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 АZZ[\а̂ _`. Дbc defgаijc klmineopq rlstuvwsxvyzu{а}vs~~�� ��{а~sw ~�s��s�v�ss������vuz ��u{s��uws �s{v�s~uаyz~s� ��yv�s�uаus�~s �syz�v� {а���{sw �а��vw� �{�~uа. И��syz�swа~vv u��sw�� {а�s�v� s{�а~sw uv�а��yz�s��{~s�s suwаyа u{����u s}�~�v �аwy�~v��{�~uа ~а ~s� v �vysw�� �а{а�u�{v�uv� {а�st���s �{s}���а. В�yv�v~а �аwy�~v� wyv��u ~а��xs{�v{���s�uz �{�~uа w �s~� {а�s���s s{�аt~а, v���~�~v� �s{v�us�uv �{���, ��yswv� s�{аt�swа~v� v ��us��vws�uz �ws�sw, suws� �{�~uа w�s�sw�� u��~sys�v����v� �{s{��v v u.�. За�а�а��ys�~��u�� su��u�uwv�� wv��аyz~s�s �s~u{sy���y�ws�s {��а~v� ~а �y��v~� v ��{аwy���s�uv�{s}���s�.

 В ~а�us���� �uаuz� �sy���~а а~аyvuv��t��а� �s��yz �аwy�~v� �{�~uа ~а ys�sw�� �stw�{�~s�uz �{��s�s s�u{s�s ~s�а �{v ��y�ws�{��а~vv. О�{���y�~� �vy�, ����uw���v� ~а~s�, ��uа~swy�~~�� �s� ��ys� � u{а��us{vv��s �wv��~v�, 
а uа��� ��uа~swy�~� �аwv�v�st�uv �vy� {��а~v� su v���~�~v� �s{v�us�uv v{а���{sw �s~� ��xs{�а}vv �{�~uа �{v su��ut�uwvv ��s �s�sws�s w��s{а. Пs �{��wа{vu�yz~�� s}�~�а� {а���u~���~а��~v� �uv� �а{а��u{sw �sw�а�а�u � �����t{v��~uаyz~��v �а~~��v v�w��u~�� ���~���y� �ys�а��v v�~s�а ~s�а, �us �s�wsy��u w�аyz~����� s}�~vuz u��sws� �s�{suvwy�~v��{s�s�����s� �а�v~�, ��{аwy�uz �{s}���а�v�ws�ss�{а�swа~v� v suws�а �{�~uа �s �us{s~а�{а�s���s s{�а~а. К����� � ¡�¢�а

: ��y�ws� {��а~v�, ��yzt�s��{~�� suwаy, ��s�uаuv����s� �аwy�~v�, ��txs{�а}v� �{�~uа, �s�sws� w��s{. 
 

 

 

 ДАВЛЕНИЕ ГРУНТА НА НОЖ
 ПРИ ЩЕЛЕВОМ РЕЗАНИИ

 

 Ра¶¶·¸¹º»· ¼½а¾»¶¹а¿»¸ÀаºÁÂ Ãº¸¿Ä¶¶ºÄ¾аÀ»Å ÆºÇÀ¹а ÃºÅ·Á· È»º¸¼»· ÃÉ¸¶¼»·À¸Ê¸· ¹»Ãа ËÇÉÌÍ¸¾ÄºÀ¸Æ¸ ¸¹½аÉа [6, 7, 12]. С¼¸º¸¶¹Ì À¸Êа ÀÄ¾ÀаÏ»¹ÄÉÌÀа (Ã¸ºÅÍ¼а ÀÄÑ¶¼¸ÉÌ¼»Ò ¶·/¶) » ½ ·¸ÍÄÉ» ÀÄ ÇÏ»¹Á½аÄ¹¶Å.РÄ¾аÀ»Ä Ãº¸»¶Ò¸Í»¹ ½ ·а¶¶»½Ä ÆºÇÀ¹а ÀаÆÉÇË»ÀÄ, ÃºÄ½ÁÈа×ØÄÂ ¼º»¹»ÏÄ¶¼Ç× ÆÉÇÑË»ÀÇ ºÄ¾аÀ»Å. 
УÆ¸É ºÄ¾аÀ»Å ÀÄ Ë¸ÉÄÄ 10…15°. О¹½¸Í ÆºÇÀ¹а ½ Ë¸¼¸½ÁÄ ¶¹¸º¸ÀÁ

 ¸¹¶Ç¹¶¹½ÇÄ¹ [1, 5, 9]. О¶À¸½ÀÁÄ ¶½¸Â¶¹½а ÆºÇÀ¹а, ½É»Å×Ø»ÄÀа Ãº¸¿Ä¶¶: ¶¿ÄÃÉÄÀ»Ä, ÇÆÉÁ ½ÀÇ¹ºÄÀÀÄÆ¸ »½ÀÄÈÀÄÆ¸ ¹ºÄÀ»Å, ÃÉ¸¹À¸¶¹Ì » Ã¸º»¶¹¸¶¹Ì¶ºÄÍÁ (Í¸ » Ã¸¶ÉÄ ÀаÆºÇÊÄÀ»Å), ÃÉ¸¹À¸¶¹Ì¶¼ÄÉÄ¹а ÆºÇÀ¹а
. И¶Ã¸ÉÌ¾ÇÄ· 

ÃºÄÊÍÄ ½¶ÄÆ¸ ¾а½»¶»·¸¶¹Ì Íа½ÉÄÀ»Å ¸¹
 
»¾·ÄÀÄÀ»Å 

Ã¸º»¶¹¸¶¹»
 
ÆºÇÀ¹а

, ¼а¼ ¸¶À¸½À¸Â Ãº»Ï»ÀÁ ÍÄß¸º·а¿»» 

[4; 
С.

