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Óâåëè÷åíèå äîëè äëèííîãî âîëîêíà â òîâàðíîé ïðîäóêöèè ïðåäïðèÿòèé ïåðâè÷íîé ïåðåðàáîòêè òðåñòû ëüíà-
äîëãóíöà – âàæíàÿ çàäà÷à, ðåøåíèå êîòîðîé íåîáõîäèìî äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ëüíîâîäñòâà. Áîëåå 
ïîëîâèíû ïîòåðü äëèííîãî âîëîêíà îáóñëàâëèâàåò íèçêîå êà÷åñòâî ïîäãîòîâêè ñëîÿ ëüíîòðåñòû ê ïåðåðàáîò-
êå. Òåõíîëîãè÷åñêèå ïðîöåññû ñóùåñòâóþùåé òåõíîëîãèè ïîäãîòîâêè ñëîÿ íå ìîãóò áûòü àäàïòèðîâàíû ê èç-
ìåíèâøèìñÿ ïàðàìåòðàì ñûðüÿ ïðè ðóëîííîé óáîðêå ëüíà. Â ñâÿçè ñ ýòèì âîçðîñëà àêòóàëüíîñòü ðàçðàáîòêè 
îòäåëüíûõ ïðîöåññîâ è â öåëîì íîâîé òåõíîëîãèè ïîäãîòîâêè ñëîÿ, ïîäàâàåìîãî â ìÿëüíóþ ìàøèíó ïîòî÷íîé 
ëèíèè. Îñíîâíûì òåõíîëîãè÷åñêèì ïðîöåññîì ïîäãîòîâêè ñëîÿ ÿâëÿåòñÿ åãî óòîíåíèå. Ëèíåéíàÿ ïëîòíîñòü 
èñõîäíîãî ñëîÿ âàðüèðóåòñÿ â øèðîêèõ ïðåäåëàõ. Äëÿ åå ïðèâåäåíèÿ ê òåõíîëîãè÷åñêè ðàöèîíàëüíîìó çíà÷å-
íèþ îáîðóäîâàíèå äîëæíî îáåñïå÷èâàòü ðåãóëèðîâàíèå êîýôôèöèåíòà óòîíåíèÿ. Ýòî âîçìîæíî îáåñïå÷èòü íà 
îñíîâå ïðèìåíåíèÿ êàíàëà óòîíåíèÿ ñ ðåãóëèðóåìûì ñå÷åíèåì. Äëÿ åãî îáîñíîâàíèÿ â èññëåäîâàíèÿõ áûëà 
ïîñòàâëåíà öåëü ïî îïðåäåëåíèþ âëèÿíèÿ êîíñòðóêòèâíî-òåõíîëîãè÷åñêèõ ôàêòîðîâ íà êîýôôèöèåíò óòîíå-
íèÿ ñëîÿ ëüíîòðåñòû. Èññëåäîâàíèÿ ïðîâîäèëèñü ñ èñïîëüçîâàíèåì àêòèâíûõ ýêñïåðèìåíòîâ íà ñîçäàííîì 
âî ÂÍÈÈÌË ìàêåòíîì îáðàçöå êàíàëà óòîíåíèÿ äàííîãî òèïà. Íåçàâèñèìûìè ôàêòîðàìè áûëè: ëèíåéíàÿ 
ïëîòíîñòü èñõîäíîãî ñëîÿ; ëèíåéíàÿ ñêîðîñòü ñëîÿ íà âûõîäå èç êàíàëà óòîíåíèÿ; âûñîòà êàíàëà íà âõîäå è âû-
õîäå èç íåãî. Èñïîëüçîâàíû äâà âàðèàíòà èñïîëíåíèÿ êàíàëà: èç îäíîãî òèïà çóá÷àòûõ äèñêîâ ñ ÷èñëîì çóáüåâ 
40 øò.; êîìáèíèðîâàííûé – èç äâóõ òèïîâ äèñêîâ â ðàâíîé ïðîïîðöèè ñ ÷èñëîì çóáüåâ 40 è 48 øò. Îïðåäåëåíî 
çíà÷èìîå âëèÿíèå íà êîýôôèöèåíò óòîíåíèÿ ñëîÿ âûñîò êàíàëà íà âõîäå è âûõîäå, à òàêæå ëèíåéíîé ïëîòíî-
ñòè èñõîäíîãî ñëîÿ. Ïîêàçàíà âîçìîæíîñòü ðåãóëèðîâàíèÿ êîýôôèöèåíòà óòîíåíèÿ ñëîÿ èçìåíåíèåì ñå÷åíèÿ 
êàíàëà óòîíåíèÿ. Óñòàíîâëåíî, ÷òî ÷èñëî çóáüåâ íà óòîíÿþùèõ äèñêàõ è ñòðóêòóðà êàíàëà óòîíåíèÿ îêàçûâàþò 
ñóùåñòâåííîå âëèÿíèå íå ïðîöåññ óòîíåíèÿ ñëîÿ â êàíàëàõ ñî ñâîáîäíîé ôèêñàöèåé ñòåáëåé. Ïðåäñòàâëåíû 
ìàòåìàòè÷åñêèå ìîäåëè, àäåêâàòíî îïèñûâàþùèå âëèÿíèå íà êîýôôèöèåíò óòîíåíèÿ èññëåäîâàííûõ ôàêòîðîâ. 
Ñôîðìóëèðîâàíû âûâîäû î ðàöèîíàëüíûõ ïàðàìåòðàõ êàíàëà óòîíåíèÿ ñ ðåãóëèðóåìûì ñå÷åíèåì è öåëåñîî-
áðàçíîñòè åãî ïðèìåíåíèÿ äëÿ óòîíåíèÿ ñëîÿ ëüíîòðåñòû. 
Êëþ÷åâûå ñëîâà: ëåí-äîëãóíåö, ïåðâè÷íàÿ ïåðåðàáîòêà, óòîíåíèå ñëîÿ, ëèíåéíàÿ ïëîòíîñòü, êàíàë óòîíåíèÿ, 
ðåãóëèðóåìîå ñå÷åíèå êàíàëà, êîýôôèöèåíò óòîíåíèÿ.

