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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé âÿçêîñòè íüþòîíîâñêèõ è íåíüþòîíîâñêèõ íåôòåé,

ïîëó÷åííûå ñ ïîìîùüþ ðîòàöèîííîãî (HAAKE VT550) è âèáðàöèîííîãî (SV-10) âèñêîçè-

ìåòðîâ. Ïîêàçàíî, ÷òî ïðè èçìåðåíèè âÿçêîñòè íüþòîíîâñêèõ æèäêîñòåé, â òîì ÷èñëå ëåã-

êèõ íåñòðóêòóðèðîâàííûõ íåôòåé, â îáëàñòè òåìïåðàòóð, ãäå íåíüþòîíîâñêèå ñâîéñòâà íå

ïðîÿâëÿþòñÿ, ðîòàöèîííûé è âèáðàöèîííûé âèñêîçèìåòðû äàþò ñõîæèå çíà÷åíèÿ âÿçêî-

ñòè è çàâèñèìîñòè âÿçêîñòè îò òåìïåðàòóðû. Ïðè ñíèæåíèè òåìïåðàòóðû ïàðàôèíèñòîé

èëè âûñîêîâÿçêîé íåôòè äî äèàïàçîíà ïðîÿâëåíèÿ àíîìàëüíûõ ñâîéñòâ êàæäîå èçìåðåí-

íîå íà âèáðîâèñêîçèìåòðå SV-10 çíà÷åíèå âÿçêîñòè ñîîòâåòñòâóåò ñâîåé ýôôåêòèâíîé ñêî-

ðîñòè ñäâèãà íà êðèâîé òå÷åíèÿ äëÿ äàííîé òåìïåðàòóðû, ïîëó÷åííîé ñ ïîìîùüþ ðîòàöè-

îííîãî âèñêîçèìåòðà VT550 (÷åì áîëüøå âÿçêîñòü, òåì ìåíüøå ýôôåêòèâíàÿ ñêîðîñòü

ñäâèãà). Ïîýòîìó ïðè èçó÷åíèè ðåîëîãèè íåíüþòîíîâñêèõ ñòðóêòóðèðîâàííûõ æèäêîñòåé,

íàïðèìåð, âûñîêîïàðàôèíèñòûõ íåôòåé, ñëåäóåò èñïîëüçîâàòü ðîòàöèîííûå ðåîìåòðû,

ïîçâîëÿþùèå çàïèñûâàòü êðèâûå òå÷åíèÿ â ïîëíîì îáúåìå è îïðåäåëÿòü çíà÷åíèÿ âÿçêî-

ñòè â ïåðåõîäíûõ è óñòàíîâèâøèõñÿ ðåæèìàõ òå÷åíèÿ. Âèáðàöèîííûé âèñêîçèìåòð èçìå-

ðÿåò âÿçêîñòü íåíüþòîíîâñêèõ ñòðóêòóðèðîâàííûõ ñðåä äëÿ íåêîòîðûõ «ýôôåêòèâíûõ»

çíà÷åíèé ñêîðîñòåé ñäâèãà, êîòîðûå ñàìèì ïðèáîðîì íå çàäàþòñÿ, à ìîãóò áûòü îïðåäåëå-

íû â ðåçóëüòàòå îòäåëüíûõ ýêñïåðèìåíòîâ ñ êàëèáðîâàííûìè îáðàçöàìè. Ïîýòîìó â äàí-

íîì ñëó÷àå âîçìîæíû òîëüêî îòíîñèòåëüíûå, à íå àáñîëþòíûå èçìåðåíèÿ. Ïî ïîëó÷åííûì

äàííûì èññëåäîâàíèÿ ðåîëîãè÷åñêèõ õàðàêòåðèñòèê íåôòè íà äâóõ òèïàõ ïðèáîðîâ ïðåä-

ëîæåíû ðåêîìåíäàöèè ê ïðàêòè÷åñêîìó ïðèìåíåíèþ âèáðîâèñêîçèìåòðà SV-10.
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ôòè; ýíåðãèÿ àêòèâàöèè; êðèâàÿ òå÷åíèÿ.
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Principle of operation, advantages and disadvantages of the recently introduced a vibrational viscometer

SV-10 are discussed. The results of measuring the viscosity of Newtonian and non-Newtonian oils on a

HAAKE VT550 rotary viscometer are compared with that obtained on a vibratory viscometer in the tem-

perature range wherein the non-Newtonian properties of oil appear and disappear. It is shown that when

measuring the viscosity of Newtonian liquids, including light unstructured oils, in the temperature range

where non-Newtonian properties are not manifested, the rotational and vibrational viscometers provide

similar results regarding both the viscosity values and temperature dependence of the viscosity. However,

when the oil temperature drops to the range of the abnormal properties, each value of the oil viscosity

measured on SV-10 corresponds to the effective shear rate on the flow curve for a given temperature re-

corded on a rotational viscometer VT550 (the higher the viscosity, the smaller the effective shear rate).