130]: 
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��� а – "#$%%&'&�() *+,#)(�(&-; w – "#/$%%&'&�() +#0&1)#1)&; s  – 
�а3,�(&�; wD , 

sD  – 
1##)3�)1)3�((# &4 &56�(�(&-. Д,- *"а5а((94 39:� "#$%%&'&�()#31+0а3��,&39 0а3�(1)3а [2, 13] 
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 V – #=>�6 $,�6�()а �0*()а 6а11#? @; 

VAB – #=>�6 ��# )3�0�#? %а59; r  - 
+,#)/(#1)C $,�6�()а �0*()а; DEr  – 

+,#)(#1)C ��#)3�0�#? %а59. П,#)(#1)C �0*()а ρ -3,-�)1- %*("'&�? 0а11)#-(&- #) +#3�04(#1)& 10�5а & &56�(-/�)1- +# +#"а5а)�,C(#6* 5а"#(* [15, С.51]. В(а:&4 "##0�&(а)а4 & #=#5(аK�(&-4 (
Р&1.1) $)# =*��) 

kze0r=r ,   (3) 
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 П#1,��(�� 0а3�(1)3# 3 %#06*,� (4) +0&=,&N�(#, K)# 1,��*�) &5 0а5,#N�(&- exp 3 0-�. И1+#,C5*- +#1,��#3а)�,C(#1)& 0а/3�(1)3 (4), +#,*Kа�6 
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 ��� khu =  – #1(#3(#? =�50а56�0(9? +а0а/6�)0, +#�,�NаM&? #+0���,�(&U. И5 %#06*,9 (5) 
1,��*�), K)# #K�(C Kа/1)# 5,0<u  & #:&="& 0а3�(1)3 (5) (� +0�/39:аU) 20%. П0& 5(аK�(&& +а0а6�)0а Z +#0-�"а 0,1

("а" 3 0а116#)0�((#6 3 "#('� $)#? 0а=#)9+0&,#N�(&&) #:&="& %5<b  ($)# 6а)�6а/)&K�1"&� #:&="& +0&=,&N�((#�# 0а3�(1)3а
(4)). На+&:�6 0-� 1,��1)3&?, +#,*K�((94 &5%#06*, (1), (2), (3): 
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 abc 0w , 0s  – effghcgeghciif jfklegfegmaknigа l acfegаglpceqfc bаhrcilc h cegcseghciift uаrcaаill. Оxlyqа jfercbicafjklyrlulgcrmifaf kаhcieghа bаzc iа gkcgmtcimxc fxlyql jkcb{bn|caf аiаrfalpifs

 Р~�.1. Ра�����а� ����а�������� ���а��������а ������ �����:АВ – ����������а; l –  ���а ���а; d  – ���� ���а���;
h¡ – ������а ����а; h – ������а �����¢�����£ �а��� �����а; ¤s  – �а¥���а��¢���  а������ �а ���� (� ���¥�А) 

Fig. 1. The design scheme of slot cutting of soil 

with a sharp knife: AB – knife profile; l – is 

the length of the knife; h¡ – cutting angle; 

h� is the thickness of the slice; h – is the 

thickness of the compacted part of the soil; §s  – maximum pressure on the knife (at 

point A) 
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ÉÊ ËаÍÎÏÐÑÍа, ÑаÓ ÓаÓ ËÔÕ ÕÖÔ kze-  ×ÏаÓÊØÎÙËÎÚÎÏÏÛÜ
. ПËÞ kz =  ßàÕÎÑ ukz = ; ás=s , ØÊâÑÊÚà 
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 �ñò С – 
ô�ò�þòûüò ö ��÷ûõò; q  – 

÷�ýþ öû÷õ�òûûò�ý õ�òûü	; )(zs  – ñаöþòûüò ü� �ý��÷þ� (9). В �ýôþòñûò� ��ü
þü�òûüü �ý��÷þ�(10) öòþüúüûа
0s  üô�þøúòûа, �а� ûò�ûаúüõòþÿûа	 ö ý
ùòó ô÷��ò )(zs  [11]. С ñ�÷�ýó ôõý�ýû�, öòþüúüûа F �аöûýñòóôõö÷øùа	 öò�õü�аþÿû�� ôýôõаöþ	øùü�ñ�÷�ü� ôüþ, ñòóôõö÷øùü� ûа �аôô�аõ�üöаò��ó ÷�þýõûòûû�ó ôþýó ��÷ûõа, �аô�ýþý�òûû�ó �ýñ ÷úаôõ�ý� ûý�а АВ. 

Сòúòûüò�õý�ý ôþý	 òñüûüúûýó õýþùüû� �ý�а�аûý ûаРüô .1 ö öüñò úòõ��ò�÷�ýþÿûü�а ОАВD  (öüñô
ý�÷). Вý-�ò�ö��, 
�õý öò�õü�аþÿûа	 ôýôõаöþ	øùа	 ôüþ ñаöþòûü	 ��÷ûõа 
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( )( )
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tgtg2

tgtg11

tg4
u

uaC
=

dm-
×dq

+
dm-w+

×d
.  (16) 

 В mnopqrsаsn uvqpwxy
 z{а|mаs}vn pmа{~}n}xn

, 
xo zvsvmv�v yv�}v }а�sx �, 

 

ABuu +=2 ,   (17) 
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tgtg1

tgtg2
B , 
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=
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A . (18) 