The rise in the proportion of long fiber in the commodity output of the primary processing enterprises of the fiber flax 
is an important task, the solution of which is necessary to increase the efficiency of the flax growing. More than half of 
the losses of long fiber cause a poor quality of preparation of a layer of flax retting to the processing. The technological 
processes of the existing layer preparation technology can not be adapted to the changed raw material parameters for 
the roll-up harvesting of the flax. In this regard, the urgency of the development of individual processes and a new 
technology in general for the preparation of a layer fed to the milling machine of the production line. The main tech-
nological process of layer preparation is its thinning. The linear density of the initial layer varies widely. To bring it to 
a technologically rational value, the equipment must provide a regulation of the coefficient of thinning. It is possible 
to provide this by using a thinning channel with adjustable cross-section. For its justification in the investigations the 
aim has been set to determine the influence of the structural and technological factors on the coefficient of thinning of 
the layer of flax. The investigations were carried out using active experiments on the prototype of this type of thinning 
channel created in VNIIML. The independent factors were: the linear density of the initial layer; linear velocity of 
the layer at the output from the thinning channel; height of the channel at the input and output from it. Two versions 
of the channel implementation are used: from one type of toothed discs with a number of teeth of 40 pieces.; com-
bined – from two types of discs in equal proportion to the number of teeth 40 and 48 pcs. A significant influence on 
the thinning coefficient of the channel height layer at the input and output, as well as the linear density of the initial 
layer is determined. The possibility of adjusting the coefficient of thinning the layer by changing the cross-section of 
the thinning channel. It is established that the number of teeth on the thinning disks and the structure of the thinning 
channel exert a significant influence on the process of thinning the layer in the channels with free fixation of the 
stems. Mathematical models that adequately describe the influence on the coefficient of thinning of the investigated 
factors are presented. Conclusions are formulated about rational parameters of the thinning channel with a controlled 
cross-section and the expediency of its application for the thinning of the layer of flax.
Keywords: flax-fiber, primary processing, layer thinning, linear density, thinning channel, adjustable channel 
cross-section, coefficient of thinning.
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 Ââåäåíèå
Íèçêàÿ äîëÿ äëèííîãî âîëîêíà â òîâàðíîé 

ïðîäóêöèè ïðåäïðèÿòèé ïåðâè÷íîé ïåðåðà-
áîòêè òðåñòû ëüíà-äîëãóíöà, íåñìîòðÿ íà ïî-
âûøåííûé ñïðîñ â äàííîì âèäå ñûðüÿ, ñóùå-
ñòâåííî ñíèæàåò ýêîíîìè÷åñêèå ïîêàçàòåëè 
ëüíÿíîé ïîäîòðàñëè àãðîïðîìûøëåííîãî êîì-
ïëåêñà [1–4]. Èç-çà ÷åãî ëüíîâîäñòâî äî íàñòî-
ÿùåãî âðåìåíè, íåñìîòðÿ íà ãîñóäàðñòâåííûå 
äîòàöèè, èìååò íèçêóþ èíâåñòèöèîííóþ ïðè-
âëåêàòåëüíîñòü.

