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Äëÿ ýôôåêòèâíîé ðàáîòû ëåñíûõ è ñåëüñêîõîçÿéñòâåííûõ ïî÷âîîáðàáàòûâàþùèõ ìàøèí è îðóäèé âàæíî 
èìåòü èíôîðìàöèþ î ñèëîâûõ ïàðàìåòðàõ ïî÷âîîáðàáàòûâàþùèõ ðàáî÷èõ îðãàíîâ. Öåëü èññëåäîâàíèé – ðàç
ðàáîòàòü óñòðîéñòâî, ñïîñîáíîå äàòü ïðåäñòàâëåíèå îá èçìåíåíèè ñèëîâûõ ïàðàìåòðîâ ðàáî÷èõ îðãàíîâ âî 
âñåõ òðåõ ïëîñêîñòÿõ ïðîåêöèé äëÿ íåóñòàíîâèâøåãîñÿ äâèæåíèÿ ìàøèííî-òðàêòîðíîãî àãðåãàòà. Çà îñíîâó 
âçÿòà ìîäåëü ñèëîâîãî âçàèìîäåéñòâèÿ ïî÷âîîáðàáàòûâàþùèõ îðóäèé ñ ïî÷âîé, ïðåäëîæåííàÿ ïðîô. Ë.Â. Ãÿ
÷åâûì. Ñòàòüÿ ïîñâÿùåíà èçó÷åíèþ ñèëîâûõ ïàðàìåòðîâ ïàññèâíûõ, àêòèâíûõ è ðîòàöèîííûõ ïî÷âîîáðàáàòû
âàþùèõ ðàáî÷èõ îðãàíîâ. Ðàçðàáîòàíà óñòàíîâêà äëÿ èçìåðåíèÿ ñèëîâûõ ïàðàìåòðîâ ïî÷âîîáðàáàòûâàþùèõ 
ðàáî÷èõ îðãàíîâ â òðåõ ïëîñêîñòÿõ ïðîåêöèé. Óñòàíîâêà äëÿ îïðåäåëåíèÿ ñèëîâûõ ïàðàìåòðîâ ðàáî÷èõ îð
ãàíîâ âêëþ÷àåò ñëåäóþùèå îñíîâíûå ýëåìåíòû: ïî÷âåííûé êàíàë, òÿãîâóþ òåëåæêó ñ 3-òî÷å÷íûì íàâåñíûì 
óñòðîéñòâîì, òåíçîìåòðè÷åñêîå íàâåñíîå îáîðóäîâàíèå è óñòðîéñòâà äëÿ ïðåîáðàçîâàíèÿ ýëåêòðè÷åñêîãî ñèã
íàëà è ðåãèñòðàöèè èçìåðÿåìûõ âåëè÷èí. Äàò÷èêè âêëþ÷àþò: äàò÷èêè óñèëèé â òÿãàõ íàâåñêè è äàò÷èêè óãëî
âûõ ïåðåìåùåíèé ðàáî÷åãî îðãàíà. Ýëåêòðè÷åñêèå ñèãíàëû ñ äàò÷èêîâ ïîäàþò íà ìîäóëü àíàëîãîâîãî ââîäà. 
Çàòåì ñèãíàëû ïîäàþò íà ïðåîáðàçîâàòåëü èíòåðôåéñà. Äàëåå ñèãíàëû îáðàáàòûâàþò íà ÝÂÌ. Â õîäå ýêñïå
ðèìåíòà ðàáî÷èé îðãàí óñòàíàâëèâàþò â ðàçëè÷íûå ïîëîæåíèÿ ïî îòíîøåíèþ ê îñíîâíîìó (ïðÿìîëèíåéíîìó) 
äâèæåíèþ, ðåãèñòðèðóþò ïàðàìåòðû, õàðàêòåðèçóþùèå åãî êîîðäèíàòû (ôàêòîðû) è óñèëèÿ â òÿãàõ íàâåñíîãî 
îáîðóäîâàíèÿ (îòêëèêè). Çàòåì âû÷èñëÿþò õàðàêòåðèñòèêè ãëàâíîãî âåêòîðà è ãëàâíîãî ìîìåíòà, ðàâíîäåé
ñòâóþùåé ñèë âçàèìîäåéñòâèÿ ðàáî÷èõ îðãàíîâ ñ ïî÷âîé. Ðåçóëüòàòû íåñêîëüêèõ èçìåðåíèé àïïðîêñèìèðóþò 
êðèâîé, â íàèáîëüøåé ñòåïåíè ñîîòâåòñòâóþùåé õàðàêòåðó âçàèìîäåéñòâèÿ. Ïîëó÷åííûå äàííûå èñïîëüçóþò 
ïðè èçó÷åíèè óñòîé÷èâîñòè, êîëåáàíèé è äèíàìèêè íåóñòàíîâèâøåãîñÿ äâèæåíèÿ ïî÷âîîáðàáàòûâàþùèõ îðó
äèé è ìàøèííî-òðàêòîðíûõ àãðåãàòîâ. 
Êëþ÷åâûå ñëîâà: ïî÷âà, ðàáî÷èé îðãàí, ñèëîâîå âçàèìîäåéñòâèå, äèíàìèêà, óñòîé÷èâîñòü, êîëåáàíèÿ. 