Hence, when studying the rheology of non-Newtonian structured liquids, e.g., high-paraffin oils, it is nec-

essary to use rotational rheometers, which provide recording the entire flow curve and determining the

viscosity values in transient and steady-state flow regimes. The vibration viscometer measures the viscos-

ity of non-Newtonian structured media for some “effective” shear rate values, which are not set by the de-

vice and can be determined as a result of separate experiments with calibrated samples thus providing rel-

ative rather than absolute measurements of the viscosity. Recommendations for practical use of SV-10
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vibrational viscometers are specified proceeding from the results of studying the rheological characteris-

tics of oils obtained on both types of the viscometers.

Keywords: vibratory viscometer; rotational viscometer; temperature dependence of viscosity; shear rate;

non-Newtonian liquids; paraffinic oils; activation energy; flow curve.

Èçâåñòíî, ÷òî âûñîêîïàðàôèíèñòûå è âûñîêî-

âÿçêèå íåôòè ïðè ïîíèæåíèè òåìïåðàòóðû ïðî-

ÿâëÿþò âûðàæåííûå íåíüþòîíîâñêèå ñâîéñòâà

(çàâèñèìîñòü âÿçêîñòè îò ñêîðîñòè ñäâèãà, íàëè-

÷èå ñòàòè÷åñêîãî è äèíàìè÷åñêîãî íàïðÿæåíèé

ñäâèãà, òèêñîòðîïíîñòü è äð.). Òàêèå íåôòè åùå

íàçûâàþò àíîìàëüíûìè, ò.å. íå ïîä÷èíÿþùèìè-

ñÿ çàêîíó âÿçêîãî òðåíèÿ Íüþòîíà.

Äëÿ òåïëîãèäðàâëè÷åñêèõ ðàñ÷åòîâ íåèçîòåð-

ìè÷åñêèõ ìàãèñòðàëüíûõ íåôòåïðîâîäîâ (ÌÍ),

êîíòðîëÿ òåõíîëîãè÷åñêèõ ðåæèìîâ è îáåñïå÷å-

íèÿ áåçîïàñíîñòè ïåðåêà÷êè íåíüþòîíîâñêèõ

íåôòåé íåîáõîäèì ðåãóëÿðíûé ìîíèòîðèíã îñ-

íîâíûõ ðåîëîãè÷åñêèõ ïàðàìåòðîâ ïðîá, îòî-

áðàííûõ â ðàçíûõ òî÷êàõ ïî äëèíå òðóáîïðîâîäà.

Ïîäîáíûé ìîíèòîðèíã îñóùåñòâëÿþò ñ èñïîëüçî-

âàíèåì âèñêîçèìåòðîâ.

Â íàñòîÿùåå âðåìÿ íàèáîëåå ðàñïðîñòðàíåíû

ðîòàöèîííûå âèñêîçèìåòðû [1], êîòîðûå äàþò

íàèáîëåå ïîëíóþ èíôîðìàöèþ î ðåîëîãè÷åñêèõ

ïàðàìåòðàõ èññëåäóåìûõ æèäêîñòåé (îñîáåííî

äëÿ ðàçëè÷íîãî òèïà àíîìàëüíûõ íåôòåé): çàïè-

ñûâàþò êðèâûå òå÷åíèÿ íà ïðÿìîì è îáðàòíîì

õîäàõ, îïðåäåëÿþò ñîîòâåòñòâóþùèå çíà÷åíèÿ

ýôôåêòèâíîé è ïëàñòè÷åñêîé âÿçêîñòåé, íà÷àëü-

íûå ñòàòè÷åñêîå è äèíàìè÷åñêîå íàïðÿæåíèÿ

ñäâèãà äëÿ ðàçíûõ òåìïåðàòóð.

