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1 ðÒÅÐÒÉÎÔ

Ernest Ising (10.05.1900 { 11.05.1998).
ICMP{98{32 2÷óôõðòÏÚÐÏÞÁÔ¦ Ò¦Ë ÔÏÍÕ ¶ÚÉÎ­¦×ÓØË¦ ÞÉÔÁÎÎÑ (ÄÉ×. öÕÒÎÁÌ Æ¦ÚÉÞÎÉÈ ÄÏ-ÓÌ¦ÄÖÅÎØ, Ô. 1, No 2, 1997, ÓÔÏÒ. 298) ×ÖÅ ÍÏÖÎÁ ÐÏÞÁÔÉ ÎÁÚÉ×ÁÔÉ ÔÒÁ-ÄÉÃ¦ÊÎÉÍÉ. ïÒÇÁÎ¦ÚÏ×ÁÎ¦ ×ÏÎÉ ÂÕÌÉ, ÑË ¦ ÍÉÎÕÌÏÇÏ ÒÏËÕ, ¶ÎÓÔÉÔÕÔÏÍÆ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉ ÓÐ¦ÌØÎÏ Ú ËÁÆÅÄÒÏÀ ÔÅÏ-ÒÅÔÉÞÎÏ§ Æ¦ÚÉËÉ ìØ×¦×ÓØËÏÇÏ ÄÅÒÖÁ×ÎÏÇÏ ÕÎ¦×ÅÒÓÉÔÅÔÕ ¦Í. ¶. æÒÁÎËÁ.íÏÄÅÌØ ¶ÚÉÎ­Á, ÚÁ×ÄÑËÉ ÑË¦Ê ¦Í'Ñ ÃØÏÇÏ Æ¦ÚÉËÁ ÓÔÁÌÏ ×¦ÄÏÍÉÍÛÉÒÏËÏÍÕ ÎÁÕËÏ×ÏÍÕ ÚÁÇÁÌÕ, ¤, ÎÁÐÅ×ÎÏ, ÏÄÎÉÍ ¦Ú ÎÁÊÑÓËÒÁ×¦ÛÉÈÐÒÉËÌÁÄ¦× ÑË Ã¦ÌÉÊ ËÏÍÐÌÅËÓ Æ¦ÚÉÞÎÉÈ ÐÒÏÂÌÅÍ ÍÏÖÎÁ Ú×ÅÓÔÉ ÄÏÐÒÏÓÔÏ§, ÁÌÅ ÎÁÄÚ×ÉÞÁÊÎÏ ÅÆÅËÔÉ×ÎÏ§ ÍÏÄÅÌ¦. âÁÇÁÔÏ ¦Ú ÔÏÇÏ, ÝÏ ÂÕÌÏÚÁÐÒÏÐÏÎÏ×ÁÎÏ Ð¦ÚÎ¦ÛÅ (ÍÏÄÅÌØ çÁÊÚÅÎÂÅÒ­Á, ÍÏÄÅÌØ ðÏÔÔÓÁ, ×ÏÓØ-ÍÉ×ÅÒÛÉÎÎÁ ÍÏÄÅÌØ âÁËÓÔÅÒÁ, RPn�1 ÍÏÄÅÌ¦) ÐÏ×'ÑÚÁÎÅ Ú ÕÓÐ¦ÈÁÍÉÕ ×É×ÞÅÎÎ¦ ÍÏÄÅÌ¦ ¶ÚÉÎÇÁ ¦ ¤ × Ô¦Ê ÞÉ ¦ÎÛ¦Ê Í¦Ò¦ §§ ÕÚÁÇÁÌØÎÅÎÎÑÍ.îÅ ÓÔÁ×ÌÑÞÉ ÓÏÂ¦ ÚÁ ÍÅÔÕ ÂÕË×ÁÌØÎÅ ×ÉËÏÒÉÓÔÁÎÎÑ ÍÏÄÅÌ¦ ¶ÚÉÎ­Á,ÄÏÐÏ×¦ÄÁÞ¦ ÃØÏÇÏÒ¦ÞÎÉÈ ÞÉÔÁÎØ ÎÁÇÏÌÏÛÕ×ÁÌÉ ÎÁ ÍÁÔÅÍÁÔÉÞÎ¦Ê ÞÉÆ¦ÚÉÞÎ¦Ê ÓÐÏÒ¦ÄÎÅÎÏÓÔ¦ ÄÏÓÌ¦ÄÖÕ×ÁÎÉÈ ÎÉÍÉ Ñ×ÉÝ ÄÏ Ã¦¤§ ÍÏÄÅÌ¦.ðÒÏÇÒÁÍÁ ÞÉÔÁÎØ ÏÈÏÐÌÀ×ÁÌÁ ÛÉÒÏËÅ ËÏÌÏ ÐÒÏÂÌÅÍ, ÚÏËÒÅÍÁ ÃÅ:òÏÚÒÁÈÕÎÏË ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ÏËÏÌ¦ �{ÐÅÒÅÈÏÄÕ × Ò¦ÄËÏÍÕHe4 (¶. ÷Á-ËÁÒÞÕË, ìØ×¦×ÓØËÉÊ ÄÅÒÖÁ×ÎÉÊ ÕÎ¦×ÅÒÓÉÔÅÔ ¦Í. ¶. æÒÁÎËÁ).óÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ¦Ñ ÌÁ×ÉÎ × ÐÒÏÃÅÓ¦ ÓÁÍÏÏÒÇÁÎ¦ÚÁÃ¦§ (ï. ïÌ¤Í-ÓËÏÊ, óÕÍÓØËÉÊ ÄÅÒÖÁ×ÎÉÊ ÕÎ¦×ÅÒÓÉÔÅÔ).ëÒÉÔÉÞÎ¦ Ñ×ÉÝÁ × Â¦ÎÁÒÎÉÈ ÓÕÍ¦ÛÁÈ (ï. ðÁÃÁÇÁÎ, ¶æëó îáîõËÒÁ§ÎÉ).ðÏ×ÅÒÈÎÅ×¦ ËÒÉÔÉÞÎ¦ Ñ×ÉÝÁ (í. ûÐÏÔ, ¶æëó îáî õËÒÁ§ÎÉ).ïÐÔÉËÏ{ÒÅÆÒÁËÃ¦ÊÎ¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÉÈ ¦ÎÄÅËÓ¦× ÆÁÚÏ×ÉÈÐÅÒÅÈÏÄ¦× × ËÒÉÓÔÁÌÁÈ (â. áÎÄÒ¦¤×ÓØËÉÊ, ìØ×¦×ÓØËÉÊ ÄÅÒÖÁ×ÎÉÊÕÎ¦×ÅÒÓÉÔÅÔ ¦Í. ¶. æÒÁÎËÁ).÷ÄÁÌÁ ÐÏÂÕÄÏ×Á ÐÒÏÇÒÁÍÉ, ÎÁ ÎÁÛÕ ÄÕÍËÕ, ÎÅ ÄÏÚ×ÏÌÑÌÁ ÚÁÍËÎÕ-ÔÉÓÑ ÑË × ÐÅ×ÎÏÍÕ ÏÂÍÅÖÅÎÏÍÕ ËÏÌ¦ Æ¦ÚÉÞÎÉÈ ÐÒÏÂÌÅÍ, ÔÁË ¦ ÎÁ ÐÅ×-ÎÉÈ ÍÅÔÏÄÁÈ §È ÄÏÓÌ¦ÄÖÅÎÎÑ, ÄÁÀÞÉ ÄÅÑËÕ ÐÁÎÏÒÁÍÕ ÑË ÏÄÎÉÈ, ÔÁË ¦ÄÒÕÇÉÈ. åÎÃÉËÌÏÐÅÄÉÞÎ¦ÓÔØ ¦ ÈÏÒÏÛÉÊ ÓÔÉÌØ ×ÉËÌÁÄÕ Â¦ÌØÛÏÓÔ¦ ÄÏ-ÐÏ×¦ÄÅÊ, ÑË ¦ ÁËÁÄÅÍ¦ÞÎÉÊ ¦ÎÔÅÒÅÓ ÄÏ ÓÁÍÏ§ ÍÏÄÅÌ¦ ¶ÚÉÎ­Á ÄÁ¤ Ð¦ÄÓÔÁ×ÉÒÅËÏÍÅÎÄÕ×ÁÔÉ ÕÞÁÓÔØ × ÎÁÓÔÕÐÎÉÈ ÞÉÔÁÎÎÑÈ Â¦ÌØÛÏ§ Ë¦ÌØËÏÓÔ¦ ÍÏ-ÌÏÄÉÈ ×ÞÅÎÉÈ ÔÁ ÓÔÕÄÅÎÔ¦×.õÖÅ Ð¦ÓÌÑ ÚÁË¦ÎÞÅÎÎÑ ÞÉÔÁÎØ ÎÁÄ¦ÊÛÌÁ ÓÕÍÎÁ Ú×¦ÓÔËÁ: × ðÅÏÒ¦§(ÛÔÁÔ ¶Ì¦ÎÏÊÓ, óûá) 11 ÔÒÁ×ÎÑ ÎÁ 99{ÍÕ ÒÏÃ¦ ÖÉÔÔÑ ÐÏÍÅÒ ÐÒÏÆÅÓÏÒåÒÎÓÔ ¶ÚÉÎ­. èÏÞÅÔÓÑ ×¦ÒÉÔÉ, ÝÏ ìØ×¦×ÓØË¦ ÞÉÔÁÎÎÑ ÓÔÁÎÕÔØ ÏÄÎ¦¤À¦Ú ÃÅÇÌÉÎÏË × ÐÁÍ'ÑÔÎÉËÕ ÃØÏÍÕ ×ÉÄÁÔÎÏÍÕ Æ¦ÚÉËÕ ÎÁÛÏ§ ÄÏÂÉ.ñÒÏÓÌÁ× ¶ÌØÎÉÃØËÉÊ



3 ðÒÅÐÒÉÎÔúÍ¦ÓÔSTATISTICAL FIELD THEORY OF HIERARCHICALAVALANCHE ENSEMBLE (Alexander I. Olemskoi) 4ëòéôéþî¶ ñ÷éýá õ â¶îáòîéè óõí¶ûáè(ïËÓÁÎÁ ðÁÃÁÇÁÎ) 141. ÷ÓÔÕÐ 142. óÅÒÅÄÎØÏÐÏÌØÏ×ÉÊ ÐiÄÈiÄ [1], [7] { [9] 153. íÅÔÏÄ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ 164. æÅÎÏÍÅÎÏÌÏÇiÞÎi ÔÅÏÒi§ 175. I¤ÒÁÒÈiÞÎÁ ÂÁÚÉÓÎÁ ÔÅÏÒiÑ (HRT) 19ðï÷åòèîå÷¶ ëòéôéþî¶ ñ÷éýá (íÉËÏÌÁ ûÐÏÔ) 241. íÏÄÅÌØ 252. ðÅÒÅÎÏÒÍÕ×ÁÎÎÑ 273. óÐÅÃ¦ÁÌØÎÉÊ ÐÅÒÅÈ¦Ä 294. ú×ÉÞÁÊÎÉÊ ÐÅÒÅÈ¦Ä 325. äÏ×¦ÌØÎ¦ ×ÉÍ¦ÒÎÏÓÔ¦ ÐÒÏÓÔÏÒÕ: Ñ×ÎÉÊ ÒÏÚÒÁÈÕÎÏË 346. ðÏ×ÅÒÈÎÅ×¦ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ ÔÒÉ×ÉÍ¦ÒÎÉÈ ÎÁÐ¦×ÏÂ-ÍÅÖÅÎÉÈ ÓÉÓÔÅÍ 34OPTICAL-AND-REFRACTIVE INVESTIGATIONS OFCRITICAL INDICES OF PHASE TRANSITIONS INCRYSTALS (Bohdan Andriyevsky) 391. Introduction 392. Experimental 413. Results and Discussion 424. Conclusion 47
ICMP{98{32 4STATISTICAL FIELD THEORY OFHIERARCHICAL AVALANCHEENSEMBLEAlexander I. OlemskoiPhysical Electronics Department, Sumy State University2, Rimskii-Korsakov Str., 244007 Sumy UKRAINEE{mail: Alexander@olem.sumy.uaIn recent years considerable study has been given to the theory of self{organized criticality (SOC) that explains avalanche dynamics in a varietyof systems such as ensemble of grains of sand moving along increasinglytilted surface (sandpile model [1]), intermittency in biological evolution[2], earthquakes and propogation of forest{�res, depinning transitionsin random medium and so on (see [3]). The above models had beenmostly studied by making use of scaling{type arguments supplementedwith extensive computer simulations [4]. By contrast, in this work we putforward the related statistical theory that deals with avalanche ensemblein the course of SOC progressing.It is known that the SOC process has originated from the evolutionof hierarchically subordinated ensemble of avalanches [5,6]. The maxi-mum number of avalanches N is on the bottom hierarchical level s = 0where the avalanche intensity equals f . Correspondingly, there is theonly avalanche of the intensity F � f on the top level s = s0 � 1. Theproblem is to �nd the dependencies N(s) and F (s) that de�ne the dis-tribution of avalanche number and their intensity over hierarchical levelss 2 [0; s0 � 1].The �rst part of the problem can be approached in terms of geometryby representing the avalanche ensemble as a hierarchical Cayley tree [7,8].The basic types of the trees are shown in Fig.1: regular tree with integerbranching ratio j, regular Fibbonachi tree with fractional j = � � 1:618,degenerate tree with the only branching node per level and the tree ofour primary concern { irregular tree. Let k be the numbering index forthe levels, so that k increases from the top level to the bottom one. Thevariable s = s0 � k (1)then de�nes the distance in the ultrametric space [8,9]. Geometrically,objects of this space correspond to the nodes of the bottom level (k = s0)of a Cayley tree. Since the distance between the nodes is de�ned by thenumber of steps to a common ancestor, the distance is eventually thelevel number (1), counted from the bottom.



5 ðÒÅÐÒÉÎÔ

Figure 1. Di�erent types of hierarchical trees (the level number is indi-cated at left, corresponding number of nodes { at right): a) regular treewith j = 2; b) Fibonacci tree; c) degenerate tree with j = 3; d) irregulartree.As it can be seen in Fig.1a, in the simplest case of regular tree with in-teger branching ratio j the number of avalanches Nk = jk exponentiallydecays to zero with the distance s between them:N(s) = N exp (�s ln j); N � js0 : (2)In Eq.(2) the equality (1) is used and the avalanche number N is relatedto the total number of levels s0. For the Fibbonachi tree (see Fig. 1b),where Nk = q�k ; q � 1:171; � � 1:618 [7], we haveN(s) = N exp (�s ln �); N � q�s0 : (3)When Eq.(3) is compared with Eq.(2), it is clear that the exponentialdecay remains unaltered in the case of fractional branching ratio andcharacterizes the regularity of tree.For the degenerate tree (see Fig.1c) Nk = (j � 1)k + 1 and Eq.(1)provides the following linear dependenceN(s) = N � (j � 1)s; N � (j � 1)s0 + 1: (4)
ICMP{98{32 6It can be shown that in the case of irregular tree, displayed in Fig.1d,the power law dependence is realized:Nk = ka; a > 1: (5)The latter can be regarded as an intermediate case between the expo-nential Eqs.(2,3) and linear Eq.(4) rates obtained for the limiting casesof regular and degenerate trees, respectively. It is convenient to rewriteEq.(5) in term of the distanceNk = N(1� s=s0)a; N � sa0 ; a > 1: (6)Formally, the approximation (5) means that a function N(x) de�ned onthe self{similar set of hierarchically subordinated avalanches is homoge-neous, N(kx) = kaN(x).Let us de�ne Fk as an intensity of avalanches on the k{th level, sothat the density of hierarchical current can be taken in the form:gk = �D(Fk)dFkdk ; (7)where the e�ective di�usion coe�cientD(F ) = DF�� (8)depends on the constant D > 0 and the exponent �. The basic assump-tion of this section is that the total current of all avalanches at givenlevel is independent of the hierarchical level:gkNk = const � J: (9)Inserting Eqs.(6-8) into Eq.(9) gives the avalanche intensityFk = Fk�b; b = (a� 1)=(1� �) > 0 (10)normalized by the maximum value F � Fk=1. Introducing the distance(1), we get F (s) = f(1� s=s0)�b; (11)where the intensity at the bottom level s = 0 isf � Fs�b0 = FN�b=a: (12)After generalizing Eqs.(10,12), the following scaling relation can beobtained Fk = N b=afkk�b (13)



7 ðÒÅÐÒÉÎÔwhere fk is a slowly varying function. According to Eqs.(7-9), this func-tion obeys the Landau-Khalatnikov equation:dxd� = �@V@x ; (14)where� = ln kb; x = fk=fc; f1��c � (J=bD)N�(a�1)=a (15)and the e�ective potential isV = x1+�1 + � � x22 : (16)As indicated in Fig.2, the potential V reaches its maximum valueV0 = (1 � �)=2(1 + �) at x = 1 and decreases inde�nitely at x > 1.So, in order to initiate the global avalanche formation, a low intensityavalanche with f < fc at the bottom level needs to penetrate the bar-rier V0 of the potential (16). It implies 
uctuation mechanism for theSOC regime progressing provided that x is a stochastic variable and weproceed with Langevin{type equation derived from Eq.(14) by adding aGaussian white noise to the right hand side:dxd� = �@V@x + �; (17)h�i = 0; h�(�)�(�0)i = 2D�(�� �0); (18)where the noise intensity D equals the di�usion coe�cient in Eq.(8).The usual way to study a set of solutions to the stochastic equation(17) de�ned in the ultrametric space is to introduce distribution functionw(�; x) associated with the probability of solution's realization. It isknown that w(�; x) obeys the Fokker{Planck equation [10]:@w@� + @j@x = 0; j = �w@V@x �D@w@x : (19)Since there is no current at the equilibrium state (j = 0), the distributionfunction of avalanche intensities at the bottom levelw0(x) / exp (�V (x)=D) (20)is dictated by the potential (16). In the case of non{equilibrium steadystate the probability density w does not depend on the hierarchical level
ICMP{98{32 8variable � and the current j being constant, in compliance with theconservation law (9), can take a nonzero value.From Eq.(19) the stationary distribution then is expressed in termsof the equilibrium distribution w0(x) and the current j [11]:w(f)w0(f) = jD Z 1f=fc dxw0(x) ; (21)where the boundary condition w ! 0 as f !1 is taken into account.
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Figure 2. The e�ective potential (32) as a function of f=fc at � = 0:1.Given the intensity f Eq.(21) allows the current j to be found. In



9 ðÒÅÐÒÉÎÔtrying to do it, special consideration should be given to the fact that theintensity f is bounded from below, f > G [4]. The appearance of thegap G is inherent in hierarchical ensemble of avalanches. Indeed, aftermerging of avalanches within a hierarchical cluster of the size sg , all s,such that s < sg , are appeared to be dropped out the consideration aswell as low intensities with f < f(sg) � G (see Fig.1). The expression forthe current j then can be derived from Eq.(21) with the second boundarycondition w(G) = w0(G). The result readsj = 2DW "1 + erf r1� �2D �1� Gfc�!#�1 ; (22)where the factor W / exp��1� �1 + � 12D� (23)gives the probability that 
uctuation will suramount the barrier of thepotential (16). Eq.(22) shows that in the case of small gap, G� fc, thecurrent j is about WD, but the current is doubled under G = fc. It canbe understood if we picture the e�ect of the gap as a mirror that re
ectsdi�using particles at the point f = G; if G � fc a particle penetratingthe barrier can move along both directions, but in the case of G = fc themirror is placed at the point corresponding to the top of the barrier andall particles go down the side where the intensity f grows inde�nitely.Given the current j the stationary distribution function w(x) is de-�ned by Eq.(21), according to which, w(x) � w0(x) in the subcriti-cal region f < fc, while in the supercritical range f � fc we havew0(x) � w(x) due to inde�nite increase of w0(x). As far as the sta-tionary distribution is concerned, it can be derived from the currentde�nition (19), where the last di�usion term is negligible for supercrit-ical intensities: j � �(@V=@x)w. The result is that [12] the probabilityw(f) remains almost unaltered w(f) � w(fc) in the range from fc upto the boundary value fg and w(f) � 0 at f > fg . The growth of fg isgoverned by the equation dfgd� = Dfg � fcf2g : (24)Since the above picture is essentially statistical, it enables the criticalavalanche intensity fc for the transition point to be found. Indeed, whenthe de�nition of the macroscopic current J in Eq.(9) is compared tothat of the microscopic current j in Eq.(19), it is apparent that theydi�er from one another only by the factor N (a�1)=a � sa�10 dependent
ICMP{98{32 10on the total number of avalanches N (see Eq.(6)). On this basis, the lastexpression of Eq.(15) and Eq.(22) at G = 0; D � 1 give the desiredresult: fc = F exp�� (1 + �)�12D �; (25)where the pre{exponent factor F determines the probability of the bar-rier penetrating and cannot be calculated within the framework of thepresented approach. Eq.(25) bears a resemblance to the well known re-sult of the superconductivity BCS theory for the temperature of thephase transition and predicts the slow growth of the critical intensity fcof elementary avalanche with the hierarchical di�usion coe�cient D thatplays the role of the parameter of e�ective interaction.Since the ensemble of hierarchically subordinated avalanches repre-sents a self{similar set, the probability distribution of avalanches P (F; s)in the course of SOC process is a homogeneous function of s [4]:P (F; s) = s��w(f); (26)where w(f) is the stationary distribution of elementary avalanches con-sidered in the previous section and � is the positive exponent. Physi-cally, Eq.(26) implies that the intensity F , being measured by the scale(1� s=s0)�b, equals the intensity of an elementary avalanche f in accor-dance with Eq.(11).Let us describe now kinetics of the global avalanche formation pro-duced by virtue of the hierarchical coupling established between elemen-tary avalanches. This process can be conceived of as di�usion in ultra-metric space that makes the distribution (26) mounted. In order to �ndthe conditional probability P(t) that no global avalanche will appear attime t one has to integrate over s the distribution (26) weighted withthe functionps(t) = exp (�t=t(s)); t(s) = t0 exp (F (s)=D) (27)descriptive of Debay relaxation with the time t(s) governed by the barrierheight F (s). By using the steepest descent method, it is not di�cult toderive the late time (t!1) asymptotic formulaP(t) = � fD��=b "1��Df ln ttef ��1=b#�� ;tef � �b � fD�1=b t0: (28)



11 ðÒÅÐÒÉÎÔEq.(44) has been obtained by assuming that the condition 1� sm � s0is met, where sm denotes the location of the maximum of integrand andobeys the equationD�bf (1� x)1+bx = tt0 exp�� fD (1� x)�b�; x � sms0 : (29)Taking into consideration the scaling relation for the number of hierar-chical levels s0, which is the cut{o� parameter,s0 / (fc � f)1=� ; � > 0 (30)we readily come to the conclusion that the condition is satis�ed providedf � fc � f; t� tef exp�(fc=D)�1=b � 1��b: (31)Clearly, from Eq.(31) the intensity f in Eqs.(28,29) can be replaced byfc. Note that in accord with Eq.(28) the probability P(t) � 1 � P(t)of the global avalanche appearance logarithmically increases in time upto the value P = 1 � (fc=D)�=b. In order for the probability P to benon{negative the factor F = (e=2)(1+�)�1 in Eq.(25) and the e�ectivedi�usion coe�cient must be bounded from above by the value D0 =(1=2)(1 + �)�1.The initiated elementary avalanches form statistical ensemble of hi-erarchically subordinated objects, characterized by intensities f and dis-tances s in ultrametric space (avalanche size [4]). Since the global avalan-che formation is caused by e�ective di�usion in the space, then, similar toBrownian particle with coordinate f at time s, the ensemble can be de-scribed by Langevin equation (17) subjected to the noise Eq.(18) with Dbeing the e�ective di�usion coe�cient and corresponding Fokker{Planckequation (19). The stationary intensity distribution and the steady{statecurrent are given by Eqs.(21,22). The condition of current conservationEq.(9) yields the avalanche intensity distribution (11) over hierarchicalclusters in the ultrametric space. The ensemble of elementary avalanches,being weakly dependent on s, is governed by the e�ective potential (16)that reaches its maximum at the critical intensity (25) (see Fig.2). So, theglobal avalanche generation requires supercritical elementary avalancheintensity, f > fc, to suramount the barrier V0 with the characteristictime (cf. Eq.(23)) T / exp (V0=D): (32)This picture bears some resemblance with the formation process of su-percritical embryo in the theory of the �rst{order phase transitions [11].
ICMP{98{32 12

Figure 3. The dependence of the maximum probability P � 1�P of theglobal avalanche appearance on the intensity variance D in ensemble ofelementary avalanches.In the course of phase transformation the next stage is the di�usiongrowth of the embryo and, analogously, in the case under considerationthe above growth implies an increase of the supercritical avalanche in in-tensity F (s) (Eq.(11)) due to the di�usion growth of hierarchical clusterin ultrametric space.As a result of the total cluster formation, we have the logarithmicallyslow large time asymptotics for the probability of the global avalancheappearance:P(t) = 1�P "1�P1=� �ln t� Ttef ��1=b#�� ;tef � (�=b)P1=� t0; (33)where time t is counted from the instant T , Eq.(32), and P is the maxi-



13 ðÒÅÐÒÉÎÔmum probability that no global avalanche will occurP = �D0D ��=b exp ���b �D0D � 1��: (34)From Eq.(34) the probability is determined by the ratio of the noise in-tensity D (see Eq.(18)) and its maximum value D0 = (1=2)(1 + �)�1.The key point is that the maximum probability P � 1�P of the globalavalanche appearance is completely suppressed under high intensity vari-ance in ensemble of elementary avalanches (see Fig.3).References1. P. Bak, C. Tang, K. Wiesenfeld, Phys. Rev. Lett. 59, 381 (1987).2. P. Bak, K. Sneppen, Phys. Rev. Lett. 71, 4083 (1993).3. T. Halpin{Healy, Y.{C. Zhang, Phys. Rep. 254, 215 (1995).4. M. Parzuski, S. Maslov, P. Bak, Phys. Rev. E 53, 414 (1996).5. P. Bak, How nature works: the science of self{organised criticality(Oxford University Press, 1997).6. P. Bak, S. Boettcher, Physica D 107, 143 (1997).7. A.I. Olemskoi, A.D. Kiselev, Theory of hierarchical coupling, pre-print, physics/9802035.8. A.I. Olemskoi, Fractals in condensed matter physics, in: Physics Re-view 18, Part 1, ed. I.M. Khalatnikov.9. R. Rammal, G. Thoulouse, M.A. Virasoro, Rev. Mod. Phys. 58, 765(1986).10. H. Risken, The Fokker{Planck equation (Springer, Berlin, 1989).11. E.M. Lifshits, L.P. Pitaevskii, Physical kinetics (Nauka, Moscow,1979) in Russian.12. Yu.V. Mikhailova, L.A.Maksimov, ZhETF 59, 1368 (1970) in Rus-sian.