For effective work of forestry and agricultural tilling equipment it is important to have information about the power 
parameters of tilling tool. The purpose of the research is to develop a device that can give an idea about changing 
the power parameters of tillage tool in all three planes of projections for the unsteady motion of the tractor with a 
tillage tool. This method is based on the model of force interaction of tillage implements with the soil, suggested by 
Professor L.V. Gyachev. The article is devoted to the study of power parameters of passive, active, and rotational 
tilling tool. A setup was designed to measure power parameters of tillage tool in three planes of projections. The 
installation to determine the power parameters of the tillage tool includes the following basic elements: soil channel, 
traction trolley, attachments and devices for converting of electrical signal and recording of the measured values. The 
sensors include: force sensors in linkage bars and sensors of working body movement. Electrical signals from sensors 
are served on an analog input module. Then the signals are supplied to the inverter interface. Next, the signals are 
processed on a computer. In the experiment, the tillage tool is set in various positions relative to the main (straight) 
movement, recorded are the parameters characterizing the coordinates (function arguments) and forces in the linkage 
(functions). Then the characteristics of the main force vector and main torque of the forces resultant of tillage tool 
interaction with soil are calculated. The results of several measurements are approximated by the curve most appro
priate to the nature of the interaction. The obtained data are used in the study of stability, oscillations and dynamics 
of non-steady motion of tillers and tractor units. 
Keywords: soil, tillage tool, force interaction, the dynamics, stability, fluctuations. 
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Ââåäåíèå 
Èçó÷åíèå ñèëîâûõ ïàðàìåòðîâ ðàáî÷èõ 

îðãàíîâ ÿâëÿåòñÿ âàæíûì äëÿ äàëüíåéøåé 
ýôôåêòèâíîé ðàáîòû ïî÷âîîáðàáàòûâàþùèõ 
ìàøèí è îðóäèé. Ìíîãî÷èñëåííûå èññëåäî
âàíèÿ [1–11] â ýòîì íàïðàâëåíèè ëèáî íåïîë
íû (èçìåðÿþò òîëüêî òÿãîâîå ñîïðîòèâëåíèå), 
ëèáî íåäîñòàòî÷íî òî÷íû, ÷òî çàòðóäíÿåò èõ 
èñïîëüçîâàíèå â èçó÷åíèè äèíàìèêè íåóñòàíî
âèâøåãîñÿ äâèæåíèÿ ìàøèí, îðóäèé è ìàøèí
íî-òðàêòîðíûõ àãðåòàòîâ (ÌÒÀ). 

