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̌̇̅̄̄̒̌ ́̅̃̆˼̄̈˷̉̅̇̅˹ ̄˼˸̅̂̓̏̅̀ ̃̅̐̄̅̈̉˿ ˻̖̂ ̆̅˹̒̏˼̄˿̖ ̈̉˷̉˿̎˼̈́̅̀ ̊̈̉̅̀̎˿˹̅̈̉˿. ˧˷̈-
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Энергетика и электротехника

ВǤǧǦǧǯǪǧ 

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

̆˼̇˼˻˷̎˿ ˿ ̅˸̑˼˻˿̄˼̄˿̖ ̔̄˼̇˺˼̉˿̎˼̈́˿̌ ̈˿̈̉˼̃ 

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

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

̄˷̖̆̇˽˼̄˿  ̖  ˹̆̇̅̃˼˽̊̉̅̎̄̒̌ ̉̅̎́˷̌ ̂˿̄˿  ˿[1, 2]. 

В К˿̉˷˼ ̅̈̉̇̅ ˹̈̉˷̂ ˹̅̆̇̅̈ ̅ ̇˷̈̏˿̇˼̄˿˿ 

˺˼̄˼̇˷̍˿˿ ̔̂˼́̉̇˿̎˼̈́̅̀ ̔̄˼̇˺˿˿. К 2020 ˺̅˻̊ 
̆̂˷̄˿̇̊˼̖̉̈ ̊˹˼̂˿̎˿̉̓ ̊̈̉˷̄̅˹̂˼̄̄̊̕ ̃̅̐-

̄̅̈̉̓ c 1000 ˻̅ 1900 ˚В̉, ˿˾ ́̅̉̅̇̒̌ 160 ˚В̉ 
˸̊˻̊̉ ˹̒̇˷˸˷̉̒˹˷̖̉̓̈ ˹˼̖̉̇̄̒̃˿ ˿ 30 ˚В̉ ̈̅̂-

̄˼̎̄̒̃˿ ̔̂˼́̉̇̅̈̉˷̄̍˿̖̃˿. ˥˻̄˷́̅ ˹́̂˷˻ 

̊˺̅̂̓̄̒̌ ̈̉˷̄̍˿̀ ̅̈̉˷̄˼̖̉̈ ˹̒̈̅́˿̃ [3]. ˦̇˿ 

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

̎˷̈̉̓ ̆̅̉̇˼˸˿̉˼̂˼̀ ̔̂˼́̉̇̅̔̄˼̇˺˿˿ ̄˷̌̅˻˿̖̉̈ 

˹˻̅̂̓ ̆̅˸˼̇˼˽̖̓ (̇˿̈. 1). ˦̅̔̉̅̃̊ ˹ ̇˷˹̄̅̀ ̈̉˼-
̆˼̄˿ ̇˷̈̈̃˷̉̇˿˹˷̖̉̈̕ ˹˷̇˿˷̄̉̒ ̈̉̇̅˿̉˼̂̓̈̉˹˷ 
̂˿̄˿̀ ̖̆̅̈̉̅̄̄̅˺̅ (±800 ˿ 1100 ́В) ˿ ̆˼̇˼̃˼̄-

̄̅˺̅ (1000 ˿ 1200 ́В) ̉̅́˷ [4]. 

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

́˷ ̄˼ ̉̇˼˸̊˼̖̉̈ ̊̈̉˷̄̅˹́˷ ̊̈̉̇̅̀̈̉˹ ́̅̃̆˼̄̈˷-
̍˿˿ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ ̄˷ ̂˿̄˿̖̌. ˥˻̄˷́̅ 

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

̉̅́˷ ˹ ̖̆̅̈̉̅̄̄̒̀ ˿ ̅˸̇˷̉̄̅ ̈ ̅˸˼˿̌ ̈̉̅̇̅̄ 

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

̄̅̀ ̃̅̐̄̅̈̉˿ [5]. К̇̅̃˼ ̉̅˺̅, ˾˷̉̇˷̉̒ ̄˷ ̊̈̉˷-
̄̅˹́̊ ˿ ̅˸̈̂̊˽˿˹˷̄˿˼ ̆̇˼̅˸̇˷˾̅˹˷̉˼̂̓̄̒̌ 
̊̈̉̇̅̀̈̉˹ ̅́˷˾̒˹˷̖̉̈̕ ̈̇˷˹̄˿̃̒̃˿ ̈ ˾˷̉̇˷̉˷-
̃˿ ̄˷ ̈̅̅̇̊˽˼̄˿˼ ̂˿̄˿̀. ˦̅̈̉˼̆˼̄̄̅˼ ̇˷˾˹˿-

̉˿˼ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿ ˹ К˿̉˷˼ ̆̇˼˻̆̅̂˷˺˷˼̉ ̆̅-

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

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

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

˺̅ ̉̅́˷ ̈̉˷̄̅˹˿̖̉̈ ˸̅̂˼˼ ̆̇˼˻̆̅̎̉˿̉˼̂̓̄̒̃. 

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

̃̅̐̄̅̈̉˿ ˿ ̊̂̊̎̏˼̄˿̖ ̊̈̂̅˹˿̀ ̈̉˷̉˿̎˼̈́̅̀ 

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

̈˿̄̌̇̅̄̄̒˼ ́̅̃̆˼̄̈˷̉̅̇̒ (˨К) ̄˼˸̅̂̓̏̅̀ 

̃̅̐̄̅̈̉˿ ˹ ˻̅̆̅̂̄˼̄˿˼ ́ ̊̆̇˷˹̖̂˼̃̒̃ ̏̊̄-

̉˿̇̊̐̕˿̃ ̇˼˷́̉̅̇˷̃ (˪˯˧). ˨˿̄̌̇̅̄̄̒̀ 

́̅̃̆˼̄̈˷̉̅̇, ̊̈̉˷̄̅˹̂˼̄̄̒̀ ̄˷ ̂˿̄˿˿, ˹ 

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

̄̅̃˿̄˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿ ̈̅̈̉˷˹̖̂˼̉ ̖̆̅̇˻́˷ 
3–5 % ̅̉ ̃̅̐̄̅̈̉˿ ˺˼̄˼̇˷̉̅̇˷ [6].  

˨̅˹̃˼̈̉̄̅˼ ̆̇˿̃˼̄˼̄˿  ˼̈˿̄̌̇̅̄̄̒̌ ́̅̃̆˼̄-

̈˷̉̅̇̅  ˹ ̅˺̇˷̄˿̎˼̄̄̅  ̀ ̃̅̐̄̅̈̉  ˿  ˿ ̃̅̐̄̒  ̌

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

̆˼̇˼̃˼̄̄̅˺  ̅ ̉̅́˷. ˨̉̅˿  ̉̅̉̃˼̉˿̉̓, ̎̉  ̅˹̒̆̅̂̄˼-
̄˿  ˼̈̌˼̃  ̒  ̈̆˷̇˷̂̂˼̂̓̄̅  ̀̇˷˸̅̉̅  ̀˻˹̊̌ ̊̆̇˷˹̖̂˼-
̃̒  ̌́̅̃̆˼̄̈˿̇̊̐̕˿̌ ̊̈̉̇̅̀̈̉  ˹– ˨К  ˿˪˯  ˧– 

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

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

̃˷̂̅  ̀ ̈̉̅˿̃̅̈̉  ˿ ̊̈̉˷̄̅˹́  ˿  ˿ ̄˼˸̅̂̓̏̅  ̀ ̄̅̃˿-

̄˷̂̓̄̅  ̀ ̃̅̐̄̅̈̉  ˿ ˨К,  ˷ ˿  ̌ ̈̅˹̃˼̈̉̄˷  ̖ ̇˷˸̅̉  ˷

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

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

̃˷̃  ˿˺ ˿˸́˿  ̃[7, 8]. 