Âèáðàöèîííûå âèñêîçèìåòðû, â îòëè÷èå îò

ðîòàöèîííûõ, èñïîëüçóþò ïðèíöèï êàìåðòîííîé

âèáðàöèè [2, 3], ïîçâîëÿþùèé èçìåðÿòü âÿç-

êîñòü â øèðîêîì äèàïàçîíå çíà÷åíèé (îò 0,3 äî

10 000 ìÏà · ñ) áåç çàìåíû ñåíñîðíûõ ïëàñòèí ñ

âûñîêîé ïîâòîðÿåìîñòüþ (1 %).

Öåëü ðàáîòû — èññëåäîâàíèå âÿçêîñòè àíî-

ìàëüíûõ íåôòåé â îáëàñòè ïðîÿâëåíèÿ êàê ÷èñòî

íüþòîíîâñêèõ, òàê è íåíüþòîíîâñêèõ ñâîéñòâ ñ

ïîìîùüþ ðîòàöèîííîãî (HAAKE VT550) è âèá-

ðàöèîííîãî (SV-10) âèñêîçèìåòðîâ.

Îòìåòèì, ÷òî ïðè âèáðàöèîííîì ìåòîäå èç-

ìåðåíèÿ [1, 2] â êà÷åñòâå èçìåðÿåìîé âåëè÷èíû

ïîëó÷àþò ïðîèçâåäåíèå äèíàìè÷åñêîé âÿçêîñòè

íà ïëîòíîñòü èññëåäóåìîé æèäêîñòè — «ñòàòè÷å-

ñêóþ» âÿçêîñòü [3]. Ýòî ñïðàâåäëèâî äëÿ íüþòî-

íîâñêèõ æèäêîñòåé (ïîä÷èíÿþùèõñÿ çàêîíó âÿç-

êîãî òðåíèÿ Íüþòîíà): ìàëîâÿçêèõ æèäêîñòåé,

ëåãêèõ íåôòåé, íåôòåé ñ ìàëûì ñîäåðæàíèåì ïà-

ðàôèíà, íåôòåé ñ çàìåòíûì ñîäåðæàíèåì ïàðà-

ôèíà ïðè òåìïåðàòóðàõ âûøå òåìïåðàòóðû íà-

÷àëà åãî êðèñòàëëèçàöèè.

Èññëåäîâàëè ìîòîðíîå ìàñëî (íüþòîíîâñêàÿ

æèäêîñòü). Îáðàçåö ñíà÷àëà íàãðåâàëè äî 30 °C,

çàòåì îõëàæäàëè äî 10 °C. Ñêîðîñòü îõëàæäåíèÿ,

êàê è âî âñåõ ñëåäóþùèõ îïûòàõ, ñîñòàâëÿëà

10 °C/÷.

Íà ðèñ. 1 ïðèâåäåíû çàâèñèìîñòè äèíàìè÷å-

ñêîé âÿçêîñòè (ì) îò òåìïåðàòóðû (T) è ëîãàðèô-

ìà âÿçêîñòè (ln ì) îò îáðàòíîé òåìïåðàòóðû (êî-

îðäèíàòû Àððåíèóñà [4]), ïîëó÷åííûå íà âèñêî-

çèìåòðàõ SV-10 è VT550 (çäåñü è äàëåå ïàðàë-

ëåëüíî ñ èçìåðåíèÿìè íà SV-10 äëÿ íàõîæäåíèÿ

âÿçêîñòè îïðåäåëÿëè ïëîòíîñòü æèäêîñòè).

Ïî òàíãåíñàì óãëîâ íàêëîíà ïðÿìûõ 1 è 2 îï-

ðåäåëÿëè ýíåðãèþ àêòèâàöèè îáðàçöà: 32 (äëÿ

SV-10) è 31 êÄæ/ìîëü (äëÿ VT550). Âèäíî, ÷òî

ýíåðãèè àêòèâàöèè, ïîëó÷åííûå íà îáîèõ âèñêî-

çèìåòðàõ, ïðàêòè÷åñêè ñîâïàäàþò.

Äàëåå èññëåäîâàëè îáðàçöû íåôòåé, òðàíñ-

ïîðòèðóåìûõ ïî ÌÍ «Óñà — Óõòà» è «Óõòà —

ßðîñëàâëü» (íåôòü I è íåôòü II). Ïàðàìåòðû îá-

ðàçöîâ ïðåäñòàâëåíû â òàáëèöå.

