÍ�ÅÒÁÔÕÒÏÀ� ÔÉÓËÏÍ.�ÁËÉÍ ÞÉÎÏÍ, ÍÏÖÅÍÏ ×ÉÄ�Ì�ÔÉ ÔÁË� ÏÓÎÏ×Î� ×ÌÁÓÔÉ×ÏÓÔ� óëæ,ÝÏ¤ ËÏÒÉÓÎ�, Ú ÏÇÌÑÄÕ �ÒÏ×ÅÄÅÎÎÑ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê:� çÕÓÔÉÎÁ óëæ ¤ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÏÀ, ÝÏ ÚÁÂÅÚ�ÅÞÕ¤ ÎÅÏÂÈ�ÄÎÕÒÏÚÞÉÎÎÕ ÚÄÁÔÎ�ÓÔØ;

ICMP{02{14U 4�ÁÂÌ. 2. ðÏÒ�×ÎÑÎÎÑ ×ÅÌÉÞÉÎ Æ�ÚÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Ò�ÄÉÎ, ÇÁÚ�× �ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÆÌÀ§Ä�× (ÄÁÎ� ×ÚÑÔ� Ú [1℄)æ�ÚÉÞÎÁ çÁÚ (Ë�ÍÎÁÔÎÁ óëæ ò�ÄÉÎÁ (Ë�ÍÎÁÔÎÁ×ÅÌÉÞÉÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ) (T
,P
) ÔÅÍ�ÅÒÁÔÕÒÁ)çÕÓÔÉÎÁ 0.6-2 200-500 600-1600(kg=m3)äÉÎÁÍ�ÞÎÁ×'ÑÚË�ÓÔØ 0.01-0.3 0.01-0.03 0.2-3(MPa � s)ë�ÎÅÍÁÔÉÞÎÁ×'ÑÚË�ÓÔØ 5-500 0.02-0.1 0.1-5(106m2s�1)ëÏÅÆ���¤ÎÔÄÉÆÕÚ�§ 10-40 0.07 0.0002-0.002(106m2s�1)� äÉÆÕÚ�Ñ ÒÏÚÞÉÎ�× × óëæ ¤ ÚÎÁÞÎÏ Â�ÌØÛÏÀ Î�Ö × Ò�ÄÉÎÁÈ;� ÷'ÑÚË�ÓÔØ óëæ ¤ ÎÉÖÞÏÀ, ÝÏ Ó�ÒÉÑ¤ ËÒÁÝÏÍÕ ÍÁÓÏ�ÅÒÅÎÏÓÕ;� ëÏÍ�ÏÎÅÎÔÉ, ÑË� ¤ ÎÅÒÏÚÞÉÎÎÉÍÉ Õ ÆÌÀ§ÄÁÈ �ÒÉ Ë�ÍÎÁÔÎ�ÊÔÅÍ�ÅÒÁÔÕÒ�, ÍÏÖÕÔØ ÓÔÁ×ÁÔÉ ÒÏÚÞÉÎÎÉÍÉ �ÒÉ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈÕÍÏ×ÁÈ, � ÎÁ×�ÁËÉ.� ðÒÏ×ÅÄÅÎÎÑ È�Í�ÞÎÉÈ ÒÅÁË��Ê �ÒÉ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÕÍÏ×ÁÈ ÄÁ¤ÍÏÖÌÉ×�ÓÔØ ÎÁÓÔÒÏÀ×ÁÔÉ ÏÔÏÞÅÎÎÑ ÒÅÁË��§ � ÕÓÕ×ÁÔÉ ÏÂÍÅÖÅÎ-ÎÑ ÎÁ Û×ÉÄËÏÓÔ� �ÅÒÅÂ�ÇÕ �ÉÈ ÒÅÁË��Ê.�ÅÍ�ÅÒÁÔÕÒÁ. ðÏÄ�ÂÎÏ ÑË � × Ò�ÄËÉÈ ÒÏÚÞÉÎÎÉËÁÈ, ËÁÔÁÌ�ÔÉÞÎ� ÒÅ-ÁË��§ × óëæ ÍÏÖÕÔØ ×�ÄÂÕ×ÁÔÉÓÑ, ÑË �ÒÁ×ÉÌÏ, Ô�ÌØËÉ Õ ×ÕÚØË�Ê ÏÂ-ÌÁÓÔ� ÔÅÍ�ÅÒÁÔÕÒ. äÕÖÅ ÎÉÚØËÁ ÔÅÍ�ÅÒÁÔÕÒÁ �ÒÉ×ÏÄÉÔØ ÄÏ ÎÅ�ÒÉÊ-ÎÑÔÎÏ ÎÉÚØËÉÈ Û×ÉÄËÏÓÔÅÊ ÒÅÁË��§, ÔÏÄ� ÑË ÄÕÖÅ ×ÉÓÏËÁ ÔÅÍ�ÅÒÁÔÕÒÁÓ�ÒÉÞÉÎÀ¤ ×ÔÒÁÔÕ ÓÅÅÌÅËÔÉ×ÎÏÓÔ� ÞÉ ÒÏÚ�ÁÄ ËÁÔÁÌ�ÚÁÔÏÒÁ. ðÒÉÊÎÑÔ-ÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÁ ÏÂÌÁÓÔØ ÚÍ�ÎÀ¤ÔØÓÑ Ú� ÚÍ�ÎÏ§ ÒÅÁÇÕÀÞÏ§ ÓÉÓÔÅÍÉ � ×ÚÁÇÁÌØÎÏÍÕ ÏÂÍÅÖÕ¤ ×ÉÂ�Ò óëæ. ðÏÔÒ�ÂÎÏ ×ÉÂÉÒÁÔÉ ÔÁË� óëæ, ÝÏÂ§È ËÒÉÔÉÞÎ� ÔÅÍ�ÅÒÁÔÕÒÉ T
 ÂÕÌÉ ÎÉÖÞÉÍÉ, ÁÂÏ �ÏÔÒÁ�ÌÑÌÉ × ÍÅ-Ö� �ÏÔÒ�ÂÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÏÂÌÁÓÔ�. �ÁË, ×ÉÂ�Ò óëæ Ú T
 ÎÁÂÁÇÁÔÏÎÉÖÞÏÀ ×�Ä �ÏÔÒ�ÂÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÏÂÌÁÓÔ� ×ÉÍÁÇÁ¤ ÚÁÓÔÏÓÕ×ÁÎÎÑ
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òÉÓ. 2. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ × ËÏÏÒÄÉÎÁÔÁÈÔÉÓË-ÇÕÓÔÉÎÁ. ¶ÚÏÔÅÒÍÉ T1 (T1 < T
), T2 (T2 > T
) � T3 (T3 � T
)�ÌÀÓÔÒÕÀÔØ ÚÁÌÅÖÎ�ÓÔØ ÔÉÓËÕ ×�Ä ÇÕÓÔÉÎÉ ÆÌÀ§Ä�× ÚÁ Ò�ÚÎÉÈ ÕÍÏ×:ËÒÉ×Á Ú T2 ×�Ä�Ï×�ÄÁ¤ ÓÕ�ÅÒÆÌÀ§ÄÎÏÍÕ ÓÔÁÎÕ.

ICMP{02{14U 6ÄÕÖÅ ×ÉÓÏËÉÈ ÔÉÓË�× ÄÌÑ ÏÔÒÉÍÁÎÎÑ �ÒÉÊÎÑÔÎÉÈ ÇÕÓÔÉÎ ÒÏÚÞÉÎÎÉ-ËÁ. ú ��¤§ �ÒÉÞÉÎÉ ÇÁÚ N2, ÑË �ÒÁ×ÉÌÏ, ÎÅ ¤ �ÒÅÔÅÎÄÅÎÔÏÍ × óëæ �ÒÉË�ÍÎÁÔÎ�Ê ÔÅÍ�ÅÒÁÔÕÒ�. �ÅÍ�ÅÒÁÔÕÒÁ ÔÁËÏÖ ×�ÌÉ×Á¤ ÎÁ ÒÏÚÞÉÎÎ�ÓÔØ,ÝÏ, × Ó×ÏÀ ÞÅÒÇÕ, ¤ ÎÅ Ô�ÌØËÉ ×ÁÖÌÉ×ÏÀ �ÅÒÅÄÕÍÏ×ÏÀ ÄÌÑ ÚÁÂÅÚ�Å-ÞÅÎÎÑ ÎÅÏÂÈ�ÄÎÏ§ ÓÅÌÅËÔÉ×ÎÏÓÔ� ÒÅÁË��§, ÁÌÅ Ê ÍÏÖÅ ÂÕÔÉ �ÏÔÅÎ��ÊÎÏ×ÁÖÌÉ×ÉÍ ÆÁËÔÏÒÏÍ Ú ÔÏÞËÉ ÚÏÒÕ ×�ÄÎÏ×ÌÅÎÎÑ ËÁÔÁÌ�ÚÁÔÏÒÁ. îÉÖ-ÞÅ ÄÅÑËÏÇÏ "ËÒÏÓÏ×ÅÒÎÏÇÏ ÔÉÓËÕ" ��Ä×ÉÝÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ �ÏÎÉÖÕ¤ÒÏÚÞÉÎÎ�ÓÔØ ËÏÍ�ÏÎÅÎÔ, ÏÓË�ÌØËÉ ÇÕÓÔÉÎÁ óëæ ÚÍÅÎÛÕ¤ÔØÓÑ.ãÅ Ñ×É-ÝÅ ÎÁÚÉ×Á¤ÔØÓÑ ÒÅÔÒÏÇÒÁÄÎÏÀ �Ï×ÅÄ�ÎËÏÀ. ÷ÉÝÅ ËÒÏÓÏ×ÅÒÎÏÇÏ ÔÉÓ-ËÕ ��Ä×ÉÝÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÚÂ�ÌØÛÕ¤ ÒÏÚÞÉÎÎ�ÓÔØ ÒÏÚÞÉÎÕ, ÏÓË�ÌØËÉÌÅÔÀÞ�ÓÔØ ÒÏÚÞÉÎÕ ÚÒÏÓÔÁ¤.çÕÓÔÉÎÎÏÚÁÌÅÖÎ� ×ÌÁÓÔÉ×ÏÓÔ� óëæ. ä�ÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ, ×'ÑÚ-Ë�ÓÔØ ÔÁ �ÎÛ� ×ÌÁÓÔÉ×ÏÓÔ� óëæ ¤ ÆÕÎË��ÑÍÉ ÇÕÓÔÉÎÉ �, ÏÓË�ÌØËÉ ÇÕÓ-ÔÉÎÁ ÚÍ�ÎÀ¤ÔØÓÑ Ú ÔÉÓËÏÍ, �� ×ÌÁÓÔÉ×ÏÓÔ� ÔÁËÏÖ ÓÉÌØÎÏ ÚÁÌÅÖÁÔØ ×�ÄÔÉÓËÕ. ïÄÎ�¤À Ú ÔÁËÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ¤ Ä�ÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ. èÏÞÁ ×Ó�óëæ ÍÁÀÔØ ×�ÄÍ�ÎÎ� Ä�ÅÌÅËÔÒÉÞÎ� ÓÔÁÌ�, ÏÂÌÁÓÔØ, × ÑË�Ê ×ÏÎÉ ÚÍ�ÎÀ-ÀÔØÓÑ, ¤ ×ÅÌÉËÏÀ Ô�ÌØËÉ ÄÌÑ Â�ÌØÛ �ÏÌÑÒÎÉÈ óëæ ÔÁËÉÈ ÑË s
