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õäë: 548:573.611.44PACS: 75.10.Hk, 75.10.-b÷�ÌÉ× ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉÓ��Î-1 ¶Ú�ÎÇ�×ÓØËÏ§ ÍÏÄÅÌ� ÍÁÇÎÅÔÉËÁ Ú Â�Ì�Î�ÊÎÉÍÉ ÔÁ Ë×ÁÄ-ÒÕ�ÏÌØÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ. ëÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑò.ò.ìÅ×É�ØËÉÊ, ï.ò.âÁÒÁÎáÎÏÔÁ��Ñ. ÷ ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ×É×ÞÅÎÏ ×�ÌÉ× ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇ-Î�ÔÎÏÇÏ �ÏÌÑ ÎÁ Ó��Î-1 ¶Ú�ÎÇ�×ÓØËÉÊ ÍÁÇÎÅÔÉË Ú Â�Ì�Î�ÊÎÉÍÉ ÔÁ Ë×ÁÄÒÕ-�ÏÌØÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ. ðÏÂÕÄÏ×ÁÎ� ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ × �ÌÏÝÉÎ� (ÍÁÇÎ�Ô-ÎÅ �ÏÌÅ, ÔÅÍ�ÅÒÁÔÕÒÁ) �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÔÁÏÔÒÉÍÁÎ� ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ � ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ �ÁÒÁÍÅÔÒ�× ÍÏ-ÄÅÌ�. ðÏËÁÚÁÎÏ, ÝÏ �ÒÉ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑËÉÈÕ ×É�ÁÄËÕ ÎÕÌØÏ×ÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ × ÓÉÓÔÅÍ� ÍÁ¤ Í�Ó�Å ÔÅÍ�ÅÒÁÔÕÒ-ÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä Ë×ÁÄÒÕ�ÏÌØÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ, ×ËÌÀÞÅÎÎÑÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ ÎÅ �ÒÏÓÔÏ �ÎÄÕËÕ¤ ÎÅÎÕÌØÏ×Õ ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ × "�ÁÒÁ-ÍÁÇÎ�ÔÎ�Ê" ÔÁ "Ë×ÁÄÒÕ�ÏÌØÎ�Ê" ÆÁÚÁÈ, Á ÍÏÖÅ �ÒÉÚ×ÏÄÉÔÉ ÄÏ ÒÏÚÄ�ÌÅÎ-ÎÑ �ØÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÎÁ ËÁÓËÁÄ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× "Ë×ÁÄÒÕ�ÏÌØ-ÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ.Investigation of magneti
 �eld in
uen
e on thermodynami
 
har-a
teristi
s of spin-1 Ising model of a magnet with bilinear andquadupolar intera
tions. Cluster approximationR.R.Levitskii, O.R.BaranAbstra
t. In
uen
e of external magneti
 �eld on spin-1 Ising magnet withbilinear and quadupolar intera
tions is studied within the 
luster approxi-mation. Phase diagrams in the (magneti
 �eld, temperature) plane are 
on-stru
ted at di�erent values of quadrupolar intera
tion. Temperature depen-den
es of magnetization, quadrupolar moment, and stati
 sus
epbtibility areobtained at di�erent values of the model parameters. We show that at thosevalues of the quadrupolar intera
tion when at zero magneti
 �eld the sys-tem undergoes the temperature phase transition between quadrupolar andparamagneti
 phases, the external magneti
 �eld not only indu
es a non-zero magnetization in "paramagneti
" and "quadrupolar" phases, but al-so 
an split this transition into a 
as
ade of phase transitions: "quadrupo-lar" ! ferromagneti
 ! "paramagneti
" phase.ðÏÄÁ¤ÔØÓÑ × öÕÒÎÁÌ Æ�ÚÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØSubmitted to öÕÒÎÁÌ Æ�ÚÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØ

 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physi
s 2001



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�äÌÑ ÁÄÅË×ÁÔÎÏÇÏ Ï�ÉÓÕ ÂÁÇÁÔØÏÈ ÍÁÇÎ�ÔÎÉÈ ÓÉÓÔÅÍ ÎÅÄÏÓÔÁÔÎØÏ ×É-ËÏÒÉÓÔÁÎÎÑ Ó��ÎÏ×ÉÈ ÍÏÄÅÌÅÊ ÌÉÛÅ Ú Â�Ì�Î�ÊÎÉÍÉ ÏÂÍ�ÎÎÉÍÉ ×ÚÁ¤-ÍÏÄ�ÑÍÉ, ÏÓË�ÌØËÉ × ÎÉÈ ÏÂÍ�ÎÉ ×ÉÝÉÈ �ÏÒÑÄË�× �Ï Ó��ÎÕ, �ÒÉÒÏÄÁÑËÉÈ ÄÌÑ Ò�ÚÎÉÈ ÍÁÇÎ�ÔÎÉÈ ÍÁÔÅÒ�ÁÌ�× ¤ Ò�ÚÎÏÀ [1℄, ×�Ä�ÇÒÁÀÔØ ÓÕÔÔ¤-×Õ ÒÏÌØ. ÷ Ú×'ÑÚËÕ Ú �ÉÍ, ÔÅÏÒÅÔÉÞÎÏÍÕ ÄÏÓÌ�ÄÖÅÎÎÀ Ó��ÎÏ×ÉÈ ÍÏ-ÄÅÌÅÊ Ú ÔÅÎÚÏÒÎÉÍÉ ÞÌÅÎÁÍÉ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� ÑË ÏÂÍ�ÎÎÏ§ (ÚÏËÒÅÍÁÂ�Ë×ÁÄÒÁÔÎÏ§ ×ÚÁ¤ÍÏÄ�§), ÔÁË � ÎÅÏÂÍ�ÎÎÏ§ (ÚÏËÒÅÍÁ ÏÄÎÏÊÏÎÎÏ§ ÁÎ�ÚÏ-ÔÒÏ��§) �ÒÉÒÏÄÉ �ÒÉÄ�ÌÑ¤ÔØÓÑ ÚÎÁÞÎÁ Õ×ÁÇÁ [2{7℄.ïÄÎ�¤À Ú ÎÁÊ�ÒÏÓÔ�ÛÉÈ ÍÏÄÅÌÅÊ ÍÁÇÎ�ÔÎÉÈ ÓÉÓÔÅÍ, ÝÏ Í�ÓÔÉÔØ× Ó×Ï¤ÍÕ ÇÁÍ�ÌØÔÏÎ�ÁÎ� ÔÅÎÚÏÒÎ� ÏÂÍ�ÎÉ ¤ Ó��Î-1 ¶Ú�ÎÇ�×ÓØËÁ ÍÏÄÅÌØÍÁÇÎÅÔÉËÁ (Si = Szi = 0;�1) Ú Â�Ì�Î�ÊÎÉÍÉ K ÔÁ Ë×ÁÄÒÕ�ÏÌØÎÉÍÉK(q) ×ÚÁ¤ÍÏÄ�ÑÍÉ.H = � NXi=1 �Si � 12Xi;Æ �KSiSi+Æ +K(q)(S2i � 23)(S2i+Æ � 23)� (1.1)îÁ ÏÓÎÏ×� ��¤§ ÍÏÄÅÌ� × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ (îíð) Õ×É�ÁÄËÕ � = 0 ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ Ë×ÁÄÒÕ�ÏÌØÎ� �ÅÒÅÈÏÄÉ × ÍÁÇÎ�ÔÎÉÈÍÁÔÅÒ�ÁÌÁÈ [2℄.÷ Ó×Ï§Ê ÒÏÂÏÔ� ÍÉ �ÒÏ×ÅÄÅÍÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌ� (1.1) ÎÁ �ÒÏÓÔ�Ê ËÕÂ�ÞÎ�Ê ÇÒÁÔ�� �ÒÉ ÆÅÒÏÍÁÇ-Î�ÔÎ�Ê Â�Ì�Î�ÊÎ�Ê ×ÚÁ¤ÍÏÄ�§ (K > 0) ÔÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÍÁÇÎ�ÔÎÏÇÏ�ÏÌÑ � � Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ K(q) × ÎÁÂÌÉÖÅÎÎ� Ä×ÏÞÁÓÔÉÎËÏ×Ï-ÇÏ ËÌÁÓÔÅÒÁ (îäë). óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ Õ ×É�ÁÄËÕ ÍÏÄÅÌ� âÌÀÍÁ-åÍÅÒ�-çÒ�Æ�ÔÓÁ îäë, ÎÁ ×�ÄÍ�ÎÕ ×�Ä îíð (ÑËÉÍ ÞÁÓÔÏ ÏÂÍÅÖÕÀÔØ-ÓÑ, ÁÂÏ �ÒÉÊÍÁÀÔØ × ÑËÏÓÔ� �ÅÒÛÏÇÏ ÎÁÂÌÉÖÅÎÎÑ �ÒÉ �ÏÂÕÄÏ×� ÆÁ-ÚÏ×ÉÈ Ä�ÁÇÒÁÍ Ó��ÎÏ×ÉÈ ÍÏÄÅÌÅÊ ÍÁÇÎ�ÔÎÉÈ ÓÉÓÔÅÍ Ú Ó��Î-Ó��ÎÏ×ÉÍÉÔÁ Ë×ÁÄÒÕ�ÏÌØ-Ë×ÁÄÒÕ�ÏÌØÎÉÍÉ ×Ú�¤ÍÏÄ�ÑÍÉ [2{4℄), ËÏÒÅËÔÎÏ ÒÅÁÇÕ¤ÎÅ ÌÉÛÅ ÎÁ ËÏÎËÕÒÅÎ��À ÆÅÒÏÍÁÇÎ�ÔÎÏ§ Â�Ì�Î�ÊÎÏ§ ×ÚÁ¤ÍÏÄ�§ Ú ÁÎÔÉ-ÆÅÒÏÍÁÇÎ�ÔÎÏÀ ÏÄÎÏÊÏÎÎÏÀ ÁÎ�ÚÏÔÒÏ��¤À, Á Ê ÎÁ ËÏÎËÕÒÅÎ��À ÆÅ-ÒÏÍÁÇÎ�ÔÎÏ§ Â�Ì�Î�ÊÎÏ§ ÔÁ ÁÎÔÉÆÅÒÏÍÁÇÎ�ÔÎÏ§ Â�Ë×ÁÄÒÁÔÎÏ§ ×ÚÁ¤ÍÏÄ�Ê:ÏÔÒÉÍÁÎ� × îäë ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ÎÁ �ÌÏÝÉÎ� (Â�Ë×ÁÄÒÁÔÎÁ ×ÚÁ¤ÍÏ-Ä�Ñ, ÔÅÍ�ÅÒÁÔÕÒÁ) ÄÌÑ ÍÏÄÅÌ� âÌÀÍÁ-åÍÅÒ�-çÒ�Æ�ÔÓÁ ÎÁ Ò�ÚÎÉÈ ÔÉ�ÁÈÇÒÁÔÏË �ÒÉ ÎÕÌØÏ×�Ê ÏÄÎÏÊÏÎÎ�Ê ÁÎ�ÚÏÔÒÏ��§ [8{10℄ ÑË�ÓÎÏ ÕÚÇÏÄÖÕ-ÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÍÏÄÅÌÀ×ÁÎÎÑ íÏÎÔÅ-ëÁÒÌÏ [11,12℄. ãÅ ÍÁ¤�ÒÑÍÅ ×�ÄÎÏÛÅÎÎÑ ÄÏ ÍÏÄÅÌ� ÍÁÇÎÅÔÉËÁ (1.1), ÑËÕ ÍÉ ÒÏÚÇÌÑÄÁ¤ÍÏ× ÄÁÎ�Ê ÒÏÂÏÔ�, ÏÓË�ÌØËÉ ×ÏÎÁ ¤ ÞÁÓÔËÏ×ÉÍ ×É�ÁÄËÏÍ Â�ÌØÛ ÚÁÇÁÌØÎÏ§ÍÏÄÅÌ� âÌÀÍÁ-åÍÅÒ�-çÒ�Æ�ÔÓÁ �ÒÉ ×ÉËÏÎÁÎÎ� �Å×ÎÏÇÏ Ó��××�ÄÎÏÛÅÎ-ÎÑ Í�Ö Â�Ë×ÁÄÒÁÔÎÏÀ ×ÚÁ¤ÍÏÄ�¤À ÔÁ ÏÄÎÏÊÏÎÎÏÀ ÁÎ�ÚÏÔÒÏ��¤À, ÝÏ ¤ÓËÌÁÄÏ×ÉÍÉ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ × (1.1).

