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FZcdhikdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc bgklblml

MklZgh\dZ ^\mo ]b^jhpbebg^jh\ gZ f_oZgbaf_ ih^t_fZ klj_eu ]b^jhfZgbimeylhjZ

h[hkgh\u\Z_lky jZkq_lZfb k mq_lhf ghf_gdeZlmju ]b^jhpbebg^jh\� ba]hlZ\eb\Z_fuo gZ

ij_^ijbylbb beb ij_^eZ]Z_fuo jugdhf� Ijb mklZgh\d_ ^\mo ]b^jhpbebg^jh\ gZ^_`ghklv f_oZgbafZ
ih^t_fZ ih\urZ_lky ijb mkeh\bb� qlh dZ`^uc ba pbebg^jh\ bf__l j_a_j\ ih ^Z\e_gbx� ?keb kbkl_fZ

khklhbl ba ^\mo jZ\ghgZ^_`guo iZjZee_evgh kh_^bg_gguo we_f_glh\� lh \_jhylghklv [_ahldZaghc

jZ[hlu kbkl_fu hij_^_ey_lky ih ba\_klghc nhjfme_ >�]:
WW HH�W�3 λλ �
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]^_ λ � bgl_gkb\ghklv hldZah\� t ± \j_fy�
Kj_^g__ \j_fy [_ahldZaghc jZ[hlu ijb wlhf m\_ebqb\Z_lky \ ��� jZaZ�

H^gZdh� mklZgh\dZ ^\mo ]b^jhpbebg^jh\ kha^Z_l ijh[e_fu \ujZ\gb\Zgby ^Z\e_gby \ gbo�

Fgh]hqbke_ggu_ wdki_jbf_glZevgu_ bkke_^h\Zgby [2] ihdZaZeb� qlh jZagbpZ ^Z\e_gbc \ ihjrg_\uo
ihehklyo ]b^jhpbebg^jh\ ih^t_fZ ijb ^\b`_gbb klj_eu k gb`g_]h ^h \_jog_]h iheh`_gby ^hklb]Z_l
�� �� MklZgh\e_gh� qlh jZagbpZ ^Z\e_gbc aZ\bkbl \ hkgh\ghf hl dZq_kl\Z ba]hlh\e_gby� kl_i_gb

baghr_gghklb miehlg_gbc ]b^jhpbebg^jh\� Z lZd`_ l_fi_jZlmju� l�_� l_o `_ nZdlhjh\� dhlhju_

\ebyxl gZ \gmlj_ggb_ i_j_l_qdb b ml_qdb� Bgl_gkb\ghklv baghkZ miehlg_gby aZ\bkbl hl dZq_kl\Z

ba]hlh\e_gby �i_j\hgZqZevgu_ aZahju� hldehg_gby ]bevau b ihjrgy hl pbebg^jbqghklb�

r_jhoh\Zlhklb ih\_joghkl_c�� ijbf_gy_fuo fZl_jbZeh\ �j_abgu� aZsblguo dhe_p�� Z lZd`_ hl

kh\_jr_gkl\Z dhgkljmdpbb�

Ba hkpbeeh]jZffu� aZibkZgghc h^gh\j_f_ggh ih ^\mf ]b^jhpbebg^jf� \b^gh �jbk ��� qlh

jZagbpZ ^Z\e_gbc ^hklb]Z_l �� �� Ijbq_f� ihke_ aZ\_jr_gby i_j_oh^gh]h ijhp_kkZ mf_gvr_gb_

^Z\e_gby \ h^ghf \uau\Z_l m\_ebq_gb_ ^Z\e_gby \ ^jm]hf pbebg^j_�

JZagbpZ ^Z\e_gbc \ ]b^jhpbebg^jZo g_ iha\hey_l kbgojhgbabjh\Zlv jZ[hlm ^\mo lhjfhaguo