NH3� s
H2O, Á ÔÁËÏÖ ÞÁÓÔËÏ×Ï ÆÌÕÏÒÉÎÁÔÏ×ÁÎ� ÍÅÔÁÎÉ � ÅÔÁÎÉ. úÍ�ÎÁ Ä�-ÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§ Ú ÔÉÓËÏÍ ÍÏÖÅ ×�Ä�ÇÒÁ×ÁÔÉ ÓÕÔÔ¤×Õ ÒÏÌØ �ÒÉ ÇÏ-ÍÏÇÅÎÎÏÍÕ ËÁÔÁÌ�Ú�. âÁÇÁÔÏ ÒÅÁË��Ê Ú �ÏÌÑÒÉÚÏ×ÁÎÉÍÉ ÒÅÁËÔÁÎÔÁÍÉ,�ÒÏÄÕËÔÁÍÉ ÞÉ �ÅÒÅÈ�ÄÎÉÍÉ ÓÔÁÎÁÍÉ, ÁÂÏ ÑË� ÄÅÍÏÎÓÔÒÕÀÔØ ÒÏÚÞÉÎ-Î� ÅÆÅËÔÉ × Ò�ÄÉÎ�, ÆÁËÔÉÞÎÏ ��ÄÄÁÀÔØÓÑ ×�ÌÉ×Ï×� �ÏÌÑÒÎÏÓÔ� ÓÅÒÅ-ÄÏ×ÉÝÁ; �Å ¤ ÂÁÚÉÓÏÍ ÄÌÑ �ÒÁ×ÉÌÁ çÀÇÅÓÁ-¶ÎÇÏÌÄÁ ÄÌÑ Û×ÉÄËÏÓÔÅÊÒÅÁË��§. ã� ÒÅÁË��§ ÍÁÀÔØ × �ÏÌÑÒÎÉÈ óëæ (ÎÁ �ÒÉËÌÁÄ, s
CHF3)ÚÁÌÅÖÎ� ×�Ä ÔÉÓËÕ Û×ÉÄËÏÓÔ� �ÅÒÅÂ�ÇÕ ÒÅÁË��§ ÁÂÏ Ö ÓÅÌÅËÔÉ×ÎÏÓÔ�.ñË ÕÖÅ ÂÕÌÏ ×�ÄÍ�ÞÅÎÏ ×ÉÝÅ, ×'ÑÚË�ÓÔØ óëæ ¤ × ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕÎÁÂÁÇÁÔÏ ÎÉÖÞÏÀ, Á ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ¤ ÎÁÂÁÇÁÔÏ Â�ÌØÛÉÍÉ, Î�ÖÕ Ò�ÄÉÎ�. ãÅ ÔÁËÏÖ ÍÁ¤ ÚÏ×Ó�Í ×ÉÚÎÁÞÅÎÉÊ ÅÆÅËÔ ÎÁ ×Ó� ËÁÔÁÌ�ÔÉÞÎ�ÒÅÁË��§, Á ÏÓÂÌÉ×Ï ÎÁ ÇÏÍÏÇÅÎÎÉÊ ËÁÔÁÌ�Ú.ìÏËÁÌØÎÅ ��Ä×ÉÝÅÎÎÑ ÇÕÓÔÉÎÉ (ËÌÁÓÔÅÒÉÚÁ��Ñ). ÷ Â�ÌØÛÏÓÔ�ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÓÕÍ�ÛÅÊ ÍÏÌÅËÕÌÉ ÒÏÚÞÉÎÕ � ÒÏÚÞÉÎÎÉËÁ ×�ÄÒ�ÚÎÑ-ÀÔØÓÑ ÚÁ ÆÏÒÍÏÀ, ÒÏÚÍ�ÒÁÍÉ � �ÏÌÑÒÎ�ÓÔÀ. ÷ �ÏÒ�×ÎÑÎÎ� Ú Ò�ÄÉÎÎÉÍÓÅÒÅÄÏ×ÉÝÅÍ, óëæ ¤ ÎÁÂÁÇÁÔÏ Â�ÌØÛÅ ÓÔÉÓÌÉ×ÉÍÉ � ÍÁÀÔØ Â�ÌØÛÉÊ×�ÌØÎÉÊ ÏÂ'¤Í, ÔÁË ÝÏ ÓÉÌÉ �ÒÉÔÑÇÁÎÎÑ ÍÏÖÕÔØ �ÅÒÅ×ÏÄÉÔÉ ÍÏÌÅ-ËÕÌÉ × ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎ� ËÏÎÆ�ÇÕÒÁ��ÊÎ� �ÏÌÏÖÅÎÎÑ. îÓÌ�ÄÏËÏÍ¤ ÆÏÒÍÕ×ÁÎÎÑ ÎÅÏÄÎÏÒ�ÄÎÏÇÏ �ÒÏÓÔÏÒÏ×ÏÇÏ ÒÏÚ�ÏÄ�ÌÕ ÍÏÌÅËÕÌ ÒÏÚ-ÞÉÎÎÉËÁ ÎÁ×ËÏÌÏ ÍÏÌÅËÕÌÉ ÒÏÚÞÉÎÕ. ãÅ Ñ×ÉÝÅ, ÑËÅ ÝÅ ÎÁÚÉ×Á¤ÔØÓÑÚÒÏÓÔÁÎÎÑ ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ ÁÂÏ ËÌÁÓÔÅÒÉÚÁ��¤À, Ó�ÒÉÞÉÎÑ¤ ��ËÁ-×� ÓÏÌØ×ÁÔÁ��ÊÎ� ÅÆÅËÔÉ, ÑË� Ú×ÉÞÁÊÎÏ ÎÅ Ó�ÏÓÔÅÒ�ÇÁÀÔØÓÑ Õ Ò�ÄËÉÈ



7 ðÒÅ�ÒÉÎÔÓÕÍ�ÛÁÈ. ÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ, ÈÁÒÁËÔÅÒÎ� ÅÎÅÒÇ�§, ÝÏ Ï�ÉÓÕÀÔØ×ÚÁ¤ÍÏÄ�§ "ÒÏÚÞÉÎ-ÒÏÚÞÉÎ" � "ÒÏÚÞÉÎ-ÒÏÚÞÉÎÎÉË" ¤ ÎÁÂÁÇÁÔÏ ÓÉÌØÎ�-ÛÉÍÉ, Î�Ö ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ "ÒÏÚÞÉÎÎÉË-ÒÏÚÞÉÎÎÉË". ÷ ÒÅÚÕÌØÔÁÔ�,ÌÏËÁÌØÎÅ ÏÔÏÞÅÎÎÑ ÎÁ×ËÏÌÏ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ ÍÏÖÅ ÚÎÁÞÎÏ ×�ÄÒ�ÚÎÑ-ÔÉÓÑ �Ï ÇÕÓÔÉÎ� � ËÏÎ�ÅÎÔÒÁ��§ ×�Ä ÏÂ'¤ÍÎÏ§ ÇÕÓÔÉÎÉ � ËÏÎ�ÅÎÔÒÁ��§.ãÅÑ×ÉÝÅ ÍÏÖÅ ×�ÌÉ×ÁÔÉ ÎÁ Û×ÉÄË�ÓÔØ � ÓÅÌÅËÔÉ×Î�ÓÔØ È�Í�ÞÎÉÈ ÒÅÁË-��Ê ÑË ÞÅÒÅÚ Æ�ÚÉÞÎ�, ÔÁË � È�Í�ÞÎ� ÍÅÈÁÎ�ÚÍÉ. úÂ�ÌØÛÅÎÎÑ ÌÏËÁÌØÎÏ§ÇÕÓÔÉÎÉ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ Â�ÌÑ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ ÍÏÖÅ �ÅÒÅÛËÏ-ÄÖÁÔÉ ×ÚÁ¤ÍÏÄ�§ "ÒÏÚÞÉÎ-ÒÏÚÞÉÎ" �, ÎÁ×�ÁËÉ, ÍÏÖÕÔØ ÆÏÒÍÕ×ÁÔÉÓÑËÌÁÓÔÅÒÉ ÒÏÚÞÉÎ-ÒÏÚÞÉÎ. úÁÇÁÌÏÍ Ñ×ÉÝÅ ×ÉÎÉËÎÅÎÎÑ ÌÏËÁÌØÎÉÈ ÎÅ-ÏÄÎÏÒ�ÄÎÏÓÔÅÊ ¤ ÎÅ�Ï×'ÑÚÁÎÅ Ú ×�ÄÄÁÌÌÀ ÄÏ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ � ÄÏ-�ÕÓËÁ¤ ÍÏÖÌÉ×�ÓÔØ ÒÅÇÕÌÀ×ÁÎÎÑ �ÅÒÅÂ�ÇÕ ÒÅÁË��§ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍËÏÓÏÌØ×ÅÎÔ�×. îÁÓÔÒÏÀ×ÁÎÎÑ ÒÅÁË��Ê Ú ÄÏ�ÏÍÏÇÏÀ ËÏÓÏÌØ×ÅÎÔ�× ÄÁ¤ÎÁÊÂ�ÌØÛÉÊ ÅÆÅËÔ, ËÏÌÉ ¤ Ó�Å�ÉÆ�ÞÎ� ×ÚÁ¤ÍÏÄ�§ Ú ÒÏÚÞÉÎÏÍ, ÝÏ ÏÂÕ-ÍÏ×ÌÅÎ� ÎÁÑ×Î�ÓÔÀ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×, Ó�ÁÒÀ×ÁÎÎÑÍ ÄÉ�ÏÌ�× ÔÏÝÏ.