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Ó òåõí³÷í³é ë³òåðàòóð³ íàâåäåíî ð³çíîìàí³òí³ ñïîñîáè ð³øåííÿ çàäà÷, ïîâ�ÿçàíèõ
³ç òå÷³ºþ â�ÿçêîïëàñòè÷íèõ ð³äèí. Ìåòîþ ð³øåííÿ áóäü-ÿêîãî çàâäàííÿ çà òå÷³ºþ
ð³äèíè º çíàõîäæåííÿ çíà÷åíü òèñêó é âåêòîðà øâèäêîñò³ â êîæí³é òî÷ö³ âñåðåäèí³
êàíàëó [1, 2].

Ìåòîþ äàíî¿ ñòàòò³ º ñêëàäàííÿ ìàòåìàòè÷íî¿ ìîäåë³ ïîçäîâæíüî-ïîïåðå÷íî¿
òå÷³¿ íåíüþòîí³âñüêî¿ ñòèñêàþ÷î¿ ð³äèíè â ù³ëèííîìó êàíàë³ òà îòðèìàííÿ ð³âíÿííÿ
âèòðàò. Ïðè öüîìó âðàõîâóºòüñÿ òå, ùî â�ÿçê³ñòü ð³äèíè çàëåæèòü â³ä äðóãîãî
³íâàð³àíòà òåíçîðà øâèäêîñò³ äåôîðìàö³é ³ â³ä òèñêó.

Òå÷³ÿ ó ù³ëèííîìó êàíàë³ òàêî¿ ð³äèíè ìàº âñ³ òðè êîìïîíåíòè âåêòîðà
øâèäêîñò³, êîæíà ç ÿêèõ çàëåæèòü â³ä âñ³õ òðüîõ êîîðäèíàò. Ìåòîä ðåäóêö³¿ çàâäàíü
òå÷³¿ á³ëüøî¿ ðîçì³ðíîñò³ äî îäíîì³ðíèõ çàâäàíü ç ïîäàëüøîþ ñóïåðïîçèö³ºþ,
ðîçãëÿäàëàñü àâòîðàìè ³ âèñâ³òëåíà ó ðÿä³ ïóáë³êàö³é [ 3, 4]. Ñóòü ìåòîäó ïîëÿãàº â
òîìó, ùîá òðèâèì³ðíå çàâäàííÿ çâåñòè äî çàâäàííÿ ïðî òå÷³þ ó ïîçäîâæíüîìó
íàïðÿìêó òàê, ùî ïîçäîâæíÿ øâèäê³ñòü çàëåæèòü â³ä ïîçäîâæíüî¿ é ïîïåðå÷íî¿
êîîðäèíàòè. Ïîçäîâæí³é ãðàä³ºíò òèñêó é ðóõ ñò³íîê êàíàëó âçäîâæ éîãî äîâæèíè
ïðèâîäèòü ê âèíèêíåííþ ïîçäîâæíüî¿ òå÷³¿. Ïîïåðå÷íèé ðóõ ñò³íîê êàíàëó é
ïîïåðå÷íèé ãðàä³ºíò òèñêó ïîðîäæóþòü ïîïåðå÷íó òå÷³þ. ßêùî áðàòè äî óâàãè, ùî
ïðè÷èíè, ÿê³ ïîðîäæóþòü òå÷³þ ìàêñèìàëüíî áëèçüêî äî òå÷³¿ â ïðÿìîêóòíîìó êàíàë³,
òî òðåáà ïîïåðå÷íó òå÷³þ ââàæàòè öèðêóëÿö³ºþ. Òîä³ óìîâà íóëüîâî¿ âèòðàòè, ùî
âëàñòèâà öèðêóëÿö³¿, âèçíà÷èòü ãðàä³ºíò òèñêó â ïîïåðå÷íîìó íàïðÿìêó. Çâ�ÿçîê
ì³æ ðåàëüíîþ òðèâèì³ðíîþ òå÷³ºþ ³ ïîçäîâæíüîþ îäíîì³ðíîþ òå÷³ºþ çîñåðåäæåíèé
â äðóãîìó ³íâàð³àíò³ òåíçîðà øâèäêîñò³ äåôîðìàö³é ³ â ïàðàìåòðàõ â�ÿçêîñò³ [5 ].
Ê³ëüê³ñí³ õàðàêòåðèñòèêè öüîãî çâ�ÿçêó âèçíà÷àþòüñÿ àïð³îðíèìè îö³íêàìè â³äíîñèí
ïîõ³äíèõ ð³çíèõ êîìïîíåíò³â øâèäêîñò³ ó ð³çíèõ íàïðÿìêàõ. Îö³íêè ö³ ãðóíòóþòüñÿ
íà ãðàíè÷íèõ óìîâàõ ³ çàãàëüíèõ ïîäàííÿõ ïðî õàðàêòåð ïðîô³ëþ øâèäêîñò³. ßêùî
ââàæàòè, ùî ïîçäîâæí³é íàïðÿìîê õàðàêòåðèçóºòüñÿ êîîðäèíàòîþ z, à ïîïåðå÷í³ �
êîîðäèíàòàìè x ³ y, ïðè÷îìó êîîðäèíàòè z ³ x � íåîáìåæåí³, à y çì³íþºòüñÿ â
³íòåðâàë³ (-h, +h), òî ñèñòåìà ð³âíÿíü ð³âíîâàãè â íàïðóç³ ìîæå áóòè çàïèñàíà òàê:
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Ð³âíÿííÿ (11) ³ (14) çîâí³ âèãëÿäàþòü çîâñ³ì îäíàêîâî: ¿õí³ ð³øåííÿ òàêîæ
âèãëÿäàþòü çîâñ³ì îäíàêîâî. Ö³ ð³âíÿííÿ ìàþòü ñâî¿ìè ð³øåííÿìè ïðîô³ë³
øâèäêîñò³, êîæíèé ç ÿêèõ ñêëàäàºòüñÿ ç äâîõ ãàëóçåé, ùî ìàþòü ïîõ³äí³ ð³çíèõ

