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Âèçíà÷åíî åôåêòèâíèé êîåô³ö³ºíò äèôóç³¿ ³îí³â äëÿ âîäíîãî ðîç÷èíó NaCl ç äîáàâêîþ äåêñòðàíó
ç ìîëåêóëÿðíîþ ìàñîþ 40000 òà áåç íèõ ó òåìïåðàòóðíîìó ³íòåðâàë³ 283÷353 Ê. Ïîêàçàíî, ùî
ïðè ââåäåíí³ äîáàâîê äåêñòðàíó â ðîç÷èí ³îíè ïðîíèêàþòü âñåðåäèíó êëóáêà äåêñòðàíó ³ äàë³
ðóõàþòüñÿ ðàçîì ç íèì ÿê ö³ëå, ùî ïðèçâîäèòü äî çìåíøåííÿ åôåêòèâíîãî êîåô³ö³ºíòà äèôóç³¿
³îí³â. Âèçíà÷åíà êîíöåíòðàö³ÿ ³îí³â âñåðåäèí³ êëóáê³â.

Êëþ÷îâ³ ñëîâà: äèôóç³ÿ, êëóáîê, âîäíèé ðîç÷èí, NaCl, äåêñòðàí, åëåêòðîïðîâ³äí³ñòü, â’ÿçê³ñòü.

Âñòóï.
Âëàñòèâîñò³ ðîç÷èí³â äåêñòðàíó äîñë³äæåí³ íàìè

â ðîáîò³ [1]. Äîñë³äæåííÿ öèõ îá’ºêò³â ìàº âàæëèâå
çíà÷åííÿ â çâ’ÿçêó ³ç ¿õ çàñòîñóâàííÿì ó ìåäèöèí³ ÿê
çàì³ííèê³â ïëàçìè êðîâ³ [2]. Äî ñêëàäó îñòàíí³õ, êð³ì
äåêñòðàíó, âõîäÿòü ³íø³ êîíïîíåíòè, çîêðåìà NaCl.
Öå çóìîâèëî âèá³ð îá’ºêò³â äîñë³äæåííÿ, à ñàìå
âèâ÷åííÿ âîäíèõ ðîç÷èí³â äåêñòðàíó ç äîáàâêàìè
NaCl.

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ äèôóç³¿ ³îí³â ó ïî-
ë³ìåðíèõ ðîç÷èíàõ çîêðåìà, â ðîç÷èíàõ äåêñòðàíó.
Ìåòîäèêà é ðåçóëüòàòè åêñïåðèìåíòó.

Äëÿ âèçíà÷åííÿ êîåô³ö³ºíòà äèôóç³¿ ³îí³â íàìè
ïðîâåäåí³ äîñë³æåííÿ åëåêòðîïðîâ³äíîñò³ â³äïî-
â³äíèõ ðîç÷èí³â íà óñòàíîâö³, îïèñàí³é â [3]. Íà ðèñ. 1
ïîäàíî ÷àñòîòí³ çàëåæíîñò³ åëåêòðîïðîâ³äíîñò³ äëÿ

âîäíèõ ðîç÷èí³â NaCl. Òåìïåðàòóðí³ çàëåæíîñò³ ïè-
òîìî¿ åëåêòðîïðîâ³äíîñò³ âîäíèõ ðîç÷èí³â NaCl ïî-
äàí³ íà ðèñ. 2, à ðîç÷èí³â äåêñòðàí–NaCl–âîäà – íà
ðèñ. 3. Ïîð³âíÿííÿ ïèòîìî¿ åëåêòðîïðîâ³äíîñò³ äëÿ
ðîç÷èí³â ç äåêñòðàíîì ³ áåç íüîãî çà ô³êñîâàíî¿ êîí-
öåíòðàö³¿ NaCl íàâåäåí³ íà ðèñ. 4, 5.

Ïðè àíàë³ç³ ìåõàí³çìó äèôóç³¿ íàìè âèêîðèñòàí³
äàí³ â³ñêîçèìåòðè÷íîãî åêñïåðèìåíòó, íàâåäåí³ íà
ðèñ. 6–8.
Ìåòîäèêà âèçíà÷åííÿ êîåô³ö³ºíòà äèôóç³¿.