ñ×ÉÝÅ ÌÏËÁÌØÎÏ§ ÁÎ�ÚÏÔÒÏ��§ ÔÁËÏÖ ÍÏÖÅ ÍÁÔÉ Í�Ó�Å � ÎÁ Í�Ö-ÆÁÚÎÉÈ ÇÒÁÎÉ�ÑÈ óëæ/Ô×ÅÒÄÅ Ô�ÌÏ ÑË ÎÁÓÌ�ÄÏË Ò�ÚÎÏ§ ÓÉÌÉ ×ÚÁ¤ÍÏÄ�§ÒÏÚÞÉÎÕ, ÒÏÚÞÉÎÎÉËÁ � ËÏÓÏÌØ×ÅÎÔÁ Ú Ô×ÅÒÄÏÀ �Ï×ÅÒÈÎÅÀ. æÕÎÄÁÍÅÎ-ÔÁÌØÎÅ ÚÎÁÎÎÑ �ÉÈ ×ÚÁ¤ÍÏÄ�Ê ¤ ×ÁÖÌÉ×ÉÍ ÄÌÑ ÒÏÚÕÍ�ÎÎÑ ÍÅÈÁÎ�ÚÍÕ�ÒÏÔ�ËÁÎÎÑ ÒÅÁË��§ Ú Ô×ÅÒÄÉÍ ËÁÔÁÌ�ÚÁÔÏÒÏÍ. ðÒÏ�ÅÓ ËÌÁÓÔÅÒÉÚÁ��§ÍÏÖÅ ×�ÌÉ×ÁÔÉ ÎÁ Ë�ÎÅÔÉËÕ ÁÄÓÏÒÂ��§ ÒÏÚÞÉÎÕ.ïÓÁÄÖÅÎÎÑ �ÒÏÄÕËÔ�× ÒÅÁË��§. äÕÖÅ ×ÁÖÌÉ×ÉÍ �ÉÔÁÎÎÑÍ ¤�ÒÏÂÌÅÍÁ ÏÓÁÄÖÅÎÎÑ Ô×ÅÒÄÉÈ �ÒÏÄÕËÔ�× Ú ÒÏÚÞÉÎ�× óëæ. îÁÊ�ÒÏÓÔ�-ÛÉÊ ÍÅÔÏÄ, ÑËÉÊ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÉÊ Ú ÆÌÀ§ÄÁÍÉ Ú ËÒÉÔÉÞÎÏÀÔÅÍ�ÅÒÁÔÕÒÏÀ ÚÎÁÞÎÏ ×ÉÝÏÀ ÚÁ Ë�ÍÎÁÔÎÕ, ¤ ÄÁÔÉ ÍÏÖÌÉ×�ÓÔØ ÆÌÀ-§ÄÕ ÏÈÏÌÏÎÕÔÉ � ÚÒ�ÄÎÕÔÉ. �×ÅÒÄÉÊ ÏÓÁÄ ÔÏÄ� ÍÏÖÎÁ ×ÉÌÕÞÉÔÉ Ú×É-ÞÁÊÎÏÀ Æ�ÌØÔÒÁ��¤À ÁÂÏ ÛÌÑÈÏÍ ×É�ÁÒÏ×Õ×ÁÎÎÑ. ¶ÎÛ� ÍÅÔÏÄÉ, ÑË�ÄÏÚ×ÏÌÑÀÔØ ×ÉÝÕ ÓÔÕ��ÎØ ËÏÎÔÒÏÌÀ ÚÁ �ÒÏÄÕËÔÁÍÉ ÒÅÁË��§ �Å: 1)Û×ÉÄËÅ ÒÏÚÛÉÒÅÎÎÑ × ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÒÏÚÞÉÎÁÈ; 2) ÁÎÔÉÓÏÌØ×ÅÎÔÎÅÏÓÁÄÖÅÎÎÑ; 3) ÁÔÏÍ�ÚÁ��Ñ ÆÌÀ§ÄÎÏ§ ÁÂÏ Ò�ÄËÏ�ÏÄ�ÂÎÏ§ ÆÁÚÉ.ðÅÒÅ×ÁÇÁ Û×ÉÄËÏÇÏ ÒÏÚÛÉÒÅÎÎÑ × ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÒÏÚÞÉÎÁÈ �Ï-ÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ �ÅÊ ÍÅÔÏÄ ÄÁ¤ ÚÍÏÇÕ ÏÔÒÉÍÁÔÉ ×�ÄÎÏÓÎÏ ×ÕÚØËÉÊÒÏÚ�ÏÄ�Ì ÞÁÓÔÉÎÏË ÚÁ ÒÏÚÍ�ÒÁÍÉ, ÝÏ ¤ ×ÁÖÌÉ×ÉÍ ÄÌÑ ÆÁÒÍÁ�Å�ÔÉ-ËÉ. â�ÌØÛÅ ÔÏÇÏ, �ÅÊ ÍÅÔÏÄ ¤ ÄÕÖÅ Û×ÉÄËÉÍ � ÎÅ ×ÉÍÁÇÁ¤ ×ÁËÕÕÍÕ.ïÂÉÄ×Á �� ÆÁËÔÏÒÉ ¤ ÄÕÖÅ ×ÁÖÌÉ×ÉÍÉ �ÒÉ ×�ÄÏËÒÅÍÌÅÎÎ� ÏÒÇÁÎÏ-ÍÅÔÁÌ�ÞÎÉÈ ËÏÍ�ÏÎÅÎÔ�× Ú ×ÉÓÏËÏÌÁÂ�ÌØÎÉÈ Ì�ÇÁÎÄ�×. �ÁË� ËÏÍ�ÏÎÅÎ-ÔÉ ÚÁÚ×ÉÞÁÊ ÒÕÊÎÕÀÔØÓÑ, ËÏÌÉ ÒÏÂÌÑÔØÓÑ ÚÕÓÉÌÌÑ ÄÌÑ §È ×�ÄÏËÒÅÍ-ÌÅÎÎÑ �Ú Ú×ÉÞÁÊÎÉÈ ÒÏÚÞÉÎ�× (×É�ÁÒÏ×Õ×ÁÎÎÑ Õ ×ÁËÕÕÍ�). îÅÄÏÌ�ËÏÍÛ×ÉÄËÏÇÏ ÒÏÚÛÉÒÅÎÎÑ ¤ ÔÅ, ÝÏ �ÅÊ ÍÅÔÏÄ ÍÏÖÅ ÂÕÔÉ ÚÁÓÔÏÓÏ×ÁÎÉÊÔ�ÌØËÉ ÄÏ ÍÁÔÅÒ�ÁÌ�×, ÒÏÚÞÉÎÎÉÈ × óëæ, Á ÏÓË�ÌØËÉ ÒÏÚÞÉÎÎ�ÓÔØ Â�ÌØ-
ICMP{02{14U 8ÛÏÓÔ� Ô×ÅÒÄÉÈ ÍÁÔÅÒ�ÁÌ�× × óëæ ¤ ÎÉÚØËÏÀ, ÔÏ ÄÌÑ ÔÏÇÏ ÝÏÂ �ÒÉÇÏ-ÔÕ×ÁÔÉ ÍÁÌÕ Ë�ÌØË�ÓÔØ ÞÁÓÔÉÎÏË �ÏÔÒ�ÂÎÁ ×ÅÌÉËÁ Ë�ÌØË�ÓÔØ ÆÌÀ§ÄÕ.îÁ×�ÁËÉ, ÒÏÚÞÉÎÎ�ÓÔØ Ò�ÄÉÎ × óëæ ¤ Ú×ÉÞÁÊÎÏ ÎÁÂÁÇÁÔÏ ×ÉÝÏÀ Î�ÖÔ×ÅÒÄÉÈ Ô�Ì. �ÏÍÕ, Ò�ÄÉÎÉ ÍÏÖÕÔØ ÂÕÔÉ ×�ÄÏËÒÅÍÌÅÎ� ×�Ä ÓÕ�ÅÒËÒÉ-ÔÉÞÎÏÇÏ ÒÏÚÞÉÎÕ ÌÉÛÅ ÛÌÑÈÏÍ ÚÍÅÎÛÅÎÎÑ ÔÉÓËÕ.ïÓÎÏ×Î� �ÅÒÅ×ÁÇÉ óëæ. ÷ÉÄ�ÌÉÍÏ ÏÓÎÏ×Î� �ÅÒÅ×ÁÇÉ � ÍÏÖÌÉ×ÏÓ-Ô�, �Ï×'ÑÚÁÎ� Ú ÚÁÓÔÏÓÕ×ÁÎÎÑÍ óëæ �ÒÉ ÇÏÍÏÇÅÎÎÏÍÕ � ÇÅÔÅÒÏÇÅÎÎÏÍÕËÁÔÁÌ�ÚÁÈ. îÁÓÁÍ�ÅÒÅÄ �Å:� ÚÂ�ÌØÛÅÎÎÑ Û×ÉÄËÏÓÔ� ÒÅÁË��§;� ËÏÎÔÒÏÌØ ÓÅÌÅËÔÉ×ÎÏÓÔ� ÒÅÁË��§;� ÚÂ�ÌØÛÅÎÎÑ �ÅÒÅÎÏÓÕ ÍÁÓÉ � ÔÅ�ÌÁ;� ÚÂ�ÌØÛÅÎÎÑ ÞÁÓÕ ÖÉÔÔÑ ËÁÔÁÌ�ÚÁÔÏÒÁ � ÊÏÇÏ ÒÅÇÅÎÅÒÁ��Ñ;� �ÏÌÅÇÛÅÎÎÑ ÓÅ�ÁÒÁ��§ �ÒÏÄÕËÔ�× ÒÅÁË��§;� �ÎÔÅÎÓÉÆ�ËÁ��Ñ ÒÅÁË��§.äÌÑ ÔÏÇÏ, ÝÏÂ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÕÎ�ËÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ� óëæ ÑËÓÅÒÅÄÏ×ÉÝÁ �ÒÏÔ�ËÁÎÎÑ ÒÅÁË��§, �ÏÔÒ�ÂÎÏ ÂÕÔÉ ÄÏÂÒÅ ÏÂ�ÚÎÁÎÉÍ Ú ÆÁ-ÚÏ×ÏÀ �Ï×ÅÄ�ÎËÏÀ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍ�Û� �ÒÉ ×ÉÓÏËÏÍÕ ÔÉÓËÕ.3. æÁÚÏ×Á �Ï×ÅÄ�ÎËÁïÄÎ�¤À Ú �ÅÒÅ×ÁÇ ×ÉËÏÒÉÓÔÁÎÎÑ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÕÍÏ× ÄÌÑ ËÁÔÁÌ�-ÔÉÞÎÉÈ ÒÅÁË��Ê ¤ ÔÅ, ÝÏ ×Ó� ÒÅÁËÔÁÎÔÉ ÍÏÖÕÔØ �ÓÎÕ×ÁÔÉ × ÏÄÎ�Ê ÇÏÍÏ-ÇÅÎÎ�Ê ÆÁÚ�, ÝÏ ÕÓÕ×Á¤ �ÒÏÔÉÄ�À �ÅÒÅÎÏÓÕ ÍÁÓÉ ÞÅÒÅÚ ÆÁÚÏ×� ÇÒÁÎÉ��.ãÑ ÈÁÒÁËÔÅÒÉÓÔÉËÁ ÒÁÚÏÍ Ú ÔÉÓËÏ×ÉÍ ÎÁÓÔÒÏÀ×ÁÎÎÑÍ ×ÌÁÓÔÉ×ÏÓÔÅÊÒÏÚÞÉÎÎÉËÁ � ÍÏÖÌÉ×�ÓÔÀ ÄÌÑ ÌÅÇËÏÇÏ ×�ÄÏËÒÅÍÌÅÎÎÑ �ÒÏÄÕËÔ�× ÒÅ-ÁË��§ ÍÏÖÅ ÂÕÔÉ Ô�ÌØËÉ ��ÄÓÉÌÅÎÁ Ä�¤À ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÕÍÏ×. ïÔÖÅ,×ÁÖÌÉ×Ï ¤ ÚÎÁÔÉ ÇÒÁÎÉ�� ��¤§ ÏÄÎÏÆÁÚÎÏ§ ÓÕ�ÅÒËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ�.