
� � � � ] � � �

L j m ^ u N H J :

© F�:� F_j_lmdh\

J:PBHG:EVGH? DHGKLJMBJH<:GB? PBEBG>JBQ?KDBO

J?>MDLHJH< K P?F?GLBJH<:GGUFB L<?J>UFB

REBNH<:GGUFB AM;Q:LUFB I:J:FB

F�: F_j_lmdh\

FZcdhikdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc bgklblml� ]� FZcdhi

< klZlv_ ijh\_^_g kjZ\gbl_evguc ZgZeba l_ogbq_kdh]h mjh\gy pbebg^jbq_kdbo j_^mdlhjh\, ba]hlZ\-
eb\Z_fuo \ Jhkkbb b aZ jm[_`hf� Ij_^eh`_gu khhlghr_gby ^ey hij_^_e_gby \_ebqbg i_j_^Zlhqguo

qbk_e \ klmi_gyo ^\mo b lj_oklmi_gqZluo pbebg^jbq_kdbo j_^mdlhjh\ \ aZ\bkbfhklb hl khhlghr_gby

f_`hk_\uo jZkklhygbc klmi_g_c ijb mkeh\bb bkdexq_gby “\j_aguo” \Ze�r_kl_j_g� >Zgu j_dhf_g-
^Zpbb ih ijh_dlbjh\Zgbx gh\uo lbihjZaf_jh\ j_^mdlhjh\ h[s_ijhfure_ggh]h ijbf_g_gby�

Pbebg^jbq_kdb_ j_^mdlhju gZoh^yl \ gZklhys__ \j_fy rbjhdh_ ijbf_g_gb_� Ih ijhklhl_ h[-
kem`b\Zgby \ ijhp_kk_ wdkiemZlZpbb, ^he]h\_qghklb b \_ebqbg_ d�i�^� hgb y\eyxlky kZfufb i_jki_d-
lb\gufb ba \k_o ba\_klguo \b^h\ i_j_^Zq�

H^gZdh, hl_q_kl\_ggh_ j_^mdlhjhkljh_gb_ \ hkgh\ghf ijhba\h^beh b ijh^he`Z_l ijhba\h^blv j_-
^mdlhju h[s_ijhfure_ggh]h ijbf_g_gby k \ukhdbfb agZq_gbyfb hlghkbl_evghc fZkku γ , hij_^_-

ey_fhc ih nhjfme_ [1]:

                                           γ  = 
PD[
7

P
    d]/�G f��        (1)

]^_ m ± fZkkZ j_^mdlhjZ,  d];

L
PD[

± fZdkbfZevguc \jZsZxsbc fhf_gl gZ \uoh^ghf �lbohoh^ghf � \Zem, G f.

Bf_ggh wlhl iZjZf_lj y\ey_lky djbl_jb_f l_ogbq_kdh]h mjh\gy j_^mdlhjZ�

< gZklhys__ \j_fy agZq_gb_ ���≥γ khhl\_lkl\m_l gbadhfm mjh\gx dhgkljmdpbb� <ukhdhfm mjh\-

gx j_^mdlhjhkljh_gby \ h[s_f fZrbghkljh_gbb khhl\_lkl\m_l ≤γ 0,06.

LZd ^ey j_^mdlhjh\ [2,3,4] ba]hlh\e_gby ke_^mxsbo j_^mdlhjguo aZ\h^h\, \_ebqbgZ hlghkbl_ev-
ghc fZkku (1) \ aZ\bkbfhklb hl bo lbihjZaf_jh\ jZkiheZ]Z_lky \ ^bZiZahg_�

- B`_\kdh]h ± �,1175 ÷  0,062 d]/�G f�;
- FZcdhikdh]h ± 0,068 ÷  0,049 d]/�G f�;
- FLENDER b ASUG �=_jfZgby� ± 0,03 ÷  0,02 d]/(G f��

DZd oZjZdl_jbam_l kms_kl\mxs__ iheh`_gb_ \ j_^mdlhjhkljh_gbb =�:�Kg_kZj_\ >�@� \ ba]hlZ\eb\Z_-
fuo \ gZklhys__ \j_fy \ kljZg_ j_^mdlhjZo bkihevam_lky \ hkgh\ghf w\hev\_glgh_ aZp_ie_gb_� Ijb

wlhf gZb[he__ rbjhdh bkihevam_fuc kihkh[ mijhqg_gby ± memqr_gb_, nbgbrgZy h[jZ[hldZ ihke_

ih\_joghklgh]h mijhqg_gby, dZd ijZ\beh, hlkmlkl\m_l� Hlghr_gb_ f_`hk_\uo jZkklhygbc j_^mdlhjh\
h[uqgh jZ\gh �,6� GZb[hevrb_ i_j_^Zlhqgu_ qbkeZ \ h^ghc klmi_gb kebrdhf \_ebdb ± ^h �� Wlh ijb-
\h^bl d g_ba[_`ghfm ijbf_g_gbx “\j_aguo” r_kl_j_g, dZq_kl\_ggh_ ba]hlh\e_gb_ dhlhjuo k ijbf_-
g_gb_f nbgbrgh]h am[hrebnh\Zgby, ijba\Zggh]h bkdexqblv \k_ \hafh`gu_ dhjh[e_gby ihke_ p_-
f_glZpbb b aZdZedb, y\ey_lky ijh[e_fZlbqguf�

HldZa hl am[hrebnh\Zgby jZ^b bkihevah\Zgby “\j_aguo” r_kl_j_g ^ey \hafh`ghklb j_ZebaZpbb

[hevrbo i_j_^Zlhqguo qbk_e \ h^ghc klmi_gb y\ey_lky g_jZpbhgZevguf ih ijbqbg_ ihemq_gby ijb

wlhf \ukhdhc �ihqlb \ � jZaZ� hlghkbl_evghc fZkku�

< ebl_jZlmj_ hlkmlkl\mxl dhgdj_lgu_ j_dhf_g^Zpbb ih hij_^_e_gbx \_ebqbg i_j_^Zlhqguo qbk_e

klmi_g_c j_^mdlhjh\, bkdexqZxsbo ijbf_g_gb_ “\j_aguo´ r_kl_j_g, agZqbl_evgh rbjhd ^bZiZahg
i_j_^Zlhqguo qbk_e j_^mdlhjh\ ��,3 ÷  50 – ̂ ey ^\moklmi_gqZluo, 16 ÷ ��� ^ey lj_oklmi_gqZluo��

G_ij_f_gguf mkeh\b_f h[_ki_q_gby dhgdmj_glhkihkh[ghklb hl_q_kl\_gguo j_^mdlhjh\ h[s_ijh-
fure_ggh]h ijbf_g_gby gZ fbjh\hf jugd_ y\ey_lky dhfie_dlh\Zgb_ bo am[qZlufb iZjZfb k p_f_g-
lbjh\Zggufb l\_j^ufb rebnh\Zggufb am[vyfb, g_ bf_xsbfb ih l_ogbq_kdbf oZjZdl_jbklbdZf

dhgdmj_glh\ \ h[hajbfhf [m^ms_f�



F�:� F_j_lmdh\

Ljm^u NHJ:� ��� ���� ]� � ���� Nbabq_kdh_ H[s_kl\h J:

64

< ^Zgghc klZlv_ ijb\h^ylky nhjfmeu ^ey hij_^_e_gby \_ebqbg i_j_^Zlhqguo qbk_e \ klmi_gyo \

aZ\bkbfhklb hl khhlghr_gby f_`hk_\uo jZkklhygbc klmi_g_c j_^mdlhjZ ijb mkeh\bb h[_ki_q_gby

bkdexq_gby “\j_aguo” \Ze�r_kl_j_g�
< hkgh\m \u\h^Z nhjfme iheh`_gu ba\_klgu_ [5,6,7] b hij_^_e_ggu_ f_lh^hf klZlbklbq_kdhc h[-

jZ[hldb [hevrh]h dhebq_kl\Z iZjZf_ljh\ ba]hlZ\eb\Z_fuo j_^mdlhjh\, dZd hl_q_kl\_gguo lZd b aZ-
jm[_`guo, ke_^mxsb_ khhlghr_gby:

                                          d
�[

= 0,48d
7

,                            (2)

 ]^_ d
�[
± ^bZf_lj ih^ ih^rbigbd [ukljhoh^ghc \Ze�r_kl_jgb ^\moklmi_gqZlh]h j_^mdlhjZ, ff ;

d
7

 - ̂ bZf_lj ih^ ih^rbigbd lbohoh^gh]h \ZeZ� ff.

                                     d
�[
= 0,35d

7
 ,                                 (3)

]^_ d
�[
± ^bZf_lj ih^ ih^rbigbd [ukljhoh^ghc \Ze�r_kl_jgb lj_oklmi_gqZlh]h j_^mdlhjZ, ff.