ICMP{98{32 14ëòéôéþî¶ ñ÷éýá õ â¶îáòîéèóõí¶ûáèïËÓÁÎÁ ðÁÃÁÇÁÎ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉ,290011 Í. ìØ×¦×, ×ÕÌ. ó×¤ÎÃ¦ÃØËÏÇÏ, 11. ÷ÓÔÕÐ÷ ÔÏÊ ÞÁÓ ÑË ÆÁÚÏ×Á ÐÏ×ÅÎÄiÎËÁ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÉÈ ÆÌÀ§Äi× ¤ ÐÏÄiÂ-ÎÏÀ ÍiÖ ÓÏÂÏÀ, ÂiÎÁÒÎi ÓÕÍiÛi, ÎÁ×iÔØ ÓÕÍiÛi iÎÅÒÔÎÉÈ ÇÁÚi×, ÄÅÍÏÎ-ÓÔÒÕÀÔØ ×ÅÌÉËÕ ÒiÚÎÏÍÁÎiÔÎiÓÔØ ÔÏÐÏÌÏÇi§ ÆÁÚÏ×ÉÈ ÄiÁÇÒÁÍ. îÁÐÒÉ-ËÌÁÄ, ËÒÉÔÉÞÎi ÔÏÞËÉ (ëô) ÇÁÚ-ÒiÄÉÎÁ (çò) ÞÉÓÔÉÈ ËÏÍÐÏÎÅÎÔ ÍÏ-ÖÕÔØ ÂÕÔÉ Ú'¤ÄÎÁÎi ÎÅÐÅÒÅÒ×ÎÏÀ ÌiÎi¤À, ÑËÁ ¤ ÌiÎi¤À ëô ÇÁÚ-ÒiÄÉÎÁÓÕÍiÛi (×ÉÐÁÄÏË ÓÎÍiÛi Ar-Kr). áÂÏ, ÍÏÖÅ ÂÕÔÉ ×ÉÐÁÄÏË, ËÏÌÉ ÚËÏÖÎÏ§ ëô ÞÉÓÔÏ§ ËÏÍÐÏÎÅÎÔÉ ÐÏÞÉÎÁ¤ÔØÓÑ ÏËÒÅÍÁ ËÒÉÔÉÞÎÁ ÌiÎiÑ(×ÉÐÁÄÏË ÓÕÍiÛi Ne-Kr). îÁÑ×ÎiÓÔØ ÄÒÕÇÏ§ ÌiÎi§ ëô ×ËÁÚÕ¤ ÎÁ ÐÒÉ-ÓÕÔÎiÓÔØ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ (æð) ÚÍiÛÕ×ÁÎÎÑ- ÎÅÚÍiÛÕ×ÁÎÎÑ. âiÌØ-ÛÅ ÔÏÇÏ, ÍÏÖÌÉ×ÉÊ ×ÉÐÁÄÏË, ËÏÌÉ ÌiÎiÑ ëô ÇÁÚ-ÒiÄÉÎÁ ÎÅÐÅÒÅÒ×ÎÏÐÅÒÅÈÏÄÉÔØ Õ ËÒÉÔÉÞÎÕ ÌiÎiÀ ÒiÄÉÎÁ-ÒiÄÉÎÁ ÁÂÏ ÇÁÚ-ÇÁÚ ÎÅÚÍiÛÕ×ÁÎ-ÎÑ. úÒÕÞÎÏ ËÌÁÓÉÆiËÕ×ÁÔÉ ÆÁÚÏ×Õ ÐÏ×ÅÄiÎËÕ ÂiÎÁÒÎÉÈ ÓÕÍiÛÅÊ ÎÁÏÓÎÏ×i ÔÉÐi× ËÒÉÔÉÞÎÉÈ i ÔÒÉÆÁÚÎÉÈ ÌiÎiÊ i ÚÁ ÓÐÏÓÏÂÏÍ §È ÐÅÒÅ-ÔÉÎÕ. ÷ÐÅÒÛÅ ÔÁËÁ ËÌÁÓÉÆiËÁÃiÊÎÁ ÓÈÅÍÁ ÂÕÌÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ×ÁÎëÏÎiÎÅÎÂÅÒÇÏÍ i óËÏÔÔÏÍ [1]. ÷ÏÎÁ ×ËÌÀÞÁ¤ ÔÒÉ ËÌÁÓÉ i ÏÈÏÐÌÀ¤Û¦ÓÔØ ÏÓÎÏ×ÎÉÈ ÔÉÐ¦× ÆÁÚÏ×Ï§ ÐÏ×ÅÄiÎËÉ ÂiÎÁÒÎÉÈ ÓÕÍiÛÅÊ [2]-[6]:� ëÌÁÓ 1. óÕÍ¦Û¦ Ä×ÏÈ ËÏÍÐÏÎÅÎÔ Ú ÂÌÉÚØËÉÍÉ ËÒÉÔÉÞÎÉÍÉ ÔÅÍ-ÐÅÒÁÔÕÒÁÍÉ çò ÞÉÓÔÉÈ ËÏÍÐÏÎÅÎÔ. ÷ ÔÁËÉÈ ÓÕÍ¦ÛÁÈ ëô ÞÉÓÔÉÈËÏÍÐÏÎÅÎÔ ÎÅÐÅÒÅÒ×ÎÏ Ú×'ÑÚÁÎ¦ ËÒÉÔÉÞÎÏÀ Ì¦Î¦¤À. óÉÓÔÅÍÉ ÚÃØÏÇÏ ËÌÁÓÕ ¤ ÐÅ×ÎÏÀ Í¦ÒÏÀ ¦ÄÅÁÌØÎÉÍÉ × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ-ÍÕ ÓÅÎÓ¦ ¦ ÎÅ ÄÅÍÏÎÓÔÒÕÀÔØ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÚÍ¦ÛÕ×ÁÎÎÑ-ÎÅÚÍ¦ÛÕ×ÁÎÎÑ.� ëÌÁÓ 2. óÕÍ¦Û¦ Ä×ÏÈ ËÏÍÐÏÎÅÎÔ Ú ÄÕÖÅ Ò¦ÚÎÉÍÉ ËÒÉÔÉÞÎÉÍÉÔÅÍÐÅÒÁÔÕÒÁÍÉ çò ÞÉÓÔÉÈ ËÏÍÐÏÎÅÎÔ. ÷ ÃÉÈ ÓÕÍ¦ÛÁÈ ÎÅÍÁ ÎÅ-ÐÅÒÅÒ×ÎÏ§ Ì¦Î¦§, ÑËÁ Ú×'ÑÚÕ¤ ëô ÞÉÓÔÉÈ ËÏÍÐÏÎÅÎÔ.� ëÌÁÓ 3. äÕÖÅ ÓËÌÁÄÎ¦ ÓÕÍ¦Û¦, ÑË¦ ÄÅÍÏÎÓÔÒÕÀÔØ ÔÁËÅ Ñ×ÉÝÅÑË ÎÉÖÎÑ ËÒÉÔÉÞÎÁ ÔÏÞËÁ ÒÏÚÞÉÎÅÎÎÑ. ÷ ÓÉÓÔÅÍÁÈ ÃØÏÇÏ ËÌÁ-ÓÕ ÆÁÚÏ×Á ÐÏ×ÅÄ¦ÎËÁ ÓÐÒÉÞÉÎÅÎÁ ×ÚÁ¤ÍÏÄ¦ÑÍÉ Í¦Ö ËÏÍÐÏÎÅÎÔÁ-ÍÉ, ÑË¦ ÐÒÉ×ÏÄÑÔØ ÄÏ ×ÉÓÏËÏÇÏ ÓÔÕÐÅÎÑ ×ÐÏÒÑÄËÕ×ÁÎÎÑ × Ò¦ÄË¦ÊÓÕÍ¦Û¦.



15 ðÒÅÐÒÉÎÔãÑ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ ×É×ÞÅÎÁ ÒiÚÎÏÍÁÎiÔÎiÓÔØ ÆÁÚÏ×Ï§ ÐÏ×ÅÄiÎËÉÓÕÍiÛÅÊ ×iÄÏÂÒÁÖÁ¤ ÔÏÊ ÆÁËÔ, ÝÏ ×iÄÎÏÓÎÁ iÎÔÅÎÓÉ×ÎiÓÔØ ÍiÖÍÏÌÅ-ËÕÌÑÒÎÉÈ ×ÚÁ¤ÍÏÄiÊ ×iÄiÇÒÁ¤ ×ÉÒiÛÁÌØÎÕ ÒÏÌØ Õ ÆiÚÉÃi ÔÁËÉÈ ÓÉÓÔÅÍ,ÓÐÒÉÑÀÞÉ ÞÉ ÐÅÒÅÛËÏÄÖÁÀÞÉ æð ÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ.îÅ ÄÉ×ÌÑÞÉÓØ ÎÁ ×iÄÏÍÉÊ ×ÅÌÉÞÅÚÎÉÊ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÊ ÍÁ-ÔÅÒiÁÌ [2]- [6], ÔÅÏÒÅÔÉÞÎi ÄÏÓÌiÄÖÅÎÎÑ ÐÒÉÓ×ÑÞÅÎi ×É×ÞÅÎÎÀ ËÒÉ-ÔÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÂiÎÁÒÎÉÈ ÓÕÍiÛÅÊ ÎÅ ÐÒÅÄÓÔÁ×ÌÑÀÔØ ÓÏÂÏÀ ÚÁ-×ÅÒÛÅÎÏ§ ËÁÒÔÉÎÉ. ã¦ ÔÅÏÒÅÔÉÞÎi ÒÏÂÏÔÉ ÍÏÖÎÁ ÕÍÏ×ÎÏ ÐÏÄiÌÉÔÉ ÎÁÔÁËi ËÌÁÓÉ:1. óÅÒÅÄÎØÏÐÏÌØÏ×ÉÊ ÐiÄÈiÄ × ÄÕÓi ÔÅÏÒi§ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ.2. íÅÔÏÄ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ.3. æÅÎÏÍÅÎÏÌÏÇiÞÎÉÊ ÐiÄÈiÄ.4. ¶¤ÒÁÒÈiÞÎÁ ÂÁÚÉÓÎÁ ÔÅÏÒiÑ (HRT).5. íÅÔÏÄ ËÏÌÅËÔÉ×ÎÉÈ ÚÍiÎÎÉÈ.ôÕÔ ÍÉ ÚÕÐÉÎÉÍÓÑ ÎÁ ÐÅÒÛÉÈ ÞÏÔÉÒØÏÈ ÐiÄÈÏÄÁÈ.2. óÅÒÅÄÎØÏÐÏÌØÏ×ÉÊ ÐiÄÈiÄ [1], [7] { [9]óÅÒÅÄÎØÏÐÏÌØÏ×ÉÊ ÐiÄÈiÄ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ Òi×ÎÑÎÎi ÓÔÁÎÕ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ, ÕÚÁÇÁÌØÎÅÎÏÍÕ ÎÉÍ ÎÁ ×ÉÐÁÄÏË ÓÕÍiÛi ÝÅ × ËiÎÃi ÍÉÎÕ-ÌÏÇÏ ÓÔÏÌiÔÔÑ. ÷ÖÅ ÔÏÄi ÎÁ ÏÓÎÏ×i Ó×ÏÇÏ Òi×ÎÑÎÎÑ ÓÔÁÎÕ ÎÉÍ ÂÕÌÏÐÅÒÅÄÂÁÞÅÎÏ iÓÎÕ×ÁÎÎÑ ÔÒØÏÈ ÔÉÐi× Ä×ÏÆÁÚÎÏ§ Òi×ÎÏ×ÁÇÉ × ÓÕÍiÛÁÈ:ÇÁÚ-ÒiÄÉÎÁ, ÒiÄÉÎÁ-ÒiÄÉÎÁ i ÇÁÚ-ÇÁÚ [7].òi×ÎÑÎÎÑ ÓÔÁÎÕ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ ÄÌÑ ÓÕÍiÛi ÍÁ¤ ÔÁËÉÊ ÖÅ ×ÉÇÌÑÄÑË i ÄÌÑ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ (ÏÄÎÏÆÌÀ§ÄÎÅ ÎÁÂÌÉÖÅÎÎÑ) [1]:P = RTV � b � aV 2Ú ÔÉÍ ÝÏ ÐÁÒÁÍÅÔÒÉ a i b ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ÌiÎiÊÎÕ ËÏÍÂiÎÁÃiÀÐÁÒÃiÁÌØÎÉÈ ÐÁÒÁÍÅÔÒi× i ¤ ÆÕÎËÃiÑÍÉ ËÏÎÃÅÎÔÒÁÃi§ x:a = (1� x)2a11 + 2(1� x)xa12 + x2a22b = (1� x)2b11 + 2(1� x)xb12 + x2b22:÷ ÃÉÈ Òi×ÎÑÎÎÑÈ ÐÒÉÓÕÔÎi ÐÅÒÅÈÒÅÓÎi ÐÁÒÁÍÅÔÒÉ a12 i b12, ÑËi ×ÉÒÁÖÁ-ÀÔØÓÑ ÞÅÒÅÚ ÏÄÎÏÓÏÒÔÎi, ÎÁÐÒÉËÌÁÄ ÚÁ ÐÒÁ×ÉÌÏÍ ìÏÒÅÎÃÁ-âÅÒÔÌÏ:a12 = pa11a22; b12 = 12 �b1=311 + b1=322 �3 :
ICMP{98{32 16÷ ÒÏÂÏÔÁÈ [1]-[9] ÄÏ ÔÁËÏ§ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓi×ÓØËÏ§ ÓÕÍiÛi ,ÂÕÌÉ ÚÁÓÔÏ-ÓÏ×ÁÎi Òi×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ëô:�@2G@x2 �P;T = 0; �@3G@x3 �P;T = 0(G { ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ç¦ÂÂÓÁ Â¦ÎÁÒÎÏ§ ÓÕÍ¦Û¦) i ÕÍÏ×É ÎÁ ÆÁÚÏ×Õ Òi×ÎÏ-×ÁÇÕ: T� = T �; P� = P � ; ��1 = ��1 ; ��2 = ��2 :ðÒÉÞÏÍÕ, ÒÏÚÇÌÑÄÁÌÉÓØ ÒiÚÎi ÓÐi××iÄÎÏÛÅÎÎÑ ÍiÖ ÐÁÒÁÍÅÔÒÁÍÉ aij ibij . ÷ ÚÁÌÅÖÎÏÓÔi ×iÄ ÓÐi××iÄÎÏÛÅÎÎÑ ÍiÖ ÎÉÍÉ ÂÕÌÉ ÏÔÒÉÍÁÎi ÒiÚÎiÔÉÐÉ ÆÁÚÏ×ÉÈ ÄiÁÇÒÁÍ. æÁËÔÉÞÎÏ, ÎÁ ÏÓÎÏ×i Òi×ÎÑÎÎÑ ÓÔÁÎÕ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ ÐÅÒÅÄÂÁÞÅÎÏ ÎÁ ÑËiÓÎÏÍÕ Òi×Îi ×Ói ÔÉÐÉ ÆÁÚÏ×ÉÈ ÄiÁÇÒÁÍ Ú×ÉÝÅÚÇÁÄÁÎÏ§ ËÌÁÓÉÆiËÁÃiÊÎÏ§ ÓÈÅÍÉ [9], ËÒiÍ ÏÓÔÁÎÎØÏÇÏ.3. íÅÔÏÄ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØäÒÕÇÉÍ Ð¦ÄÈÏÄÏÍ, ÑËÉÊ ÄÁ¤ ËÌÁÓÉÞÎÉÊ ÏÐÉÓ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉÂ¦ÎÁÒÎÉÈ ÆÌÀ§Ä¦×, ¤ ÍÅÔÏÄ ¦ÎÔÅÇÒÁÌØÎÉÈ Ò¦×ÎÑÎØ. ÷ÍÅÖÁÈ ÃØÏÇÏ Ð¦Ä-ÈÏÄÕ ×ÉÚÎÁÞÅÎÎÑ ÕÍÏ× ÆÁÚÏ×ÏÇÏ ×¦ÄÏËÒÅÍÌÅÎÎÑ × ÓÕÍ¦ÛÁÈ ÇÒÕÎÔÕ¤ÔØ-ÓÑ, ÑË ÐÒÁ×ÉÌÏ, ÎÁ ÏÂÞÉÓÌÅÎÎ¦ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÕ ËÏÎÃÅÎÔÒÁÃ¦Ñ-ËÏÎÃÅÎÔÒÁÃ¦Ñ Scc(k) ÐÒÉ k = 0:Scc(k) = c(1� c)(1� c)S11(k) + cS22(k)� 2pc(1� c)S12(k);ÄÅ Sij(k) { ÐÁÒÃ¦ÁÌØÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ, i; j = 1; 2 { ¦ÎÄÅËÓÉ ÓÏÒ-ÔÕ, c { ËÏÎÃÅÎÔÒÁÃ¦Ñ ÞÁÓÔÉÎÏË ÄÒÕÇÏÇÏ ÓÏÒÔÕ.ðÒÉ Ð¦ÄÈÏÄ¦ ÄÏ ÓÐ¦ÎÏÄÁÌ¦"ÇÁÚ-Ò¦ÄÉÎÁ" ÁÂÏ "ÚÍ¦ÛÕ×ÁÎÎÑ-ÎÅÚÍ¦ÛÕ×ÁÎÎÑ" Scc(k = 0) ÒÏÚÂ¦ÇÁ¤ÔØ-ÓÑ, ÏÓË¦ÌØËÉ, ÑË ÄÏÂÒÅ ×¦ÄÏÍÏ, Í¦Ö Scc(0) ¦ ÕÍÏ×ÏÀ ÎÁ ÓÐ¦ÎÏÄÁÌØ ¦ÓÎÕ¤Ú×'ÑÚÏË: Scc(0) = NkBT=�@2GM@c2 �T;P ;ÄÅ GM { ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÚÍ¦ÛÕ×ÁÎÎÑ ç¦ÂÂÓÁ ÄÌÑ Â¦ÎÁÒÎÏÇÏ ÆÌÀ§ÄÕ.ðiÏÎÅÒÓØËÏÀ ÒÏÂÏÔÏÀ × ÃiÊ ÏÂÌÁÓÔi ÂÕÌÁ ÒÏÂÏÔÁ ÷ÁÊÓÍÁÎÁ [10].÷iÎ ÒÏÚÇÌÑÎÕ× ÓÉÍÅÔÒÉÞÎÕ ÓÕÍiÛ Ú ÏÄÎÁËÏ×ÉÍÉ ÇÕÓÔÉÎÁÍÉ ÞÁÓÔÉÎÏË,ÑËi ×ÚÁ¤ÍÏÄiÀÔØ ÞÅÒÅÚ Ô×ÅÒÄÉÊ ËÏÒ ÐÌÀÓ ÐÏÔÅÎÃiÁÌ àËÁ×É:Uij(r) = � 1 ÑËÝÏ r � 1Kijr e�z(r�1) ÑËÝÏ r > 1 :



