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СЕТЕВОЙ ВЕТРОЭНЕРГЕТИЧЕСКОЙ УСТАНОВКОЙ  

С АСИНХРОННЫМ ГЕНЕРАТОРОМ ДВОЙНОГО ПИТАНИЯ 

˙˼̉̇̅̔̄˼̇˺˼̉˿̎˼̈́˿˼ ̊̈̉˷̄̅˹́˿ (˙Э˪) ̈ ˷̈˿̄̌̇̅̄̄̒̃ ˺˼̄˼̇˷̉̅̇̅̃ ˻˹̅̀̄̅˺̅ ̆˿̉˷̄˿̖ (А˚˛˦) ̏˿-

̇̅́̅ ̆̇˿̃˼̖̖̄̉̈̕ ˹ ̈̅˹̇˼̃˼̄̄̅̀ ̔̄˼̇˺˼̉˿̎˼̈́̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿. А˚˛˦ – ̔̉̅ ˷̈˿̄̌̇̅̄̄̒̀ ˺˼-
̄˼̇˷̉̅̇ ̈ ̋˷˾̄̒̃ ̇̅̉̅̇̅̃ (А˚˫˧), ˹ ́̅̉̅̇̅̃ ˹ ̍˼̆̓ ̇̅̉̅̇˷ ̃̅˺̊̉ ˸̒̉̓ ˹̄˼˻̇˼̄̒ ˹̄˼̏̄˿˼ ̊̈̉̇̅̀̈̉-
˹˷ ˻̖̂ ̉̅˺̅, ̎̉̅˸̒ ̅˸˼̈̆˼̎˿̉̓ ̇˼˽˿̃ ̇˷˸̅̉̒ ̈ ̆˼̇˼̃˼̄̄̅̀ ̎˷̈̉̅̉̅̀ ˹̇˷̐˼̄˿̖. ˛̖̂ ˷̄˷̂˿˾˷ 
˿ ˿̈̈̂˼˻̅˹˷̄˿̖ ̆̇˿̄̍˿̆̅˹ ˿ ̇˼˽˿̃̅˹ ̇˷˸̅̉̒ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ̆̇̅˹˼˻˼̄̅ ́̅̃̆̓̉̕˼̇̄̅˼ ̃̅˻˼-
̂˿̇̅˹˷̄˿˼ ˹ ̈̇˼˻˼ MATLAB. ˧˷˾̇˷˸̅̉˷̄̒ ̃̅˻˼̂˿ (̆̅˻̈˿̈̉˼̃̒) ˹̈˼̌ ̔̂˼́̉̇̅̔̄˼̇˺˼̉˿̎˼̈́˿̌ ̔̂˼̃˼̄-

̉̅˹ ˙Э˪ ̈ ̆̅̃̅̐̓̕ ˺̅̉̅˹̒̌ ˿ ̈̅˾˻˷̄̄̒̌ ̆̅˻̈˿̈̉˼̃ ˹ ̈̇˼˻˼ MATLAB. ˧˷̈̈̃̅̉̇˼̄̒ ̅̈̄̅˹̄̒˼ ̇˼-
˽˿̃̒ ̇˷˸̅̉̒ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ̆̇˿ ˿˾̃˼̄˼̄˿˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ (̈˹˼̇̌̈˿̄̌̇̅̄̄̒˼ ˿ ̆̅˻̈˿̄̌̇̅̄-

̄̒˼ ̇˼˽˿̃̒ ̇˷˸̅̉̒). ˧˼˷̂˿˾̅˹˷̄̒: ̅̇˿˼̄̉˿̇̅˹˷̄̄̅˼ ̊̆̇˷˹̂˼̄˿˼ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ ˺˼-
̄˼̇˷̉̅̇˷ ˻̖̂ ̖́̅̄̉̇̅̂ ̈˿̂̅˹̅˺̅ ̆̇˼̅˸̇˷˾̅˹˷̉˼̖̂, ̆̅˻́̂̎̕ё̄̄̅˺̅ ́ ˺˼̄˼̇˷̉̅̇̊; ̊̆̇˷˹̂˼̄˿˼ ̆̅̂̅˽˼-
̄˿˼̃ ̂̅̆˷̈̉˼̀ ˹˼̉̇̅́̅̂˼̈˷; ̈˿̄̌̇̅̄˿˾˷̍˿̖ А˚˛˦ ̈ ̈˼̉̓̕ ˿ ̅̇˿˼̄̉˿̇̅˹˷̄̄̅˼ ̊̆̇˷˹̂˼̄˿˼ ̆̅ ˹˼́̉̅̇̊ 
̄˷̖̆̇˽˼̄˿̖ ̈˼̉˿ ˻̖̂ ̖́̅̄̉̇̅̂ ̈˿̂̅˹̅˺̅ ̆̇˼̅˸̇˷˾̅˹˷̉˼̖̂, ̆̅˻́̂̎̕ё̄̄̅˺̅ ́ ̈˼̉˿. ˧˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼-
˻̅˹˷̄˿̀ ̆̅́˷˾˷̂˿, ̎̉̅ ̇˷̈̈̃̅̉̇˼̄̄˷̖ ˙Э˪ ̈ А˚˛˦ ̆̅˾˹̖̅̂˼̉ ̇˼˺̊̂˿̇̅˹˷̉̓ ̎˷̈̉̅̉̊ ˹̇˷̐˼̄˿̖ ̅̉ 0,67 

˻̅ 1,15 ̅.˼. ̆̇˿ ˿˾̃˼̄˼̄˿˿ ̈́̅̂̓˽˼̄˿̖ ̈ ̆̅˻̈˿̄̌̇̅̄̄̅˺̅ ̇˼˽˿̃˷ (+0,33) ˻̅ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅˺̅ ̇˼-
˽˿̃˷ (–0,15). ˩˷́˿̃ ̅˸̇˷˾̅̃, ̃̅˽̄̅ ̔̋̋˼́̉˿˹̄̅ ̆̇˼̅˸̇˷˾̅˹̒˹˷̉̓ ̔̄˼̇˺˿̕ ˹˼̉̇˷. 

Кȋюȗевые ȑȋȎва: ˙Э˪, ˷̈˿̄̌̇̅̄̄̒̀ ˺˼̄˼̇˷̉̅̇ ˻˹̅̀̄̅˺̅ ̆˿̉˷̄˿̖, ̇˼˽˿̃ ̇˷˸̅̉̒, MATLAB, ̆̅˻-
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MODELING AND CONTROL  
OF A GRID-CONNECTED WIND ENERGY CONVERSION SYSTEM  

WITH DOUBLY FED INDUCTION GENERATOR 

The wind turbine with a doubly fed induction generator (DFIG) is widely used in the modern wind energy 

industry. DFIG is an asynchronous generator with a wounded rotor, in which the rotor circuit can be 

controlled by external devices to achieve variable speed operation. The study focused on simulation of a grid-
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connected wind turbine with DFIG in MATLAB for analyzing and studying the principles and operation 

modes. Models (subsystems) of all electric power elements of a wind energy conversion system with DFIG 

were developed using ready and newly created subsystems in MATLAB. The main operating modes (super-

synchronous and sub-synchronous modes) of a grid-connected wind turbine with DFIG were described when 

the wind speed changes. The stator voltage-oriented control (SVOC) was used to control the rotor-side 

converter, and voltage oriented control (VOC) was used to control the grid-side converter. In addition, pitch 

angle control and DFIG synchronization to the grid were implemented in the modeling. The results of the 

study showed that the given wind turbine with DFIG allows adjusting the rotational speed of the generator 

from (0.67 pu) to (1,15 pu) when the slip changes from the sub-synchronous mode (+0,33) to the super-

synchronous mode (–0,15). Thus, wind energy is converted effectively. 

Keywords: wind turbine, doubly fed induction generator, operation mode, MATLAB, subsystem, model, 

wind speed, control, supersynchronous, subsynchronous. 
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ВǤǧǦǧǯǪǧ 

˦̅̈̂˼˻̄˼˼ ˻˼̖̈̉˿̂˼̉˿˼ ̃˿̇̅˹˷̖ ̈̅˹̅́̊̆-

̄˷̖ ̊̈̉˷̄̅˹̂˼̄̄˷̖ ̃̅̐̄̅̈̉̓ ˹˼̉̇̅̔̂˼́̉̇˿̎˼-
̈́˿̌ ̈̉˷̄̍˿̀ (˙Э˨), ˿̂˿ ̆̅ ˼˹̇̅̆˼̀̈́̅̀ ̉˼̇-

̃˿̄̅̂̅˺˿˿ ˹˼̉̇̅̆˷̇́̅˹, ̄˼̊́̂̅̄̄̅ ̇˷̈̉˼̉ [1]. 

˙ 2017 ˺̅˻̊ ˺̂̅˸˷̂̓̄˷̖ ̊̈̉˷̄̅˹̂˼̄̄˷̖ ̃̅̐-

̄̅̈̉̓ ˙Э˪ ̈̅̈̉˷˹̖̂̂˷ 514 ˚˙̉, ̅́̅̂̅ 4 % ˹̈˼̀ 

̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ ˹ ̔̉̅̃ ˺̅˻̊ ˸̒̂̅ ̆̇̅-

˿˾˹˼˻˼̄̅ ̄˷ ˙Э˨ [2]. ˨̅˺̂˷̈̄̅ ̆̇̅˺̄̅˾̊ [2] 

˺̂̅˸˷̂̓̄˷̖ ̊̈̉˷̄̅˹̂˼̄̄˷̖ ̃̅̐̄̅̈̉̓ ˙Э˨ ˹ 

2019 ˺̅˻̊ ̈̅̈̉˷˹˿̉ ̅́̅̂̅ 666 ˚˙̉. 
˙Э˪ ̈ А˚˛˦ ̏˿̇̅́̅ ̆̇˿̃˼̖̄˼̖̉̈ ˹ ̈̅-

˹̇˼̃˼̄̄̅̀ ̔̄˼̇˺˼̉˿̎˼̈́̅̀ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿. 

А˚˛˦ – ̔̉̅ А˚˫˧, ˹ ́̅̉̅̇̅̃ ˹ ̍˼̆̓ ̇̅̉̅̇˷ 

˺˼̄˼̇˷̉̅̇˷ ̃̅˺̊̉ ˸̒̉̓ ˹́̂̎̕˼̄̒ ˹̄˼̏̄˿˼ 

̊̈̉̇̅̀̈̉˹˷ ˻̖̂ ̉̅˺̅, ̎̉̅˸̒ ˻̅˸˿̖̉̓̈ ̇˼˽˿̃˷ 

̇˷˸̅̉̒ ̈ ̆˼̇˼̃˼̄̄̅̀ ̎˷̈̉̅̉̅̀ ˹̇˷̐˼̄˿̖. 

˨̉˷̉̅̇ ˺˼̄˼̇˷̉̅̇˷ ̈̅˼˻˿̄˼̄ ̈ ̈˼̉̓̕ ̎˼̇˼˾ 
̉̇˷̄̈̋̅̇̃˷̉̅̇, ˷ ̈̅˼˻˿̄˼̄˿˼ ̇̅̉̅̇˷ ̈ ̈˼̉̓̕ 

̈˻˼̂˷̄̅ ̎˼̇˼˾ ̈˿̂̅˹̒˼ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˿, ˺˷̇-

̃̅̄˿̎˼̈́˿˼ ̋˿̂̓̉̇̒ ˿ ̉̇˷̄̈̋̅̇̃˷̉̅̇. ˤ̅-

̃˿̄˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓ А˚˛˦ ̅˸̒̎̄̅ ̄˷̌̅˻˿̖̉̈ 

˹ ˻˿˷̆˷˾̅̄˼ ̅̉ ̄˼̈́̅̂̓́˿̌ ̈̅̉˼̄ ́˿̂̅˹˷̉̉ ˻̅ 

̄˼̈́̅̂̓́˿̌ ̃˼˺˷˹˷̉̉. ˨̉˷̉̅̇ ˺˼̄˼̇˷̉̅̇˷ ̆˼̇˼-
˻˷˼̉ ̔̂˼́̉̇̅̔̄˼̇˺˿̕ ̅̉ ˹˼̉̇̅́̅̂˼̈˷ (˙К) 

˹ ̈˼̉̓ ˿, ̈̂˼˻̅˹˷̉˼̂̓̄̅, ̆̅̉̅́ ̔̂˼́̉̇̅̔̄˼̇˺˿˿ 

̖˹̖̂˼̖̉̈ ̅˻̄̅̄˷̆̇˷˹̂˼̄̄̒̃. ˥˻̄˷́̅ ̆̅̉̅́ 

̃̅̐̄̅̈̉˿ ˹ ̍˼̆˿ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ̖˹̖̂˼̖̉̈ 

˻˹̊̄˷̆̇˷˹̂˼̄̄̒̃ ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̊̈̂̅˹˿̀ 

̔́̈̆̂̊˷̉˷̍˿˿ (̇˼˽˿̃˷ ̇˷˸̅̉̒) [3]. Э̄˼̇˺˿̖ 

̃̅˽˼̉ ˸̒̉̓ ̆˼̇˼˻˷̄˷ ̅̉ ̇̅̉̅̇˷ ́ ̈˼̉˿ ̂˿˸̅ ̅˸-

̇˷̉̄̅ ̎˼̇˼˾ ̈˿̂̅˹̅̀ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂̓ ̈̅ ̈̉̅-

̇̅̄̒ ˺˼̄˼̇˷̉̅̇˷ (˨˦˺) ˿ ̈˿̂̅˹̅̀ ̆̇˼̅˸̇˷˾̅˹˷-

̉˼̂̓ ̈̅ ̈̉̅̇̅̄̒ ̈˼̉˿ (˨˦̈). ˦̅̔̉̅̃̊ ̃˷́̈˿-

̃˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓ ̇̅̉̅̇˷ ̈̅̈̉˷˹̖̂˼̉ ̆̇˿˸̂˿-

˾˿̉˼̂̓̄̅ 30 % ̅̉ ̄̅̃˿̄˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿ ̈̉˷-
̉̅̇˷. ˤ̅̃˿̄˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓ ˨˦ ˾̄˷̎˿̉˼̂̓̄̅ 

̃˼̄̓̏˼ ̆̅ ̈̇˷˹̄˼̄˿̕ ̈ ˙Э˪ ̈ ̆̅̂̄̅̃˷̈̏̉˷˸-

̄̒̃ ˨˦ (̆̅̂̄̅˼ ̆̇˼̅˸̇˷˾̅˹˷̄˿˼ ̃̅̐̄̅̈̉˿). 