                               d

�QS =d

�[
=0,48d

7
 ,                                (4)

]^_ d 


�QS  – ̂ bZf_lj ih^ ih^rbigbd i_j\hc ijhf_`mlhqghc \Ze�r_kl_jgb lj_oklmi_gqZlh]h j_^mdlh-

jZ, ff.

                               d
�QS = d�

�QS = 0,48 a
�[

 ,                            (5)

]^_ d
�QS  – ̂ bZf_lj ih^ ih^rbigbd ijhf_`mlhqghc \Ze�r_kl_jgb ^\moklmi_gqZlh]h j_^mdlhjZ, ff;

       d�

�QS  – ̂ bZf_lj ih^ ih^rbigbd \lhjhc ijhf_`mlhqghc \Ze�r_kl_jgb lj_oklmi_gqZlh]h j_^mdlh-

jZ, ff;

       a
�[

 – f_`hk_\h_ jZkklhygb_ [ukljhoh^ghc klmi_gb ^\moklmi_gqZlh]h j_^mdlhjZ, ff.

                               a
[Q

= 
�−Q

7

N

D
                                             (6)

 ]^_ n – qbkeh klmi_g_c j_^mdlhjZ;
        k ± dhwnnbpb_gl jZ\guc hlghr_gbx f_`hk_\uo jZkklhygbc j_^mdlhjZ�

                               m
L
= 0,02a

L
 ,                                       (7)

 ]^_ m L – fh^mev am[qZlh]h aZp_ie_gby i�hc klmi_gb j_^mdlhjZ, ff;

Z L ± f_`hk_\h_ jZkklhygb_ i�hc klmi_gb j_^mdlhjZ, ff.

                               d̂
rL = d L + 2,5mL  ,                                 (8)

]^_ d Lr^ ��
 – fbgbfZevguc ^_ebl_evguc ^bZf_lj \Ze�r_kl_jgb j_^mdlhjZ i�hc klmi_gb, gZj_aZ_fhc [_a

“ \j_aZgby” , ff;

       dL  – ̂ bZf_lj ih^ ih^rbigbd \Ze�r_kl_jgb i�hc klmi_gb j_^mdlhjZ, ff.

                              d
L

= 0,48a
L

 ,                                          (9)

                              U
�

= U
7

U
�[

 ,                                        (10)

]^_ U
�

 – h[s__ i_j_^Zlhqgh_ qbkeh ^\moklmi_gqZlh]h j_^mdlhjZ;

           U
7

, U
�[

 – i_j_^Zlhqgu_ qbkeZ khhl\_lkl\_ggh lbohoh^ghc b [ukljhoh^ghc klmi_g_c ^\moklm-

i_gqZlh]h j_^mdlhjZ.

                             U
�
= U

7
U QS U

�[
= U

�
U

�[
                      (11)

]^_ U
�
 – h[s__ i_j_^Zlhqgh_ qbkeh lj_oklmi_gqZlh]h j_^mdlhjZ;

        UQS  – i_j_^Zlhqgh_ qbkeh ijhf_`mlhqghc klmi_gb lj_oklmi_gqZlh]h j_^mdlhjZ;

        U
�[
 – i_j_^Zlhqgh_ qbkeh [ukljhoh^ghc klmi_gb lj_oklmi_gqZlh]h j_^mdlhjZ.
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                            U
L
= 

^rL

^dL

G

G
 ,                                               (12)

 ]^_ d
^dL

 – ̂ _ebl_evguc ^bZf_lj dhe_kZ i�hc klmi_gb j_^mdlhjZ, ff.

                            d̂
dL

=2a
L
- d

^rL
 ,                                         (13)

JZkdju\Zy nhjfmeu ���,11,12� k bkihevah\Zgb_f \ur_ijb\_^_gguo khhlghr_gbc �����, ihemqbf�

                              U
7

= 
.

.

��������

��������

+
−

 ,                                    (14)

                              U
�[

= 
��������

��������

+
−
.

.
 ,                               (15)

                             U
�[
= 

���������

���������
�

�

+
−
.

.
 ,                          (16)

                                   UQS = U
�[

.