17 ðÒÅÐÒÉÎÔ÷ ÍÏÄÅÌi ÷ÁÊÓÍÁÎÁ ÞÁÓÔÉÎËÉ ÔÏÇÏ ÓÁÍÏÇÏ ÓÏÒÔÕ ("ÐÏÄiÂÎi" ÞÁÓÔÉÎ-ËÉ) ÐÏÚÁ ËÏÒÏÍ ÐÒÉÔÑÇÕÀÔØÓÑ i ÒiÚÎÉÈ ÓÏÒÔi× ("ÎÅÐÏÄiÂÎi" ÞÁÓÔÉÎËÉ)×iÄÛÔÏ×ÈÕÀÔØÓÑ (K11 = K22 = K12 ). ÷ÁÊÓÍÁÎ ÒÏÚ×'ÑÚÁ× ÓÅÒÅÄÎØÏ-ÓÆÅÒÉÞÎÅ ÎÁÂÌÉÖÅÎÎÑ (óóî) ÄÌÑ Ãi¤§ ÍÏÄÅÌi i ÐÏËÁÚÁ×, ÝÏ iÓÎÕ¤ÏÂÌÁÓÔØ × ÐÌÏÝÉÎi ÔÅÍÐÅÒÁÔÕÒÁ-ÇÕÓÔÉÎÁ, ÄÅ ÎÅÍÁ ÒÅÁÌØÎÏÇÏ ÒÏ-Ú×'ÑÚËÕ. ÷iÎ iÎÔÅÒÐÒÅÔÕ×Á× ÃÅÊ ÆÁËÔ ÑË ÎÁÑ×ÎiÓÔØ æð ÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ. ÷ [11] Á×ÔÏÒÉ ÒÏÚÇÌÑÎÕÌÉ ÒÏÚÛÉÒÅÎÕ ÍÏÄÅÌØ ÷ÁÊÓÍÁ-ÎÁ (K11 = K22 6= K12 ). òÏÚ×'ÑÚÁ×ÛÉ ÁÎÁÌiÔÉÞÎÏ óóî ×ÏÎÉ ÐÏËÁÚÁ-ÌÉ, ÝÏ × ÓÕÍiÛi ÍÏÖÕÔØ ×iÄÂÕ×ÁÔÉÓÑ Ä×Á ÔÉÐÉ æð × ÚÁÌÅÖÎÏÓÔi ×iÄÓÐi××iÄÎÏÛÅÎÎÑ ÍiÖ K11 i K12: çò i ÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ. òÏ-ÂÏÔÉ [12]-[19] ÐÒÉÓ×ÑÞÅÎi ÞÉÓÅÌØÎÏÍÕ ÒÏÚÒÁÈÕÎËÕ iÎÔÅÇÒÁÌØÎÉÈ Òi×-ÎÑÎØ. ôÕÔ ÒÏÚÇÌÑÄÁÌÉÓØ, Ú ÏÄÎÏÇÏ ÂÏËÕ, ÂiÌØÛ ÓËÌÁÄÎi ÓÕÍiÛi Ô×ÅÒÄÉÈÓÆÅÒ ÒiÚÎÉÈ ÒÏÚÍiÒi×, ÑËi ×ÚÁ¤ÍÏÄiÀÔØ ÞÅÒÅÚ ÒiÚÎi ÐÏÔÅÎÃiÁÌÉ àËÁ×É(K11 6= K22 6= K12 ) [12]-[13],[17]-[19] i Ú iÎÛÏÇÏ ÂÏËÕ, ÓÕÍiÛi ÞÁÓÔÉ-ÎÏË, ÑËi ×ÚÁ¤ÍÏÄiÀÔØ Ú ÐÏÔÅÎÃiÁÌÁÍÉ ìÅÎÎÁÒÄÁ-äÖÏÎÓÁ [15]-[16]. ÷ÓiÒÏÂÏÔÉ ÄÅÍÏÎÓÔÒÕÀÔØ ÚÎÁÞÎÉÊ ÐÒÏÇÒÅÓ Õ ×É×ÞÅÎÎi ×ÌÁÓÔÉ×ÏÓÔÅÊ æðÕ ÂiÎÁÒÎÉÈ ÓÕÍiÛÁÈ ÑË ÆÕÎËÃiÊ ÍiËÒÏÓËÏÐiÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ ÍiÖ ÞÁ-ÓÔÉÎËÁÍÉ. ïÄÎÁË, ËÒiÍ ÔÏÇÏ, ÝÏ ÃÅÊ ÐiÄÈiÄ ÄÁ¤ ËÌÁÓÉÞÎÕ ÐÏ×ÅÄiÎËÕ,ÔÕÔ iÓÎÕ¤ ÝÅ ÒÑÄ ÐÒÏÂÌÅÍ, Á ÓÁÍÅ: 1) ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÁ ÎÅÓÕÍ¦ÓÎ¦ÓÔØÔÅÏÒ¦§, ÑËÁ ×ÉËÏÒÉÓÔÏ×Õ¤ ÚÁÍÉËÁÎÎÑ ÔÁË¦ ÑË óóî, ðÅÒËÕÓÁ-ê¤×¦ËÁ¦ Ç¦ÐÅÒÌÁÎÃÀÇÏ×Å; 2) ÁÎÁÌiÔÉÞÎÉÊ ÒÏÚ×'ÑÚÏË Òi×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅ iÓÎÕ¤ ÔiÌØËÉ Õ ×ÉÐÁÄËÕ ÎÁÊÐÒÏÓÔiÛÏÇÏ ÚÁÍÉËÁÎÎÑ - óóî ÄÌÑÄÅËiÌØËÏÈ ÐÁÒÎÉÈ ÐÏÔÅÎÃiÁÌi×; 3) ÏÂÉÄ×Á Òi×ÎÑÎÎÑ ðÅÒËÕÓÁ-ê¤×iËÁ iÇiÐÅÒÌÁÎÃÀÇÏ×Å ÄÅÍÏÎÓÔÒÕÀÔØ ÌiÍiÔ ÓÔÁÂiÌØÎÏÓÔi ÐÏ ÔÅÍÐÅÒÁÔÕÒi TÄÌÑ ÄÁÎÏ§ ÓÕÍiÛi ÐÒÉ ÆiËÓÏ×ÁÎiÊ ËÏÎÃÅÎÔÒÁÃi§ i ÇÕÓÔÉÎi. ñËÝÏ ÔÅÍÐÅ-ÒÁÔÕÒÁ ÐÏÎÉÖÕ¤ÔØÓÑ ×iÄÎÏÓÎÏ ÃØÏÇÏ ÌiÍiÔÕ, ÏÓÍÏÔÉÞÎÁ i iÚÏÔÅÒÍiÞÎÁÓÔÉÓÌÉ×ÏÓÔi ÚÒÏÓÔÁÀÔØ i ÓÔÁ¤ ×ÓÅ ×ÁÖÞÅ ÏÔÒÉÍÁÔÉ ÞÉÓÌÏ×Õ ÚÂiÖÎiÓÔØ.÷ÔÒÁÔÁ ÚÂiÖÎÏÓÔi ÞÉÓÌÏ×ÏÇÏ ÁÌÇÏÒÉÔÍÕ ÎÅ ÚÁ×ÖÄÉ ÐÏ×'ÑÚÁÎÁ Ú iÓÔÉÎ-ÎÏÀ ÒÏÚÂiÖÎiÓÔÀ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ. ôÏÍÕ iÎÔÅÒÐÒÅÔÁÃiÑ Ts(�)ÓÐiÎÏÄÁÌØÎÏÀ ÌiÎi¤À ÓÕÍiÛi ÎÅ ¤ ÏÞÅ×ÉÄÎÏÀ.4. æÅÎÏÍÅÎÏÌÏÇiÞÎi ÔÅÏÒi§IÎÔÅÒÐÒÅÔÁÃiÑ ËÒÉÔÉÞÎÉÈ Ñ×ÉÝ × ÓÕÍiÛÁÈ ×ÓÅ ÝÅ ÚÎÁÞÎÏÀ ÍiÒÏÀ ÓÐÉ-ÒÁ¤ÔØÓÑ ÎÁ ÆÅÎÏÍÅÎÏÌÏÇiÞÎÉÊ ÐiÄÈiÄ. ÷ ÏÓÎÏ×i ÆÅÎÏÍÅÎÏÌÏÇiÞÎÏÇÏÐiÄÈÏÄÕ ÌÅÖÁÔØ ÐÒÉÎÃÉÐ ÕÎi×ÅÒÓÁÌØÎÏÓÔi i ÇiÐÏÔÅÚÁ iÚÏÍÏÒÆÎÏÓÔi.÷ÌÁÓÔÉ×ÏÓÔi ÓÉÓÔÅÍ × ÏËÏÌi ËÒÉÔÉÞÎÉÈ ÔÏÞÏË ÍÏÖÕÔØ ÂÕÔÉ ÚÒÏ-ÚÕÍiÌi ÎÁ ÍÏ×i ÐÒÉÎÃÉÐÕ ÕÎi×ÅÒÓÁÌØÎÏÓÔi ÑËÉÊ ÇÏ×ÏÒÉÔØ, ÝÏ ÁÓÉÍ-ÐÔÏÔÉÞÎÁ ÔÅÒÍÏÄÉÎÁÍiÞÎÁ ÐÏ×ÅÄiÎËÁ ÓÉÓÔÅÍ, ÑËi ÎÁÌÅÖÁÔØ ÄÏ ÏÄÎÏÇÏËÌÁÓÕ ÕÎi×ÅÒÓÁÌØÎÏÓÔi ÚÁÄÏ×iÌØÎÑ¤ ÓËÅÊÌiÎÇÏ×ÉÍ ÚÁËÏÎÁÍ Ú ÕÎi×ÅÒ-ÓÁÌØÎÉÍÉ ËÒÉÔÉÞÎÉÍÉ iÎÄÅËÓÁÍÉ i ÕÎi×ÅÒÓÁÌØÎÉÍÉ ÓËÅÊÌiÎÇÏ×ÉÍÉ
ICMP{98{32 18ÆÕÎËÃiÑÍÉ. óÐÏÞÁÔËÕ ÐÒÉÎÃÉÐ ÕÎi×ÅÒÓÁÌØÎÏÓÔi ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÂÕ×ÒÏÚ×ÉÎÕÔÉÊ ÄÌÑ ÓÉÓÔÅÍ Ú iÚÏÌØÏ×ÁÎÏÀ ËÒÉÔÉÞÎÏÀ ÔÏÞËÏÀ Ú Ä×ÏÍÁÓËÅÊÌiÎÇÏ×ÉÍÉ ÐÏÌÑÍÉ: ÓÌÁÂÉÍ, ÔÅÍÐÅÒÁÔÕÒÎÏÐÏÄiÂÎÉÍ ÓËÅÊÌiÎÇÏ-×ÉÍ ÐÏÌÅÍ i ÓÉÌØÎÉÍ, ×ÐÏÒÑÄËÏ×ÕÀÞÉÍ ÓËÅÊÌiÎÇÏ×ÉÍ ÐÏÌÅÍ, ÓÐÒÑ-ÖÅÎÉÍ ÄÏ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÐÏ×'ÑÚÁÎÏÇÏ Ú ÆÁÚÏ×ÉÍ ÐÅÒÅÈÏÄÏÍ [20].ðÒÉËÌÁÄÏÍ ÔÁËÏ§ ÓÉÓÔÅÍÉ ¤ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÉÊ ÆÌÀ§Ä. ïÄÎÁË, ÂiÌØ-ÛiÓÔØ ÒÅÁÌØÎÉÈ ÓÉÓÔÅÍ ÄÅÍÏÎÓÔÒÕÀÔØ ÌiÎi§ ÁÂÏ ÐÏ×ÅÒÈÎi ËÒÉÔÉÞÎÉÈÔÏÞÏË × ÚÁÌÅÖÎÏÓÔi ×iÄ ÞÉÓÌÁ ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ ÓÔÕÐÅÎi× ×iÌØÎÏÓÔi(ÎÁÐÒÉËÌÁÄ, ÂiÎÁÒÎi ÓÕÍiÛi). òÏÚÛÉÒÅÎÎÑ ÐÒÉÎÃÉÐÕ ÕÎi×ÅÒÓÁÌØÎÏÓÔiËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÎÁ ÓÉÓÔÅÍÉ Ú ÂiÌØÛ ÎiÖ Ä×ÏÍÁ ÓÔÕÐÅÎÑÍÉ ×iÌØÎÏÓÔiÂÕÌÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÏ çÒiÆÆiÃÏÍ i ÷ÅÅÌÅÒÏÍ [22], Á ÔÁËÏÖ óÁÁÍÏÍ [23].âÕÌÏ ÐÏËÁÚÁÎÏ, ÝÏ ÔÅÒÍÏÄÉÎÁÍiÞÎÁ ÐÏ×ÅÄiÎËÁ ÓÕÍiÛi ÚÁÄÏ×iÌØÎÑ¤ÔÉÍ ÓÁÍÉÍ ÓËÅÊÌiÎÇÏ×ÉÍ ÚÁËÏÎÁÍ Ú ÔÉÍÉ ÓÁÍÉÍÉ ËÒÉÔÉÞÎÉÍÉ iÎ-ÄÅËÓÁÍÉ i ÓËÅÊÌiÎÇÏ×ÉÍÉ ÆÕÎËÃiÑÍÉ ÑË i ÏÄÎÏËÏÍÐÏÎÅÎÔÎÁ ÓÉÓÔÅÍÁ,ÑËÝÏ ÓÕÍiÛ ×É×ÞÁ¤ÔØÓÑ ÐÒÉ ÐÏÓÔiÊÎÏÍÕ ÐÏÌi �, Ú×'ÑÚÁÎÏÍÕ Ú ÈiÍiÞ-ÎÉÍÉ ÐÏÔÅÎÃiÁÌÁÍÉ ËÏÍÐÏÎÅÎÔi×, Á ÎÅ ÐÒÉ ÐÏÓÔiÊÎiÊ ËÏÎÃÅÎÔÒÁÃi§.÷iÄÐÏ×iÄÎÉÍ ÞÉÎÏÍ ×ÉÄiÌÅÎÁ iÚÏÍÏÒÆÎÁ ×iÌØÎÁ ÅÎÅÒÇiÑ ÍÁÔÉÍÅ ÔÁ-ËÕ ÓÁÍÕ ÕÎi×ÅÒÓÁÌØÎÕ ÎÅÁÎÁÌiÔÉÞÎÕ ÚÁÌÅÖÎiÓÔØ ×iÄ Ä×ÏÈ ÈÁÒÁËÔÅÒÉ-ÓÔÉÞÎÉÈ ÚÍiÎÎÉÈ ÑË i ×iÄÐÏ×iÄÎÁ ×iÌØÎÁ ÅÎÅÒÇiÑ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ÓÉÓÔÅÍÉ. óÉÓÔÅÍÎÏ ÚÁÌÅÖÎi ËÏÎÓÔÁÎÔÉ, Á ÔÁËÏÖ ËÒÉÔÉÞÎi ÐÁÒÁÍÅÔÒÉÚÁÌÅÖÁÔÉÍÕÔØ ÐÁÒÁÍÅÔÒÉÞÎÏ ×iÄ "ÐÒÉÈÏ×ÁÎÏÇÏ" ÐÏÌÑ �.îÁ ÐÒÁËÔÉÃi ÅËÓÐÅÒÉÍÅÎÔÁÌØÎi ÕÍÏ×É ÎÁËÌÁÄÁÀÔØ ÏÂÍÅÖÅÎÎÑ ÎÁ×ÉÂiÒ ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ: ÅËÓÐÅÒÉÔÍÅÎÔÁÌØÎi ÄÁÎi Ú×ÉÞÁÊÎÏÏÔÒÉÍÕÀÔØÓÑ ÐÒÉ ÐÏÓÔiÊÎiÊ ËÏÎÃÅÎÔÒÁÃi§. ñË ÂÕÌÏ ÐÏËÁÚÁÎÏ æiÛÅ-ÒÏÍ [21], ÐÒÉ ÐÏÓÔiÊÎiÊ ËÏÎÃÅÎÔÒÁÃi§ ÈÁÒÁËÔÅÒ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄiÎËÉÓÕÍiÛi ÍÁ× ÂÉ ÚÍiÎÀ×ÁÔÉÓØ, ÏÓËiÌØËÉ ×iÄÂÕ×Á¤ÔØÓÑ ÒÅÎÏÒÍÁÌiÚÁÃiÑËÒÉÔÉÞÎÉÈ iÎÄÅËÓi×. ôÁË, iÚÏÔÅÒÍiÞÎÁ ÓÔÉÓÌÉ×iÓÔØ ÂiÎÁÒÎÏ§ ÓÕÍiÛiÍÁÌÁ Â ÍÁÔÉ ÎÁÂÁÇÁÔÏ ÓÌÁÂÛÕ ÒÏÚÂiÖÎiÓÔØ ÎiÖ × ÏÄÎÏËÏÍÐÏÎÅÎÔÎÉÈÆÌÀ§ÄÁÈ, Á ÐÉÔÏÍÁ ÔÅÐÌÏ¤ÍÎiÓÔØ ÐÒÉ ÐÏÓÔiÊÎÏÍÕ ÏÂ'¤Íi ÎÅ ÍÁÌÁ ÂÍÁÔÉ ÒÏÚÂiÖÎÏÓÔi ×ÚÁÇÁÌi. áÌÅ ÅËÓÐÅÒÉÍÅÎÔÉ ÞÁÓÔÏ ÐÏËÁÚÕÀÔØ ÑËÒÁÚÔÏÞÎÏ Ôi ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ iÎÄÅËÓi× ÝÏ Ê ÏÄÎÏËÏÍÐÏÎÅÎÔÎi ÓÉÓÔÅ-ÍÉ. ãÅÊ ÆÁËÔ ÍÏÖÅ ÂÕÔÉ ÐÏÑÓÎÅÎÉÊ × ÒÁÍËÁÈ ÆÅÎÏÍÅÎÏÌÏÇiÞÎÏÇÏÐiÄÈÏÄÕ ÔÉÍ, ÝÏ iÓÎÕ¤ ÓÉÌØÎÉÊ ËÒÏÓÏ×ÅÒ, ÑËÉÊ ÚÍÅÎÛÕ¤ ÁÓÉÍÐÔÏ-ÔÉÞÎÕ ÏÂÌÁÓÔØ [24]. ãÅ ÒÏÂÉÔØ ×ÁÖËÉÍ ÏÄÎÏÚÎÁÞÎÅ ÐiÄÔ×ÅÒÄÖÅÎÎÑÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔi×.ëÒiÍ ÔÏÇÏ, ÐÒÉ ÒÏÚÇÌÑÄi ÆÌÀ§ÄÎÉÈ ÓÕÍiÛÅÊ, × ÑËÉÈ ×iÄÂÕ×Á¤ÔØ-ÓÑ ÎÁ ËÒÉÔÉÞÎiÊ ÌiÎi§ ÎÅÐÅÒÅÒ×ÎÉÊ ÐÅÒÅÈiÄ ×iÄ ëô ÇÁÚ-ÒiÄÉÎÁ ÄÏëô ÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ, ×ÉÎÉËÁ¤ ÐÏÔÒÅÂÁ × ÕÚÁÇÁÌØÎÅÎÎi ÔÒÁ-ÄÉÃiÊÎÏÇÏ ÓÐÏÓÏÂÕ ÚÄiÊÓÎÅÎÎÑ iÚÏÍÏÒÆÎÏÇÏ ÆÏÒÍÕÌÀ×ÁÎÎÑ ËÒÉÔÉÞ-ÎÉÈ Ñ×ÉÝ. ôÁËÅ ÕÚÁÇÁÌØÎÅÎÎÑ ÂÕÌÏ ÚÄiÊÓÎÅÎÅ × ÒÏÂÏÔÁÈí.ï. áÎiÓiÍÏ-×Á Úi ÓÐi×Á×ÔÏÒÁÍÉ [25]-[29]. úÕÐÉÎÉÍÏÓÑ ËÏÒÏÔËÏ ÎÁ ÏÓÎÏ×ÎÉÈ iÄÅÑÈ,