˦̇˿ ̇˷˸̅̉˼ ̈ ̆˼̇˼̃˼̄̄̅̀ ̎˷̈̉̅̉̅̀ ˹̇˷̐˼̄˿̖ 

˙Э˪ ̈ А˚˛˦ ̃̅˽˼̉ ̆̇̅˿˾˹˼̈̉˿ ˸̅̂̓̏˼ ̔̄˼̇-

˺˿˿ ˿˾ ˹˼̉̇˷, ̎˼̃ ˙Э˪ ̈ ̖̆̅̈̉̅̄̄̅̀ ̎˷̈̉̅̉̅̀ 

˹̇˷̐˼̄˿̖ ̆̇˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ ̄˿˽˼ ̄̅̃˿̄˷̂̓-

̄̅̀ [4]. ˨̉̅˿̃̅̈̉̓ ˨˦ ˿ ˺˷̇̃̅̄˿̎˼̈́˿̌ 

̋˿̂̓̉̇̅˹ ̊ А˚˛˦ ̄˿˽˼, ̎˼̃ ̊ ˙Э˪ ̈ ̆̅̂̄̅-

̃˷̈̏̉˷˸̄̒̃ ˨˦. ˦̅̉˼̇˿ ̃̅̐̄̅̈̉˿ ˹ ̆̇˼̅˸-

̇˷˾̅˹˷̉˼̖̂̌ ˙Э˪ ̈ А˚˛˦ ̉˷́˽˼ ̄˿˽˼, ̎˼̃ 

̊ ˙Э˪ ̈ ̆̅̂̄̅̃˷̈̏̉˷˸̄̒̃ ˨˦, ̎̉̅ ̆̇˿˹̅˻˿̉ 
́ ̆̅˹̒̏˼̄˿̕ ̅˸̐˼̀ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆̇˼̅˸̇˷-
˾̅˹˷̄˿̖ ˹˼̉̇̅˹̅̀ ̔̄˼̇˺˿˿. ˩˷́˽˼ ̉˷́˷̖ ̈˿̈̉˼-
̃˷ ̃̅˽˼̉ ̅˸˼̈̆˼̎˿˹˷̉̓ ̉̇˼˸̊˼̃̊̕ ̇˼˷́̉˿˹̄̊̕ 

̃̅̐̄̅̈̉̓ ˸˼˾ ̊̈̉̇̅̀̈̉˹˷ ˼˼ ́̅̃̆˼̄̈˷̍˿˿. 

˘̂˷˺̅˻˷̖̇ ̔̉˿̃ ̌˷̇˷́̉˼̇˿̈̉˿́˷̃ ˙Э˪ ̈ А˚˛˦ 

̖˹̖̂˼̖̉̈ ̅˻̄˿̃ ˿˾ ̆̇˼˻̆̅̎˿̉˷˼̃̒̌ ˹˷̇˿˷̄̉̅˹ 

̄˷ ̇̒̄́˼ ̃˼˺˷˹˷̉̉̄̒̌ ˙Э˪ [5]. ˩˷́˿̃ ̅˸̇˷-
˾̅̃, ˿̃˿̉˷̍˿̅̄̄̅˼ ̃̅˻˼̂˿̇̅˹˷̄˿˼ ̈˼̉˼˹̅̀ 

˙Э˪ ̈ А˚˛˦ ˿ ˿̈̈̂˼˻̅˹˷̄˿˼ ˿̌ ̇˼˽˿̃̅˹ ̇˷˸̅-
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̉̒ ̆̇˿ ˿˾̃˼̄˼̄˿˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ ̆̇˼˻̈̉˷˹̖̂-

˼̉ ̈̅˸̅̀ ˷́̉̊˷̂̓̄̊̕ ˾˷˻˷̎̊. 

˙ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̊˺̂̅˹̅̀ ̎˷̈̉̅̉̒ ˹̇˷̐˼̄˿̖ 

(̈́̅̇̅̈̉˿) ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ˼̈̉̓ ˻˹˷ ̇˼˽˿̃˷ 
̇˷˸̅̉̒ ˙Э˪ ̈ А˚˛˦ [6]: 1) ̈˹˼̇̌̈˿̄̌̇̅̄̄̒̀ ̇˼-
˽˿̃ ̇˷˸̅̉̒, ˹ ́̅̉̅̇̅̃ ˺˼̄˼̇˷̉̅̇ ̇˷˸̅̉˷˼̉ ̄˷ 
̈́̅̇̅̈̉˿ ˹̒̏˼ ̈˿̄̌̇̅̄̄̅̀ ̈; 2) ̆̅˻̈˿̄̌̇̅̄-

̄̒̀ ̇˼˽˿̃ ̇˷˸̅̉̒, ˹ ́̅̉̅̇̅̃ ˺˼̄˼̇˷̉̅̇ ̇˷˸̅̉˷˼̉ 
̄˷ ̈́̅̇̅̈̉˿ ̄˿˽˼ ̈˿̄̌̇̅̄̄̅̀. ˨́̅̂̓˽˼̄˿˼ ̅̉-
̇˿̍˷̉˼̂̓̄̅ ˹ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅̃ ̇˼˽˿̃˼ ̇˷˸̅̉̒ ˿ 

̆̅̂̅˽˿̉˼̂̓̄̅ ˹ ̆̅˻̈˿̄̌̇̅̄̄̅̃. ˤ˷ ̇˿̈. 1 ̆̅́˷-
˾˷̄ ̆̅̉̅́ ̃̅̐̄̅̈̉˿ ˹ ̈˿̈̉˼̃˼ ˙Э˪ ̈ А˚˛˦ [7]. 

˙ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̇˼˽˿̃˷ ̇˷˸̅̉̒ (̈˹˼̇̌̈˿̄-

̌̇̅̄̄̒̀ ˿̂˿ ̆̅˻̈˿̄̌̇̅̄̄̒̀) ̍˼̆̓ ̇̅̉̅̇˷ ˺˼̄˼-
̇˷̉̅̇˷ ̃̅˽˼̉ ̆̅̂̊̎˷̉̓ ̃̅̐̄̅̈̉̓ ̅̉ ̈˼̉˿ ˿̂˿ ̆˼-
̇˼˻˷˹˷̉̓ ˹ ̄˼ё. ˙ ̇˼˽˿̃˼ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅̀ ̇˷˸̅-

̉̒ ̃˼̌˷̄˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ ˙К (N˹́) ̆̅̈̉̊̆˷˼̉ ˹ 
̔̂˼́̉̇˿̎˼̈́̊̕ ̈˼̉̓ ̎˼̇˼˾ ̅˸˼ ̍˼̆˿ – ̈̉˷̉̅̇ ˿ 

̇̅̉̅̇ ˺˼̄˼̇˷̉̅̇˷. ˣ̅̐̄̅̈̉̓ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ 
(Np) ˻̅̈̉˷˹̖̂˼̖̉̈ ˹ ̈˼̉̓ ̎˼̇˼˾ ̈˿̂̅˹̒˼ ̆̇˼̅˸̇˷-
˾̅˹˷̉˼̂˿ ̍˼̆˿ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷, ˷ ̃̅̐̄̅̈̉̓ 

̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ (Nc) ̆˼̇˼˻˷˼̖̉̈ ˹ ̈˼̉̓ ̄˼̆̅-

̈̇˼˻̈̉˹˼̄̄̅. ˦̇˿ ̆̇˼̄˼˸̇˼˽˼̄˿˿ ̆̅̉˼̖̇̃˿ ˹ 
˺˼̄˼̇˷̉̅̇˼ ˿ ̆̇˼̅˸̇˷˾̅˹˷̉˼̖̂̌ ̃̅̐̄̅̈̉̓, ̆̅˻˷-
˹˷˼̃˷̖ ˹ ̈˼̉̓ (N̈˼̉̓), ̇˷˹̖̄˼̖̉̈ ̃˼̌˷̄˿̎˼̈́̅̀ 

̃̅̐̄̅̈̉˿ ˙К (N˹́), ́˷́ ̆̅́˷˾˷̄̅ ̄˷ ̇˿̈. 1, a. 

˙ ̇˼˽˿̃˼ ̇˷˸̅̉̒ ̈ ̆̅˻̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅-

̈̉̓̕ (̇˿̈. 1, ȁ) ̇̅̉̅̇ ˺˼̄˼̇˷̉̅̇˷ ̆̅̂̊̎˷˼̉ ̃̅̐-

̄̅̈̉̓ ˿˾ ̈˼̉˿. ˣ˼̌˷̄˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ ˙К (N˹́) 

˿ ̃̅̐̄̅̈̉̓ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ (Ṅ) ˻̅̈̉˷˹̖̖̂̉̈̕ 

˹ ̈˼̉̓ ̎˼̇˼˾ ̍˼̆̓ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷. ˬ̖̅̉ ̃̅̐-

̄̅̈̉̓ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ (N̈) ˹ ̔̉̅̃ ̈̂̊̎˷˼ ̇˷˹-
̖̄˼̖̉̈ ̈̊̃̃˼ N˹́ ˿ Ṅ, ̄̅ ̅̄˷ ̄˼ ˸̊˻˼̉ ̆̇˼˹̒̏˷̉̓ 
̄̅̃˿̄˷̂̓̄̅˼ ˾̄˷̎˼̄˿˼, ̉˷́ ́˷́ ˹ ̇˼˽˿̃˼ ̆̅˻-

̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅̈̉˿ ̃˼̌˷̄˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ 
˙К (N˹́) ̄˿˽˼, ̎˼̃ ˹ ̇˼˽˿̃˼ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅̀ 

̈́̅̇̅̈̉˿. К˷́ ˿ ˹ ̆̇˼˻̒˻̊̐˼̃ ̈̂̊̎˷˼, ̆̇˿ ̆̇˼-
̄˼˸̇˼˽˼̄˿˿ ̆̅̉˼̖̇̃˿ ̅˸̐˷̖ ̃̅̐̄̅̈̉̓, ̆̅˻˷-
˹˷˼̃˷̖ ˹ ̈˼̉̓ (N̈˼̉̓), ̇˷˹̖̄˼̖̉̈ ̃˼̌˷̄˿̎˼̈́̅̀ 

̃̅̐̄̅̈̉˿ ˙К (N˹́). И ̃̅˽̄̅ ̈́˷˾˷̉̓, ̎̉̅ N̈ ˹ 
̇˼˽˿̃˼ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅̈̉˿ ˸̅̂̓̏˼, ̎˼̃ 

N̈ ˹ ̇˼˽˿̃˼ ̆̅˻̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅̈̉˿. 
 

a) ̈˹˼̇̌̈˿̄̌̇̅̄̄̒̀ ̇˼˽˿̃ ̇˷˸̅̉̒

 
 

ȁ) ̆̅˻̈˿̄̌̇̅̄̄̒̀ ̇˼˽˿̃ ̇˷˸̅̉̒ 

  
 

 

˧˿̈. 1. ˦̅̉̅́˿ ̃̅̐̄̅̈̉˿ ˹ ̈˿̈̉˼̃˼ ˙Э˪ ̈ А˚˛˦ 

Fig. 1. The power flow in wind turbine system with DFIG 
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ǘǧǭǾȀ ǦǢǯǯоǫ ǲǢбоǴǽ ̖˹̖̂˼̖̉̈ ˿̈̈̂˼˻̅˹˷̄˿˼ 
̇˼˽˿̃̅˹ ˙Э˪ (̈˹˼̇̌̈˿̄̌̇̅̄̄̒̀ ˿ ̆̅˻̈˿̄̌̇̅̄-

̄̒̀) ˿ ̅̍˼̄́˷ ˹̅˾̃̅˽̄̅̈̉˼̀ ̊̆̇˷˹̂˼̄˿̖ ̈˿̈̉˼-
̃̅̀ ˙Э˪ ̈ А˚˛˦ ˹ ̊̈̂̅˹˿̖̌ ̆˼̇˼̃˼̄̄̅̀ ̈́̅̇̅-

̈̉˿ ˹˼̉̇˷ ̆̇˿ ̅̆̉˿̃˷̂̓̄̅̀ ̅̉˻˷̎˼ ̃̅̐̄̅̈̉˿ ˹ 

̈˼̉̓. ˦̅̈́̅̂̓́̊ ˹ ̂˿̉˼̇˷̉̊̇˼ ̅̉̈̊̉̈̉˹̊̉̕ ̆̇˿-

˺̅˻̄̒˼ ˻̖̂ ̔̉̅˺̅ ̇˷̈̎˼̉̄̒˼ ̃̅˻˼̂˿, ̉̅ ̖̈̉̅̂˷ 
˾˷˻˷̎˷ ̈̅˾˻˷̄˿̖ ̆̅̂̄̅̀ ̈˿̖̃̊̂̍˿̅̄̄̅̀ ̃̅˻˼̂˿ 

˙Э˪ ̈ А˚˛˦, ˹́̂̎̕˷̐̕˼̀ ˹̈˼ ̔̂˼̃˼̄̉̒ ̊̈̉˷-
̄̅˹́˿ ̈˼̉˼˹̅̀ ˙Э˪ ̈ ˷̈˿̄̌̇̅̄̄̒̃ ˺˼̄˼̇˷̉̅̇̅̃ 

˻˹̅̀̄̅˺̅ ̆˿̉˷̄˿̖ (А˚˛˦). ˙ ́˷̎˼̈̉˹˼ ̄˷˿˸̅̂˼˼ 
̆̅˻̌̅˻̖̐˼̀ ̈˿̈̉˼̃̒ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̃̅˽̄̅ ˹̒-

˸̇˷̉̓ ̈̇˼˻̊ MATLAB Simulink, ̈̅˻˼̇˽˷̐̊̕ ̖̇˻ 

̆̇˿˺̅˻̄̒̌ ˻̖̂ ̇˼̏˼̄˿̖ ˻˷̄̄̅̀ ˾˷˻˷̎˿ ˺̅̉̅˹̒̌ 
˸̂̅́̅˹, ˷ ̉˷́˽˼ ̇˷̈̆̅̂˷˺˷̐̊̕̕ ˹̅˾̃̅˽̖̄̅̈̉̃˿ 

̈̅˾˻˷̄˿̖, ˼̈̂˿ ̆̅̉̇˼˸̊˼̖̉̈, ̈̅˸̈̉˹˼̄̄̒̌ ˸̂̅́̅˹ 

̆̅̂̓˾̅˹˷̉˼̖̂. 