�Z\Zjbcgh�aZihjguo� deZiZgh\ b ijb himkdZgbb klj_eu k ]jmahf \hagbdZxl ^bgZfbq_kdb_ gZ]jmadb \
\b^_ \b[jZpbb k Zfieblm^hc� jZ\ghc q_l\_jlb kj_^g_]h agZq_gby ^Z\e_gby �jbk ��� dhlhju_ kgb`Zxl

j_kmjk f_lZeehdhgkljmdpbb b fZgbimeylhjZ \ p_ehf� Ke_^h\Zl_evgh� [he__ jZpbhgZevghc ke_^m_l

ijbagZlv ko_fm f_oZgbafZ ih^t_fZ klj_eu k h^gbf ]b^jhpbebg^jhf [hevr_]h ^bZf_ljZ�
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< jZ[hl_ [2] g_l l_hj_lbq_kdh]h h[hkgh\Zgby ihy\e_gby \ ]b^jhpbebg^jZo jZagbpu ^Z\e_gbc�

>ey l_hj_lbq_kdh]h j_r_gby aZ^Zqb bkke_^h\Zgby baf_g_gby ^Z\e_gby \ ^\mo ]b^jhpbebg^jZo

khklZ\bf kbkl_fm ^bnn_j_gpbZevguo mjZ\g_gbc ih^t_fZ klj_eu b jZkoh^Z jZ[hq_c `b^dhklb
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]^_ Q1 b Q2  - h[t_fu jZ[hq_c `b^dhklb� ih^Z\Z_fu_ d ]b^jhpbebg^jZf � b � �jbk� ��� f
3/k

t � \j_fy� k�
Jc � ijb\_^_gguc fhf_gl bg_jpbb klj_eh\hc ]jmiiu

hlghkbl_evgh rZjgbjZ �� d]⋅f2;
m -fZkkZ ]jmaZ� d]�
l � \ue_l fZgbimeylhjZ� f�
g � mkdhj_gb_ kbe ly`_klb� f�k2;
b - ie_qh ijbeh`_gby mkbeby ]b^jhpbebg^jh\� f�
mc � fZkkZ klj_eh\hc ]jmiiu� d]�

lc � jZkklhygby hl rZjgbjZ � ^h p_gljZ fZkk klj_eh\hc ]jmiiu�

f�

β � l_dms__ agZq_gb_ m]eZ f_`^m ie_qhf ijbeh`_gby mkbeby b
hkyfb rlhdh\ ]b^jhpbebg^jh\ ih^t_fZ klj_eu� ]jZ^�
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Ht � \j_fy gZjZklZgby jZkoh^Z jZ[hq_c `b^dhklb hl � ^h

ghfbgZevgh]h agZq_gby QH.
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G
K � dhwnnbpb_gl� oZjZdl_jbamxsbc baf_g_gb_ gZ]jmadb ijb ih^gylbb ]jmaZ k kgh\Zgby� 1=

G
K

ihke_ hl^_e_gby ]jmaZ hl hkgh\Zgby�

Zm1 b Zm� ± dhwnnbpb_glu ml_q_d i_j\h]h b \lhjh]h ]b^jhpbebg^jh\� khhl\_lkl\_ggh�

J1 b J2 ± ^Z\e_gb_ \ ihjrg_\uo ihehklyo i_j\h]h b \lhjh]h ]b^jhpbebg^jh\ khhl\_lkl\_ggh� IZ�

Dj1 b Dj� ± dhwnnbpb_glu ih^Zleb\hklb jZ[hq_c `b^dhklb b we_f_glh\ ]b^jhijb\h^Z i_j\h]h b

\lhjh]h ]b^jhpbebg^jh\�
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< i_j_oh^ghf j_`bf_� ijb [hevrhc kdhjhklb baf_g_gby ^Z\e_gby dhwnnbpb_gl ih^Zleb\hklb

ijbgbfZ_f \^\h_ f_gvr_� l�_�

�3��
.

3

�������

��

�

�

� +⋅
=

−

; 
�3��

.
3

�������

��

�

�

� +⋅
=

−

.

Kbkl_fm ^bnn_j_gpbZevguo mjZ\g_gbc ��� j_rZ_f f_lh^hf Wce_jZ� Bkihevamy kbkl_fm

mjZ\g_gbc ��� \ dZq_kl\_ fZl_fZlbq_kdhc fh^_eb ijhp_kkZ ih^t_fZ klj_eu fh`gh \uy\blv \ebygb_

jZaebqguo nZdlhjh\ gZ agZq_gby ^Z\e_gby \ ^\mo ]b^jhpbebg^jZo iml_f fh^_ebjh\Zgby jZaebqguo

j_`bfh\ jZ[hlu� J_r_gb_ ijh\h^bf ^ey ke_^mxsbo kemqZ_\�
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]^_ Q = QG ⋅Dt.