ßê â³äîìî, ó âèïàäêó, êîëè ñòðóì ïîâ’ÿçàíèé ³ç
ðóõîì ³îí³â, äëÿ ãóñòèíè ñèëè ñòðóìó ìàºìî âèðàç:

I = eJ,
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Ðèñ. 1. Çàëåæí³ñòü ïèòîìî¿ åëåêòðîïðîâ³äíîñò³
âîäíîãî ðîç÷èíó NaCl â³ä ÷àñòîòè çì³ííîãî ñòðóìó çà
êîíöåíòðàö³¿ NaCl: 1,8 (1); 4,5 (2) òà 9,0 ã/ë (3)
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Ðèñ. 2. Òåìïåðàòóðíà çàëåæí³ñòü ïèòîìî¿
åëåêòðîïðîâ³äíîñò³ âîäíîãî ðîç÷èíó NaCl çà
êîíöåíòðàö³¿ NaCl: 0,9 (1); 1,8 (2); 4,5 (3) òà 9,0 ã/ë (4)
(ðîçðàõîâàíà ç³ çíà÷åíü îïîðó çà ÷àñòîòè çì³ííîãî
ñòðóìó 80 êÃö)

(1)



Î.Ì. Àëºêñººâ, Ë.À. Áóëàâ³í, Ë.Ì. Ãàðêóøà, Þ.Ô. Çàáàøòà, Ñ.Þ. Òêà÷îâ

351

äå: e – çàðÿä ³îíà, J – ãóñòèíà ïîòîêó ³îí³â. ßê â³äîìî
[4], ïðè ä³¿ çîâí³øíüî¿ ñèëè J çàïèñóºòüñÿ ó âèãëÿä³
ñóìè:

J = JD + JK,
â ÿê³é JD â³äïîâ³äàº äèôóç³éí³é, à JK – êîíâåêòèâí³é
ãóñòèí³ ïîòîêó.

Äëÿ çãàäàíèõ äîäàíê³â ìàºìî âèðàçè:
 

D
nJ D
x
∂

= −
∂

,

JK = nbF,
äå: F = eB – ñèëà, ùî ä³º íà ³îí; Å – íàïðóæåí³ñòü
åëåêòðè÷íîãî ïîëÿ; b – ðóõîì³ñòü ³îíà, ÿêó çâ’ÿçóº ç
êîåô³ö³ºíòîì äèôóç³¿ ñï³ââ³äíîøåííÿ Åéíøòåéíà:

bkBT = D.
Ìàºìî ñïðàâó ç³ çì³ííèì ñòðóìîì, òîáòî:

Å = Å0exp(-iωt).
ßê öå âèäíî ç ðèñ. 1, åëåêòðîïðîâ³äí³ñòü ç³ çðîñ-

òàííÿì ÷àñòîòè çá³ëüøóºòüñÿ ò³ëüêè äî äåÿêî¿ ÷àñòîòè
ωQ, ùî ìàº ïîðÿäîê 104 ñ-1. Çà ÷àñòîò, á³ëüøèõ çà ωQ,
åëåêòðîïðîâ³äí³ñòü ïðàêòè÷íî íå çì³íþºòüñÿ. Òàêó
ïîâåä³íêó åëåêòðîïðîâ³äíîñò³ ìîæíà ïîÿñíèòè òàêèì
÷èíîì: çã³äíî ç ôîðìóëàìè (2–4) äèôóç³éíèé ïîò³ê
ïðîòèä³º êîíâåêòèâíîìó, çìåíøóþ÷è îñòàíí³é. Çà
âèñîêèõ ÷àñòîò çîâí³øíüî¿ ñèëè, êîëè âèêîíóºòüñÿ
íåð³âí³ñòü:

