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ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʥʠʚʝʣʠʨ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʥʮʠʧʝ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʦʚ.

ГидростатиГидростатическийческий нивелирнивелир

��

ʇʨʦʩʪʝʡʰʠʡ ʥʠʚʝʣʠʨ
(2 ʜʘʪʯʠʢʘ):

ʄʥʦʛʦʜʘʪʯʠʢʦʚʳʡ ʥʠʚʝʣʠʨ:

ʇʨʠʤʝʨʳ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ:

ʅʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʆʩʘʞʠʚʘʥʠʝ

1 2

ʆʙʝʩʧʝʯʠʚʘʝʪ ʥʫʞʥʦʝ
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ



ПроблематикаПроблематика

��

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦʟʤʦʞʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ
ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʥʠʚʝʣʠʨʝ (ʚʳʩʳʭʘʥʠʝ, ʜʠʬʬʫʟʠʷ, ʠʣʠ ʥʘʨʫʰʝʥʠʷ
ʛʝʨʤʝʪʠʯʥʦʩʪʠ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʜʘʪʯʠʢʝ ʦʥ ʤʦʞʝʪ ʚʳʡʪʠ
ʟʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ. ʇʦʵʪʦʤʫ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʩʦʙʳʪʠʷ
ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʙʘʢ, ʦʙʲʝʤ ʠ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʢʦʪʦʨʦʤ
ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʩʫʜʘʭ-ʜʘʪʯʠʢʘʭ. ʅʘʣʠʯʠʝ ʵʪʦʛʦ
ʙʘʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʪʦʷʥʩʪʚʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʜʘʪʯʠʢʘʭ. ʊʘʢʞʝ ʵʪʦʪ ʙʘʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ
ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʟʘ ʩʯʝʪ ʝʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ. ʕʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʳʩʳʭʘʪʴ. 
ɺʥʝʰʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʛʠʜʨʦʥʠʚʝʣʠʨ, ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. 
ʕʪʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ
ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʀʟ ʟʘʢʦʥʦʚ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʳʩʪʨʦʝ
ʚʳʪʝʩʥʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠʟ ʩʦʩʫʜʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ
ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʧʦʜʥʷʪʠʝ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ ʩ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʴʶ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ
ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʠʜʨʦʥʠʚʝʣʠʨʘʭ ʩ ʙʦʣʴʰʠʤ ʙʘʢʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ.



Гидравлическая модель многодатчикового нивелира
��

ɼʠʥʘʤʠʢʘ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ Volume of Fluid. ɼʣʷ ʛʠʜʨʦʥʠʚʝʣʠʨʘ (ʤʥʦʛʦ ʩʚʦʙʦʜʥʳʭ
ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʣʠʥʘ ʪʨʫʙʢʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ ʝʝ ʨʘʜʠʫʩʘ) ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ
ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ.
ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʜʘʪʯʠʢʦʚʦʛʦ ʥʠʚʝʣʠʨʘ [2017]. ʇʫʩʪʴ
ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʥʠʚʝʣʠʨ ʩʦʩʪʦʠʪ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ (ʠʟʤʝʨʠʪʝʣʴʥʳʭ) ʩʦʩʫʜʦʚ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ
ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ (ʪʨʫʙʦʢ). ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʦʩʫʜʦʚ ʤʦʞʝʪ ʙʳʪʴ
ʨʘʩʩʤʦʪʨʝʥ ʩʦʩʫʜ ʜʨʫʛʦʛʦ (ʙʦʣʴʰʝʛʦ) ʨʘʟʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʙʘʢʘ.  ʅʠʞʝ ʧʦʢʘʟʘʥ
ʬʨʘʛʤʝʥʪ ʛʠʜʨʦʥʠʚʝʣʠʨʘ, ʩʦʜʝʨʞʘʱʠʡ �L�� ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʦʩʫʜ ʠ ʜʚʝ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʥʝʤʫ
ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʪʨʫʙʢʠ.  

ʇʫʩʪʴ ʞʠʜʢʦʩʪʴ ʦʙʣʘʜʘʝʪ ʚʷʟʢʦʩʪʴʶ ɛ ʠ
ʧʣʦʪʥʦʩʪʴʶ ɟ. ʉʦʩʫʜ ʠʤʝʝʪ radius ri; 
ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʨʫʙʢʘ ʠʤʝʝʪ ʨʘʜʠʫʩ R0 ʠ
ʜʣʠʥʫ ʩʝʛʤʝʥʪʘ Li. ɺʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʳʝ
ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:

�� ���� �� ���� ���L �L �L �L�/ �/ �K �K �K �K� � ����

�� �� �� ���� �� ���� ���L �L�5 �5 �K �U �U �K� � �� ��

���� �� ���� ���L �L �L �L�+ �3 �J�K �D �D �J�U� � �� ��

�� �� �� �����L �L �L �L�9 �9 �J �Y �Y �J�W �W� � �� ��

���W �W�W� �� ��
�� �� ���5�W �U �P� 

- ʜʣʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ
ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʞʠʜʢʦʩʪʠ ʚ ʩʦʩʫʜʝ �K��. 
- ʙʝʟʨʘʟʤʝʨʥʳʝ ʨʘʜʠʫʩʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʨʫʙʢʠ ʠ ʩʦʩʫʜʘ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ �K����

- ʙʝʟʨʘʟʤʝʨʥʳʝ ʜʘʚʣʝʥʠʝ ʚ ʫʟʣʝ ʠ ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʩʦʩʫʜʫ ʫʩʢʦʨʝʥʠʝ. 

- ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʩʝʛʤʝʥʪʝ ʠ ʩʦʩʫʜʝ. 

- ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, ʛʜʝ



Гидравлическая модель многодатчикового нивелира

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʦʩʫʜ (ʚʝʨʪʠʢʘʣʴʥʳʡ): ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʩʝʛʤʝʥʪ:

Уравнения неразрывности:

���� ��
��

���� ���� ���� �� ����
�L �L �L

�L

�L �L �L

�.
�Z �Z �Z

�Z �Z �Z

�˜ �˜ ��
� 

�� �˜ �˜ �� ��

��

��
��

�L �L
�L

�5�Z �U
�Z

�P
�˜ �˜

� 
�˜

��

Уравнения баланса давлений:

Связь скорости и высоты столба :

Начальные условия:

���� �� �� ���L
�L �L �L �L

�G�Y
�K �+ �K �D

�G�W
�� �� �� �� � 

���� ���� ��
�� �� �� ���L

�L �L �L �L �L �L

�G�9
�/ �+ �+ �/ �. �9

�G�W ���� �� �� �� � 
��

�� �� �� �� ��
��

�� �� ��
�� �� �� �����L �L �L �L�9 �5 �9 �5 �Y �U���� �� �� � �� �� �� �� �� ��

��

��

�L
�L

�G�K �J
�Y

�G�W �K
�W

� 
��

��
��

�� �� ���� �����L �L �L �L �L �L�K �K �9 �9 �+ �+� � � �� �� �� �� �� ��

- ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʚ
ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʩʝʛʤʝʥʪʝ

ʧʨʠ ʪʝʯʝʥʠʠ ʇʫʘʡʟʝʣʷ K=1

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ �K���L, �1�Lʠ �+���L, ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Matlab.

ʛʜʝ



Внешние возмущения датчиков нивелира

��

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʚʝʣʠʨ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
ʇʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʠʣʠ ʩʠʣʦʚʳʤ
ʩʧʦʩʦʙʦʤ. ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʢʘʢ
ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ ʜʘʪʯʠʢʘʤ ʩʠʩʪʝʤʳ (ʠʣʠ
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʝʤʫ ʫʨʦʚʥʶ h0) ʥʘ ʚʝʣʠʯʠʥʫ �' hӉ. ɼʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʦʙʥʦ
ʤʛʥʦʚʝʥʥʦʤʫ ʜʦʣʠʚʫ ʞʠʜʢʦʩʪʠ.
ʉʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʘʢ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʫʩʢʦʨʝʥʠʷ «, ʟʘʥʠʤʘʶʱʝʛʦ
ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ t Ӊ1. ʇʨʝʜʩʪʘʚʠʤ ʫʩʢʦʨʝʥʠʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

��
���F�R�V�� ���� ��

��
����

�$
�W �W �W

�D
�W �W

�S �S
�

�˜ �˜ �d ���°
� �®

�° �t�¯

��
�� �� ��

��
�� ��

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʠʤʝʨ, ʢ ʩʚʦʙʦʜʥʦʤʫ ʪʝʣʫ, ʠʤʠʪʠʨʫʝʪ
ʧʝʨʝʤʝʱʝʥʠʝ ʝʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ë ʧʨʠ t Ӊ1=1 (ʜʚʦʡʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ (0 ʜʦ
ˊ). ʆʜʥʘʢʦ ʞʠʜʢʦʩʪʴ ʥʝ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ ʥʘ ʫʢʘʟʘʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ
ʠʥʝʨʮʠʝʡ ʠ ʝʝ ʜʚʠʞʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʝʯʝʥʠʝʤ ʪʨʫʙʢʠ.
ɺ ʨʝʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠʜʢʦʩʪʴ ʚ ʙʘʢʝ (ʥʘʧʨʠʤʝʨ
ʤʝʭʘʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʷ ʢʨʝʧʣʝʥʠʷ ʙʘʢʘ ʠʣʠ ʞʠʜʢʦʩʪʠ ʚ ʥʝʤ), ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ
ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 