Öåëü èññëåäîâàíèé 
Ðàçðàáîòàòü óñòðîéñòâî, ñïîñîáíîå äàòü ïðåä

ñòàâëåíèå îá èçìåíåíèè ñèëîâûõ ïàðàìåòðàõ ðà
áî÷èõ îðãàíîâ âî âñåõ òðåõ ïëîñêîñòÿõ ïðîåêöèé 
äëÿ íåóñòàíîâèâøåãîñÿ äâèæåíèÿ ÌÒÀ. 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé 
Óñòàíîâêà [6] äëÿ îïðåäåëåíèÿ ñèëîâûõ ïà

ðàìåòðîâ ðàáî÷èõ îðãàíîâ (ðèñ. 1) âêëþ÷àåò 
ñëåäóþùèå îñíîâíûå ýëåìåíòû: ïî÷âåííûé 
êàíàë 1, òÿãîâóþ òåëåæêó 2 ñ 3-òî÷å÷íûì íà
âåñíûì óñòðîéñòâîì, òåíçîìåòðè÷åñêîå íà
âåñíîå îáîðóäîâàíèå 3 è óñòðîéñòâà 4 äëÿ 
ïðåîáðàçîâàíèÿ ýëåêòðè÷åñêîãî ñèãíàëà è ðå
ãèñòðàöèè èçìåðÿåìûõ âåëè÷èí. 

Òåíçîìåòðè÷åñêîå îáîðóäîâàíèå æåñòêî 
ïðèêðåïëåíî ê íàâåñíîìó óñòðîéñòâó òÿãîâîé 
òåëåæêè. Îáîðóäîâàíèå âêëþ÷àåò ñëåäóþùèå  

îñíîâíûå ýëåìåíòû (ðèñ. 2): äâå ðàìêè 1 è 2, 
ñîåäèíåííûå ìåæäó ñîáîé ïðè ïîìîùè òðåõ 
ïàðàëëåëüíûõ òÿã 3 è òðåõ òÿã-ðàñêîñîâ 4 ñ 
øàðîâûìè øàðíèðàìè 5. Òåíçîäàò÷èêè 6 âìîí
òèðîâàíû â òÿãè 3 è 4. Èç-çà íàëè÷èÿ øàðîâûõ 
øàðíèðîâ 5 íà êîíöàõ òÿã 3 è 4, îíè (òÿãè) âîñ
ïðèíèìàþò òîëüêî îñåâûå íàãðóçêè, áëîêè
ðóÿ, îäíàêî, âñå øåñòü ñòåïåíåé ñâîáîäû ìå
õàíèçìà. Èññëåäóåìûé ðàáî÷èé îðãàí ÷åðåç 
êðîíøòåéí 7 êðåïèòñÿ ê ñâîáîäíîé ðàìêå 2. 
Êðîíøòåéí 7 ïîçâîëÿåò ïîâîðà÷èâàòü è ôèêñè
ðîâàòü ðàáî÷èé îðãàí â ïðîäîëüíî-âåðòèêàëü
íîé (äàò÷èê 8) è ãîðèçîíòàëüíîé (äàò÷èê 9) 
ïëîñêîñòÿõ íà óãîë ± 450. 

Äëÿ èçìåðåíèÿ óñèëèé â òÿãàõ 3 èñïîëü
çîâàíû òåíçîäàò÷èêè ZF 500, ìàêñèìàëüíàÿ 
íàãðóçêà – 500 êÃ, íîðìàòèâíàÿ òî÷íîñòü èç
ìåðåíèé – 0,01 %; â òÿãàõ 4 – òåíçîäàò÷èêè 
S100, ìàêñèìàëüíàÿ íàãðóçêà – 100 êÃ, íîðìà
òèâíàÿ òî÷íîñòü – 0,01% (êëàññ òî÷íîñòè Ñ ïî 
ÃÎÑÒ 30129-96). Òàðèðîâàíèå (ðàñòÿæåíèå è 
ñæàòèå) äàò÷èêîâ îñóùåñòâëÿëîñü íà íàãðóçî÷
íîé ìàøèíå. Íà êàæäîé ñòóïåíè íàãðóæåíèÿ 
ñíèìàëîñü 50 çíà÷åíèé ÷åðåç êàæäûå 25 ìèë
ëèñåêóíä. Ïî ýòèì äàííûì ðàññ÷èòûâàëîñü 
ñðåäíåå çíà÷åíèå. Â èíòåðâàëå 0–30 êã ïîòðå
áîâàëàñü íàèáîëåå òî÷íàÿ òàðèðîâêà, êîòîðàÿ  
ïðîèçâîäèëàñü àíàëîãè÷íûì îáðàçîì, íî ñ èñ
ïîëüçîâàíèåì ýòàëîííûõ ãðóçîâ, ñ øàãîì íà
ãðóæåíèÿ 5 êÃ. Ïî ðåçóëüòàòàì òàðèðîâàíèÿ 
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Ðèñ. 1. Ëàáîðàòîðíàÿ óñòàíîâêà 
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Ðèñ. 2. Òåíçîìåòðè÷åñêîå îáîðóäîâàíèå (ñõåìà íàãðóæåíèÿ) 