úÁÕ×ÁÖÉÍÏ, ÝÏ �ÄÅÎÔÉÆ�ËÁ��Ñ ÓÕ�ÅÒËÒÉÔÉÞÎÏ§ ÆÌÀ§ÄÎÏ§ ÏÂÌÁÓÔ� ¤�ÒÏÓÔÏÀ ÄÌÑ ÞÉÓÔÏÇÏ ÆÌÀ§ÄÕ (ÄÉ×. òÉÓ. 1), �ÒÏÔÅ, ËÁÔÁÌ�ÔÉÞÎ� ÒÅÁË-��§ × ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ ÌÒÏÈÏÄÑÔØ × ÓÅÒÅÄÏ×ÉÝ� ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔ-ÎÏ§ ÓÕÍ�Û�, ÄÌÑ ÑËÉÈ ×ÉÚÎÁÞÅÎÎÑ ËÒÉ×ÉÈ ÆÁÚÏ×Ï§ ÇÒÁÎÉ�� × �ÒÏÓÔÏ-Ò� "ÔÉÓË-ÔÅÍ�ÅÒÁÔÕÒÁ-ËÏÎ�ÅÎÔÒÁ��Ñ" ¤, ×ÚÁÇÁÌ� ËÁÖÕÞÉ, ÎÁÄÚ×ÉÞÁÊÎÏÓËÌÁÄÎÉÍ ÚÁ×ÄÁÎÎÑÍ.÷ÖÅ ÎÁÊ�ÒÏÓÔ�ÛÁ È�Í�ÞÎÁ ÒÅÁË��Ñ �ÅÒÅÄÂÁÞÁ¤ ÒÏÚÇÌÑÄ ÑË Í�Î�ÍÕÍ3 ËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍ�Û� (ÒÅÁËÔÁÎÔ, �ÒÏÄÕËÔ � ÒÏÚÞÉÎÎÉË), Á Â�ÌØÛ�ÓÔØ



9 ðÒÅ�ÒÉÎÔÈ�Í�ÞÎÉÈ ÒÅÁË��Ê �ÒÏÔ�ËÁ¤ × ÓÅÒÅÄÏ×ÉÝ� Ú Â�ÌØÛÉÍ ÞÉÓÌÏÍ ËÏÍ�ÏÎÅÎ-Ô�×. ïÔÖÅ, ×É×ÞÅÎÎÑ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê × óëæ ÏÂÏ×'ÑÚËÏ×Ï ×ËÌÀ-ÞÁ¤ × ÓÅÂÅ ÄÏÓÌ�ÄÖÅÎÎÑ ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ × ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÓÕ-Í�ÛÁÈ. ãÑ ÆÁÚÏ×Á �Ï×ÅÄ�ÎËÁ ¤ ×ÁÖÌÉ×ÏÀ, ÏÓË�ÌØËÉ ÒÅÚÕÌØÔÁÔ ÒÅÁË��§ÍÏÖÅ ÚÁÌÅÖÁÔÉ ×�Ä ÔÏÇÏ ÞÉ ÒÅÁÇÕÀÞÁ ÓÕÍ�Û ¤ ÏÄÎÏ- ÞÉ ÂÁÇÁÔÏÆÁÚÎÏÀ.÷ÖÅ ÄÌÑ Â�ÎÁÒÎÉÈ ÓÉÓÔÅÍ ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ¤ ÚÎÁÞÎÏ ÓËÌÁÄÎ�ÛÉÍÉ Î�ÖÄÌÑ �ÒÏÓÔÉÈ (ÏÄÎÏËÏÍ�ÏÎÅÔÎÉÈ) ÆÌÀ§Ä�×, � �Ñ ÓËÌÁÄÎ�ÓÔØ ÚÒÏÓÔÁ¤ ÚÒÏÓÔÏÍ ÞÉÓÌÁ ËÏÍ�ÏÎÅÎÔ�× ÓÕÍ�Û�. ÷ ÔÏÊ ÞÁÓ ÑË ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÉÊÆÌÀ§Ä ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ËÒÉÔÉÞÎÏÀ ÔÏÞËÏÀ × Ä×Ï×ÉÍ�ÒÎÏÍÕ �ÒÏÓ-ÔÏÒ� ÄÌÑ Ò�×ÎÏ×ÁÇÉ ÇÁÚ-Ò�ÄÉÎÁ, Â�ÎÁÒÎ� ÓÉÓÔÅÍÉ ÄÅÍÏÎÓÔÒÕÀÔØ ×ÖÅËÒÉÔÉÞÎÕ Ì�Î�À × ÔÒÉ×ÉÍ�ÒÎÏÍÕ �ÒÏÓÔÏÒ� (ÎÁ�ÒÉËÌÁÄ, T � P � x),� ÓÉÓÔÅÍÉ Ú n ËÏÍ�ÏÎÅÎÔÁÍÉ ÄÅÍÏÎÓÔÒÕÀÔØ ËÒÉÔÉÞÎ� �Ï×ÅÒÈÎ� n� 1×ÉÍ�ÒÎÏÓÔ� × n + 1 ×ÉÍ�ÒÎÏÍÕ �ÒÏÓÔÏÒ� T � P � x1 � x2 � : : :� xn�1ÄÌÑ ×Ó�È ÔÉ��× Ò�×ÎÏ×ÁÇÉ ÆÌÀ§Ä-ÆÌÀ§Ä.îÁÓÔÕ�ÎÁ �ÒÏÂÌÅÍÁ ×É�ÌÉ×Á¤ Ú ÔÏÇÏ, ÝÏ ËÒÉÔÉÞÎÁ ÔÏÞËÁ ÓÕÍ�-Û� ¤ ÆÕÎË��¤À ËÏÎ�ÅÎÔÒÁ��§, ÑËÁ ÚÍ�ÎÀ¤ÔØÓÑ × ÈÏÄ� ÒÅÁË��§. �ÏÍÕËÒÉÔÉÞÎÁ ÔÏÞËÁ ÓÕÍ�Û� × ÒÅÁËÔÏÒ� ÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉÓØ Ú ÞÁÓÏÍ. �ÏÍÕÒÏÚÕÍ�ÎÎÑ ÆÁÚÏ×Ï§ �Ï×ÅÄ�ÎËÉ ¤ ÎÅÏÂÈ�ÄÎÏÀ �ÅÒÅÄÕÍÏ×ÏÀ ÄÌÑ ÔÏÇÏ,ÝÏÂ ÚÒÏÂÉÔÉ ×ÉËÏÒÉÓÔÁÎÎÑ ÓÕ�ÅÒËÒÉÔÉÞÎÏÇÏ ÓÔÁÎÕ �Ï Ó�ÒÁ×ÖÎØÏÍÕÅÆÅËÔÉ×ÎÉÍ, ÄÌÑ �ÎÔÅÇÒÁ��§ ÊÏÇÏ ×�ÌÉ×Õ ÎÁ Û×ÉÄË�ÓÔØ � ÓÅÌÅËÔÉ×-Î�ÓÔØ ËÁÔÁÌ�ÔÉÞÎÏ§ ÒÅÁË��§.ðÏÔÒ�ÂÎÏ ÔÕÔ ×�ÄÍ�ÔÉÔÉ, ÝÏ ÄÁÌÅËÏ ÎÅ ÄÌÑ ×Ó�È ÓÕÍ�ÛÅÊ, ÑË� ÓÔÁ-ÎÏ×ÌÑÔØ �ÒÁËÔÉÞÎÉÊ �ÎÔÅÒÅÓ, ¤ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÉÚÎÁÞÅÎ� ËÒÉÔÉÞ-Î� ÚÎÁÞÅÎÎÑ, ÁÂÏ ÎÁÑ×Î� ÄÁÎ� ÏÂÍÅÖÕÀÔØÓÑ ÌÉÛÅ Â�ÎÁÒÎÉÍÉ ÞÉ �Ï-ÔÒ�ÊÎÉÍÉ ÓÕÍ�ÛÁÍÉ Õ ×ÕÚØË�Ê ËÏÎ�ÅÎÔÒÁ��ÊÎ�Ê ÏÂÌÁÓÔ�. ýÏÂ ÚÁ�Ï×-ÎÉÔÉ �À �ÒÏÇÁÌÉÎÕ, ÆÁÚÏ×Á �Ï×ÅÄ�ÎËÁ � ËÒÉÔÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� Â�ÎÁÒ-ÎÉÈ ÓÕÍ�ÛÅÊ �ÏÓÔ�ÊÎÏ ×É×ÞÁÀÔØÓÑ ÔÅÏÒÅÔÉËÁÍÉ. ïÄÎÁË, ÎÁ ÄÁÎÉÊ ÞÁÓÝÅ ÎÅ ÍÁ¤ ÚÁÇÁÌØÎÏÇÏ Ò�×ÎÑÎÎÑ ÓÔÁÎÕ, ÑËÅ ÍÏÇÌÏ Â ÚÁÄÏ×�ÌØÎÏ Ï�ÉÓÁÔÉÆÁÚÏ×� Ä�ÁÇÒÁÍÉ Â�ÎÁÒÎÉÈ ÓÕÍ�ÛÅÊ.åËÓ�ÅÒÉÍÅÎÔ. â�ÌØÛ�ÓÔØ ÓÕ�ÅÒËÒÉÔÉÞÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔ�× ¤ ÚÄ�ÊÓ-ÎÅÎ� ÄÌÑ s
CO2, ÑËÉÊ ÓÁÍ �Ï ÓÏÂ� ÎÅ ¤ ÏÓÏÂÌÉ×Ï ÄÏÂÒÉÍ ÒÏÚÞÉÎÎÉËÏÍ.´ ÅÍ��ÒÉÞÎÅ �ÒÁ×ÉÌÏ, ÑËÅ ÇÏ×ÏÒÉÔØ, ÝÏ s
CO2 ÍÁ¤ ÒÏÚÞÉÎÎ� ×ÌÁÓ-ÔÉ×ÏÓÔ� �ÏÄ�ÂÎ� ÄÏ n-ÇÅËÓÁÎÕ: ÑËÝÏ ÝÏÓØ ÒÏÚÞÉÎÎÅ × n-ÇÅËÓÁÎ�, ÔÏ×ÏÎÏ, ÊÍÏ×�ÒÎÏ, ÔÁËÏÖ ÒÏÚÞÉÎÑ¤ÔØÓÑ × s
CO2 �, ÎÁ×�ÁËÉ. ÷ÉÎÑÔËÏÍ¤ ÆÌÕÏÒÉÎÁÔÎ� ËÏÍ�ÏÎÅÎÔÉ, ÑË� ÍÁÀÔØ ÚÎÁÞÎÏ ËÒÁÝÕ ÒÏÚÞÉÎÎ�ÓÔØ ×s