Íà ðèñ. 2 ïðèâåäåíû òåìïåðàòóðíûå çàâèñè-

ìîñòè âÿçêîñòè íåôòè II è çàâèñèìîñòè âÿçêîñòè

îò òåìïåðàòóðû â êîîðäèíàòàõ Àððåíèóñà, èçìå-

ðåííûå íà âèáðàöèîííîì è ðîòàöèîííîì âèñêî-

çèìåòðàõ.
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Ðèñ. 1. Çàâèñèìîñòè âÿçêîñòè ìîòîðíîãî ìàñëà îò òåìïå-

ðàòóðû (à) è ëîãàðèôìà âÿçêîñòè îò îáðàòíîé òåìïåðàòó-

ðû (á), ïîëó÷åííûå íà SV-10 (1) è VT550 (2)



Âèäíî, ÷òî â îáëàñòè 20 – 60 °C, ãäå îáðàçåö

âåäåò ñåáÿ êàê íüþòîíîâñêàÿ æèäêîñòü, çíà÷åíèÿ

âÿçêîñòè äëÿ îáîèõ âèñêîçèìåòðîâ äîñòàòî÷íî

áëèçêè. Îäíàêî ïðè ïîíèæåíèè òåìïåðàòóðû

îíè íà÷èíàþò ñóùåñòâåííî ðàçëè÷àòüñÿ, ÷òî îò-

ðàæàåòñÿ, åñòåñòâåííî, è íà ýíåðãèè àêòèâàöèè.

Íà ðèñ. 3 ïðåäñòàâëåíû çàâèñèìîñòè íàïðÿ-

æåíèÿ ñäâèãà îò ñêîðîñòè ñäâèãà (êðèâûå òå÷å-

íèÿ) ïðè ðàçíûõ òåìïåðàòóðàõ îáðàçöà íåíüþòî-

íîâñêîé ïàðàôèíèñòîé íåôòè.

Â òàêèõ íåôòÿõ ïðè òåìïåðàòóðå íèæå òåìïå-

ðàòóðû ìàññîâîé êðèñòàëëèçàöèè ïàðàôèíîâûõ

óãëåâîäîðîäîâ (ÓÂ) èç ïîñëåäíèõ îáðàçóåòñÿ ïðî-

ñòðàíñòâåííàÿ ñòðóêòóðíàÿ ñåòêà, îïðåäåëÿþùàÿ

àíîìàëüíûå ñâîéñòâà íåôòåé: íåëèíåéíîñòü êðè-

âîé òå÷åíèÿ, çàâèñèìîñòü âÿçêîñòè îò ñêîðîñòè

ñäâèãà, âÿçêîïëàñòè÷íûå ñâîéñòâà, íàëè÷èå òèê-

ñîòðîïèè (êðèâàÿ ïðÿìîãî õîäà âèñêîçèìåòðà

ðàñïîëîæåíà âûøå êðèâîé îáðàòíîãî õîäà). Îñî-

áåííî ÿðêî àíîìàëüíûå ñâîéñòâà ïðîÿâëÿþòñÿ

ïðè íèçêîé òåìïåðàòóðå, êîãäà ìîæåò íàáëþ-

äàòüñÿ ÿâëåíèå ñâåðõàíîìàëèè âÿçêîñòè [5, 6].

Äàëåå ñðàâíèâàëè òåìïåðàòóðíûå çàâèñèìî-

ñòè âÿçêîñòè íåôòè I, ïîëó÷åííûå íà ðîòàöèîí-

íîì è âèáðàöèîííîì âèñêîçèìåòðàõ. Çíà÷åíèÿ

ýôôåêòèâíîé âÿçêîñòè (VT550) îïðåäåëÿëè äëÿ

ðàçíûõ ñêîðîñòåé ñäâèãà (îñü âÿçêîñòè ïðåäñòàâ-

ëåíà â ëîãàðèôìè÷åñêîì ìàñøòàáå) (ðèñ. 4).