ωτQ>>1,
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Ðèñ. 3. Òåìïåðàòóðíà çàëåæí³ñòü ïèòîìî¿
åëåêòðîïðîâ³äíîñò³ ñèñòåìè âîäà-NaCl-äåêñòðàí D40
ç êîíöåíòðàö³ÿìè NaCl òà äåêñòðàíó: 1,8 ³ 20,0 (1);
4,5 ³ 50,0 (2) òà 9,0 ³ 100,0 ã/ë (3) (ðîçðàõîâàíà ç³
çíà÷åíü îïîðó çà ÷àñòîòè çì³ííîãî ñòðóìó 80 êÃö)
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Ðèñ. 4. Òåìïåðàòóðí³ çàëåæíîñò³ ïèòîìî¿
åëåêòðîïðîâ³äíîñò³ âîäíîãî ðîç÷èíó NaCl çà
êîíöåíòðàö³¿ NaCl = 4,5 ã/ë: 1 – áåç äåêñòðàíó; 2 – ç
äåêñòðàíîì çà êîíöåíòðàö³¿ 50 ã/ë
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Ðèñ. 5. Òåìïåðàòóðí³ çàëåæíîñò³ ïèòîìî¿
åëåêòðîïðîâ³äíîñò³ âîäíîãî ðîç÷èíó NaCl çà
êîíöåíòðàö³¿ NaCl = 9 ã/ë: 1 – áåç äåêñòðàíó; 2 – ç
äåêñòðàíîì, çà êîíöåíòðàö³¿ 100 ã/ë
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Ðèñ. 6. Òåìïåðàòóðíà çàëåæí³ñòü ê³íåìàòè÷íî¿
â’ÿçêîñò³ âîäíîãî ðîç÷èíó äåêñòðàíó ç êîíöåíòðàö³ÿìè
äåêñòðàíó: 1,56 (1); 3,13 (2); 6,25 (3); 12,5 (4); 25,0
(5); 50,0 (6) ³ 100,0 ã/ë (7)
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äèôóç³éí³ ìîäè “íå âñòèãàþòü ñë³äêóâàòè” çà
çîâí³øí³ì ïîëåì, òàê ùî ïðè âèêîíàíí³ íåð³âíîñò³
(7) äèôóç³éíèé ïîò³ê ïðàêòè÷íî â³äñóòí³é. Çàëèøàºòü-
ñÿ ò³ëüêè ïîò³ê êîíâåêòèâíèé, ³, â³äïîâ³äíî, ôîðìóëà
(1) íàáóâàº âèãëÿäó:

 2

B

e nDI E
k T

= ,

Ç ö³º¿ ôîðìóëè âèäíî, ùî ïðè âèêîíàíí³ óìîâè (7)
åëåêòðîïðîâ³äí³ñòü σ âèçíà÷àºòüñÿ âèðàçîì:

 2

B

e nD
k T

σ = ,

Ðîçðàõîâàíèé çà ö³ºþ ôîðìóëîþ êîåô³ö³ºíò äè-
ôóç³¿ äëÿ ðîç÷èíó NaCl–âîäà íàâåäåíî íà ðèñ. 9,

çàëåæí³ñòü êîåô³ö³ºíòà äèôóç³¿ äëÿ ðîç÷èíó äåêñòðàíó
D40 ç äîáàâêàìè NaCl – íà ðèñ. 10.
Îáãîâîðåííÿ ðåçóëüòàò³â åêñïåðèìåíòó.