19 ðÒÅÐÒÉÎÔ×ÉËÌÁÄÅÎÉÈ × ÃÉÈ ÒÏÂÏÔÁÈ.úÇiÄÎÏ ÐÒÉÎÃÉÐÕ ÕÎi×ÅÒÓÁÌØÎÏÓÔi ÔÅÒÍÏÄÉÎÁÍiËÁ ÏÄÎÏËÏÍÐÏÎÅÎÔ-ÎÏÇÏ ÆÌÀ§ÄÕ ÂiÌÑ ëô ÇÁÚ-ÒiÄÉÎÁ i "ÎÅÓÔÉÓÌÉ×Ï§" ÂiÎÁÒÎÏ§ ÓÕÍiÛi ÂiÌÑëô ÒiÄÉÎÁ-ÒiÄÉÎÁ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ Ä×ÏÍÁ ÓËÅÊÌiÎÇÏ×ÉÍÉ ÐÏÌÑÍÉ:h1 = g + a(T � Tc)h2 = T � Tc + bg;ÄÅ g ¤ ÈiÍiÞÎÉÊ ÐÏÔÅÎÃiÁÌ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏÇÏ ÆÌÀ§ÄÕ ÞÉ g = �1��2(�i { ÈiÍiÞÎÉÊ ÐÏÔÅÎÃiÁÌ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ i) ÄÌÑ Ä×ÏËÏÍÐÏÎÅÎÔÎÏ§"ÎÅÓÔÉÓÌÉ×Ï§" ÒiÄËÏ§ ÓÕÍiÛi. âÕÌÏ ÐÏËÁÚÁÎÏ, ÝÏ ÑËÝÏ ÚÍiÛÕ×ÁÎÎÑÐÏÌØÏ×ÉÈ ÚÍiÎÎÉÈ ÎÅ ×ÐÌÉ×Á¤ ÎÁ ÁÓÉÍÐÔÏÔÉÞÎÕ ÐÏ×ÅÄiÎËÕ ÏÄÎÏËÏÍ-ÐÏÎÅÎÔÎÏÇÏ ÆÌÀ§ÄÕ i "ÎÅÓÔÉÓÌÉ×Ï§" ÓÕÍiÛi, ÔÏ Õ ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄ-ËÕ ÂiÎÁÒÎÏ§ ÓÕÍiÛi ÔÁËÅ ÚÍiÛÕ×ÁÎÎÑ ÐÒÉ×ÏÄÉÔØ × ÂiÌØÛÏÓÔi ×ÉÐÁÄËi×ÄÏ ÚÍiÎ ÁÓÉÍÐÔÏÔÉÞÎÏ§ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄiÎËÉ. ÷iÄÐÏ×iÄÎÏ ÄÏ ÇiÐÏÔÅÚÉiÚÏÍÏÒÆÎÏÓÔi, ÓÉÌØÎÏ ÒÏÚ×ÅÄÅÎi ÒÏÚÞÉÎÉ ÂiÌÑ ëô ÇÁÚ-ÒiÄÉÎÁ i ÓÌÁ-ÂÏ ÓÔÉÓÌÉ×i ÒiÄËi ÓÕÍiÛi ÂiÌÑ ÔÏÞËÉ ÒÏÚÞÉÎÅÎÎÑ ÍÏÖÕÔØ ÂÕÔÉ ÏÂ'¤Ä-ÎÁÎi Õ ×ÉÚÎÁÞÅÎÎi ÐÏÌÅÊ h1 i h2, ××ÏÄÑÞÉ "ÐÒÉÈÏ×ÁÎi" ÐÏÌÑ, ÓÐÒÑ-ÖÅÎi ÄÏ "ÐÒÉÈÏ×ÁÎÉÈ" ÇÕÓÔÉÎ, Á ÓÁÍÅ, ÒiÚÎÉÃÀ ÈiÍiÞÎÉÈ ÐÏÔÅÎÃiÁÌi×ÞÉÓÔÉÈ ËÏÍÐÏÎÅÎÔ i ËÏÎÃÅÎÔÒÁÃi§ Õ ×ÉÐÁÄËÕ ëô ÇÁÚ-ÒiÄÉÎÁ i ÈiÍiÞ-ÎÉÊ ÐÏÔÅÎÃiÁÌ ÏÄÎi¤§ Ú ËÏÍÐÏÎÅÎÔ i ÚÁÇÁÌØÎÕ ÇÕÓÔÉÎÕ Õ ×ÉÐÁÄËÕ ëôÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ. ôÏÄi ËÒÉÔÉÞÎi ÐÁÒÁÍÅÔÒÉ ëô ÇÁÚ-ÒiÄÉÎÁÒÏÚ×ÅÄÅÎÏ§ ÓÕÍiÛi ÂÕÄÕÔØ ÆÕÎËÃiÑÍÉ � = �1 � �2, ÁÂÏ ÆÕÎËÃiÑÍÉ�1 Õ ×ÉÐÁÄËÕ ëô ÚÍiÛÕ×ÁÎÎÑ-ÎÅÚÍiÛÕ×ÁÎÎÑ ÓÌÁÂÏ ÓÔÉÓÌÉ×Ï§ ÒiÄÉÎÉ.ýÏÂ ÒÏÚÛÉÒÉÔÉ ÐÒÉÎÃÉÐ ÕÎi×ÅÒÓÁÌØÎÏÓÔi ëô ÎÁ ÚÁÇÁÌØÎÉÊ ×ÉÐÁ-ÄÏË, Á×ÔÏÒÉ ÐÒÉÐÕÓËÁÀÔØ, ÝÏ ÔÅÒÍÏÄÉÎÁÍiÞÎÁ ÐÏ×ÅÄiÎËÁ ÓÕÍiÛi ×ÓÅÝÅ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ Ä×ÏÍÁ ÓËÅÊÌiÎÇÏ×ÉÍÉ ÐÏÌÑÍÉ h1 i h2, ÑËi ÔÅÐÅÒ¤ ËÏÍÂiÎiÃiÑÍÉ ÔÒØÏÈ ÆiÚÉÞÎÉÈ ÚÍiÎÎÉÈ �T = T �Tc, ��1 = �1��1c,�� = �� �c: h1 = a1��1 + a2�T + a3��h2 = b1��1 + b2�T + b3��:÷Ói ÓÉÓÔÅÍÎÏ ÚÁÌÅÖÎi ÐÁÒÁÍÅÔÒÉ, Á ÓÁÍÅ, ËÏÅÆiÃi¤ÎÔÉ ai i bi ÔÁË ÓÁÍÏÑË i ËÒÉÔÉÞÎi ÐÁÒÁÍÅÔÒÉ Tc, �1c i �c ÚÁÌÅÖÁÔØ ÐÁÒÁÍÅÔÒÉÞÎÏ ×iÄÐÏÌÏÖÅÎÎÑ ÎÁ ËÒÉÔÉÞÎiÊ ÌiÎi§.5. I¤ÒÁÒÈiÞÎÁ ÂÁÚÉÓÎÁ ÔÅÏÒiÑ (HRT)÷ ÓÔÁÎÄÁÒÔÎÏÍÕ ÐiÄÈÏÄi ÒÅÎÏÒÍÇÒÕÐÉ ÆÌÕËÔÕÁÃi§ ÌÏËÁÌØÎÏÇÏ ÐÁÒÁ-ÍÅÔÒÁ ÐÏÒÑÄËÕ ÓÐÅÒÛÕ ÐiÄÄÁÀÔØÓÑ æÕÒ'¤ ÐÅÒÅÔ×ÏÒÅÎÎÀ, i ÔÏÄi ÆÌÕË-ÔÕÁÃi§ ×ÅÌÉËÉÈ È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒi× (ÓËÁÖiÍÏ k > Q) ×iÄiÎÔÅÇÒÏ×Õ-ÀÔØÓÑ. ÷ ÒÅÚÕÌØÔÁÔi ÚÄiÊÓÎÀ¤ÔØÓÑ ÐÅÒÅÈiÄ ÄÏ ÎÏ×ÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ
ICMP{98{32 20çÁÍiÌØÔÏÎiÁÎÕ ÄÌÑ ÆÌÕËÔÕÁÃiÊ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ Ú k < Q. ãÑ ÐÒÏ-ÃÅÄÕÒÁ ÍÏÖÅ ÂÕÔÉ ÐÏ×ÔÏÒÅÎÁ, ÚÍÅÎÛÕÀÞÉ ×ÅËÔÏÒ ÏÂÒiÚÁÎÎÑ Q ÐÏËÉ×Ói ÆÌÕËÔÕÁÃi§ ÎÅ ÂÕÄÕÔØ ×ÚÑÔi ÄÏ Õ×ÁÇÉ. ÷ ÔÁËÉÊ ÓÐÏÓiÂ ÇÅÎÅÒÕ¤ÔØ-ÓÑ ÐÏÓÌiÄÏ×ÎiÓÔØ ÅÆÅËÔÉ×ÎÉÈ çÁÍiÌØÔÏÎiÁÎÁ×, ËÏÖÅÎ Ú ÑËÉÈ ÏÐÉÓÕ¤ÆÌÕËÔÕÁÃi§ ÎÉÖÞÅ ÐÅ×ÎÏÇÏ ÏÂÒiÚÁÎÎÑ.úÁÍiÓÔØ ÔÏÇÏ Á×ÔÏÒÉ [30]-[36] ÐÒÏÐÏÎÕÀÔØ iÎÛÉÊ ÐiÄÈiÄ. ÷ÏÎÉ ÎÅÚÄiÊÓÎÀÀÔØ ÞÁÓÔËÏ×ÏÇÏ iÎÔÅÇÒÕ×ÁÎÎÑ i ÎÅ ÏÂÍÅÖÕÀÔØ ÓÔÕÐÅÎi ×iÌØ-ÎÏÓÔi: ×ÏÎÉ ÁÎÁÌiÚÕÀÔØ ÑË ×iÌØÎÁ ÅÎÅÒÇiÑ i ËÏÒÅÌÑÃiÊÎi ÆÕÎËÃi§ ÍÏ-ÄÉÆiËÕÀÔØÓÑ × ÒÅÚÕÌØÔÁÔi ××ÅÄÅÎÎÑ ×ÅËÔÏÒÁ ÏÂÒiÚÁÎÎÑ Q × ÄiÁÇÒÁÍ-ÎÉÊ ÒÏÚËÌÁÄ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ ÓÐÏÓÔÅÒÅÖÕ×ÁÎi ×ÅÌÉÞÉÎÉ.òÏÚÇÌÑÄÁ¤ÔØÓÑ ÓÉÓÔÅÍÁ ËÌÁÓÉÞÎÉÈ ÞÁÓÔÉÎÏË Ú ÃÅÎÔÒÁÌØÎÉÍ, ÐÏ-ÐÁÒÎÏ{ÁÄÉÔÉ×ÎÉÍ ÍiÖÞÁÓÔÉÎËÏ×ÉÍ ÐÏÔÅÎÃiÁÌÏÍ vij(r):vij(r) = vRij(r) + wij(r);ÄÅ vRij(r) ÏÐÉÓÕ¤ ×iÄÛÔÏ×ÈÕ×ÁÎÎÑ ÎÁ ÍÁÌÉÈ ×iÄÓÔÁÎÑÈ, i ÆiÚÉÞÎi ×ÌÁ-ÓÔÉ×ÏÓÔi ÓÕÍiÛi, ×ÚÁ¤ÍÏÄiÑ × ÑËiÊ ÏÐÉÓÕ¤ÔØÓÑ ÞÅÒÅÚ vRij(r) ××ÁÖÁÀÔØ-ÓÑ ×iÄÏÍÉÍÉ. wij(r) ÏÐÉÓÕ¤ ÐÒÉÔÑÇÁÎÎÑ. ´ÄÉÎÁ ÕÍÏ×Á ÎÁ ÆÕÎËÃiÀwij(r) ¤ iÓÎÕ×ÁÎÎÑ æÕÒ'¤ ÏÂÒÁÚÕ. I¤ÒÁÒÈiÞÎÁ ÂÁÚÉÓÎÁ ÔÅÏÒiÑ ÇÒÕÎ-ÔÕ¤ÔØÓÑ ÎÁ ÎÁÓÔÕÐÎÉÈ ËÒÏËÁÈ.òÏÚÇÌÑÄÁ¤ÔØÓÑ ÐÏÓÌiÄÏ×ÎiÓÔØ Q-ÓÉÓÔÅÍ, ÔÁËÉÈ ÝÏvQij (r) = vRij(r) + wQij(r);ÄÅ wQij(k) = � ~w(k) ÄÌÑ k > Q0 ÄÌÑ k > Q :òÏÌØ ÐÁÒÁÍÅÔÒÁ Q ¤ ÐÒÉÄÕÛÕ×ÁÔÉ ÆÌÕËÔÕÁÃi§ Ú È×ÉÌØÏ×ÉÍÉ ×ÅËÔÏ-ÒÁÍÉ k < Q. ôÏÍÕ ÓiÍ'Ñ Q-ÓÉÓÔÅÍ ÍÏÖÅ ××ÁÖÁÔÉÓÑ ÑË ÐÏÓÌiÄÏ×ÎiÓÔØ,ÑËÁ ÎÁÂÌÉÖÁ¤ÔØÓÑ ÄÏ ÓÉÓÔÅÍÉ Ú ÐÏ×ÎÏÀ ×ÚÁ¤ÍÏÄi¤À, ÄÅ ÆÌÕËÔÕÁÃi§ÎÁ ×iÄÓÔÁÎÑÈ ÂiÌØÛÉÈ ÎiÖ 1=Q ¤ ÓÉÌØÎÏ ÐÒÉÄÕÛÅÎi. äÒÕÇÉÊ ËÒÏËÐÏÌÑÇÁ¤ Õ ×É×ÅÄÅÎÎi ÔÏÞÎÉÈ Òi×ÎÑÎØ Å×ÏÌÀÃi§ ÄÌÑ ×ÌÁÓÔÉ×ÏÓÔÅÊ Q-ÓÉÓÔÅÍ, ÑËÝÏ ×ÅËÔÏÒ ÏÂÒiÚÁÎÎÑ ÚÍiÎÀ¤ÔØÓÑ ×iÄ Q ÄÏ Q � dQ. ÷×Ï-ÄÉÔØÓÑ ÍÏÄÉÆiËÏ×ÁÎÁ ×iÌØÎÁ ÅÎÅÒÇiÑ çÅÌØÍÇÏÌØÃÁ AQ ÄÌÑ Q-ÓÉÓÔÅÍÔÁË,ÝÏÂ ×ËÌÀÞÉÔÉ ÓÅÒÅÄÎØÏÐÏÌØÏ×i ×ËÌÁÄÉ, ÑËi ×iÄÐÏ×iÄÁÀÔØ ÒiÚÎÉÃi×ÚÁ¤ÍÏÄiÊ wij � wQij :AQV = AQV � 12�2[ ~wij(k = 0)� ~wQij (k = 0)]+12�i[wii(r = 0)� wQii (r = 0)]:



21 ðÒÅÐÒÉÎÔîÁ ÏÓÎÏ×i ÄiÁÇÒÁÍÎÉÈ ÒÏÚËÌÁÄi× ÚÁÐÉÓÕ¤ÔØÓÑ Òi×ÎÑÎÎÑ Å×ÏÌÀÃi§, ÑËÅËÅÒÕ¤ ÚÍiÎÏÀ ÍÏÄÉÆiËÏ×ÁÎÏ§ ×iÌØÎÏ§ ÅÎÅÒÇi§:� ddQ ���AQV � = 12 Zk=Q d
~k(2�)3 ln det[1 + �[CQ(k)]�1 ~W (k)]:ôÕÔ ××ÅÄÅÎi ÍÁÔÒÉÞÎi ÐÏÚÎÁÞÅÎÎÑ ÄÌÑ CQ(k) i ~W (k), cQij(k) { æÕÒ'¤ÏÂÒÁÚ ÍÏÄÉÆiËÏ×ÁÎÏ§ ÐÒÑÍÏ§ ËÏÒÅÌÑÃiÊÎÏ§ ÆÕÎËÃi§. ãÅ Òi×ÎÑÎÎÑ ¤ÐÅÒÛÉÍ Ú ÎÅÓËiÎÞÅÎÎÏ§ i¤ÒÁÒÈi§ Òi×ÎÑÎØ. áÎÁÌÏÇiÞÎi Òi×ÎÑÎÎÑ Å×Ï-ÌÀÃi§ ÚÁÐÉÓÕÀÔØÓÑ ÄÌÑ CQ(k) i ÄÌÑ ÐÒÑÍÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ×ÉÝÉÈ ÐÏÒÑÄËi×. ãÑ ÓÉÓÔÅÍÁ Òi×ÎÑÎØ ÄiÊÓÎÁ × ÕÓiÊ ÏÂÌÁÓÔi ÇÕÓÔÉÎ iÔÅÍÐÅÒÁÔÕÒ. äÏÓÌiÄÖÕÀÞÉ ÂiÎÁÒÎÕ ÓÕÍiÛ, Á×ÔÏÒÉ ÒÏÂÌÑÔØ ÒÑÄ ÎÁ-ÂÌÉÖÅÎØ: 1) ÏÂÍÅÖÕÀÔØÓÑ ÐÅÒÛÉÍ Òi×ÎÑÎÎÑÍ i¤ÒÁÒÈi§; 2) ÐÒÉÐÕÓËÁ-ÀÔØ, ÝÏ ×Ói cQij(k) ÁÎÁÌiÔÉÞÎi × ëô:cQij(k)k!0 � cQij(0)� bijk2 + : : : ;ÄÅ cQij(0) = @2AQ@�i@�j :á×ÔÏÒÉ ÐÏËÁÚÕÀÔØ, ÝÏ Òi×ÎÑÎÎÑ Å×ÏÌÀÃi§ × ÄÏ×ÇÏÈ×ÉÌØÏ×iÊ ÇÒÁÎÉÃiÓÔÁÀÔØ iÄÅÎÔÉÞÎÉÍÉ ÄÏ Òi×ÎÑÎØ ÒÅÎÏÒÍÇÒÕÐÉ ÄÌÑ ÅÆÅËÔÉ×ÎÏ§ Äi§, ÑËÁ×ËÌÀÞÁ¤ Ä×Á ÆÌÕËÔÕÀÀÞi ÐÏÌÑ. ïÓÎÏ×Îi ÒÅÚÕÌØÔÁÔÉ ÃØÏÇÏ ÃÉËÌÕÒÏÂiÔ ÎÁÓÔÕÐÎi:1. ðÏËÁÚÁÎÏ, ÝÏ ËÒÉÔÉÞÎi iÎÄÅËÓÉ ÂiÎÁÒÎÏ§ ÓÕÍiÛi ¤ ÐÏ×'ÑÚÁÎi ÄÏËÒÉÔÉÞÎÉÈ iÎÄÅËÓi× ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ ×iÄÐÏ×iÄÎÏ ÄÏÆÅÎÏÍÅÎÏÌÏÇiÞÎÉÈ ÐÒÉÐÕÝÅÎØ;2. äÌÑ ÓÕÍiÛi Ne � Xe ÏÔÒÉÍÁÎÏ ÔÅÍÐÅÒÁÔÕÒÕ ËÒÏÓÏ×ÅÒÁ, � �10�8;3. ïÔÒÉÍÁÎÏ ËÒÉ×Õ ÓÐi×iÓÎÕ×ÁÎÎÑ ÇÁÚ-ÒiÄÉÎÁ ÄÌÑ ÓÉÍÅÔÒÉÞÎÏ§ÓÕÍiÛi ÞÁÓÔÉÎÏË, ÑËi ×ÚÁ¤ÍÏÄiÀÔØ Ú ÐÏÔÅÎÃiÁÌÁÍÉ ìÅÎÎÁÒÄÁ-äÖÏÎÓÁ. äÁÎÁ ËÒÉ×Á ÄÏÂÒÅ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ, ÏÔ-ÒÉÍÁÎÉÍÉ ÍÅÔÏÄÁÍÉ ÞÉÓÌÏ×ÏÇÏ ÍÏÄÅÌÂ×ÁÎÎÑ;4. á×ÔÏÒÉ ÒÏÂÌÑÔØ ×ÉÓÎÏ×ÏË, ÝÏ ÐÒÏÔÑÖÎiÓÔØ ÁÓÉÍÐÔÏÔÉÞÎÏ§ ÏÂ-ÌÁÓÔi ÎÅ ¤ ÎÅÏÂÈiÄÎÏ ÍÁÌÏÀ, ÄÌÑ ÐÅ×ÎÉÈ ÂiÎÁÒÎÉÈ ÓÕÍiÛÅÊ i ÐÒÉÐÅ×ÎÉÈ ÒÅÖÉÍÁÈ ×ÏÎÁ ÍÏÖÅ ÂÕÔÉ ÄÏÓÑÇÎÕÔÁ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ.
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ICMP{98{32 24ðï÷åòèîå÷¶ ëòéôéþî¶ ñ÷éýáíÉËÏÌÁ ûÐÏÔ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉ,290011 Í. ìØ×¦×, ×ÕÌ. ó×¤ÎÃ¦ÃØËÏÇÏ, 1úÁ ÏÓÔÁÎÎ¦ 25 ÒÏË¦× ÍÅÔÏÄÉ ÔÅÏÒ¦§ ÐÏÌÑ ÎÁÂÕÌÉ ÏÓÏÂÌÉ×Ï§ ×ÁÖÌÉ-×ÏÓÔ¦ × ÓÕÞÁÓÎ¦Ê ÔÅÏÒ¦§ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ¦ ËÒÉÔÉÞÎÉÈ Ñ×ÉÝ [1{3]. ·È×ÉËÏÒÉÓÔÁÎÎÑ ÐÒÉ×ÅÌÏ ÄÏ ×ÅÌÉÞÅÚÎÏÇÏ ÐÒÏÇÒÅÓÕ × ÏÐÉÓ¦ ËÒÉÔÉÞÎÉÈÑ×ÉÝ, ÝÏ ×¦ÄÂÕ×ÁÀÔØÓÑ × ÂÅÚÍÅÖÎÏ ×ÅÌÉËÉÈ "¦ÄÅÁÌØÎÉÈ" ÍÏÄÅÌØ-ÎÉÈ ÓÉÓÔÅÍÁÈ. ðÒÏÔÅ ×Ó¦ ÒÅÁÌØÎ¦ ÏÂ'¤ËÔÉ, ÝÏ ¦ÓÎÕÀÔØ Õ ÐÒÉÒÏÄ¦, ÎÅ¤ ¦ÄÅÁÌØÎÉÍÉ. ÷ÏÎÉ ÍÁÀÔØ ÓË¦ÎÞÅÎÎ¦ ÒÏÚÍ¦ÒÉ, ÏÂÍÅÖÅÎ¦ ÐÏ×ÅÒÈÎÑÍÉ,Á ÔÁËÏÖ Í¦ÓÔÑÔØ Ò¦ÚÎ¦ ÄÏÍ¦ÛËÉ ¦ ÓÔÒÕËÔÕÒÎ¦ ÎÅÏÄÎÏÒ¦ÄÎÏÓÔ¦. õ ÔÁ-ËÉÈ ÓÉÓÔÅÍÁÈ ×¦ÄÂÕ×ÁÀÔØÓÑ ÔÁËÏÖ ÓÐÅÃÉÆ¦ÞÎ¦ Æ¦ÚÉÞÎ¦ Ñ×ÉÝÁ, ÑËÉÈÎÅÍÁ¤ × ¦ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍÁÈ. ïÞÅ×ÉÄÎÏ, ÝÏ ÔÅÏÒ¦Ñ ÆÁÚÏ×ÉÈ ÐÅÒÅÔ×Ï-ÒÅÎØ Õ ÓÉÓÔÅÍÁÈ, ÍÁËÓÉÍÁÌØÎÏ ÎÁÂÌÉÖÅÎÉÈ ÄÏ ÒÅÁÌØÎÉÈ, ÐÒÅÄÓÔÁ-×ÌÑ¤ ÚÎÁÞÎÉÊ ¦ÎÔÅÒÅÓ ÄÌÑ ÅËÓÐÅÒÉÍÅÎÔÁÔÏÒ¦× ¦ ÓÐÅÃ¦ÁÌ¦ÓÔ¦× Ú ËÏÍ-Ð'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ, ÑË¦ Ú ÎÅÏÂÈ¦ÄÎ¦ÓÔÀ ÍÁÀÔØ ÓÐÒÁ×Õ ¦Ú ÓË¦Î-ÞÅÎÎÉÍÉ ÏÂ'¤ËÔÁÍÉ ÄÏÓÌ¦ÄÖÅÎØ. ôÁËÁ ÔÅÏÒ¦Ñ ¤ ÎÁÂÁÇÁÔÏ ÓËÌÁÄÎ¦ÛÏÀ,¦ §§ ÒÏÚ×ÉÔÏË ÐÒÅÄÓÔÁ×ÌÑ¤ ÔÁËÏÖ ÂÅÚÓÕÍÎ¦×ÎÉÊ ¦ÎÔÅÒÅÓ ÄÌÑ ÔÅÏÒÅÔÉÞ-ÎÏ§ Æ¦ÚÉËÉ ×ÚÁÇÁÌ¦. ôÕÔ ËÏÌÏ ÎÅÒÏÚ×'ÑÚÁÎÉÈ ÚÁÄÁÞ ¦ ÐÒÏÂÌÅÍ ¤ ÚÎÁÞÎÏÛÉÒÛÉÍ, ÑË × ÔÅÏÒ¦§ ¦ÄÅÁÌØÎÉÈ ÂÅÚÍÅÖÎÉÈ ÓÉÓÔÅÍ.úÇÁÄÁÎ¦ ×ÉÝÅ ÍÅÔÏÄÉ ÔÅÏÒ¦§ ÐÏÌÑ ÐÏÞÁÌÉ ÕÓÐ¦ÛÎÏ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ-ÓÑ × ÔÅÏÒ¦§ ÐÏ×ÅÒÈÎÅ×ÉÈ ËÒÉÔÉÞÎÉÈ Ñ×ÉÝ ÎÁ ÐÏÞÁÔËÕ 80-ÒÏË¦× (ÄÉ×.ÏÇÌÑÄÉ [4,5]). çÏÌÏ×ÎÉÍ ÍÅÔÏÄÏÍ ÒÏÚÒÁÈÕÎËÕ ÂÕ× ÄÏ ÃØÏÇÏ ÞÁÓÕ � -ÒÏÚËÌÁÄ [1], ÔÏÂÔÏ ÒÏÚËÌÁÄ ÚÁ ÍÁÌÉÍÉ ×¦ÄÈÉÌÅÎÎÑÍÉ ×ÉÍ¦ÒÎÏÓÔ¦ ÐÒÏ-ÓÔÏÒÕ d ×¦Ä d = 4: � � 4 � d << 1. òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÏÔÒÉÍÕ-×ÁÌÉÓÑ Õ ×ÉÇÌÑÄ¦ ËÏÒÏÔËÉÈ (ÄÏ 1 ¦ 2 ÐÏÒÑÄË¦×) ÒÑÄ¦× ÚÁ ÓÔÅÐÅÎÑÍÉ�. äÌÑ ÏÔÒÉÍÁÎÎÑ Æ¦ÚÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ¦× Õ ÒÅÁÌØÎÏÍÕ ÔÒÉ×ÉÍ¦ÒÎÏ-ÍÕ ÐÒÏÓÔÏÒ¦ Ú � - ÒÏÚËÌÁÄÕ ÎÅÏÂÈ¦ÄÎÁ ÅËÓÔÒÁÐÏÌÑÃ¦Ñ ÄÏ � = 1, ÝÏÎÅ ÚÁ×ÖÄÉ ¤ ÐÒÏÓÔÉÍ ÚÁ×ÄÁÎÎÑÍ. îÁÐÒÉËÌÁÄ, ÏÔÒÉÍÁÎ¦ ÔÁËÉÍ ÞÉÎÏÍÚÎÁÞÅÎÎÑ ÄÌÑ ËÒÏÓÏ×ÅÒÎÏÇÏ ÐÏ×ÅÒÈÎÅ×ÏÇÏ ÐÏËÁÚÎÉËÁ � [4] ÎÁ 20-30%×¦ÄÒ¦ÚÎÑÌÉÓÑ ×¦Ä ÒÅÚÕÌØÔÁÔ¦× ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË¦× ÍÅÔÏÄÏÍ íÏÎÔÅëÁÒÌÏ.õ ÎÁÛÉÈ ÒÏÂÏÔÁÈ ÍÉ ÕÚÁÇÁÌØÎÀ¤ÍÏ Ô.Ú×. ÍÁÓÉ×ÎÕ ÔÅÏÒ¦À ÐÏÌÑ[3] ÎÁ ÎÁÐ¦×ÏÂÍÅÖÅÎ¦ ÓÉÓÔÅÍÉ Ú ÐÌÏÓËÏÀ ÐÏ×ÅÒÈÎÅÀ. ãÅ ÄÁ¤ ÍÏ-ÖÌÉ×¦ÓÔØ ÄÏÓÌ¦ÄÖÕ×ÁÔÉ ÐÏ×ÅÒÈÎÅ×Õ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÂÅÚÐÏÓÅÒÅÄ-ÎØÏ Õ Æ¦ÚÉÞÎ¦Ê ×ÉÍ¦ÒÎÏÓÔ¦ ÐÒÏÓÔÏÒÕ d = 3 (Â¦ÌØÛ ÚÁÇÁÌØÎÏ - Õ ÄÏ×¦ÌØ-ÎÉÈ ×ÉÍ¦ÒÎÏÓÔÑÈ 2 � d < 4) [6]. ôÁËÉÍ ÞÉÎÏÍ, ÚÏËÒÅÍÁ, ÍÉ ÏÔÒÉ-ÍÕ¤ÍÏ ÞÉÓÅÌØÎ¦ ÚÎÁÞÅÎÎÑ ÐÏ×ÅÒÈÎÅ×ÉÈ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦× ÄÌÑÄ×ÏÈ ÔÉÐ¦× ÐÏ×ÅÒÈÎÅ×ÉÈ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦×: Ú×ÉÞÁÊÎÏÇÏ ("ordinary")[6] ¦ ÓÐÅÃ¦ÁÌØÎÏÇÏ [7]. îÁÛ¦ ÒÅÚÕÌØÔÁÔÉ [8] × ÒÑÄ¦ ×ÉÐÁÄË¦× ÐÏÐÒÁ×ÌÑ-