ICMP{01{36U 22. îÁÂÌÉÖÅÎÎÑ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁäÌÑ �ÏÓÌ�ÄÏ×ÎÏÇÏ ÚÄ�ÊÓÎÅÎÎÑ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÍÏÄÅÌ�(1.1) ÓÌ�Ä ×ÉÈÏÄÉÔÉ Ú ÇÁÍ�ÌØÔÏÎ�ÁÎÕ ÍÏÄÅÌ� âÌÀÍÁ-åÍÅÒ�-çÒ�Æ�ÔÓÁH = � NXi=1 ��Si +DS2i �� 12Xi;Æ �KSiSi+Æ +K 0S2i S2i+Æ� ; (2.2)ÄÅ � { ÍÁÇÎ�ÔÎÅ �ÏÌÅ, D - ÏÄÎÏÊÏÎÎÁ ÁÎ�ÚÏÔÒÏ��Ñ,K ÔÁK 0 - ËÏÎÓÔÁÎÔÉÂ�Ì�Î�ÊÎÏ§ ÔÁ Â�Ë×ÁÄÒÁÔÎÏ§ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê; ÓÕÍÕ×ÁÎÎÑ i; Æ�ÒÏÂ�ÇÁ¤ �Ï �ÁÒÁÈ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×. úÁÕ×ÁÖÉÍÏ, ÝÏ × ÚÁÇÁÌØÎÏÍÕ×ÉÇÌÑÄ� Ó��Î-1 �Ú�ÎÇ�×ÓØËÁ ÍÏÄÅÌØ Í�ÓÔÉÔØ ÝÅ ÞÌÅÎÉ LS2i Si+Æ . ðÒÏÔÅ,ÚÁÎÕÌÅÎÎÑ L ÎÅ ��ÓÌÑ, Á �ÅÒÅÄ �ÒÏ×ÅÄÅÎÎÑÍ ËÌÁÓÔÅÒÎÏÇÏ ÒÏÚ×ÉÎÅÎÎÑ,ÎÅ Í�ÎÑ¤ Ë�Î�Å×ÏÇÏ ÒÅÚÕÌØÔÁÔÕ.÷ÉÒÁÚ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × îäë ÏÔÒÉÍÕ¤ÔØÓÑ ÎÁ ÏÓÎÏ×� ÏÄÎÏÞÁÓ-ÔÉÎËÏ×ÏÇÏ H1H1 = �~�S1 � ~�0S21 ; ~� = � + z'; ~�0 = D + z'0 (2.3)(z { ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×) ÔÁ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ H12H12 = �~~�(S1 + S2)� ~~�0(S21 + S22)�KS1S2 �K 0S21S22 ; (2.4)~~� = � + (z � 1)'; ~~�0 = D + (z � 1)'0ÇÁÍ�ÌØÔÏÎ�ÁÎ�× ÓÔÁÎÄÁÒÔÎÉÍ ÞÉÎÏÍ [8,9,13{15℄.F = �kBTN [(1� z) lnZ1 + z2 lnZ12℄; (2.5)Z1 = 2e� ~�0 � 
h(� ~�) + 1; (2.6)Z12 = 2e�(2~~�0+K0)[e�K � 
h(2� ~~�) + e��K ℄ + 4e�~~�0 � 
h(� ~~�) + 1�ÕÔ � = (kBT )�1. ëÌÁÓÔÅÒÎ� �ÏÌÑ ' ÔÁ '0 ¤ ×ÁÒ�Á��ÊÎÉÍÉ �ÁÒÁÍÅÔÒÁ-ÍÉ � �Ï×ÉÎÎ� ÚÎÁÈÏÄÉÔÉÓØ Ú ÕÍÏ×É Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ×�ÄÎÏÓÎÏÎÉÈ. ÷ ÒÅÚÕÌØÔÁÔ�, ÄÌÑ ' ÔÁ '0 ÏÔÒÉÍÕ¤ÔØÓÑ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ:e� ~�0 � sh(� ~�)Z1 = e�(2~~�0+K0+K)� sh(2� ~~�) + e� ~~�0 � sh(� ~~�)Z12 ; (2.7)e� ~�0 � 
h(� ~�)Z1 = e�(2~~�0+K0)[e�K � 
h(2� ~~�) + e��K ℄ + e�~~�0 � 
h(� ~~�)Z12 :÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (2.7), ÍÉ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ �ÒÏÓÔ� Ó��××�ÄÎÏÛÅÎ-ÎÑ ÄÌÑ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� m = hSi � Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ q = hS2i:m = 2e�~�0 � sh(� ~�)Z1 ; q = 2e� ~�0 � 
h(� ~�)Z1 : (2.8)