Êàê èçâåñòíî, áîëåå ïîëîâèíû ïîòåðü äëèí-
íîãî âîëîêíà ïðè ïåðåðàáîòêå ëüíîòðåñòû îá-
óñëîâëåíî íèçêèì êà÷åñòâîì ïîäãîòîâêè ñëîÿ 
ïî ñóùåñòâóþùåé òåõíîëîãèè [5], òåõíîëîãè-
÷åñêèå ïðîöåññû êîòîðîé íå ìîãóò áûòü àäàï-
òèðîâàíû ê èçìåíèâøèìñÿ ïàðàìåòðàì ñûðüÿ 
ïðè ðóëîííîé óáîðêå ëüíà. Â ñâÿçè ñ ýòèì 
âîçðîñëà àêòóàëüíîñòü ðàçðàáîòêè îòäåëüíûõ 
ïðîöåññîâ è â öåëîì íîâîé òåõíîëîãèè ïîäãî-
òîâêè ñëîÿ, ïîäàâàåìîãî â ìÿëüíóþ ìàøèíó 
ïîòî÷íîé ëèíèè. 

Îäèí èç îñíîâíûõ òåõíîëîãè÷åñêèõ ïðî-
öåññîâ ïîäãîòîâêè ñëîÿ ëüíîòðåñòû – åãî óòî-
íåíèå. Îí ñëóæèò äëÿ ïðèâåäåíèÿ ëèíåéíîé 
ïëîòíîñòè èñõîäíîãî ñëîÿ q

1
 ê òåõíîëîãè÷åñêè 

ðàöèîíàëüíîìó çíà÷åíèþ q
2
, êîòîðîå îïðåäå-

ëÿåòñÿ ïàðàìåòðàìè ñûðüÿ è èñïîëüçóåìîãî 
îáîðóäîâàíèÿ.

Òðàíñôîðìàöèþ q
1
 → q

2
, êîòîðàÿ ôóíêöèî-

íàëüíî âûðàæàåòñÿ â âèäå q
2
 = q

1
 / k

ó
, öåëåñî-

îáðàçíî ïðîâîäèòü ñ ïðèìåíåíèåì óòîíÿþùèõ 
ìàøèí, îñíîâàííûõ íà êàíàëå óòîíåíèÿ ñî 
ñâîáîäíîé «ôèêñàöèåé» ñòåáëåé â ìåæçóáíûõ 
âïàäèíàõ óòîíÿþùèõ äèñêîâ [6]. Íà ïðàêòèêå 
çíà÷åíèå q

1
 èçìåíÿåòñÿ â øèðîêîì äèàïàçîíå, 

ïîýòîìó äëÿ îáåñïå÷åíèÿ íåîáõîäèìîãî çíà-
÷åíèÿ q

2
, ìàøèíû äîëæíû áûòü âûïîëíåíû ïî 

ñõåìå, îáåñïå÷èâàþùåé ïëàâíîå ðåãóëèðîâà-
íèå êîýôôèöèåíòà óòîíåíèÿ k

ó
. Èçâåñòíû äâà 

âàðèàíòà èñïîëíåíèÿ óòîíÿþùåé ìàøèíû, îò-
âå÷àþùåé äàííîìó êðèòåðèþ [7, 8].

Èñõîäÿ èç ýêñïëóàòàöèîííî-òåõíîëîãè÷å-
ñêîé öåëåñîîáðàçíîñòè ìîæíî óòâåðæäàòü, ÷òî 
íàèáîëåå ðàöèîíàëüíûì âàðèàíòîì èñïîëíå-
íèÿ êàíàëà óòîíåíèÿ ñ ïëàâíûì ðåãóëèðîâàíè-
åì k

ó
 ÿâëÿåòñÿ åãî èñïîëíåíèå ñ èçìåíÿåìûì 

ñå÷åíèåì. Èçìåíåíèå ñå÷åíèÿ îáåñïå÷èâàåòñÿ 
çà ñ÷åò ïåðåìåùåíèÿ â âåðòèêàëüíîé ïëîñêî-
ñòè âåðõíåãî ðÿäà çóá÷àòûõ äèñêîâ. Çà ñ÷åò 
ðåãóëèðîâàíèÿ ðàññòîÿíèÿ ìåæäó âåðõíèìè 
è íèæíèìè ðÿäàìè çóá÷àòûõ äèñêîâ – âûñîòû 
êàíàëà óòîíåíèÿ íà âõîäå h

1
 è âûõîäå h

2
 èç íåãî 

ïðîèñõîäèò èçìåíåíèå óïëîòíåíèÿ (ïëîòíî-
ñòè q) ìàòåðèàëà â çîíå åãî âçàèìîäåéñòâèÿ ñ 
óòîíÿþùèìè äèñêàìè – çîíàõ óòîíåíèÿ è ñî-
îòâåòñòâóþùåå èçìåíåíèå çíà÷åíèÿ êîýôôèöè-
åíòà óòîíåíèÿ k