25 ðÒÅÐÒÉÎÔÀÔØ ÐÏÐÅÒÅÄÎ¦ ÏÃ¦ÎËÉ, ÏÔÒÉÍÁÎ¦ Ú � - ÒÏÚËÌÁÄÕ, ¦ ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑÑË Ú ÎÁÊÎÏ×¦ÛÉÍÉ ÄÁÎÉÍÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÏÂ¦Ô, ÔÁË ¦ Ú ÎÁÊËÒÁ-ÝÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÞÉÓÅÌØÎÉÈ ÄÏÓÌ¦ÄÖÅÎØ ÍÅÔÏÄÁÍÉ íÏÎÔÅ ëÁÒÌÏ.÷¦ÄÚÎÁÞÉÍÏ ÔÁËÏÖ ¦ÓÎÕÀÞ¦ ÐÒÏÂÌÅÍÉ × ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏ-ÓÌ¦ÄÖÅÎÎÑÈ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÎÁ ÐÏ×ÅÒÈÎÑÈ. ñË ÐÒÁ×ÉÌÏ, ÄÏ-ÓÌ¦ÄÖÅÎÎÑ Ò¦ÚÎÉÈ ÔÉÐ¦× ÐÏ×ÅÒÈÏÎØ ÚÁ ÄÏÐÏÍÏÇÏÀ ÒÏÚÓ¦ÑÎÎÑ ÒÅÎÔ-ÇÅÎ¦×ÓØËÉÈ ÐÒÏÍÅÎ¦×1×ÉÑ×ÌÑÀÔØ ÐÅ×Î¦ ÈÁÒÁËÔÅÒÎ¦ ÒÉÓÉ,ÝÏ ×¦ÄÐÏ×¦ÄÁ-ÀÔØ Ò¦ÚÎÉÍ ÔÉÐÁÍ ÐÏ×ÅÒÈÎÅ×ÉÈ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦×, Á ÓÁÍÅ - Ú×ÉÞÁÊ-ÎÏÇÏ ¦ ÅËÓÔÒÁÏÒÄÉÎÁÒÎÏÇÏ. úÏËÒÅÍÁ, ÎÅ ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ ËÒÏÓÏ×ÅÒ ÄÏ"ÞÉÓÔÏÇÏ" ÅËÓÔÒÁÏÒÄÉÎÁÒÎÏÇÏ ÐÅÒÅÈÏÄÕ. ôÁËÁ ÓÉÔÕÁÃ¦Ñ Ú ÅËÓÐÅÒÉÍÅÎ-ÔÁÌØÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÓÐÏÎÕËÁ¤ ÔÁËÏÖ ÄÏ ÐÏÄÁÌØÛÏÇÏ ÔÅÏÒÅÔÉÞ-ÎÏÇÏ ÄÏÓÌ¦ÄÖÅÎÎÑ ÈÁÒÁËÔÅÒÎÉÈ ÏÓÏÂÌÉ×ÏÓÔÅÊ ÐÏ×ÅÒÈÎÅ×Ï§ ËÒÉÔÉÞÎÏ§ÐÏ×ÅÄ¦ÎËÉ ÐÒÉ ÅËÓÔÒÁÏÒÄÉÎÁÒÎÏÍÕ ÐÅÒÅÈÏÄ¦.1. íÏÄÅÌØëÒÉÔÉÞÎÁ ÐÏ×ÅÄ¦ÎËÁ ÎÁÐ¦×ÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ Ú n - ËÏÍÐÏÎÅÎÔÎÉÍÐÁÒÁÍÅÔÒÏÍ ÐÏÒÑÄËÕ ÏÐÉÓÕ¤ÔØÓÑ ÅÆÅËÔÉ×ÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ ÔÉÐÕìÁÎÄÁÕ - ç¦ÎÚÂÕÒÇÁ - ÷¦ÌØÓÏÎÁ [4]H[�] = ZV �12 (r�)2 + 12 m20 �2 + 14! u0 j�j4�+ Z@V �12 c0�2� : (1)îÁ ×¦ÄÍ¦ÎÕ ×¦Ä ÐÒÏÓÔÏÒÏ×Ï-ÎÅÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ, × ÄÁÎÏÍÕ ×ÉÐÁÄËÕÓÉÓÔÅÍÁ "ÚÁÊÍÁ¤" ×ÅÒÈÎÀ ÐÏÌÏ×ÉÎÕ d- ×ÉÍ¦ÒÎÏÇÏ ÐÒÏÓÔÏÒÕ V = IRd+ �f~x = (~r; z) 2 IRd j ~r 2 IRd�1; z � 0g, ÏÂÍÅÖÅÎÕ ÐÌÏÓËÏÀ ÐÏ×ÅÒÈÎÅÀ@V ÐÒÉ z = 0.ðÏÌÅ n- ËÏÍÐÏÎÅÎÔÎÏÇÏ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÏÐÉÓÕ¤ÔØÓÑÚÍ¦ÎÎÏÀ � = f�a(~x); a = 1; :::; ng. ðÏÞÁÔËÏ×¦, ÎÅÐÅÒÅÎÏÒÍÏ×ÁÎ¦ ÐÁÒÁ-ÍÅÔÒÉ ÔÅÏÒ¦§ ¤: "ÍÁÓÁ" m20 - Ì¦Î¦ÊÎÁ ÆÕÎËÃ¦Ñ ÔÅÍÐÅÒÁÔÕÒÉ; ËÏÎÓÔÁÎÔÁÚÁ'ÑÚËÕ u0 > 0, ÝÏ ÈÁÒÁËÔÅÒÉÚÕ¤ ÆÌÕËÔÕÁÃ¦§ ÐÏÌ¦× × ÏÂ'¤Í¦ ÓÉÓÔÅÍÉ;c0 - ÌÏËÁÌØÎÉÊ ÐÏ×ÅÒÈÎÅ×ÉÊ ÐÁÒÁÍÅÔÒ, ÝÏ ÏÐÉÓÕ¤ ×¦ÄÈÉÌÅÎÎÑ ÓÉÌÉÐÏ×ÅÒÈÎÅ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê ×¦Ä ÏÂ'¤ÍÎÉÈ ("surface enhancement" × ÁÎÇÌÏ-ÍÏ×Î¦Ê Ì¦ÔÅÒÁÔÕÒ¦).îÁÓ Ã¦ËÁ×ÉÔÉÍÕÔØ ËÒÉÔÉÞÎ¦ Ñ×ÉÝÁ, ÝÏ ×¦ÄÂÕ×ÁÀÔØÓÑ Õ ÐÏ×ÅÒÈÎÅ-×ÏÍÕ ÛÁÒ¦ ÔÁËÏ§ ÎÁÐ¦×ÏÂÍÅÖÅÎÏ§ ÓÉÓÔÅÍÉ, ËÏÌÉ × §§ ÏÂ'¤Í¦ ÐÒÉ ÔÅÍ-ÐÅÒÁÔÕÒ¦ ëÀÒ¦ Tc ×¦ÄÂÕ×Á¤ÔØÓÑ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÄÒÕÇÏÇÏ ÒÏÄÕ. ÷ ÚÁ-ÌÅÖÎÏÓÔ¦ ×¦Ä ÓÉÌÉ ÐÏ×ÅÒÈÎÅ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê c0 ÍÏÖÌÉ×¦ Ò¦ÚÎ¦ ÔÉÐÉ ÐÏ-×ÅÒÈÎÅ×ÉÈ ÐÅÒÅÈÏÄ¦×:1) ÑËÝÏ ×ÅÌÉÞÉÎÁ c0 Â¦ÌØÛÁ ÚÁ ÐÅ×ÎÕ ÓÐÅÃ¦ÁÌØÎÕ ×ÅÌÉÞÉÎÕ csp0 , ÔÏÐÏ×ÅÒÈÎÅ×¦ ×ÚÁ¤ÍÏÄ¦§ ÎÅ ÄÏÓÔÁÔÎØÏ ÓÉÌØÎ¦ ÄÌÑ ÔÏÇÏ, ÝÏÂ ÎÁ ÐÏ×ÅÒÈÎ¦1ëÏÒÏÔËÉÊ ÏÇÌÑÄ ÓÕÞÁÓÎÏ§ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ§ ÓÉÔÕÁÃ¦§ ¦ ÐÏÒ¦×ÎÑÎÎÑ Ú ÏÓÔÁÎ-Î¦ÍÉ ÔÅÏÒÅÔÉÞÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÐÒÉ×ÅÄÅÎ¦ × ÒÏÂÏÔ¦ [8].

ICMP{98{32 26ÍÏÇÌÏ ×ÉÎÉËÎÕÔÉ ÓÁÍÏÓÔ¦ÊÎÅ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÐÒÉ T = Tc. õ Ã¦Ê ÓÉÔÕ-ÁÃ¦§ ËÒÉÔÉÞÎ¦ ÏÓÏÂÌÉ×ÏÓÔ¦ ÌÏËÁÌØÎÉÈ ÐÏ×ÅÒÈÎÅ×ÉÈ Æ¦ÚÉÞÎÉÈ ×ÅÌÉÞÉÎ"¦ÎÄÕËÕÀÔØÓÑ" ÆÌÕËÔÕÁÃ¦ÑÍÉ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ × ÏÂ'¤Í¦ V ÓÉÓÔÅ-ÍÉ, ÝÏ ×ÐÏÒÑÄËÏ×Õ¤ÔØÓÑ ÐÒÉ ÚÎÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÉ ÄÏ ×ÅÌÉÞÉÎÉ Tc.ôÁËÉÊ ÐÏ×ÅÒÈÎÅ×ÉÊ ÐÅÒÅÈ¦Ä ÎÁÚÉ×Á¤ÔØÓÑ Ú×ÉÞÁÊÎÉÍ.2) ËÏÌÉ c0 = csp0 ¦ T ! Tc (m20 ! m20c), ÐÏ×ÅÒÈÎÑ @V ¦ ÏÂ'¤Í VÓÉÓÔÅÍÉ ×ÐÏÒÑÄËÏ×ÕÀÔØÓÑ ÏÄÎÏÞÁÓÎÏ. ðÒÉ ÃØÏÍÕ ÐÏ×ÅÒÈÎÅ×ÉÊ ÆÁÚÏ-×ÉÊ ÐÅÒÅÈ¦Ä ÎÁÚÉ×Á¤ÔØÓÑ ÓÐÅÃ¦ÁÌØÎÉÍ. "óÐÅÃ¦ÁÌØÎÁ" ÔÏÞËÁ ÆÁÚÏ×Ï§Ä¦ÁÇÒÁÍÉ (m20c; c0) ¤ ÍÕÌØÔÉËÒÉÔÉÞÎÏÀ.3) ÐÒÉ c0 < csp0 ÐÏ×ÅÒÈÎÅ×¦ ×ÚÁ¤ÍÏÄ¦§ ¤ ÄÏÓÔÁÔÎØÏ ÓÉÌØÎÉÍÉ ÄÌÑ×ÉÎÉËÎÅÎÎÑ ÐÏ×ÅÒÈÎÅ×ÏÇÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ, ×ÉÝÉÈÚÁ ËÒÉÔÉÞÎÕ. ñË ÎÁÓÌ¦ÄÏË, ÐÒÉ ÐÏÄÁÌØÛÏÍÕ ÚÎÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÉÄÏ T = Tc, ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä × ÏÂ'¤Í¦ ÓÉÓÔÅÍÉ ×¦ÄÂÕ×Á¤ÔØÓÑ ×ÖÅ ×ÐÒÉÓÕÔÎÏÓÔ¦ ÄÁÌÅËÏÓÑÖÎÏÇÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÎÁ ÐÏ×ÅÒÈÎ¦. ðÏ×ÅÒÈÎÅ-×ÉÊ ÐÅÒÅÈ¦Ä, ÝÏ ÐÒÉ ÃØÏÍÕ ×¦ÄÂÕ×Á¤ÔØÓÑ, ÎÁÚÉ×Á¤ÔØÓÑ ÅËÓÔÒÁÏÒÄÉ-ÎÁÒÎÉÍ.úÁÕ×ÁÖÉÍÏ, ÝÏ Ä×Á ÏÓÔÁÎÎ¦ ÔÉÐÉ ÐÏ×ÅÒÈÎÅ×ÉÈ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦×ÍÏÖÌÉ×¦ Ô¦ÌØËÉ × ÔÏÍÕ ×ÉÐÁÄËÕ, ËÏÌÉ ×ÉÍ¦ÒÎ¦ÓÔØ ÐÒÏÓÔÏÒÕ d ÐÅÒÅ-×ÉÝÕ¤ ÎÉÖÎÀ ÇÒÁÎÉÞÎÕ ×ÉÍ¦ÒÎ¦ÓÔØ d�(n), ÐÒÉ ÑË¦Ê ÍÏÖÌÉ×Á ÐÏÑ×ÁÆÁÚÉ Ú ÐÏ×ÅÒÈÎÅ×ÉÍ ÕÐÏÒÑÄËÕ×ÁÎÎÑÍ. â¦ÌØÛÅ ÄÅÔÁÌÅÊ ÐÏÄÁÎÏ × ÒÏ-ÂÏÔÁÈ [4,8].ú×ÉÞÁÊÎÉÊ ¦ ÓÐÅÃ¦ÁÌØÎÉÊ ÐÅÒÅÈÏÄÉ ¤ "ÄÏÓÑÖÎÉÍÉ" Ú ×ÉÓÏËÏÔÅÍÐÅ-ÒÁÔÕÒÎÏ§, ÐÏ×Î¦ÓÔÀ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÆÁÚÉ. ôÏÍÕ §È ÔÅÏÒÅÔÉÞÎÉÊ ÏÐÉÓ¤ ÚÎÁÞÎÏ ÐÒÏÓÔ¦ÛÉÍ ÚÁ ÏÐÉÓ ÅËÓÔÒÁÏÒÄÉÎÁÒÎÏÇÏ ÐÅÒÅÈÏÄÕ. õ ÃØÏÍÕÏÓÔÁÎÎØÏÍÕ ×ÉÐÁÄËÕ ÎÅÏÂÈ¦ÄÎÏ ÍÁÔÉ ÓÐÒÁ×Õ Ú ÎÅÎÕÌØÏ×ÉÍ, ÐÒÏÓÔÏÒÏ-×Ï ÚÍ¦ÎÎÉÍ ÐÒÏÆ¦ÌÅÍ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ h�(~x)i (ÑË ÐÒÉ T < Tc, ÔÁË ¦ÐÒÉ T � Tc), ÝÏ ÓÕÔÔ¤×Ï ÕÓËÌÁÄÎÀ¤ ÒÏÚÒÁÈÕÎËÉ. á ÄÌÑ Ú×ÉÞÁÊÎÏÇÏ ¦ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄ¦× ÐÁÒÎÁ ËÏÒÅÌÑÃ¦ÊÎÁ ÆÕÎËÃ¦Ñ ÎÁÂÌÉÖÅÎÎÑ ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ (×¦ÌØÎÉÊ ÐÒÏÐÁÇÁÔÏÒ) ÐÒÉÊÍÁ¤ ×¦ÄÎÏÓÎÏ ÐÒÏÓÔÉÊ×ÉÇÌÑÄ ^G(~p; z; z0) = 12�0 �e��0jz�z0j � c0 � �0c0 + �0 e��0(z+z0)� ; (2)ÄÅ �0 =qp2 +m20 : (3)ëÏÒÅÌÑÔÏÒ (2) ÚÁÐÉÓÁÎÉÊ Õ Ô.Ú×. pz-ÐÒÅÄÓÔÁ×ÌÅÎÎ¦: ÃÅ | æÕÒ'¤-ÐÅÒÅÔ×ÏÒÅÎÎÑ ËÏÏÒÄÉÎÁÔÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§G(~r; z; z0) ×¦ÄÎÏÓÎÏ ËÏÏÒÄÉÎÁÔ ~r, ÐÁÒÁÌÅÌØÎÉÈ ÄÏ ÐÏ×ÅÒÈÎ¦ - ÎÁ-ÐÒÑÍ¦×, Õ ÑËÉÈ ÚÂÅÒ¦ÇÁ¤ÔØÓÑ ÔÒÁÎÓÌÑÃ¦ÊÎÁ ¦Î×ÁÒ¦ÁÎÔÎ¦ÓÔØ. ~p - ×¦Ä-ÐÏ×¦ÄÎÉÊ (d� 1) - ×ÉÍ¦ÒÎÉÊ "ÐÁÒÁÌÅÌØÎÉÊ" È×ÉÌØÏ×ÉÊ ×ÅËÔÏÒ . ðÅÒ-