CO2. æÌÕÏÒÉÎÁÔÎ� Ì�ÇÁÎÄÉ �ÏËÒÁÝÕÀÔØ ÒÏÚÞÉÎÎ�ÓÔØ ÍÅÔÁÌ�ÞÎÉÈËÏÍ�ÌÅËÓ�×. äÌÑ ÔÏÇÏ ÝÏÂ ÚÂ�ÌØÛÉÔÉ ÒÏÚÞÉÎÎÕ ÚÄÁÔÎ�ÓÔØ óëæ, ÄÏÎÉÈ ÍÏÖÕÔØ ÄÏÄÁ×ÁÔÉÓÑ ÏÒÇÁÎ�ÞÎ� ÔÁ ÎÅÏÒÇÁÎ�ÞÎ� ËÏÍ�ÏÎÅÎÔÉ. ÷ÏÎÉÎÁÚÉ×ÁÀÔØÓÑ ÍÏÄÉÆ�ËÁÔÏÒÁÍÉ.õ 80-� ÒÏËÉ ÍÉÎÕÌÏÇÏ ÓÔÏÌ�ÔÔÑ ÂÕÌÉ ÏÔÒÉÍÁÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�
ICMP{02{14U 10ÄÁÎ� ÓÔÏÓÏ×ÎÏ ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ × ÍÅÎÛÅ Î�Ö Ä×ÁÄ�ÑÔÉ �ÏÔÒ�ÊÎÉÈÓÕÍ�ÛÁÈ. âÒÁË �ÎÆÏÒÍÁ��§ ¤ �Ï×'ÑÚÁÎÉÊ Ú ÔÒÕÄÎÏÝÁÍÉ ÚÁÓÔÏÓÕ×ÁÎ-ÎÑ Ú×ÉÞÎÉÈ ×�ÚÕÁÌØÎÉÈ ÍÅÔÏÄ�× ÄÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ× ÔÁËÉÈ ÓÉÓÔÅÍÁÈ. äÌÑ �ÉÈ ÓÉÓÔÅÍ Ò�ÚÎÉ�Ñ ÇÕÓÔÉÎ Ò�ÚÎÉÈ ÆÁÚ ¤ ÑË�ÒÁ×ÉÌÏ ÍÁÌÏÀ, � ÔÏÍÕ ËÒÉÔÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÞÁÓÔÏ Ï��ÎÀÀÔØÓÑ ËÏÒÅ-ÌÑ��ÊÎÉÍÉ ÍÅÔÏÄÁÍÉ ÞÉ ÛÌÑÈÏÍ ÄÏÓÌ�ÄÖÅÎÎÑ ×�Ä�Ï×�ÄÎÉÈ Â�ÎÁÒÎÉÈÓÕÍ�ÛÅÊ, Á ÔÏÄ� ÎÁ §È ÏÓÎÏ×� �ÅÒÅÄÂÁÞÁÀÔØÓÑ ×ÌÁÓÔÉ×ÏÓÔ� �ÏÔÒ�ÊÎÉÈÓÉÓÔÅÍ.îÅÄÁ×ÎÏ ÂÕÌÏ �ÒÏ×ÅÄÅÎÏ ÒÑÄ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ ÆÁ-ÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ × ÒÅÁÇÕÀÞÉÈ ÓÕÍ�ÛÁÈ [5{7℄. ðÒÑÍÅ Ó�ÏÓÔÅÒÅÖÅÎÎÑÚÎÉËÎÅÎÎÑ ÞÉ ×ÉÎÉËÎÅÎÎÑ ÍÅÎ�ÓËÁ ¤ ÎÁÊÂ�ÌØÛ �ÏÛÉÒÅÎÉÊ ÍÅÔÏÄ ×É-ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÞÉÓÔÉÈ ÆÌÀ§Ä�× � ÂÁÇÁÔÏËÏÍ�ÏÎÅÎ-ÔÎÉÈ ÓÉÓÔÅÍ. �ÏÞÎ�ÓÔØ ×ÉÍ�ÒÀ×ÁÎÎÑ �ØÏÇÏ ×�ÚÕÁÌØÎÏÇÏ ÍÅÔÏÄÕ ÓÔÁÎÏ-×ÉÔØ: ÄÌÑ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ ÄÏ �0:1K � ÄÌÑ ËÒÉÔÉÞÎÏÇÏ ÔÉÓËÕ{ �0:2MPa. ¶ÓÎÕ¤ Â�ÌØÛ ÔÏÞÎÉÊ ÍÅÔÏÄ, ÑËÉÊ ÂÕ× ×ÉËÏÒÉÓÔÁÎÉÊ ×[5℄, Á ÓÁÍÅ ÁËÕÓÔÉÞÎÉÊ ÍÅÔÏÄ. ãÅÊ ÍÅÔÏÄ ÄÁ¤ ÚÍÏÇÕ ×ÉÍ�ÒÑÔÉ ËÒÉ-ÔÉÞÎÕ ÔÅÍ�ÅÒÁÔÕÒÕ Ú ÔÏÞÎ�ÓÔÀ ÄÏ �0:1K, Á ËÒÉÔÉÞÎÉÊ ÔÉÓË { ÄÏ�0:05MPa. ÷�Î ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ Ó�ÏÓÔÅÒÅÖÅÎÎ� ÚÁ Ä×ÏÍÁ ÄÏÂÒÅ ×�ÄÏ-ÍÉÍÉ Æ�ÚÉÞÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ (�ÚÏÔÅÒÍ�ÞÎÏÀ ÓÔÉÓÌÉ×�ÓÔÀ �T � �ÉÔÏ-ÍÏÀ ÔÅ�ÌÏ¤ÍÎ�ÓÔÀ �ÒÉ �ÏÓÔ�ÊÎÏÍÕ ÔÉÓËÕ Cp), ÚÎÁÞÅÎÎÑ ÑËÉÈ �ÒÑ-ÍÕÀÔØ ÄÏ ÂÅÚÍÅÖÎÏÓÔ� �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÄÏ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÞÉÓÔÏÇÏÆÌÀ§ÄÕ: . îÁ ÏÓÎÏ×� ×É×ÞÅÎÎÑ �Ï×ÅÄ�ÎËÉ �ÉÈ Ä×ÏÈ ×ÅÌÉÞÉÎ ÍÏÖÎÁÏÔÒÉÍÁÔÉ ÎÁÓÔÕ�ÎÉÊ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ ×ÉÒÁÚ ÄÌÑ Û×ÉÄËÏÓÔ� Ú×ÕËÕÞÉÓÔÏ§ ËÏÍ�ÏÎÅÎÔÉ × ÏËÏÌ� §§ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ
0 = V � TMCV �0:5� �p�T �V ; (1)ÄÅ CV - �ÉÔÏÍÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎÏÍÕ ÏÂ'¤Í�. ò�×ÎÑÎÎÑ (1)�ÒÉ×ÏÄÉÔØ ÄÏ ÈÁÒÁËÔÅÒÎÏÇÏ Í�Î�ÍÕÍÁ Û×ÉÄËÏÓÔ� Ú×ÕËÕ × ËÒÉÔÉÞÎ�ÊÔÏÞ�� ÞÉÓÔÏÇÏ ËÏÍ�ÏÎÅÎÔÁ. ðÒÏÔÅ, ÄÌÑ ÓÕÍ�Û� ÕÍÏ×É ÒÏÚÂ�ÖÎÏÓÔ� ÄÌÑ�ÚÏÔÅÒÍ�ÞÎÏ§ ÓÔÉÓÌÉ×ÏÓÔ� � �ÉÔÏÍÏ§ ÔÅ�ÌÏ¤ÍÎÏÓÔ� × ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄ-ËÕ ÎÅ ×ÉËÏÎÕÀÔØÓÑ � �� ×ÅÌÉÞÉÎÉ ÚÁÌÉÛÁÀÔØÓÑ ÓË�ÎÞÅÎÉÍÉ × ËÒÉÔÉÞ-Î�Ê ÔÏÞ��. îÅ Ú×ÁÖÁÀÞÉ ÎÁ �Å, × ÒÏÂÏÔ� [8℄ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏ �ÒÉ ÎÁ-ÂÌÉÖÅÎÎ� ÄÏ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ Ú ÏÄÎÏÆÁÚÎÏ§ ÏÂÌÁÓÔ� Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑÚÂ�ÌØÛÅÎÎÑ �ÚÏÔÅÒÍ�ÞÎÏ§ ÓÔÉÓÌÉ×ÏÓÔ�, ÑËÁ ÄÏÓÑÇÁ¤ Ó×ÏÇÏ ÌÏËÁÌØÎÏÇÏÍÁËÓÉÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ Õ ÓÁÍ�Ê ËÒÉÔÉÞÎ�Ê ÔÏÞ��. ú ÏÇÌÑÄÕ ÎÁ �Å,ÍÏÖÎÁ Ó�ÏÄ�×ÁÔÉÓØ, ÝÏ ÁËÕÓÔÉÞÎÉÊ ÍÅÔÏÄ ÔÁËÏÖ ¤ ÚÁÓÔÏÓÏ×ÎÉÍ ÄÌÑÓÕÍ�ÛÅÊ.÷ [5℄ ÂÕÌÉ ÏÔÒÉÍÁÎ� ËÒÉÔÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ p
 � T
 ÄÌÑ Â�ÎÁÒÎÏ§ÓÉÓÔÅÍÉ CO2 + N(C2H5)3 � �ÒÏ×ÅÄÅÎÅ �ÏÒ�×ÎÑÎÎÑ Ú ÔÅÏÒÅÔÉÞÎÉÍÉÄÁÎÉÍÉ, ÏÔÒÉÍÁÎÉÍÉ ÎÁ ÏÓÎÏ×� Ò�×ÎÑÎÎÑ ÓÔÁÎÕ ðÅÎÇÁ-òÏÂ�ÎÓÏÎÁ.



