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Dosl�d�eno specif�ku kritiqnih �viw u prostorovo obme�enih r�dkih seredoviwah

cil�ndriqnoÝ geometr�Ý. Bulo zastosovano r�vn�nn� Ornxta�na{Cern�ke.Pr�mu korel�c��nu

funkc�� rozgl�dali v pevnomu model~nomu nabli�enn�, �ke dozvolilo posl�dovn�xe, n��

u vs�h poperedn�h robotah, urahuvati ÝÝ blizkos��nu d��. Zna�deno zv'�zok parametr�v, wo

vhod�t~ do pr�moÝ korel�c��noÝ funkc�Ý, z termodinam�qnimi harakteristikamiseredoviwa.

Viznaqenoparnukorel�c��nu funkc��,wo opisu
korel�c��n� vlastivost� sistemi na malih

v�ddal�h ta zsuv kritiqnoÝ temperaturi.

Kl�qov� slova: pr�ma korel�c��na funkc��, zsuv kritiqnoÝ temperaturi, masxtabna

teor�� �nvar��ntnosti.
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Xiroke poxirenn� v prirod� prostorovo obme-

�enih sistem r�znoÝ geometr�Ý zumovl�
 do nih ne-

oslabni� �nteres dosl�dnik�v (div., napriklad, [1{

4]). Osoblivu zac�kavlen�st~ viklika�t~ fazov� pe-

retvorenn� v prostorovo obme�enih sistemah. Ce

pov'�zane nasampered �z specif�ko� pereb�gu cih

�viw u por�vn�nn� z analog�qnimi �viwami v prak-

tiqno neobme�enih sistemah, l�n��n� rozm�ri �kih

znaqno pereviwu�t~ rad�us korel�c�Ý fl�ktuac��

parametra por�dku. Druga, ne menx va�liva obsta-

vina, wo zumovl�
 potrebu vivqenn� c�
Ý problemi,


 r�znoman�tne praktiqne zastosuvann� fazovih pe-

retvoren~ � kritiqnih �viw u prostorovoobme�enih

sistemah u bagat~oh galuz�h nauki � tehn�ki. Napri-

klad, kritiqn� �viwa v sinaptiqnih w�linah, �k�

bezposeredn~o zumovl��t~ �itt
vo va�liv� procesi

m��kl�tinnoÝ vza
mod�Ý; fazov� peretvorenn� tipu

zmoquvann�, �k� va�liv� dl� glibokogo rozum�nn�

c�logo r�du tehn�qnih problem, zokrema zb�l~xenn�

v�ddaq� naftovih plast�v, towo. Naxa robota pro-

dov�u
 dosl�d�enn�, rozpoqat� v [1, 2]. �k � ran�xe,

mi budemo spiratis� na p�dh�d,wo vikoristovu
odin

z fundamental~nih rezul~tat�v statistiqnoÝ teor�Ý

kondensovanih seredoviw | toqne �nte�ral~ne r�v-

n�nn� Ornxta�na{Cern�ke (OC):

G

2

(R) = C(R) + ��

Z

C(R

0

)G

2

(R;R

0

)d(R); (1)

�ke pov'�zu
 dv�, uzagal� ka�uqi, nev�dom� funkc�Ý:

parnu korel�c��nu funkc�� (KF) G

2

(R) ta pr�mu

korel�c��nu funkc�� (PKF) C(R) u seredoviw�

z seredn~o� gustino� ��. Odin z posl�dovnih me-

tod�v otrimann� parnoÝ korel�c��noÝ funkc�Ý G

2

(R)

pov'�zani� �z rozv'�zkom diferenc��nogo r�vn�nn�
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Z

C(R)R
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dR

| nul~ovi� � drugi� prostorov� momenti PKF (R).

R�vn�nn� (2) 
 nabli�enim, �ogo otrimann� spi-

ra
t~s� na �stotne pripuwenn� pro korotkos��n�st~

PKFC(R).Ce pripuwenn� dozvol�
 vikoristatido-

vol� poxireni� pri�om zam�niC(R) v (2) na del~ta{

funkc�� �(R), wo da
 zmogu nadal� zna�ti KF G

2

(R)

�k funkc�� �r�na diferenc��nogo operatora Gel~m-

gol~ca (�� �

2

).

Na v�dm�nu v�d c~ogo pri�omu v nax�� robot� mi

budemo xukati KF G

2

(R) �k rozv'�zok r�vn�nn� (2)

dl� model�, u �k�� PKF C(R) ma
 konkretni�, a same

| �ausovi� vigl�d, wo opisu
 vlastivost� PKF po-

sl�dovn�xe, n��pri vikoristann� aproksimac�ÝC(R)

qerez del~ta{funkc��.