 Иsаz, yаz�xyаqr}vn |а{qn}xn }а uv~{nm�}v�sx }v�а �s  ({ svwzn А ) yv�}v}а�sx uv �vmypqn (8), uv|�sа{x{ { }nnn|x}�s{n}}�� uvqv�xsnqr}�� zvmn}rz{а|mаs}v�v pmа{}n}x� (16). Пmv{nmxy mnopqrsаs uv �z�unmxyn}~sаqr}�y |а}}�y, {o�s�y xo xo{n�s}�� x�~svw}xzv{ [3, 15]. Оu�s}�n uvzаoаsnqx |а{qn}x� �mp}sа{|vqr }v�а (|q� uqv�а|zx xo}v�а) 
[15, С.176, Рx�.95], �v�qа�}v 

mа�vsn Аqxuv~{а Г.И. umx x��qn|v{а}xx mnoа}x� �p�qx}~zv{ x �qx} vu�s}�y }v�vy � |x}аyvyns~mxwn�zv� snqn�zv� (Рx�.2). У�vq °=d 7 ; o}аwn}xn p�qа {}psmn}}n�vsmn}x� q  x �¡nuqn}x� С {voryny umvyn�p~svw}�yx xo umx{n|n}}�� Вnsmv{�y 

[3, С.191, 193]: 2£¤¥аН0,1=C , °=q 16 , 

°=m 8  (o}аwn}x� p�qа {}n¨}n�v smn}x� m  umx sаzx� s  x q  { ¨xmvzx� umn|nqа�, zаz {x|}v xo �vmypq� (17), }а mnopqrsаsn }n

�zа�ps��). З}аwn}xn {nqxwx}� а }а�v|xyxo Та�q.7 
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 Рëì.2. Эïðñа óаôõö÷øù ÷а ïõúûаóüö øý÷úþа ÷úÿа (óа÷÷�öГ.И.Аõøïúôа) 
Fig. 2. Pressure chart on knife wear surface 

(data by G.I. Alipov) 

 Р�	.3. К������������� �а��������� ��� ������ а 
Fig. 3. Compression dependences for loam 
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 Р�	.4. Н�C, ���а��������E ��� �����  ��а� ����� ���C���� 

Fig. 4. Knife mounted at an angle to the 

trajectory of movement 
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FcKjS

 
SаbQT

 oK JаpqJQRpOа^KOFT.
 РKsа_ bHаLJаSOQK tJаHOKOFK

 (17
) F IQLdRSаHG__ KnQ H JаHKORSHQ (8), IQGt^Fc pOа^xyz{x |а~��|а������ �а������ �����а

 
zа���x��z���� z��а

 
� ���x� �{�x

 

 

( ) ( )( )ú
ú
û

ù

w+dm-
d

+
dm-

dq
+

ê
ë

é
+

dm-
dq+w

+s=s

0
2

22

0
0�

1tgtg1

tg4

tgtg1

tgtg

tgtg1

tgtg1

aC

a

.  (19) 

 Е��{ �x���x ��а�аx��x ��� ���zx� zx��x� ¡аx� 20 % �� �x�{¥{z  ������� (�а�� �а������xzz�� ��§¥аx), �� � �¡{���© b 

%10£  ���z� {�����ª��а�� §����xzz§«¬���§�§ 

 

.
tgtg1

tg1
2

tgtg1

tgtg1

0

0
0

dm-
×d

×
+w

+

+
dm-

dq
×

+w
+s=s

C

a

a
 (20) 

 За°±²а³´± 1. П��{������ ��§z�а 0w  �¬���§�а� (19), (20) � �¸�x ��§¥аx� ���xªz�ªаz{�а�� (� ��x�x�а� 10 %) ��¸ ����аzxz{¸��{z¸��© � zа¡x© ���x�{ �{zx©z���{ ���y��x��{�zz�© ��{��© ( )sw=w  (Р{�. 3), �ª¸y��© {ª [15; 
С.49], За°±²а³´± 2. П�{ ªzа¥xz{{ �а�а�x��а 

5,0³u  �¡{��а � ¥{��xz{¸ �а��{�а��z����а��xz{¸ zа z��x ¿s  �� ªа�xz  À����zxzy�  ue  xx ��{��{�xz{¸�{ ���x� ��x� ¡а��
20 %. В �а������xzz�� �x ��{�x�x À�а �¡{��а – ���¸��а 6 %. 

 И�а�, �  ���x�x�{�{ �а��{�а��z�x �а��xz{x ��§z�а, ��ªz{�а«�xx zа ������© ���x��z���{ ��¸���� �������� ������� z�y

�а ��{ �x�x��� �xªаz{{. Аzа�{�{¥x��а¸ ���x�� ���x� � �� {�����ª��аzа ��¸ �Æxzy�{ �����¸z{¸ ��§z�а ��{ §����©���x
 
���{yª�z�а��z � �x�x© { ����{��¬{����аÆ{�zyz � À��аz��. Вx�{¥{z  �а��xz{¸ Çs , � ¥{��xzz x�� ¬���§�а� (1

9) 
{

 (20
) ��¸ �§��{z���

, ��а��{¥x��{ ���z����« ����а�а«� � À���xy�{�xz�а��z �{ ªzа¥xz{¸�{, ���§¥xzz �{Ю.А.Вx���� �, Г.И.А�{��� � { ��§�{�{
 а����а�{ ��¸ ����а��{ {ªz��а z��а � аzаy���{¥z � §����{¸�

 
{ {�x«� �а��© �x �аªy���� ªzа¥xz{©.