˥̈̄̅˹̄̅̀ ̍˼̂̓̕ ̄˷̏˼̀ ̇˷˸̅̉̒ ̖˹̖̂˼̖̉̈ ˿̈-
̈̂˼˻̅˹˷̄˿˼ ̆̇˿̃˼̄˼̄˿̖ ̊̆̇˷˹̖̂˼̃̒̌ ̊̈̉̇̅̀̈̉˹ 
̆̅̆˼̇˼̎̄̅̀ ́̅̃̆˼̄̈˷̍˿˿ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ 

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

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

̊̈̉̅̀̎˿˹̅̈̉˿ ̈˹˼̇̌˻˷̂̓̄˿̌ ̂˿̄˿̀ ̔̂˼́̉̇̅̆˼̇˼-
˻˷̎˿ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷ ˻̂˿̄̅̀ ˻̅ 4000 ́̃. 

˦̇˿ ̔̉̅̃ ̇˼̏˷̖̉̈̕ ̈̂˼˻̊̐̕˿˼ ˾˷˻˷̎˿: 

1) ˷̄˷̂˿˾ ̊̈̉˷̄̅˹˿˹̏˿̖̌̈ ̇˼˽˿̃̅˹ ̂˿̄˿˿ 

̔̂˼́̉̇̅̆˼̇˼˻˷̎˿ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷; ̅̆̇˼-
˻˼̂˼̄˿˼ ̆̇˼˻˼̂̓̄̒̌ ̆˼̇˼˻˷˹˷˼̃̒̌ ̃̅̐̄̅̈̉˼̀; 

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

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

̖̂˼̃̅̀ ̆̅̆˼̇˼̎̄̅̀ ́̅̃̆˼̄̈˷̍˿˿;  

2) ˿̈̈̂˼˻̅˹˷̄˿˼ ̈̉˷̉˿̎˼̈́̅̀ ̊̈̉̅̀̎˿˹̅̈̉˿ 

̂˿̄˿˿ ̔̂˼́̉̇̅̆˼̇˼˻˷̎˿ ˹ ̏˿̇̅́̅̃ ˻˿˷̆˷˾̅̄˼ 
̇˼˽˿̃̅˹: ̅̉ ̌̅̂̅̈̉̅˺̅ ̌̅˻˷ ˻̅ ̇˼˽˿̃˷ ̆˼̇˼˻˷-
̎˿ ̄˷̉̊̇˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿; ˷̄˷̂˿˾ ̈̅˹̃˼̈̉̄̅̀ 

̇˷˸̅̉̒ ̈̉˷̉˿̎˼̈́˿̌ ̉˿̇˿̈̉̅̇̄̒̌ ˿ ̈˿̄̌̇̅̄-

̄̒̌ ́̅̃̆˼̄̈˷̉̅̇̅˹ (˨˩К/˨К) ˹ ̈̅̈̉˷˹˼ ̇˷˾-
̂˿̎̄̒̌ ̈̌˼̃ ́̅̃̆˼̄̈˷̍˿˿ ̆˷̇˷̃˼̉̇̅˹ ̂˿̄˿̀; 
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˧˿̈. 1. ˦̂˷̄ ̇˷˾˹˿̉˿̖ ̈˼̉˼̀ ̈˹˼̇̌˹̒̈̅́̅˺̅ ̄˷̖̆̇˽˼̄˿̖ ˹ К˿̉˷˼ ̄˷ 2020 ˺̅˻ 

Fig. 1. Development of ultra-high voltage networks in China to 2020 
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˧˿̈. 2. ˪̆̇̅̐˼̄̄˷̖ ̈̌˼̃˷ ̔̂˼́̉̇̅̆˼̇˼˻˷̎˿ ̈ ̅˻̄˿̃ ̈˿̄̌̇̅̄̄̒̃ ́̅̃̆˼̄̈˷̉̅̇̅̃ 

Fig. 2. Simplified diagram of transmission system with one synchronous condenser 

 
3) ̅̆̇˼˻˼̂˼̄˿˼ ̉̇˼˸̅˹˷̄˿̀ ́ ̈̉̇̊́̉̊̇˼ ˷˹-

̉̅̃˷̉˿̎˼̈́˿̌ ̇˼˺̖̊̂̉̅̇̅˹ ̊̈̉̇̅̀̈̉˹ ̆̅-

̆˼̇˼̎̄̅̀ ́̅̃̆˼̄̈˷̍˿˿, ̊̈̉˷̄̅˹̂˼̄̄̒̌ ˹ 

̆̇̅̃˼˽̊̉̅̎̄̒̌ ̉̅̎́˷̌ ̔̂˼́̉̇̅̆˼̇˼˻˷̎˿, 

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

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

АǯǢǭǪǩ ǲǧǨǪмоǤ Ǫ ǵǳǴоǫǹǪǤоǳǴǪ ǭǪǯǪǪ  

ǿǭǧǬǴǲоǱǧǲǧǦǢǹǪ ǦǭǪǯоǫ 4000 Ǭм  

ǳ оǦǯǪм ǳǪǯǷǲоǯǯǽм ǬомǱǧǯǳǢǴоǲом 

˧˷̈̈̃̅̉̇˿̃ ̂˿̄˿̕ ˻̂˿̄̅̀ 4000 ́̃, ̇˷˾˸˿-

̉̊̕ ̄˷ ˹̅̈˼̃̓ ̊̎˷̈̉́̅˹ ̆̅ 500 ́̃ ́˷˽˻̒̀ 

(̇˿̈. 2). ˧˷̈̎˼̉̄˷̖ ̈̌˼̃˷ ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ 

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

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

̇˼˻˷̎˿ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷ ́̂˷̈̈˷ 1150 ́В,  

̃̅˻˼̂˿̇̊˼̃̊̕ ̍˼̆̅̎̄̅̀ ̈̌˼̃̅̀. ˤ˷̉̊̇˷̂̓-

̄˷̖ ̃̅̐̄̅̈̉̓ ̉˷́̅̀ ̂˿̄˿˿ ̆̇˿ ˿̈̆̅̂̓˾̅˹˷-

̄˿˿ ́̅̃̆˷́̉̄̅̀ ́̅̄̈̉̇̊́̍˿˿ ̈̅̈̉˷˹̖̂˼̉ 
7340 ˣВА. К˷˽˻̒̀ ̊̎˷̈̉̅́ ̍˼̆̅̎̄̅̀ ̈̌˼̃̒ 

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

˾˷̃˼̐˼̄˿̖. В ̊˾̂˷̌ 1–8 ̇˷̈̆̅̂̅˽˼̄̒ ̊̆̇˷˹-

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

̃̅̐̄̅̈̉˿ (˪˯˧ ˿̂˿ ˨˩К; R1–R8), ̈̆̅̈̅˸-

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

̄̊̕ ̃̅̐̄̅̈̉̓ ˹ ̈˼̉̓. В ̊˾̂˼ 5 ̉˷́˽˼ ̄˷̌̅˻˿̉-
̖̈ ̈˿̄̌̇̅̄̄̒̀ ́̅̃̆˼̄̈˷̉̅̇ ̄˼˸̅̂̓̏̅̀ 

̃̅̐̄̅̈̉˿ (SC5), ̆̇˼˻̄˷˾̄˷̎˼̄̄̒̀ ˻̖̂ 

˻˼̃̆̋˿̇̅˹˷̄˿̖ ́̅̂˼˸˷̄˿̀. В ̄̅̇̃˷̂̓̄̅̃ 

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

̇˷˹̄˷ ̄̊̂̕. 