U zaproponovan��model� z PKF �ausovogotipu dl�

r�dini,wo znahodit~s� v cil�ndr�malogo rad�usapo-

blizu kritiqnogo stanu, budut~ zna�den� KF G

2

(R)

� zsuv kritiqnoÝ temperaturi.
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I. PARNA KOREL�C��NA FUNKC��

Viberemo PKF C(R) u vigl�d�

C(R) = e

��R

2

; (3)

de � | parametr, wo harakterizu
 molekul�rnu

vza
mod�� � ma
 rozm�rn�st~ kvadrata obernenoÝ

dov�ini, napriklad, oberneno proporc��ni� kvadra-

tov� ampl�tudi rad�usa korel�c�Ý R

c0

, tobto � =

�

0

=R

2

c0

. Neha� dal� odnokomponentna r�dina znaho-

dit~s� poblizu kritiqnoÝ toqki � zapovn�
 cil�n-

driqni� zrazok, wo ma
 rad�us r

0

ta neobme�enu

dov�inu vzdov� svo
Ý osi: 0 � r � r

0

;�1 < z < 1.

Zadaqa poxuku korel�c��noÝ funkc�Ý v c~omu vi-

padku zvodit~s� do rozv'�zku diferenc��nogo r�v-

n�nn�
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G

2

= 0 pri r = r

0

. Vikoristovu�qi metod rozd�lenn�

zm�nnih ta metodi teor�Ýfunkc�Ý �r�na, oder�imo ta-

ki� rozv'�zok c�
Ý kra�ovoÝ zadaq�:
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c

| temperaturnazm�nna,K = r

0

=R

c0

| geometriqni�faktor,wo harakterizu


stup�n~ obme�enosti sistemi, J

0

(r) | funkc�� Bessel� nul~ovogo por�dku, �

m

| nul� funkc�Ý Bessel�, wo

viznaqa�t~s� r�vn�nn�m J(�

m

) = 0. Tut vikoristano tak� poznaqenn� �nte�ral�v �mov�rnosti:

erfc(z) =

2
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dt = 1� erf(z);

erf(z) =
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p

�

Z
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0

e
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dt = 1� erfc(z):

Vneski nastupnih dodank�v u sum� (4) spada�t~ �z zrostann�m nomera m nul� �

m

funkc�Ý Bessel�. Tak, pri

�

2

�

2�

� 10

�2

ta z=r

0

� 1 v�dnoxenn� m�� qlenami r�du ma�t~ por�dok a

2

=a

1

� 10

�4

, a

3

=a

1

� 10

�9

. Ce da


p�dstavu obme�etis� nabli�enn�m, wo bazu
t~s� na vrahuvann� lixe osnovnogo vnesku v parnu korel�c��nu

funkc��, a same:
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Urahovu�qi asimptotiku �nte�rala �mov�rnosti

erf(z) [5], legko zna�ti asimptotiqni� viraz dl�

G
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Por�vn��qi ce� viraz z tim, wo buv oder�ani� u

robot� [1], mo�na zrobiti tak� visnovki: 1) uzdov�na-

pr�mku obme�enosti sistemi, tobto vzdov� rad�usa

cil�ndra, zber�ga
t~s� kvaz�per�odiqna poved�nka; 2)

viniknenn� drugogo dodanka pov'�zane z� specif�ko�

zadaq�,wo zumovlena �vnim vigl�dom PKF, osk�l~ki

perxi� dodanok asimptotiqnogo virazu z toqn�st�

do post��nogo mno�nika zb�ga
t~s� z poperedn�m re-

zul~tatom [1], �ki� otrimano pri umov� C(r; z) = 0.
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II. TEMPERATURNA ZALE�N�ST^

PARAMETRA �

0

Konkretni� vigl�d PKFda
 zmogu v�dtvoriti tem-

peraturnu zale�n�st~ parametra �

0

dl� neobme�e-

nih sistem u kritiqn�� oblast� pri zadanih kri-

tiqn�� gustin� �

c

(1) � kritiqn�� temperatur� T

c

(1).

V�domo, wo u vipadku neobme�enoÝ sistemi bezpose-

redn~o v kritiqn�� toqc� sposter�ga�t~ rozb��n�st~

�zoterm�qnoÝ stislivosti reqovini. Tod� v silu v�do-

mogo zv'�zku m���zoterm�qno� stisliv�st� �

T

� PKF

C(R), wo da
t~s� �nte�ralom

1

��k

B

T�

T

= 1� ��

Z

C(R)dR; (7)

ta z urahuvann�m �vnogo virazu (3) dl� PKF otri-

mu
mo taku formulu dl� bezrozm�rnogo parametra

�

c0

v kritiqn�� toqc� u neobme�enomu seredoviw�:

�

c0
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�

�

2
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c

(1)R

3

c0

�

2=3

: (8)

Viznaqa�qi veliqinu ampl�tudi rad�usa korel�c�Ý

za formulo� R

c0

=

3

q

M

N

a

�

c

, M | mol�rna masa, N

a

| stala Avogadro, dl� qisel~nogo znaqenn� parame-

tra otrimu
mo �

c0

= 1:35. Urahovu�qi konkretni�

vigl�d prostorovih moment�v PKF u neobme�enomu

vipadku
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Rozklada�qi pravu qastinu (11) za veliqino�
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Peretvor��qi viraz dl� nul~ovogo prostorovogo

momentuPKF (9), z urahuvann�m rozkladupravoÝ qa-

stini za veliqino� ��
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de zam�st~ C

