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FZcdhikdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc bgklblml

Ba jhlZlhjh\ k h]jZgbq_gguf m]ehf ih\hjhlZ wdkiemZlZpbhgguf b l_ogheh]bq_kdbf lj_[h\Z-
gbyf gZb[he__ khhl\_lkl\m_l ij_^eZ]Z_fuc \bglh\hc jhlZlhj�

<bglh\hc jhlZlhj �jbk� �� jZ[hlZ_l ke_^mxsbf h[jZahf� Ijb ih^Zq_ jZ[hq_c `b^dhklb q_j_a

rlmp_j � \ ]bevam � ihjr_gv � k aZdj_ie_gguf gZ g_f \bglhf � i_j_f_sZ_lky \gba b kh\_jrZ_l \jZ-
sZl_evgh_ ^\b`_gb_ hlghkbl_evgh ]Zcdb �� aZdj_ie_gghc \ ]beva_� Ijb ih^Zq_ jZ[hq_c `b^dhklb \

]bevam q_j_a rlmp_j � ihjr_gv k \bglhf i_j_f_sZ_lky \\_jo b kh\_jrZ_l \jZsZl_evgh_ ^\b`_gb_�

Lj_[m_fuc fhf_gl ih\hjhlZ jhlZlhjZ aZ\bkbl

hl fhf_glZ bg_jpbb ]jmaZ k ]jmahaZo\Zlguf

hj]Zghf b m]eh\h]h mkdhj_gby

M = J
�

�

W

�

ϕ
. (1)

]^_ J -fhf_gl bg_jpbb ]jmaZ k ]jmahaZo\Zlguf
hj]Zghf� d]⋅f2;

�

ϕ  - m]he ih\hjhlZ ]jmaZ� jZ^�
t - \j_fy ihegh]h ih\hjhlZ ]jmaZ� k�
Fhf_gl� jZa\b\Z_fuc \bglh\uf jhlZlhjhf�

hij_^_ey_f ba mkeh\by jZ\gh\_kby \bglZ

Mp= �IWJ�FRV
5G

�

��

�
−ψψ , (2)

]^_ R - hk_\h_ mkbeb_� ^_ckl\mxs__ gZ \bgl�

G�

d2 � kj_^gbc ^bZf_lj j_av[u, f�
ψ � m]he ih^t_fZ j_av[u� ]jZ^�

f1 - ijb\_^_gguc dhwnnbpb_gl lj_gby�

f1 =
�FRV�

I

�α
,  (3)

α � m]he ijhnbey j_av[u�

f - dhwnnbpb_gl lj_gby fZl_jbZeh\ iZju \bgl � ]ZcdZ�

HilbfZevguf fh`gh kqblZlv lZdhc m]he ih^t_fZ j_av[u� ijb dhlhjhf ihe_aguc h[t_f jhlZ-
lhjZ fbgbfZe_g b ke_^h\Zl_evgh� fbgbfZevgZ _]h fZkkZ�

Ihe_aguc h[t_f jhlZlhjZ ijb m]e_ ih\hjhlZ ϕ  =360° hij_^_ey_lky ih nhjfme_�

j
υ  = SFi, (4)

]^_ S - oh^ j_av[u�

S = ψπ WJG
� ,  (5)

]^_ d2- kj_^gbc ^bZf_lj j_av[u� f�

ψ - m]he ih^t_fZ j_av[u� ]jZ^�

Fi - wnn_dlb\gZy iehsZ^v ihjrgy� f
2,

Jbk �� Ko_fZ \bglh\h]h jhlZlhjZ
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�

�
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ω
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Fi =
S

5
,  (6)

]^_ R - hk_\h_ mkbeb_� ^_ckl\mxs__ gZ \bgl� H;
j - ^Z\e_gb_ jZ[hq_c `b^dhklb� IZ�
K mq_lhf (2), (5)b (6)ihemqbf�

j
υ =

�IWJ�FRVS

WJ0
S

�

�

�

−ψψ
ψπ

,  (7)

]^_ Fj - lj_[m_fuc fhf_gl jhlZlhjZ �Gf�.