ИǳǷоǦǯǽǧ ǦǢǯǯǽǧ Ǫ мǧǴоǦǪǬǢ ǲǢǩǲǢбоǴǬǪ моǦǧǭǪ  

ǳǧǴǧǤоǫ ВǟǕ ǳ АǅǆǑ Ǥ ǳǲǧǦǧ MATLAB 

˦̇̅˺̇˷̃̃̄̅˼ ̅˸˼̈̆˼̎˼̄˿˼ MATLAB ̆̇˼˻-

̈̉˷˹̖̂˼̉ ̈̅˸̅̀ ˿̄̉˼̇˷́̉˿˹̄̊̕ ̈̇˼˻̊ ̆̇̅˺̇˷̃̃˿-

̇̅˹˷̄˿̖ ˿ ̖˾̒́ ̆̇̅˺̇˷̃̃˿̇̅˹˷̄˿̖ ˹̒̈̅́̅˺̅ 

̊̇̅˹̖̄, ̇˷˾̇˷˸̅̉˷̄̄̒̀ ́̅̃̆˷̄˿˼̀ The 

MathWorks, ̆̅˾˹̖̅̂̐̕˿˼ ˿̈̆̅̂̓˾̅˹˷̉̓ ˸̂̅́˿ 

˸˷˾̅˹̒̌ ̃˷̉˼̃˷̉˿̎˼̈́˿̌ ̋̊̄́̍˿̀ ˻̖̂ ̈̅˾˻˷̄˿̖ 

˹̈˼̌ ̆˼̇˼̎˿̈̂˼̄̄̒̌ ̈˿̈̉˼̃. MATLAB ̆̇˼˻̈̉˷˹-
̖̂˼̉ ̈̅˸̅̀ ̆˷́˼̉ ̆̇˿́̂˷˻̄̒̌ ̆̇̅˺̇˷̃̃ ˻̖̂ ̇˼-
̏˼̄˿̖ ˾˷˻˷̎ ̉˼̌̄˿̎˼̈́˿̌ ˹̒̎˿̈̂˼̄˿̀ [8]. ˨ ̆̅-

̃̅̐̓̕ MATLAB Simulink ̃̅˽̄̅ ˿˾ ˸˷˾̅˹̒̌ 
̋̊̄́̍˿̅̄˷̂̓̄̒̌ ˸̂̅́̅˹ ̈̅˸̇˷̉̓ ̃̅˻˼̂̓ ̈˼̉˼˹̅̀ 

˙Э˪ ̈ А˚˛˦. ˨̅˾˻˷̄̄˷̖ ̃̅˻˼̂̓ ̈˼̉˼˹̅̀ ˙Э˪ ̈ 
А˚˛˦ ˹ MATLAB Simulink ̆̇˼˻̄˷˾̄˷̎˼̄˷ ˻̖̂ 

˿̈̈̂˼˻̅˹˷̄˿̖ ̇˼˽˿̃̅˹ ̇˷˸̅̉̒ ̆̇˿ ˿˾̃˼̄˼̄˿˿ 

̈́̅̇̅̈̉˿ ˹˼̉̇˷. ˙ ̄˷̏˼̀ ̇˷˸̅̉˼ ˻̖̂ ̅̆˿̈˷̄˿̖ 

˹̇˷̐˷̐̕˿̖̌̈ ̃˷̈̈ (˙К, ̇˼˻̊́̉̅̇, ˺˼̄˼̇˷̉̅̇) 

˿̈̆̅̂̓˾̊˼̖̉̈ ̊̆̇̅̐˼̄̄˷̖ ̅˻̄̅̃˷̈̈̅˹˷̖ ˻˿̄˷̃˿-

̎˼̈́˷̖ ̃̅˻˼̂̓. ˪̇˷˹̄˼̄˿˼ (1) ̅̆˿̈̒˹˷˼̉ ̅˻̄̅-

̃˷̈̈̅˹̊̕ ̃̅˻˼̂̓ ˹ ̅̉̄̅̈˿̉˼̂̓̄̒̌ ˼˻˿̄˿̍˷̌ [7]: 

 


 ̃ ˺
̔́ ̔̃ ˺ ̃ ˺2      ,

d
J Ǭ Ǭ

dt
  (1) 

˺˻˼ Ǭ̃ ˺ – ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉ ̄˷ ˹˷̂̊ ̇̅̉̅̇˷ 

˺˼̄˼̇˷̉̅̇˷, ̅.˼. (Ǭ̃ ˺ < 0 ˹ ˺˼̄˼̇˷̉̅̇̄̅̃ ̇˼˽˿-

̃˼ ̇˷˸̅̉̒); Ǭ̔̃ ˺ – ̔̂˼́̉̇̅̃˷˺̄˿̉̄̒̀ ̃̅̃˼̄̉ 
˺˼̄˼̇˷̉̅̇˷, ̅.˼; ̃ ˺ – ̃˼̌˷̄˿̎˼̈́˷̖ ̊˺̂̅˹˷̖ 

̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷, ̅.˼; J̔́ – 

̔́˹˿˹˷̂˼̄̉̄˷̖ ̖̆̅̈̉̅̄̄˷̖ ˿̄˼̇̍˿˿ ˹̇˷̐˷̕-

̐˿̖̌̈ ̃˷̈̈ (˙К, ̇˼˻̊́̉̅̇, ˺˼̄˼̇˷̉̅̇); ˹ ̇˷̈-
̈̃˷̉̇˿˹˷˼̃̅̃ ̈̂̊̎˷˼ J̔́ = 3 ̈˼́.  

˙ ̇˷̈̎˼̉˷̌ ̆̇˿̖̄̉̒ ̈̂˼˻̊̐̕˿˼ ˻̅̆̊̐˼̄˿̖: 

̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˙К ̇˷˹̄˷ ̎˷̈̉̅-

̉˼ ˺˼̄˼̇˷̉̅̇˷ ω̃ ˺  ˹ ̅̉̄̅̈˿̉˼̂̓̄̒̌ ˼˻˿̄˿̍˷̌ 

(ω˙К ̅.˼ = ω̃ ˺ ̅.˼); ̈̂˼˻̅˹˷̉˼̂̓̄̅, ̄˼̉ ̄˼̅˸̌̅˻˿-

̃̅̈̉˿ ̇˷̈̈̃˷̉̇˿˹˷̉̓ ̆˼̇˼˻˷̉̅̎̄̅˼ ̎˿̈̂̅ ́̅-

̇̅˸́˿ ̆˼̇˼˻˷̎ (̇˼˻̊́̉̅̇˷);  

̆̇˿ ̆̇˼̄˼˸̇˼˽˼̄˿˿ ̃˼̌˷̄˿̎˼̈́˿̃˿ ̆̅̉˼-
̖̇̃˿ ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉ ˙К (Ǭ˹́) ̇˷˹˼̄ Ǭ̃ ˺ 

˹ ̅̉̄̅̈˿̉˼̂̓̄̒̌ ˼˻˿̄˿̍˷̌. ˦̅̔̉̅̃̊ ˹ ̊̈̉̅̀̎˿-

˹̅̃ ̖̈̅̈̉̅̄˿˿ ̃̅˽̄̅ ̆̇˿̖̄̉̓ Ǭ̔̃ ˺ = Ǭ˹́.  

˥˸̐˷̖ ̃̅˻˼̂̓ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ˹ 

MATLAB Simulink ̆̅́˷˾˷̄˷ ̄˷ ̇˿̈. 2. ˥̄˷ ̈̅-

̈̉̅˿̉ ˿˾ ̄˼̈́̅̂̓́˿̌ ˺̅̉̅˹̒̌ ˸̂̅́̅˹ (̆̅˻̈˿̈-
̉˼̃) ˿˾ ˸˿˸̂˿̅̉˼́˿ MATLAB Simulink ˿ ˻̅-

̆̅̂̄˿̉˼̂̓̄̅ ̈̅˾˻˷̄̄̒̌ ̆̅˻̈˿̈̉˼̃.  

ГǰǴǰǤыǧ ǣǭǰǬǪ (ǱǰǦǳǪǳǴǧǮы): 

1. АȑиȍȕȐȎȍȍыȉ ȃеȍеȐаȒȎȐ ȄвȎȉȍȎȃȎ ȏиȒаȍиȟ 

(АǣǤǯ); ̔̉̅ А˚˫˧ ̃̅̐̄̅̈̉̓̕ 1,5 ˣ˙̉ ̆̇˿ 

̄˷̖̆̇˽˼̄˿˿ 690 ˙. Е˺̅ ̆˷̇˷̃˼̉̇̒, ˹˾̖̉̒˼ ˿˾ 
[7], ̈̂˼˻̊̐̕˿˼: 

 

ˤ̅̃˿̄˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓  
˺˼̄˼̇˷̉̅̇˷ N˺ ̄˷̃ ....................... 1,5 ˣ˙̉ = 1 ̅.˼. 
ˤ̅̃˿̄˷̂̓̄̅˼ ̂˿̄˼̀̄̅˼  
̄˷̖̆̇˽˼̄˿˼ ̈̉˷̉̅̇˷  
˺˼̄˼̇˷̉̅̇˷  ............................... 690 ˙ 

ˤ̅̃˿̄˷̂̓̄̅˼ ̋˷˾̄̅˼ ̄˷̖̆̇-

˽˼̄˿˼ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷  ...... 398,4 ˙ = 1 ̅.˼. 
ˤ̅̃˿̄˷̂̓̄˷̖ ̎˷̈̉̅̉˷  ............. 50 ˚̍ = 1 ̅.˼. 
ˤ̅̃˿̄˷̂̓̄˷̖ ̈́̅̇̅̈̉̓  
˹̇˷̐˼̄˿̖ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷  . 1750 ̅˸/̃˿̄ = 1,15 ̅.˼.
˨˿̄̌̇̅̄̄˷̖ ̈́̅̇̅̈̉̓ ˹̇˷̐˼-
̄˿̖  ........................................... 1500 ̅˸/̃˿̄ = 1 ̅.˼.
ˤ̅̃˿̄˷̂̓̄̅˼ ̈́̅̂̓˽˼̄˿˼  ..... –0,15 

К̅̂˿̎˼̈̉˹̅ ̆˷̇ ̆̅̂̈̅̕˹  ....... 2 

˨̅̆̇̅̉˿˹̂˼̄˿˼ ̅˸̃̅̉̅́  

̈̉˷̉̅̇˷ Rc  ................................. 2,65 ̃˥̃ = 0,0084 ̅.˼.
˨̅̆̇̅̉˿˹̂˼̄˿˼ ̅˸̃̅̉̅́  

̇̅̉̅̇˷ Rp  .................................. 2,63 ̃˥̃ = 0,0083 ̅.˼.
Ӣ˻̊́̉˿˹̄̅̈̉̓ ̇˷̈̈˼̖̄˿̖ 

̅˸̃̅̉̅́ ̈̉˷̉̅̇˷ Llc  ................. 0,1687 ̃˚̄ = 0,167 ̅.˼.
Ӣ˻̊́̉˿˹̄̅̈̉̓ ̇˷̈̈˼̖̄˿̖ 

̅˸̃̅̉̅́ ̇̅̉̅̇˷ Llp  .................. 0,1337 ̃˚̄ = 0,1323 ̅.˼.
˙˾˷˿̃̄˷̖ ˿̄˻̊́̉˿˹̄̅̈̉̓  
̅˸̃̅̉̅́ ̈̉˷̉̅̇˷ ˿ ̇̅̉̅̇˷ Lm  .. 5,4749 ̃˚̄ = 5,419 ̅.˼.
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˧˿̈. 2. ˥˸̐˷̖ ̃̅˻˼̂̓ ̈˿̈̉˼̃̒ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ˹ MATLAB Simulink 

Fig. 2. The whole model of a grid-connected wind turbine with DFIG in MATLAB Simulink 

 

˦˷̇˷̃˼̉̇̒ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ̄˷ ˸̂̅́˼ 
̅˸̅˾̄˷̎˷̖̉̈̕ ̆̇̅̆˿̈̄̒̃˿ ˸̊́˹˷̃˿ (A, B, C), 

˷ ̆˷̇˷̃˼̉̇̒ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ̅˸̅˾̄˷̎˷̖̉̈̕ 

̈̉̇̅̎̄̒̃˿ ˸̊́˹˷̃˿ (a, b, ȑ). ˚˼̄˼̇˷̉̅̇ ˿̃˼˼̉ 
˹̌̅˻̄̅̀ ̆˷̇˷̃˼̉̇ – ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉ ̄˷ 
˹˷̂̊ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ Ǭ̃ ˺ (̅.˼), ̅̆̇˼˻˼̂ё̄-

̄̒̀ ˿˾ ˸̂̅́˷ ˙К, ˿ ˹̒̌̅˻̄̒˼ ̆˷̇˷̃˼̉̇̒: 

̋˷˾̄̒˼ ̉̅́˿ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ – İ abc, ̅.˼., 
̋˷˾̄̒˼ ̉̅́˿ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ – Ï abc, ̅.˼., 
̃ ˺, ̅.˼., Ǭ̔̃ ˺, ̅.˼., ̃˼̌˷̄˿̎˼̈́˿̀ ̊˺̅̂ ̇̅̉̅̇˷ 

˺˼̄˼̇˷̉̅̇˷ ̇, ̇˷˻. 

2. ǲȐаȍȑȔȎȐȌаȒȎȐ 2,5 ˣ˙А ̄˷̖̆̇˽˼̄˿˼̃ 

6,3 ́˙/690 ˙ ˻̖̂ ̆̅˻́̂̎̕˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷ ́ 

̈˼̉˿. 