Âèäíî, ÷òî òåìïåðàòóðíûå çàâèñèìîñòè äëÿ

SV-10 è VT550 õîðîøî ñîâïàäàþò â îáëàñòè íüþ-

òîíîâñêîãî òå÷åíèÿ (äëÿ òåìïåðàòóð 30 – 50 °C),

ãäå âÿçêîñòü ïðàêòè÷åñêè íå çàâèñèò îò ñêîðîñòè

ñäâèãà. Â îáëàñòè áîëåå íèçêèõ òåìïåðàòóð êðè-

âàÿ âÿçêîñòè, ïîëó÷åííàÿ íà SV-10, áîëåå âñåãî

ñîîòâåòñòâóåò êðèâîé ýôôåêòèâíîé âÿçêîñòè, ïî-

ëó÷åííîé íà VT550 äëÿ ïðÿìîãî õîäà, è ñêîðîñòè

ñäâèãà 0,5 ñ–1. Äëÿ îáðàòíîãî õîäà â îáëàñòè íå-

íüþòîíîâñêîãî òå÷åíèÿ òàêîãî ñîâïàäåíèÿ íå íà-

áëþäàåòñÿ.
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ïîëó÷åííûå íà SV-10 (1) è VT550 (2)
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Ðèñ. 3. Êðèâûå òå÷åíèÿ íåôòè I, èçìåðåííûå íà âèñêî-

çèìåòðå VT550 ïðè òåìïåðàòóðàõ 10 (1), 16 (2), 20 (3) è

30 °C (4) (ñòðåëêàìè ïîêàçàíû ïðÿìîé è îáðàòíûé õîäû

âèñêîçèìåòðà)

Ïàðàìåòðû íåôòåé I è II

Ïàðàìåòð Íåôòü I Íåôòü II

Ïëîòíîñòü ïðè 20 °C, êã/ì3 860 – 865 942 – 945

Âÿçêîñòü äèíàìè÷åñêàÿ ïðè 20 °C, ìÏà · ñ 30 – 40 2500 – 3200

Ñîäåðæàíèå ïàðàôèíà, % ìàññ. 8 – 10 0,5 – 2,21

Ñîäåðæàíèå àñôàëüòåíîâ, % ìàññ. 2 – 3,4 2,3 – 3,25

Ñîäåðæàíèå ñìîë, % ìàññ. 7,7 – 14,5 20 – 25

Òåìïåðàòóðà íà÷àëà ñòðóêòóðîîáðàçîâàíèÿ, °C 19 – 21 —

Òåìïåðàòóðà çàñòûâàíèÿ, °C 8 – 15 –18



Ìîæíî ñäåëàòü âûâîä, ÷òî çíà÷åíèÿ âÿçêîñòè

àíîìàëüíûõ òèêñîòðîïíûõ æèäêîñòåé, èçìåðåí-

íûå ïî ìåòîäèêå âèáðàöèîííîãî âèñêîçèìåòðà,

ãîðàçäî áîëåå ñîîòâåòñòâóþò ýôôåêòèâíûì çíà-

÷åíèÿì âÿçêîñòè, ðàññ÷èòàííûì èç ïðÿìîãî õîäà

êðèâîé òå÷åíèÿ ðîòàöèîííîãî âèñêîçèìåòðà, ÷åì

èç îáðàòíîãî.

Â ðîòàöèîííîì âèñêîçèìåòðå ïðè äåôîðìè-

ðîâàíèè æèäêîé ñòðóêòóðèðîâàííîé äèñïåðñíîé

ñèñòåìû, íàïðèìåð, ïàðàôèíèñòîé íåôòè, ïðè

ïîñëåäîâàòåëüíîì óâåëè÷åíèè ñêîðîñòè ñäâèãà

íà ïðÿìîì õîäå ñòðóêòóðà íåôòè íå óñïåâàåò ðàç-

ðóøàòüñÿ äî ðàâíîâåñíîãî ñîñòîÿíèÿ, ÷òî, ñîáñò-

âåííî, è ÿâëÿåòñÿ ïðè÷èíîé ïîÿâëåíèÿ ïåòëè

ãèñòåðåçèñà. Îáðàòíûé õîä âèñêîçèìåòðà ïðè

äîñòàòî÷íîì âðåìåíè âðàùåíèÿ öèëèíäðà íà êî-

íå÷íîé ñêîðîñòè ñäâèãà ñîîòâåòñòâóåò òå÷åíèþ

æèäêîñòè ñ ðàçðóøåííîé ñòðóêòóðîé è, ñîîòâåò-

ñòâåííî, ñ ìåíüøåé âÿçêîñòüþ. Ïîñêîëüêó âèáðî-

âèñêîçèìåòð èñïîëüçóåò òîíêèå ñåíñîðíûå ïëà-

ñòèíû, òî äåôîðìàöèè ñòðóêòóðû îáðàçöà íå ïðî-

èñõîäèò. Ôàêòè÷åñêè â âèáðàöèîííîì âèñêîçè-

ìåòðå îòñóòñòâóåò ñäâèãîâîå òå÷åíèå íåôòè ñ ðàç-

ðóøåííîé ñòðóêòóðîé, êàê ýòî èìååò ìåñòî ïðè

îáðàòíîì õîäå â ðîòàöèîííîì ðåîìåòðå.