27 ðÒÅÐÒÉÎÔÛÉÊ ÄÏÄÁÎÏË Õ ÐÒÁ×¦Ê ÞÁÓÔÉÎ¦ Ò¦×ÎÑÎÎÑ (2) ÐÒÅÄÓÔÁ×ÌÑ¤ ÓÏÂÏÀ pz-ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ×¦ÌØÎÏÇÏ ÏÂ'¤ÍÎÏÇÏ ÔÒÁÎÓÌÑÃ¦ÊÎÏ ¦Î×ÁÒ¦ÁÎÔÎÏÇÏ ÐÒÏ-ÐÁÇÁÔÏÒÁ. òÏÚËÌÁÄÉ ÚÁ ÔÅÏÒ¦¤À ÚÂÕÒÅÎØ Ú ÐÒÏÐÁÇÁÔÏÒÏÍ (2) ÍÏÖÕÔØÂÕÔÉ ÒÅÇÕÌÑÒÉÚÏ×ÁÎ¦ ÚÁ ÄÏÐÏÍÏÇÏÀ ÐÒÏÃÅÄÕÒÉ "ÏÂÒ¦ÚÁÎÎÑ" - ÐÏËÌÁÄÁ-ÀÞÉ ^G(~p; z; z0) = 0 ÄÌÑ j~pj > �, ÁÂÏ ÚÁ ÄÏÐÏÍÏÇÏÀ ÐÒÉÐÉÓ¦× ÒÏÚÍ¦ÒÎÏ§ÒÅÇÕÌÑÒÉÚÁÃ¦§.2. ðÅÒÅÎÏÒÍÕ×ÁÎÎÑçÏÌÏ×ÎÏÀ ÍÅÔÏÀ ÐÅÒÅÎÏÒÍÕ×ÁÎØ × ÔÅÏÒ¦§ ËÒÉÔÉÞÎÉÈ Ñ×ÉÝ ¤ ÆÏÒÍÕ-×ÁÎÎÑ Ô.Ú×. "ÐÅÒÅÎÏÒÍÏ×ÁÎÏ§ ÔÅÏÒ¦§", ÔÅÏÒ¦Ñ ÚÂÕÒÅÎØ ÄÌÑ ÑËÏ§ ¤ ×¦ÌØ-ÎÏÀ ×¦Ä ÕÌØÔÒÁÆ¦ÏÌÅÔÏ×ÉÈ ÞÉ ¦ÎÆÒÁÞÅÒ×ÏÎÉÈ ÒÏÚÂ¦ÖÎÏÓÔÅÊ ¦ ÎÅ ÚÁ-ÌÅÖÎÏÀ ×¦Ä ÄÏ×¦ÌØÎÏÇÏ ¦ÍÐÕÌØÓÁ ÏÂÒ¦ÚÁÎÎÑ �. îÁÛÏÀ ÔÅÐÅÒ¦ÛÎØÏÀÍÅÔÏÀ ¤ ÄÏÓÌ¦ÄÖÅÎÎÑ ÐÏ×ÅÒÈÎÅ×Ï§ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÎÁÐ¦×ÏÂÍÅÖÅ-ÎÉÈ ÓÉÓÔÅÍ, ÝÏ ×ÉÚÎÁÞÁÀÔØÓÑ ÅÆÅËÔÉ×ÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (1), ÐÒÉÔÅÍÐÅÒÁÔÕÒÁÈ, ÂÌÉÚØËÉÈ ÄÏ ÏÂ'¤ÍÎÏ§ ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ Tc. ãÅÏÚÎÁÞÁ¤, ÝÏ ÎÁÛÁ ÔÅÏÒ¦Ñ ÐÏ×ÉÎÎÁ ×ËÌÀÞÁÔÉ × ÓÅÂÅ ÐÅ×ÎÕ ÓÔÁÎÄÁÒÔÎÕÐÏ×ÅÄ¦ÎËÕ ÏÂ'¤ÍÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê, ÝÏ ÏÐÉÓÕÀÔØ ÐÏ×ÅÄ¦ÎËÕÐÏÌ¦×, ×¦ÄÄÁÌÅÎÉÈ ×¦Ä ÐÏ×ÅÒÈÎ¦.2.1. ïÂ'¤ÍÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§äÌÑ ÏÂ'¤ÍÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÍÉ ×ÉÂÉÒÁ¤ÍÏ ÓÔÁÎÄÁÒÔÎ¦ ÕÍÏ×ÉÎÏÒÍÕ×ÁÎÎÑ ÍÁÓÉ×ÎÏ§ ÔÅÏÒ¦§ ÐÏÌÑ × ÐÒÏÓÔÏÒÏ×Ï ÎÅÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅ-ÍÁÈ [3], ~�(2)bulk,ren(q;u;m)���q=0 = m2 ; (4)@@q2 ~�(2)bulk,ren(q;u;m)����q=0 = 1 ; (5)~�(2;1)bulk,ren�~q; ~Q;u;m����~q=~Q=~0 = 1 ; (6)~�(4)bulk,ren(f~qig;u;m)���f~qi=~0g = m� u : (7)ã¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ, ÑË Ú×ÉÞÁÊÎÏ, ÓÔÏÓÕÀÔØÓÑ ÏÂ'¤ÍÎÉÈ ×ÅÒÛÉÎ-ÎÉÈ ÆÕÎËÃ¦Ê � ¦ ×ÉÚÎÁÞÁÀÔØ ÏÂ'¤ÍÎ¦ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎ¦ Z- ÆÁËÔÏÒÉ,ÑË¦ ×ÈÏÄÑÔØ Õ ×ÚÁ¤ÍÏÚ×'ÑÚËÉ Í¦Ö ÐÏÞÁÔËÏ×ÉÍÉ ¦ ÐÅÒÅÎÏÒÍÏ×ÁÎÉÍÉÐÏÌÑÍÉ ¦ ËÏÎÓÔÁÎÔÁÍÉ Ú×'ÑÚËÕ� = [Z�(u)]1=2 �ren ; �2 = �Z�2(u)��1 ��2�ren ; (8)u0 = Zu(u)m� u ; (9)
ICMP{98{32 28Á ÔÁËÏÖ ÐÅÒÅÎÏÒÍÏ×ÁÎÕ ÍÁÓÕ m2. õ ÔÅÒÍ¦ÎÁÈ Ã¦¤§ ×ÅÌÉÞÉÎÉ ËÒÉÔÉÞ-ÎÁ ÇÒÁÎÉÃÑ T ! Tc ÄÏÓÑÇÁ¤ÔØÓÑ ÐÒÉ m2 ! 0, ÝÏ Æ¦ÚÉÞÎÏ ×¦ÄÐÏ×¦ÄÁ¤ÒÏÚÂ¦ÖÎÏÓÔ¦ ÏÂ'¤ÍÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÄÏ×ÖÉÎÉ ÐÒÉ ÎÁÂÌÉÖÅÎÎ¦ ÄÏ ËÒÉ-ÔÉÞÎÏ§ ÔÏÞËÉ. ÷ ËÒÉÔÉÞÎ¦Ê ÇÒÁÎÉÃ¦ ÐÅÒÅÎÏÒÍÏ×ÁÎÁ ËÏÎÓÔÁÎÔÁ Ú×'ÑÚËÕu ÐÅÒÅÈÏÄÉÔØ × ¦ÎÆÒÁÞÅÒ×ÏÎÏ-ÓÔ¦ÊËÕ ÎÅÒÕÈÏÍÕ ÔÏÞËÕ u� > 0.2.2. ðÏ×ÅÒÈÎÅ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§÷×ÅÄÅÍÏ Ú×'ÑÚÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ (ËÕÍÕÌÑÎÔÉ), ÝÏ ×ËÌÀÞÁÀÔØ ×ÓÅÂÅ ÑË ÏÂ'¤ÍÎ¦, ÔÁË ¦ ÐÏ×ÅÒÈÎÅ×¦ ÐÏÌÑ (N;M; I; I1 � 0),G(N;M ;I;I1)(f~xig;f~rjg;f ~Xlg;f~Rlg;m20; u0; c0;�) = (10)* NYi=1 �(~xi) MYj=1 �s(~rj) IYl=1 12[�( ~Xl)]2 I1Ym=1 12[�s(~Rm)]2+c ;¦ ÐÏÚÎÁÞÉÍÏ G(N;M) � G(N;M ;I=0;I1=0) : (11)äÌÑ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÔÁËÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÎÁÍ ÎÅÏÂÈ¦ÄÎÏ××ÅÓÔÉ ÎÏ×¦ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎ¦ ÆÁËÔÏÒÉ Z1 ¦ Z�2s , ÝÏ ×ÉÚÎÁÞÁÀÔØ×ÚÁ¤ÍÏÚ×'ÑÚËÉ Í¦Ö ÐÏÞÁÔËÏ×ÉÍÉ ¦ ÐÅÒÅÎÏÒÍÏ×ÁÎÉÍÉ ÐÏ×ÅÒÈÎÅ×ÉÍÉÐÏÌÑÍÉ �s = [Z�Z1]1=2 [�s]ren ; (�s)2 = �Z�2s��1 �(�s)2�ren ; (12)Á ÔÁËÏÖ ×ÉÚÎÁÞÉÔÉ ÐÅÒÅÎÏÒÍÏ×ÁÎÕ ÐÏ×ÅÒÈÎÅ×Õ ËÏÎÓÔÁÎÔÕ Ú×'ÑÚËÕ c,Ú×'ÑÚÁÎÕ Ú ÐÏÞÁÔËÏ×ÉÍ ÐÁÒÁÍÅÔÒÏÍ ÔÅÏÒ¦§ c0 ÞÅÒÅÚ ÚÍ¦ÝÅÎÎÑ �c. ôÁ-ËÉÍ ÞÉÎÏÍ, ÄÌÑ ÐÅÒÅÎÏÒÍÏ×ÁÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÍÉ ÍÁÔÉÍÅ-ÍÏ G(N;M ;I;I1)ren (;m;u; c) = (13)Z�(N+M)=2� Z�M=21 �Z�2�I �Z�2s�I1 G(N;M ;I;I1)(;m0; u0; c0) :ã¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÁÔÉÍÕÔØ ÓË¦ÎÞÅÎÎ¦ ÇÒÁÎÉÃ¦ ÐÒÉ � ! 1 Ð¦ÓÌÑ×¦ÄÐÏ×¦ÄÎÏ§ ÒÅÐÁÒÁÍÅÔÒÉÚÁÃ¦§ ×ÅÌÉÞÉÎ m0, u0 ¦ c0, ÝÏ ×ÈÏÄÑÔØ Õ ËÏ-ÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ G(N;M ;I;I1).äÌÑ ×ÉÚÎÁÞÅÎÎÑ ÎÏ×ÉÈ ÒÅÎÏÒÍÇÒÕÐÏ×ÉÈ ÆÕÎËÃ¦Ê Z1, Z�2 ¦ c ÍÉÚÁÐÉÓÕ¤ÍÏ ÎÏ×¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ ÄÌÑ ÐÏ×ÅÒÈÎÅ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê: ^G(0;2)ren (p;m;u; c)���p=0 = 1m+ c ; (14)@@p2 ^G(0;2)ren (p;m;u; c)���p=0 = � 12m(m+ c)2 ; (15)



29 ðÒÅÐÒÉÎÔ^G(0;2;0;1)ren (~p; ~P ;m;u; c)���~p=~P=~0 = (m+ c)�2 : (16)ò¦×ÎÑÎÎÑ (14) ×ÉÚÎÁÞÁ¤ ÐÅÒÅÎÏÒÍÏ×ÁÎÕ ÐÏ×ÅÒÈÎÅ×Õ ËÏÎÓÔÁÎÔÕ Ú×'ÑÚ-ËÕ c ¦ §§ ×ÚÁ¤ÍÏÚ×'ÑÚÏË Ú ×ÉÈ¦ÄÎÉÍ ÐÁÒÁÍÅÔÒÏÍ c0. òÁÚÏÍ Ú (4) ÃÑ ÕÍÏ-×Á ÎÏÒÍÕ×ÁÎÎÑ ÚÁÂÅÚÐÅÞÕ¤ ÔÅ, ÝÏ ÓÐÅÃ¦ÁÌØÎÉÊ ÐÏ×ÅÒÈÎÅ×ÉÊ ÆÁÚÏ×ÉÊÐÅÒÅÈ¦Ä ×¦ÄÂÕ×Á¤ÔØÓÑ ÐÒÉ m = c = 0. ú×ÉÞÁÊÎÉÊ ÐÅÒÅÈ¦Ä ×¦ÄÐÏ×¦ÄÁ¤ÇÒÁÎÉÃ¦ m ! 0 ÐÒÉ Æ¦ËÓÏ×ÁÎÏÍÕ c > 0. õ ÃØÏÍÕ ÒÅÖÉÍ¦ ÐÅÒÅÎÏÒÍÏ-×ÁÎÁ ÌÏËÁÌØÎÁ ÐÏ×ÅÒÈÎÅ×Á ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ�11;ren � ^G(0;2)ren (p = 0)! c�1 (17)¦ ÚÁÌÉÛÁ¤ÔØÓÑ, ÑË ¦ ÐÏ×ÉÎÎÏ ÂÕÔÉ, ÓË¦ÎÞÅÎÎÏÀ × ÔÏÞÃ¦ ÐÅÒÅÈÏÄÕ. ä×¦ÏÓÔÁÎÎ¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ ×ÉÚÎÁÞÁÀÔØ ÎÏ×¦ ÐÏ×ÅÒÈÎÅ×¦ ÒÅÎÏÒÍÁÌ¦-ÚÁÃ¦ÊÎ¦ ÆÁËÔÏÒÉ Z1 ¦ Z�2s :Z1Z� = �2m(m+ c)2 (18)@@p2 ^G(0;2) [p;m0(m;u); u0(m;u); c0(c;m; u)]���p=0Z�1�2s = �[Z1Z�]�1(m+ c)2 (19)@@c0 ^G(0;2) [0;m0(m;u); u0(m;u); c0]���c0=c0(c;m;u)ð¦ÄËÒÅÓÌÉÍÏ, ÝÏ ÎÁÛ ×ÉÂ¦Ò "ÐÏ×ÅÒÈÎÅ×ÉÈ" ÕÍÏ× ÎÏÒÍÕ×ÁÎÎÑ (14) -(16) ÐÅÒÅÄÂÁÞÁ¤, ÝÏ ÐÏ×ÅÒÈÎÅ×¦ Z- ÆÁËÔÏÒÉ, ×ÚÁÇÁÌ¦ ËÁÖÕÞÉ, ¤ ÆÕÎË-Ã¦ÑÍÉ ÑË ÐÅÒÅÎÏÒÍÏ×ÁÎÏ§ ËÏÎÓÔÁÎÔÉ Ú×'ÑÚËÕ, ÔÁË ¦ ÂÅÚÒÏÚÍ¦ÒÎÏ§ ÚÍ¦Î-ÎÏ§ c=m. ôÁËÅ ÚÁÇÁÌØÎÅ ÆÏÒÍÕÌÀ×ÁÎÎÑ ÄÏÚ×ÏÌÑ¤, × ÐÒÉÎÃÉÐ¦, ÏÈÏ-ÐÉÔÉ ÑË ÇÒÁÎÉÞÎ¦ ×ÉÐÁÄËÉ ÓÐÅÃ¦ÁÌØÎÏÇÏ ¦ Ú×ÉÞÁÊÎÏÇÏ ÆÁÚÏ×ÉÈ ÐÅÒÅ-ÈÏÄ¦×, ÔÁË ¦ ËÒÏÓÏ×ÅÒÎÕ ÏÂÌÁÓÔØ Í¦Ö ÎÉÍÉ.3. óÐÅÃ¦ÁÌØÎÉÊ ÐÅÒÅÈ¦ÄäÌÑ ÏÐÉÓÕ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕ ÍÉ ÐÒÁÃÀ¤ÍÏ × ÏËÏÌ¦ ÍÕÌØÔÉËÒÉ-ÔÉÞÎÏ§ ÔÏÞËÉ, ÑËÁ ÄÏÓÑÇÁ¤ÔØÓÑ ÐÒÉ c = 0. ðÏËÌÁÄÁÎÎÑ c = 0 × ÏÐÉ-ÓÁÎ¦Ê ×ÉÝÅ ÔÅÏÒ¦§ ÎÅ ÐÒÉ×ÏÄÉÔØ ÄÏ ÂÕÄØ-ÑËÉÈ ÐÒÏÂÌÅÍ, ÚÁ ÕÍÏ×É, ÝÏÐÏÐÅÒÅÄÎØÏ ÂÕÌÏ ×ÉËÏÎÁÎÏ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÐÏ×ÅÒÈÎÅ×Ï§ ËÏÎÓÔÁÎÔÉÚ×'ÑÚËÕ. ðÒÉ c = 0 ÍÉ ÏÔÒÉÍÕ¤ÍÏ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎ¦ ÆÁËÔÏÒÉZsp1 (u)Z�(u) = (20)�2m3 @@p2 ^G(0;2)�p;m0(m;u); u0(m;u); csp0 (m;u)� ���p=0 ;
ICMP{98{32 30hZsp�2s(u)i�1 = �m2 [Zsp1 (u)Z�(u)]�1 (21)@@c0 ^G(0;2)�0;m0(m;u); u0(m;u); c0�����c0=csp0 (m;u)ÚÁ ÄÏÐÏÍÏÇÏÀ ÑËÉÈ ×ÉÚÎÁÞÁÀÔØÓÑ ÐÅÒÅÎÏÒÍÏ×ÁÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎË-Ã¦§ G(N;M ;I;I1)ren,sp ÐÒÉ c = 0 (c0 = csp0 ) (ÄÉ×. Ò-ÎÑ (13)). òÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎ¦ÆÁËÔÏÒÉ Zsp1 (u) ¦ Zsp�2s(u) ÚÁÂÅÚÐÅÞÕÀÔØ ÓË¦ÎÞÅÎÎ¦ÓÔØ ÐÅÒÅÎÏÒÍÏ×ÁÎÏ§ÔÅÏÒ¦§ ÐÒÉ ÓÐÅÃ¦ÁÌØÎÏÍÕ ÐÅÒÅÈÏÄ¦ ¦ × ÊÏÇÏ ÏËÏÌ¦.3.1. ò¦×ÎÑÎÎÑ ëÁÌÌÁÎÁ-óÉÍÁÎÚ¦ËÁëÒÉÔÉÞÎÁ ÐÏ×ÅÄ¦ÎËÁ ÐÒÉ ÓÐÅÃ¦ÁÌØÎÏÍÕ ÐÅÒÅÈÏÄ¦ ÏÔÒÉÍÕ¤ÔØÓÑ ÛÌÑ-ÈÏÍ ÄÏÓÌ¦ÄÖÅÎÎÑ ÁÓÉÍÐÔÏÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÒÅÚÕÌØÔÕÀÞÏ§ ÍÁÓÉ×ÎÏ§ÔÅÏÒ¦§ Ú c = 0 × ÇÒÁÎÉÃ¦ m ! 0. õ ÃØÏÍÕ ×ÉÐÁÄËÕ ÐÅÒÅÎÏÒÍÏ×ÁÎ¦ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ G(N;M)ren,sp ÚÁÄÏ×¦ÌØÎÑÀÔØ ÄÉÆÅÒÅÎÃ¦ÊÎÉÍ Ò¦×ÎÑÎ-ÎÑÍ Ú ÞÁÓÔËÏ×ÉÍÉ ÐÏÈ¦ÄÎÉÍÉ, ÑË¦ ¤ ÕÚÁÇÁÌØÎÅÎÎÑÍ ×¦ÄÏÍÉÈ Ò¦×ÎÑÎØëÁÌÌÁÎÁ-óÉÍÁÎÚ¦ËÁ:hm @@m + �(u) @@u + N +M2 ��(u) + M2 �sp1 (u)iG(N;M)ren,sp(;m;u)= �Gren (22)ÄÅ �Gren � � [2� ��(u)]m2 ZV ddX G(N;M ;1;0)ren,sp (;m;u) : (23)ëÏÅÆ¦Ã¦¤ÎÔÎ¦ ÒÅÎÏÒÍÇÒÕÐÏ×¦ ÆÕÎËÃ¦§ Õ ÃÉÈ Ò¦×ÎÑÎÎÑÈ ¤�(u) = m @@m ����0 u ; (24)��(u) = m @@m ����0 lnZ�(u) = �(u)d lnZ�(u)du (25)¦ �sp1 (u) = m @@m ����0 lnZsp1 (u) = �(u)d lnZsp1 (u)du : (26)ðÅÒÛ¦ Ä×¦ Ú ÎÉÈ - ÓÔÁÎÄÁÒÔÎ¦ ÏÂ'¤ÍÎ¦ ÆÕÎËÃ¦§, Á �sp1 (u) - ÄÏÄÁÔËÏ-×Á, ÓÐÅÃÉÆ¦ÞÎÁ ÄÌÑ ÐÒÏÂÌÅÍÉ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ. óÉÍ×ÏÌ j0 ÏÚÎÁÞÁ¤,ÝÏ ÐÏÈ¦ÄÎ¦ ÂÅÒÕÔØÓÑ ÐÒÉ Æ¦ËÓÏ×ÁÎÉÈ ÎÅÐÅÒÅÎÏÒÍÏ×ÁÎÉÈ ÐÁÒÁÍÅÔÒÁÈ(¦ ¦ÍÐÕÌØÓ¦ ÏÂÒ¦ÚÁÎÎÑ �). äÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ÁÓÉÍÐÔÏÔÉÞÎÏ§ ÇÒÁÎÉÃ¦ÄÏÓÔÁÔÎØÏ ÒÏÚÇÌÑÄÁÔÉ ÏÄÎÏÒ¦ÄÎ¦ Ò¦×ÎÑÎÎÑ (22) Ú �Gren = 0.



31 ðÒÅÐÒÉÎÔäÌÑ ¦ÄÅÎÔÉÆ¦ËÁÃ¦§ ËÒÏÓÏ×ÅÒÎÏÇÏ ÐÏËÁÚÎÉËÁ � ÐÏÔÒ¦ÂÎÏ ÒÏÚÇÌÑÄÁ-ÔÉ ×¦ÄÈÉÌÅÎÎÑ ×¦Ä ÍÕÌØÔÉËÒÉÔÉÞÎÏ§ ÔÏÞËÉ, �c0 = c0 � csp0 , ¦ ×ÉËÏÎÁ-ÔÉ ÒÏÚËÌÁÄ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÚÁ ÃÉÍ ÍÁÌÉÍ ×¦ÄÈÉÌÅÎÎÑÍ. ðÒÉÃØÏÍÕ ÎÅ ×ÉÎÉËÁÀÔØ ¦ÎÆÒÁÞÅÒ×ÏÎ¦ ÒÏÚÂ¦ÖÎÏÓÔ¦, ÔÁË ÑË ×ÉËÏÒÉÓÔÏ-×Õ¤ÔØÓÑ ÍÁÓÉ×ÎÁ ÔÅÏÒ¦Ñ. áÎÁÌÏÇÏÍ ×ÅÌÉÞÉÎÉ �c0 Õ ÐÅÒÅÎÏÒÍÏ×ÁÎ¦ÊÔÅÏÒ¦§ ×ÉÓÔÕÐÁÔÉÍÅ �c � hZsp�2s(u)i�1�c0 : (27)ðÅÒÅÎÏÒÍÏ×ÁÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÚÁÌÅÖÁÔÉÍÕÔØ ×¦Ä ÄÏÄÁÔËÏ×Ï§ÂÅÚÒÏÚÍ¦ÒÎÏ§ ÚÍ¦ÎÎÏ§ c � �c=m ; (28)Á ÒÅÎÏÒÍÇÒÕÐÏ×¦ Ò¦×ÎÑÎÎÑ ÄÌÑ ÎÉÈ ÍÁÔÉÍÕÔØ Õ Ì¦×¦Ê ÞÁÓÔÉÎ¦ ÄÏÄÁÔ-ËÏ×ÉÊ ÄÉÆÅÒÅÎÃ¦ÁÌØÎÉÊ ÏÐÅÒÁÔÏÒ� [1 + �spc (u)] c @@c ; (29)ÄÅ Ú'Ñ×ÌÑ¤ÔØÓÑ ÎÏ×Á ËÏÅÆ¦Ã¦¤ÎÔÎÁ ÆÕÎËÃ¦Ñ�spc (u) = m @@m ����0 lnZsp�2s(u) = �(u) ddu lnZsp�2s(u) : (30)3.2. óËÅÊÌ¦ÎÇÏ×Á ÐÏ×ÅÄ¦ÎËÁ × ÏËÏÌ¦ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕòÏÚ×'ÑÚËÉ ÕÚÁÇÁÌØÎÅÎÉÈ Ò¦×ÎÑÎØ ëÁÌÌÁÎÁ-óÉÍÁÎÚ¦ËÁ ×ÉÚÎÁÞÁÀÔØÁÓÉÍÐÔÏÔÉÞÎ¦ ÓËÅÊÌ¦ÎÇÏ×¦ ÆÏÒÍÉ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÏÂÌÉÚÕÍÕÌØÔÉËÒÉÔÉÞÎÏ§ ÔÏÞËÉ. íÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ×¦ÄÏÍ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÏÂ'¤ÍÎÏ§ ÍÁÓÉ×ÎÏ§ ÔÅÏÒ¦§ ÐÏÌÑm � (m20 �m20c)� � �� ; (31)Z� � (u� u�)�=! � m� ; (32)ÄÅ � � (T�Tc)=Tc - ÍÁÌÅ ×¦ÄÎÏÓÎÅ ×¦ÄÈÉÌÅÎÎÑ ×¦Ä ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁ-ÔÕÒÉ, Á � - ËÒÉÔÉÞÎÉÊ ÐÏËÁÚÎÉË ËÏÒÅÌÑÃ¦ÊÎÏ§ ÄÏ×ÖÉÎÉ. ñË Ú×ÉÞÁÊÎÏ,(u� u�) � m!, ÄÅ ! = �0(u�) > 0, Á � - ÍÁÌÉÊ ËÒÉÔÉÞÎÉÊ ¦ÎÄÅËÓ.áÎÁÌÏÇ¦ÞÎÉÍ ÞÉÎÏÍ ÐÏ×ÏÄÑÔØ ÓÅÂÅ ¦ ÎÏ×¦ "ÐÏ×ÅÒÈÎÅ×¦" Z- ÆÁËÔÏ-ÒÉ: Zsp1 � (u� u�)�sp1 (u�)=! � m�sp1 (u�) ; (33)Zspc � (u� u�)�spc (u�)=! � m�spc (u�) (34)
ICMP{98{32 32ÐÒÉ u! u� (m! 0). ÷ÉËÏÒÉÓÔÁÎÎÑ ÃÉÈ ÁÓÉÍÐÔÏÔÉÞÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊÐÒÉ×ÏÄÉÔØ ÄÏ ÓÐ¦××¦ÄÎÏÛÅÎØ�c � m��spc (u�)�c0 ; c � m�[1+�spc (u�)]�c0 ; (35)Ú ÑËÉÈ ×ÉÐÌÉ×Á¤ ¦ÄÅÎÔÉÆ¦ËÁÃ¦Ñ ÓËÅÊÌ¦ÎÇÏ×Ï§ ÚÍ¦ÎÎÏ§ ����c0 ¦ ËÒÏÓÏ-×ÅÒÎÏÇÏ ÐÏËÁÚÎÉËÁ � = �[1 + �spc (u�)] : (36)ú ÒÏÚ×'ÑÚË¦× Ò¦×ÎÑÎØ ëaÌÌÁÎÁ-óÉÍÁÎÚ¦ËÁ ¦ ÎÁ×ÅÄÅÎÉÈ ×ÉÝÅ ÒÅ-ÚÕÌØÔÁÔ¦× ×ÉÐÌÉ×ÁÀÔØ ÎÁÓÔÕÐÎ¦ ÁÓÉÍÐÔÏÔÉÞÎ¦ ÓËÅÊÌ¦ÎÇÏ×¦ ÆÏÒÍÉ ËÏ-ÒÅÌÑ¦ÊÎÉÈ ÆÕÎËÃ¦Ê × ÏËÏÌ¦ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕ:G(N;M)(~x;~r;m0; u0; c0) � (37)m(N�+M�sp1 )=� 	(N;M)�m~x;m~r;m��=��c0� :ôÕÔ � ¦ �sp1 - ÓÔÁÎÄÁÒÔÎ¦ ÏÂ'¤ÍÎÉÊ ¦ ÐÏ×ÅÒÈÎÅ×ÉÊ ËÒÉÔÉÞÎÉÊ ÐÏËÁÚ-ÎÉËÉ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÐÏ×ÅÄ¦ÎËÕ ×¦ÄÐÏ×¦ÄÎÉÈ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔÅÊ.ðÏËÁÚÎÉË �1 Ú×'ÑÚÁÎÉÊ Ú ÐÏ×ÅÒÈÎÅ×ÉÍ ËÏÒÅÌÑÃ¦ÊÎÉÍ ÐÏËÁÚÎÉËÏÍ �jjÓËÅÊÌ¦ÎÇÏ×ÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ�1 = �2 �d� 2 + �jj� ; (38)ÄÅ, Õ ×ÉÐÁÄËÕ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕ, �spjj ×ÉÚÎÁÞÁ¤ÔØÓÑ ÞÅÒÅÚ ÒÅÎÏÒ-ÍÇÒÕÐÏ×Õ ÆÕÎËÃ¦À �sp1 (u) ÑË�spjj = �(u�) + �sp1 (u�) : (39)4. ú×ÉÞÁÊÎÉÊ ÐÅÒÅÈ¦Äõ ×ÉÐÁÄËÕ Ú×ÉÞÁÊÎÏÇÏ ÐÅÒÅÈÏÄÕ ÎÅÏÂÈ¦ÄÎÏ ÒÏÚÇÌÑÄÁÔÉ ÇÒÁÎÉÞÎÉÊ ÒÅ-ÖÉÍ c=m ! 1. ãÅ ÐÏ×'ÑÚÁÎÏ Ú ×¦ÄÏÍÏÀ ÔÒÕÄÎ¦ÓÔÀ. óÐÒÁ×Á × ÔÏÍÕ,ÝÏ ÚÁ×ÄÑËÉ ÇÒÁÎÉÞÎ¦Ê ÕÍÏ×¦ ä¦Ò¦ÈÌÅ, ÑË¦Ê ÚÁÄÏ×ÏÌØÎÑÀÔØ ÐÏ×ÅÒÈ-ÎÅ×¦ ÐÏÌÑ ÐÒÉ Ú×ÉÞÁÊÎÏÍÕ ÐÅÒÅÈÏÄ¦, × ÇÒÁÎÉÃ¦ c=m =1 ËÏÒÅÌÑÃ¦ÊÎ¦ÆÕÎËÃ¦§ G(N;M>0), ÝÏ ×ËÌÀÞÁÀÔØ ÈÏÞ ÏÄÎÅ ÐÏÌÅ ÎÁ ÐÏ×ÅÒÈÎ¦, ÔÏ-ÔÏÖÎØÏ ÏÂÅÒÔÁÀÔØÓÑ × ÎÕÌØ. áÌÅ, ÏÓË¦ÌØËÉ ÐÒÉ ÇÒÁÎÉÞÎÉÈ ÕÍÏ×ÁÈä¦Ò¦ÈÌÅ ×ÅÄÕÞÉÍ "ÏÐÅÒÁÔÏÒÏÍ" ÐÏ×ÅÒÈÎÅ×ÏÇÏ ÏÐÅÒÁÔÏÒÎÏÇÏ ÒÏÚËÌÁÄÕ[4,5] ÐÏÌÑ �(~r; z ! 0) ¤ ÎÏÒÍÁÌØÎÁ ÐÏÈ¦ÄÎÁ ÃØÏÇÏ ÐÏÌÑ ÎÁ ÐÏ×ÅÒÈ-Î¦ @n�(~r), ÔÏ ÎÅÏÂÈ¦ÄÎÁ ¦ÎÆÏÒÍÁÃ¦Ñ ÍÏÖÅ ÂÕÔÉ ÏÔÒÉÍÁÎÁ Ú ÒÏÚÇÌÑÄÕÎÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦ÊG(N;M)(~x1; : : : ; ~rM ) � *24 NYj=1 �aj (~xj)35" MYk=1 @n�bk (~rk)#+c : (40)