3. ЭȋеȊȒȐиȗеȑȊаȟ ȑеȒȜ ̃̅̐̄̅̈̉̓̕ 100 

ˣ˙А ̆̇˿ ̄˷̖̆̇˽˼̄˿˿ 6,3 ́˙. 

. 4. ǲȐаȍȑȔȎȐȌаȒȎȐ 500 ́˙А ̄˷̖̆̇˽˼̄˿˼̃ 

690 ˙/250 ˙, ˿̈̆̅̂̓˾̊˼̃̒̀ ˻̖̂ ̈̅˺̂˷̈̅˹˷̄˿̖ 

̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ̈ ̄˷̖̆̇˽˼̄˿-

˼̃ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷. 
5. ВыȊȋюȗаȒеȋȜ ˻̖̂ ̈˿̄̌̇̅̄˿˾˷̍˿˿ А˚˛˦ 

̈ ̈˼̉̓̕, ˻̅˸˷˹̂˼̄̄̒̀ ˻̖̂ ̆̅˻́̂̎̕˼̄˿̖ ̈̉˷̉̅-

̇˷ ˺˼̄˼̇˷̉̅̇˷ ́ ̈˼̉˿ ̆̅̈̂˼ ˻̅̈̉˿˽˼̄˿̖ ̈˿̄-

̌̇̅̄˿˾˷̍˿˿. 

6. ǰеȇиȑȒȎȐы ̈ ̈̅̆̇̅̉˿˹̂˼̄˿̖̃˿ 100 ˥̃; 

̎˼̇˼˾ ̄˿̌ ̆˼̇˼˻ ̆̅˻́̂̎̕˼̄˿˼̃ ̈̉˷̉̅̇˷ ˺˼̄˼̇˷-
̉̅̇˷ ́ ̈˼̉˿ ̅̈̊̐˼̈̉˹̖̂˼̖̉̈ ̈˿̄̌̇̅̄˿˾˷̍˿̖ 

˿̄˻̊̍˿̇̅˹˷̄̄̅˺̅ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ ̈ ̄˷-
̖̆̇˽˼̄˿˼̃ ̈˼̉˿. 

7. ВеȒȐȎȊȎȋеȑȎ ВК. ˣ˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉ 
˙К – Ǭ˹́, ˤ̃ – ̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̋̅̇̃̊̂˼ [9] 
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˺˻˼ N˹́ – ̃˼̌˷̄˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ ˹˼̉̇̅́̅̂˼̈˷, 
˙̉; ρ – ̆̂̅̉̄̅̈̉̓ ˹̅˾˻̊̌˷, ́̅̉̅̇˷̖ ˹ ̈̇˼˻̄˼̃ 

̇˷˹̄˷ 1,2 ́˺/̃3; F – ̅̃˼̉˷˼̃˷̖ ̆̂̅̐˷˻̓ ˹˼̉̇̅-

́̅̂˼̈˷, ̃2 , ̇˷˹̄˷̖ ʥR2; R – ˻̂˿̄˷ ̂̅̆˷̈̉˿, ̃; 

u – ̈́̅̇̅̈̉̓ ˹˼̉̇˷ (̅̈̇˼˻̄˼̄̄˷̖ ̆̅ ̅̃˼̉˷˼̃̅̀ 

̆̂̅̐˷˻˿ ˹˼̉̇̅́̅̂˼̈˷), ̃/̈; С̇ – ́̅̔̋̋˿̍˿˼̄̉ 
˿̈̆̅̂̓˾̅˹˷̄˿̖ ̔̄˼̇˺˿˿ ˹˼̉̇˷ ˹˼̉̇̅́̅̂˼̈̅̃, 

˾˷˹˿̖̈̐˿̀ ̅̉ ̊˺̂˷ ˷̉˷́˿ β ˿ ˸̒̈̉̇̅̌̅˻̄̅̈̉˿ 

˹˼̉̇̅́̅̂˼̈˷ ˙КR
Z

u


  (̅˸̒̎̄̅ 2 < Z < 13); 

˙К – ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˹˼̉̇̅́̅̂˼̈˷, 

̇˷˻/̈; Kp – ̖̆̅̈̉̅̄̄˷̖ ˹˼̂˿̎˿̄˷, ̇˷˹̄˷̖ 
1
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˧˿̈. 3. К̅̔̋̋˿̍˿˼̄̉ ̃̅̐̄̅̈̉˿ С̇ ̆̇˿ ̆̇˿̃˼̄˼̄˿˿ ̋̅̇̃̊̂̒ (3)  

Fig. 3. Power coefficient С̇ in the application of formula (3)  
 

Cp(Z, ) ˹ ˸̂̅́˼ ˙К ̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̋̅̇-

̃̊̂˼ [10] 

  
5

2
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c
C z c c c e c Z


 
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 (3) 

  


 3

1
,

1 0,035 
z 0,08β β 1

i  

 c1 = 0,5176,   c2 = 116,   c3 = 0,4,  

 c4 = 5,   c5 = 21  ˿  c6 = 0,0068.  

К̅̔̋̋˿̍˿˼̄̉ Cp(Z, ) ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ̆̅ 

̊̇˷˹̄˼̄˿̕ (3) ̆̇˿ ̇˷˾̂˿̎̄̒̌ ˾̄˷̎˼̄˿̖̌ β 

(̇˿̈. 3). ˛̖̂ ̆̇˿̖̄̉̅˺̅ ˹˼̉̇̅́̅̂˼̈˷ Cp max = 0,48 

̆̇˿ Zmax = 8,1 ˿ β = 0̅. 

˙̌̅˻̄̒̃˿ ̆˷̇˷̃˼̉̇˷̃˿ ˻̖̂ ˸̂̅́˷ ˙К ̖˹-

̖̖̂̉̈̕ ̈́̅̇̅̈̉̓ ˹˼̉̇˷ u, ̃/̈, ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ 

˹̇˷̐˼̄˿̖ ˹˼̉̇̅́̅̂˼̈˷ ω˙К = ω̃.˺, ̅.˼., ̊˺̅̂ 

˷̉˷́˿ β, ˺̇˷˻, ˷ ̄˷ ˹̒̌̅˻˼ – ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅-

̃˼̄̉ ˙К Ǭ˹́ = Ǭ̃ ˺ (̅.˼.). 

˙ ˻˿˷̂̅˺̅˹̅̃ ̅́̄˼ ˸̂̅́˷ ˙К ̊́˷˾̒˹˷̖̉̈̕ 

̆̅̈̂˼˻̅˹˷̉˼̂̓̄̅ ̈̂˼˻̊̐̕˿˼ ̆˷̇˷̃˼̉̇̒: 

̄̅̃˿̄˷̂̓̄˷̖ ̃˼̌˷̄˿̎˼̈́˷̖ ̃̅̐̄̅̈̉̓ ˙К 

N˹́ ̄̅̃ (˹ ̄˷̏˼̃ ̈̂̊̎˷˼ N˹  ́̄ ̅̃ = 1,5 ˣ˙̉ = 1 ̅.˼.);  

̄̅̃˿̄˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓ ˺˼̄˼̇˷̉̅̇˷ N˺ ̄̅̃ 

(˹ ̄˷̏˼̃ ̈̂̊̎˷˼ N˺ ̄̅̃ = 1,5 ˣ˙̉ = 1 ̅.˼.);  

̈̇˼˻̄˼˼ ˾̄˷̎˼̄˿˼ ̈́̅̇̅̈̉˿ ˹˼̉̇˷, ̆̇˼̅˸̂˷-
˻˷̐̕˼̀ ˹ ˻˷̄̄̅̃ ̇˼˺˿̅̄˼, – ucp (˹ ̄˷̏˼̃ ̈̂̊-

̎˷˼ ucp = ū̅̃ = 13 ̃/̈); 

̃˷́̈˿̃˷̂̓̄˷̖ ̃̅̐̄̅̈̉̓ ˙К ̆̇˿ ucp, ̅.˼., 
( 1)

вȊNK   (˹ ̄˷̏˼̃ ̈̂̊̎˷˼ 
˹́ ˹́ ̄̅̃ 1 ̅.˼.);NK N    

˙К – ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˹˼̉̇̅́̅̂˼-
̈˷, ̆̇˿ ́̅̉̅̇̅̃ ˻̅̈̉˿˺˷˼̖̉̈ ̃˷́̈˿̃˷̂̓̄˷̖ 

̃̅̐̄̅̈̉̓ ˙К ̆̇˿ ucp (˹ ̄˷̏˼̃ ̈̂̊̎˷˼ 
K = ˙К = ̃.˺ ̄̅̃ = 1,15 ̅.˼.); 

̊˺̅̂ ˷̉˷́˿  ˹ ˺̇˷˻̊̈˷̌, ˿̈̆̅̂̓˾̊˼̃̒̀ ˻̖̂ 

̅̆̇˼˻˼̂˼̄˿̖ ̌˷̇˷́̉˼̇˿̈̉˿́ ˙К;  ˻̅̂˽˼̄ ˸̒̉̓ 
˸̅̂̓̏˼ ˿̂˿ ̇˷˹˼̄ ̄̊̂̕ (˹ ̄˷̏˼̃ ̈̂̊̎˷˼  = 0). 

ˬ˷̇˷́̉˼̇˿̈̉˿́˿ ˙К, ˿̈̆̅̂̓˾̊̐̕˼˺̅ ˹ ̃̅-

˻˼̂˿ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ˹ MATLAB Simulink 

̆̇˿  = 0 ̆̅́˷˾˷̄̒ ̄˷ ̇˿̈. 4. ˙К ̆̇˿ ̈́̅̇̅-

̈̉˿ ˹˼̉̇˷ 13 ̃/̈ ˹̒̇˷˸˷̉̒˹˷˼̉ ̄̅̃˿̄˷̂̓̄̊̕ 

̃˼̌˷̄˿̎˼̈́̊̕ ̃̅̐̄̅̈̉̓, ̇˷˹̄̊̕ 1,5 ˣ˙̉. 
8. СиȋȎвые ȏȐеȎȁȐаȇȎваȒеȋи – ˨˦̈ ˿ ˨˦˺. 

˥˸̒̎̄̅ ˸̂̅́ ˨˦̈ ˿̂˿ ˨˦˺ ̈̅̈̉̅˿̉ ˿˾ ̏˼̈̉˿ 

̈˿̂̅˹̒̌ ́̂̎̕˼̀, ̈̅˼˻˿̄˼̄̄̒̌ ̆̅ ̈̌˼̃˼ ̉̇˼̌-

̋˷˾̄̅˺̅ ̃̅̈̉˷. ˩˿̆ ̈˿̂̅˹̒̌ ́̂̎̕˼̀ ˿ ́̅̄̋˿-

˺̊̇˷̍˿̖ ˨˦ ˹̒˸̇˷̄̒ ˹ ˻˿˷̂̅˺̅˹̅̃ ̅́̄˼ ˸̂̅-

́˷. ˙ ̄˷̏˼̃ ̈̂̊̎˷˼ ˿̈̆̅̂̓˾̊˼̖̉̈ ̉˿̆ ̆̇˼̅˸̇˷-
˾̅˹˷̉˼̖̂ ̄˷̖̆̇˽˼̄˿̖ ̈ ̋̊̄́̍˿˼̀ ̆˼̇˼́̂̎̕˼-
̄˿̖. Э̉̅ ˾̄˷̎˿̉, ̎̉̅ ̈˿̂̅˹̒˼ ́̂̎̕˿ ˾˷̃˼̖̄-

̖̉̈̕ ˻˹̖̊̃ ˿̈̉̅̎̄˿́˷̃˿ ̄˷̖̆̇˽˼̄˿̖: ̅˻̄˿̃ 

̄˷ ̈̉̅̇̅̄˼ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷ ˿ ˹̉̅̇̒̃ ̄˷ ̈̉̅-

̇̅̄˼ ̖̆̅̈̉̅̄̄̅˺̅ ̉̅́˷. ˦̅˻̅˸̄̒̀ ̃̅̈̉ ˿̈-
̆̅̂̓˾̊˼̉ ̉˷́˿˼ ˽˼ ˿̃̆̊̂̓̈̒ ˹́̂̎̕˼̄˿̖, ́˷́ 

˻̖̂ ˻̇̊˺˿̌ ̃̅̈̉̅˹ ̈ ̈˿̂̅˹̒̃˿ ̔̂˼́̉̇̅̄̄̒̃˿ 

́̂̎̕˷̃˿ [11]. И̃̆̊̂̓̈̒ ˹́̂̎̕˼̄˿̖, ̆̅˻˷˹˷˼-
̃̒˼ ̄˷ ˹̌̅˻ ˸̂̅́̅˹ ˨˦̈ ˿ ˨˦˺, ̆̇˿̄˿̃˷̖̉̈̕ 

̅̉ ˿̌ ̆̅˻̈˿̈̉˼̃ ̊̆̇˷˹̂˼̄˿̖. 