ó
, êîòîðûé ñâÿçàí ñ q ñòîõàñòè-

÷åñêîé ñâÿçüþ. 
Íà òåêóùèé ïåðèîä äëÿ êàíàëà óòîíåíèÿ ñ 

ðåãóëèðóåìûì ñå÷åíèåì îòñóòñòâóþò äàííûå 
î âëèÿíèè íà k

ó 
åãî îñíîâíûõ êîíñòðóêòèâíî-

òåõíîëîãè÷åñêèõ ôàêòîðîâ, ÷òî íå ïîçâîëÿåò 
îáîñíîâàííî ïîäîéòè ê ðàçðàáîòêå óòîíÿþ-
ùåé ìàøèíû, îñíîâàííîé íà äàííîì êàíàëå 
óòîíåíèÿ. 

Öåëü èññëåäîâàíèé 
Îïðåäåëèòü âëèÿíèå êîíñòðóêòèâíî-òåõíî-

ëîãè÷åñêèõ ôàêòîðîâ íà êîýôôèöèåíò óòîíå-
íèÿ ñëîÿ ëüíîòðåñòû â êàíàëå óòîíåíèÿ ñ ðåãó-
ëèðóåìûì ñå÷åíèåì.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé.
Èññëåäîâàíèÿ âûïîëíÿëèñü íà ìàêåòíîì 

îáðàçöå óòîíÿþùåãî àäàïòåðà (ðèñ. 1), êîòî-
ðûé áûë ðàçðàáîòàí è èçãîòîâëåí â ÔÃÁÍÓ 
ÂÍÈÈÌË. 

Îñíîâíûìè óçëàìè àäàïòåðà ÿâëÿþòñÿ äâà 
áëîêà ðåäóêòîðîâ: âåðõíèé ïîäâèæíûé áëîê 1 
è íèæíèé íåïîäâèæíûé 2, êîòîðûå óñòàíîâëåíû 
íà îáùåé ðàìå 3. Êàæäûé áëîê ñîñòîèò èç äâóõ 
îäíîòèïíûõ ìíîãîñòóïåí÷àòûõ ðåäóêòîðîâ è 
èìååò íåçàâèñèìûé ýëåêòðîïðèâîä. Ýëåêòðî-
îáîðóäîâàíèå 4 îáåñïå÷èâàåò â ðó÷íîì ðåæèìå 
ðåãóëèðîâàíèå ÷àñòîòû âðàùåíèÿ ýëåêòðîäâè-
ãàòåëåé è, ñîîòâåòñòâåííî, çóá÷àòûõ äèñêîâ 5, 
êîòîðûå îáðàçóþò êàíàë óòîíåíèÿ ñëîÿ. Äëÿ 
èçìåíåíèÿ ñå÷åíèÿ êàíàëà óòîíåíèÿ íà âõîäå è 
âûõîäå èç íåãî óñòàíîâëåí âèíòîâîé ìåõàíèçì 
6. Êîíòðîëü ïîëîæåíèÿ âåðõíåãî áëîêà ðåäóê-
òîðîâ ïðè îïóñêàíèè è ïîäúåìå îáåñïå÷èâàåòñÿ 
íîíèóñîì ñ öåíîé äåëåíèÿ 1 ìì, óñòàíîâëåííîì 
íà âèíòîâîì ìåõàíèçìå. Çà âûñîòó êàíàëà óòî-
íåíèÿ h

1
, h

2
 ïðèíÿòî ðàññòîÿíèå ìåæäó òðàåê-

òîðèÿìè äâèæåíèÿ âåðøèí çóáüåâ óòîíÿþùèõ 
äèñêîâ âåðõíåãî è íèæíåãî ðÿäîâ. Åñëè ýòè 
òðàåêòîðèè ïåðåñåêàëèñü â âåðòèêàëüíîé ïëî-
ñêîñòè, òî âûñîòó êàíàëà ïðèíèìàëè ñî çíàêîì 
ìèíóñ, åñëè íåò, òî ñî çíàêîì ïëþñ. 

Îïûòû ïðîâîäèëè â ïÿòè ïîâòîðíîñòÿõ íà 
îáåçëè÷åííîì ëüíîñûðüå ñî ñëåäóþùèìè ïî-
êàçàòåëÿìè êà÷åñòâà ïî ÃÎÑÒ 24383-89 è ÃÎÑÒ 
Ð 53143-2008 «Òðåñòà ëüíÿíàÿ. Òðåáîâàíèÿ ïðè 
çàãîòîâêàõ»: ñðåäíèé äèàìåòð ñòåáëåé 1,5 ìì; 
ãîðñòåâàÿ äëèíà 79 ñì; îòäåëÿåìîñòü 5,6 åä.