Äëÿ òîãî, ùîá ïîêàçàòè, ùî ³îíè Na+ òà Cl-

ïðîíèêàòü âñåðåäèíó êëóáê³â, ïîçíà÷èìî ÷åðåç V
îá’ºì îáëàñò³ ëîêàëüíî¿ ð³âíîâàãè, ÷åðåç V1 – îá’ºì,
çàéíÿòèé â ö³é îáëàñò³ êëóáêàìè, ÷åðåç N – ê³ëüê³ñòü
³îí³â â îáëàñò³ ëîêàëüíî¿ ð³âíîâàãè, ÷åðåç N1 –
ê³ëüê³ñòü ³îí³â â îáëàñò³ ç îá’ºìîì V1, ÷åðåç n = N/V –
çàãàëüíó êîíöåíòðàö³þ ³îí³â â îáëàñò³ ëîêàëüíî¿
ð³âíîâàãè, ÷åðåç n1 = N1/V1 – êîíöåíòðàö³þ ³îí³â ó
êëóáêó, ÷åðåç ϕ = V1/V – â³äíîñíèé îá’ºì, çàéíÿòèé
êëóáêàìè. Êîíöåíòðàö³þ ³îí³â ó ïðîñòîð³ ïîçà
ìåæàìè êëóáê³â ïîçíà÷èìî ÷åðåç n2 = N2/V2, äå N2 =
N – N1, V2 = V – V1. Ââåäåìî òàêîæ ïîçíà÷åííÿ:
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Ðèñ. 7. Òåìïåðàòóðíà çàëåæí³ñòü ê³íåìàòè÷íî¿

â’ÿçêîñò³ òðèêîìïîíåíòíîãî âîäíîãî ðîç÷èíó NaCl çà
êîíöåíòðàö³¿ 9 ã/ë ³ äåêñòðàíó çà êîíöåíòðàö³¿: 1,56 (1);
3,13 (2); 6,25 (3); 12,5 (4); 25,0 (5); 50,0 (6) ³ 100,0 ã/ë (7)

Ðèñ. 8. Òåìïåðàòóðíà çàëåæí³ñòü ã³äðîäèíàì³÷íîãî
ðàä³óñà ìîëåêóëè äåêñòðàíó ó âîäíîìó ðîç÷èí³: áåç
äîáàâîê (1); ç äîáàâêîþ NaCl êîíöåíòðàö³¿ 9 ã/ë (2)
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Ðèñ. 9. Òåìïåðàòóðíà çàëåæí³ñòü åôåêòèâíîãî
êîåô³ö³ºíòà äèôóç³¿ ³îí³â ó âîäíîìó ðîç÷èí³ NaCl çà
êîíöåíòðàö³¿ NaCl: 1,8 (1); 4,5 (2) òà 9,0 ã/ë (3)

Ðèñ. 10. Òåìïåðàòóðíà çàëåæí³ñòü åôåêòèâíîãî
êîåô³ö³ºíòà äèôóç³¿ ³îí³â ó ñèñòåì³ âîäà–NaCl–
äåêñòðàí D40 çà êîíöåíòðàö³é NaCl ³ äåêñòðàíó: 1,8 ³
20 (1); 4,5 ³ 50 (2) òà 9,0 ³ 100 ã/ë (3)

(8)

(9)
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q = n1/n2,
Êîíöåíòðàö³¿ n, n1 òà n2 çâ’ÿçóº î÷åâèäíå ñï³ââ³äíî-

øåííÿ:
n = n1ϕ + n2(1 - ϕ).

Ç óðàõóâàííÿì ïîïåðåäí³õ òîòîæíîñòåé ìàºìî:

ϕϕ
ϕ

q
NN

+−
−

=
1

1
2

.

Ðîçãëÿíåìî ÷àñòîòíèé ³íòåðâàë, â ÿêîìó ïåðåíîñ
³îí³â â³äáóâàºòüñÿ âèêëþ÷íî çà ðàõóíîê êîíâåêòèâ-
íîãî ïîòîêó, ãóñòèíà ÿêîãî, ÿê â³äîìî [5], âèçíà÷àºòü-
ñÿ ôîðìóëîþ:

j = nDQ/kBT,
äå: D – êîåô³ö³ºíò äèôóç³¿; Q – ñèëà, ùî ä³º íà ÷àñ-
òèíêó.