˨˿̄̌̇̅̄̄̒˼ ̃˷̏˿̄̒ ̃̅˻˼̂˿̖̇̊̉̈̕ ̆̅̂-

̄̒̃˿ ̊̇˷˹̄˼̄˿̖̃˿ ˦˷̇́˷–˚̅̇˼˹˷ ˸˼˾ ̊̎˼̉˷ 
˸̒̈̉̇̅̆˼̇˼̌̅˻̄̒̌ ̆̇̅̍˼̈̈̅˹ ˹ ̈̉˷̉̅̇̄̒̌ 

́̅̄̉̊̇˷̌. ˨̉˷̉˿̎˼̈́˿˼ ̊̈̉̇̅̀̈̉˹˷ ́̅̃̆˼̄̈˷-

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

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

̈̅˹ ˹ ̈̉˷̂˿. ˚˼̄˼̇˷̉̅̇ ˿ ̈˿̄̌̇̅̄̄̒̀ ́̅̃-

̆˼̄̈˷̉̅̇ ̅̈̄˷̐˼̄̒ ̈˿̈̉˼̃̅̀ А˧В ̈˿̂̓̄̅˺̅ 

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

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

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

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

̈˹̖˾̖̃˿ ̆̅ ̄˷̖̆̇˽˼̄˿̕, ̎˷̈̉̅̉˼ ˿ ˼˼ ̆̇̅˿˾-
˹̅˻̄̅̀. В ̅˸̐˼̀ ̈̂̅˽̄̅̈̉˿ ́̅̂˿̎˼̈̉˹̅ 

̄˷̈̉̇˷˿˹˷˼̃̒̌ ̆˷̇˷̃˼̉̇̅˹ ̇˷˹̄̅ 32 (̆̅ ̎˼-

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

̌̇̅̄̄̅̃ ́̅̃̆˼̄̈˷̉̅̇˼ ˿ ̆̅ ̉̇˿ ˹ ́˷˽˻̅̃ ˿˾ 
˹̅̈̓̃˿ ˨˩К [9]). 

˦̖̅̇˻̅́ ˷̄˷̂˿˾˷ ̊̈̉̅̀̎˿˹̅̈̉˿ ̈̂˼˻̊̐̕˿̀. 

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

́̅̉̅̇̅̀ ̈ ̆̅̃̅̐̓̕ ̊˺̂̅˹̒̌ ̌˷̇˷́̉˼̇˿̈̉˿́ 

̅̆̇˼˻˼̖̖̂̉̈̕ ̆̅̉̅́˿ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ 

˹˻̅̂̓ ̂˿̄˿˿; ˿˾ ˸˷̂˷̄̈˷ ̆̅ ̇˼˷́̉˿˹̄̅̀ ̃̅̐-

̄̅̈̉˿ ̄˷̌̅˻̖̖̉̈ ̆̇̅˹̅˻˿̃̅̈̉˿ ˨˩К ˹ ̊˾̂˷̌ 1–

8 ̈̌˼̃̒. ˛˷̂˼˼ ˾˷˻˷̖̉̈̕ ˺̇˷̄˿̍̒ ˿˾̃˼̄˼̄˿̖ 

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

̅˸˼̈̆˼̎˿˹˷̐̕˿˼ ̉̇˼˸̊˼̃̒˼ ̄˷̖̆̇˽˼̄˿̖. 

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

̆̅̂̄̊̕ ˻˿̄˷̃˿̎˼̈́̊̕ ̃̅˻˼̂̓ ̔̂˼́̉̇̅̆˼̇˼˻˷-
̎˿, ̈ ̆̅̃̅̐̓̕ ́̅̉̅̇̅̀ ̇˷̈̈̎˿̉̒˹˷̖̉̈̕ ̆˼̇˼-
̌̅˻̄̒˼ ̆̇̅̍˼̈̈̒ ˿ ̅̆̇˼˻˼̖̖̂̉̈̕ ̈̅˸̈̉˹˼̄̄̒˼ 
˾̄˷̎˼̄˿̖ ̃˷̉̇˿̍̒ ̆˼̇˼̃˼̄̄̒̌ ̖̈̅̈̉̅̄˿̖. ˛˷-
̂˼˼ ̈ ̆̅̃̅̐̓̕ ȌȅȒȎȄа ȑȄвȈȃа ȑȎȁȑȒвȅȍȍțȕ ȇȍа-

ȗȅȍȈȉ [6, 10] ̆̇̅˹̅˻˿̖̉̈ ̅̆̉˿̃˿˾˷̍˿̖ ̄˷̈̉̇̅˼́ 

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

̆˼̇˼˻˷̎˿ (˺˼̄˼̇˷̉̅̇, ˹̅̈˼̃̓ ˨˩К ˿ ̈˿̄̌̇̅̄-

̄̒̀ ́̅̃̆˼̄̈˷̉̅̇) ̆̇˿ ˽˼̂˷˼̃̅̀ ̈̉˼̆˼̄˿ ˾˷̉̊-
̌˷̄˿̖ 0, ́̅̉̅̇˷̖ ̆̅ ̊̃̅̂̎˷̄˿̕ ̆̇˿̖̄̉˷ ̇˷˹-

̄̅̀ –3 ̈–1. 

˨ ̆̅̃̅̐̓̕ ̇˷̈̈̃˷̉̇˿˹˷˼̃̅˺̅ ̃˼̉̅˻˷ ̅̆-

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

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

˹̅̀. В ̉˷˸̂. 1 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒: i – 

̄̅̃˼̇ ̊˾̂˷ (̈̃. ̇˿̈. 1); Ui – ̄˷̖̆̇˽˼̄˿̖ ˹ ̊˾-
̂˷̌ 1–9; Bi – ̆̇̅˹̅˻˿̃̅̈̉˿ ˨˩К ˹ ̊˾̂˷̌ 1–8. 