3 ðÒÅ�ÒÉÎÔ3. òÅÚÕÌØÔÁÔÉ ÞÉÓÌÏ×ÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÍÁÇ-Î�ÔÎÏÇÏ �ÏÌÑ ÎÁ Ó��Î-1 �Ú�ÎÇ�×ÓØËÕ ÍÏÄÅÌØ Ú Ë×ÁÄ-ÒÕ�ÏÌØÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉîÁ ÏÓÎÏ×� �ÒÉ×ÅÄÅÎÉÈ ×ÉÝÅ ÒÅÚÕÌØÔÁÔ�×, �ÏËÌÁÄÁÀÞÉ K(q) = K 0 ÔÁD = �2zK 0=3, ÂÕÌÏ �ÒÏ×ÅÄÅÎÅ ÞÉÓÌÏ×Å ÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÍÁÇÎ�Ô-ÎÏÇÏ �ÏÌÑ ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÓÔÉËÉ ÍÏÄÅÌ� (1.1) ÎÁ �ÒÏÓÔ�ÊËÕÂ�ÞÎ�Ê ÇÒÁÔ�� (z=6).÷ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÍÅÍÏ �ÏÚÎÁÞÅÎÎÑ ÄÌÑ ×�ÄÎÏÓÎÉÈ ×ÅÌÉÞÉÎ: t =3kBT=(2zK), h = �=K, k(q)= K(q)=K.úÕ�ÉÎÉÍÏÓÑ Ó�ÏÞÁÔËÕ ËÏÒÏÔËÏ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ �ÒÉ ÎÕÌØÏ×ÏÍÕÚÏ×Î�ÛÎØÏÍÕ ÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�. õ �ØÏÍÕ ×É�ÁÄËÕ × îäë, �Ï ÁÎÁÌÏÇ�§ÄÏ ÒÅÚÕÌØÔÁÔ�× ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ [2℄, ÒÏÚÒ�ÚÎÑÔÉÍÅÍÏÔÒÉ ÆÁÚÉ:� ÆÅÒÏÍÁÇÎ�ÔÎÕ ÆÁÚÕ (m 6= 0, q 6= 2=3 � ¤ Ó�ÁÄÁÀÞÉÍÉ Ï�ÕËÌÉÍÉ××ÅÒÈ ÆÕÎË��ÑÍÉ ÔÅÍ�ÅÒÁÔÕÒÉ; ÏÂÅÒÎÅÎÁ ÓÔÁÔÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ��1(t) { Ó�ÁÄÎÁ);� �ÁÒÁÍÁÇÎ�ÔÎÕ ÆÁÚÕ (m = 0, q 6= 2=3, q(t!1) = 2=3; ÈÁÒÁËÔÅÒÎÏÀ¤ Ó�ÁÄÎÁ Ï�ÕËÌÁ ×ÎÉÚ, ÁÂÏ ÚÒÏÓÔÁÀÞÁ Ï�ÕËÌÁ ××ÅÒÈ q(t) ÔÁ ÚÒÏÓÔÁÀÞÁ,ÁÂÏ ÔÁËÁ, ÝÏ ÍÁ¤ Í�Î�ÍÕÍ, ��1(t));� Ë×ÁÄÒÕ�ÏÌØÎÕ ÆÁÚÕ (m = 0, q 6= 2=3; q ¤ ÚÒÏÓÔÁÀÞÏÀ Ï�ÕËÌÏÀ ×ÎÉÚÆÕÎË��¤À ÔÅÍ�ÅÒÁÔÕÒÉ; ��1(t) { Ó�ÁÄÎÁ).ñËÁ �Ï×ÅÄ�ÎËÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �Ú ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁ-ÔÕÒÉ ¤ �ÒÉÔÁÍÁÎÎÏÀ ×ÉÝÅÚÇÁÄÁÎÉÍ ÆÁÚÁÍ ÍÉ ×ÉÚÎÁÞÁÌÉ Ô�ÌØËÉ �ÒÉÔÁËÉÈ ÚÎÁÞÅÎÎÑÈ k(q), �ÒÉ ÑËÉÈ ÍÏÖÎÁ Þ�ÔËÏ ÓËÁÚÁÔÉ, × ÑË�Ê Ú ÆÁÚ �Å-ÒÅÂÕ×Á¤ ÓÉÓÔÅÍÁ: ËÏÌÉ Ú� ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÉ × ÓÉÓÔÅÍ� ×�ÄÂÕ×Á¤ÔØÓÑÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä (æð). óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕ-ÌÑÒÎÏÇÏ �ÏÌÑ ËÒÉÔÅÒ�Ê ÄÌÑ ÒÏÚÒ�ÚÎÑÎÎÑ ÆÁÚ ¤ Â�ÌØÛ Þ�ÔËÉÍ, ÏÓË�ÌØ-ËÉ × îíð ÎÅ Ô�ÌØËÉ ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ, Á Ê Ë×ÁÄÒÕ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ¤�ÁÒÁÍÅÔÒÁÍÉ �ÏÒÑÄËÕ (× �ÁÒÁÆÁÚ� q = 2=3) [2,8,9℄.îÁ òÉÓ. 1 �ÒÉ×ÅÄÅÎÏ ÏÔÒÉÍÁÎÕ × îäë ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ ÎÁ (k(q); t)�ÌÏÝÉÎ�. ðÒÉ �3:0 < k(q) � 2:28 × ÓÉÓÔÅÍ� �Ú ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕ-ÒÉ îäë �ÅÒÅÄÂÁÞÁ¤ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÆÅÒÏÍÁÇÎ�ÔÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁÆÁÚÁ ÄÒÕÇÏÇÏ ÒÏÄÕ (ÍÉ ÏÂÍÅÖÉÌÉÓÑ ÚÎÁÞÅÎÎÑÍÉ k(q) > �3:0, ÏÓË�ÌØ-ËÉ �ÒÉ ÍÅÎÛÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ Õ ×É�ÁÄËÕ h = 0ÓÌ�Ä ÒÏÚÇÌÑÄÁÔÉ Ä×Ï��ÄÇÒÁÔËÏ×Õ ÚÁÄÁÞÕ [10℄). ÷ ÔÏÞ�� æð ×�ÄÂÕ×Á-¤ÔØÓÑ ÚÁÎÕÌÅÎÎÑ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ÍÁ¤ ÚÌÁÍ,ÏÂÅÒÎÅÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÚÁÎÕÌÑ¤ÔØÓÑ � ÍÁ¤ ÚÌÁÍ (ÄÉ×. òÉÓ. 3.1).ðÒÉ 2:28 < k(q) � 3:0 × ÓÉÓÔÅÍ� ÍÁÀÔØ Í�Ó�Å ÔÅÍ�ÅÒÁÔÕÒÎ� ÆÁÚÏ×� �Å-ÒÅÈÏÄÉ ÆÅÒÏÍÁÇÎ�ÔÎÁ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ. ÷Ó� ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ, ÑË� ÍÉ ÒÏÚÇÌÑÄÁ¤ÍÏ, ÔÅÒ�ÌÑÔØ ÒÏÚÒÉ×É,
ICMP{01{36U 4�ÒÉÞÏÍÕ m(t
 +0) = 0, q(t
 � 0) > q(t
 +0), ��1(t
 � 0) > ��1(t