11 ðÒÅ�ÒÉÎÔáËÕÓÔÉÞÎÉÍ ÍÅÔÏÄÏÍ ÔÁËÏÖ ×É×ÞÁÌÉÓØ ËÒÉÔÉÞÎ� ÔÏÞËÉ ÓÕÍ�ÛÅÊ,ÑË� ÂÅÒÕÔØ ÕÞÁÓÔØ × ÒÅÁË��§ Ç�ÄÒÏÆÏÒÍÉÌÑ��§ × s
CO2 [6℄. òÅÁË��ÑÇ�ÄÒÏÆÏÒÍÉÌÑ��§ �ÒÏ�ÁÎÕ × s
CO2 ÚÁ�ÉÓÕ¤ÔØÓÑ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍC3H6 + CO +H2 CO2�! CH3CH2CH2CHO + (CH3)2CHCHO (2)ðÒÉ �ØÏÍÕ ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ Ä×� ÓÉÓÔÅÍÉ CO2 + CO +H2 + C3H6� CO2 + CO + H2 + C6H12, ÄÌÑ ÑËÉÈ ÂÕÌÉ ÏÔÒÉÍÁÎ� ËÒÉÔÉÞÎ� ÔÏÞ-ËÉ �ÏÔÒ�ÊÎÉÈ ÓÕÍ�ÛÅÊ, ÝÏ ×ÈÏÄÑÔØ ÄÏ ÓËÌÁÄÕ ÞÏÔÉÒÉËÏÍ�ÏÎÅÎÔÎÉÈÓÕÍ�ÛÅÊ. äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÔÏÞÏË ÞÏÔÉÒÉËÏÍ�ÏÎÅÎÔÎÉÈÓÕÍ�ÛÅÊ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÏÓØ �ÓÅ×ÄÏÂ�ÎÁÒÎÅ ÎÁÂÌÉÖÅÎÎÑ.÷ ÒÏÂÏÔ� [7℄ ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ ÚÍ�ÎÁ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ × ÈÏÄ� È�Í�Þ-ÎÏ§ ÒÅÁË��§ × óëæ, Á ÓÁÍÅ ×É×ÞÁÌÁÓØ ÓÕÍ�Û, ÑËÁ ÂÅÒÅ ÕÞÁÓÔØ × ÒÅÁË��§Ç�ÄÒÏÆÏÒÍÉÌÑ��§ �ÒÏ�ÁÎÕ × s
CO2 ( ÄÉ×. (2)). ãÑ ÒÅÁË��Ñ ×ËÌÀÞÁ¤Û�ÓÔØ ÓÏÒÔ�×: H2, CO, CO2, C3H6, n-ÂÕÔÉÒÁÌØÄÅÇ�Ä ÔÁ �ÚÏÂÕÔÉÒÁÌØ-ÄÅÇ�Ä. ú �ÉÈ ËÏÍ�ÏÎÅÎÔ�× ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ 15 Â�ÎÁÒÎÉÈ ÓÕÍ�ÛÅÊ. ÷É-Í�ÒÀ×ÁÎÎÑ ËÒÉÔÉÞÎÉÈ ÔÏÞÏË ÚÄ�ÊÓÎÀ×ÁÌÏÓØ ÎÁ ÏÓÎÏ×� ÁËÕÓÔÉÞÎÏÇÏÍÅÔÏÄÕ.äÌÑ Ï�ÉÓÕ ÛÅÓÔÉËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍ�Û� �ÏÔÒ�ÂÎÏ 5 ÎÅÚÁÌÅÖÎÉÈËÏÎ�ÅÎÔÒÁ��Ê. ïÞÅ×ÉÄÎÏ, ÝÏ ÆÁÚÏ×Á �Ï×ÅÄ�ÎËÁ ÔÁËÏ§ ÓÕÍ�Û� ¤ ÄÕÖÅÓËÌÁÄÎÏÀ. ýÏÂ Ó�ÒÏÓÔÉÔÉ ÚÁÄÁÞÕ, Á×ÔÏÒÉ ÄÏÓÌ�ÄÖÕ×ÁÌÉ ÂÁÇÁÔÏËÏÍ-�ÏÎÅÎÔÎÕ ÓÕÍ�Û �ÒÉ ÄÅÑËÉÈ Æ�ËÓÏ×ÁÎÉÈ ËÏÎ�ÅÎÔÒÁ��ÑÈ. æ�ËÓÕ×ÁÌÉÓØÍÏÌÑÒÎÅ Ó��××�ÄÎÏÛÅÎÎÑ C3H6 : CO : H2 ÑË 1 : 1 : 1 (ÓÔÏÈ�ÏÍÅÔÒÉÞÎÁË�ÌØË�ÓÔØ) � ÍÏÌÑÒÎÅ Ó��××�ÄÎÏÛÅÎÎÑ �ÒÏÄÕËÔ�× ÒÅÁË��§ 8 : 1. �ÏÄ�,ÄÌÑ ÍÏÄÅÌÀ×ÁÎÎÑ �ÒÏ�ÅÓÕ �ÅÒÅÂ�ÇÕ ÒÅÁË��§, ÄÏÓÔÁÔÎØÏ ÒÏÚÇÌÑÎÕÔÉÄ×� ÚÍ�ÎÎ�, �0, Á �, ÄÅ �0 ¤ �ÏÞÁÔËÏ×Á ÍÏÌÑÒÎÁ ÄÏÌÑ ÒÅÁËÔÁÎÔ�× (ÎÁ�ÏÞÁÔËÕ ÒÅÁË��§), � ¤ �ÅÒÅÔ×ÏÒÅÎÎÑ, ÑËÅ ×ÉÚÎÁÞÁÌÏÓØ ÑË ÄÏÌÑ ÒÅÁË-ÔÁÎÔ�×,ÝÏ ÂÕÌÉ �ÅÒÅÔ×ÏÒÅÎ� × �ÒÏÄÕËÔÉ ÎÁ ÄÁÎ�Ê ÓÔÁÄ�§ ÒÅÁË��§ (� = 0ÎÁ �ÏÞÁÔËÕ ÒÅÁË��Ê � � = 1 × Ë�Î��).ðÒÉ ÄÁÎÏÍÕ ÓÔÏÈ�ÏÍÅÔÒÉÞÎÏÍÕÓ��××�ÄÎÏÛÅÎÎ� Í�Ö �ÒÏÄÕËÔÁÍÉ � ÒÅÁËÔÁÎÔÁÍÉ, ÍÏÌØÎ� ÄÏÌ� ÒÅÛÔÉËÏÍ�ÏÎÅÎÔ�× ÍÏÖÕÔØ ÂÕÔÉ �ÒÅÄÓÔÁ×ÌÅÎ� Ô�ÌØËÉ ÞÅÒÅÚ �0 � �. ÷ ÒÅ-ÚÕÌØÔÁÔ�, ÂÕÌÉ ×ÉÍ�ÒÑÎ� ËÒÉÔÉÞÎ� ÔÅÍ�ÅÒÁÔÕÒÉ � ÔÉÓËÉ ÄÌÑ ÚÎÁÞÎÏÇÏÞÉÓÌÁ ÓÕÍ�ÛÅÊ, ÑË� �ÒÅÄÓÔÁ×ÌÑÀÔØ Ò�ÚÎ� ÓÔÁÄ�§ ÒÅÁË��§ Ç�ÄÒÏÆÏÒÍ�-ÌÑ��§ � �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÍ ËÏÎ�ÅÎÔÒÁ��Ê ÒÅÁËÔÁÎÔ�×. �ÁËÏÖ ÂÕÌÉ×ÉÍ�ÒÑÎ� ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÔÏÞÏË ÄÌÑ ×Ó�È Â�ÎÁÒÎÉÈ ÓÕÍ�ÛÅÊ ËÏÍ-�ÏÎÅÎÔ�×. îÁ ÏÓÎÏ×� Ó×Ï§È ÄÏÓÌ�ÄÖÅÎØ Á×ÔÏÒÉ ÚÒÏÂÉÌÉ ÔÁË� ×ÉÓÎÏ×ËÉ:1. ÷ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÒÅÁÇÕÀÞÉÈ ÓÕÍ�ÛÁÈ �ÎÄÉ×�ÄÕÁÌØÎ� ËÏÎ-�ÅÎÔÒÁ��§ ÂÕÄØ-ÑËÉÈ ËÏÍ�ÏÎÅÎÔ�× ÂÕÄÕÔØ ÎÉÚØËÉÍÉ × Â�ÌØÛÏÓ-Ô� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÓÉÔÕÁ��ÑÈ. ïÔÖÅ, Â�ÎÁÒÎ� ×ÚÁ¤ÍÏÄ�§ Í�ÖÕÓ�ÍÁ �ÁÒÁÍÉ ËÏÍ�ÏÎÅÎÔ�× ËÒ�Í ÔÉÈ, ÑË� ×ËÌÀÞÁÀÔØ óëæ ÒÏÚ-ÞÉÎÎÉË, ÍÏÖÕÔØ �ÇÎÏÒÕ×ÁÔÉÓÑ ÂÅÚ ××ÅÄÅÎÎÑ ÚÎÁÞÎÏ§ �ÏÈÉÂËÉ.
ICMP{02{14U 12�ÏÍÕ, ÍÏÄÅÌ� ÆÁÚÏ×Ï§ �Ï×ÅÄ�ÎËÉ ×ÉÍÁÇÁÔÉÍÕÔØ Ô�ÌØËÉ ×�ÄÎÏÓÎÏÍÁÌÏÇÏ ÞÉÓÌÁ �ÁÒÁÍÅÔÒ�×.2. ÷×ÅÄÅÎÉÊ ÎÏ×ÉÊ ÔÉ� ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ ÇÒÁÎÉ�À,×ÓÅÒÅÄÉÎ� ÑËÏ§ Õ ÄÅÑË�Ê ÔÏÞ�� ÒÅÁÇÕÀÞÁ ÓÕÍ�Û ÒÏÚÄ�ÌÑ¤ÔØÓÑ ÎÁÇÁÚÏ×Õ � Ò�ÄËÕ ÆÁÚÉ × ÈÏÄ� ÒÅÁË��§.3. ðÏËÁÚÁÎÏ, ÝÏ ÁËÕÓÔÉÞÎÉÊ ÍÅÔÏÄ ÍÏÖÅ ÚÁÂÅÚ�ÅÞÉÔÉ ÏÓÎÏ×Î� ÎÅ-ÏÂÈ�ÄÎ� ÄÁÎ� �Ï ËÒÉÔÉÞÎÉÈ ÔÏÞËÁÈ ÎÁ × ÍÅÖ�È ÒÏÚÕÍÎÏÇÏ �ÒÏ-Í�ÖËÕ ÞÁÓÕ ÄÌÑ ×ÉÍ�Ò�×. �ÁË� ×ÉÍ�ÒÀ×ÁÎÎÑ ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØ-ÓÑ Ú Â�ÌØÛ ÔÒÁÄÉ��ÊÎÉÍ ×�ÚÕÁÌØÎÉÍ ÍÅÔÏÄÏÍ.�ÅÏÒ�Ñ. íÅÔÏÄÉ, ÑË� ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÆÌÀ§ÄÎÉÈÆÁÚÏ×ÉÈ Ò�×ÎÏ×ÁÇ � ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÂÁÇÁÔÏËÏÍ�ÏÎÅÔ-ÎÉÈ ÓÕÍ�ÛÅÊ ÍÏÖÕÔØ ÂÕÔÉ ÇÒÕÂÏ ÒÏÚÄ�ÌÅÎ� ÎÁ Ä×Á ËÌÁÓÉ:1. "çÅÔÅÒÏÇÅÎÎÉÊ", ÑËÉÊ ×ËÌÀÞÁ¤ Ò�ÚÎ� ÍÏÄÅÌ� ÄÌÑ ÇÁÚÏ×Ï§ � Ò�ÄËÏ§ÆÁÚÉ. úÁÓÔÏÓÏ×Õ¤ÔØÓÑ �ÒÉ ÎÉÚØËÏÍÕ ÔÉÓËÕ.2. "çÏÍÏÇÅÎÎÉÊ", ÄÅ ÚÁÓÔÏÓÏ×Õ¤ÔØÓÓÑ ÔÁ Ö ÍÏÄÅÌØ (Ú×ÉÞÁÊÎÏ Ò�×-ÎÑÎÎÑ ÓÔÁÎÕ) ÄÏ ÏÂÏÈ ÆÁÚ × Ò�×ÎÏ×ÁÚ�. ÷ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ: × ÏËÏ-Ì� ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ, ×É×ÞÅÎÎÑ ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ �ÒÉ ×ÉÓÏËÏÍÕÔÉÓËÕ.