9. КȎȍȄеȍȑаȒȎȐ ̃˼˽˻̊ ˨˦̈ ˿ ˨˦˺: ˙ ̄˷̏˼̃ 

̈̂̊̎˷˼, ˼̃́̅̈̉̓ ́̅̄˻˼̄̈˷̉̅̇˷ ̇˷˹̄˷ 20 ̃˫. 
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˧˿̈. 4. ˬ˷̇˷́̉˼̇˿̈̉˿́˿ ˙К ̆̇˿  = 0 
Fig. 4. Characteristics of wind wheel at  = 0 

 

10. ǣаȐȌȎȍиȗеȑȊие ȔиȋȜȒȐы. К˷́ ̌̅̇̅̏̅ 

˿˾˹˼̈̉̄̅, ̇˷˸̅̉˷ ̈˿̂̅˹̒̌ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼̀ 

̈˹̖˾˷̄˷ ̈ ˺˼̄˼̇˷̍˿˼̀ ˹̒̈̏˿̌ ˺˷̇̃̅̄˿́. ˛̖̂ 

̇˼̏˼̄˿̖ ̆̇̅˸̂˼̃, ˹̒˾˹˷̄̄̒̌ ˺˷̇̃̅̄˿́˷̃˿, ˹ 

̆̇˷́̉˿̎˼̈́˿̌ ̈˿̈̉˼̃˷̌ ˙Э˪ ˿̈̆̅̂̓˾̖̊̉̈̕ 

̇˷˾̂˿̎̄̒˼ ̉˿̆̒ ˺˷̇̃̅̄˿̎˼̈́˿̌ ̋˿̂̓̉̇̅˹. LC-

̋˿̂̓̉̇ ̎˷̈̉̅ ˿̈̆̅̂̓˾̊˼̖̉̈ ̈ ˨˦˺ ˻̖̂ ̊̃˼̄̓-

̏˼̄˿̖ ˺˷̇̃̅̄˿̎˼̈́̅˺̅ ˿̈́˷˽˼̄˿̖ ̉̅́˷ ˿ ̄˷-
̖̆̇˽˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷, ̎̉̅ ̆̇˿˹̅˻˿̉ ́ ̊̃˼̄̓-

̏˼̄˿̕ ˺˷̇̃̅̄˿̎˼̈́˿̌ ̆̅̉˼̇̓ ˹ ̃˷˺̄˿̉̄̅̃ 

̈˼̇˻˼̎̄˿́˼ ̅˸̃̅̉́˿ ˺˼̄˼̇˷̉̅̇˷ [7]. ˙ ̄˷̏˼̃ 

̈̂̊̎˷˼ ˼̃́̅̈̉̓ ́̅̄˻˼̄̈˷̉̅̇˷ ˹ LC-̋˿̂̓̉̇˼ 
̇˷˹̄˷ 0,1 ̃˫, ˷ ˿̄˻̊́̉˿˹̄̅̈̉̓ – 0,2 ̃˚̄. 

СǰǩǦǢǯǯыǧ ǣǭǰǬǪ (ǱǰǦǳǪǳǴǧǮы): 

1. ǯȎȄȑиȑȒеȌа ȓȏȐавȋеȍиȟ ȏȎȋȎȆеȍиеȌ ȋȎȏа-

ȑȒеȉ (̊˺̂̅̃ β). ˧˼˷̂˿˾̊˼̉ ̊̆̇˷˹̂˼̄˿˼ ̊˺̂̅̃ ̆̅-

˹̅̇̅̉˷ ̂̅̆˷̈̉˿ ˻̖̂ ˻̅̈̉˿˽˼̄˿̖ ̄̅̃˿̄˷̂̓̄̅˺̅ 

˾̄˷̎˼̄˿̖ ˹̒̇˷˸̅̉́˿ ̆̇˿ ̊˹˼̂˿̎˼̄˿˿ ̈́̅̇̅̈̉˿ 

˹˼̉̇˷ ˹̒̏˼ ̄̅̃˿̄˷̂̓̄̅̀ [9]. ˙̌̅˻̄̒̃˿ ̆˷̇˷-
̃˼̉̇˷̃˿ ̖˹̖̖̂̉̈̕ ω  ̃˺  (̅.˼) ˿ ̄̅̃˿̄˷̂̓̄˷̖ ̃˼̌˷-
̄˿̎˼̈́˷̖ ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇˷ ˺˼̄˼-
̇˷̉̅̇˷ ̃ ˺  ̄ ̅̃ = (1 – s)  ̃˺, ̅.˼. ˙ ̄˷̏˼̃ ̈̂̊̎˷˼ 
s = –0,15; ̉̅˺˻˷   ̃˺  ̄ ̅̃ = 0,15 ̅.˼. ˙̒̌̅˻̄̒̃ ̆˷-
̇˷̃˼̉̇̅̃ ̖˹̖̂˼̖̉̈ ̊˺̅̂ ̆̅˹̅̇̅̉˷ ̂̅̆˷̈̉˿ β. 

˦̅˻̈˿̈̉˼̃˷ ̈̅̈̉̅˿̉ ˿˾ ̆̇̅̆̅̇̍˿̅̄˷̂̓̄̅˺̅ ̇˼-
˺̖̊̂̉̅̇˷ (˦˧) ̈ ̅˺̇˷̄˿̎˼̄˿˼̃ ̊̇̅˹̖̄ ˿˾̃˼̄˼̄˿̖ 

̆̅̂̅˽˼̄˿̖ ̂̅̆˷̈̉˼̀. ˘̂̅́ ̈̉˷̄̅˹˿̖̉̈ ˷́̉˿˹̄̒̃ 

˿ β ̄˷̎˿̄˷˼̉ ̊˹˼̂˿̎˿˹˷̖̉̓̈, ́̅˺˻˷ ̃̅̐̄̅̈̉̓ ˺˼-
̄˼̇˷̉̅̇˷ ̄˷̎˿̄˷˼̉ ̆̇˼˹̒̏˷̉̓ ̄̅̃˿̄˷̂̓̄̊̕ 

̃̅̐̄̅̈̉̓ ˿, ˾̄˷̎˿̉,   ̃˺  >   ̃˺  ̄ ̅̃. ˦˼̇˼˻ ̉˼̃ ́˷́ 

̄˷̎˷̉̓ ̇˷˸̅̉̊ А˚˛˦, ̃̅˽̄̅ ̊̈̉˷̄̅˹˿̉̓ ̆̅̈̉̅-

̖̄̄̒̀ ̊˺̅̂ β = 0°. ˦̇˿̖̄̉̅ max = 20, ˷ ̃˷́̈˿-

̃˷̂̓̄˷̖ ̈́̅̇̅̈̉̓ ˿˾̃˼̄˼̄˿̖ ̊˺̂˷ ˷̉˷́˿ ̈̅̈̉˷˹-
̖̂˼̉ 4°/̈˼́. ˦̅˻̈˿̈̉˼̃˷ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̇˼-
˺̊̂˿̇̅˹˷̄˿̖ ̂̅̆˷̈̉˼̀ ̆̅́˷˾˷̄˷ ̄˷ ̇˿̈. 5. 

2. ǯȎȄȑиȑȒеȌа ȓȏȐавȋеȍиȟ ȑиȋȎвыȌ ȏȐеȎȁȐа-

ȇȎваȒеȋеȌ ȃеȍеȐаȒȎȐа. ˙ ˹˼̉̇̅̔̄˼̇˺˼̉˿̎˼̈́˿̌ 
̈˿̈̉˼̃˷̌ ̈ А˚˛˦ ̈̉˷̉̅̇ ˺˼̄˼̇˷̉̅̇˷ ̄˼̆̅̈̇˼˻-

̈̉˹˼̄̄̅ ̆̅˻́̂̎̕˼̄ ́ ̈˼̉˿, ˿ ˼˺̅ ̄˷̖̆̇˽˼̄˿˼ ˿ 

̎˷̈̉̅̉˷ ̃̅˺̊̉ ̈̎˿̉˷̖̉̓̈ ̖̆̅̈̉̅̄̄̒̃˿ ˹ ̄̅̇-

̃˷̂̓̄̒̌ ̊̈̂̅˹˿̖̌ ̔́̈̆̂̊˷̉˷̍˿˿. ˦̅̔̉̅̃̊ ˻̖̂ 

А˚˛˦ ̊˻̅˸̄̅ ˿̈̆̅̂̓˾̅˹˷̉̓ ̅̇˿˼̄̉˿̇̅˹˷̄̄̅˼ 
̊̆̇˷˹̂˼̄˿˼ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ 
(stator voltage oriented control SVOC) [7]. 

˪̆̇˷˹̂˼̄˿˼, ̅̇˿˼̄̉˿̇̅˹˷̄̄̅˼ ̆̅ ˹˼́̉̅̇̊ ̄˷-
̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷, ̅̈̊̐˼̈̉˹̖̂˼̖̉̈ ̆̊̉˼̃ ̈̅-

˹̃˼̐˼̄˿̖ ̅̈˿ d ̈˿̄̌̇̅̄̄̅̀ ̈˿̈̉˼̃̒ ̅̉̈̎˼̉˷ ̈ 
˹˼́̉̅̇̅̃ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ (̇˿̈. 6). ˨̅̅̉-
˹˼̉̈̉˹˼̄̄̅ ˷̃̆̂˿̉̊˻̒ ̆̇̅˼́̍˿̀ ̄˷̖̆̇˽˼̄˿̖ 

̈̉˷̉̅̇˷ ̄˷ ̅̈˿ d ˿ q ̅̆̇˼˻˼̖̖̂̉̈̕ ̉˷́: 

 

 Uqc = 0,   Udc = Uc. (4) 
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˧˿̈. 5. ˦̅˻̈˿̈̉˼̃˷ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ̂̅̆˷̈̉˼̀  

Fig. 5. Subsystem of aerodynamic control for the blades 

 

 

ɫ 

ɫ

ɫ cк 

р 

ɦ г

 
 

˧˿̈. 6. ˦̇̅̈̉̇˷̄̈̉˹˼̄̄̅-˹˼́̉̅̇̄˷̖ ˻˿˷˺̇˷̃̃˷ А˚˛˦ 

Fig. 6. Spatial vector diagram of DFIG 

 

˪˺̅̂ ̃˼˽˻̊ ˹˼́̉̅̇̅̃ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ 
˿ ̇̅̉̅̇̅̃ – ̊˺̅̂ ̈́̅̂̓˽˼̄˿̖, ̅̆̇˼˻˼̖̂˼̃̒̀ 

̆̅ ̋̅̇̃̊̂˼ 
 ̈́ = ̈ – ̇, (5) 

˺˻˼ ̈ – ̊˺̅̂ ˹˼́̉̅̇˷ ̄˷̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷; p – 

̊˺̅̂ ̆̅̂̅˽˼̄˿̖ ̇̅̉̅̇. 

А˚˛˦ ̅̆˿̈̒˹˷˼̖̉̈ ̈˿̈̉˼̃̅̀ ̊̇˷˹̄˼̄˿̀ ˹ 

́̅̅̇˻˿̄˷̉˷̌ d-q ̈̂˼˻̊̐̕˿̃ ̅˸̇˷˾̅̃ [12]: 

 ;
qc

qc c qc c dc

d
U R i

dt


      (6) 

 ;dc
dc c dc c qc

d
U R i

dt


     (7) 

   ;qc m lc qc m qp c qc m qpL L i L i L i L i       (8)  

 
 

;
dc m lc dc m dp

c dc m dp

L L i L i

L i L i

    
 

 (9)  

 ̔̃ ˺   ;dc qc qc dcǬ i i   (10)  

 ,ȑ qc dc dc qcQ U i U i   (11)  

˺˻˼ , , , ,   , qc dc qc dc dc qcU U i i    – ̆̇̅˼́̍˿˿ ̄˷̖̆̇-

˽˼̄˿̖, ̉̅́˷ ˿ ̆̅̉̅́̅̈̍˼̆̂˼̄˿̖ ̅˸̃̅̉̅́ ̈̉˷-
̉̅̇˷ ̄˷ ̅̈˿ d ˿ q; Lc – ̈̅˸̈̉˹˼̄̄˷̖ ˿̄˻̊́̉˿˹-

̄̅̈̉̓ ̅˸̃̅̉̅́ ̈̉˷̉̅̇˷; Qc – ̇˼˷́̉˿˹̄˷̖ ̃̅̐-

̄̅̈̉̓ ̈̉˷̉̅̇˷; c – ̊˺̂̅˹˷̖ ̈˿̄̌̇̅̄̄˷̖ ̎˷̈̉̅-

̉˷ ˹̇˷̐˼̄˿̖. 

˦̇˿ Uqc = 0, ̆̇˼̄˼˸̇˼˺˷̖ ̈̅̆̇̅̉˿˹̂˼̄˿˼̃ 

̅˸̃̅̉́˿ ̈̉˷̉̅̇˷ Rc = 0, ́̅̉̅̇̅˼ ̅˸̒̎̄̅ ̅̎˼̄̓ 

̃˷̂̅ ˻̖̂ ˸̅̂̓̏̅˺̅ А˚˛˦ [7], ̆̅̂̊̎˷˼̃ dc = 0. 

˩˷́˿̃ ̅˸̇˷˾̅̃, ˿˾ ̊̇˷˹̄˼̄˿̖ (9) ̈̂˼˻̊˼̉, ̎̉̅ 

 .m lc ȑ
dp dc dc

m m

L L L
i i i

L L


     (12) 

И ˿˾ ̊̇˷˹̄˼̄˿̀ (7), (10), (12) ̆̅̂̊̎˷˼̃  

 ̔̃ ˺  .  m
qc dc dc dȐ

ȑ

L
Ǭ i U i

L
     (13) 

И˾ ̆̇˿˹˼˻˼̄̄̅˺̅ ̊̇˷˹̄˼̄˿̖ ̈̂˼˻̊˼̉, ̎̉̅ 

̔̂˼́̉̇̅̃˷˺̄˿̉̄̒̀ ̃̅̃˼̄̉ ˺˼̄˼̇˷̉̅̇˷ ̖˹̖̂˼̉-
̖̈ ̋̊̄́̍˿˼̀ ̉̅́˷ ̇̅̉̅̇˷ ˿ ̆̇̅˼́̍˿˿ ̄˷̖̆̇-

˽˼̄˿̖ ̈̉˷̉̅̇˷ ̄˷ ̅̈˿ d. 