Èññëåäîâàíèå óòîíåíèÿ ñëîÿ ñòåáëåé ëüíà-äîëãóíöà â êàíàëå ñ ðåãóëèðóåìûì ñå÷åíèåì

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2018

Ê
À

×
Å

Ñ
Ò

Â
Î

, 
Í

À
Ä

Å
Æ

Í
Î

Ñ
Ò

Ü

75

Åäèíè÷íûå ïðîáû ïðè ïîäà÷å â êàíàë óòî-
íåíèÿ ðàññòèëàëè ïåðïåíäèêóëÿðíî çóá÷àòûì 
äèñêàì (ïàðàëëåëüíî âàëàì çóá÷àòûõ äèñêîâ) 
íà äëèíó 250 ìì, îáåñïå÷èâàÿ çàäàííîå çíà-
÷åíèå ëèíåéíîé ïëîòíîñòè ñîîòâåòñòâóþùèì 
èçìåíåíèåì ìàññû. Äàííàÿ äëèíà ïðîáû îáú-
ÿñíÿåòñÿ, â îñíîâíîì, ñëîæíîñòüþ îáåñïå÷å-
íèÿ îäíîðîäíîñòè ñòðóêòóðû èñõîäíîãî ñëîÿ, 
êîòîðàÿ îêàçûâàåò ñóùåñòâåííîå âëèÿíèå íà 
ïðîöåññ óòîíåíèÿ. Ëèíåéíóþ ïëîòíîñòü îïðå-
äåëÿëè ïðÿìûì ìåòîäîì.

Èññëåäîâàíèÿ âûïîëíÿëèñü ïóòåì ïîñëåäî-
âàòåëüíîãî ïðîâåäåíèÿ àêòèâíûõ ýêñïåðèìåí-
òîâ. Âûáîð íåçàâèñèìûõ ôàêòîðîâ è äèàïàçîíà 
èõ èçìåíåíèÿ ïðîâåäåí íà îñíîâå àíàëèçà è 
ïðåäâàðèòåëüíûõ îïûòîâ. Â êà÷åñòâå íåçàâè-
ñèìûõ ôàêòîðîâ ïðèíÿòû: âûñîòà êàíàëà íà 
âõîäå h

1
 è âûõîäå h

2
; ñêîðîñòü äâèæåíèÿ ñëîÿ 

íà âûõîäå èç êàíàëà óòîíåíèÿ v
2
; èñõîäíàÿ ëè-

íåéíàÿ ïëîòíîñòü ñëîÿ q
1
. Êðîìå òîãî, ÷àñòü 

ýêñïåðèìåíòîâ ðàçëè÷àëàñü ñòðóêòóðîé êàíàëà 
óòîíåíèÿ. 

Â äàííîì ñëó÷àå ïîä ñòðóêòóðîé êàíàëà 
óòîíåíèÿ ïîíèìàåòñÿ åãî ôîðìèðîâàíèå 
ïî äëèíå èç ðàçëè÷íîãî íàáîðà óòîíÿþùèõ 
äèñêîâ – îäíîãî òèïà è äâóõ òèïîâ. Èçâåñòíî, 
÷òî â êàíàëàõ ñ ïîñòîÿííûì ñå÷åíèåì, äëÿ ïî-
âûøåíèÿ ýôôåêòèâíîñòè óòîíåíèÿ êàíàë ôîð-

ìèðóþò èç äâóõ òèïîðàçìåðîâ äèñêîâ [9], êîòî-
ðûå, êàê ïðàâèëî, îòëè÷àþòñÿ ÷èñëîì çóáüåâ. 
Äèñêè ñ áîëüøèì ÷èñëîì çóáüåâ ðàçìåùàþò 
íà 1/2 äëèíû êàíàëà ñî ñòîðîíû âûõîäà ìàòå-
ðèàëà. Ïðåäïîëàãàåòñÿ, ÷òî çà ñ÷åò áîëüøåãî 
÷èñëà âîçäåéñòâèé è ìåíüøåé ïëîùàäè ìåæ-
çóáíûõ âïàäèí óäàñòñÿ îáåñïå÷èòü íå òîëüêî 
ïîâûøåíèå ñòåïåíè óòîíåíèÿ ñëîÿ, íî è ñíè-
çèòü åãî âàðèàöèþ ïî ëèíåéíîé ïëîòíîñòè. 

Ñíà÷àëà ñ èñïîëüçîâàíèåì 2-óðîâíåâîãî 
ôàêòîðíîãî ýêñïåðèìåíòà èññëåäîâàíî âëèÿ-
íèÿ íà k

ó
 âûñîòû êàíàëà h

1
 è h

2
, ëèíåéíîé ïëîò-

íîñòè èñõîäíîãî ñëîÿ q
1
, è ëèíåéíîé ñêîðîñòè 

ñëîÿ íà âûõîäå èç êàíàëà óòîíåíèÿ v
2
. Èñõîä-

íûå äàííûå äëÿ ïëàíèðîâàíèÿ äàííîãî ýêñïå-
ðèìåíòà ïðåäñòàâëåíû â òàáëèöå 1. 