 +0)(ÄÉ×. òÉÓ. 4.1). ðÒÉ 3:0 < k(q) � 3:2 ×�ÄÂÕ×ÁÀÔØÓÑ ÔÅÍ�ÅÒÁÔÕÒÎ� ÆÁ-ÚÏ×� �ÅÒÅÈÏÄÉ Ë×ÁÄÒÕ�ÏÌØÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ. ÷ÔÏÞ�� æð Ë×ÁÄÒÕ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ÔÁ ÏÂÅÒÎÅÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÔÅÒ-�ÌÑÔØ ÒÏÚÒÉ×É, �ÒÉÞÏÍÕ q(t
�0) < q(t
+0), ��1(t
�0) > ��1(t
+0)(ÄÉ×. òÉÓ. 5.1, 6.1). ðÒÉ k(q) > 3:2 îäë ÎÅ �ÅÒÅÄÂÁÞÁ¤ ÆÁÚÏ×ÏÇÏ�ÅÒÅÈÏÄÕ Ú� ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÉ. ðÒÏÔÅ, �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ�Ï×ÅÄ�ÎËÁ q(t) ¤ ÈÁÒÁËÔÅÒÎÏÀ ÄÌÑ Ë×ÁÄÒÕ�ÏÌØÎÏ§, Á �ÒÉ ×ÉÓÏËÉÈ {ÄÌÑ �ÁÒÁÍÁÇÎ�ÔÎÏ§ ÆÁÚÉ (ÄÉ×. òÉÓ. 7.1). äÌÑ ÚÒÕÞÎÏÓÔ� ×ÉËÌÁÄÏË Õ×É�ÁÄËÕ, ËÏÌÉ ×�ÄÂÕ×Á¤ÔØÓÑ ÚÍ�ÎÁ �Ï×ÅÄ�ÎËÉ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖ-ÎÏÓÔÅÊ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË Ú ÈÁÒÁËÔÅÒÎÉÈ ÄÌÑ ÏÄÎ�¤§ÆÁÚÉ ÎÁ ÈÁÒÁËÔÅÒÎ� ÄÌÑ �ÎÛÏ§ ÆÁÚÉ ÂÅÚ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ (ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ¤ ÇÌÁÄËÉÍÉ ÆÕÎË��ÑÍÉ ÔÅÍ�ÅÒÁÔÕÒÉ), ÂÕ-ÄÅÍÏ ÇÏ×ÏÒÉÔÉ, ÝÏ × ÓÉÓÔÅÍ� Ú� ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ×Á¤ÔØÓÑ"ÒÏÚÍÉÔÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä". ��ÌØËÉ ××�×ÛÉ ÔÁËÕ ÔÅÒÍ�ÎÏÌÏÇ�À ÍÉÍÏÖÅÍÏ ÇÏ×ÏÒÉÔÉ, ÝÏ ÚÒÏÓÔÁÀÞÁ � Ï�ÕËÌÁ ×ÎÉÚ q(t) ¤ ÈÁÒÁËÔÅÒÎÏÀÌÉÛÅ ÄÌÑ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ÆÁÚÉ. óÌ�Ä ÔÁËÏÖ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÄÌÑ Ò�Ú-ÎÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ ÔÅÍ�ÅÒÁÔÕÒÉ, �ÒÉ ÑËÉÈ ×�ÄÂÕ×Á¤ÔØÓÑÚÍ�ÎÁ ÈÁÒÁËÔÅÒÕ §È ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ Ú �ÒÉÔÁÍÁÎÎÉÈ ÏÄÎ�ÊÎÁ �ÒÉÔÁÍÁÎÎ� �ÎÛ�Ê ÆÁÚ�, ¤ Ò�ÚÎÉÍÉ.æÁÚÏ×Á Ä�ÁÇÒÁÍÁ, ÏÔÒÉÍÁÎÁ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ, ¤ÑË�ÓÎÏ �ÎÁËÛÏÀ [2,8,9℄. ðÒÉ �3:0 < k(q) � 1:5 ÔÁ 1:5 < k(q) � 3:0îíð, �ÏÄ�ÂÎÏ ÑË � îäë, �ÅÒÅÄÂÁÞÁ¤ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÆÅÒÏÍÁÇÎ�Ô-ÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÄÒÕÇÏÇÏ ÔÁ �ÅÒÛÏÇÏ ÒÏÄ�×, ×�Ä�Ï×�ÄÎÏ. ðÒÏ-ÔÅ ÔÅÍ�ÅÒÁÔÕÒÎ� æð Ë×ÁÄÒÕ�ÏÌØÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏÒÏÄÕ �ÅÒÅÄÂÁÞÁÀÔØÓÑ îíð �ÒÉ ÂÕÄØ-ÑËÉÈ k(q) > 3:0, �ÒÉÞÏÍÕ ×Å-ÌÉÞÉÎÁ ÓÔÒÉÂËÁ Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÚÎÁÞÅÎÎÑ�ÁÒÁÍÅÔÒÁ k(q) (q(t
 + 0)� q(t
 + 0) = 1=3).õ ×É�ÁÄËÕ ÎÅÎÕÌØÏ×ÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ (�Ï ÁÎÁÌÏÇ�§ ÄÏ ×É�ÁÄËÕ ÚÎÕÌØÏ×ÉÍ �ÏÌÅÍ) ÂÕÄÅÍÏ ÒÏÚÒ�ÚÎÑÔÉ ÔÁËÏÖ ÔÒÉ ÆÁÚÉ: ÆÅÒÏÍÁÇÎ�ÔÎÕ,"�ÁÒÁÍÁÇÎ�ÔÎÕ" ÔÁ "Ë×ÁÄÒÕ�ÏÌØÎÕ". "ðÁÒÁÍÁÇÎ�ÔÎÁ" ÔÁ "Ë×ÁÄÒÕ�Ï-ÌØÎÁ" ÆÁÚÉ ×�ÄÒ�ÚÎÑÀÔØÓÑ, ×�Ä�Ï×�ÄÎÏ, ×�Ä �ÁÒÁÍÁÇÎ�ÔÎÏ§ ÔÁ Ë×ÁÄÒÕ-�ÏÌØÎÏ§ ÆÁÚ ÌÉÛÅ ÎÅÎÕÌØÏ×ÏÀ, �ÎÄÕËÏ×ÁÎÏÀ ÍÁÇÎ�ÔÎÉÍ �ÏÌÅÍ, ÎÁ-ÍÁÇÎ�ÞÅÎ�ÓÔÀ, �ÒÉÞÏÍÕ ÄÌÑ "Ë×ÁÄÒÕ�ÏÌØÎÏ§" ÆÁÚÉ �ÒÉÔÁÍÁÎÎÏÀ ¤ÚÒÏÓÔÁÀÞÁ m(t) (ÄÉ×. ÎÁ�ÒÉËÌÁÄ òÉÓ. 6.2), Á ÄÌÑ "�ÁÒÁÍÁÇÎ�ÔÎÏ§" {ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ ÑË ÆÕÎË��Ñ ÔÅÍ�ÅÒÁÔÕÒÉ ÍÏÖÅ ÂÕÔÉ Ó�ÁÄÎÏÀ ×É�ÕË-ÌÏÀ ×ÎÉÚ (ÄÉ×. ÎÁ�ÒÉËÌÁÄ òÉÓ. 6.2), ÁÂÏ ÔÁËÏÀ, ÝÏ ÍÁ¤ ÍÁËÓÉÍÕÍ(ÄÉ×. òÉÓ. 7.3). ëÒ�Í ÔÏÇÏ, × "�ÁÒÁÍÁÇÎ�ÔÎ�Ê" ÆÁÚ� q(t) ÍÏÖÅ ÂÕÔÉ ÎÅÔ�ÌØËÉ Ó�ÁÄÎÏÀ Ï�ÕËÌÏÀ ×ÎÉÚ (ÄÉ×. ÎÁ�ÒÉËÌÁÄ òÉÓ. 4.3), ÁÂÏ ÚÒÏÓ-ÔÁÀÞÏÀ Ï�ÕËÌÏÀ ××ÅÒÈ ÆÕÎË��¤À (ÄÉ×. ÎÁ�ÒÉËÌÁÄ òÉÓ. 7.3), ÑË ×�ÁÒÁÍÁÇÎ�ÔÎ�Ê ÆÁÚ�, Á Ê ÔÁËÏÀ, ÑËÁ ÍÁ¤ Í�Î�ÍÕÍ (ÄÉ×. ÎÁ�ÒÉËÌÁÄ