 

 СОПРОТИВЛЕНИЕ
 ПЕРЕМЕЩЕНИЮ НОЖА 

 Иª§¥{� �x�x�� ���Æx�� �xªаz{¸ ��§z�а zа ��§�{zx �а��{�а, ��x ���x��z���z xÀ¬¬x��  zx ���¸��¸«��¸. С¥{�аx�, ¥���������� z�Ñа ÓÔÕÔÖ×Øа, а ÚÛÜÖ ÝÔÞаÓ×ß àÜáâãаãÜäÓÜ åаÖ (çÜÝßàØа 10…15°). РаââåаãáÝ×ÕаÔå ÚâÖÜÕ×Ô «ÞаØÝðãÜÛÜ» ÝÔÞаÓ×ß, ØÜÛàаçÜãÜØ ÛÝÚÓãа ÜÛÝаÓ×äÔÓ â òÜØÜÕ Õ çÖаÓÔ.ПÜôãÜåÚ ÛÝÚÓã àÔõÜÝå×ÝÚÔãâß ÖÜòÜÕÜö çÜáÕÔÝ÷ÓÜâãøù ÓÜÑа ãÜÖøØÜ Õ ÕÔÝã×ØаÖøÓÜåÓаçÝаÕÖÔÓ××. Сä×ãаÔå, äãÜ çÝÜûÔââ ØÜâÜÚÛÜÖøÓÜÛÜ ÝÔáÞаÓ×ß çÝÜ×â÷Üà×ã çÝ× ÜãâÚãâãÕ×× ÑÔâãØÜÛÜßàÝа ÚçÖÜãÓÔÓ×ß × ÓÔÑÔâãØÜÛÜ ÕðçÜÝаÛÝÚÓãа çÔÝÔà ÓÜÑÜå. 
ПÝßåаß АА I 

Óа Р×â.4çÔÝçÔÓà×ØÚÖßÝÓа çÖÜâØÜâã× ÝÔÞаÓ×ß ÛÝÚÓãа АВС; çÖÜâØÜâã× АА IВ × А IIА IIIВII çаÝаÖÖÔÖøáÓð (ôãÜ çÜÕÔÝ÷ÓÜâã× âØÜÖøÑÔÓ×ß ÛÝÚÓãа); δ 

- 
ÚÛÜÖ ÝÔÞаÓ×ß ÛÝÚÓãа ; γ – 

ÚÛÜÖ ÝÔÞаÓ×ß ÕçÖаÓÔ. 
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П'()а+',-а .а/а01
 

 И3 45678а6:8;
 [3, С.53, 58] 

53=7>6?@
, A6@ B85

 °°£d 3020 K  C7>6D@7
 
545 ?7C7>6ED@7

 («A:4@D») IJ8@
 
=;B@8а

 
@6>:6>6=:76

. НаР5>.5,
 а 

B@Dа3а?
 

?@C > IJ8@Q :B4@6?7?5I
(
=;B@8@Q

, 
?а8@>6@Q) 5 B4а>65A7>D@R

 
3@?@R

 J7S@8Q58@=а?5I T8:?6а
 («A:4D@Q»);

 
?аР5>.5

, W – 
IJ8а :B4@6?7?5I ?76 (6@A?77

, «A:4@D»
 
?7 =;Y@J56 3а

 
B8IQ:Z D8@QD:).

 Ра>>Qа685=а7Q;R ?аQ5 >4:AаR
 (

Р5>.
5,W) B85=@J56 D B87JB@4@C7?5Z

 
@ 6@Q, A6@[BZ8а Jа=47?5R ?а B787J?ZZ T8а?\ ?@Cа5Q776 B85]4535674\?@

 
687:T@4\?:Z S@8Q:(Р5>.

6)
. ЗJ7>\ σ

0 – 
T7@>6а65A7>D@7 Jа=47?57

 

(
= 7>67>6=7??@Q >@>6@I?55

 
T8:?6а),

 
B@>6@EI??@7 J4I Jа??@R T4:]5?; 873а?5I;
 

σ`
 – Jа=47?57 : =78Y?7R

 
D8@QD5 ?@Cа

 [16]. П@>D@4\D:
 
=;Jа=45=а?57 T8:?6а B8@5>EY@J56 A7873 =78Y?ZZ D8@QD:, >A56а7Q, A6@

 Jа=47?57 σ
0 

>:b7>6=7??@ Q7?\c7
 

σ`, 5 =@D@?Aа674\?;7 S@8Q:4; ?7 =@RJ76
 (

σ
0 

I=E4I76>I B@>6@I??@R J@B@4?5674\?@R >@>6а=E4IZb7R = @]b7Q Jа=47?55, J7R>6=:Zb7Q?а ?@C >@ >6@8@?; T8:?6а, ?7 3а=5>5Q@R @6>аQ@T@ B8@d7>>а 873а?5I).
 

Т@TJа >87J?77 Jа=47?57 ?а 4@]@=@R T8аE?5 ?@Cа
: 

2

fgh s
=s .  (21) 

 СA56а7Q, A6@ c585?а ?@Cа (8а3Q78
 
B7E87J?7R D8@QD5

) ВС = b 
= ?7>D@4\D@ 8а3]@4\c7 J45?; ?@Cа (8а3Q78а ]@D@=@RD8@QD5

) 
А IВ = l. Оopqrqstu rаwsqxtq σz

 { wqp|xq} ~p�u�~t x��а t rq}��w{��tq
 xа xq�� �ts� �qpq��q�uq�pt�q�~tq oаpаuq�p� pq�аxt�, {��s�pqxt� �p{x�а o� x��{ � t �����wqxx�q

 
|а�pа~�qpt��t~t �p{x�а. 