Çàòåì ñ èñïîëüçîâàíèåì äâóõôàêòîðíîãî 
öåíòðàëüíîãî êîìïîçèöèîííîãî ïëàíà â äâóõ 
âàðèàíòàõ ïðîâîäèëèñü èññëåäîâàíèÿ ïî îïðå-
äåëåíèþ âëèÿíèÿ íà k

ó
 ðåãóëèðóåìûõ ôàêòî-

ðîâ h
1
 è h

2
. Âàðèàíòû îòëè÷àëèñü ñòðóêòóðîé 

êàíàëà óòîíåíèÿ. Â 1-ì âàðèàíòå êàíàë áûë 
ñôîðìèðîâàí èç óòîíÿþùèõ äèñêîâ ñ ÷èñëîì 
çóáüåâ z = 40 øò., à âî 2-ì âàðèàíòå â ïåðâîé 
ïîëîâèíå êàíàëà áûëè ïðèìåíåíû äèñêè ñ 
z = 40 øò., à âî âòîðîé ñ z = 48 øò. Èñõîäíûå 
äàííûå äëÿ ïëàíèðîâàíèÿ ýêñïåðèìåíòà ïðåä-
ñòàâëåíû â òàáëèöå 2. 

           
 à á

Ðèñ. 1. Ìàêåòíûé îáðàçåö àäàïòåðà äëÿ óòîíåíèÿ ñëîÿ 
ñûðüÿ ëüíà-äîëãóíöà ñ ðåãóëèðóåìûì ñå÷åíèåì êàíàëà óòîíåíèÿ: 

à) îáùèé âèä; á) âèä íà êàíàë óòîíåíèÿ

Òàáëèöà 1
Èñõîäíûå äàííûå äëÿ 2-õ óðîâíåâîãî ýêñïåðèìåíòà

Õàðàêòåðèñòèêà 
ïëàíà

Ïåðåìåííûå ôàêòîðû

ëèíåéíàÿ ïëîòíîñòü 
q

1
, êã/ì

ëèíåéíàÿ ñêîðîñòü 
ñëîÿ v

2
, ì/ìèí

âûñîòà êàíàëà* 
íà âõîäå h

1
, ìì

âûñîòà êàíàëà 
íà âûõîäå h

2
, ìì

Âåðõíèé óðîâåíü 2,0 90,0 +2,0 –2,0

Íèæíèé óðîâåíü 1,0 50,0 –4,0 –8,0

* êàíàë âûïîëíåí èç îäíîãî òèïîðàçìåðà óòîíÿþùèõ äèñêîâ ñ ÷èñëîì çóáüåâ z = 40 øò.
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Ðåçóëüòàòû è îáñóæäåíèå
Àíàëèç äàííûõ 2-óðîâíåãî ýêñïåðèìåíòà 

ïîêàçàë, ÷òî ñòàòèñòè÷åñêè çíà÷èìîå âëèÿíèå 
íà k

ó
 îêàçûâàþò: âûñîòà êàíàëà íà âõîäå h

1
; 

âûñîòà êàíàëà íà âûõîäå h
2
 è ëèíåéíàÿ ïëîò-

íîñòü èñõîäíîãî ñëîÿ q
1
. Ýòî ïîäòâåðæäàåò 

âîçìîæíîñòü ðåãóëèðîâàíèÿ êîýôôèöèåíòà 
óòîíåíèÿ ñëîÿ èçìåíåíèåì ñå÷åíèÿ êàíàëà óòî-
íåíèÿ. Çàâèñèìîñòü k

ó
 îò h

1
 è h

2
, â îòëè÷èå îò 

çàâèñèìîñòè k
ó
 îò q

1
, íîñèò îáðàòíî ïðîïîðöè-

îíàëüíûé õàðàêòåð. Ëèíåéíàÿ ñêîðîñòü ñëîÿ 
íà âûõîäå èç êàíàëà óòîíåíèÿ v

2
, êàê è âçàèìî-

äåéñòâèÿ ôàêòîðîâ, îêàçàëèñü ñòàòèñòè÷åñêè 
íåçíà÷èìûìè. Îòñóòñòâèå çíà÷èìîãî âëèÿíèÿ 
íà âûõîäíîé ïàðàìåòð ëèíåéíîé ñêîðîñòè ñëîÿ 
v