ôàêòè÷åñêàÿ òî÷íîñòü äàò÷èêîâ óñòàíîâëåíà â 
ïðåäåëàõ 0,005 %. 

Äëÿ èçìåðåíèÿ óãëîâ ïîâîðîòà ðàáî÷åãî 
îðãàíà óñòàíîâëåíû ìåõàíè÷åñêèå äàò÷èêè. 
Òî÷íîñòü ïðÿìûõ èçìåðåíèé ñîñòàâëÿåò ± 0,50. 
Ãëóáèíó îáðàáîòêè çàäàþò ïîçèöèîííî ñ ïî
ìîùüþ ãèäðàâëè÷åñêîé íàâåñíîé ñèñòåìû òÿ
ãîâîé òåëåæêè îòíîñèòåëüíî óñëîâíîé ñðåäíåé 
ëèíèè ïîâåðõíîñòè ïî÷âû. Òî÷íîñòü èçìåðå
íèé ñîñòàâëÿåò ± 5 ìì. Çàìå÷åíî, ÷òî ïðè èç
ìåíåíèè òåìïåðàòóðû îêðóæàþùåé ñðåäû 

íà 2–3 °Ñ òî÷íîñòü èçìåðåíèé ìîæåò ñíèæàòü
ñÿ íà 0,005 %. Ïîýòîìó êîíòðîëü òî÷íîñòè 
èçìåðåíèé ñëåäóåò ïðîèçâîäèòü íå ðåæå, ÷åì 
1 ðàç â ñóòêè, îñîáåííî ïðè çàìåòíîì èçìåíå
íèè òåìïåðàòóðû îêðóæàþùåé ñðåäû. 

Ñõåìà ïîäêëþ÷åíèÿ èçìåðèòåëüíîãî îáî
ðóäîâàíèÿ è óñòðîéñòâ, ïðåîáðàçóþùèõ ýëåê
òðè÷åñêèé ñèãíàë, ïîêàçàíà íà ðèñóíêå 3. 
Ïîëó÷àåìûå ñ äàò÷èêîâ ýëåêòðè÷åñêèå ñèã
íàëû ïîäàþòñÿ íà ìîäóëü àíàëîãîâîãî ââîäà 
(ADAM-4017-D2), çàòåì – íà ïðåîáðàçîâà-
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Ðèñ. 3. Òåíçîìåòðè÷åñêîå îáîðóäîâàíèå (ñõåìà ôóíêöèîíàëüíàÿ) 

òåëü èíòåðôåéñà RS-232 â RS422/RS-485Ñ32 RYZ  Y 2 
 Z 2

;      ' ;YZ YZ YZ 

(ÀDÀÌ-4520-D2) è äàëåå îáðàáàòûâàþòñÿ d MYZ YZÝÂÌ ïîñðåäñòâîì ïðèëîæåíèÿ GeniDAQ [6]. M  M  M ;  , (1) YZ 1.YZ 2.YZ l R  l0 YZ 0Â êàæäîì îïûòå ðåãèñòðèðóþò ñëåäóþùèå 
âåëè÷èíû (ðèñ. 2): óñèëèÿ P