В ̇˼˽˿̃˼ ̆˼̇˼˻˷̎˿ ̃̅̐̄̅̈̉˿ ǰ = 1,02 ̅.˼. 
̈̊̃̃˷̇̄̒̀ ̊˺̅̂ ̄˷ ̆˼̇˼˻˷̎˼ ̇˷˹˼̄ 231,69.  
˛̅̃˿̄˿̇̊̐̕˿˼ ́̅̇̄˿ ̌˷̇˷́̉˼̇˿̈̉˿̎˼̈́̅˺̅ 

̆̅̂˿̄̅̃˷ ˹ ̔̉̅̃ ̇˼˽˿̃˼:  

 –4,4953 ± j19,898;  –3,3387;  –3,0775 ± j1,902;  

  –3,0456 ± j0,0469;  –2,9805 ± j0,1936;   

 –1;  –0,8397;  –0,1198.  

˥̈̄̅˹̄˷̖ ̎˷̈̉̓ ́̅̇̄˼̀, ̅̆̇˼˻˼̖̂̐̕˿̌ ́̅-

̂˼˸˷̉˼̂̓̄̊̕ ̊̈̉̅̀̎˿˹̅̈̉̓, ˿̃˼˼̉ ̈̉˼̆˼̄̓ ˾˷-
̉̊̌˷̄˿̖ 0 = –3 ̈–1, ̎̉̅ ̅˾̄˷̎˷˼̉ ˾˷̉̊̌˷̄˿˼ ̆˼-
̇˼̌̅˻̄̅˺̅ ̆̇̅̍˼̈̈˷ ̆̇˿̃˼̇̄̅ ˾˷ 1 ̈˼́̊̄˻̊. 

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

̄˿˿ (2600 ˣВ˷̇/̊̎˷̈̉̅́); ˹̒˸˼̇˼̃ ˼˼ ˾˷ ̄̅-

̃˿̄˷̂̓̄̊̕ ̃̅̐̄̅̈̉̓ ˨˩К. В ̇˼˽˿̃˼ ̆˼̇˼˻˷-
̎˿ ̃̅̐̄̅̈̉˿ ˹̒̏˼ ̄˷̉̊̇˷̂̓̄̅̀ ˹̒˻˷˹˷˼̃˷̖ 

˨˩К ̇˼˷́̉˿˹̄˷̖ ̃̅̐̄̅̈̉̓ ̄˼ ˻̅̂˽̄˷ ˸̒̉̓ 

˸̅̂̓̏˼ ̄̅̃˿̄˷̂̓̄̅̀. ˩˷́˽˼ ˹ ̇˷˸̅̎˿̌ ̇˼˽˿-

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

̊̈̉̅̀̎˿˹̅̈̉˿ ̄˼ ̃˼̄̓̏˼ 20 %. В̅ ˹̈˼̌ ̆̇˼˻-

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

̉̅̎̄̒̌ ̆̅˻̈̉˷̄̍˿̖̌ ̆̇˿̖̄̉̒ ̇˷˹̄̒̃˿ ̄̅̃˿-

̄˷̂̓̄̅̃̊. 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  1  

ǐǱǴǪмǢǭǾǯǢȁ ǯǢǳǴǲоǫǬǢ ǲǧǥǵǭȁǴоǲоǤ ǯǢ ǱǲǧǦǧǭǾǯǵȀ ǱǧǲǧǦǢǤǢǧмǵȀ моǻǯоǳǴǾ P = 1,02 о.ǧ. 
T a b l e  1  

Optimal settings of control systems for power transmission limit P = 1.02 p.u. 

ˤ̅̃˼̇ 

̊˾̂˷ i Ui, ̅.˼. Bi, ̅.˼. 

ˤ˷̈̉̇̅̀́˿ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ˨˩Кi (KRi), ˺˼̄˼̇˷̉̅̇˷ (KG) 

˿ ̈˿̄̌̇̅̄̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ (KSC) 

̆̅ ́˷̄˷̂̊ ̅̉́̂̅-

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

̆̅ ́˷̄˷̂̊ ̅̉́̂̅-

̄˼̄˿̖ ̎˷̈̉̅̉̒ 

̆̅ ́˷̄˷̂̊ ̆̇̅˿˾-
˹̅˻̄̅̀ ̅̉ ̎˷̈̉̅̉̒

1 1,001 –0,0194 
KG_0u = –6,658 KG_1u = –9,281 KG_0 = 0,019 KG_1 = –0,131

KR1_0u = –99,766 – KR1_0 = 4,05 KR1_1 = –1,379

2 1 0,0236 KR2_0u = –99,701 – KR2_0 = 3,267 KR2_1 = 1,816

3 1,001 0,0223 KR3_0u = –99,811 – KR3_0 = 3,365 KR3_1 = 1,883

4 1 0,0012 KR4_0u = –72,344 – KR4_0 = 3,174 KR4_1 = 0,999

5 1,001 –0,0018 
KR5_0u = –10,199 – KR5_0 = 2,074 KR5_1 = 0,328

KSC_0u = –5,314 KSC_1u = –0,1 KSC_0 = –0,019 KSC_1 = 1,408

6 1,001 –0,0018 KR6_0u = –46,925 – KR6_0 = 2,212 KR6_1 = –1,353

7 1 –0,0258 KR7_0u = –84,797 – KR7_0 = 3,042 KR7_1 = –1,246

8 1 –0,032 KR6_0u = –46,034 – KR6_0 = 2,214 KR6_1 = –1,643

9 1 – – – – –
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˧˿̈. 3. ˟˾̃˼̄˼̄˿˼ ̈̉˼̆˼̄˿ ˾˷̉̊̌˷̄˿̖ ˻̅̃˿̄˿̇̊̐̕˼˺̅ ̖́̅̇̄ ̆̇˿ ̄˷̈̉̇̅̀́˼  
̄˷ ̆˼̇˼˻˷̎̊ ̆̅ ̂˿̄˿˿ ̃̅̐̄̅̈̉˿ P = 1.02 ̅.˼ (1) ˿ ̄˷̈̉̇̅̀́˼ ̄˷ ˻˹˷ ̇˼˽˿̃˷ 0,1 ˿ 1,0 ̅.˼. (2) 

Fig. 3. Change in damping degree for dominant eigenvalue when tuning for power transmission  

of P = 1.02 p.u. (1) and for two operations of 0.1 and 1.0 p.u. (2) 
 

˦̅́˷˽˼̃, ̎̉̅ ˻˷̄̄˷̖ ̄˷̈̉̇̅̀́˷ ̖˹̖̂˼̖̉̈ 

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

̃̅̐̄̅̈̉˿ ̄˿˽˼ ̃˷́̈˿̃˷̂̓̄̅̀. ˟˾̃˼̄˼̄˿˼ 
̈̉˼̆˼̄˿ ˾˷̉̊̌˷̄˿̖ ˻̅̃˿̄˿̇̊̐̕˼˺̅ ̖́̅̇̄ ̆̅-

́˷˾˷̄̅ ̄˷ ̇˿̈. 3 (́̇˿˹˷̖ 1). 