>ey jZkq_lh\ gZ wlZi_ ij_^\Zjbl_evgh]h ijh_dlbjh\Zgby \aZf_g nhjfme ����, (15), (16) fh`gh
bkihevah\Zlv ke_^mxsb_ mijhs_ggu_ nhjfmeu�

                                     U
7

= 2,9K,

                                     U
�[

= U QS = 
.

�
,

                                     U
�[
= 

�

�

.
.

     J_amevlZlu jZkq_lh\ i_j_^Zlhqguo qbk_e ih nhjfmeZf ���), (15), (16) \ ^bZiZahg_ agZq_gbc

K=1 ÷ 2  ijb\_^_gu \ lZ[ebp_ ��

                                                                                                    LZ[ebpZ ��

D U
7

U
�[

U
�[

U
�

U
�

1 2,77 6,14 7,9 17 134
1,1 3,11 5,68 6,69 17,66 118,14
1,2 3,44 5,13 5,66 17,65 99,88
1,3 3,77 4,73 4,8 17,83 85,6
1,4 4.09 4,38 4,11 17,91 73,6
1,5 4,4 4,06 3,53 17,86 63,05
1,6 4,7 3,78 3,04 17,77 54
1,7 5,08 3,54 2,62 17,78 46,6
1,8 5,3 3,3 2,26 17,44 39,5
2,0 5,9 2,92 1,68 17,78 28,9

Ijb\_^_ggu_ \ur_ nhjfmeu b ^Zggu_ jZkq_lh\ lZ[ebpu iha\heyxl k^_eZlv ke_^mxsb_ \u\h^u b

j_dhf_g^Zpbb�

1. FZdkbfZevgh_ i_j_^Zlhqgh_ qbkeh ^\moklmi_gqZlh]h j_^mdlhjZ k p_f_glbjh\Zggufb l\_j-
^ufb rebnh\Zggufb am[qZlufb iZjZfb �bkdexq_gb_ “\j_aguo” \Ze�r_kl_j_g� g_ aZ\bkbl
hl hlghr_gby f_`hk_\uo jZkklhygbc lbohoh^ghc b [ukljhoh^ghc klmi_g_c b ih Z[khexl-
ghc \_ebqbg_ ≤ 18.

2. FZdkbfZevgh_ i_j_^Zlhqgh_ qbkeh lj_oklmi_gqZluo j_^mdlhjh\ k p_f_glbjh\Zggufb

l\_j^ufb rebnh\Zggufb am[qZlufb iZjZfb h[jZlgh ijhihjpbhgZevgh d\Z^jZlm hlghr_-
gby f_`hk_\uo jZkklhygbc lbohoh^ghc b ijhf_`mlhqghc klmi_g_c b khklZ\ey_l \ ij_^_eZo

ijbf_gy_fuo agZq_gbc D �,2 ÷  1,6   50÷ 100.
3. >ey ^h\_^_gby iZjZf_ljh\ ^\moklmi_gqZluo j_^mdlhjh\ h[s_ijhfure_ggh]h ijbf_g_gby

^h dhgdmj_glhkihkh[gh]h mjh\gy gZ fbjh\hf jugd_ g_h[oh^bfh mdhfie_dlh\Zlv bo p_f_g-
lbjh\Zggufb l\_j^ufb am[qZlufb iZjZfb k h[_ki_q_gb_f ij_^_evgh]h i_j_^Zlhqgh]h

qbkeZ j_^mdlhjZ g_ [he__ ���lb�
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4. M^h\e_l\hj_gb_ ihlj_[ghklb \ ^\moklmi_gqZluo j_^mdlhjZo k i_j_^Zlhqguf qbkehf \ ^bZ-
iZahg_ ��÷ �� ���� g_h[oh^bfh ijhba\h^blv bo aZf_ghc gZ lj_oklmi_gqZlu_ .

5. Dhgkljmbjh\Zgb_ gh\uo lbihjZaf_jh\ j_^mdlhjh\ h[s_ijhfure_ggh]h ijbf_g_gby g_h[-
oh^bfh ijhba\h^blv k bkihevah\Zgb_f \ur_ijb\_^_gguo nhjfme�
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Rational design of cylindrical reduction gearboxes with thermo-
chemical treatmented hard polished toothed pairs

M.A. Meretukov

In the article the comparative analysis of a technological level of Russian and foreign cylindrical re-
duction gearboxes is conducted. The ratio for definition of values of gear ratios in stages(steps) of cylindri-
cal reduction gearboxes are offered depending on a ratio of center-to-center spacing intervals of
stages(steps).