0

(�

c0

) p�dstavleno �ogo znaqenn� v kri-

tiqn�� toqc�, tobto odinic�. Z �nxogo boku, spraved-

livim 
 sp�vv�dnoxenn� (7) m�� nul~ovim momentom

ta �zoterm�qno� stisliv�st� reqovini. Ce da
 zmogu

zapisati r�vn�st~

1

��k

B

T�

T

=

3

2

��

0

�

c0

: (13)

Urahovu�qi temperaturnu zale�n�st~ �zoterm�qnoÝ

stislivosti na kritiqn�� �zohor� (�

T

� �

�


) u vi-

padku prostorovo neobme�enih sistem �z (12) � (13),

ma
mo take sp�vv�dnoxenn� m�� kritiqnimi �ndek-

sami: 
 = 2�. Ce� rezul~tat zb�ga
t~s� z peredba-

qenn�m masxtabnoÝ teor�Ý [6] (2 � �)� = 
, osk�l~ki

pri tak�� postanovc� zadaq� �ndeks anomal~noÝ roz-

m�rnosti parnoÝ korel�c��noÝ funkc�Ý dor�vn�
 nu-

lev� (� = 0).

III. ZSUV KRITIQNOÕ TEMPERATURI

Novu kritiqnu temperaturu T

c

(K) mo�na vizna-

qiti z umovi viniknenn� dalekos��nost� parnoÝ

korel�c��noÝ funkc�Ý. Anal�z asimptotiki (6) da


zmogu sformul�vati c� umovu u vigl�d�

�

2

1

r

2

0

+ �

2

= 0: (14)

Urahovu�qi zale�n�st~

�

2

=

1�C

0

(K)

C

2

(K)

ta �vni� vigl�d moment�v PKF v obme�en�� sistem�

cil�ndriqnoÝ geometr�Ý dl� parametra �

2

, oder�ano

r�vn�st~:

�

2

�

2

0

=

�

2�

+ 4�
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1� e
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� 2�

0

K

2

e
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0

K

2

; (15)

de zv'�zok m�� � � �

0

da
 formula (11). �z sp�vv�dno-

xenn� (15) z urahuvann�m umovi (14) dl� novoÝ kri-

tiqnoÝ temperaturi mo�na oder�ati viraz:
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T
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(K) = T

c
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U tablic� 1 navedeno kritiqnu temperaturu T

c

(K), wo v�dpov�da
 r�znim znaqenn�m geometriqnogo fak-

tora K, dl� T

c

(1) = 300 K � kritiqnogo �ndeksu � = 0:63. Z tablic� 1 vidno, wo pri K = 10

4

kritiqna

temperatura v�dr�zn�
t~s� v�d svogo znaqenn� v neobme�enomu vipadku lixe v qetvertomu znac� p�sl� komi,

tobto pri rad�us� cil�ndra r

0

= 1; dl� vi�vlenn� efekt�v prostorovoÝ obme�enosti qerez zsuv kritiqnoÝ tem-

peraturi toqn�st~ termostatuvann� povinna dor�vn�vati 10

�5

. �kwo � veliqina geometriqnogo faktoraK

sta
 por�dku 10�10

2

, to zsuv kritiqnoÝ temperaturi 
 dosit~ velikim (T

c

= 1 K). Ce teoretiqn� rozrahunki

znahod�t~ svo
 eksperimental~ne p�dtverd�enn� v robot� Lutca z� sp�vavtorami [4].

Geometriqni� Kritiqna

faktor,K temperatura, T (K)

10 268.9

20 289.6

30 294.6

50 297.6

100 299.2

125 299.4

150 299.6

200 299.7

300 299.85

500 299.93

1000 299.97

1500 299.98

10

4

299.9994

Tablic� 1. Kritiqna temperatura pri r�znih znaqenn�h geometriqnogo faktora � T

c

(1) = 300 K.
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CRITICAL PHENOMENA IN FINITE{SIZE SYSTEM WITH

GAUSSIAN DIRECT CORRELATION FUNCTION.

1. PAIR CORRELATION FUNCTION AND SHIFT OF CRITICAL TEMPERATURE

L. V. Rybina

1

, A. V. Chaly

2

1

Chair of Molecular Physics, Taras Shevchenko Kyiv National University,

6 Academician Hlushkov Av., Kyiv, UA{252127, Ukraine

2

Chair of Biophysics, Ukrainian National Medical University,

13 Shevchenko Bul., Kyiv, UA{252004, Ukraine

The subject of the present paper is investigation of the peculiarities of critical phenomena in �nite{size cylin-

drical liquid systems on the base of the Ornstein{Zernike equation. A direct correlation function was considered in

an approximation of the Gaussian type. The relationship between parameters included in direct correlation func-

tion and thermodynamic characteristics of the medium were found. Pair correlation function describing correlation

features of a system at short distances and shift of critical temperature were de�ned.
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