˦̇˿̃˼̄˼̄˿˼ ̋̊̄́̍˿˿ ̅̆̉˿̃˿˾˷̍˿˿ fmincon 

˹ MATLAB ̆̇˼˻̆̅̂˷˺˷˼̉ ˾˷˻˷̄˿˼ ̅˺̇˷̄˿̎˼̄˿̀ 

̄˷ ˹˼̂˿̎˿̄̊ ˿̈́̅̃̒̌ ̆˷̇˷̃˼̉̇̅˹. В ̎˷̈̉̄̅̈̉˿, 

́̅̔̋̋˿̍˿˼̄̉̒ ̆̅ ̅̉́̂̅̄˼̄˿̕ ̄˷̖̆̇˽˼̄˿̖ 

˨˩К KR_0u ˹ ̆̇˼˻̒˻̊̐˿̌ ̇˷̈̎˼̉˷̌ ˹˷̇̓˿̇̅˹˷-
̂˿̈̓ ˹ ˻˿˷̆˷˾̅̄˼ ̅̉ –100 ˻̅ –5. ˟˾ ̉˷˸̂. 1 

˹˿˻̄̅, ̎̉̅ ̄˷ ̄˼̈́̅̂̓́˿̌ ˨˩К ˹˼̂˿̎˿̄̒ ̔̉˿̌ 

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

1

2
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˨ ̊̎˼̉̅̃ ̇˷̈̏˿̇˼̄˿̖ ˻˿˷̆˷˾̅̄˷ ˿˾-
̃˼̄˼̄˿̖ ̄˷̈̉̇̅˼̎̄̒̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅˹˼˻˼̃ 

̅̆̉˿̃˿˾˷̍˿̕ ̆̅ ˻˹̊̃ ̇˼˽˿̃˷̃ – ̃˷̂̅̀ 

̄˷˺̇̊˾́˿ (0,1 ̅.˼.) ˿ ̄˷̉̊̇˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿ 

(1 ̅.˼.). ˧˼˾̊̂̓̉˷̉̒ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 3 

(́̇˿˹˷̖ 2). К̅̇̄˿ ̌˷̇˷́̉˼̇˿̈̉˿̎˼̈́̅˺̅ ̆̅-

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

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

̈̂˼˻̊̐̕˿˼: 

̆̇˿ ǰ = 0 ̅.˼. 

 –4,2436 ± j19,804;  –4,0551;   

 –2,9528 ± j0,0672;  –2,8616; –1;  

 –0,84043; –0,6084; –0,381 ± j2,8152; 

̆̇˿ ǰ = 0,1 ̅.˼. 

 –4,2082 ± j19,808; –3,4521;  

 –2,9613 ± j2,2418;  –2,927 ± j0,7448;  

 –2,9044 ± j1,6285; –2,8619;  

 –1; –0,8405; –0,4932; 

̆̇˿ ǰ = 1,0 ̅.˼. 

 –4,4663; –3,0185 ± j20,798;  

 –3,0131 ± j1,4325; –2,9786 ± j1,094;  

 –2,8631; –1; –0,84063; –0,17988. 

К̅̇̄˿ 1–3 ̄˷ ̇˿̈. 4 ̅̉˹˼̎˷̉̕ ˾˷ ́̅̂˼˸˷-
̉˼̂̓̄̊̕ ̊̈̉̅̀̎˿˹̅̈̉̓, ́̅̇˼̄̓ 4 – ˾˷ ˷̆˼̇˿̅-

˻˿̎˼̈́̊̕. К˷́ ˹˿˻̄̅ (̈̃. ̇˿̈. 3), ̊̈̉̅̀̎˿-

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

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

̌̅˻˷ ˹̈˼ ̇˷˹̄̅ ̅̈̉˷̂˷̈̓ ̄˿˾́̅̀. В̃˼̈̉˼ ̈ ̉˼̃ 

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

˹̅˾˻˼̀̈̉˹˿̀ ̃˼˽˻̊ А˧В ˨˚/˨К ˿ ̈˿̈̉˼̃ ̇˼˺̊-
̂˿̇̅˹˷̄˿̖ ˨˩К ̆̇˿˹˼̂̅ ́ ̉̅̃̊, ̎̉̅ ˹̈˼ ́̅̔̋-

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

̂˼̃̅̃ ˻˿˷̆˷˾̅̄˼ ˾̄˷̎˼̄˿̀.  

ǑоǤǽǺǧǯǪǧ ǱǲǧǦǧǭǢ ǱǧǲǧǦǢǤǢǧмоǫ моǻǯоǳǴǪ  

ǩǢ ǳǹǧǴ ǵǤǧǭǪǹǧǯǪȁ ǹǪǳǭǢ  

Ǫ моǻǯоǳǴǪ ǳǪǯǷǲоǯǯǽǷ ǬомǱǧǯǳǢǴоǲоǤ 

˪˹˼̂˿̎˿̃ ́̅̂˿̎˼̈̉˹̅ ̈˿̄̌̇̅̄̄̒̌ ́̅̃-

̆˼̄̈˷̉̅̇̅˹ ˻̅ ̉̇˼̌, ̊̈̉˷̄̅˹˿˹ ˿̌ ˹ ̉̅̎́˷̌ 3, 5 

˿ 7 (̈̃. ̇˿̈. 2). ˦̇̅˹˼˻˼̃ ̅̆̉˿̃˿˾˷̍˿̕ ̆˷̇˷-
̃˼̉̇̅˹ ̇˼˺̖̊̂̉̅̇̅˹ (̅˸̐˼˼ ˿̌ ̎˿̈̂̅ ˹ ˻˷̄̄̅̃ 

̈̂̊̎˷˼ ̇˷˹̄̅ 40) ˿ ̄˷̀˻˼̃ ̆̇˼˻˼̂̓̄̒̀ ̇˼˽˿̃. 

˧˼˾̊̂̓̉˷̉̒ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 2. ˦̇˼˻˼̂ ̆˼-
̇˼˻˷˹˷˼̃̅̀ ̃̅̐̄̅̈̉˿ ̆̅˹̒̈˿̖̂̈ ˻̅ 1,08 ̅.˼., 
̉. ˼. ̆̇˿̇̅̈̉ ̈̅̈̉˷˹˿̂ ̎̊̉̓ ˸̅̂˼˼ 5 %. ˤ˷ ̇˿̈. 5 

̆̇˼˻̈̉˷˹̂˼̄ ̆˼̇˼̌̅˻̄̒̀ ̆̇̅̍˼̈̈ ̆̇˿ ̃˷̂̅̃ 

̄˷˸̇̅̈˼ ̃̅̐̄̅̈̉˿ (0,005 ̅.˼.), ̆̇˿ ́̅̉̅̇̅̃ 

̊̈̉̅̀̎˿˹̅̈̉̓ ̈̅̌̇˷̖̄˼̖̉̈. 