2
 ïîäòâåðæäàåò ðàöèîíàëüíîñòü ïàðàìåòðîâ 

óòîíÿþùèõ äèñêîâ ñ z = 40 øò. è óïðîùàåò 
àëãîðèòì óïðàâëåíèÿ k

ó
, êîòîðûé â äàííîì 

ñëó÷àå îòðàæàåò ñëåäóþùàÿ çàâèñèìîñòü

 kу = 0,607 + 0,611 q1 – 0,136 h1 – 0,129 h2 . (1)

Ñóùåñòâåííîå ïðÿìî ïðîïîðöèîíàëüíîå 
âëèÿíèå íà ñòåïåíü óòîíåíèÿ ñëîÿ åãî èñ-
õîäíîé ëèíåéíîé ïëîòíîñòè, ïîêàçàííîå äëÿ 
h

1
 = –1 ìì è h

2
 = –5 ìì íà ðèñóíêå 2, îêàçûâàåò 

ïîëîæèòåëüíîå âëèÿíèå íà ïðîöåññ óòîíåíèÿ.

Ðèñ. 2. Ïîâåðõíîñòü îòêëèêà – k
ó
 = f (q1, v2)

Ïîëîæèòåëüíûé ýôôåêò k
ó
 = f (q

1
) ïðîÿâëÿ-

åòñÿ â ñíèæåíèè âàðèàöèè ëèíåéíîé ïëîòíî-
ñòè óòîíåííîãî ñëîÿ, êîòîðàÿ ÿâëÿåòñÿ îäíîé 
èç âàæíåéøèõ õàðàêòåðèñòèê êà÷åñòâà ïîäãî-
òîâêè ñëîÿ ê îáðàáîòêå. Â ñëó÷àå îòêëîíåíèÿ 

q
1 

ïî äëèíå ñëîÿ ó÷àñòêè ñëîÿ ñ ðàçëè÷íîé 
ïëîòíîñòüþ áóäóò èìåòü ðàçëè÷íóþ ñòåïåíü 
óòîíåíèÿ. Ïðè óâåëè÷åíèè èñõîäíîé ëèíåé-
íîé ïëîòíîñòè êîýôôèöèåíò óòîíåíèÿ äàííî-
ãî ó÷àñòêà áóäåò âîçðàñòàòü, à ïðè óìåíüøå-
íèè ïëîòíîñòè – ñíèæàòüñÿ. Â êîíå÷íîì èòîãå 
ýòî ïðèâîäèò ê ñíèæåíèþ âàðèàöèè ëèíåéíîé 
ïëîòíîñòè óòîíåííîãî ñëîÿ è ê ïîâûøåíèþ ýô-
ôåêòèâíîñòè ïåðâè÷íîé ïåðåðàáîòêè – ïîâû-
øåíèþ âûõîäà äëèííîãî âîëîêíà. 

Óðàâíåíèå ðåãðåññèè (1) îáúÿñíÿåò 69,7 % 
äèñïåðñèè (R2 = 69,7 %), ÷òî ìîæíî ñ÷èòàòü 
ïðèåìëåìûì â äàííîì ñëó÷àå. Â ïîñëåäóþùèõ 
îïûòàõ äëÿ ïîâûøåíèÿ òî÷íîñòè îïèñàíèÿ 
ïðîöåññà ýêñïåðèìåíòû áûëè ïðîâåäåíû ñ èñ-
ïîëüçîâàíèåì äâóõôàêòîðíîãî öåíòðàëüíîãî 
êîìïîçèöèîííîãî ïëàíà. Èõ îñíîâíîé öåëüþ 
áûëà îöåíêà âëèÿíèÿ íà óòîíåíèå ñëîÿ ñòðóê-
òóðû êàíàëà â êàíàëå ñ ðåãóëèðóåìûì ñå÷åíè-
åì. Â ðåçóëüòàòå îáðàáîòêè äàííûõ îêàçàëîñü, 
÷òî äëÿ îáîèõ âàðèàíòîâ ñòàòèñòè÷åñêè çíà-
÷èìîå âëèÿíèå íà îòêëèê îêàçûâàåò âûñîòà 
êàíàëà íà âõîäå h

1
 è âûõîäå h

2
. Äðóãèìè çíà÷è-

ìûìè ôàêòîðàìè ÿâëÿþòñÿ: â 1-ì âàðèàíòå âçà-
èìîäåéñòâèå ôàêòîðîâ h

1
 è h

2
; à âî 2-ì âàðèàí-

òå – h
1
2
 
è h

2
2. Â ðåçóëüòàòå ðàñ÷åòîâ ïîëó÷åíû 

óðàâíåíèÿ ðåãðåññèè (2) – äëÿ 1-ãî âàðèàíòà è 
(3) – äëÿ âòîðîãî, ñîîòâåòñòâåííî, ñ êîýôôè-
öèåíòàìè äåòåðìèíàöèè R2 = 84,97 % è R2  = 
72,84 %: 

 kу = 2,117 + 0,043 h1 - 0,0439 h2;  (2)

kу = 2,036 + 0,009 h1 + 0,077 h2 +
 + 0,018 h1

2 + 0,015 h2
2.  (3)

Ïîëó÷åííûå óðàâíåíèÿ ðåãðåññèè ïîêàçàíû 
ãðàôè÷åñêè íà ðèñ. 3.