< jZkq_lZo ijbgbfZ_f
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AZ\bkbfhklb P1(t) b J2(t) ^ey fZgbimeylhjZ E<���� k m = ���� d] ij_^klZ\e_gu gZ jbk� ��

JZagu_ mkbeby� jZa\b\Z_fu_ ]b^jhpbebg^jZfb� djhf_ lh]h� kha^Zxl ^hihegbl_evguc

djmlysbc fhf_gl \ k_q_gbb klj_eu� jZ\guc
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]^_ F1 b F2 – kbeu� kha^Z\Z_fu_ i_j\uf b \lhjuf ]b^jhpbebg^jZfb ih^t_fZ klj_eu� G�

l1 ± jZkklhygb_ f_`^m lhqdZfb ijbeh`_gby wlbo kbe� f�
GZebqb_f lZdh]h djmlys_]h fhf_glZ b dhe_[Zgbyfb klj_eu \ iehkdhklb i_ji_g^bdmeyjghc __

ih^t_fm h[tykgy_lky lh� qlh ihke_ aZ\_jr_gby i_j_oh^gh]h ijhp_kkZ mf_gvr_gb_ ^Z\e_gby \ h^ghf�

Jbk� �� JZkq_lgu_ aZ\bkbfhklb baf_g_gby ^Z\e_gby \ ihjrg_\uo ihehklyo ]b^jhpbebg^jh\�
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\uau\Z_l m\_ebq_gb_ ^Z\e_gby \ ^jm]hf pbebg^j_� Kbkl_fZ mjZ\g_gbc ��� khklZ\e_gZ [_a mq_lZ

\hafh`ghklb djmlbevguo dhe_[Zgbc klj_eu b ih wlhc ijbqbg_ wdki_jbf_glZevgu_ b l_hj_lbq_kdb_

djb\u_ baf_g_gbc ^Z\e_gby bf_xl g_dhlhjh_ dZq_kl\_ggh_ hlebqb_ \ g_[hevrhc i_jbh^ ihke_

hdhgqZgby i_j_oh^gh]h ijhp_kkZ �jbk� � b �Z�� dh]^Z \ebygb_ g_mql_ggh]h nZdlhjZ klZgh\blky [he__

aZf_lguf�

:gZeba l_hj_lbq_kdb ihemq_gguo aZ\bkbfhkl_c �jbk� �Z� iha\hey_l k^_eZlv \u\h^ h lhf� qlh

^Z`_ g_agZqbl_evgZy jZagbpZ f_`^m dhwnnbpb_glZfb ml_q_d \ ]b^jhpbebg^jZo ih^t_fZ klj_eu

ijb\h^bl d ^h\hevgh kms_kl\_gghc jZagbp_ agZq_gbc ^Z\e_gbc�

:gZeba jZkq_lguo aZ\bkbfhkl_c �jbk� �[� ihdZau\Z_l� qlh \ i_jbh^ i_j_oh^gh]h ijhp_kkZ

ml_qdb hdZau\Zxl [hevr__ \ebygb_ gZ agZq_gby ^Z\e_gbc \ ihjrg_\uo ihehklyo ]b^jhpbebg^jh\�
q_f g_agZqbl_evgh_ baf_g_gb_ ih^Zqb jZ[hq_c `b^dhklb� < i_jbh^ mklZgh\b\r_cky jZ[hlu ba�aZ

f_gvr_c ih^Zqb jZ[hq_c `b^dhklb \ i_j\uc ]b^jhpbebg^j ^Z\e_gb_ \ g_f klZgh\blky f_gvr_� q_f

\h \lhjhf� l�d� ml_qdb� ba�aZ h[s_]h ^ey i_j\h]h b \lhjh]h ]b^jhpbebg^jh\ kgb`_gby ^Z\e_gby� lZd`_

kgb`Zxlky�
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Study of dynamics two hydrocylindrs of machanism lifting of jib
crane arm hydromanipulator

Z.K. Emtyl, A.P. Tatarenko

The authors solved the system of differential equations, that described modification pressure in two
hydrocylindrs of manipulator. The solution is analyzed.