В ̇˼˽˿̃˼ ̆˼̇˼˻˷̎˿ ̃̅̐̄̅̈̉˿ ǰ = 1,08 ̅.˼. 
̊˺̅̂ ̆̅ ̔̂˼́̉̇̅̆˼̇˼˻˷̎˼ ̇˷˹˼̄  = 243,3, ˷ 

˻̅̃˿̄˿̇̊̐̕˿˼ ́̅̇̄˿ ̌˷̇˷́̉˼̇˿̈̉˿̎˼̈́̅˺̅ 

̆̅̂˿̄̅̃˷ ̈̂˼˻̊̐̕˿˼: 

 –3,8037 ± j18,782;  –3,3619;  –3,015 ± j0,4241;  

 –2,9933 ± j0,9625;  –2,9919 ± j0,7659;  –2,8624;  

 –1;  –0,8432;  –0,2299. 
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˧˿̈. 4. ˟˾̃˼̄˼̄˿˼ ˻̅̃˿̄˿̇̊̐̕˿̌ ́̅̇̄˼̀ ̆̇˿ ̄˷̈̉̇̅̀́˼  
̄˷ ˻˹˷ ̇˼˽˿̃˷ ̆̅ ̆˼̇˼˻˷˹˷˼̃̅̀ ̃̅̐̄̅̈̉˿ 

Fig. 4. Change of dominant eigenvalues when tuning for two operations 
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˩ ˷ ˸ ̂ ˿ ̍ ˷  2  

ǐǱǴǪмǢǭǾǯǢȁ ǯǢǳǴǲоǫǬǢ ǲǧǥǵǭȁǴоǲоǤ ǯǢ ǱǲǧǦǧǭǾǯǵȀ ǱǧǲǧǦǢǤǢǧмǵȀ моǻǯоǳǴǾ P = 1,08 о.ǧ.  
ǳ Ǵǲǧмȁ ǳǪǯǷǲоǯǯǽмǪ ǬомǱǧǯǳǢǴоǲǢмǪ  

T a b l e  2  

Optimal settings of control systems to power transmission limit P=1.08 p.u. with three synchronous condensers 

ˤ̅̃˼̇ 

̊˾̂˷ i 
Ui, ̅.˼. Bi, ̅.˼.

ˤ˷̈̉̇̅̀́˿ ̇˼˺̖̊̂̉̅̇̅˹ ̉̇˼̌ ̈˿̄̌̇̅̄̄̒̌ ́̅̃̆˼̄̈˷̉̅̇̅˹ 

̆̅ ́˷̄˷̂̊ ̅̉́̂̅̄˼-
̄˿̖ ̄˷̖̆̇˽˼̄˿̖ 

̆̅ ́˷̄˷̂̊ ̆̇̅˿˾-
˹̅˻̄̅̀ ̄˷̖̆̇˽˼̄˿̖

̆̅ ́˷̄˷̂̊  
̅̉́̂̅̄˼̄˿̖ ̎˷̈̉̅̉̒ 

̆̅ ́˷̄˷̂̊ ̆̇̅˿˾-
˹̅˻̄̅̀ ̅̉ ̎˷̈̉̅̉̒

1 1,001 0 – – – – 

2 1,001 0,075 – – – – 

3 1,001 0,062 KSC3_0u = –6,439 KSC3_1u = –8,727 KSC3_0 = 1,695 KSC3_1 = –1,661 

4 1,001 0,0488 – – – – 

5 1,001 0,0364 KSC5_0u = –14,556 KSC5_1u = –0,636 KSC5_0 = 4,709 KSC5_1 = 1,545 

6 1,001 0,0247 – – – – 

7 1,001 0,0152 KSC7_0u = –6,877 KSC7_1u = –4,125 KSC7_0 = 4,167 KSC7_1 = –0,418 

8 1 0 – – – – 

9 1,001 0 – – – – 
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˧˿̈. 5. ˦˼̇˼̌̅˻̄̒̀ ̆̇̅̍˼̈̈ ̆̇˿ ̄˷˸̇̅̈˼ ̃̅̐̄̅̈̉˿ 0,005 ̅.˼. ˿˾ ̇˼˽˿̃˷ ̆˼̇˼˻˷̎˿ 1,08 ̅.˼. 
Fig. 5. Angle fluctuations under small disturbance (power step 0,005 p.u.) on maximum power transmission 1,08 p.u. 

 

ˤ˷ ̇˿̈. 5 ̆̇˼˻̈̉˷˹̂˼̄ ̆˼̇˼̌̅˻̄̒̀ ̆̇̅̍˼̈̈ 

̆̇˿ ̃˷̂̅̃ ̄˷˸̇̅̈˼ ̃̅̐̄̅̈̉˿ (0,005 ̅.˼.), ̆̇˿ 

́̅̉̅̇̅̃ ̊̈̉̅̀̎˿˹̅̈̉̓ ̈̅̌̇˷̖̄˼̖̉̈. 

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

́̅̃̆˼̄̈˷̉̅̇̅˹ ˹ ̇˷˾̂˿̎̄̒̌ ̉̅̎́˷̌ ̂˿̄˿˿ 

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

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

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

̎˼̄˿˿ ̊̈̉˷̄̅˹̂˼̄̄̅̀ ̃̅̐̄̅̈̉˿ ˨К ˹˻˹̅˼. 
˧˼˾̊̂̓̉˷̉̒ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 3. ˟˾ ̄˼˼ 

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

̈̉˿ ̈ ̅˻̄˿̃ ˨К ̆̇˿ ̊˹˼̂˿̎˼̄˿˿ ˼˺̅ ̃̅̐̄̅̈̉˿ 
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˹ ˻˹˷ ̇˷˾˷ ̊˹˼̂˿̎˿˹˷˼̖̉̈ ˻̅ 1,06 ̅.˼. В ̉̅ ˹̇˼̖̃ 

́˷́ ̊̈̉˷̄̅˹́˷ ˻˹̊̌ ˨К ˿̈̌̅˻̄̅̀ ̃̅̐̄̅̈̉˿ ˹ 

̉̅̎́˷̌ 4 ˿ 7 ˻˷˼̉ ̊˹˼̂˿̎˼̄˿˼ ̂˿̏̓ ˻̅ 1,04 ̅.˼., 
˷ ̊̈̉˷̄̅˹́˷ ̉̇˼̌ ˨К – ˻̅ 1,08 ̅.˼. ˪˹˼̂˿̎˼̄˿˼ 
̃̅̐̄̅̈̉˿ ˨К ˹ ˻˹˷ ̇˷˾˷ ˻̖̂ ̈̂̊̎˷̖ ̊̈̉˷̄̅˹́˿ 

̉̇˼̌ ˨К ̆̅˾˹̖̅̂˼̉ ˻̅˸˿̖̉̓̈ ̆˼̇˼˻˷˹˷˼̃̅̀ 

̃̅̐̄̅̈̉˿ 1,21 ̅.˼. ˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̇˿ ˻˷̄-

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

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

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

̌̅˻˷ ˻̅ ̄˷̉̊̇˷̂̓̄̅̀ ̃̅̐̄̅̈̉˿. 
 