1
, …, P

6
 â òåíçîìå- ãäå Y  P  P  P  P  P  P  cos 45 0 ;1 4 5 2 3 6 

òðè÷åñêèõ òÿãàõ (îòêëèêè), Í; óãëû  è 
XY YZ 

óñòàíîâêè ðàáî÷åãî îðãàíà â ãîðèçîíòàëüíîé Z    P2 P3  cos 45 0 ; 
XY è ïðîäîëüíî-âåðòèêàëüíîé YZ ïëîñêîñòÿõ,
ðàä; à òàêæå ãëóáèíó a (ìì) îáðàáîòêè ïî÷âû M  R  z  45 cos    y 80  sin  ;1.YZ YZ  D YZ D YZ 
(âàðüèðóåìûå ïàðàìåòðû – ôàêòîðû). Óãëû 

XY 
è 

XZ
 ìåæäó îñüþ ðàáî÷åãî îðãàíà è íàïðàâëå- M2.YZ  P1 240  P4  P5  80  P2  600 80 

íèåì äâèæåíèÿ çàäàþò äî ïðîâåäåíèÿ îïûòà, 
ñîîòâåòñòâóþùèì îáðàçîì çàêðåïëÿÿ ðàáî÷èé P3    6 

0 ;  240  600 P 71 cos 45 
îðãàí íà îñè ïîäâåñà íàâåñíîãî îáîðóäîâàíèÿ. Z 
Äî ïðîâåäåíèÿ îïûòà ðåãèñòðèðóþò íà÷àëü-  ' YZ  arctg    . Y íîå íàòÿæåíèå òÿã P , …, P  îò ñèëû òÿæåñòè  1.0 6.0

íàâåñíîãî îáîðóäîâàíèÿ è ðàáî÷åãî îðãàíà. Â Â ãîðèçîíòàëüíîé ïëîñêîñòè XY: 
äàëüíåéøèõ ðàñ÷åòàõ ýòè çíà÷åíèÿ âû÷èòàþò
èç çíà÷åíèé, ïîëó÷àåìûõ âî âðåìÿ ðàáî÷åãî RXY  X 2 

 Y 2
; 

õîäà: P  – P , …, P  – P .
1 1.0 6 6.0

Äëÿ ôèêñèðîâàííûõ çíà÷åíèé âàðüèðóåìûõ      ' ; M  (M  M ) ;XY XY XY XY 1.XY 2.XY 

ïàðàìåòðîâ èç óðàâíåíèé ðàâíîâåñèÿ ñèë â 
XY XYïðîåêöèÿõ íà îñè êîîðäèíàò íàõîäèì ïàðàìå-

d 


M 
, (2) 

l R  lòðû ãëàâíîãî âåêòîðà, ãëàâíîãî ìîìåíòà è ðàâ- 0 XY 0

íîäåéñòâóþùåé ñèë âçàèìîäåéñòâèÿ ðàáî÷åãî ãäå Y  P  P  P  P  P  P  cos 45 0 ;1 4 5 2 3 6 

îðãàíà ñ ïî÷âîé. Â ïðîäîëüíî-âåðòèêàëüíîé 
ïëîñêîñòè YZ îíè èìåþò âèä: X P6 cos 45 0 ; 
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Ðèñ. 4. Ñòðåëü÷àòûå ëàïû 

M  R  268  x 1.XY XY  D 

M P P  160   2.  XY 4 5 

sin y cos      ;XY D XY 

P P  169    2 3 

 P 412 160 cos 45 0 
6 

X 
'  arctg    XY 

Y  
. 

 

;

Êðîìå òîãî, â ôîðìóëàõ (1) è (2) îáîçíà
÷åíî: R

YZ
 è R

XY
 – ìîäóëü ãëàâíîãî âåêòîðà 

(ðàâíîäåéñòâóþùåé R’  è R’ ) ñèë, Í; M  è
YZ XY YZ

M
XY

 – ãëàâíûé ìîìåíò ñèë îòíîñèòåëüíî òî÷êè 
ïðèâåäåíèÿ (ò. D), Íìì; 

YZ
 è 

XY
 – óãîë ìåæäó 

ãëàâíûì âåêòîðîì (ðàâíîäåéñòâóþùåé) ñèë 
è ïðîäîëüíîé îñüþ äâèæåíèÿ, ðàä; d

YZ
 è d

XY
 – 

ñìåùåíèå ðàâíîäåéñòâóþùåé ñèë îò òî÷êè 
ïðèâåäåíèÿ, ìì. Èíäåêñû â íàïèñàíèè ïàðàìå
òðîâ ãîâîðÿò î òîì, ÷òî ïàðàìåòðû íàõîäÿòñÿ, 