˦̇˿ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ̅̆̅̇̄̅˺̅ ˸˷˾˿̈̄̅˺̅ 

̔̂˼́̉̇̅̃˷˺̄˿̉̄̅˺̅ ̃̅̃˼̄̉˷ ˺˼̄˼̇˷̉̅̇˷ 
*
̔̃ ˺( )Ǭ  ̅̆̅̇̄̒̀ ̉̅́ ̇̅̉̅̇˷ ̄˷ ̅̈˿ d ̅̆̇˼˻˼-

̖̂˼̖̉̈ ̈̂˼˻̊̐̕˿̃ ̅˸̇˷˾̅̃: 

 

*
̔̃ ˺* .ȑ

dȐ
m dc

ǬL
i

L U
   (14) 

˥̆̅̇̄̒̀ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̒̀ ̃̅̃˼̄̉ ˺˼̄˼-
̇˷̉̅̇˷ *

̔̃ ˺( )Ǭ  ̅̆̇˼˻˼̖̂˼̖̉̈ ̈ ̆̅̃̅̐̓̕ ̅̉-

̈̂˼˽˿˹˷̄˿̖ ̃˷́̈˿̃˷̂̓̄̅̀ ̉̅̎́˿ ̃̅̐̄̅̈̉˿ 

(MPPT). ˤ˷ ̇˿̈. 4 ̆̅́˷˾˷̄˷ ̂˿̄˿̖ ˻˹˿˽˼̄˿̖ 

MPPT, ́̅̉̅̇˷̖ ̊̎˿̉̒˹˷˼̉ ̆̇̅̆̅̇̍˿̅̄˷̂̓-
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̄̅̈̉̓ ̃̅̐̄̅̈̉˿ ˙Э˪ ̉̇˼̉̓˼̀ ̈̉˼̆˼̄˿ ̎˷̈̉̅̉̒ 

˹̇˷̐˼̄˿̖ ˹˼̉̇̅́̅̂˼̈˷ [13]: 

 
3

˹́ ˙К~  .N   (15) 

˩̅˺˻˷ 
 

2
˹́ ˙К  ~ .Ǭ   (16) 

˙ ̄˷̏˼̃ ̈̂̊̎˷˼ Ǭ̔̃ ˺ = Ǭ˹́ ˹ ̊̈̉̅̀̎˿˹̅̃ 

̖̈̅̈̉̅̄˿˿ ˿ ̃ ˺ = ˙К. ˦̅̔̉̅̃̊ ̃̅˽̄̅ ̆̇˿-

̖̄̉̓, ̎̉̅ 2
̔̃ ˺ ̃ ˺  ~ .Ǭ   ˩˷́˿̃ ̅˸̇˷˾̅̃, ̅̆̅̇-

̄̒̀ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̒̀ ̃̅̃˼̄̉ ˺˼̄˼̇˷̉̅̇˷ 
*
̔̃ ˺,Ǭ  ̅.˼, ̃̅˽̄̅ ̅̆̇˼˻˼̂˿̉̓ ̉˷́ [7]: 

 * 2
̔̃ ˺ ̃ ˺ ̃ ˺,Ǭ A B C      (17) 

˺˻˼ А ̅̆̇˼˻˼̖̂˼̖̉̈ ̆˷̇˷̃˼̉̇˷̃˿, ̊́˷˾˷̄̄̒̃˿ 

˹ ˻˿˷̂̅˺̅˹̅̃ ̅́̄˼ ˙К (˹ ̇˷̈̈̃˷̉̇˿˹˷˼̃̅̃ 

̈̂̊̎˷˼ А = 0,7), ˷ B ˿ C – ́̅̔̋̋˿̍˿˼̄̉̒ ̆̅̉˼-
̇˿ (B = C = 0,01). 

И˾ ̊̇˷˹̄˼̄˿̖ (11) ̈̂˼˻̊˼̉, ̎̉̅ 

 ,ȑ
qc

dc

Q
i

U
   (18) 

˷ ˿˾ ̊̇˷˹̄˼̄˿̀ (18), (8), (7)  

 .ȑ ȑ
dc m qȐ

dc

L Q
U L i

U
     (19) 

˩˷́˿̃ ̅˸̇˷˾̅̃, ̅̆̅̇̄˷̖ ̆̇̅˼́̍˿̖ ̉̅́˷ 

̇̅̉̅̇˷ ̄˷ ̅̈̓ q ̅̆̇˼˻˼̖̂˼̖̉̈ ̉˷́: 

 
* .dc ȑ ȑ
qȐ

m m dc

U L Q
i

L L U
    (20) 

˪̇˷˹̄˼̄˿̖ (20), (14) ̆̅́˷˾̒˹˷̉̕, ̎̉̅ ̆̇˿ ˾˷-
˻˷̄̄̅̃ ̄˷̖̆̇˽˼̄˿˿ ̈̉˷̉̅̇˷ ̔̂˼́̉̇̅̃˷˺̄˿̉̄̒̀ 

̃̅̃˼̄̉ Ǭ̔  ̃˺ , ˷́̉˿˹̄˷̖ ̃̅̐̄̅̈̉̓ Nc ˿ ̇˼˷́̉˿˹̄˷̖ 

̃̅̐̄̅̈̉̓ Qc ̈̉˷̉̅̇˷ ̊̆̇˷˹̖̖̂̉̈̕ ̈̅̈̉˷˹̖̂̐̕˿-

̃˿ ̉̅́˷ ̇̅̉̅̇˷ ̆̅ ̖̅̈̃ d, q. ˩˷́˿̃ ̅˸̇˷˾̅̃, ˹ 
̅̇˿˼̄̉˿̇̅˹˷̄̄̅̃ ̊̆̇˷˹̂˼̄˿˿ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇-

˽˼̄˿̖ ̈̉˷̉̅̇˷ ̆˷̇˷̃˼̉̇̒ M̔  ̃˺ , Nc ˿ Qc  ̇˼˺̊̂˿̇̊-
̖̉̈̕ ̈˿̂̅˹̒̃ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼  ̃˺˼̄˼̇˷̉̅̇˷. 

˛̖̂ ˾˷˻˷̄̄̅̀ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ ̈̉˷̉̅-

̇˷ Qc = 0 *
qȐi  ̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ̈ ̆̅̃̅̐̓̕ ̊̇˷˹-

̄˼̄˿̖ (20); *
qȐi  ˿ *

dȐi  ̈̇˷˹̄˿˹˷̖̉̈̕ ̈ ̋˷́̉˿̎˼-

̈́˿̃˿ ˾̄˷̎˼̄˿̖̃˿, ˷ ̆̅˺̇˼̏̄̅̈̉˿ ̊̎˿̉̒˹˷-
̖̉̈̕ ˹ ˦И-̇˼˺̖̊̂̉̅̇˷̌. ˙̒̌̅˻̒ ˦И-

̇˼˺̖̊̂̉̅̇̅˹ * *( , )qȐ dȐU U  ̈̂̊˽˷̉ ̅̆̅̇̄̅̀ ˿̄-

̋̅̇̃˷̍˿˼̀ ˻̖̂ ̆̇̅˼́̍˿˿ ̄˷̖̆̇˽˼̄˿̖ ̇̅̉̅̇˷ 
̄˷ ̅̈˿ d, q, ́̅̉̅̇̒˼ ̆̇˼̅˸̇˷˾̅˹˷̄̒ ˹ ̅̆̅̇̄̒˼ 
̄˷̖̆̇˽˼̄˿̖ ̉̇˼̌ ̋˷˾ ̇̅̉̅̇˷ – * * *( , , ).аȐ bȐ cȐU U U  

˦̅̈̂˼˻̄˿˼ ̋̅̇̃˿̖̇̊̉̈̕ ̈ ̆̅̃̅̐̓̕ ̏˿̇̅̉-
̄̅-˿̃̆̊̂̓̈̄̅̀ ̃̅˻̖̊̂̍˿˿ (˯Иˣ) ˿ ̈̅˾˻˷̉̕ 
˿̃̆̊̂̓̈̒ ˻̖̂ ˨˦˺. 

˦̅˻̈˿̈̉˼̃˷ ̊̆̇˷˹̂˼̄˿̖ ̈˿̂̅˹̒̃ ̆̇˼̅˸̇˷-
˾̅˹˷̉˼̂˼̃ ˺˼̄˼̇˷̉̅̇˷ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̅̇˿˼̄-

̉˿̇̅˹˷̄̄̅˺̅ ̊̆̇˷˹̂˼̄˿̖ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇˽˼̄˿̖ 

̈̉˷̉̅̇˷ ̆̅́˷˾˷̄˷ ̄˷ ̇˿̈. 7. ˙̌̅˻̄̒̃˿ ̆˷̇˷̃˼̉-
̇˷̃˿ ̖˹̖̖̂̉̈̕ İ. abc, ̅.˼, ̃ ˺, ̅.˼, U˯˿̄˷ А, ˙ ˿ ̇, 
̇˷˻, ˹̒̌̅˻̄̒̃˿ – ˿̃̆̊̂̓̈̒ ˻̖̂ ˨˦˺. 

 

 
 

 

˧˿̈. 7. ˦̅˻̈˿̈̉˼̃˷ ̊̆̇˷˹̂˼̄˿̖ ̈˿̂̅˹̒̃ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼̃ ˺˼̄˼̇˷̉̅̇˷ 
Fig. 7. Subsystem of generator power converter control 
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˧˿̈. 8. ˦̅˻̈˿̈̉˼̃˷ ̈˿̄̌̇̅̄˿˾˷̍˿˿ А˚˛˦ ̈ ̈˼̉̓̕ 

Fig. 8. The subsystem of DFIG synchronization to the grid 
 

3. ǯȎȄȑиȑȒеȌа ȑиȍȕȐȎȍиȇаȖии АǣǤǯ ȑ ȑеȒȜю. 

˛̖̂ ̈˿̄̌̇̅̄˿˾˷̍˿˿ ˻̅˸˷˹̂˼̄ ˹̒́̂̎̕˷̉˼̂̓, 

̆̅˻́̂̎̕˷̐̕˿̀ ̈̉˷̉̅̇ ˺˼̄˼̇˷̉̅̇˷ ́ ̈˼̉˿. ˦˼-
̇˼˻ ̆̅˻́̂̎̕˼̄˿˼̃ ̈̉˷̉̅̇˷ ́ ̈˼̉˿ ̅̈̊̐˼̈̉˹̖̂-

˼̖̉̈ ̈˿̄̌̇̅̄˿˾˷̍˿̖ ˿̄˻̊̍˿̇̅˹˷̄̄̅˺̅ ̄˷̖̆̇-

˽˼̄˿̖ ̈̉˷̉̅̇˷ ̈ ̄˷̖̆̇˽˼̄˿˼̃ ̈˼̉˿. Ӣ˻̊̍˿-

̇̅˹˷̄̄̅˼ ̄˷̖̆̇˽˼̄˿˼ ̎˼̇˼˾ ̇˼˾˿̈̉̅̇̒ 100 ˥̃, 

̆̅˻́̂̎̕˼̄̄̒˼ ́ ̈̉˷̉̅̇̊, ̆̇˼˻̈̉˷˹̖̂˼̖̉̈ ̄˷-
̖̆̇˽˼̄˿˼̃ ̈̉˷̉̅̇˷. ˙̒́̂̎̕˷̉˼̂̓ ˹́̂̎̕˷˼̖̉̈ 

́̅˺˻˷ ̄˷̖̆̇˽˼̄˿˼ ˹ ̈˼̉˿ ˿ ˿̄˻̊̍˿̇̅˹˷̄̄̅˼ 
̄˷̖̆̇˽˼̄˿˼ ̈̉˷̉̅̇˷ ˸̊˻̊̉ ˸̂˿˾́˿ ̆̅ ˷̃̆̂˿̉̊-

˻˼, ̎˷̈̉̅̉˼ ˿ ̋˷˾˼. ˦̇˿̖̄̉̅, ̎̉̅ ̇˷˾̄̅̈̉̓ ̄˷-
̖̆̇˽˼̄˿̀ ˻̅̂˽̄˷ ˸̒̉̓ ̄˼ ˸̅̂˼˼ 10 ˙, ̇˷˾̄̅̈̉̓ 
̎˷̈̉̅̉ – ̄˼ ˸̅̂˼˼ 3 ˚̍; ̆̇˿ ̃˷̂̅̀ ̇˷˾̄̅̈̉˿ 

̋˷˾ ̇˷̈̈̃˷̉̇˿˹˷˼̃̒̌ ̄˷̖̆̇˽˼̄˿̀ ˹̒˻˷˼̖̉̈ 

̇˷˾̇˼̏˼̄˿˼ ̄˷ ˹́̂̎̕˼̄˿˼ ˹̒́̂̎̕˷̉˼̖̂ [14]. 

˙˿˻̄̅ (̇˿̈. 12), ̎̉̅ ˹̒́̂̎̕˷̉˼̂̓ ˾˷̃̒́˷˼̖̉̈ 

˹ ̃̅̃˼̄̉ t = 6 ̈˼́. ˦̅˻̈˿̈̉˼̃˷ ̈˿̄̌̇̅̄˿˾˷̍˿˿ 

А˚˛˦ ̈ ̈˼̉̓̕ ̆̅́˷˾˷̄˷ ̄˷ ̇˿̈. 8. ˙̌̅˻̄̒̃˿ 

̆˷̇˷̃˼̉̇˷̃˿ ̖˹̖̖̂̉̈̕ ̄˷̖̆̇˽˼̄˿˼ ̈̉˷̉̅̇˷ ˿ 

̄˷̖̆̇˽˼̄˿˼ ̈˼̉˿ ̋˷˾̒ А, ˹̒̌̅˻̄̒̃ – ̈̉˷̇̉̅-

˹̒̀ ̈˿˺̄˷̂ ˹̒́̂̎̕˷̉˼̖̂. 

4. ǯȎȄȑиȑȒеȌа ȓȏȐавȋеȍиȟ ȑиȋȎвыȌ ȏȐеȎȁȐаȇȎ-

ваȒеȋеȌ ȑеȒи. ˨˿̂̅˹̅̀ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂̓ ̈˼̉˿ 

̅̇˿˼̄̉˿̇̅˹˷̄̄̅ ̊̆̇˷˹̖̂˼̖̉̈ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇-

˽˼̄˿̖ ̈˼̉˿ (voltage oriented control VOC) [15]. 