>ey hij_^_e_gby hilbfZevgh]h agZq_gby ψ gZc^_f ijhba\h^gmx hl ihe_agh]h h[t_fZ jhlZ-
lhjZ ih m]em ih^t_fZ j_av[u b ijbjZ\gy_f gmex

[ ] �
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=
−
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SS
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;  (8)
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≠
S

0
S

π
; �≠ψ ; [ ] �

�

�

� ≠− �IWJ�FRV ψψ ;

��
��

� =−− I�IWJ�VLQ ψψ . (9)

J_rZy mjZ\g_gb_ ijb f1 =0,124,gZoh^bf ψ =25,l°.
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Ke_^h\Zl_evgh� ψ = 25,1° y\ey_lky lhqdhc fbgbfmfZ�
Ij_g_[j_]Zy ihl_jyfb gZ lj_gb_ ihjrgy b ]bevau� dhwnnbpb_gl ihe_agh]h ^_ckl\by jhlZlhjZ

hij_^_ey_f dZd hlghr_gb_ ihe_aghc jZ[hlu� kh\_jrZ_fhc jhlZlhjhf� d jZ[hl_� aZljZq_gghc ih i_j_-
f_s_gbx ihjrgy

Q

S

5G6

G0 ϕ
η = ,  (10)

]^_ dϕ - we_f_glZjguc m]he ih\hjhlZ \bglZ jhlZlhjZ�
dSn - hk_\h_ i_j_f_s_gb_ ihjrgy� khhl\_lkl\mxs__ ih\hjhlm \bglZ gZ m]he dϕ

ψϕWJG
G

G6
Q

�

�= .  (11)

Ih^klZ\eyy \ujZ`_gby (2) b (11)\ (10),ihemqbf�

ψ
ψψ

η
WJ

�IWJ�FRV
�

� −
= . (12)

FZdkbfZevgh_ agZq_gb_ DI> jhlZlhjZ khhl\_lkl\m_l m]em ih^t_fZ j_av[u ψ = 25,1o
� BlZd�

m]he ih^t_fZ j_av[uψ  = ����� y\ey_lky hilbfZevguf� dZd k lhqdb aj_gby fbgbfZevghc fZkku jh-
lZlhjZ� lZd b fZdkbfZevgh]h agZq_gby _]h DI>�

>ey hij_^_e_gby \ebygby ijbgylh]h \ dhgkljmdpbb agZq_gby ψ gZ ihe_aguc h[t_f� kljhbf

]jZnbd nmgdpbb j
υ =f(ψ ) (Jbk. 2). Ba ]jZnbdZ \b^gh� qlh ijb agZq_gbyo ψ , hlebqguo hl hilb-

fZevgh]h� ihe_aguc h[t_f jhlZlhjZ agZqbl_evgh \hajZklZ_l� Ijb mf_gvr_gbb m]eZ ih^t_fZ k 25° ^h

10° j
υ m\_ebqb\Z_lky \ 2,5jZaZ� Z ijb m\_ebq_gbb m]eZ ^h 50° j

υ \hajZklZ_l \ 1,6jZaZ�

<bglh\hc jhlZlhj \u]h^gh hlebqZ_lky hl iheghih\hjhlguo ehiZklguo b \hegh\uo l_f� qlh
hjb_glZpby iZqdb khjlbf_glZ \ gm`ghf iheh`_gbb hkms_kl\ey_lky iml_f ij_djZs_gby ih^Zqb jZ[h-
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q_c `b^dhklb� < iheghih\hjhlguo jhlZlhjZo� ^Z`_ ijb lhjfh`_gbb ijhlb\h\dexq_gb_f� i_j_[_]

khklZ\ey_l ��÷180°� qlh aZljm^gy_l gZ\h^dm jZ[hq_]h hj]ZgZ gZ iZqdm khjlbf_glZ b hjb_glZpbx iZq-
db khjlbf_glZ \ gm`ghf iheh`_gbb�

Ijb jZa]hg_ b lhjfh`_gbb iZqdb khjlbf_glZ gZ ^bgZfbq_kdmx gZ]jm`_gghklv jhlZlhjZ b f_-
lZeehdhgkljmdpbb fZgbimeylhjZ agZqbl_evgh \eby_l k`bfZ_fhklv b ml_qdb jZ[hq_c `b^dhklb�

F]gh\_ggh_ agZq_gb_ kdhjhklb i_j_f_s_gby ihjrgy jhlZlhjZ fh`gh hij_^_eblv� jZa^_eb\

ijZ\mx b e_\mx qZklb \ujZ`_gby ���� gZ dt.
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G
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G6
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ϕψ
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�== .  (13)