çíàê³â ³ ïåðåñ³÷íèõ â åêñòðåìàëüíèõ òî÷êàõ. Äëÿ êîæíîãî ³ç ïðîô³ë³â z  ³ x  ìîæíà

îá÷èñëèòè âèòðàòó òå÷³¿. Âèòðàòà, ùî âèçíà÷àºòüñÿ êîìïîíåíòîþ øâèäêîñò³ z

îáóìîâëåíà ðóõîì ñò³íîê ³ ð³çíèöåþ òèñê³â íà ê³íöÿõ êàíàëó. Âèòðàòà, ùî âèçíà÷àºòüñÿ

êîìïîíåíòîþ øâèäêîñò³ x  âàðòî ââàæàòè ð³âíîþ íóëþ. Äëÿ ãðàä³ºíò³â òèñê³â / zp

³ / xp  âèõîäÿòü äâà äèôåðåíö³àëüíèõ ð³âíÿííÿ ïåðøîãî ïîðÿäêó. Âåëè÷èíà ( )p z
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ñïåö³àëüíèì óìîâàì, ùî âèïëèâàþòü ³ç ãðàíè÷íèõ óìîâ äëÿ ( )p z .
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ïîçäîâæí³õ çàâäàíü ³ç íàïðÿìêàìè òå÷³¿ óçäîâæ îñåé 0Z ³ 0X ðîçä³ëüíî. Äëÿ öèõ
çàâäàíü º ïðîô³ë³ øâèäêîñò³ é âèòðàòè. Ö³ õàðàêòåðèñòèêè òå÷³¿ âèçíà÷àþòüñÿ â
çàãàëüíî ôóíêö³îíàëüíîìó âèä³ ïîçäîâæí³ì ³ ïîïåðå÷íèì ãðàä³ºíòàìè òèñêó.
Ïîêàçàíî, ùî çâ�ÿçîê ì³æ òðèâèì³ðíèì âèõ³äíèì çàâäàííÿì ³ îäíîì³ðíèìè
çîñåðåäæåíà â ïåðåíîðìîâàíèõ êîåô³ö³ºíòíèõ ôóíêö³ÿõ â�ÿçêîñò³. Óñ³ çàçíà÷åí³
ðåçóëüòàòè çáåð³ãàþòü ñåíñ ïðè äîâ³ëüíîìó íàáîð³ ãðàíè÷íèõ ïîçäîâæí³õ ³ ïîïåðå÷íèõ
øâèäêîñòåé ñò³íîê êàíàëó. Ïðè âèâåäåíí³ ð³âíÿíü ïîçäîâæíüî¿ òå÷³¿ âèêîðèñ-
òîâóâàëèñÿ îö³íêè ïîõ³äíèõ ð³çíèõ êîìïîíåíò³â øâèäêîñò³ â ð³çíèõ íàïðÿìêàõ. Ó
öèõ îö³íêàõ ïðèñóòí³ âåëè÷èíè ik  é ik , à òàêîæ âåëè÷èíè mik . Ñïîñ³á ¿õíüîãî
âèçíà÷åííÿ é îá÷èñëåííÿ êîíêðåòíèõ çíà÷åíü ïðèâîäèòüñÿ ó ³íøèõ ðîáîòàõ àâòîð³â
[4,5].
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Ïðîäîëüíî-ïîïåðå÷íîå òå÷åíèå ñæàòîé æèäêîñòè, çàâèñÿùåé
îò ñêîðîñòè ñäâèãà è äàâëåíèÿ âäîëü ùåëåâîãî êàíàëà øíåêîâîé ìàøèíû