˩ ˷ ˸ ̂ ˿ ̍ ˷  3  

ǑǲǧǦǧǭǾǯǢȁ моǻǯоǳǴǾ ǭǪǯǪǪ ǱǲǪ ǲǢǩǭǪǹǯǽǷ мǧǳǴǢǷ 

Ǫ моǻǯоǳǴȁǷ ǵǳǴǢǯоǤǬǪ ǓК 

T a b l e  3  

Power transmission limits at various locations  

and capacities of SC installation 

˪˾̂̒  

̊̈̉˷̄̅˹́˿ 

˨К 

˦̇˼˻˼̂̓̄˷̖ ̆˼̇˼˻˷˹˷˼̃˷̖ ̃̅̐̄̅̈̉̓ 

ǰ, ̅.˼., ̆̇˿ ̇˷˾̄̒̌ ̖̃̅̐̄̅̈̉̌ ˨К 

S˨К = 360 ˣВА S˨К = 720 ˣВА 

5 1,02 1,06 

4 ˿ 7 1,04 1,11 

3, 5 ˿ 7 1,08 1,21 
 

ВǭǪȁǯǪǧ ǱоǳǴоȁǯǯǽǷ ǤǲǧмǧǯǪ ǓǔК ǯǢ ǳǴǢǴǪǹǧǳǬǵȀ 

ǵǳǴоǫǹǪǤоǳǴǾ ǦǢǭǾǯǧǫ ǿǭǧǬǴǲоǱǧǲǧǦǢǹǪ 

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

̆̇̅˹̅˻˿̂˷̈̓ ̆̇˿ ̄˼˿˾̃˼̄̄̅̀ ̖̆̅̈̉̅̄̄̅̀ 

˹̇˼̃˼̄˿ ˨˩К, ̇˷˹̄̅̀ 1 ̈˼́̊̄˻˼. ˧˷̈̈̃̅̉̇˿̃ 

̉˼̆˼̇̓ ˹̂˿̖̄˿˼ ̔̉̅̀ ̖̆̅̈̉̅̄̄̅̀ ˹̇˼̃˼̄˿ ̄˷ 
̈̉˷̉˿̎˼̈́̊̕ ̊̈̉̅̀̎˿˹̅̈̉̓ [11, 12]. А̄˷̂˿˾ ˸̊-

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

̂˼̄̄̅̀ ̄˷ ̇˿̈. 2, ̈ ̉̇˼̖̃ ˨К ̃̅̐̄̅̈̉̓̕ 

360 ˣВА ́˷˽˻̒̀ ˿ ̄˷̈̉̇̅˼̄̄̅̀ ̄˷ ̆˼̇˼˻˷˹˷-
˼̃̊̕ ̃̅̐̄̅̈̉̓ 1,08 ̅.˼. (̈̃. ̉˷˸̂. 3). ˪̈̉˷̄̅-

˹˿̃ ̄̅˹̊̕ ˽˼̂˷˼̃̊̕ ̈̉˼̆˼̄̓ ̊̈̉̅̀̎˿˹̅̈̉˿ 0, 

̇˷˹̄̊̕ –4 ̈–1. ˚̇˷̄˿̍̒ ˿˾̃˼̄˼̄˿̖ ̖̆̅̈̉̅̄-

̄̅̀ ˹̇˼̃˼̄˿ – ̅̉ 0,3 ˻̅ 3 ̈. ˣ˷́̈˿̃˷̂̓̄̒̀ 

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

˺˼̄˼̇˷̉̅̇˷, ̆̇˿ ́̅̉̅̇̅̃ ̈˿̈̉˼̃˷ ̈̅̌̇˷̖̄˼̉ 
̊̈̉̅̀̎˿˹̅̈̉̓, ̇˷˹˼̄ 0,005 ̅.˼. 

˧˼˾̊̂̓̉˷̉̒ ̅̆̉˿̃˿˾˷̍˿˿ ̉̅̂̓́̅ ̆̅̈̉̅-

̖̄̄̒̌ ˹̇˼̃˼̄˿ ˨˩К ̆̅́˷˾̒˹˷̉̕, ̎̉̅ ˹ ̉̅̎-

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

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

̈́˿̌ ̊̈̉̇̅̀̈̉˹ ̃̅˽˼̉ ˸̒̉̓ ̈̇˷˹̄˿̉˼̂̓̄̅ 

̄˿˾́˿̃. ˤ˷ ̔̉˿̌ ̆̅˻̈̉˷̄̍˿̖̌ ˨˩К ˸̊˻̊̉ ̅̉-
˹˼̎˷̉̓ ̉̅̂̓́̅ ˾˷ ̆̅˻˻˼̇˽˷̄˿˼ ̉̇˼˸̊˼̃̒̌ ̆˷-

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

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

̃̅̐̄̅̈̉˿. 

˥̆̉˿̃˿˾˷̍˿̖ ̖̆̅̈̉̅̄̄̒̌ ˹̇˼̃˼̄˿ ˨˩К 

̆̅˾˹̅̂˿̂˷ ̊̂̊̎̏˿̉̓ ̈̉˼̆˼̄̓ ˾˷̉̊̌˷̄˿̖  

˻̅̃˿̄˿̇̊̐̕˿̌ ́̅̇̄˼̀, ̅˻̄˷́̅ ̊˹˼̂˿̎˼-

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

̃˿˾˷̍˿̕ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̈˿̈̉˼̃ ̇˼˺̊̂˿-

̇̅˹˷̄˿̖ ˿ ̖̆̅̈̉̅̄̄̒̌ ˹̇˼̃˼̄˿ ˨˩К (48 ̆˷-

̇˷̃˼̉̇̅˹). ˧˼˾̊̂̓̉˷̉̒ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̉˷˸̂. 4, 

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

˨К ̅̉ ˹̇˼̃˼̄˿ ˹ ̆˼̇˼̌̅˻̄̒̌ ̆̇̅̍˼̈̈˷̌ –  

̄˷ ̇˿̈. 6. 

 

˩ ˷ ˸ ̂ ˿ ̍ ˷  4  

ǐǱǴǪмǢǭǾǯǢȁ ǯǢǳǴǲоǫǬǢ ǲǧǥǵǭȁǴоǲоǤ  
ǯǢ ǱǲǧǦǧǭǾǯǵȀ ǱǧǲǧǦǢǤǢǧмǵȀ моǻǯоǳǴǾ P = 1,1 о.ǧ. 

ǱǲǪ ǲǢǩǭǪǹǯǽǷ ǱоǳǴоȁǯǯǽǷ ǤǲǧмǧǯǪ ǓǔК 

T a b l e  4  

Optimal settings of control systems  

to power transmission limit P = 1,1 p.u.  

with different SVC time response 

ˤ̅̃˼̇ 

̊˾̂˷ i 
Ui, ̅.˼. Bi, ̅.˼. 