ïÓÔÁÎÎÑ ÍÏÄÅÌØ ¤ ÍÅÎÛ ÇÎÕÞËÁ, ÞÅÒÅÚ ÔÅ, ÝÏ ×ÏÎÁ ¤ ÎÁÓÔ�ÌØ-ËÉ ×ÉÚÎÁÞÅÎÏÀ ÎÁÓË�ÌØËÉ ×ÉÚÎÁÞÅÎÉÍ ¤ Ò�×ÎÑÎÎÑ ÓÔÁÎÕ � �ÒÁ×ÉÌÁÚÍ�ÛÕ×ÁÎÎÑ. îÁ ÄÁÎÉÊ ÞÁÓ ¤ ×�ÄÏÍÏ ÂÁÇÁÔÏ Ò�×ÎÑÎØ ÓÔÁÎÕ, ÁÌÅ Ô�ÌØ-ËÉ ÄÅË�ÌØËÁ Ú ÎÉÈ ÁËÔÉ×ÎÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ. ÷ÏÎÉ ÕÓ� ÂÅÒÕÔØ Ó×�Ê�ÏÞÁÔÏË ×�Ä Ò�×ÎÑÎÎÑ ÷ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ (÷Ä÷) � ÎÁÚÉ×ÁÀÔØÓÑ Ä×Ï�Á-ÒÁÍÅÔÒÉÞÎÉÍÉ ËÕÂ�ÞÎÉÍÉ Ò�×ÎÑÎÎÑÍÉ ÓÔÁÎÕ. óÅÒÅÄ Ò�×ÎÑÎØ ÓÔÁÎÕ,ÑË� ÎÁÊÞÁÓÔ�ÛÅ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ¤ Ò�×ÎÑÎÎÑ óÏÁ×Á-òÅÄÌ�ÈÁ-÷ÏÎÇÁ(óò÷) � ðÅÎÇÁ-òÏÂ�ÎÓÏÎÁ (ðò). îÉÖÞÅ ÍÉ ËÏÒÏÔËÏ ÚÕ�ÉÎÉÍÏÓØ ÎÁ�ÉÈ Ò�×ÎÑÎÎÑÈ ÓÔÁÎÕ, ÏÓË�ÌØËÉ ÓÁÍÅ ×ÏÎÉ ÎÁÊÞÁÓÔ�ÛÅ ×ÉËÏÒÉÓÔÏ×ÕÀ-ÔØÓÑ �ÒÉ ÔÅÏÒÅÔÉÞÎÏÍÕ ×É×ÞÅÎÎ� ÓËÌÁÄÎÉÈ ÓÕÍ�ÛÅÊ.ðÏÔÒ�ÂÎÏ ÔÁËÏÖ ×�ÄÍ�ÔÉÔÉ, ÝÏ ×ÉËÏÒÉÓÔÁÎÎÑ Â�ÌØÛ ÓËÌÁÄÎÉÈ Ò�×-ÎÑÎØ ÓÔÁÎÕ, ÑË� Í�ÓÔÑÔØ ÂÁÇÁÔÏ �ÁÒÁÍÅÔÒ�×, ÎÅ �ÒÉ×ÏÄÉÔØ ÄÏ Ó�ÏÄ�×Á-ÎÏÇÏ ÅÆÅËÔÕ, ÏÓË�ÌØËÉ ÄÌÑ ËÏÖÎÏÇÏ �Ú �ÁÒÁÍÅÔÒ�× ÍÕÓÑÔØ ÂÕÔÉ ×É-ÚÎÁÞÅÎ� Ó×Ï§ �ÒÁ×ÉÌÁ ÚÍ�ÛÕ×ÁÎÎÑ.ò�×ÎÑÎÎÑ ÓÔÁÎÕ ÷ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ [9℄:ðÏÎÁÄ ÔÒÉÄ�ÑÔØ ÒÏË�× ÔÏÍÕ ×ÁÎ ëÏÎ�ÎÅÎÂÅÒÇ � óËÏÔÔ �ÏËÁÚÁÌÉ[10,11℄, ÝÏ �ÒÁËÔÉÞÎÏ ×Ó� ×�ÄÏÍ� ÔÉ�É ÆÁÚÏ×Ï§ �Ï×ÅÄ�ÎËÉ Â�ÎÁÒÎÉÈÓÕÍ�ÛÅÊ ÍÏÖÕÔØ ÂÕÔÉ ÏÔÒÉÍÁÎ�, �ÒÉÎÁÊÍÎ� ÑË�ÓÎÏ, Ú Ò�×ÎÑÎÎÑ ÓÔÁÎÕ



13 ðÒÅ�ÒÉÎÔ÷Ä÷ P = RTV � b � aV 2 ;ÕÚÁÇÁÌØÎÅÎÏÇÏ ÎÁ ×É�ÁÄÏË ÓÕÍ�ÛÅÊ Ú ÔÉÍ, ÝÏ �ÁÒÁÍÅÔÒÉ a i b ×ÉÒÁ-ÖÁÀÔØÓÑ ÞÅÒÅÚ ÌiÎiÊÎÕ ËÏÍÂiÎÁ�iÀ �ÁÒ�iÁÌØÎÉÈ �ÁÒÁÍÅÔÒi× i ¤ ÆÕÎ-Ë�iÑÍÉ ËÏÎ�ÅÎÔÒÁ�i§ x (�Å ÔÁË Ú×ÁÎ� ËÌÁÓÉÞÎ� �ÒÁ×ÉÌÁ ÚÍ�ÛÕ×ÁÎÎÑ):a = (1� x)2a11 + 2(1� x)xa12 + x2a22b = (1� x)2b11 + 2(1� x)xb12 + x2b22: (3)õ �ÉÈ Òi×ÎÑÎÎÑÈ �ÒÉÓÕÔÎi �ÅÒÅÈÒÅÓÎi �ÁÒÁÍÅÔÒÉ a12 i b12, ÑËi ×ÉÒÁ-ÖÁÀÔØÓÑ ÞÅÒÅÚ ÏÄÎÏÓÏÒÔÎi, ÎÁ�ÒÉËÌÁÄ ÚÁ �ÒÁ×ÉÌÏÍ ìÏÒÅÎ�Á-âÅÒÔÌÏ:a12 = pa11a22; b12 = 12 �b1=311 + b1=322 �3 :÷ ÒÏÂÏÔÁÈ [10,11℄ ÄÏ ÔÁËÏ§ ÷ÁÎ-ÄÅÒ-÷ÁÁÌØÓi×ÓØËÏ§ ÓÕÍiÛi ÂÕÌÉ ÚÁÓÔÏ-ÓÏ×ÁÎi Òi×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ:��2G�x2 �P;T = 0; ��3G�x3 �P;T = 0ÄÅ (G { ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ç�ÂÂÓÁ Â�ÎÁÒÎÏ§ ÓÕÍ�Û�) i ÕÍÏ×É ÎÁ Ä×ÏÆÁÚÎÕÒi×ÎÏ×ÁÇÕ:T� = T �; P� = P � ; ��1 = ��1 ; ��2 = ��2 :ðÒÉÞÏÍÕ, ÒÏÚÇÌÑÄÁÌÉÓØ ÒiÚÎi Ó�i××iÄÎÏÛÅÎÎÑ ÍiÖ �ÁÒÁÍÅÔÒÁÍÉ aij ibij . ÷ ÚÁÌÅÖÎÏÓÔi ×iÄ Ó�i××iÄÎÏÛÅÎÎÑ ÍiÖ ÎÉÍÉ ÂÕÌÉ ÏÔÒÉÍÁÎi ÒiÚÎiÔÉ�É ÆÁÚÏ×ÉÈ ÄiÁÇÒÁÍ. æÁËÔÉÞÎÏ, ÎÁ ÏÓÎÏ×i Òi×ÎÑÎÎÑ ÓÔÁÎÕ ÷Ä÷ ÎÁÑËiÓÎÏÍÕ Òi×Îi �ÅÒÅÄÂÁÞÅÎÏ ×Ói ÔÉ�É ÆÁÚÏ×ÉÈ ÄiÁÇÒÁÍ ËÒiÍ ÏÓÔÁÎ-ÎØÏÇÏ Ú ËÌÁÓÉÆiËÁ�iÊÎÏ§ ÓÈÅÍÉ, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ ×ÁÎ ëÏÎ�ÎÅÎÂÅÒÇÏÍ �óËÏÔÔÏÍ [11℄.ò�×ÎÑÎÎÑ ÓÔÁÎÕ òÅÄÌ�ÈÁ-÷ÏÎÇÁ (ò÷) [12℄:ò�×ÎÑÎÎÑ ÓÔÁÎÕ ò÷ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄP = RTV � b � aV (V + b) ; (4)ÄÅ ÄÌÑ �ÁÒÁÍÅÔÒ�× a i b ¤ Ó�ÒÁ×ÅÄÌÉ×ÉÍÉ Ó��××�ÄÎÏÛÅÎÎÑ (3), � ÄÌÑ�ÁÒÁÍÅÔÒÁ a ××ÏÄÉÔØÓÑ ÎÁÓÔÕ�ÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØa(T ) = 
aR2T 2
P
 �(Tr); (5)
ICMP{02{14U 14�(Tr) = T�0:5r : (6)÷ ÒÏÂÏÔ� [14℄, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ì�Î�ÊÎÅ �ÒÁ×ÉÌÏ ÚÍ�ÛÕ×ÁÎÎÑ ÄÌÑ�ÁÒÁÍÅÔÒÁ b (b = �ixibi), ÂÕÌÁ ÏÔÒÉÍÁÎÁ ÇÌÏÂÁÌØÎÁ ÆÁÚÏ×Á Ä�ÁÇÒÁÍÁÂ�ÎÁÒÎÏ§ ÆÌÀ§ÄÎÏ§ ÓÕÍ�Û� × �ÒÏÓÔÏÒ� �ÁÒÁÍÅÔÒ�× Ò�×ÎÑÎÎÑ (4)-(6).ò�×ÎÑÎÎÑ ÓÔÁÎÕ óÏÁ×Á [13℄:óÏÁ× ÕÚÁÇÁÌØÎÉ× Ò�×ÎÑÎÎÑ (4), ÚÁ�ÒÏ�ÏÎÕ×Á×ÛÉ ÄÌÑ �(Tr) ÎÁÓÔÕ�ÎÉÊ×ÉÒÁÚ �(Tr) = �1 +m(1�pTr)�2 ;ÄÅ m =M0 +M1! +M2!2;Ú M0 = 0:48, M1 = 1:574, M2 = �0:171,� ! { �Å×ÎÉÊ Á�ÅÎÔÒÉÞÎÉÊÍÎÏÖÎÉË.