5 ðÒÅ�ÒÉÎÔòÉÓ. 6.2).ó�ÒÁ×ÖÎ�ÍÉ ÔÅÍ�ÅÒÁÔÕÒÎÉÍÉ ÆÁÚÏ×ÉÍÉ �ÅÒÅÈÏÄÁÍÉ �ÒÉ ÎÅÎÕ-ÌØÏ×ÏÍÕ �ÏÌ� ¤ Ô�ÌØËÉ æð �ÅÒÛÏÇÏ ÒÏÄÕ, �ÒÉÞÏÍÕ × ÔÏÞ�� ÆÁÚÏ×ÏÇÏ�ÅÒÅÈÏÄÕ ÔÅÒ�ÌÑÔØ ÒÏÚÒÉ×É ×Ó� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ, ÑË�ÍÉ ÒÏÚÇÌÑÄÁ¤ÍÏ.íÏÖÌÉ×ÉÍÉ ¤ ÔÁË� ÔÒÉ ÔÉ�É �ÅÒÅÈÏÄ�× (Ó�ÒÁ×ÖÎ�È):� ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ �ÅÒÛÏÇÏÒÏÄÕ (�ÒÉÞÏÍÕ m(t
�0) > m(t
+0), q(t
�0) > q(t
+0), Á ��1(t
�0)ÍÏÖÅ ÂÕÔÉ � Â�ÌØÛÉÍ (ÄÉ×. òÉÓ. 4.2) � ÍÅÎÛÉÍ (ÄÉ×. òÉÓ. 4.3, 5.3, 5.4)×�Ä ��1(t
 + 0));� æð "Ë×ÁÄÒÕ�ÏÌØÎÁ"! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ (m(t
�0) < m(t
 + 0), q(t
 � 0) < q(t
 + 0), ��1(t
 � 0) > ��1(t
 + 0); ÄÉ×.òÉÓ. 5.2, 6.2, 7.3).� æð "Ë×ÁÄÒÕ�ÏÌØÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ(m(t
 � 0) < m(t
 +0), q(t
 � 0) < q(t
 +0), ��1(t
 � 0) > ��1(t
 +0);ÄÉ×. òÉÓ. 5.3, 6.3, 7.4).âÕÄÅÍÏ ÔÁËÏÖ ÒÏÚÒ�ÚÎÑÔÉ Ä×Á ÔÉ�É "ÒÏÚÍÉÔÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏ-Ä�×" (ÎÅÓ�ÒÁ×ÖÎ�È):� "ÒÏÚÍÉÔÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä" ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁ-ÚÁ (ÄÉ×. òÉÓ. 3.2, 4.4, 6.3, 7.4);� "ÒÏÚÍÉÔÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä" "Ë×ÁÄÒÕ�ÏÌØÎÁ" ! "�ÁÒÁÍÁÇÎ�ÔÎÁ"ÆÁÚÁ (ÄÉ×. òÉÓ. 7.2).îÁ òÉÓ. 2 �ÒÉ×ÅÄÅÎÏ ÏÔÒÉÍÁÎ� × îäë ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ÎÁ (h; t)�ÌÏÝÉÎ� �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�. ú �ØÏÇÏ ÒÉ-ÓÕÎËÕ ÍÏÖÎÁ ÂÁÞÉÔÉ ÏÓÎÏ×ÎÉÊ ÁÓ�ÅËÔ ÚÍ�ÎÉ ÔÏ�ÏÌÏÇ�Ê ÆÁÚÏ×ÉÈ Ä�Á-ÇÒÁÍ ÎÁ (h; t) �ÌÏÝÉÎ� Ú� ÚÍ�ÎÏÀ k(q). úÕ�ÉÎÉÍÏÓÑ ÎÁ �ØÏÍÕ Â�ÌØÛÄÅÔÁÌØÎÏ.ðÒÉ ×ÅÌÉÞÉÎÁÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑËÉÈ Õ ×É�ÁÄËÕh = 0 × ÓÉÓÔÅÍ� �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ×Á¤ÔØÓÑ æð ÆÅ-ÒÏÍÁÇÎ�ÔÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÄÒÕÇÏÇÏ ÒÏÄÕ (�3:0 < k(q) � 2:28;ÄÉ×. òÉÓ. 3.1), ×ËÌÀÞÅÎÎÑ �ÏÌÑ �ÒÉ×ÏÄÉÔØ ÄÏ "ÒÏÚÍÉÔÔÑ" ÆÁÚÏ×ÏÇÏ�ÅÒÅÈÏÄÕ Ú ÆÅÒÏÍÁÇÎ�ÔÎÏ§ × ÔÅ�ÅÒ ×ÖÅ "�ÁÒÁÍÁÇÎ�ÔÎÕ" ÆÁÚÕ (ÄÉ×.òÉÓ. 3.2). �ÏÂÔÏ, ÚÁÍ�ÓÔØ ÚÁÎÕÌÅÎÎÑ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� ÔÁ ÚÌÁÍ�× Ë×ÁÄ-ÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ � ÏÂÅÒÎÅÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�, ÑË �ÒÉ ÆÁÚÏ×ÏÍÕ�ÅÒÅÈÏÄ� ÆÅÒÏÍÁÇÎ�ÔÎÁ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÄÒÕÇÏÇÏ ÒÏÄÕ, �ÒÉ ÎÅÎÕ-ÌØÏ×ÏÍÕ �ÏÌ� ÎÁÑ×Î� �ÅÒÅÇÉÎÉ × ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÑÈ ÎÁÍÁÇ-Î�ÞÅÎÏÓÔ� � Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÔÁ Í�Î�ÍÕÍ × ÏÂÅÒÎÅÎÏ§ Ó�ÒÉÊ-ÎÑÔÌÉ×ÏÓÔ�.ðÒÉ ×ÅÌÉÞÉÎÁÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑËÉÈ × ÓÉÓÔÅÍ� Õ ×É-�ÁÄËÕ ÎÕÌØÏ×ÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ-×Á¤ÔØÓÑ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÆÅÒÏÍÁÇÎ�ÔÎÁ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏ-ÇÏ ÒÏÄÕ (2:28 < k(q) � 3:0; ÄÉ×. òÉÓ. 4.1) ÚÂ�ÌØÛÅÎÎÑ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ
ICMP{01{36U 6�ÒÉ×ÏÄÉÔØ Ó�ÏÞÁÔËÕ ÄÏ ÚÍÅÎÛÅÎÎÑ ÓÔÒÉÂË�× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁË-ÔÅÒÉÓÔÉË × ÔÏÞ�� æð ÆÅÒÏÍÁÇÎ�ÔÎÁ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ �ÅÒÛÏÇÏÒÏÄÕ (ÄÉ×. òÉÓ. 4.2, 4.3), Á ��ÚÎ�ÛÅ � ÄÏ §È ÚÎÉËÎÅÎÎÑ ÔÁ "ÒÏÚÍÉÔÔÑ"ÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ (ÄÉ×. òÉÓ. 4.4). �Ï�ÏÌÏÇ�§ ÆÁÚÏ-×ÉÈ Ä�ÁÇÒÁÍ ÎÁ (h; t) �ÌÏÝÉÎ� �ÒÉ 2:28 < k(q) � 3:0 ¤ ÔÁËÉÍÉ, ÑË�ÒÉ×ÅÄÅÎÉÈ ÎÁ òÉÓ. 2.a.ðÒÉ ×ÅÌÉÞÉÎÁÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑËÉÈ × ÓÉÓÔÅÍ� Õ ×É-�ÁÄËÕ ÎÕÌØÏ×ÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ ×�Ä-ÂÕ×Á¤ÔØÓÑ æð Ë×ÁÄÒÕ�ÏÌØÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ(3:0 < k(q) � 3:2; ÄÉ×. òÉÓ. 5.1, 6.1) �Ú ×ËÌÀÞÅÎÎÑÍ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑÓÉÔÕÁ��Ñ ÎÅ ¤ ÔÁËÏÀ ÏÄÎÏÚÎÁÞÎÏÀ, ÑË Õ Ä×ÏÈ Ï�ÉÓÁÎÉÈ ×ÉÝÅ ×É�ÁÄ-ËÁÈ. ú ÔÏÞËÉ ÚÏÒÕ Ò�ÚÎÉÈ ÔÏ�ÏÌÏÇ�Ê ÆÁÚÏ×ÉÈ Ä�ÁÇÒÁÍ ÎÁ (h; t) �ÌÏÝÉÎ�(ÄÉ×. òÉÓ. 2.b, 2.
, 2.d) �ÒÏÍ�ÖÏË k(q) 2℄3:0; 3:2℄ ÍÏÖÎÁ �ÏÄ�ÌÉÔÉ ÎÁÔÒÉ ×�ÄÒ�ÚËÉ.ðÒÉ ÚÎÁÞÅÎÎÑÈ k(q) Ú �ÅÒÛÏÇÏ Ú �ÉÈ ×�ÄÒ�ÚË�× ÆÁÚÏ×� Ä�Á-ÇÒÁÍÉ ÎÁ (h; t) �ÌÏÝÉÎ� ÍÁÀÔØ ÔÏ�ÏÌÏÇ�À ÔÁËÕ, ÑË ÆÁÚÏ×Á Ä�ÁÇÒÁÍÁ�ÒÉ×ÅÄÅÎÁ ÎÁ òÉÓ. 2.b, Ú ÄÒÕÇÏÇÏ { ÑË ÎÁ òÉÓ. 2.
, Á �ÒÉ ÚÎÁÞÅÎÎÑÈk(q) Ú ÔÒÅÔØÏÇÏ Ú �ÉÈ ×�ÄÒ�ÚË�× { ÑË ÎÁ òÉÓ. 2.d. òÏÚÇÌÑÎÅÍÏ ÔÅ�ÅÒÑË ÚÍ�ÎÀÀÔØÓÑ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄ-ÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ. ðÒÉ ÍÁÌÉÈ �ÏÌÑÈ ÍÁ¤ Í�Ó�Å ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä"Ë×ÁÄÒÕ�ÏÌØÎÁ" ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ (ÄÉ×. òÉÓ. 5.2, 6.2). úÂ�ÌØ-ÛÅÎÎÑ �ÏÌÑ �ÒÉ×ÏÄÉÔØ Ó�ÏÞÁÔËÕ ÄÏ ÒÏÚÄ�ÌÅÎÎÑ �ØÏÇÏ æð "Ë×ÁÄÒÕ�Ï-ÌØÎÁ"! "�ÁÒÁÍÁÇÎ�ÔÎÁ"ÆÁÚÁ ÎÁ ËÁÓËÁÄ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× "Ë×ÁÄÒÕ-�ÏÌØÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ. ðÅÒÛÉÊ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä ("Ë×ÁÄÒÕ�ÏÌØÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ) ÚÁ×ÖÄÉ ¤ �ÅÒÛÏÇÏÒÏÄÕ, Á ÄÒÕÇÉÊ (ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ) ÍÏÖÅ ÂÕÔÉÁÂÏ �ÅÒÛÏÇÏ ÒÏÄÕ (�ÒÉ ÄÏÓÔÁÔÎØÏ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§×ÚÁ¤ÍÏÄ�§; ÄÉ×. òÉÓ. 2.b, 2.
, 5.3), ÁÂÏ "ÒÏÚÍÉÔÉÍ" (�ÒÉ ÄÏÓÔÁÔÎØÏ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§; ÄÉ×. òÉÓ. 2.d, 6.3). ðÏ-ÄÁÌØÛÅ ÚÂ�ÌØÛÅÎÎÑ �ÏÌÑ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ �ÅÒ-ÛÏÇÏ æð "Ë×ÁÄÒÕ�ÏÌØÎÁ"! ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÁÖ ÄÏ ÊÏÇÏ ÚÎÉËÎÅÎ-ÎÑ �ÒÉ ÎÕÌØÏ×�Ê ÔÅÍ�ÅÒÁÔÕÒ� (�ÒÉ h = k(q)�3; ÄÉ×. òÉÓ. 2.b, 2.
, 2.d)ÔÁ ÄÏ ÚÍÅÎÛÅÎÎÑ ÓÔÒÉÂË�× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÉ æðÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ (ÄÉ×. òÉÓ. 5.3,5.4) ÁÖ ÄÏ §È ÚÎÉËÎÅÎÎÑ ÔÁ "ÒÏÚÍÉÔÔÑ" �ØÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ (ÄÉ×.òÉÓ. 2.b, 2.
).ðÒÉ ÄÏÓÔÁÔÎØÏ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏ-Ä�§ �ÅÒÛÉÊ æð "Ë×ÁÄÒÕ�ÏÌØÎÁ"! ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÚÎÉËÁ¤ Û×ÉÄ-ÛÅ, ÁÎ�Ö ÄÒÕÇÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ"ÆÁÚÁ "ÒÏÚÍÉ×Á¤ÔØÓÑ" (ÄÉ×. òÉÓ. 2.b 5.4), Á �ÒÉ Â�ÌØÛÉÈ ÚÎÁÞÅÎÎÑÈË×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ { ÎÁ×�ÁËÉ (ÄÉ×. òÉÓ. 2.
).ðÒÉ ×ÅÌÉÞÉÎÁÈ Ë×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑËÉÈ × ÓÉÓÔÅÍ� Õ ×É-