 В�а�������� �а������ σ�
 
� ������������ ��¡��¡� �  а��� а�� ���¢

 ��£� �а¤��
 

 Пpqr��аwtu o�s��qxtq x��а w �p{x�qxа Рt�.7. Зrq�¨ h© – w����а x��а, 
pаwxа�w����q op�pq�t; h – ��s�txа ��x� rq¬�p�uаtt xаr op�pq�¨�

; 
М

 – xq~���pа� ���~а w¯��} ��xq, xа|�r��а��� xа pа�����xtt z 
��qq wqp|xq} �pаxt�. О���xа�tu: σ

0, ρ0, w0 – rаwsqxtq
, os���

d

IIIA

IIA IIB

z
h²h

M

 
 Р´µ.7. Паºа»¼½º¾ ¿ÀÁ¾ Â¼ÃÀº»аÄÅÅÆºÇÁ½а È¼º¼Â ÁÀÉÀ» 

Fig. 7. Parameters of the soil deformation 

zone in front of the knife 

d

IIIA
IIA IIB

0s

Ês
 

 Р´µ.6. ЭÈÌºа ÂаÍÎ¼ÁÅÏ Áа È¼º¼ÂÁ¼Ð
 ÆºаÁÅ ÁÀÉа 

Fig. 6. Pressure chart on the knife front 

dIIA
IIB

ÑÒÓÔÕÖÒ ×ØÙÖÚÛаÓÔÝÞÒÓÕа×ßÖàаIIIA

 а 

d

IIIA

IIA IIB
 

 â
 Р´µ.5. Д¼ÃÀº»ÅºÀÍаÁÅ¼ ÆºÇÁ½а È¼º¼Â ÁÀÉÀ» 

Fig. 5. Deformation of the soil in front of the knife 
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����	 
 ���
�
��� ���
�����
 ��� ���������а�

; σ, ρ, w – 
�а����
�, 

��������	 
 ���
�
��� ���
�����
 � ����� М ; σ�, ρ�, w� – 
�а����
�, 

��������	 
 ���
�
������
�����
 � ����� А III ��� ��! �����
 ��"�����! #�а�
 ��$а
. П��
�����	 
#�а�� ������&' ���	 � ��"����
����

 ���а�
' #�&���� [4, С.130]. За�
,�� ������,��
-, а�а��#
��� �а�"���������� ��,�: 

 

r

r
=

r
r

==w+ ...1
m

m

V

V
, (22) #�� V – 

�/0�� �������а #�&��а �а���!
m; 

V1 – �/0�� ������! а�� (/�� ���) ‘njuj �������а; ρ1 – ��������	 �#� ������! а��(���������
� w); 

 

d
a

d

w
s
= - ,   (23) 

 #�� а – ���
�
��� &�������
- [15, С.48]. 

 
( )zhk7 --r=r 8 ,  (24) 

 #�� k – ���
�
���, �а�
�-9
! �� #�&��а
 ��$а [15, С.52]. В �а����� ��&�а� (��
 z = 0) 
� ���&"�� (24) 
kh;-r=r <0   (25), 

 
, ���- (25) �а (24), ���&�а��: 
 

kze-=
r
r0 .  (26) 

 Т����	 
� ���&�� (2
2) /&���: 

 

0

A
01

r

r
=w+ ,  (27), 

 а 
� (22), (2
7) 
 (26) /&���: 

 

( )( )

D D D D
kz

r r r r
w w

r r r r

w e

0
0 0

-
0

æ ö
- = - = -1 =ç ÷

è ø

= 1+ -1

. (28) 

С�
�а- ���
�
��� а � ������а �а,�#� �а��������
- �����-����, 
� (23) 

(2
8) ��$�� ���&�
�	 (

� &����� ��#�, ��� σ0 ��&��а�� ��
 ��а����

 � σ�) 
 

( )

( )

G 0 0
0

1

1
1 kz

a

e
a

s s s w w

w -

» - = - - =

+
= -

,  (29) 

 I JаLMNOP LQRJаS
 (UVW z = h 

R ISVXNSY ZVOPZWNO[а
): 

( )khe
a

--
w+

=s 1
1 0\ .  (30) 

 И^ ^аZONа LOXVаNSNW_ PаLL`, WNMSaVWbVR_ UQOMNOLMc aVRNMа IdOQc ISVMWZаQW dOdSeOVPWVOIаNW_ aVRNMа W UOLQS (LP. 
eOVbPRQR (26)), WPSSP 

 

òò r=r
+ h

kz
hh

dzedz

0

0

0

0

f
, WQW 

( ) ÷
÷
ø

ö
ç
ç
è

æ -
r=+r

k

e
hh

kh 1
0

g
0 . 

 НаXOdWP ^dSLc hi: 
 

k

khe
h

kh --
=

1j .  (31) 

 СJWMаSP 
аNаQOaWJNO [8, 

С
.86, 87], JMOLZOQc[SNWS JаLMWl aVRNMа UVOWLXOdWM IUQOLZOLM_X, UаVаQQSQcN`XАА IВ. ТаZ ZаZ VSаQcNO [15, 

С.49] vwаyzw{z |}~�а�zw{� 5,04,0
1 0

0
K£

w+

w-w , ��
 {v ������}

(2
8) ��z��z�, y�� 

�����wzw�� 

 

K+++=
2

1
2t

tet  

 ���w� �аv���{�� | ���, ���аw{y{|а��� ��{ wz�����{����{ ��w{� {�{ �|��� y�zwа�{ ���а. 
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П������ ������} (30) { (31) ���z� {�~����v�|а�� | |{�z, ����|z���|�º»z�
 (t = 

kh): 

t
a

0¼ 1 w+
=s    (32) {

 

2
½ t

hh = ,   (33) 

(
���������

 