ʇʘʨʘʤʝʪʨ ʚʳʯʠʩʣʷʣʩʷ ʜʣʷ ʚʦʜʳ ʧʨʠ
ʪʝʤʧʝʨʘʪʫʨʝ 20 Áʉ ʠ ʩʦʦʪʚ ʟʥʘʯʝʥʠʷ R0.

Оценка переходных процессов для примера

L̃ h0, �f RӉ0 Vtank/VL

80 0.10 0.030.10 1

Параметры гидронивелира

ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:

ʇʣʘʥ ʨʘʟʤʝʱʝʥʠʷ ʛʠʜʨʦʥʠʚʝʣʠʨʘ

��

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʩʭʝʤʫ ʥʠʚʝʣʠʨʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ 8 ʜʘʪʯʠʢʦʚ ʠ ʙʘʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ
ʥʘ ʢʦʣʦʥʥʘʭ ʪʠʧʦʚʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ,  ʰʘʛʦʤ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʝʥ 8 ʤʝʪʨʦʚ. 
ʇʦʣʦʞʝʥʠʝ ʙʘʢʘ Ltank= 5L/8. ʆʙʲʝʤ ʙʘʢʘ ʨʘʚʝʥ ʦʙʲʝʤʫ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʢʘʭ.

��

��

�J
�K
�W

��

��

�J
�K
�W

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʟʘʜʘʚʘʣʦʩʴ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʩʦ ʩʤʝʱʝʥʠʝʤ ʙʘʢʘ ʠʣʠ ʜʘʪʯʠʢʘ ʥʘ
ȹh Ӊ = 0.01. 
ʉʠʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʟʘʜʘʚʘʣʦʩʴ ʢʘʢ ʫʩʢʦʨʝʥʠʝ ʦʜʥʦʛʦ ʜʘʪʯʠʢʘ ʠʣʠ ʙʘʢʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ë = 0.01 ʠ t Ӊ1=1 .

�� ���H�Q�G �H�Q�G
�L�K �K �K �K �K �W �7�H �H�� �˜ �' �d �d �� �˜ �' �� �t�� �� �� �� �� ����

�� ���H�Q�G �H�Q�G
�L�K �$ �K �K �$ �W �7�H �H�� �˜ �d �d �� �˜ �� �t�� �� ���� �� ���� ʜʣʷ ʩʠʣʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ

ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ



Результаты
ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʜʘʪʯʠʢʘʭ ʧʨʠ ( RӉ 0 = r Ӊ = 0.05) ʧʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ

��

ɺʦʟʤʫʱʝʥʠʝ ʙʘʢʘ ɺʦʟʤʫʱʝʥʠʝ ʜʘʪʯʠʢʘ 5

ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʜʘʪʯʠʢʘʭ ʧʨʠ ( RӉ 0 = r Ӊ = 0.05) ʧʨʠ ʩʠʣʦʚʦʤ ʚʦʟʤʫʱʝʥʠʠ

ɺʦʟʤʫʱʝʥʠʝ ʙʘʢʘ ɺʦʟʤʫʱʝʥʠʝ ʜʘʪʯʠʢʘ 5



Результаты

ʆʮʝʥʠʤ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʜʘʪʯʠʢʘ ʠ ʙʘʢʘ.  

��

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʙʘʢʘ ʉʠʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʙʘʢʘ

ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʚ ʙʘʢʝ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʘʪʯʠʢʘ, ʥʘʙʣʶʜʘʝʪʩʷ
ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ ʦʪʢʣʠʢ ʥʘ ʚʦʟʤʫʱʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʪʯʠʢʦʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ
ʚʦʟʥʠʢʥʫʪ ʢʦʣʝʙʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʥʠʚʝʣʠʨʝ ʩ ʙʦʣʴʰʠʤ ʧʦ ʧʣʦʱʘʜʠ ʙʘʢʦʤ, ʪʦ ʥʘ ʜʘʪʯʠʢʘʭ
ʦʥʠ ʙʫʜʫʪ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʙʘʢʝ.