Íà îñíîâå òåìïåðàòóðíûõ çàâèñèìîñòåé âÿç-

êîñòè ïàðàôèíèñòûõ íåôòåé, ïîëó÷åííûõ íà

âèáðàöèîííîì è ðîòàöèîííîì âèñêîçèìåòðàõ,

ðàññ÷èòûâàëè ýíåðãèè àêòèâàöèè óñòàíîâèâøå-

ãîñÿ òå÷åíèÿ è òåìïåðàòóðû íà÷àëà ìàññîâîé

êðèñòàëëèçàöèè [7, 8]. Ïðè ýòîì òî÷êè ïåðåñå÷å-

íèÿ ïðÿìûõ àïïðîêñèìàöèè ñîîòâåòñòâóþò òåì-

ïåðàòóðå íà÷àëà ìàññîâîé êðèñòàëëèçàöèè ïàðà-

ôèíîâ â íåôòè (ðèñ. 5).

Ýíåðãèÿ àêòèâàöèè äëÿ íåôòè I: â îáëàñòè

íüþòîíîâñêîãî òå÷åíèÿ (äëÿ òåìïåðàòóð âûøå

òåìïåðàòóðû íà÷àëà êðèñòàëëèçàöèè ïàðàôè-

íîâ) — 34 (SV-10) è 30 êÄæ/ìîëü (VT550) (ñêî-

ðîñòü ñäâèãà 250 ñ–1); â îáëàñòè íèçêèõ òåìïåðà-

òóð — 208 (SV-10) è 73 êÄæ/ìîëü (VT550). Òåìïå-

ðàòóðû íà÷àëà ìàññîâîé êðèñòàëëèçàöèè ñîñòà-

âèëè: T1 = 28 (SV-10) è T2 = 27 °C (VT550).

Âèäíî, ÷òî îòêëîíåíèÿ çíà÷åíèé ýíåðãèè

àêòèâàöèè äëÿ íèçêèõ òåìïåðàòóð çíà÷èòåëüíû

(ðåçóëüòàòû, ïîëó÷åííûå íà âèáðàöèîííîì âèñ-

êîçèìåòðå, çàìåòíî âûøå, ÷åì íà ðîòàöèîííîì).

Ýòî ñâÿçàíî ñ ìåòîäèêîé âèáðîèçìåðåíèé âÿç-

êîñòè ñòðóêòóðèðîâàííûõ ñðåä. Ôàêòè÷åñêè ïðè

ñíèæåíèè òåìïåðàòóðû êàæäîå èçìåðåííîå çíà-

÷åíèå âÿçêîñòè íà SV-10 ñîîòâåòñòâóåò êàêîé-òî

ñâîåé ýôôåêòèâíîé ñêîðîñòè ñäâèãà (÷åì áîëüøå

âÿçêîñòü, òåì ìåíüøå ýôôåêòèâíàÿ ñêîðîñòü

ñäâèãà).

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ

ïîêàçàëè, ÷òî âèáðàöèîííûé âèñêîçèìåòð SV-10

êàê ïðèáîð äëÿ èçìåðåíèÿ âÿçêîñòè îáëàäàåò ðÿ-

äîì íåñîìíåííûõ ïðåèìóùåñòâ: ìàëîå êîëè÷åñò-

âî èçìåðÿåìîé ïðîáû; âîçìîæíîñòü ïðîâîäèòü

èçìåðåíèÿ â ðåàëüíîì ìàñøòàáå âðåìåíè; îòíî-

ñèòåëüíî âûñîêàÿ ñêîðîñòü, à çíà÷èò, ìàññîâîñòü

èçìåðåíèé; øèðîêèé äèàïàçîí èçìåðåíèÿ âÿçêî-

ñòè; âûñîêàÿ ïîâòîðÿåìîñòü ðåçóëüòàòîâ. Îäíàêî

òðåáóåòñÿ ïàðàëëåëüíîå îïðåäåëåíèå ïëîòíîñòè

èññëåäóåìîé æèäêîñòè.
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Ðèñ. 4. Òåìïåðàòóðíûå çàâèñèìîñòè âÿçêîñòè íåôòè I,