7 ðÒÅ�ÒÉÎÔ�ÁÄËÕ ÎÕÌØÏ×ÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ-×Á¤ÔØÓÑ "ÒÏÚÍÉÔÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä" Ë×ÁÄÒÕ�ÏÌØÎÁ! �ÁÒÁÍÁÇÎ�ÔÎÁÆÁÚÁ (k(q) > 3:2; ÄÉ×. òÉÓ. 7.1), �Ú ×ËÌÀÞÅÎÎÑÍ ÓÌÁÂÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ�ÏÌÑ �ÅÊ ÔÅÍ�ÅÒÁÔÕÒÎÉÊ "ÒÏÚÍÉÔÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä" ÚÂÅÒ�ÇÁ¤ÔØÓÑ,�ÒÏÔÅ ×ÖÅ Ú "Ë×ÁÄÒÕ�ÏÌØÎÏ§" × "�ÁÒÁÍÁÇÎ�ÔÎÕ" ÆÁÚÕ (ÄÉ×. òÉÓ. 2.e,2.f, 7.2). úÂ�ÌØÛÅÎÎÑ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ �ÒÉ×ÏÄÉÔØ Ó�ÏÞÁÔËÕ ÄÏ �ÏÑ×ÉÓ�ÒÁ×ÖÎØÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ "Ë×ÁÄÒÕ�ÏÌØÎÁ"! "�ÁÒÁÍÁÇÎ�ÔÎÁ"ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ (ÄÉ×. òÉÓ. 7.3), Á ��ÚÎ�ÛÅ ÄÏ ÒÏÚÄ�ÌÅÎÎÑ �ØÏ-ÇÏ æð ÎÁ ËÁÓËÁÄ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× "Ë×ÁÄÒÕ�ÏÌØ-ÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ ! "�ÁÒÁÍÁÇÎ�ÔÎÁ" ÆÁÚÁ. ðÅÒÛÉÊ ("Ë×ÁÄÒÕ�Ï-ÌØÎÁ" ! ÆÅÒÏÍÁÇÎ�ÔÎÁ ÆÁÚÁ) æð ¤ �ÅÒÛÏÇÏ ÒÏÄÕ (Ó�ÒÁ×ÖÎ�Í), ÁÄÒÕÇÉÊ { "ÒÏÚÍÉÔÉÍ ÆÁÚÏ×ÉÍ �ÅÒÅÈÏÄÏÍ" (ÄÉ×. òÉÓ. 2.e, 2.f, 7.4).ðÏÄÁÌØÛÅ ÚÂ�ÌØÛÅÎÎÑ �ÏÌÑ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ�ÅÒÛÏÇÏ æð ÁÖ ÄÏ ÊÏÇÏ ÚÎÉËÎÅÎÎÑ �ÒÉ ÎÕÌØÏ×�Ê ÔÅÍ�ÅÒÁÔÕÒ� �ÒÉh = k(q) � 3 (ÄÉ×. òÉÓ. 2.e, 2.f). �Ï�ÏÌÏÇ�§ ÆÁÚÏ×ÉÈ Ä�ÁÇÒÁÍ �ÒÉ×ÅÄÅ-ÎÉÈ ÎÁ òÉÓ. 2.e, 2.f ¤ ÈÁÒÁËÔÅÒÎÉÍÉ ÄÌÑ ×Ó�È ÚÎÁÞÅÎØ k(q) > 3:2.
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òÉÓ. 1. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÎÁ (k(q); t) �ÌÏÝÉÎ� �ÒÉ ÎÕÌØÏ×ÏÍÕ ÚÏ×Î�ÛÎØÏÍÕÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�. ûÔÒÉÈÏ×ÁÎÁ ÔÁ ÇÒÕÂÁ ÓÕ��ÌØÎÁ Ì�Î�§ ×�Ä�Ï×�ÄÁÀÔØ ÔÅÍ-�ÅÒÁÔÕÒÎÉÍ æð ÆÅÒÏÍÁÇÎ�ÔÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ ÄÒÕÇÏÇÏ ÔÁ �ÅÒÛÏ-ÇÏ ÒÏÄ�×, ×�Ä�Ï×�ÄÎÏ; ÔÏÎËÁ ÓÕ��ÌØÎÁ Ì�Î�Ñ ×�Ä�Ï×�ÄÁ¤ ÔÅÍ�ÅÒÁÔÕÒÎÉÍ æðË×ÁÄÒÕ�ÏÌØÎÁ ! �ÁÒÁÍÁÇÎ�ÔÎÁ ÆÁÚÁ �ÅÒÛÏÇÏ ÒÏÄÕ.