Fhf_gl ^\b`msbo kbe� jZa\b\Z_fuc jhlZlhjhf� hij_^_ey_f ba \ujZ`_gby ���� k mq_lhf ���

�WJ�FRV
G

3)0
Q3 �
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�
γψψ −= .  (14)

JZ[hqZy `b^dhklv� ih^\h^bfZy d jhlZlhjm� jZkoh^m_lky gZ i_j_f_s_gb_ ihjrgy








GW

G
WJ

G
)Q

ϕψ
�

�
� ml_qdb \ ]b^jhkbkbl_f_ �3D� \ b gZ dhfi_gkZpbx ^_nhjfZpbb jZ[hq_c `b^dh-

klb b we_f_glh\ ]b^jhijb\h^Z 






GW

G3
. 3 .

Kbkl_fm ^bnn_j_gpbZevguo mjZ\g_gbc jZkoh^Z jZ[hq_c `b^dhklb b \jZs_gby jhlZlhjZ fh`gh

aZibkZlv \ \b^_�
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ϕψψ

ϕψ
, (15)

Pn – ̂ Z\e_gb_ ih^ihjZ� IZ�
wnn_dlb\gZy iehsZ^v ihjrgy�
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���
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���

���

η

ψ� ]jZ^

υj

η

υj����
f�

F  ��� Gf

j �� FIZ

j

Jbk� �� AZ\bkbfhklv ihe_agh]h h[t_fZ �υj� b DI> (η� \bglh\h]h jhlZ-
lhjZ hl m]eZ ih^t_fZ j_av[u f1 = 0,124.
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Z� ijb \u^\b`_gbb \bglZ
�

�

Q

Q

G
)

π
= ;

�

��

�

�GG�
) \Q

Q

−
=

π
;

[� ijb \ly]b\Zgbb \bglZ
�

�� �GG�
) \Q

Q

−
=

π
;

�

�

�

Q

Q

G
)

π
= ,

]^_ dn, d\ ± ^bZf_lju ihjrgy b \bglZ jhlhjZ� khhl\_lkl\_ggh�

>Z\e_gb_ ih^ihjZ Pn hij_^_ey_f ba mjZ\g_gby�

GW

G3
.3D

3
Z4 Q

3Q\

`

Q

& ++=
ρ

µ �
�

,

]^_ µh ± dhwnnbpb_gl jZkoh^Z ^jhkk_evgh]h hl\_jklby�
w – iehsZ^v k_q_gby ^jhkk_evgh]h hl\_jklby� f2;
ρ` ± iehlghklv jZ[hq_c `b^dhklb� d]�f

3;
Qc – baf_g_gb_ h[t_fZ `b^dhklb \ keb\ghc ihehklb jhlZlhjZ� f3

�k�

�

�� �GG�
94 \Q

Q&

−
=

π
� ijb \u^\b`_gbb \bglZ�

�

�

Q

Q&

G
94

π
= � ijb \ly]b\Zgbb \bglZ�

< kemqZ_ \jZs_gby jhlZlhjZ [_a lhjfh`_gby ^\mfy ihke_^gbfb keZ]Z_fufb \ mjZ\g_gbb ^ey hij_^_-
e_gby ih^ihjZ Pn fh`gh ij_g_[j_qv� qlh agZqbl_evgh mijhsZ_l j_r_gb_ aZ^Zqb�
< oh^_ j_r_gby kbkl_fu ���� ijbgbfZ_f� qlh \ i_jbh^ i_j_oh^gh]h ijhp_kkZ ih^ZqZ jZ[hq_c `b^dh-

klb baf_gy_lky ih ebg_cghfm aZdhgm� l�_�
W

W
44 Q

+
= � ]^_ QH – ghfbgZevgZy ih^ZqZ jZ[hq_c `b^dh-

klb gZkhkhf� f3
�k� tn – \j_fy i_j_oh^gh]h ijhp_kkZ� k�

Ijb
Q
WW >  

Q
44 = .