Ïðèïóñòèìî, ùî çà íàÿâíîñò³ êëóáê³â íå âñ³ ³îíè ç
îáëàñò³ îá’ºìîì V áåðóòü ó÷àñòü ó äèôóç³¿. Ðóõ ³îí³â
ñåðåäèí³ êëóáêà çàâäÿêè íàÿâíîñò³ ïîë³ìåðíèõ ëàíîê
óòðóäíåíèé, òàê ùî ìîæíà ââàæàòè, ùî â³äíîñíî
êëóáêà ö³ ³îíè íåðóõîì³. Êð³ì òîãî, çã³äíî ç [6],
êîåô³ö³ºíò äèôóç³¿ êëóáêà ÿê ö³ëîãî íàñò³ëüêè ìàëèé
ïîð³âíÿíî ç êîåô³ö³ºíòîì äèôóç³¿ ³îí³â, ùî ñàì êëóáîê
ìîæíà ââàæàòè íåðóõîìèì. Çàâäÿêè öèì äâîì
îáñòàâèíàì ³ç äèôó-ç³éíîãî ðóõó âèêëþ÷àþòüñÿ N1
³îí³â, òàê ùî ôîðìóëó (13) ñë³ä çàïèñàòè ó âèãëÿä³:

Tk/DQ
V
Nj B

2= .

Çã³äíî ç âèðàçîì (12) ïåðåïèñóºìî ïîïåðåäíþ
ôîðìóëó ó âèãëÿä³:

j = nD’Q/kBT,
äå ââåäåíî åôåêòèâíèé êîåô³ö³ºíò äèôóç³¿:

ϕϕ
ϕ

q
DD'

+−
−

=
1

1 ,

äå: D’ – öå êîåô³ö³ºíò äèôóç³¿ ³îí³â, ÿêèé ìè âèçíà÷èìî
åêñïåðèìåíòàëüíî, âèì³ðþþ÷è åëåêòðîïðîâ³äí³ñòü
ðîç÷èíó åëåêòðîë³òó, ùî ì³ñòèòü äåêñòðàí. Âåëè÷èíà
D – öå êîåô³ö³ºíò äèôóç³¿ ³îí³â, îòðèìàíèé çà
â³äñóòíîñò³ äåêñòðàíó. Îòæå, ó ôîðìóë³ (16) çíà÷åííÿ
âåëè÷èí D’ ³ D â³äîì³ ç åêñïåðèìåíòó. Îá’ºìíà ÷àñòêà
ïîë³ìåðó (ϕ) âèçíà÷åíà ç â³ñêîçèìåòðè÷íèõ äàíèõ ç
âèêîðèñòàííÿì ôîðìóëè Åéíøòåéíà:

 
0

5(1 )
2

η η ϕ= + ,

äå: η ³ η0 – çñóâíà â’ÿçê³ñòü ðîç÷èíó òà ðîç÷èííèêà
â³äïîâ³äíî; ϕ – â³äíîñíèé îá’ºì, çàéíÿòèé â ðîç÷èí³
ìîëåêóëàìè ðîç÷èíåíî¿ ðå÷îâèíè. Âèçíà÷èìî ÷èñëîâ³
âåëè÷èíè äëÿ òðèêîìïîíåíòíîãî âîäíîãî ðîç÷èíó ç
êîíöåíòðàö³ºþ NaCl 4,5 ã/ë ³ äåêñòðàíó – 50 ã/ë çà
òåìïåðàòóðè 30 °Ñ: ϕ  = 0,50; D’/D = σ’

t/σt = 0,89.
Ï³äñòàâëÿþ÷è ¿õ ó çãàäàíó ôîðìóëó, îòðèìóºìî q =
0,12. Â³äïîâ³äíî, ìàºìî ìàñîâ³ êîíöåíòðàö³¿ c1 = 1 ³
c2 = 8 ã/ë, ÿê³ â³äïîâ³äàþòü n1 ³ n2.
Âèñíîâêè.