ICMP{01{36U 8

0 1 2 3
0.0

0.5

1.0

1.5

0 0.2 0.4
0.0

0.2

0.4

0.6

0.8

1.0

0 0.02 0.04

0.94

0.95

0.96

0 0.02 0.04
0.0

0.2

0.4

0.6

0.8

0 0.02 0.04 0.06
0.0

0.2

0.4

0.6

0.8

0 0.04 0.08 0.12
0.0

0.2

0.4

0.6

0.8

t
VVVVVVVVVVVVVV

k
(q)=6.0

f

/VVVVVVVVVVVVVV
"P"

"Q"
F

h

/VVVVVVVVVVVVVVVV

k
(q)=3.4

e

/VVVVVVVV
"P"

"Q" F

h

t

t

k
(q)=2.996

k
(q)=2.8 a

VVVVVVVVVVVVVVVVVVVVVVVVVVV

VVVVVVVV\

F

"P"

h

t

k
(q)=3.02

b

VVVVVV

"P"

F"Q"

h

t

k
(q)=3.06

c

VVVVVVVVVV

"P"

"Q"
F

h

t

k
(q)=3.12

d

/VVVVVVVVVVVVVVV
"P"

"Q"
F

h

òÉÓ. 2. æÁÚÏ×� Ä�ÁÇÒÁÍÉ ÎÁ (h; t) �ÌÏÝÉÎ� �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ×ÅÌÉÞÉÎÉË×ÁÄÒÕ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§: a { k(q) =2.8, 2.996; b { k(q) = 3:02; 
 { k(q) = 3:06;d { k(q) = 3:12; e { k(q) = 3:4; f { k(q) = 6:0. óÕ��ÌØÎ� Ì�Î�§ ×�Ä�Ï×�ÄÁÀÔØÆÁÚÏ×ÉÍ �ÅÒÅÈÏÄÁÍ �ÅÒÛÏÇÏ ÒÏÄÕ. óÈÅÍÁÔÉÞÎÏ ÎÁÎÅÓÅÎ� ÌÁÍÁÎ� Ì�Î�§ ×�Ä-�Ï×�ÄÁÀÔØ ÚÍ�ÎÁÍ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ �Ï×ÅÄ�ÎÏË ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓ-ÔÉË Ú ÈÁÒÁËÔÅÒÎÉÈ ÄÌÑ ÏÄÎ�¤§ ÎÁ ÈÁÒÁËÔÅÒÎ� ÄÌÑ �ÎÛÏ§ ÆÁÚÉ ("ÒÏÚÍÉÔÉÊÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä").
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baòÉÓ. 3.1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 0:4, h = 0:0.
0.5 1.0 1.5

0.0

0.2

0.4

0.6

0.8

1.0

0.5 1.0 1.5

10-1

100

101

102

103

q

m

t t

( K
χ)

-1

m
, 

q

baòÉÓ. 3.2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 0:4, h = 0:05.
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baòÉÓ. 4.1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 2:996, h = 0:0.
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baòÉÓ. 4.2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q)=2:996, h=0:005.
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baòÉÓ. 4.3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q)=2:996, h=0:025.
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baòÉÓ. 4.4. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q)=2:996, h=0:05.
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baòÉÓ. 5.1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:02, h = 0:0.
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baòÉÓ. 5.2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:02, h = 0:01.
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baòÉÓ. 5.3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:02, h = 0:015.
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baòÉÓ. 5.4. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:02, h = 0:025.
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baòÉÓ. 6.1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:12, h = 0:0.
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baòÉÓ. 6.2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:12, h = 0:06.
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baòÉÓ. 6.3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:12, h = 0:1.
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òÉÓ. 7.1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:4, h = 0:0.
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baòÉÓ. 7.2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:4, h = 0:05.
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baòÉÓ. 7.3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÎÁÍÁÇÎ�ÞÅÎÏÓÔ�, Ë×ÁÄÒÕ�ÏÌØÎÏÇÏ ÍÏ-ÍÅÎÔÕ ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÉ k(q) = 3:4, h = 0:175.
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