ñîîòâåòñòâåííî, ëèáî â ïëîñêîñòè YZ, ëèáî XY. 
Ïàðàìåòðû x

D
, y

D
 è z

D
 õàðàêòåðèçóþò êîîðäè

íàòû âûáðàííîãî ïîëîæåíèÿ òî÷êè ïðèâåäåíèÿ 
ñèë, ìì; l

o
 – äëèíà ðàáî÷åãî îðãàíà, ìì. 

Òàêèì îáðàçîì, èñõîäÿ èç òî÷íîñòè ïðÿìûõ 
èçìåðåíèé òî÷íîñòü êîñâåííûõ èçìåðåíèé, 
îïðåäåëåííàÿ íà îñíîâàíèè çàêîíà íàêîïëåíèÿ 
ñðåäíèõ ïîãðåøíîñòåé, äëÿ ìîäóëÿ ãëàâíîãî 
âåêòîðà (ðàâíîäåéñòâóþùåé) ñèë ñîïðîòèâ
ëåíèÿ ñîñòàâëÿåò ± 0,650 Í, óãëà åãî ïîâî
ðîòà îòíîñèòåëüíî ïðîäîëüíîé îñè ðàáî÷åãî 
îðãàíà – ± 0,85°, ñìåùåíèÿ ðàâíîäåéñòâóþùåé 
îò òî÷êè ïðèâåäåíèÿ – ± 12,5 ìì. 

Ðåçóëüòàòû è îáñóæäåíèå 
Íà îïèñàííîé ëàáîðàòîðíîé óñòàíîâêå ïî

ñòîÿííî âåäåòñÿ ðàáîòà ïî èçó÷åíèþ ñèëîâûõ 
ïàðàìåòðîâ ðàáî÷èõ îðãàíîâ ðàçëè÷íûõ òèïîâ 

Ò
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È
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Ê
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Í
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Ò
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Ó
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À
Í
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Í

È
ß

Ðèñ. 5. Ãðàôèêè ñèëîâûõ ïàðàìåòðîâ ñòðåëü÷àòûõ ëàï: 
øòðèõîâàÿ ëèíèÿ – ëàïà № 8; îñíîâíàÿ – № 9; æèðíàÿ – № 10 
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è ôîðì (ïàññèâíûå, ðîòàöèîííûå, äèñêîâûå è 
äð.). Ïîêàçàòü â îäíîé ñòàòüå ðåçóëüòàòû âñåõ 
èññëåäîâàííûõ ðàáî÷èõ îðãàíîâ íåâîçìîæíî. 
Ïðåäñòàâèì, íà íàø âçãëÿä, íàèáîëåå èíòåðåñ
íóþ èõ ÷àñòü. 

Íà ëàáîðàòîðíîé óñòàíîâêå áûëà ïðîâåðå
íà ãèïîòåçà î ïîäîáèè ñèëîâûõ ïàðàìåòðîâ íà 
óìåíüøåííûõ (óâåëè÷åííûõ) ìîäåëÿõ ðàáî÷èõ 
îðãàíîâ. Äëÿ ýòîãî îòîáðàíû òðè, ñåðèéíî âû
ïóñêàåìûå, ñòðåëü÷àòûå êóëüòèâàòîðíûå ëàïû 
(èíâåíòàðíûå № 8–10) ñ ðàçëè÷íûìè ìàñøòàá
íûìè êîýôôèöèåíòàìè (ðèñ. 4). 

Îïûòû ïðîâîäèëèñü â çàêðûòîì ïîìåùå
íèè ïðè êîìíàòíîé òåìïåðàòóðå è íîðìàëüíîé 
âëàæíîñòè âîçäóõà. Òèï ïî÷âû â ïî÷âåííîì 
êàíàëå – ñóïåñü ìåëêîêîìêîâàòàÿ, òâåðäîñòü â 
èññëåäóåìîì ãîðèçîíòå 16–18 êÏà, âëàæíîñòü 
12–14 %. 