( )2

21 1
1 2

2 2

kh

kh
kh kh

e kh h k t
h

k k

+ + - -- -
» = = ). С¿ÀÁ, ÃÄÅÆÇÈÉÊË¿Ä Ìа ÄÃ¿Ì¿ÎÌÉÊ ÏÀÐËаÃÑÉ ÏÄÒÄÃÌÄÅ ÓÒаÌ¿ ÌÐÔа 

 О��vwаy{� |z����} { ��{ �����{wа� wаР{�.8 
(��y�{ А II, А III, ВII ÛÜÜÝÞßÝÛÝÞàáÝ

 
ÜâÜãäåаçßååèé åа РëÛ.4). СëÛÝßéа îÜÜïðëåаÝ –

 òïóéÜàôÜõöåаó ðßîаïÝÜÞа. ВßîÝÜïè ø
1 = (1, 0, 0); 

ø
2 = (sinγ, cosγ, 0); ø

3 = (
–

 
cosδ, 0, sinδ) . ПÜ Üòïßðßõßåëá ÞßîãÝÜïåÜôÜ òïÜëäÞßðßåëó ÞßîÝÜï 

 

( ) ,coscos,sinsin,cossin

sin0cos

0cossin32

gdd-gd=

=

dd-

gg=´ γ kji

ll
 

 òßïòßåðëîàõóïßå î òõÜÛîÜÛÝë åÜ�а ë ëéßßÝðõëåà (Üòïßðßõóßéàá òïóéèé ÞèçëÛõßåëãßé): 

dg-= 22 cossin1f   (34) 

 Таîëé ÜâïаäÜé, åа�Üðëé ÛÜÛÝаÞõóá�ëßðаÞõßåëó σ åа ßðëåëçåàá
 
òõÜ�аðîà

 
òõÜÛãîÜÛÝë åÜ�а:

 

 

s×gd
-

=s cossin
1

f
x ; s×gd=s sinsin

1

f
y ; 

s×gd
-

=s coscos
1

f
z ,     (35) 

 ôðß îÜ���ë�ëßåÝè
 
òïë σ ÛÜÞòаðаáÝ ÛåаòïаÞõóá�ëéë îÜÛëåàÛаéë åÜïéаõë îòõÜÛîÜÛÝë åÜ�а. СÜÜÝÞßÝÛÝÞßååÜ ÛÜÛÝаÞõóãá�ëß Ûëõè Ýïßåëó âàðàÝ (åа РëÛ.8 - 

3l//ts , XOY^s ): 

 σ
tx = 

–
 
σ tg� cosδ; σ�y = 0;   (36) σ

tz = σ tg� sinδ . 
 

 У������ �а��������  �!�"а
 �а# $���%��"&' ��(а

 � �$��#������ �а$��(���� σ*
 

 РаÛÛéÜÝïëé ÛõÜ+ ôïàåÝа ÝÜõ�ëåÜ+
 

dy = 1 åаð òõÜÛîÜÛÝöá 
åÜ�а Þ òïßðßõа� äÜãåè ðß�Üïéа�ëë. ЭÝÜ îÜÛаó òïëäéаА IIIAIVBIVBIIDIIIDIVBVBIII  (РëÛ.9). КÜÜïðëåаÝè ë ÛÜÛÝаÞõóá�ëß Ûëõ âèõëïаÛÛéÜÝïßåè Þè/ß (Þ ò. 3 ÛÝаÝöë) ðõó òõÜÛã

 

3l

d d

g

1l

2l

IIIA

( )OAII IIB

Z Y

X

m

s

1s
xF

yF

zF

 Р34.8. С89:а <=>, @9A<BCDEF=8 Gа GHI 

Fig. 8. Scheme of forces acting on a knife 
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klmno plqа. Дuv wxаpo А IIIDIIIBIIIBII muz{|zn}l~zpvn� �pаko mlmnа�uv��o�. В{lu� wxа�po А IIIAIVDIVDIII 
}xlom�l{on xа�wx|�kа m�zxnokаu�p�~ m{�owl~ pаkl}uzpplwlpа}xvqzpov. Пl �аklp| К|ulpа-

Мlxа kаmа�nzu�plz pа}xvqzpoz pа �uz~zpnz �nl� wxаpopа}xа�uzpl }xlno�l}lulqpl lmo
OZ // А IIА III 

o xа�pl: 
 σ�

 = � 
+ σ tgΘ,  (37) 

 w{z � – 
m�z}uzpoz; σ – 

{а�uzpoz (plx~аu��plz pа}xvqzpoz); Θ – 
|wlu �p|nxzppzwlnxzpov. Пlupаv mlmnа�uv��аv �{lu� lmo OZ mou, {z�mn�|��o� pа �n| wxаp�, �|{zn���s×IIIIVIVIII DDAA

S  (}ul�а{�, |~plqzppаvpа mxz{pzz kаmаnzu�plz pа}xvqzpoz, {а�uz�poz qz }zx}zp{ok|uvxpl OZ
). Пul�а{�xа�pа

g
=

g coscos

hhdy
 (nаk kаk dy = 1). Иm�l{vo� ¢lx~|u (29), (30) o �l�~lqplmno uopz��plwl }xo�uoqzpov 1 – e

–kz ≈ kz, § ¨§©§ª§«¬§§ª®¯§°± ²³´, µа¯´·®´ 

 

Q
s

+=s tg
2̧

¹º» c . 