33 ðÒÅÐÒÉÎÔæÕÎËÃ¦§ GN;M ÎÅ ÚÎÉËÁÀÔØ ÐÒÉ c0 = 1, ¦ ÄÁÀÔØ ÔÁËÉÍ ÞÉÎÏÍ ÍÏ-ÖÌÉ×¦ÓÔØ [6] ×ÉÚÎÁÞÉÔÉ ÓËÅÊÌ¦ÎÇÏ×Õ ×ÉÍ¦ÒÎ¦ÓÔØ ÐÏÌÑ @n�(~r), ÑËÁ ×É-ÚÎÁÞÁ¤ ËÒÉÔÉÞÎÉÊ ÐÏËÁÚÎÉË ÐÏ×ÅÒÈÎÅ×ÉÈ ËÏÒÅÌÑÃ¦Ê ÐÒÉ Ú×ÉÞÁÊÎÏÍÕÐÅÒÅÈÏÄ¦, �ordjj .óÈÅÍÁ ÒÏÚÒÁÈÕÎËÕ ÎÁÓÔÕÐÎÁ. ÷×ÏÄÉÔØÓÑ ÐÅÒÅÎÏÒÍÏ×ÁÎÅ ÐÏ×ÅÒÈ-ÎÅ×Å ÐÏÌÅ (@n�)ren = [Z1;1Z�]�1=2 @n� ; (41)¦ ÐÅÒÅÎÏÒÍÏ×ÁÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§^G(N;M)1;ren(f~pg; fzjg;m;u) = (42)Z�(N+M)=2� Z�M=21;1 h ^G(N;M)1 (f~pg; fzjg)� �M;2N;0 ^G(0;2)1 (0)i :îÏ×ÉÊ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎÉÊ ÆÁËÔÏÒ Z1;1(u), ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ÚÁ ÐÅÒÅ-ÎÏÒÍÕ×ÁÎÎÑ ×ÅÌÉÞÉÎÉ @n�, ÍÉ ×ÉÚÎÁÞÁ¤ÍÏ Ú ÕÍÏ×É ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ@@p2 ^G(0;2)1;ren(p;m;u)���p=0 = � 12m : (43)õ ÒÏÂÏÔ¦ [8], ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÁÓÉÍÐÔÏÔÉÞÎÉÊ ÁÎÁÌ¦Ú ÐÒÉ c=m ! 1ÎÁÛÉÈ ÚÁÇÁÌØÎÉÈ ÕÍÏ× ÎÏÒÍÕ×ÁÎÎÑ Ú ÒÏÚÄ¦ÌÕ 2.2, ÍÉ ÐÏËÁÚÁÌÉ, ÝÏZ-ÆÁËÔÏÒ Z1;1(u) Ú×'ÑÚÁÎÉÊ Ú Z-ÆÁËÔÏÒÏÍZ1(u; c=m) (ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ÚÁ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÐÏ×ÅÒÈÎÅ×ÉÈ ÐÏÌ¦× �s) ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍZ1;1(u) = limc=m!1 [Z1(u; c=m)]�1 : (44)ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÃØÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÐÒÏÄÅÍÏÎÓÔÒÏ×ÁÎÏ ÔÁËÏÖ,ÝÏ × ÒÅÖÉÍ¦ c=m!1 ËÏÖÎÅ ÐÏ×ÅÒÈÎÅ×Å ÐÏÌÅ �s ×ÎÏÓÉÔØ Ó×¦Ê ÆÁË-ÔÏÒ m(d�2+�ordjj )=2 × ÁÓÉÍÐÔÏÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦ÊG(N;M) Ú Ò-ÎÑ (11). ôÁËÉÍ ÞÉÎÏÍ ÐÏËÁÚÁÎÏ, ÝÏ × ÏËÏÌ¦ Ú×ÉÞÁÊÎÏÇÏÐÅÒÅÈÏÄÕ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ G(N;M)1 Ú M ÎÏÒÍÁÌØÎÉÍÉ ÐÏÈ¦ÄÎÉÍÉ@n� ¦ G(N;M) ÚM ÐÏ×ÅÒÈÎÅ×ÉÍÉ ÐÏÌÑÍÉ �s ÍÁÀÔØ ÏÄÎÁËÏ×Õ ÁÓÉÍÐÔÏ-ÔÉÞÎÕ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ, Á ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ÎÁÍÉ ÎÏ×Á "Ó-ÚÁÌÅÖÎÁ"ÓÈÅÍÁ ÐÅÒÅÎÏÒÍÕ×ÁÎØ ÕÓÐ¦ÛÎÏ ÐÒÁÃÀ¤ Õ ×Ó¦È ÎÅÏÂÈ¦ÄÎÉÈ ÇÒÁÎÉÞÎÉÈÒÅÖÉÍÁÈ.á ÄÌÑ Ñ×ÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦× Ú×ÉÞÁÊÎÏÇÏ ÐÅ-ÒÅÈÏÄÕ ÎÅÏÂÈ¦ÄÎÏ ×ÉÚÎÁÞÉÔÉ ÒÅÎÏÒÍÇÒÕÐÏ×Õ ÆÕÎËÃ¦À�1;1(u) = m @@m ����0 lnZ1;1(u) = �(u) @ lnZ1;1(u)@u (45)¦ ×¦ÄÐÏ×¦ÄÎÉÊ ÐÏËÁÚÎÉË ËÒÉÔÉÞÎÉÈ ËÏÒÅÌÑÃ¦Ê�ordk = 2 + �ord1 (u�) + ��(u�) ; (46)
ICMP{98{32 345. äÏ×¦ÌØÎ¦ ×ÉÍ¦ÒÎÏÓÔ¦ ÐÒÏÓÔÏÒÕ: Ñ×ÎÉÊ ÒÏÚÒÁÈÕ-ÎÏËïÓË¦ÌØËÉ ÎÁÛÁ "ÍÁÓÉ×ÎÁ" ÔÅÏÒ¦Ñ ¤ ×¦ÌØÎÏÀ ×¦Ä ¦ÎÆÒÁÞÅÒ×ÏÎÉÈ ÒÏÚ-Â¦ÖÎÏÓÔÅÊ, ×ÏÎÁ ÍÏÖÅ ÚÁÓÔÏÓÏ×Õ×ÁÔÉÓÑ ÄÌÑ ×Ó¦È ×ÉÍ¦ÒÎÏÓÔÅÊ ÐÒÏÓÔÏ-ÒÕ d, d�(n) < d < 4, ÝÏ ÐÒÅÄÓÔÁ×ÌÑÀÔØ ¦ÎÔÅÒÅÓ. úÁÇÁÌØÎ¦ ×ÉÒÁÚÉ ÄÌÑÒÅÎÏÒÍÇÒÕÐÏ×ÉÈ ÆÕÎËÃ¦Ê Ú ÄÏ×¦ÌØÎÉÍ d ÍÏÖÌÉ×Ï ÏÔÒÉÍÁÔÉ Ñ×ÎÏ ×ÏÄÎÏÐÅÔÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ [7]. äÌÑ ×ÉÐÁÄËÕ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕÍÉ ÍÁ¤ÍÏ: �sp1 (u�) = �n+ 2n+ 8 �1 + � (47)¦ �spc (u�) = n+ 2n+ 8 �1 + � �1� 2 1+�2 2F1�3� �2 ; 1 + �2 ; 3 + �2 ; 12�� ; (48)ÄÅ � � 4 � d > 0 ÎÅ ÏÂÏ×'ÑÚËÏ×Ï ÂÅÚÍÅÖÎÏ ÍÁÌÅ, Á 2F1(:::) - Ú×ÉÞÁÊ-ÎÁ Ç¦ÐÅÒÇÅÏÍÅÔÒÉÞÎÁ ÆÕÎËÃ¦Ñ. ú ÎÁÛÉÈ ÆÏÒÍÕÌ ×¦ÄÔ×ÏÒÀÀÔØÓÑ ÐÒÉ� ! 0 ×¦ÄÏÍ¦ ÒÅÚÕÌØÔÁÔÉ �- ÒÏÚËÌÁÄÕ. á ÐÒÉ d = 3 ÍÏÖÎÁ ÏÔÒÉÍÁÔÉÞÉÓÅÌØÎ¦ ÏÃ¦ÎËÉ�sp1 (n=0) = �spk (n=0) = �18 ' �0:13 ; (49)�sp1 (n=1) = �spk (n=1) = �16 ' �0:17 (50)¦ �spc (n=0) = 18 (1� 4 ln 2) ' �0:22 ; (51)�spc (n=1) = 16 (1� 4 ln 2) ' �0:30 : (52)÷ÅÌÉÞÉÎÉ, ÏÔÒÉÍÁÎ¦ × ÃØÏÍÕ ÎÁÊÐÒÏÓÔ¦ÛÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÄÌÑ �sp1 , ÄÕ-ÖÅ ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÎÁÛÉÈ ÓËÌÁÄÎÉÈ Ä×ÏÐÅÔÌØÏ-×ÉÈ ÒÏÚÒÁÈÕÎË¦×. ç¦ÒÛÉÍ ¤ ÕÚÇÏÄÖÅÎÎÑ Õ ×ÉÐÁÄËÕ �spc : ÑË ×ÉÑ×ÌÑ¤ÔØ-ÓÑ, ÒÑÄ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ÄÌÑ Ã¦¤§ ÆÕÎËÃ¦§ ÐÏ×ÏÄÉÔØ ÓÅÂÅ ÎÁÂÁÇÁÔÏ Ç¦ÒÛÅ,¦ ÄÌÑ ÎÁÄ¦ÊÎÉÈ ÞÉÓÅÌØÎÉÈ ÏÃ¦ÎÏË ÎÅÏÂÈ¦ÄÎÏ ÐÅÒÅÈÏÄÉÔÉ ÄÏ ×ÉÝÉÈ ÎÁ-ÂÌÉÖÅÎØ ¦ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ ÓÐÅÃ¦ÁÌØÎ¦ ÍÅÔÏÄÉ ÐÅÒÅÓÕÍÕ×ÁÎØ.6. ðÏ×ÅÒÈÎÅ×¦ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ ÔÒÉ×ÉÍ¦ÒÎÉÈÎÁÐ¦×ÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ÷¦ÄÐÏ×¦ÄÎÏ ÄÏ ÓÆÏÒÍÕÌØÏ×ÁÎÏ§ ×ÉÝÅ ÚÁÇÁÌØÎÏ§ ÓÈÅÍÉ ÐÅÒÅÎÏÒÍÕ×ÁÎØÍÉ ×ÉËÏÎÁÌÉ Ñ×Î¦ ÒÏÚÒÁÈÕÎËÉ ÒÅÎÏÒÍÇÒÕÐÏ×ÉÈ ÆÕÎËÃ¦Ê, ÝÏ ×ÉÚÎÁÞÁ-



35 ðÒÅÐÒÉÎÔÀÔØ ÐÏ×ÅÒÈÎÅ×¦ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ, × ÒÁÍËÁÈ Ä×ÏÐÅÔÌØÏ×ÏÇÏ ÎÁÂÌÉ-ÖÅÎÎÑ Õ Æ¦ÚÉÞÎ¦Ê ×ÉÍ¦ÒÎÏÓÔ¦ ÐÒÏÓÔÏÒÕ d = 3.äÅÔÁÌÅÊ ÒÏÚÒÁÈÕÎË¦× ÚÁÔÅÏÒ¦¤À ÚÂÕÒÅÎØ ÔÁ ÏÂÞÉÓÌÅÎØ ×¦ÄÐÏ×¦ÄÎÉÈ ¦ÎÔÅÇÒÁÌ¦× æÅÊÎÍÁÎÁ ÍÉÎÅ ÐÒÉ×ÏÄÉÍÏ Ú ÏÇÌÑÄÕ ÎÁ ×¦ÄÓÕÔÎ¦ÓÔØ Í¦ÓÃÑ, ×ÏÎÉ ÄÏËÌÁÄÎÏ ÏÐÉÓÁÎ¦× ÒÏÂÏÔ¦ [8]. ðÒÉ×ÅÄÅÍÏ Ô¦ÌØËÉ ËÏÒÏÔËÏ ÎÁÛ¦ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ Ä×ÏÈÔÉÐ¦× Ðo×ÅÒÈÎÅ×ÉÈ ÐÅÒÅÈÏÄ¦×: ÓÐÅÃ¦ÁÌØÎÏÇÏ ¦ Ú×ÉÞÁÊÎÏÇÏ.6.1. óÐÅÃ¦ÁÌØÎÉÊ ÐÅÒÅÈ¦Ää×ÏÐÅÔÌØÏ×¦ ÒÅÎÏÒÍÇÒÕÐÏ×¦ �-ÆÕÎËÃ¦§, ÝÏ ÂÅÚÐÏÓÅÒÅÄÎØÏ ×ÉÚÎÁÞÁÀÔØËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÏ×ÅÒÈÎÅ×ÏÇÏ ÐÅÒÅÈÏÄÕ, ¤�spk (u) = � n+ 22(n+ 8) u+ (53)12 (n+ 2)(n+ 8)2 �2A� n+ 26 (1� ln 2) ln 2 + n� 1048 �u2i �spc (u) = �n+ 2n+ 8 �2 ln 2� 12�u� (54)24 (n+ 2)(n+ 8)2 �A�B � n+ 12 ln 2 + n+ 23 ln2 2 + 17n+ 2296 �u2 :A = 0:202428 ¦ B = 0:678061 - ÞÉÓÅÌØÎ¦ ÚÎÁÞÅÎÎÑ ¦ÎÔÅÇÒÁÌ¦× æÅÊÎ-ÍÁÎÁ, ÐÏ×'ÑÚÁÎÉÈ Ú Ä×ÏÐÅÔÌØÏ×ÏÀ Ä¦ÁÇÒÁÍÏÀ Ú ÔÒØÏÍÁ ÅË×¦×ÁÌÅÎÔÎÉ-ÍÉ ×ÎÕÔÒ¦ÛÎ¦ÍÉ Ì¦Î¦ÑÍÉ, ÑË¦ ÎÅ ×ÄÁÌÏÓÑ ÒÏÚÒÁÈÕ×ÁÔÉ ÁÎÁÌ¦ÔÉÞÎÏ, ÎÁ×¦ÄÍ¦ÎÕ ×¦Ä ÕÓ¦È ¦ÎÛÉÈ ×ÎÅÓË¦×. ÷ÉÈÏÄÑÞÉ Ú ÒÏÚËÌÁÄ¦× ÄÌÑ �jj(u)sp ¦�spc (u), Á ÔÁËÏÖ ×¦ÄÏÍÉÈ ÏÂ'¤ÍÎÉÈ ÆÕÎËÃ¦Ê �(u) ¦ �(u), ÍÉ ÇÅÎÅÒÕ¤ÍÏÁÎÁÌÏÇ¦ÞÎ¦ ÒÑÄÉ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ÄÌÑ ¦ÎÛÉÈ ÐÏ×ÅÒÈÎÅ×ÉÈ ÐÏËÁÚÎÉË¦×,×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×¦ÄÏÍ¦ ÓËÅÊÌ¦ÎÇÏ×¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ [4]�1 = �2 �d� �k� ; (55)�? = � + �k2 ; (56)�1 = �2 �d� 2 + �k� ; (57)
11 = � �1� �k� ; (58)
1 = � (2� �?) ; (59)
ICMP{98{32 36�1 = ��1 = d+ 2� �d� 2 + �k ; (60)�11 = �1�1 = d� �kd� 2 + �k ; (61)�sp1 = �+ � � 1 + � = 1� � [d� 2� �spc (u�)] ; (62)�sp11 = �+ � � 2 + 2� = �� [d� 3� �spc (u�)] : (63)ñË ×¦ÄÏÍÏ Ú Â¦ÌØÛ ÄÏÓÌ¦ÄÖÅÎÏ§ ÏÂ'¤ÍÎÏ§ ÔÅÏÒ¦§, ÒÏÚËÌÁÄÉ ÔÁËÏÇÏ ÔÉÐÕ¤ ÁÓÉÍÐÔÏÔÉÞÎÉÍÉ. äÌÑ ÏÔÒÉÍÁÎÎÑ ÎÁÄ¦ÊÎÉÈ ÞÉÓÅÌØÎÉÈ ÏÃ¦ÎÏË ËÒÉ-ÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦× Ú ÔÁËÉÈ ÒÑÄ¦×, ÄÏ ÎÉÈ ÎÅÏÂÈ¦ÄÎÏ ÚÁÓÔÏÓÏ×Õ×ÁÔÉÓÐÅÃ¦ÁÌØÎ¦ ÐÒÏÃÅÄÕÒÉ ÐÅÒÅÓÕÍÕ×ÁÎÎÑ. äÌÑ ËÏÖÎÏÇÏ ÒÑÄÕ ÔÅÏÒ¦§ ÚÂÕ-ÒÅÎØ (55)-(63) ¦ ÄÌÑ ÏÂÅÒÎÅÎÏÇÏ ÊÏÍÕ ÒÑÄÕ ÍÉ ÂÕÄÕ¤ÍÏ ×¦ÄÐÏ×¦ÄÎÕ ÔÁ-ÂÌÉÃÀ ðÁÄÅ, Á ÔÁËÏÖ ×ÉËÏÎÕ¤ÍÏ ÐÅÒÅÓÕÍÕ×ÁÎÎÑ ÔÉÐÕ ðÁÄÅ-âÏÒÅÌÑ.òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË¦× ÐÒÉ×ÅÄÅÎ¦ Õ ×ÉÇÌÑÄ¦ ÔÁÂÌÉÃØ Õ ÒÏ-ÂÏÔÁÈ [7,8], ÐÏÒÑÄ ¦Ú ÄÏËÌÁÄÎÉÍ ÏÐÉÓÏÍ ÓÐÏÓÏÂ¦× §È ÏÔÒÉÍÁÎÎÑ. ôÕÔÍÉ ÎÁ×ÅÄÅÍÏ Ô¦ÌØËÉ ÄÅÑË¦ ÐÒÉËÌÁÄÉ ÎÁÛÉÈ ÞÉÓÅÌØÎÉÈ ÏÃ¦ÎÏË, ÐÏÒ¦×-ÎÀÀÞÉ §È Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÚÒÁÈÕÎË¦× ÔÉÐÕ íÏÎÔÅ ëÁÒÌÏ.îÁÛ¦ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÒÏÓÏ×ÅÒÎÏÇÏ ÐÏËÁÚÎÉËÁ �(n), �(1) = 0:539(ËÌÁÓ ÕÎ¦×ÅÒÓÁÌØÎÏÓÔ¦ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ) ¦ �(0) = 0:518 (ËÌÁÓ ÕÎ¦×ÅÒÓÁÌØ-ÎÏÓÔ¦ ÐÏÌ¦ÍÅÒÎÉÈ ÓÉÓÔÅÍ) ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÎÁÊÎÏ×¦ÛÉÍÉ ÒÅ-ÚÕÌØÔÁÔÁÍÉ ËÏÍÐ'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ �(1) = 0:461 � 0:015 [10]¦ �(0) = 0:530 � 0:007 [11], �(0) = 0:496 � 0:005 [12], ÎÁ ×¦ÄÍ¦ÎÕ×¦Ä ÐÏÐÅÒÅÄÎ¦È, Ñ×ÎÏ ÚÁ×ÉÝÅÎÉÈ ÞÉÓÅÌØÎÉÈ ÏÃ¦ÎÏË Ú �- ÒÏÚËÌÁÄÕ [4]�(1) � 0:68 ¦ �(0) � 0:67.îÁÛÁ ÞÉÓÅÌØÎÁ ÏÃ¦ÎËÁ �sp11(n = 1) = �0:182 ÐÅÒÅÄÂÁÞÁ¤ ×ÉËÏÎÁÎ-ÎÑ ÎÅÒ¦×ÎÏÓÔ¦ �sp11 < 0 (64)ÄÌÑ ¦Ú¦ÎÇ¦×ÓØËÉÈ ÓÉÓÔÅÍ. ãÑ ÎÅÒ¦×Î¦ÓÔØ ¤, ÆÁËÔÉÞÎÏ, ËÒÉÔÅÒ¦¤Í ÎÅÓÕÔ-Ô¤×ÏÓÔ¦ [13] ÓÌÁÂËÏ§ ËÏÒÏÔËÏÓÑÖÎÏ ËÏÒÅÌØÏ×ÁÎÏ§ ÚÁÍÏÒÏÖÅÎÏ§ ÎÅ×ÐÏ-ÒÑÄËÏ×ÁÎÏÓÔ¦ ÎÁ ÐÏ×ÅÒÈÎ¦ ÄÌÑ ÓÉÓÔÅÍ ÔÁËÏÇÏ ÔÉÐÕ Õ ÔÒÉ×ÉÍ¦ÒÎÏÍÕÐÒÏÓÔÏÒ¦ ÐÒÉ ÓÐÅÃ¦ÁÌØÎÏÍÕ ÐÅÒÅÈÏÄ¦. ãÅÊ ÆÁËÔ ÎÅÓÕÔÔ¤×ÏÓÔ¦ ÂÕ× Ð¦Ä-Ô×ÅÒÄÖÅÎÉÊ ÏÓÔÁÎÎ¦Í ÞÁÓÏÍ ÓÉÍÕÌÑÃ¦ÑÍÉ íÏÎÔÅ ëÁÒÌÏ [14].6.2. ú×ÉÞÁÊÎÉÊ ÐÅÒÅÈ¦Äñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ÒÅÎÏÒÍÇÒÕÐÏ×Ï§ ÆÕÎËÃ¦§ �ordjj , ÑËÁ ×ÉÚÎÁÞÁ¤ ÐÏ×ÅÒÈ-ÎÅ×¦ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ Ú×ÉÞÁÊÎÏÇÏ ÐÅÒÅÈÏÄÕ, Õ Ä×ÏÐÅÔÌØÏ×ÏÍÕ ÎÁ-ÂÌÉÖÅÎÎ¦ ÍÁ¤ ×ÉÇÌÑÄ�ordk (u) = 2� n+ 22(n+ 8) u� 24 (n+ 2)(n+ 8)2 �C + n+ 1496 �u2 : (65)