Çã³äíî ç ïðîâåäåíèìè äîñë³äæåííÿìè, âïëèâ ïîë³-
ìåðíèõ ìîëåêóë íà äèôóç³þ ³îí³â Na+, Cl-

ïðîÿâëÿºòüñÿ â òàêîìó:
- Ââåäåííÿ ìîëåêóë äåêñòðàíó ó âîäíèé ðîç÷èí NaCl
ïðèçâîäèòü äî çìåíøåííÿ éîãî åëåêòðîïðîâ³äíîñò³.
- Öå çìåíøåííÿ âèêëèêàíî òèì, ùî ïîë³ìåðí³ êëóáêè
çàõîïëþþòü ÷àñòèíó ³îí³â, âèêëþ÷àþ÷è ¿õ ³ç
çàãàëüíîãî ïîòîêó.
- Êîíöåíòðàö³ÿ ³îí³â âñåðåäèí³ êëóáêà ñòàíîâèòü 20 %
â³ä çàãàëüíî¿.
- ²îíè âñåðåäèí³ êëóáêà ðóõàþòüñÿ ò³ëüêè ðàçîì ç
êëóáêàìè ÿê ö³ëå, ùî ïðèçâîäèòü äî çìåíøåííÿ åôåê-
òèâíîãî êîåô³ö³ºíòà äèôóç³¿ ³îí³â.
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Âïëèâ ìîëåêóë äåêñòðàíó íà äèôóç³þ ³îí³â ó âîäíèõ ðîç÷èíàõ NaCl

Âëèÿíèå ìîëåêóë äåêñòðàíà íà äèôôóçèþ èîíîâ â âîäíûõ ðàñòâîðàõ NaCl

À.Í. Àëåêñååâ, Ë.À. Áóëàâèí, , Ë.Í. Ãàðêóøà, Þ.Ô. Çàáàøòà, Ñ.Þ. Òêà÷¸â

Êèåâñêèé íàöèîíàëüíûé óíèâåðñèòåò èì. Ò. Ã. Øåâ÷åíêî, ôèçè÷åñêèé ôàêóëüòåò
1, ïð. Ãëóøêîâà, Êèåâ, 03680, Óêðàèíà

Ïî ïðåäëîæåííîé â íàøåé ïðåäûäóùåé ðàáîòå ìåòîäèêå îïðåäåë¸í ýôôåêòèâíûé êîåôôèöèåíò
äèôôóçèè èîíîâ äëÿ âîäíîãî ðàñòâîðà NaCl ñ ïðèìåñÿìè äåêñòðàíà ñ ìîëåêóëÿðíîé ìàññîé
40000 è áåç íèõ â òåìïåðàòóðíîì èíòðåâàëå (283–353) Ê. Ïîêàçàíî, ÷òî ïðè ââåäåíèè ïðèìåñåé
äåêñòðàíà â ðàñòâîð èîíû ïðîíèêàþò âíóòðü êëóáêà äåêñòðàíà è äàëüøå äâèãàþòñÿ âìåñòå ñ
íèì êàê öåëîå, ÷òî ïðèâîäèò ê óìåíüøåíèþ ýôôåêòèâíîãî êîåôôèöèåíòà äèôôóçèè èîíîâ.
Îïðåäåëåíà êîíöåíòðàöèÿ èîíîâ âíóòðè êëóáêîâ.

Êëþ÷åâûå ñëîâà: äèôôóçèÿ, êëóáîê, âîäíûé ðàñòâîð, NaCl, äåêñòðàí, ýëåêòðîïðîâîäíîñòü, âÿçêîñòü.

Influence of dextran molecules on diffusion in water solutions of NaCl

A.N. Alekseev, L.A. Bulavin, L.N. Garkusha, U.F. Zabashta, S.U. Tkachev

Taras Shevchenko Kyiv National University, physical faculty
1, Glushlova av., Kyiv, 03680, Ukraine

Using the method that was offered before in our previous work we determined an effective diffusion
coefficient of ions for water-NaCl solution with dextran admixtures with molecular mass 40000 and
without them in temperature interval (283–353) Ê. It was shown that leading dextran admixtures to
solution results in penetration of ions inside the dextran balls and further movement of these ions and
balls as a whole and thus in decrease of effective diffusion coefficient of ions. It was determined the
concentration of ions inside the balls.

Key words: diffusion, ball, water solution, NaCl, dextran, conductivity, viscosity.