ò�×ÎÑÎÎÑ ÓÔÁÎÕ ðÅÎÇÁ-òÏÂ�ÎÓÏÎÁ (ðò) [15℄:ò�×ÎÑÎÎÑ ÓÔÁÎÕ ðò ÍÁ¤ ×ÉÇÌÑÄ:P = RTV � b � aV 2 + 2bV � b2 : (7)÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ, ��ÄÓÕÍÏ×ÕÀÞÉ �ÎÆÏÒÍÁ��À �ÒÏ ÎÁÊÂ�ÌØÛ×ÖÉ×ÁÎ� Ò�×ÎÑÎÎÑ ÓÔÁÎÕ, ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Ä×Ï�ÁÒÁÍÅÔÒÉÞÎÅ ËÕÂ�ÞÎÅÒ�×ÎÑÎÎÑ ÓÔÁÎÕ Õ ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄ�:P = RTV � b � a(V � br1)(V � br2) ;Ú ÑËÏÇÏ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ×Ó� ×ÉÝÅ ÚÇÁÄÁÎ� Ò�×ÎÑÎÎÑ, Á ÓÁÍÅ:� Ò�×ÎÑÎÎÑ ÷Ä÷: r1 = r2 = 0;� Ò�×ÎÑÎÎÑ óÏÁ×Á-òÅÄÌ�ÈÁ-÷ÏÎÇÁ (óò÷): r1 = 0, r2 = 1;� Ò�×ÎÑÎÎÑ ðò: r1 = �1�p2, r2 = �1 +p2.ïËÒÅÍÏÀ ÚÁÄÁÞÏÀ × ÍÅÔÏÄ� Ò�×ÎÑÎØ ÓÔÁÎÕ ¤ ×ÉÚÎÁÞÅÎÎÑ �ÅÒÅÈÒÅÓ-ÎÉÈ �ÁÒÁÍÅÔÒ�× aij � bij , ÑË�, ÑË �ÒÁ×ÉÌÏ, ÚÁ�ÉÓÕÀÔØÓÑ Õ ×ÉÇÌÑÄ�aij = paiiajj(1� kij); bij = bii + bjj2 (1� �ij):ðÁÒÁÍÅÔÒÉ kij � �ij ÎÁÚÉ×ÁÀÔØÓÑ Â�ÎÁÒÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ×ÚÁ¤ÍÏÄ�§.ðÒÉÞÏÍÕ, Ô�ÌØËÉ ÄÌÑ ÄÅÑËÉÈ ÓÕÍ�ÛÅÊ kij ' 0 ÄÁ¤ ÈÏÒÏÛÅ ÕÚÇÏÄÖÅÎÎÑÚ ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ �ÅÊ �ÁÒÁÍÅÔÒ ¤ ×�ÄÍ�ÎÎÉÍ



15 ðÒÅ�ÒÉÎÔ×�Ä ÎÕÌÑ � × ÏËÒÅÍÉÈ ×É�ÁÄËÁÈ �ÏÔÒ�ÂÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ ÔÁËÏÖ ÊÏÇÏ ÚÁ-ÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ. ðÁÒÁÍÅÔÒ kij ÍÕÓÉÔØ ×ÉÚÎÁÞÁÔÉÓØ Ú ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ Ò�×ÎÏ×ÁÇÉ ÇÁÚ-Ò�ÄÉÎÁ. ÷ÒÁÈÕ×ÁÎÎÑ �ÁÒÁÍÅÔÒÁ�ij ¤ ×ÁÖÌÉ×ÉÍ �ÒÉ ×É×ÞÅÎÎ� ÓÕÍ�ÛÅÊ, ÑË� ×ËÌÀÞÁÀÔØ �ÏÌÑÒÎÉÊ ËÏÍ-�ÏÎÅÎÔ.÷ [7℄ ÄÌÑ ×É×ÞÅÎÎÑ ÆÁÚÏ×Ï§ �Ï×ÅÄ�ÎËÉ ÛÅÓÔÉËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍ�-Û�, ÝÏ ÆÏÒÍÕ¤ÔØÓÑ �ÒÉ ÒÅÁË��§ Ç�ÄÒÏÆÏÒÍÉÌÑ��§ (ÄÉ×. (2)), ÚÁÓÔÏ-ÓÏ×Õ×ÁÌÏÓØ Ò�×ÎÑÎÎÑ ðò (7) Ú Ì�Î�ÊÎÉÍ �ÒÁ×ÉÌÏÍ ÚÍ�ÛÕ×ÁÎÎÑ ÄÌÑ�ÁÒÁÍÅÔÒÁ b. á×ÔÏÒÁÍ ×ÄÁÌÏÓÑ ÏÔÒÉÍÁÔÉ ÈÏÒÏÛÅ Ó��×�ÁÄ�ÎÎÑ Ú ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÏ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ÄÁÎÉÍÉ.4. ÷ÉÓÎÏ×ËÉõÎ�ËÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÆÌÀ§Ä�× × ÓÕ�ÅÒËÒÉÔÉÞÎÏÍÕ ÓÔÁÎ� ÍÏÖÕÔØ ÕÓ-��ÛÎÏ ÚÁÓÔÏÓÏ×Õ×ÁÔÉÓÑ × ÔÅÈÎÏÌÏÇ�ÑÈ × ÒÅÁË��ÑÈ ÑË ÇÏÍÏÇÅÎÎÏÇÏ ÔÁË� ÇÅÔÅÒÏÇÅÎÎÏÇÏ ËÁÔÁÌ�ÚÕ.ðÒÉ ÇÏÍÏÇÅÎÎÏÍÕ ËÁÔÁÌ�Ú�, �ÄÅÁÌØÎÁ ËÁÔÁÌ�ÔÉÞÎÁ ÒÅÁË��Ñ ÍÁÌÁ ÂÍÁÔÉ ÄÏÓÉÔØ ×ÉÓÏËÕ Û×ÉÄË�ÓÔØ �ÒÏÔ�ËÁÎÎÑ ÚÁ×ÄÑËÉ: (1) ×ÉÓÏË�Ê ÒÏÚ-ÞÉÎÎÏÓÔ� ÒÅÁÇÕÀÞÉÈ ÇÁÚ�× × óëæ , (2) ×ÉÓÏË�Ê Û×ÉÄËÏÓÔ� �ÅÒÅÎÏÓÕÍÁÓÉ, � (3) ÎÉÚØË�Ê ÓÏÌØ×ÁÔÁ��§ ËÁÔÁÌ�ÚÁÔÏÒÁ ÁÂÏ ÓÕÂÓÔÒÁÔÁ. ïÞÅ×ÉÄ-ÎÏ, ÝÏ ÄÏÓÑÇÎÅÎÎÑ �ØÏÇÏ ÅÆÅËÔÕ ×ÉÍÁÇÁ¤ ÒÏÚ×'ÑÚÁÎÎÑ ÔÁËÉÈ �ÒÏÂÌÅÍ,�Ï×'ÑÚÁÎÉÈ Ú ÎÁÑ×Î�ÓÔÀ ÏÄÎ�¤§ ÆÁÚÉ, ÑË ÎÉÚØËÁ ÒÏÚÞÉÎÎ�ÓÔØ ËÁÔÁÌ�ÚÁ-ÔÏÒÁ � ×ÉÍÏÇÁ ×ÉÓÏËÏÇÏ ÔÉÓËÕ. ï�ÔÉÍ�ÚÁ��§ Û×ÉÄËÏÓÔ� � ÓÅÌÅËÔÉ×ÎÏÓ-Ô� ÒÅÁË��§ ÍÏÖÎÁ ÄÏÓÑÇÎÕÔÉ, Ú ÏÄÎÏÇÏ ÂÏËÕ, ÛÌÑÈÏÍ ÎÁÓÔÒÏÀ×ÁÎÎÑ×ÌÁÓÔÉ×ÏÓÔÅÊ óëæ ÑË ÒÏÚÞÉÎÎÉËÁ, Á Ú �ÎÛÏÇÏ { ×ÉÂÏÒÏÍ Ì�ÇÁÎÄ ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ ËÁÔÁÌ�ÚÁÔÏÒÁ. ÷�ÄÏËÒÅÍÌÅÎÎÑ (ÓÅ�ÁÒÁ��Ñ ) ËÁÔÁÌ�ÚÁÔÏÒÁ� �ÒÏÄÕËÔ�× ÒÅÁË��§ ÍÏÖÅ ÚÄ�ÊÓÎÀ×ÁÔÉÓØ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÔÅÈÎÏÌÏÇ�ÊÓÕ�ÅÒÆÌÀ§ÄÎÏÇÏ ÅËÓÔÒÁÇÕ×ÁÎÎÑ.ú �ÎÛÏÇÏ ÂÏËÕ, óëæ × ÒÏÌ� ÒÏÚÞÉÎÎÉË�× ÁÂÏ ÒÅÁËÔÁÎÔ�× ÚÁÂÅÚ�ÅÞÕ-ÀÔØ �Å×Î� ÍÏÖÌÉ×ÏÓÔ� ÄÌÑ ��Ä×ÉÝÅÎÎÑ ÅÆÅËÔÉ×ÎÏÓÔ� � ËÏÎÔÒÏÌÀ �ÒÉÇÅÔÅÒÏÇÅÎÎÉÈ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��ÑÈ [1℄. ðÅÒÓ�ÅËÔÉ×ÎÉÍÉ ÎÁ�ÒÑÍËÁ-ÍÉ ÔÕÔ ¤: (1) ËÏÎÔÒÏÌØ ÚÁ ÆÁÚÏ×ÏÀ �Ï×ÅÄ�ÎËÏÀ ÔÁ ÕÓÕÎÅÎÎÑ �ÅÒÅÛËÏÄ�ÒÉ �ÅÒÅÎÏÓ� ÍÁÓÉ ÞÅÒÅÚ ÆÁÚÏ×� ÇÒÁÎÉ�� ÇÁÚ/Ò�ÄÉÎÁ � Ò�ÄÉÎÁ/Ò�ÄÉÎÁ,(2) ��Ä×ÉÝÅÎÎÑ Û×ÉÄËÏÓÔ� ÄÉÆÕÚ�§ × ÒÅÁË��ÑÈ, ËÏÎÔÒÏÌØÏ×ÁÎÉÈ ÞÅ-ÒÅÚ ÚÏ×Î�ÛÎÀ ÄÉÆÕÚ�À, (3) ��Ä×ÉÝÅÎÎÑ �ÅÒÅÎÏÓÕ ÔÅ�ÌÁ, (4) ÌÅÇÛÅ ×�-ÄÏËÒÅÍÌÅÎÎÑ �ÒÏÄÕËÔ�×, (5) �ÒÏÄÏ×ÖÅÎÎÑ ÞÁÓÕ ÖÉÔÔÑ ËÁÔÁÌ�ÚÁÔÏÒÁÚÁ×ÄÑËÉ ÒÏÚÞÉÎÎÏÓÔ� ÄÅÁËÔÉ×ÕÀÞÉÈ ÏÓÁÄ�×, (6) ÎÁÓÔÒÏÀ×ÁÎÎÑ ×ÌÁÓ-ÔÉ×ÏÓÔÅÊ ÒÏÚÞÉÎÎÉËÁ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÔÉÓËÕ � ËÏÓÏÌØ×ÅÎÔ�×, (7) ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÊ ÅÆÅËÔ ÔÉÓËÕ ÎÁ ËÏÎÓÔÁÎÔÉ Û×ÉÄËÏÓÔÅÊ, � (8) ËÏÎÔÒÏÌØÓÅÌÅËÔÉ×ÎÏÓÔ� ÞÅÒÅÚ ×ÚÁ¤ÍÏÄ�À ÒÏÚÞÉÎÎÉË-ÒÅÁËÔÁÎÔ (ÒÏÚÞÉÎ).ð�ÄÓÕÍÏ×ÕÀÞÉ, ÍÏÖÅÍÏ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ �ÏÔÅÎ��ÁÌ Õ ×ÉËÏ-
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