Èç ãðàôèêîâ ñëåäóåò, ÷òî â 1-ì âàðèàíòå, 
ïî ñðàâíåíèþ ñî 2-ì, çàâèñèìîñòü ðåãóëèðó-
åìîãî ïîêàçàòåëÿ k

ó
 îò ðåãóëèðóþùèõ h

1
 è h

2
 

èìååò áîëåå ëèíåéíûé õàðàêòåð. Äèàïàçîí 
ðåãóëèðîâàíèÿ k

ó
 ïðè ôîðìèðîâàíèè êàíàëà 

Òàáëèöà 2 

Èñõîäíûå äàííûå äëÿ öåíòðàëüíîãî êîìïîçèöèîííîãî ïëàíà 

 Õàðàêòåðèñòèêà ïëàíà
Ïåðåìåííûå ôàêòîðû

Ïðèìå÷àíèå
h

1
, ìì h

2
, ìì

Âåðõíèé óðîâåíü +2,0 –2,0 *Ëèíåéíàÿ ïëîòíîñòü q
1
 = 1,5 êã/ì;

**Ëèíåéíàÿ ñêîðîñòü v
2
 = 60 ì/ìèí.Íèæíèé óðîâåíü –4,0 –8,0

* Çíà÷åíèå q
1 
ñîîòâåòñòâóåò ìàêñèìàëüíîé ðåêîìåíäîâàííîé ïëîòíîñòè ñëîÿ â ðóëîíå

** Çíà÷åíèå v
2
 ñîîòâåòñâóåò ñðåäíåé ñêîðîñòè ñëîÿ íà ïðàêòèêå



Èññëåäîâàíèå óòîíåíèÿ ñëîÿ ñòåáëåé ëüíà-äîëãóíöà â êàíàëå ñ ðåãóëèðóåìûì ñå÷åíèåì
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óòîíåíèÿ èç îäíîòèïíûõ óòîíÿþùèõ äèñêîâ ñ 
z = 40 øò. øèðå, ÷åì âî 2-ì âàðèàíòå ïî÷òè â 
1,9 ðàçà. Ýòî ãîâîðèò î òîì, ÷òî ÷èñëî çóáüåâ 
íà óòîíÿþùèõ äèñêàõ è ñòðóêòóðà êàíàëà óòî-
íåíèÿ, ò.å. êîìáèíèðîâàíèå èç äèñêîâ ñ ðàçëè÷-
íûì ÷èñëîì, çóáüåâ, îêàçûâàåò ñóùåñòâåííîå 
âëèÿíèå íå ïðîöåññ óòîíåíèÿ ñëîÿ â êàíàëàõ 
ñî ñâîáîäíîé ôèêñàöèåé ñòåáëåé.

Çàêëþ÷åíèå
Ïîëó÷åíû çàêîíîìåðíîñòè, îòðàæàþùèå 

ïðîöåññ óòîíåíèÿ ñëîÿ òðåñòû ëüíà-äîëãóíöà 
ïðè ñâîáîäíîé «ôèêñàöèè» ñòåáëåé â ìåæçóá-
íûõ âïàäèíàõ óòîíÿþùèõ äèñêîâ êàíàëà ñ ðå-
ãóëèðóåìûì ñå÷åíèåì.

Ïîäòâåðæäåíî, ÷òî ðåãóëèðîâàíèå ñòåïåíè 
óòîíåíèÿ ñëîÿ ìîæåò áûòü îáåñïå÷åíî ðåãóëè-
ðîâàíèåì âûñîòû ñå÷åíèÿ êàíàëà óòîíåíèÿ çà 
ñ÷åò ïåðåìåùåíèÿ âåðõíåãî ðÿäà çóá÷àòûõ óòî-
íÿþùèõ äèñêîâ â âåðòèêàëüíîé ïëîñêîñòè. 

Îáîñíîâàíà öåëåñîîáðàçíîñòü ïðèìåíå-
íèÿ îäíîãî òèïîðàçìåðà çóá÷àòûõ óòîíÿþùèõ 
äèñêîâ äëÿ ôîðìèðîâàíèÿ êàíàëà óòîíåíèÿ ñ 
ðåãóëèðóåìûì ñå÷åíèåì.
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