˦̖̅̈̉̅̄̄̒˼ ˹̇˼̃˼̄˿ 

˨˩К ǲ̅́̇ i 

1 1,001 0,0074 0,818 

2 1,001 0,0918 0,499 

3 1,001 0,0774 0,604 

4 1,001 0,0637 0,357 

5 1,001 0,0506 0,429 

6 1,001 0,0382 0,303 

7 1,001 0,0292 1,353 

8 1 0,0107 0,523 

9 1,001 – – 
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˧˿̈. 6. ˟˾̃˼̄˼̄˿˼ ̇˼˷́̉˿˹̄̅̀ ̃̅̐̄̅̈̉˿ ̈˿̄̌̇̅̄̄̒̌ ́̅̃̆˼̄̈˷̉̅̇̅˹ ̆̇˿ ̃˷̂̅̃ ˹̅˾̃̊̐˼̄˿˿ ̄˷ ̔̂˼́̉̇̅̆˼̇˼˻˷̎˼ 
(  –SC3;   – SC5;   – SC7) 

Fig. 6. Fluctuations of synchronous condenser reactive power under small disturbance on power transmission 

(  –SC3;   – SC5;   – SC7) 
 

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

̄̅̈̉̓ ̊˹˼̂˿̎˿̂˷̈̓ ̄˷ 0.02 ̅.˼., ̅˻̄˷́̅ ̈̉˼̆˼̄̓ 
˾˷̉̊̌˷̄˿̖ ˻̅̃˿̄˿̇̊̐̕˿̌ ́̅̇̄˼̀ ̆̅ ̈̇˷˹̄˼̄˿̕ 

̈ ̆̇˿˹˼˻˼̄̄̒̃˿ ˹ ̉˷˸̂. 3 ˾̄˷̎˿̉˼̂̓̄̅ ̊̂̊̎̏˿-

̂˷̈̓. ˦̅ ˻˷̄̄̅̀ ̄˷̈̉̇̅̀́˼ ̇˼˺̖̊̂̉̅̇̅˹ ̊˺̅̂ ̆˼-
̇˼˻˷̎˿ ̆̇˿ ǰ = 1,1 ̅.˼. ̈̅̈̉˷˹̖̂˼̉  = 245,9, ˷ 
˻̅̃˿̄˿̇̊̐̕˿˼ ́̅̇̄˿ ̌˷̇˷́̉˼̇˿̈̉˿̎˼̈́̅˺̅ ̆̅-

̂˿̄̅̃˷ ̈̂˼˻̊̐̕˿˼: 

 –4,5361 ± j20,731; –3,9746 ± j20,584;  

 –3,9675 ± j2,5001; –3,9581 ± j7,9451;  

 –3,9157 ± j2,1186; –3,9116; –3,8882 ± j1,0876;  

 –3,8311 ± j0,5267; –3,769; –2,8975; –1;   

 –0,8608; –0,3199 

˩˷́˽˼ ̃̅˽̄̅ ̅̉̃˼̉˿̉̓, ̎̉̅ ˾̄˷̎˿̉˼̂̓̄̅ 

̊̃˼̄̓̏˿̂˿̈̓ ̆̅ ̃̅˻̊̂̕ ́̅̔̋̋˿̍˿˼̄̉̒ ̇˼˺̊-
̂˿̇̅˹˷̄˿̖ ̆̅ ̅̉́̂̅̄˼̄˿̕ ̄˷̖̆̇˽˼̄˿̖. ˤ˷ ̇˿̈. 
6 ̆̅́˷˾˷̄̒ ̇˼˷́̉˿˹̄̒˼ ̃̅̐̄̅̈̉˿ ̉̇˼̌ ˨К, ́̅-

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

̈̂˼ ˹̅˾̃̊̐˼̄˿̖. ˨ ̔̉˿̃ ̈˹̖˾˷̄˷ ̄˼̅˸̌̅˻˿̃̅̈̉̓ 
˻˷̂̓̄˼̀̏˼˺̅ ̈̅˹˼̇̏˼̄̈̉˹̅˹˷̄˿̖ ̈˿̈̉˼̃ ̇˼˺̊-
̂˿̇̅˹˷̄˿̖ ̊̈̉̇̅̀̈̉˹ ́̅̃̆˼̄̈˷̍˿˿. 

ВǽǤоǦǽ Ǳо ǲǢбоǴǧ 

˦̇̅˹˼˻˼̄̅ ˿̈̈̂˼˻̅˹˷̄˿˼ ̇˼˽˿̃̅˹ ˿ 

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

̎˿ ̆˼̇˼̃˼̄̄̅˺̅ ̉̅́˷ ̃˷́̈˿̃˷̂̓̄̅̀ ˻̂˿̄̅̀ 

4000 ́̃ ̈ ̊̆̇˷˹̖̂˼̃̅̀ ̆̅̆˼̇˼̎̄̅̀ ́̅̃̆˼̄-

̈˷̍˿˼̀. 

˦̅́˷˾˷̄̅, ̎̉̅ ̆˷̇˷̂̂˼̂̓̄˷̖ ̇˷˸̅̉˷ 

˨˩К/˪˯˧ ˿ ˨К ̃˷̂̅̀ ̃̅̐̄̅̈̉˿ ˹ ́˷̎˼̈̉˹˼ 

́̅̃̆˼̄̈˿̇̊̐̕˿̌ ̊̈̉̇̅̀̈̉˹ ˹ ̅˻̄̅̃ ˿˾ ̊˾̂̅˹ 

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

̃̅̐̄̅̈̉˼̀ ˸̅̂̓̏˼ ̄˷̉̊̇˷̂̓̄̅̀ ̄˷ 10–20 %. 

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

̖̈̅̈̉̅̄˿̖ ˹̒̆̅̂̄˼̄˷ ̈̅˹̃˼̈̉̄˷̖ ́̅̅̇-

˻˿̄˷̍˿̖ ̄˷̈̉̇̅˼́ ̇˼˺̖̊̂̉̅̇̅˹ ˪˯˧/˨˩К, 

А˧В ˨˚ ˿ ˨К. 

В̖̒˹̂˼̄̅, ̎̉̅ ˿̈̆̅̂̓˾̅˹˷̄˿˼ ̅˻˿̄˷́̅˹̒̌ 
́̅̔̋̋˿̍˿˼̄̉̅˹ ̈˿̈̉˼̃ ̇˼˺̊̂˿̇̅˹˷̄˿̖ ̄˷ ˹̈˼̌ 
˨˩К ˹˼˻˼̉ ́ ˾̄˷̎˿̉˼̂̓̄̅̃̊ ̊̌̊˻̏˼̄˿̕ ̈̉˷̉˿̎˼-
̈́̅̀ ̊̈̉̅̀̎˿˹̅̈̉˿ ˿ ̖˹̖̂˼̖̉̈ ̄˼̔̋̋˼́̉˿˹̄̒̃. 

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

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

̄̒̌ ˹̇˼̃˼̄˿ ˨˩К ̆̅˾˹̖̅̂˼̉ ̊˹˼̂˿̎˿̉̓ ̆̇˼˻˼̂ 

̆˼̇˼˻˷˹˷˼̃̅̀ ̃̅̐̄̅̈̉˿ ˻̅ 1,1 ̅.˼. ˿ ˻̅˸˿̖̉̓̈ 

̊̂̊̎̏˼̄˿̖ ̊̇̅˹̖̄ ̈̉˷̉˿̎˼̈́̅̀ ̊̈̉̅̀̎˿˹̅̈̉˿. 

˪˹˼̂˿̎˼̄˿˼̃ ̃̅̐̄̅̈̉˿ ˨К ˹ ̊˾̂˼ ˹ ˻˹˷ ̇˷˾˷ 
˻̅̈̉˿˺̄̊̉̅ ̆̅˹̒̏˼̄˿˼ ̆̇˼˻˼̂̓̄̅̀ ̆˼̇˼˻˷˹˷˼-
̃̅̀ ̃̅̐̄̅̈̉˿ ˻̅ 1,21 ̅.˼. 
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