èçìåðåííûå íà SV-10 (1) è VT550 ïðè ñêîðîñòÿõ ñäâèãà

0,5 (2), 0,1 (3), 8 (4) è 250 ñ–1 (5): à è á — ïðÿìîé è îáðàò-

íûé õîä êðèâîé òå÷åíèÿ

1

T
1

= 28 °C T
2

= 27 °C

2

1000 , KT
–1 –1

Ðèñ. 5. Çàâèñèìîñòè âÿçêîñòè îò òåìïåðàòóðû â êîîðäè-

íàòàõ Àððåíèóñà äëÿ íåôòè I, èçìåðåííûå íà SV-10 (1) è

VT550 (2)



Ïðè èçìåðåíèè âÿçêîñòè íüþòîíîâñêèõ æèä-

êîñòåé (â òîì ÷èñëå ëåãêèõ íåñòðóêòóðèðîâàííûõ

íåôòåé) â îáëàñòè òåìïåðàòóð, ãäå íåíüþòîíîâ-

ñêèå ñâîéñòâà íå ïðîÿâëÿþòñÿ, ðîòàöèîííûé

(VT550) è âèáðàöèîííûé (SV-10) âèñêîçèìåòðû

äàþò ñõîæèå ðåçóëüòàòû. Ðàçëè÷èÿ ìîãóò áûòü

óñòðàíåíû ââåäåíèåì ïîñòîÿííîãî ïîïðàâî÷íîãî

êîýôôèöèåíòà.

Ïðè èçó÷åíèè ðåîëîãèè íåíüþòîíîâñêèõ

ñòðóêòóðèðîâàííûõ æèäêîñòåé (íàïðèìåð, âûñî-

êîïàðàôèíèñòûõ íåôòåé) ñëåäóåò èñïîëüçîâàòü

ðîòàöèîííûå ðåîìåòðû, ïîçâîëÿþùèå çàïèñû-

âàòü êðèâûå òå÷åíèÿ ïîëíîñòüþ è îïðåäåëÿòü

çíà÷åíèÿ âÿçêîñòè â ïåðåõîäíûõ è óñòàíîâèâ-

øèõñÿ ðåæèìàõ òå÷åíèÿ. Âèáðàöèîííûé âèñêî-

çèìåòð èçìåðÿåò âÿçêîñòü íåíüþòîíîâñêèõ ñòðóê-

òóðèðîâàííûõ ñðåä äëÿ íåêîòîðûõ «ýôôåêòèâ-

íûõ» çíà÷åíèé ñêîðîñòåé ñäâèãà, êîòîðûå ñàìèì

ïðèáîðîì íå çàäàþòñÿ. Èõ ìîæíî îïðåäåëèòü â

õîäå îòäåëüíûõ ýêñïåðèìåíòîâ ñ êàëèáðîâàííû-

ìè îáðàçöàìè. Ïîýòîìó â äàííîì ñëó÷àå âîçìîæ-

íû òîëüêî îòíîñèòåëüíûå, à íå àáñîëþòíûå èçìå-

ðåíèÿ. Çíà÷åíèÿ âÿçêîñòè, ïîëó÷àåìûå íà âèáðà-

öèîííîì âèñêîçèìåòðå äëÿ ñòðóêòóðèðîâàííûõ

ñðåä â òîé îáëàñòè òåìïåðàòóð, ãäå çàìåòíî ïðî-

ÿâëÿþòñÿ èõ àíîìàëüíûå íåíüþòîíîâñêèå ñâîé-

ñòâà, ñîîòâåòñòâóþò ýôôåêòèâíîé âÿçêîñòè, îïðå-

äåëÿåìîé íà ðîòàöèîííîì âèñêîçèìåòðå äëÿ ìà-

ëûõ ñêîðîñòåé ñäâèãà (ãäå åùå íå íàáëþäàåòñÿ

óñòàíîâèâøååñÿ òå÷åíèå). Â ýòîé îáëàñòè ýôôåê-

òèâíàÿ âÿçêîñòü, ïîëó÷àåìàÿ èç êðèâîé òå÷åíèÿ,

çàìåòíî ïàäàåò ñ óâåëè÷åíèåì ñêîðîñòè ñäâèãà.
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