˪̆̇˷˹̂˼̄˿˼ ˨˦̈ ̅̈̊̐˼̈̉˹̖̂˼̖̉̈ ̆̊̉˼̃ ̆̅˻˻˼̇-

˽˷̄˿̖ ̖̆̅̈̉̅̄̄̅˺̅ ̄˷̖̆̇˽˼̄˿̖ ̄˷ ́̅̄˻˼̄̈˷̉̅-

̇˼ ̆̇˿ ˿˾̃˼̄˼̄˿˿ ́̅̂˿̎˼̈̉˹˷ ˹̒̇˷˸˷̉̒˹˷˼̃̅̀ 

̃̅̐̄̅̈̉˿. ˨̌˼̃˷ ̆̅˻̈˿̈̉˼̃̒ ̊̆̇˷˹̂˼̄˿̖ ˨˦̈ 

˿˾̅˸̇˷˽˼̄˷ ̄˷ ̇˿̈. 9. ˫˷́̉˿̎˼̈́̅˼ ̄˷̖̆̇˽˼̄˿˼ 
̄˷ ́̅̄˻˼̄̈˷̉̅̇˼ Ú ̈̇˷˹̄˿˹˷˼̖̉̈ ̈ ̅̆̅̇̄̅̀ ˿̄-

̋̅̇̃˷̍˿˼̀ ̅ ̖̆̅̈̉̅̄̄̅̃ ̄˷̖̆̇˽˼̄˿˿ 

* 4 0 .0 ˙kU   ˦̅˺̇˼̏̄̅̈̉̓, ̆̅̂̊̎˷˼̃˷̖ ˹ ̇˼˾̊̂̓-
̉˷̉˼ ̈̇˷˹̄˼̄˿̖, ̆̅̈̉̊̆˷˼̉ ˹ ˦И˛-̇˼˺̖̊̂̉̅̇ ̄˷-
̖̆̇˽˼̄˿̖. ˙̒̌̅˻ ˦И˛-̇˼˺̖̊̂̉̅̇˷ ̄˷̖̆̇˽˼̄˿̖ 

̈̂̊˽˿̉ ̅̆̅̇̄̅̀ ̈̅̈̉˷˹̖̂̐̕˼̀ ˻̖̂ ̉̅́˷ ̈˼̉˿ ̆̅ 

̅̈˿ d *
̈˼̉̓( ),dI  ̈̅˺̂˷̈̅˹˷̄̄̅̀ ̈ ̆̇̅̈̉̇˷̄̈̉˹˼̄-

̄̒̃ ˹˼́̉̅̇̅̃ ̄˷̖̆̇˽˼̄˿̖ ̈˼̉˿, ˷ ̅̆̅̇̄˷̖ ̈̅-

̈̉˷˹̖̂̐̕˷̖ ̉̅́˷ ̈˼̉˿ ̄˷ ̅̈̓ q ̇˷˹̖̄˼̖̉̈ ̄̊̂̕ 
*
̈˼̉̓( ).qI  ˪˺̅̂ ̆̇̅̈̉̇˷̄̈̉˹˼̄̄̅˺̅ ˹˼́̉̅̇˷ ̄˷-

̖̆̇˽˼̄˿̖ ̈˼̉˿, ˷ ̉˷́˽˼ *
̈˼̉̓ dI  ˿ *

̈˼̉̓ qI  ̆̇˼̅˸̇˷-

˾̖̊̉̈̕ ˹ ̅̆̅̇̄̅˼ ̉̇˼̌̋˷˾̄̅˼ ˾̄˷̎˼̄˿˼ ̉̅́˷ ̈˼̉˿ 

*
̈˼̉̓.I  ́̅̉̅̇̅˼ ̈̇˷˹̄˿˹˷˼̖̉̈ ̈ ̋˷́̉˿̎˼̈́˿̃ ˾̄˷-

̎˼̄˿˼̃ ̉̅́˷ ̈˼̉˿ ̈˼̉̓;I  ̆̅̂̊̎˷˼̃˷̖ ̆̅˺̇˼̏̄̅̈̉̓ 
̆̅̈̉̊̆˷˼̉ ˹ ̉̇˼̌̋˷˾̄̒̀ ̇˼˺̖̊̂̉̅̇ ̉̅́˷, ˹̒̌̅˻ 

́̅̉̅̇̅˺̅ ̋̅̇̃˿̇̊˼̖̉̈ ̈ ̆̅̃̅̐̓̕ ˯Иˣ; ̈̅˾-
˻˷̖̉̈̕ ˿̃̆̊̂̓̈̒ ˻̖̂ ˨˦̈. ˙̌̅˻̄̒̃˿ ̆˷̇˷̃˼̉-
̇˷̃˿ ̆̅˻̈˿̈̉˼̃̒ ̊̆̇˷˹̂˼̄˿̖ ˨˦̈ ̖˹̖̖̂̉̈̕: 

Ü˼̉̓, ˙; Ú, ˙; 
*,kU  ˙; Ï˼̉̓, А; ˹̒̌̅˻̄̒̃˿ ̆˷̇˷-

̃˼̉̇˷̃˿ – ˿̃̆̊̂̓̈̒ ˻̖̂ ˨˦̈. 
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˧˿̈. 9. ˦̅˻̈˿̈̉˼̃˷ ̊̆̇˷˹̂˼̄˿̖ ̈˿̂̅˹̒̃ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼̃ ̈˼̉˿ 

Fig. 9. Subsystem of grid power Converter control 

 
ǒǧǩǵǭǾǴǢǴǽ моǦǧǭǪǲоǤǢǯǪȁ  

Ǫ ǪǷ обǳǵǨǦǧǯǪǧ 

˙ ̄˷̎˷̂˼ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̆˼̇˼́̂̎̕˷̉˼̂̓ 
˹̒́̂̎̕˷˼̖̉̈, ̈́̅̇̅̈̉̓ ˹˼̉̇˷ ̇˷˹̄˷ 11,6 ̃/̈ 
(̈́̅̇̅̈̉̓ ˹˼̉̇˷, ̆̇˿ ́̅̉̅̇̅̀ ˺˼̄˼̇˷̉̅̇ ˹̇˷-
̐˷˼̖̉̈ ̈ ̈˿̄̌̇̅̄̄̅̀ ̈́̅̇̅̈̉̓̕), ˙К ˹̇˷̐˷-
˼̖̉̈ ˿ ̅˸˼̈̆˼̎˿˹˷˼̉ ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉. 
˨˿̂̅˹̅̀ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂̓ ˹ ̍˼̆˿ ̇̅̉̅̇˷ ˷́̉˿-

˹˿˾˿̇̊˼̖̉̈. ˤ˷̖̆̇˽˼̄˿˼ ̖̆̅̈̉̅̄̄̅˺̅ ̉̅́˷ ̇˼-
˺̊̂˿̇̊˼̖̉̈ ̈ ̆̅̃̅̐̓̕ ˨˦̈ ˿ ̋˿́̈˿̇̊˼̖̉̈ ̄˷ 
˾̄˷̎˼̄˿˿ 400 ˙. ˨˦˺ ̅˸˼̈̆˼̎˿˹˷˼̉ ̉̅́ ˹̅˾˸̊˽-

˻˼̄˿̖ А˚˛˦. ˙ ̈̉˷̉̅̇˼ ˺˼̄˼̇˷̉̅̇˷ ˹̅˾˸̊˽˻˷-
˼̖̉̈ ̉̇˼̌̋˷˾̄̅˼ ̈˸˷̂˷̄̈˿̇̅˹˷̄̄̅˼ ̄˷̖̆̇˽˼-
̄˿˼, ́̅̉̅̇̅˼ ˿̈̆̅̂̓˾̅˹˷̄̅ ˻̖̂ ̈˿̄̌̇̅̄˿˾˷̍˿˿ 

̈ ̈˼̉̓̕. ˥̆̅̇̄̒̀ ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅̃˼̄̉ 
А˚˛˦ ̇˷˹̖̄˼̖̉̈ ̄̊̂̕, ˿ ̉̅˺˻˷ ̃̅̐̄̅̈̉̓, 

̆̇̅˿˾˹˼˻˼̄̄˷̖ ˿̂˿ ̆̅̂̊̎˼̄̄˷̖ ̈˼̉̓̕, ̉˷́˽˼ 
̇˷˹̖̄˼̖̉̈ ̄̊̂̕.  

˙̅ ˹̇˼̖̃ ̊̈́̅̇˼̄˿̖ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇˷ ˺˼-
̄˼̇˷̉̅̇˷, ̅˸˷ ̄˷̖̆̇˽˼̄˿̖ ˿ ̎˷̈̉̅̉˷ ̈̉˷̉̅̇˷ 

̇˼˺̊̂˿̖̇̊̉̈̕ ̆̊̉ё̃ ˨˦˺. ˨˿̄̌̇̅̄˿˾˷̍˿̖ 

˻̅̈̉˿˺˷˼̖̉̈ ˹ ̈̂̊̎˷˼, ́̅˺˻˷ ̄˷̖̆̇˽˼̄˿˼ ̈̉˷-

̉̅̇˷, ̎˷̈̉̅̉˷ ˿ ̊˺̂̒ ̈˻˹˿˺˷ ̋˷˾ ̈̅˹̆˷˻˷̉̕ ̈ 

̉˷́˿̃˿ ˽˼ ̆˷̇˷̃˼̉̇˷̃˿, ̎̉̅ ˿ ̊ ̈˼̉˿. ˦̇˿ 

˻̅̈̉˿˽˼̄˿˿ ̊̈̂̅˹˿̀ ̈˿̄̌̇̅̄˿˾˷̍˿˿ ̆˼̇˼-
́̂̎̕˷̉˼̂̓ ˹́̂̎̕˷˼̖̉̈ (̆̇˿ t = 6 ̈˼́) ˿ А˚˛˦ 

̈̅˼˻˿̖̄˼̖̉̈ ̈ ̈˼̉̓̕. К˷́ ̉̅̂̓́̅ А˚˛˦ ̆̅˻-

́̂̎̕˼̄ ́ ̈˼̉˿, ̅̆̅̇̄̒̀ ̃˼̌˷̄˿̎˼̈́˿̀ ̃̅-

̃˼̄̉ ̊˹˼̂˿̎˿˹˷˼̖̉̈ ̅̉ ̖̄̊̂ ˻̅ ˾̄˷̎˼̄˿̖, ˺˼-

̄˼̇˿̇̊˼̃̅˺̅ ˷̂˺̅̇˿̉̃̅̃ MPPT ˹ ̈̅̅̉˹˼̉̈̉-
˹˿˿ ̈ ˹̒˸̇˷̄̄̅̀ ̈́̅̇̅̈̉̓̕ ˹˼̉̇˷. ˣ̅˽̄̅ 

̅̉̃˼̉˿̉̓ ̈̂˼˻̊̐̕˿˼ ̆̊̄́̉̒ ̆̇˿ ̃̅˻˼̂˿̇̅-

˹˷̄˿˿ ̇˼˽˿̃̅˹ ̇˷˸̅̉̒ ˙Э˪: 

1. ˦̇˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ 11,6 ̃/̈ (̇˿̈. 10) 

˿ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˷̂˺̅̇˿̉̃̅̃ ˣ˧˧˩ ̊˺̂̅˹˷̖ 

̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷ ˻̅̈̉˿˺˷˼̉  
̈˿̄̌̇̅̄̄̅̀ ̎˷̈̉̅̉̒ ̆̇˿ t = 18 ̈˼́ (̃ ˺ =  

= ̈ = 1 ̅.˼.) (̇˿̈. 11). ˩˷́˿̃ ̅˸̇˷˾̅̃, ̃̅̐-

̄̅̈̉̓ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ (Np = 0) ˿ ̃̅̐̄̅̈̉̓ 

̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ˹ ̔̉̅̃ ̈̂̊̎˷˼ ̇˷˹̖̖̄̉̈̕ 

̅˸̐˼̀ ̃̅̐̄̅̈̉˿, ̆̅˻˷˹˷˼̃̅̀ ˹ ̈˼̉̓  

(Nc = N̈˼̉̓  1 ˣ˙̉) (̇˿̈. 12). ˩˷́̅̀ ̇˼˽˿̃ 

̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ ̈˿̄̌̇̅̄̄̒̀ ̇˼˽˿̃ ̇˷˸̅-

̉̒ А˚˛˦. 

2. ˦̇˿ ̄̅̃˿̄˷̂̓̄̅̀ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ 

13 ̃/̈ (̇˿̈. 10) ˿ ˹ ̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˷̂˺̅̇˿̉-
̃̅̃ ˣ˧˧˩ ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷-

̉̅̇˷ ̇˷˹̖̄˼̖̉̈ ̄̅̃˿̄˷̂̓̄̅̀ ̆̇˿ t = 30 ̈˼́ 

(̃ ˺ = ̃ ˺ ̄̅̃ = 1,15 ̅.˼.) (̇˿̈. 11). ˩˷́˿̃ ̅˸-

̇˷˾̅̃, ̃̅̐̄̅̈̉̓ ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷  

Np  200 ́˙̉ (̅̉̇˿̍˷̉˼̂̓̄̅˼ ˾̄˷̎˼̄˿˼ ̄˷ ̇˿-

̈̊̄́˼ ̅˾̄˷̎˷˼̉, ̎̉̅ ̃̅̐̄̅̈̉̓ ̆̅˻˷˼̖̉̈ ˹ 

̈˼̉̓) ˿ ̃̅̐̄̅̈̉̓, ̆̅˻˷˹˷˼̃˷̖ ˹ ̈˼̉̓, ˹ ̔̉̅̃ 

̈̂̊̎˷˼ ̇˷˹̖̄˼̖̉̈ ̈̊̃̃˼ ̃̅̐̄̅̈̉˿ ̈̉˷̉̅̇˷ ˿ 

̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ (N̈˼̉̓ = Nc + Np = 1,5 ˣ˙̉) 

(̈̃. ̇˿̈. 12). ˩˷́̅̀ ̇˼˽˿̃ – ̈˹˼̇̌̈˿̄̌̇̅̄-

̄̒̀ ̇˼˽˿̃ ̇˷˸̅̉̒ А˚˛˦. 
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˧˿̈. 10. ˨́̅̇̅̈̉̓ ˹˼̉̇˷ 
Fig. 10. Wind speed 

 

 
 

˧˿̈. 11. ˪˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷ 
Fig. 11. The angular rotation speed of the generator 

 

 
 

˧˿̈. 12. ˣ̅̐̄̅̈̉̓ ̈̉˷̉̅̇˷, ̇̅̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ˿ ̈˼̉˿ 

Fig. 12. Stator, rotor and grid powers 
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ǎоǻǯоǳǴǾ ǳǴǢǴоǲǢ, ǲоǴоǲǢ ǥǧǯǧǲǢǴоǲǢ Ǫ ǳǧǴǪ  

ǱǲǪ ǪǩмǧǯǧǯǪǪ ǳǬоǲоǳǴǪ ǤǧǴǲǢ Ǫ ǵǥǭоǤоǫ ǹǢǳǴоǴǽ ǤǲǢǻǧǯǪȁ ǥǧǯǧǲǢǴоǲǢ 

Stator, rotor and grid powers when changing the wind speed and the angular rotation speed of the generator 

˨́̅̇̅̈̉̓ 

˹˼̉̇˷ (̃/̈) 

˪˺̂̅˹˷̖ ̎˷̈̉̅̉˷ 
˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷ 

̃ ˺, ̅.˼. 