И©а¨, ®°¨§«а½ °§°©а¯½¾¿а½ ªа·а 

 

÷
ø

ö
ç
è

æ
Q

s
+

g
tg

2cos

À
c

h
.  (38) 

 

О·а µ§¯Â·а ªа·½©±°½ ´ª©®¨а¯±·§Ã °§Ä°©а¯½¾¿´Ã °®¯², µ´Ã°©Å¾¿´Ã ·а Æ´ª´µÄ·¾¾
 
¬ªа·± 

·§Âа ·а ÅÇа°©¨´, 
¬µ´ dy = 1. Э©§°¯´µÅ´© ®É Æª´µÆ§¯§Â´·®½ §Ê §©°Å©°©®®°§§©´©°©Å¾¿®Ë °®¯ ·а 

¬ªа·½Ë AIVDIVBVBIV ® BIIBIIIBVBIV, ©а¨ ¨а¨ 
¬´§°©а©®Ç´°¨§´ µа¯´Ä·®´ σ

0 
·´ ÅÇ®©²а´«. Б§¨§²«® ÏÐÐ´¨©а«®©а¨Â´ Æª´·´Êª´¬а´«, Æ§°¨§¯±¨Å ³®ª®·а·§Âа b °Å¿´°©´··§ Ê§¯±³´

 
´¬§ µ¯®·² l ®°´ Æ¯§¿аµ¨® °¨§¯±Â´·®½ ®µ´·©®Ç·²). П¯§¿аµ± Æ´ª´µ·´Ã ¬ªа·® ·§Âа SÒ 

 

zSS j= cosÓÔÕ , 

 ¬µ´ Æ¯§¿аµ± Æª§´¨Ö®® Ï©§Ã ¬ªа·® ·а Æ¯§°Ä¨§°©± ABC ªа·а S×Ø = l cosδ×bcosγ ®·аÆªа¯½¾¿®Ã ¨§°®·Å° ·§ª«а¯® ¬ªа·® °§°±¾ OZ ªа´· g×d=j coscos
1

cos
f

z  (®ÉÐ§ª«Å¯² 35). З·аÇ®© 

 

lbfS =à .   (39) 

 В´ª©®¨а¯±·²´ °§°©а¯½¾¿®´ °®¯ µаÄ¯´·®½ ® ©ª´·®½ Æ§¯ÅÇ®« ®É Ð§ª«Å¯ (35) ®
(36), «´·½½ É·а¨ ·а Æª§©®§Æ§¯§Â·²Ã: 

 

gds=s coscos
1

f
z ;  dms-=s sintgæz . Сª´µ·´´ ·аÆª½Â´·®´, °§¬¯а°·§ Æª´µÆ§Ä¯§Â´·®¾ (21), 

2

èéê s
=s . 

 З·аÇ´·®´ ´ª©®¨а¯±·§Ã °§°©а¯½¾¿´Ã°®¯² (°§ °©§ª§·² Æ´ª´µ·´Ã ¬ªа·® ·§Âа) 
 

( )ë ìí î ìíï ï1
cos cos tg sin

2

tg tg
cos cos 1 .

2 cos

z zS

lbf
f

f
lb

s s

s
d g m d

s m d
d g

g

- =

é ù
= - =ê ú

ë û

é ù
= -ê ú

ë û

  (40) 

 РаÉµ´¯® ªа´·°©§ (40) ·а gcosb , Æ§Ä¯ÅÇ®« É·аÇ´·®´ Ï©§Ã °®¯² ·а ÅÇа°©¨´
1=dy . Пª®ªа·½´« ´¬§ É·аÇ´·®¾ (38): 

IVA
IVB

IVD
VB

IIIA

IIID

IIA

IID

IIB

IIIB

g 1=dyd

 Рóô.9. Пøùúûа ýøþÿ�а ÿа ������� ýøаÿù ÿ��а 
Fig. 9. Prism of soil on the frontal edge of a knife 
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= + Qê úë û

.  (41) 

 Та, ,а,
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=

sin

-h
l ; а

t

h
h /2
=  

(12 3456789
 

(33)), :4, ;4<=:а>8?? @:1 >95аABC1?
 
> 345D6787

(41) 1 =4,5аGа? Cа H
h , ;487I16 
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0

L
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t , 12 3456789 (32) ;487I16 
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2 1
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c
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g
d

w s
s

é ù
-ê ú

ë û =

+ é ù
= + Qê úë û

.  (42) ОO42CаI1> <8? ,5а:C4=:1 > 345678B
(42) >B81I1C9 

 

d
g
m

-

d
=d ¢¢

tg
cos

tg
1

tg

f
; 

( )
a

c
c 012 w+
=¢ ; 

Q
w+

=Q¢ tg
1 0

a
,  (43) 

 ;487I16 ,>а<5а:C4B 75а>CBC1B <8? Cа;5?DABC1? Ps : 

 

[ ]Q¢s+¢d ¢¢=s Q2Q 2 c .  (44) 

 Д8? аCа812а 75а>CBC1? (44) ;51>B<B6=8B<7SG1B 6а:B6а:1IB=,1B 5а==7A<BC1? 

[10, 14]. За;1UB6 7;54GBCC4B ,>а<5а:C4B75а>CBC1B as+=s 212 , WXYXZX[ \][[Y WX^Z[_` 21 a++a  (b cX]Xd`e cZX\fgXh_Xi

j[kWX cZXg[Z\Y`, lYX
1

12

1
8,0

2

£
+a
a++a

£  (hjm 0>a ), 
YX [bY`

 

 

[ ] 9,08,1129,0 +a=+a=s  

 hа[Y WXZ[_` b Xo\pWXi _[ pXj[[ 10
 %). КXZ[_` tYXkX uZаg_[_\m c[Z[vXh\Y gWXZ[_` uZаg_[_\m (44) cZ\ _[WXYXZX] \f^][_[_\\ ]аboYаpа [h\_\y. А_аjXk |XZ]u^j}

19,08,1 +a=s  
hjm uZаg_[_\m (44) 

 

c¢d ¢¢+Q¢d ¢¢=s 6,18,1~   (45) 

 \j\ _[cXbZ[hbYg[__X l[Z[f cаZа][YZ} _X^�а \ kZu_Yа, \f Zаg[_bYg (43) cXjul\] hаg^j[_\[ u g[Zv_[i WZX]W\ _X�а
 