Результаты
ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʜʘʪʯʠʢʝ, ʘ ʥʝ ʚ ʙʘʢʝ. 
ʇʨʠʚʝʜʝʤ ʥʠʞʝ ʛʨʘʬʠʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʥʘ ʜʘʪʯʠʢʘʭ ʧʨʠ ʩʠʣʦʚʦʤ
ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ.

����

ʉʠʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʙʘʢʘ ʉʠʣʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ ʜʘʪʯʠʢʘ 5

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʧʨʠʣʦʞʝʥʥʦʝ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʟʳʚʘʝʪ ʦʪʢʣʠʢ ʨʘʟʥʦʡ ʘʤʧʣʠʪʫʜʳ. 
ʉ ʨʦʩʪʦʤ  r Ӊ/RӉ 0 ʦʪʢʣʠʢ ʥʘ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʜʘʝʪ ï ʞʠʜʢʦʩʪʴ ʥʝ ʫʩʧʝʚʘʝʪ ʧʝʨʝʪʝʯʴ ʠʟ ʙʘʢʘ ʚ
ʜʘʪʯʠʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʘʢ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʥʘ
ʙʣʠʞʘʡʰʝʤ ʜʘʪʯʠʢʝ, ʯʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʩʘʤʦʛʦ. ʆʜʥʘʢʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʥʝ ʩʪʦʣʴ
ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 20-30%.



Результаты

ɺʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ʩʦ
ʩʣʘʡʜʘ 7 ʧʨʠ ʧʘʨʘʤʝʪʨʝ �H= 2%.

����

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʙʘʢʘ ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ ʜʘʪʯʠʢʘ 5

ɻʨʘʬʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʘ ʚʦʟʤʫʱʝʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʦ
ʟʥʘʯʠʪ, ʯʪʦ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʇʨʠ
ʙʦʣʴʰʠʭ  r Ӊ/RӉ 0 ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʙʫʜʝʪ
ʚʦʟʨʘʩʪʘʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ ʦʪʥʦʰʝʥʠʡ r Ӊ/RӉ 0, ʧʨʠ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʤʠʥʠʤʘʣʴʥʦ.



Результаты

ʇʨʝʜʳʜʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʙʘʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ
ʜʘʪʯʠʢʘʤ ʩʠʩʪʝʤʳ. ʆʮʝʥʠʤ ʚʣʠʷʥʠʝ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʢʘʟʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ �5��0 = 0.05 ʠ
�U��/�5��0 = 1.

����

ʏʝʤ ʙʣʠʞʝ ʙʘʢ ʨʘʩʧʦʣʦʞʝʥ ʢ ʜʘʪʯʠʢʫ, ʪʝʤ ʚʳʰʝ ʘʤʧʣʠʪʫʜʘ ʦʪʢʣʠʢʘ ʥʘ ʥʝʤ ʠ ʚʨʝʤʷ
ʨʝʣʘʢʩʘʮʠʠ. ɹʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʩʪʘʚʠʪʴ ʙʘʢ ʨʘʚʥʦʫʜʘʣʝʥʦ ʤʝʞʜʫ ʜʚʫʤʷ ʜʘʪʯʠʢʘʤʠ.



АлгоритмАлгоритм выборавыбора параметровпараметров гидронивелирагидронивелира сс
расходнымрасходным бакомбаком

����

Å ʌʠʢʩʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʥʠʚʝʣʠʨʘ ʚʳʙʠʨʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʢʪʘ

ʠʟʤʝʨʝʥʠʡ (ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʜʣʠʥʳ ʩʝʛʤʝʥʪʦʚ, ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ).

Å ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ

ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʘʜʠʫʩʳ ʩʦʩʫʜʦʚ, ʪʨʫʙʦʢ ʠ ʙʘʢʘ ʠ ʝʛʦ

ʧʦʣʦʞʝʥʠʝ). 

Å ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ

ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʠʥʠʤʘʣʴʥʦ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʦʢʦʣʦ

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʘʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ

ʫʩʨʝʜʥʠʪʴ. 



ВыводыВыводы

����

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ

ʤʥʦʛʦʜʘʪʯʠʢʦʚʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʥʠʚʝʣʠʨʝ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ

ʨʘʩʭʦʜʥʳʡ ʙʘʢ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʩʣʝʜʦʚʘʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ

ʚ ʛʠʜʨʦʥʠʚʝʣʠʨʝ, ʩʦʜʝʨʞʘʱʝʤ 8 ʜʘʪʯʠʢʦʚ ʠ 1 ʙʘʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ

ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʥʠʚʝʣʠʨʘ

ʩ ʨʘʩʭʦʜʥʳʤ ʙʘʢʦʤ.