Ć̅̂̓˽˼̄˿˼
s 

ˣ̅̐̄̅̈̉̓ ̈̉˷̉̅̇˷
˺˼̄˼̇˷̉̅̇˷  Nc 

ˣ̅̐̄̅̈̉̓ ̇̅̉̅̇˷ 
˺˼̄˼̇˷̉̅̇˷ Np 

ˣ̅̐̄̅̈̉̓ ̈˼̉˿ 

N̈˼̉̓ 

́˙̉ ̅.˼. ́˙̉ ̅.˼. ́˙̉ ̅.˼. 

13 1,15 –0,15 1300 0,87 200 0,13 1500 1 

11,6 1 0 1000 0,67 0 0 1000 0,67 

10,2 0,9 0,1 824 0,55 –84 –0,056 740 0,49 

9 0,8 0,2 630 0,42 –130 –0,086 500 0,33 

7,4 0.67 0,33 435 0,289 –155 –0,103 280 0,186 

 

 
 

˧˿̈. 13. ˪˺̅̂ ˷̉˷́˿ 

Fig. 13. Pitch angle 
 

3. ˦̇˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ 9 ̃/̈ (̈̃. ̇˿̈. 10) ˿ ˹ 

̈̅̅̉˹˼̉̈̉˹˿˿ ̈ ˷̂˺̅̇˿̉̃̅̃ ˣ˧˧˩ ̊˺̂̅˹˷̖ ̎˷̈-
̉̅̉˷ ˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷̉̅̇˷ ̃˼̄̓̏˼, ̎˼̃ ̈˿̄-

̌̇̅̄̄˷̖ ̆̇˿ t = 50 ̈˼́ (̃ ˺ = 0,8 ̅.˼. < ̈) 

(̈̃. ̇˿̈. 11). ˩˷́˿̃ ̅˸̇˷˾̅̃, ̃̅̐̄̅̈̉̓ ̇̅̉̅̇˷ 
˺˼̄˼̇˷̉̅̇˷ Np  130 ́˙̉ (̆̅̂̅˽˿̉˼̂̓̄̅˼ ˾̄˷̎˼-
̄˿˼ ̄˷ ̇˿̈̊̄́˼ ̅˾̄˷̎˷˼̉, ̎̉̅ ̃̅̐̄̅̈̉̓ ̆̇˿̄˿-

̃˷˼̖̉̈ ̅̉ ̈˼̉˿), ˿ ̃̅̐̄̅̈̉̓, ̆̅˻˷˹˷˼̃˷̖ ˹ ̈˼̉̓, 
˹ ̔̉̅̃ ̈̂̊̎˷˼ ̇˷˹̖̄˼̖̉̈ ̇˷˾̄̅̈̉˿ ̃̅̐̄̅̈̉˿ 

̈̉˷̉̅̇˷ ˺˼̄˼̇˷̉̅̇˷ ˿ ̃̅̐̄̅̈̉˿ ̇̅̉̅̇˷ (N̈˼̉̓ =  

= Nc – Np = 0,5 ˣ˙̉) (̈̃. ̇˿̈. 12). ˩˷́̅̀ ̇˼-
˽˿̃ – ̆̅˻̈˿̄̌̇̅̄̄̒̀ ̇˼˽˿̃ ̇˷˸̅̉̒ А˚˛˦. 

4. ˦̅̉̅́˿ ̃̅̐̄̅̈̉˿, ̆̇˼˻̈̉˷˹̂˼̄̄̒˼ ˹ 

̉˷˸̂˿̍˼, ̆̅́˷˾̒˹˷̉̕, ̎̉̅ ̃̅̐̄̅̈̉˿ ̇̅̉̅̇˷ ˿ 

̈̉˷̉̅̇˷ ˿˾̃˼̖̖̄̉̈̕ ̆̇˿ ˿˾̃˼̄˼̄˿˿ ̈́̅̂̓˽˼-
̄˿̖ ̅̉ ̆̅˻̈˿̄̌̇̅̄̄̅˺̅ ̇˼˽˿̃˷ ̇˷˸̅̉̒ ˻̅ 

̈˹˼̇̌̈˿̄̌̇̅̄̄̅˺̅. ˙ ̆̇̅̍˼̈̈˼ ˿˾̃˼̄˼̄˿̖ ̈́̅-

̇̅̈̉˿ ˹˼̉̇˷ ̊˺̂̅˹˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ˺˼̄˼̇˷-
̉̅̇˷ ˻̅̂˽̄˷ ˿˾̃˼̖̖̄̉̓̈, ̎̉̅˸̒ ̅̉̈̂˼˽˿˹˷̉̓ 
̃˷́̈˿̃˷̂̓̄̒˼ ̉̅̎́˿ ̃̅̐̄̅̈̉˿ (MPPT). ˩˷-
́˿̃ ̅˸̇˷˾̅̃, ̈́̅̂̓˽˼̄˿˼ s ̈̅̅̉̄˼̈˼̄̅ ̈̅ ̈́̅-

̇̅̈̉̓̕ ˹˼̉̇˷. ˙ ̇˷̈̈̃̅̉̇˼̄̄̅̃ ̈̂̊̎˷˼ ̈́̅̂̓-
˽˼̄˿˼, ̇˷˹̄̅˼ –0,15, ̆̇̅˿̈̌̅˻˿̉ ̆̇˿ ̄̅̃˿-

̄˷̂̓̄̅̀ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ (13 ̃/̈). ˙ ̆̇̅̍˼̈̈˼ 
̆˷˻˼̄˿̖ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ ̈́̅̂̓˽˼̄˿˼ ˻̅̂˽̄̅ 

̊˹˼̂˿̎˿̖̉̓̈; ˹ ̄˷̏˼̃ ̈̂̊̎˷˼ ̅̄̅ ˿̃˼˼̉ ̃˷́̈˿-

̃˷̂̓̄̅˼ ˾̄˷̎˼̄˿˼, ̇˷˹̄̅˼ 0,33. ˩˷́˿̃ ̅˸̇˷˾̅̃, 

̇˷̈̈̃̅̉̇˼̄̄˷̖ ˙Э˪ ̈ А˚˛˦ ̆̅˾˹̖̅̂˼̉ ̇˼˺̊̂˿-

̇̅˹˷̉̓ ̎˷̈̉̅̉̊ ˹̇˷̐˼̄˿̖ ̃ ˺ ̅̉ 0,67 ˻̅ 1,15 ̅.˼. 
˿ ̔̋̋˼́̉˿˹̄̅ ̆̇˼̅˸̇˷˾̅˹̒˹˷̉̓ ̔̄˼̇˺˿̕ ˹˼̉̇˷.  

5. ˦̇˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷ ˹̒̏˼ ̄̅̃˿̄˷̂̓̄̅˺̅ 

˾̄˷̎˼̄˿̖ (18 ̃/c) ˹ ̃̅̃˼̄̉ t = 32 ̈˼́ (̈̃. ̇˿̈. 10) 

̆̇̅˿̈̌̅˻˿̉ ̇˼˾́̅˼ ̊˹˼̂˿̎˼̄˿˼ ̃̅̐̄̅̈̉˿ ̈˹˼̇̌ 
̄̅̃˿̄˷̂̓̄̅˺̅ ˾̄˷̎˼̄˿̖. ˥˻̄˷́̅ ˾˷ ̈̎˼̉ ˹́̂̎̕˼-
̄˿̖ ̈˿̈̉˼̃̒ ̊̆̇˷˹̂˼̄˿̖ ̆̅̂̅˽˼̄˿˼̃ ̂̅̆˷̈̉˼̀ 

(̊˺̂̅̃ β) ̆̇̅˿̈̌̅˻˿̉ ̇˼˺̊̂˿̇̅˹˷̄˿˼ ̊˺̂˷ ˷̉˷́˿ ˹ 
˻˿˷̆˷˾̅̄˼ ̅̉ 0 ˻̅ 19 ˺̇˷˻̊̈̅˹ (̇˿̈. 13). 

6. ˙̅ ˹̈˼̌ ̈̂̊̎˷̖̌ ˿ ̇˼˽˿̃˷̌ ̇˷˸̅̉̒ ̇˼˷́-

̉˿˹̄˷̖ ̃̅̐̄̅̈̉̓ ̈˼̉˿ ̇˷˹̖̄˼̖̉̈ ̆̅̎̉˿ ̄̊̂̕ 

(̇˿̈. 14), ̄˷̖̆̇˽˼̄˿˼ ̖̆̅̈̉̅̄̄̅˺̅ ̉̅́˷ 

̊̆̇˷˹̖̂˼̖̉̈ ̈ ̆̅̃̅̐̓̕ ˨˦̈ ˿ ̋˿́̈˿̇̊˼̖̉̈ ̄˷ 
˾̄˷̎˼̄˿˿ 400 ˙ (̇˿̈. 15). 
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˧˿̈. 14. А́̉˿˹̄˷̖ ˿ ̇˼˷́̉˿˹̄˷̖ ̃̅̐̄̅̈̉˿ ̈˼̉˿ 

Fig. 14. Active and reactive grid power 

 

 
 

˧˿̈. 15. ˤ˷̖̆̇˽˼̄˿˼ ̖̆̅̈̉̅̄̄̅˺̅ ̉̅́˷ 
Fig. 15. DC link voltage 

 

ǉǢǬǭȀǹǧǯǪǧ 

˙ ̇˷˸̅̉˼ ˿̈̈̂˼˻̅˹˷̄̒ ̆̇˿̄̍˿̆̒ ˿ ̇˼˽˿̃̒ 

̇˷˸̅̉̒ ̈˼̉˼˹̅̀ ˙Э˪ ̈ ˷̈˿̄̌̇̅̄̄̒̃ ˺˼̄˼̇˷̉̅-

̇̅̃ ˻˹̅̀̄̅˺̅ ̆˿̉˷̄˿̖. ˦̇̅˹˼˻˼̄̅ ˿̃˿̉˷̍˿̅̄-

̄̅˼ ̃̅˻˼̂˿̇̅˹˷̄˿˼ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦ ˹ ̈̇˼-
˻˼ MATLAB Simulink ˿ ˿̈̈̂˼˻̅˹˷̄̒ ̈˹˼̇̌̈˿̄-

̌̇̅̄̄̒̀ ˿ ̆̅˻̈˿̄̌̇̅̄̄̒̀ ̇˼˽˿̃̒ ˼˼ ̇˷˸̅̉̒ 

̆̇˿ ˿˾̃˼̄˼̄˿˿ ̈́̅̇̅̈̉˿ ˹˼̉̇˷. ˛̖̂ ̔̉̅˺̅ ˸̒̂˿ 

̇˷˾̇˷˸̅̉˷̄̒ ̃̅˻˼̂˿ (̆̅˻̈˿̈̉˼̃̒) ˹̈˼̌ ̔̂˼̃˼̄-

̉̅˹ ̈˿̈̉˼̃̒ ̈ ̆̅̃̅̐̓̕ ˺̅̉̅˹̒̌ ˿ ˻̅̆̅̂̄˿-

̉˼̂̓̄̅ ̈̅˾˻˷̄̄̒̌ ̆̅˻̈˿̈̉˼̃. Ӥ̆̅̂̓˾̅˹˷̄̅ 

̅̇˿˼̄̉˿̇̅˹˷̄̄̅˼ ̊̆̇˷˹̂˼̄˿˼ ̆̅ ˹˼́̉̅̇̊ ̄˷-

̖̆̇˽˼̄˿̖ ̈̉˷̉̅̇˷ ˻̖̂ ̊̆̇˷˹̂˼̄˿̖ ̈˿̂̅˹̒̃ 

̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼̃ ˺˼̄˼̇˷̉̅̇˷ ˿ ̅̇˿˼̄̉˿̇̅˹˷̄-

̄̅˼ ̊̆̇˷˹̂˼̄˿˼ ̆̅ ˹˼́̉̅̇̊ ̄˷̖̆̇˽˼̄˿̖ ̈˼̉˿ 

˻̖̂ ̊̆̇˷˹̂˼̄˿̖ ̈˿̂̅˹̒̃ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂˼̃ ̈˼-
̉˿. К̅̃̆̓̉̕˼̇̄̅˼ ̃̅˻˼̂˿̇̅˹˷̄˿˼ ̆̅˾˹̖̅̂˼̉ 
˿̈̈̂˼˻̅˹˷̉̓ ̈̉˷̍˿̅̄˷̇̄̒˼ ˿ ˻˿̄˷̃˿̎˼̈́˿˼ ̌˷-
̇˷́̉˼̇˿̈̉˿́˿ ̈˼̉˼˹̅̀ ˙Э˪ ̈ А˚˛˦. ˧˼˾̊̂̓̉˷̉̒ 

˿̈̈̂˼˻̅˹˷̄˿̀ ̆̅́˷˾˷̂˿, ̎̉̅ ̆̇˿ ˿˾̃˼̄˼̄˿˿ 

̈́̅̂̓˽˼̄˿̖ ̅̉ ̆̅˻̈˿̄̌̇̅̄̄̅˺̅ ̇˼˽˿̃˷ (+0,33) 

˻̅ ̈˹˼̇̌̈˿̄̌̇̅̄̄̅˺̅ ̇˼˽˿̃˷ (–0,15) ̇˷̈̈̃̅̉-
̇˼̄̄˷̖ ˙Э˪ ̈ А˚˛˦ ̆̅˾˹̖̅̂˼̉ ̇˼˺̊̂˿̇̅˹˷̉̓ 
̎˷̈̉̅̉̊ ˹̇˷̐˼̄˿̖ ̃ ˺ ̅̉ 0,67 ˻̅ 1,15 ̅.˼. ˿ ̔̋-

̋˼́̉˿˹̄̅ ̆̇˼̅˸̇˷˾̅˹̒˹˷̉̓ ̔̄˼̇˺˿̕ ˹˼̉̇˷.  
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