 

( )

( )
( )

( )

0�
2 2

0

2 2

1,8tg tg 1 cos

cos 1 sin cos tg tg

3,2tg 1
.

cos 1 sin cos tg tg

a

c

a

d w g
s

g g d m d

d w

g g d m d

Q +
= +

- -

+
+

- -

 (46) 

 Еbj\ �, δ, γ ]аj} (_аcZ\][Z, WXkhа δ \ �
°£ 25 ) g YаWXi bY[c[_\, lYX 

 

2,0tgtg £md   \  °£g 30 ,  (47) 

 YX ]X�_X cXj`fXgаY`bm �cZXd[��Xi |XZ�]�jXi 

 

( )

( )

� 0
0

1,8
tg tg 1

3,2
tg 1 .

a

c
a

s d w

d w

= Q + +

+ +

  (48) 

 С���а������� ���, �����������
 �а ������� ����������� �� а

 

 На£¤¥¦§ ¨©ª«¬а̄ °±²³ ´µ´«а¨̄ ¶³·²³ 

zF  ¸¹ººа¼½¾¿ ¸ÀÁÂ, Ä¾Å¸ÆаÇÁÈÈ 
ÇÂ¼аÉÊ½ÀÊ

(46) Ç ¼аÇÊ½¸ÆÇ¾ (40), ÐÅÊ
dm-g= tgtgcos fT , 
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 ÀÁÀ, ¼а¸ò¼ÂÇаÈ ó½аôÊ½ÀÊ Т
, 
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0

2 2
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sin 2

cos 1 sin cos tg tg
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 УÄ¼¾÷Ê½½Â¿ Çа¼Àа½Æ ó½аôÊ½ÀÈ ¸¾¸ÆаÇøÁÈù÷Ê¿
zF  Ä¼À ¹¸Á¾ÇÀÀ (27): 
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(
ЗаºÊÆÀº, ôÆ¾ ¸¾¸ÆаÇÁÈù÷аÈ ¸ÀÁÂ zF  ½аÄ¼аÇÁÊ½а Ç½Àó). 

 Бµµ¨а¶ ´µ´«а¨̄ ¶³·а¶  ¸¾Ä¼¾ÆÀÇÁÊ½ÀÈ½¾É¹ ÿ�� yy SF s= . П¾Å¸ÆаÇÁÈÈ ¸ùÅа ó½аôÊø½ÀÈ �¾¼º¹Á (39), (35), (21), (46), Ä¾Á¹ôÀº 
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dg-= 22 cossin1f ; dm-g= tgtgcos fT . 

 УXYZ[\]]^_ `аYbа]c dbe^ Y\fа]bg, XYbideZ`bb (
47), 

fаXbd^`а\cdg cаk:
 

 

( )
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0
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d m
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d g
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+é ù
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 (54) 

beb
 

 

( ) [ ]cRRlbFx +Qgm+d= tgcostg9,0 ,  (55) 

 mn\ d
w+

= sin
1 0

a
R . 

 ВЫВОДЫ
 

 1. РаfYаvZcа]а wZn\ex [\e\`ZmZ Y\fа]bgmYi]cа XYZdcYа]dc`\]]Z ZYb\]cbYZ`а]]^w
(idcа]Z`e\]]^w XZn imeZw k cYа\kcZYbb\mZ n`by\]bg) 

ZdcY^w ]ZyZw XYb Zcdiczdc`bb vZkZ`ZmZ `^XZYа, kZmnа `\dx mYi]c `XZcZk\, iXeZc]ggdx, `nа`eb`а\cdg ` d`Zn^XYZY\fb.
 2. Уdcа]Z`e\]а fа`bdbwZdcx nа`e\]bg ]аeZvZ`i| mYа]x ]Zyа Zc bfw\]\]bg XZYbdcZzdcb mYi]cа, imeа `]\}]\mZ cY\]bg b Yаfw\zYZ` fZ]^ n\~ZYwа�bb. 3. А]аebcb�\dkb ZXY\n\e\]^ dZdcа`egz|[b\ dbe, n\_dc`i|[b� ]а \nb]b�]i|XeZ[аnki eZvZ`Z_ mYа]b ]Zyа, b XZe]аgdbeа Y\fа]bg mYi]cа. 
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Crevice cutting model under geostatic 

pressure 

 

Mykhailo Sukach 

 

Abstract. To create soil anti-filter screens, it is 

necessary to provide a horizontal gap device of a 

sufficiently large size to the soil mass. The use of 

traction working bodies such as a dozer blade re-

quires an assessment of the pressure of the soil on 

the knife and the power characteristics of the work-

ing process. The pressure value affects the deform-

ability of the soil in the area of the working body, 

the change in the porosity of the medium, the con-

ditions for the formation and stability of the arches, 

the removal of soil into the lateral technological 

slots, etc. The task is complicated by the lack of 

visual control of slot cutting at depth and process 

control. 

In this article, we have obtained an analytical 

model of soil pressure on the frontal surface of a 

straight sharp knife with slot cutting. The forces 

acting on the knife installed at an angle to the path 

of its movement are determined, and the cutting 

force is determined depending on the change in 

porosity and size of the soil deformation zone in 

the absence of lateral outflow. 

According to preliminary estimates, the calcu-

lated values of these parameters coincide with the 

experimental data of known scientists for the knife 

wear area, which will make it possible to further 

evaluate the traction resistance of the cutting ma-

chine resistance, to control the processes of arch 

formation and soil removal on the sides of the 

working body. 

Keywords: slot cutting, bulldozer blade, geo-

static pressure, soil deformation, lateral discharge. 

 