37 ðÒÅÐÒÉÎÔÄÅ C = 107162 � 73 ln 43 � 0:094299 = �0:105063. îÏ×¦ ÒÑÄÉ ÔÅÏÒ¦§ ÚÂÕÒÅÎØÄÌÑ ÐÏ×ÅÒÈÎÅ×ÉÈ ÐÏËÁÈÎÉË¦× (55)-(61) ÍÉ ÁÎÁÌ¦ÚÕ¤ÍÏ ÁÎÁÌÏÇ¦ÞÎÏ, ÑË¦ Õ ×ÉÐÁÄËÕ ÓÐÅÃ¦ÁÌØÎÏÇÏ ÐÅÒÅÈÏÄÕ [7,8]. îÅ ×ÄÁÀÞÉÓØ Õ ÒÏÚÒÁÈÕÎËÏ×¦ÐÏÄÒÏÂÉÃ¦, ÎÁ×ÅÄÅÍÏ ÄÅÑË¦ ÐÒÉËÌÁÄÉ ÎÁÛÉÈ ÞÉÓÅÌØÎÉÈ ÒÅÚÕÌØÔÁÔ¦×.îÁÛ¦ ÏÃ¦ÎËÉ 
ord11 = �0:388 ¦ 
ord1 = 0:680 ÄÌÑ ËÌÁÓÕ ÕÎ¦×ÅÒÓÁÌØ-ÎÏÓÔ¦ ÐÏÌ¦ÍÅÒ¦× (n = 0) ÐÒÅËÒÁÓÎÏ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÎÁÊÎÏ×¦ÛÉÍÉ,¦, ÏÞÅ×ÉÄÎÏ, ÎÁÊÔÏÞÎ¦ÛÉÍÉ ÄÁÎÉÍÉ ÒÏÚÒÁÈÕÎË¦× ÔÉÐÕ íÏÎÔÅ ëÁÒÌÏ[12] 
ord11 (0) = �0:383(5) ¦ 
ord1 (n = 0) = 0:679(2). ðÏÄ¦ÂÎÏ, ÄÌÑ ËÌÁÓÕÕÎ¦×ÅÒÓÁÌØÎÏÓÔ¦ ¦Ú¦ÎÇ¦×ÓØËÉÈ ÓÉÓÔÅÍ ÎÁÛ¦ ×ÅÌÉÞÉÎÉ �ord1 (1) = 0:796 ¦
ord1 (1) = 0:769 ¤ ÄÕÖÅ ÂÌÉÚØËÉÍÉ ÄÏ ÏÃ¦ÎÏË ÍÅÔÏÄaÍÉ íÏÎÔÅ ëÁÒÌÏ[15] 0:807(4) ¦ 0:760(4). îÁÊÎÏ×¦Û¦ ÞÉÓÅÌØÎ¦ ÏÃ¦ÎËÉ [14] ÓÐ¦×ÐÁÄÁÀÔØ,× ÍÅÖÁÈ §È ÔÏÞÎÏÓÔ¦, Ú ÎÁÛÉÍÉ.íÉ ÐÒÏÐÏÎÕ¤ÍÏ ÔÁËÏÖ ÞÉÓÅÌØÎ¦ ÏÃ¦ÎËÉ ÁÎÁÌÏÇ¦ÞÎÏ§ ÑËÏÓÔ¦ ÄÌÑÐÏ×ÅÒÈÎÅ×ÉÈ ÐÏËÁÚÎÉË¦× ÓÉÓÔÅÍ Ú ×ÉÝÉÍÉ ×ÉÍ¦ÒÎÏÓÔÑÍÉ ÐÁÒÁÍÅÔÒÁÐÏÒÑÄËÕ | n = 2 ¦ n = 3. äÌÑ ÔÁËÉÈ ÓÉÓÔÅÍ ¤ ÄÕÖÅ ÍÁÌÏ ÁÌØÔÅÒÎÁ-ÔÉ×ÎÉÈ Ì¦ÔÅÒÁÔÕÒÎÉÈ ÄÁÎÉÈ, ÝÏ ÐÏ×'ÑÚÁÎÏ, ÏÞÅ×ÉÄÎÏ, Ú ÔÒÕÄÎÏÝÁÍÉ§È ËÏÍÐ'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ.îÁÛ¦ ÞÉÓÅÌØÎ¦ ÏÃ¦ÎËÉ ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑ ÔÁËÏÖ Ú ÎÁÑ×ÎÉÍÉ ÅËÓ-ÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. ðÏÚÁ ÍÏÖÌÉ×ÉÍÉ ÐÏÒ¦×ÎÑÎÎÑÍÉ ÄÌÑ ÓÉ-ÓÔÅÍ Ú ÏÄÎÏËÏÍÐÏÎÅÎÔÎÉÍ ÐÁÒÁÍÅÔÒÏÍ ÐÏÒÑÄËÕ [8], ÐÒÉ×ÅÄÅÍÏ ÌÉÛÅÏÄÉÎ ÐÒÉËÌÁÄ ÄÌÑ n = 3. îÁÛÅ ÚÎÁÞÅÎÎÑ �ord1 (3) = 0:824 ÐÒÁËÔÉÞÎÏÓÐ¦×ÐÁÄÁ¤ Ú ËÌÁÓÉÞÎÏÀ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÏÔÒÉÍÁÎÏÀÎÁ ÐÏ×ÅÒÈÎ¦ (100) Î¦ËÅÌÀ [16], �1 = 0:825+0:025�0:040.ì¦ÔÅÒÁÔÕÒÁ1. K. G. Wilson, J. Kogut, Phys. Rep. 12C, 75 (1974)2. Phase Transitions and Critical Phenomena, Vol. 6, edited by C.Domb and M. S. Green (Academic Press, London, 1976)3. J. Zinn-Justin, Euclidean Field Theory and Critical Phenomena (Ox-ford University Press, New York 1989)4. H. W. Diehl, in: Phase Transitions and Critical Phenomena, editedby C. Domb and J. L. Lebowitz (Academic, London, 1986), Vol. 10,p. 75.5. H. W. Diehl, Int. J. Mod. Phys. B 11, 3503 (1997).6. H. W. Diehl, M. Shpot, Phys. Rev. Lett. 73, 3431 (1994).7. M. Shpot, Cond. Matt. Phys. N 10, 143 (1997).8. H. W. Diehl, M. Shpot, Nucl. Phys. B 528, 595 (1998).9. K. Symanzik, Lett. Nuovo Cimento 8, 771 (1973).
ICMP{98{32 3810. C. Ruge, S. Dunkelmann, and F. Wagner, Phys. Rev. Lett. 69, 2465(1992); C. Ruge, S. Dunkelmann, F. Wagner, and J. Wul�, J. Stat.Phys. 73, 293 (1993).11. H. Meirovitch and S. Livne, J. Chem. Phys. 88, 4507 (1988).12. R. Hegger and P. Grassberger, J. Phys. A 27 4069 (1994).13. H. W. Diehl and A. N�usser, Z. Phys. B 79, 69 (1990).14. M. Pleimling and W. Selke, Eur. Phys. J. B 1, 385 (1985).15. C. Ruge and F. Wagner, Phys. Rev. B 52, 4209 (1995).16. S. F. Alvarado, M. Campagna, and H. Hopster, Phys. Rev. Lett. 48,51 (1982)



39 ðÒÅÐÒÉÎÔOPTICAL-AND-REFRACTIVEINVESTIGATIONS OF CRITICALINDICES OF PHASE TRANSITIONS INCRYSTALSBohdan AndriyevskyThe Ivan Franko State University of Lviv, 8 Kyryla andMefodiya Street, Lviv, 290005, Ukraine1. IntroductionIt is known, that critical behaviour of spontaneous polarization Ps at the2nd order phase transition (PT) in crystal is described by the criticalindex �, Ps � (Tc � T )�; (1)where Tc is the PT temperature [1].At the other hand, experimental temperature dependences of crys-tal's parameters in the range of PT, describing in the frame of Landautheory, can be interpreted usually with the help of the coe�cients of ther-modynamic potential expansion. According to Landau theory, the elasticGibbs energy G1 in the case of uniaxial ferroelectric can be expressed inthe very simple polynomial formG1 = 12AD2 + 14BD4 + 16CD6; (2)where D is electric displacement, A, B and C are coe�cients [2]. Here,energy is measured in the non-polar phase and the polynomial is arbi-trarily terminated at D6. Dielectric equation of state Ei = @G1=@Ditakes on the following formE = AD +BD3 + CD5; (3)where E is the electric �eld. In the �rst approximation, which is in manycases satisfying, we assume:A = Ao(T � Tc): (4)Coe�cient Ao is usually determined from the measurements of di-electric constant as a function of temperature in the paraelectric (PE)phase. In the ferroelectric (FE) phase the coe�cients B and C can be
ICMP{98{32 40determined from the temperature dependence of Ps (E=0, D=Ps). Thedielectric state equation (3) can be now written as followsP 2s = B2C ((1 + 4Ao(TÓ � T ) CB2 )1=2 � 1): (5)For the characterisation of the order of the phase transition the pa-rameter V = B2AoC can be used [2]. The physical sense of the parameteris clearly visible in the description of the �rst-order PT. The polarizedstate becomes stable at the temperature To = Tc + 3B216AoC , whereas theupper limit of a superheating is T1 = Tc + B24AoC . When the line ofthe �rst-order phase transition approaches the line of the second orderphase transitions, the absolute value of V decreases at the tricriticalpoint To = T1 = Tc. We believe that both approaches, based on theformulae (1) or (5) for approximation of temperature dependences ofspontaneous polarization, can be useful for describing the critical behav-ior of ferroelectrics near the PT point. In the �rst �ve columns of thetable 1 V parameter as well as the parameters of the equation of stateAo, B, C for some ferroelectric crystals are presented [2].Table 1. Coe�cients A, B and C of the dielectric state equation (5), co-e�cient V , and corresponding critical index � (1) for some ferroelectricsCrystal Ao[VmK ] B[Vm5C3 ] C[V m9C5 ] V = B2AoC �TGS 3:7 � 107 7:5 � 1011 5 � 1015 3.03 0.38TGSe 2:63 � 107 3:97 � 1010 3 � 1014 0.20 0.30DTG(47DGN 1:26 � 107 6:1 � 1013 9:5 � 1015 3 � 103 0.50DMAAS 3:69 � 107 3:5 � 1011 4:2 � 1015 0.79 0.33MAPBB 5:57 � 107 1:64 � 1012 2:6 � 1016 1.88 0.36MAPCB 11:56 � 107 7:2 � 1012 2:4 � 1017 1.88 0.37TAAP 2:97 � 107 6:9 � 1011 1:5 � 1015 10.38 0.44CDP 1:56 � 106 1:32 � 109 1:5 � 1013 0.07 0.28On the basis of the values in table 1, we have calculated the temper-ature dependences of spontaneous polarization by the formula (5), andthen obtained corresponding critical index � using the formula (1). Themost frequently used in practice the temperature changes of the retarda-tion by birefringence �n, �D = �(l ��n), are identi�ed with the changes



41 ðÒÅÐÒÉÎÔof birefringence ��n. But the geometrical size l and birefringence �n canhave di�erent temperature dependences. The temperature dependencesof D(T ) and l(T ) are usually investigated in di�erent experiments. Thisrestricts an accuracy of determination of corresponding dependence of�n(T ) and l(T ), and complicates the comparing of these di�erent pa-rameters of crystal in the region of PT. We have proposed the techniqueof simultaneous determination of temperature dependences of electronsusceptibility � = n� 1 and geometric thickness l of sample.Temperature dependences of the refractive indices and linear thermalexpansion of TGS in the range of PT were already studied [3{5], but thecorresponding critical indices have not been determined. The goals ofthe present investigation were precise measurements of temperature de-pendences of interferometric retardation of the sample-air type for theTGS in the range of 2nd order PT at 322K, calculation of the temper-ature dependences of refractive indices and linear thermal expansion forthe main crystal physics directions, and the study of these dependencesusing the corresponding critical indices 2�.2. ExperimentalTemperature dependences of retardation by the susceptibility � for twointerfering beams, one of which has passed through a sample studied,and the other one trough an air, were measured with the help of Jamentype home built interferometer (Fig.1).In this case the retardation D and its temperature dependence D(T )can be written in the formD = l � (n� 1) = l � �;D(T ) = l(T ) � �(T ); (6)where n is the refractive index of the sample. The laser light of thewavelength �=632.8nm was used in the experiments.Proceeding from the relation (6), the temperature changes of relativeretardation �D=D along three main crystal physics directions can bewritten in the form of system of linear equations�DijDij = �lili + ��j�j ; (i; j = 1; 2; 3; i 6= j); (7)where index i denotes the direction of light propagation, index j denotesthe direction of light polarization. On the basis of six temperature de-pendences �Dij=Dij measured we have determined the relative temper-ature changes of geometric thickness �li=li and susceptibility ��j=�j [6].
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Figure 1. Scheme of the experiment. 1: He-Ne laser; 2: the polarizer;3: glass plates of Jamen type interferometer; 4: the sample; 5: the di-aphragm; 6: the photodiod; 7: the thermocouple; 8: the thermostat; 9:the electrical supply block; 10: the recording blockResults of computer calculations have shown, that the relative errorsof temperature changes determination of geometric thickness �li=li andsusceptibility ��j=�j caused by solving of the system (7) did not exceed5% of the respective maximum magnitudes �li=li and ��j=�j for thecase of TGS crystal. The initial li and �j values were measured indepen-dently at the initial temperature T0. In our case (l=5 mm and n=1.5)the error of determination of the interference order was �m(T ) � 1=4,that corresponds to the errors of �D=D � �l=l � ��=� � 10�5.3. Results and DiscussionTemperature dependences of the relative changes of retardation for TGScrystal �Dij=Dij are shown on Fig.2. Refractive indices nj(To) of TGScrystal were taken from the paper [5]. The forms of temperature de-pendences of geometrical thickness �li=li and susceptibilities ��j=�jcalculated from the system of equations (7) are characterized by similaranomaly at PT temperature.On the basis of known relation for temperature changes of order



43 ðÒÅÐÒÉÎÔparameter p for 2nd order PT in the T < Tc range,�Ys � P 2s � �2� = � Tc � TTc � Tmin�2� ; (8)we have calculated the double critical indices 2�, replacing P 2s value bythe spontaneous increases of �Ys(T )=�Ys(Tmin) (Y=D, l and �. HereTc=49�C is the temperature of PT, Tmin is lower edge of the temperaturerange studied (Tmin=39�C in our case), �Ys(T ) and �Ys(Tmin) arespontaneous increments, corresponding to the Tc and Tmin temperatures.The double critical indices 2� of TGS in the range of 39-49�C are shownin Table 2.
Figure 2. Experimental temperature dependences of the relative changesof optical thickness �Dij=Dij of TGS crystal (indices ij indicate corre-sponding curves)The results obtained testify to not exact ful�lment of the functionaldependences for quadratic electrooptic e�ect�ns � P 2s (9)and electrostriction �ls � P 2s : (10)If these e�ects would displayed in the form indicated, the double criticalindex 2� would be equal to unity, 2�=1. Therefore we tried to explainthis experimental fact.

ICMP{98{32 44Table 2. Critical indices 2�, corresponding to the temperature depen-dences of spontaneous increments of �Ds=D, �ls=l and ��s=� for dif-ferent crystal physics direction of TGS crystal2�(D)12 2�(D)13 2�(D)21 2�(D)23 2�(D)31 2�(D)320.899 0.898 0.888 0.893 0.945 0.9242�(l)1 2�(l)2 2�(l)3 2�(�)1 2�(�)2 2�(�)30.910 0.895 0.923 0.876 0.925 0.877Analytical relation of the observed temperature dependence of retar-dation �Ds=D induced by spontaneous polarization can be presented inthe most common form�Ds=D(�) = a(�) � P 2s (�) = a(�) � �; (11)where a(�) is temperature dependent coe�cient. It is follows fromthe character of experimental dependences of spontaneous increases of�Ds=D, �ls=l, and ��s=�, that corresponding a(�) coe�cients are max-imal in the region of PT (Fig.3).To obtain additional proofs of validity of this viewpoint, we performedexperimental study of arti�cially induced electrooptic e�ect in TGS crys-tal in the temperature range of 30-65�C. This investigation was carriedout in the same arrangement as was done for the e�ect induced by spon-taneous polarization. External electric �eld of E � 3:5 kV/cm magnitudewas applied to sample at di�erent temperatures along the [010]-directionof spontaneous polarization Ps, and the corresponding induced incre-ments of the retardation �De=D were measured. The maximum-like�De=D temperature dependence obtained (Fig.4) correlates well withthe temperature dependence of a(�). This maximum-like character ofcoe�cient mentioned is connected with the non-equality 2� < 1.Taking into account that the temperature dependences of sponta-neous increments of �Ys=Y parameters can be presented in two forms,Y (�) = �2� , and Y (�) = a(�)� , one can obtain the relation for thetemperature dependence of a(�) coe�cienta(�) = �2� � 1: (12)In the cases of 2� < 1 and � < 1, we receive a decreasing depen-dence of a(�) coe�cient in the ferroelectric phase at the removal from
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Figure 3. Temperature dependence of the relative temperature derivatived(�Ds32=D32)=d� in ferroelectric phase.

Figure 4. Temperature dependence of the relative optical path di�er-ence �De32=D32 of TGS crystal induced by the constant electric �eld of3.5 kV/cm magnitude along the [010]-direction

ICMP{98{32 46the PT point � = 0 (Fig. 3). Taking into account all the results obtained,we can summarize for the temperature dependence of the coe�cients ofquadratic electrooptic and electrostriction e�ects for TGS crystals (seerelations (9) and (10)). Analysis of the Table 2 testi�es for certain segre-gation of the [010] direction of spontaneous polarization. Among the tem-perature changes of spontaneous increments �li and ��j (i; j = 1; 2; 3)the dependence �l2(�) is characterised by the least index 2�, but the de-pendence �n2(�) is characterised by the greatest one (Table 2). On theother hand, a proximity of the values 2�(l)2 � 2�(�)2 (Table 2) is observedon the background of obvious inequalities of similar characteristics forother two main crystal physics directions 2�(l)1;3 > 2�(1;3�) (Table 2 andFig. 5).
Figure 5. Dependences of normalised spontaneous changes of deforma-tions (l3) and changes of susceptibilities (�3) of TGS for the [001] direc-tion on the normalised temperature (Tc � T )=(Tc � Tmin) in the rangeof 39-49�CThe last features can be interpreted as di�erent rate of the ordering oftwo subsystems, one of which determines electron susceptibility and theother one is connected with geometric parameters of the crystal's unitcell for the directions [100] and [001]. The equality 2�(l)2 � 2�(�)2 for the



47 ðÒÅÐÒÉÎÔdirection of spontaneous polarization [010] can be interpreted as goodcorrelation of the mentioned above subsystems in TGS crystal. Fromsuch viewpoint, the observable inequalities of the indices 2�(l)(1;3 > 2�(�)1;3testify to various speeds of temperature changes of corresponding subsys-tems of the crystal in the temperature range (�T � 10�C) below the PTpoint. It is seen from Fig. 6 and corresponding to two di�erent indices �1and �2. The crossing of the curves, corresponding to two di�erent indices� (Fig. 6), will takes place in all cases if the experimental temperaturedependence of the parameters studied (V = �Ds=D, �ls=l, ��s=�) willbe described by the power like law, V � �2� .

Figure 6. Temperature derivatives of the dependences from Fig. 5.We suppose that such a peculiarity in the temperature dependenceof di�erent parameters can be characteristic for the ordering of anotherferroelectric crystals.4. Conclusion1. Original laser interferometer technique of Jamen type for measur-ing the temperature change of retardation of transparent sample
ICMP{98{32 48is proposed. The techniques gives possibility to de�ne temperaturedependences of geometric thickness l(T ) and susceptibility �(T ) ofcrystal on the basis of measurement of temperature dependences ofthe retardation of crystal D(T ) = l(T )�(T ) for di�erent directionsof light propagation and polarization.2. Deviation from the unity of the double critical index 2� for thetemperature dependence of retardation of TGS sample inducedby spontaneous polarization is explained by signi�cant tempera-ture dependence of the maximum-like character of the coe�cientof electrooptic, inverse piezooptic, and electrostriction e�ects.3. An anisotropy of the critical indices 2�(l)i and 2�(�)i , and nonequal-ity 2�(l)i 6= 2�(�)i testify for di�erent speeds of temperature changesof di�erent subsystems of the crystal studied, taking place in fer-roelectric ordering in the range of �T � 10�C below Tc.References1. M.E. Lines., and A.M.Glass. Principles and Application of Ferro-electrics and Related Materials.- Clarendon Press, Oxford, 19772. R. Cach. Dielectric non-linear properties of some real ferroelectriccrystals.- Wroclaw University Publ., Wroclaw, 19923. A.S. Sonin, A.S. Vasilevskaya. Electrooptical crystals.- "Atomizdat"Publ., Moscow, 1971 (in Russian)4. L.G. Lomova, A.S. Sonin, T.A.Regulskaya. Spontaneous electroop-tic e�ect in the triglycine sulphate single crystals //Kristallogra�ya.-1968.- V. 13, No 1.- P. 90-94 (in Russian)5. N.A. Romanyuk, A.M. Kostetskii, B.V. Andrievskii. Dispersion ofthe refractive index and some characteristics of absorption spectrafor triglycine sulphate crystal's group //Phys. Solid State.- 1977.- V.19, No 10.- P. 1809-18126. A.N.Malyshev. Introduction into calculational linear algebra.- Nauka,Novosibirsk, 1991 (in Russian)
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