Èçó÷åíà ïðîáëåìà ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ êâàçè-âÿçêîãî ïîòîêà
æèäêîñòè â ùåëåâûõ êàíàëàõ øíåêîâûõ ìàøèí. Ïðåäëîæåí àëãîðèòì, ïîçâîëÿþùèé
îòêàçàòüñÿ îò ðåøåíèÿ ñëîæíûõ äèôôåðåíöèàëüíûõ óðàâíåíèé ïóòåì ïðîñòûõ
àëãåáðàè÷åñêèõ ïðåîáðàçîâàíèé. Ïîëó÷åííûå óðàâíåíèÿ ïîçâîëÿþò îáîáùèòü
êëàññè÷åñêèå ðåçóëüòàòû òå÷åíèÿ íåëèíåéíîé æèäêîñòè ñ âÿçêîñòüþ, çàâèñÿùåé
îò ñêîðîñòè ñäâèãà, ïàðàìåòðû êîòîðîé ïðîèçâîëüíûì îáðàçîì çàâèñÿò îò
äàâëåíèÿ. Ïîêàçàíî, ÷òî ñâÿçü ìåæäó òðåõìåðíûì èñõîäíûì çàäàíèåì è
îäíîìåðíûìè ñîñðåäîòî÷åíû â ïåðåíîðìèðîâàííûõ êîýôôèöèåíòàõ ôóíêöèé
âÿçêîñòè. Ïîëó÷åííûå óðàâíåíèÿ äàþò âîçìîæíîñòü ïðîâîäèòü ìîäåëèðîâàíèå
äðóãèõ âèäîâ âÿçêîïëàñòè÷íûõ òå÷åíèé.

Êëþ÷åâûå ñëîâà: âÿçêîïëàñòè÷åñêîå òå÷åíèå, òå÷åíèå Êóýòòà, ñêîðîñòü
ñäâèãà, ðåîëîãè÷åñêàÿ ìîäåëü, ùåëåâîé êàíàë, øíåêîâàÿ ìàøèíà.
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Transverse and longitudinal flow of compressible fluid with viscosity depending
on the shear rate and pressure along the slot channel of the screw machine

The article studies the problem of mathematical modelling of quasi-viscous liquid
flow in screw machine slot channels.

It also proposes the algorithm which allows using simple algebraic reductions
instead of solving complex differential equations. The equations obtained permit to
generalize classical results for non-linear liquid flow with viscosity depending on the
shear rate with parameters randomly dependent on pressure.

The relationship between three-dimensional resulting tasks and one-dimensional
ones are shown to be concentrated in renormalized viscosity function coefficients.
The data obtained allow to model different types of viscoelastic flows.

Key words: viscoplastic fluid, Couette flow, shear rate, rheological model, slotted
channel, screw machine.
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