<h \lhjhf mjZ\g_gbb kbkl_fu ���� keZ]Z_fh_ mg bf__l agZd ©�ª ijb \u^\b`_gbb \bglZ b agZd
«–ª ijb \ly]b\Zgbb�

GZqZevgh_ ^Z\e_gb_ \ gZihjghc ihehklb jhlZlhjZ ijbgbfZ_f jZ\guf J0 ��FIZ� ?keb gZqZev-
gh_ ^Z\e_gb_ \ gZihjghc ihehklb ijbgylv jZ\guf gmex l�_� J0 �� lh ibd ^Z\e_gby \ gZqZe_ ^\b`_gby

jhlZlhjZ m\_ebqblky ihqlb \ ^\Z jZa�

Ijb j_r_gbb kbkl_fu ���� fh^_ebjm_lky ^_ckl\b_ ij_^hojZgbl_evgh]h deZiZgZ� gZkljh_ggh]h

gZ ^Z\e_gb_ ��FIZ�

Kbkl_fm mjZ\g_gbc ���� j_rZ_f f_lh^hf Wce_jZ ^ey kemqZy \jZs_gby jhlZlhjZ b lhjfh`_gby
iml_f i_j_djulby gZihjghc b keb\ghc fZ]bkljZeb� J_amevlZlu l_hj_lbq_kdbo jZkq_lh\ ijb\_^_gu gZ

jbk���

>Z\e_gb_ \ gZihjghc ihehklb jhlZlhjZ ijb ^\b`_gbb ihjrgy \\_jo �\ly]b\Zgb_ \bglZ� bf__l

djZldh\j_f_gguc ibd ijb jZkq_lguo aZ\bkbfhklyo� Zm = 2⋅10-12 f3
��k⋅IZ�� tn=1c; Q=1,33⋅10-3 f3

�k�

DJ=10-5/(7,285J������ ^bZf_lj keb\gh]h hl\_jklby dO=1,5⋅10-3f m]he ih^t_fZ j_av[u ψ  ���� ]jZ^�
�jbk� �Z��

Ijb aZdjulbb hj]ZgZ mijZ\e_gby dbg_lbq_kdZy wg_j]by \jZs_gby iZqdb

Khjlbf_glZ b ih^\b`guo qZkl_c jhlZlhjZ b aZo\ZlZ i_j_oh^bl \ mijm]mx ^_nhjfZpbx jZ[hq_c

`b^dhklb b we_f_glh\ jhlZlhjZ� aZo\ZlZ b ih^\_kdb� Ijb i_j_djulbb \ l_q_gb_ ��� k_dmg^ gZihjghc b

keb\ghc fZ]bkljZeb q_j_a � k_dmg^u ihke_ gZqZeZ ^\b`_gby \ keb\ghc ihehklb \hagbdZ_l ibd ^Z\e_-
gby ^h ��FIZ �jbk� �[��

Ijb mf_gvr_gbb ih^Zqb jZ[hq_c `b^dhklb \ �� jZa �^h Q=0,133⋅10-3 f3
�k� ibd ^Z\e_gby \ gZ-

ihjghc ihehklb kgb`Z_lky \ � jZaZ� f_gy_lky lZd`_ oZjZdl_j baf_g_gby ^Z\e_gby �jbk� �\�� Ijb ^\b-
`_gbb rlhdZ \gba oZjZdl_j baf_g_gby ^Z\e_gby f_gy_lky g_agZqbl_evgh �jbk� �]��

Ijb ih^Zq_ Q=1,33⋅10-3 f3
�k b m\_ebq_gbb dhwnnbpb_glZ ml_q_d ^h Zm=8⋅10-12 f3

��k⋅IZ� \ kemqZ_
J>27FIZ ibd ^Z\e_gby mf_gvrZ_lky ^h � jZa �jbk� �^� ih kjZ\g_gbx kh kemqZ_f Zm = 2⋅10-12 f3

��k⋅IZ��
gh oZjZdl_j baf_g_gby ^Z\e_gby hlebqZ_lky hl kemqZy Q=0,133⋅10-3 f3

�k� OZjZdl_j baf_g_gby ^Z\e_-
gby \ gZihjghc ihehklb jhlZlhjZ agZqbl_evgh baf_gy_lky ijb Q=0,133⋅10-3 f3

�k� Zm=8⋅10-12 f3
��k⋅IZ� b

i_j_djulbb gZihjghc b keb\ghc ihehkl_c �jbk� �_��
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On dynamics loading of helical rotator
Z.K. Emtyl

Computational solution system of equation of helical rotator is considered. The results of computation
are given in graphics.
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��k⋅IZ�� _� ^Z\e_gb_
\ gZihjghc ihehklb ijb Q = 0,133⋅10-3 f3/k� b ijb m\_ebq_gbb ml_q_d ^h Zm=8⋅10-12 f3
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