Äëÿ óñòàíîâëåíèÿ çàâèñèìîñòè ìåæäó ñèëî
âûìè ïàðàìåòðàìè èññëåäóåìûõ ðàáî÷èõ îðãà
íîâ èñïîëüçîâàíû ñðåäíèå çíà÷åíèÿ ðàñ÷åòíûõ 
êîýôôèöèåíòîâ êîððåëÿöèè. Îíè îêàçàëèñü â 
ïðåäåëàõ 0,95–0,97. Ðàñ÷åòíîå è òàáëè÷íîå çíà
÷åíèÿ t-êðèòåðèÿ Ñòüþäåíòà ïðè ýòîì ðàâíû: 
t = 13,7 – 17,4; t = 3,85 ïðè q = 0,001, çäåñü 
ðàñ÷ òàáë 

q – óðîâåíü çíà÷èìîñòè. Ýòî ïîçâîëÿåò ïðè
íÿòü ãèïîòåçó î íàëè÷èè ëèíåéíîé ñòàòèñòè
÷åñêîé ñâÿçè ìåæäó ñèëîâûìè ïàðàìåòðàìè 
ãåîìåòðè÷åñêè ïîäîáíûõ ðàáî÷èõ îðãàíîâ. 
Î êîððåëÿöèè ìîæíî òàêæå ñóäèòü âèçóàëüíî 
(ðèñ. 5), ñðàâíèâàÿ ãðàôèêè ñèëîâûõ ïàðàìå
òðîâ ñòðåëü÷àòûõ ëàï (èíâ. № 9 è 10). Ôóíêöèè 
ïðèâåäåíû ê áåçðàçìåðíîìó âèäó. Êàê âèäèì, 
îòëè÷èÿ íåçíà÷èòåëüíû (max ± 4%). 

Âûâîäû 
Èç-çà áîëüøèõ èëè, íàîáîðîò, ñëèøêîì 

ìàëûõ ðàçìåðîâ ðàáî÷èõ îðãàíîâ äîïóñêàåòñÿ 
èñïîëüçîâàíèå ãåîìåòðè÷åñêè ïîäîáíûõ ìîäå
ëåé. Îäèíàêîâûìè äëÿ òàêèõ ðàáî÷èõ îðãàíîâ 
ÿâëÿþòñÿ áåçðàçìåðíûå ÷àñòè óðàâíåíèé ðå
ãðåññèè ñèëîâûõ ïàðàìåòðîâ. Äëÿ ïîëó÷åíèÿ 
íàòóðàëüíîãî çíà÷åíèÿ ìîäóëÿ ãëàâíîãî âåê
òîðà (ðàâíîäåéñòâóþùåé) ñèë ñîïðîòèâëåíèÿ 
íóæíî åãî áåçðàçìåðíóþ ÷àñòü â óðàâíåíèè 
ðåãðåññèè, îïèñûâàþùåì èçìåíåíèÿ óïîìÿ
íóòîãî âåêòîðà â ïðîñòðàíñòâå, óìíîæèòü íà 
òÿãîâîå ñîïðîòèâëåíèå (R

Y
) ðàáî÷åãî îðãàíà 

ïðè íîìèíàëüíîé ãëóáèíå îáðàáîòêè. Òÿãîâîå 
ñîïðîòèâëåíèå, â äàííîì ñëó÷àå, ìîæíî ïîëó
÷èòü îñåâûì (âäîëü îñè Y) äèíàìîìåòðèðîâà
íèåì. Äëÿ òåõ æå öåëåé äîïóñêàåòñÿ èñïîëüçî
âàíèå n-îäèíàêîâûõ ðàáî÷èõ îðãàíîâ. Â ýòîì 

ñëó÷àå ñóììàðíîå çíà÷åíèå ìîäóëÿ ãëàâíîãî 
âåêòîðà (ðàâíîäåéñòâóþùåé) ñèë ñîïðîòèâëå
íèÿ íóæíî ðàçäåëèòü íà n îäèíàêîâûõ ðàáî÷èõ 
îðãàíîâ. 
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