
 “Â³ñíèê ÑóìÄÓ”, ¹5 (89)’2006 30

SUMMARY 
In the article basic terms and definitions to the terms, which are used for consideration of 

questions of power analysis planning are given. And also there is made an attempt to bring into 
accordance the use of such terms, as power management, gross domestic product (GDP), gross 
national product (GNP), power intensity, power consumption per capita, ton of conditional 
equivalent (tce), ton of oil equivalent (toe) and so on. There are analysed present energy-
economy indicators, which are used in the international practice. 
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Ðîçãëÿäàþòüñÿ îñîáëèâîñò³ õâèëüîâèõ ðåæèì³â ó ï³äâ³äíèõ ³ â³äâ³äíèõ 

â³äêðèòèõ êàíàëàõ òà áåçíàï³ðíèõ òóíåëÿõ ÃÀÅÑ, ÃÅÑ, âèêëèêàíèõ 
ñïåöèô³êîþ ðîáîòè ñòàíö³é â åíåðãîñèñòåì³. Çàïðîïîíîâàíà ìåòîäèêà 
ðîçðàõóíê³â îñíîâíèõ ïàðàìåòð³â õâèëü ïåðåì³ùåííÿ, ÿêà âðàõîâóº 
ìîæëèâ³ñòü ôîðìóâàííÿ õâèëÿñòî¿ ïîâåðõí³ âîäíîãî ïîòîêó. 

Ç ìåòîþ çàáåçïå÷åííÿ îïòèì³çàö³¿ ðîáîòè ñó÷àñíèõ åíåðãåòè÷íèõ 
ñèñòåì â óìîâàõ ïîñò³éíî çì³ííèõ ðåæèì³â ¿õ åêñïëóàòàö³¿ ó ñâ³òîâ³é 
ïðàêòèö³ íàì³òèëàñÿ ÷³òêà òåíäåíö³ÿ ðîçøèðåííÿ âèêîðèñòàííÿ 
ã³äðîàêóìóëþþ÷èõ åëåêòðè÷íèõ ñòàíö³é (ÃÀÅÑ). Íà ïî÷àòîê 2005 ð. â 49 
êðà¿íàõ ñâ³òó íàðàõîâóºòüñÿ á³ëüøå 500 ÃÀÅÑ, ÿê³ åêñïëóàòóþòüñÿ, 
áóäóþòüñÿ ÷è íàì³÷åí³ äëÿ áóä³âíèöòâà [ 1 ]. 

Ó ïðîöåñ³ ñï³ëüíî¿ ðîáîòè â åíåðãåòè÷í³é ñèñòåì³ ÃÀÅÑ íàäàþòü 
âåëèêó ê³ëüê³ñòü ñèñòåìíèõ ïîñëóã, äî ÿêèõ ìîæíà â³äíåñòè òàê³:  

− ðåãóëþâàííÿ ÷àñòîòè ³ àêòèâíî¿ ïîòóæíîñò³;  
− ðåãóëþâàííÿ íàïðóãè ³ ðåàêòèâíî¿ ïîòóæíîñò³;  
− îïåðàòèâíå ³ àâàð³éíå ðåçåðâóâàííÿ ïîòóæíîñò³; 
− ðåçåðâóâàííÿ ïîòóæíîñò³ â îñíîâíèõ ³ ðîçïîä³ëüíèõ ìåðåæàõ;  
− ï³äòðèìàííÿ òåõíîëîã³÷íîãî (ñòðàòåã³÷íîãî) ðåçåðâó ïîòóæíîñò³ â 
åíåðãîñèñòåì³; 
− ñïîæèâàííÿ (êîìïåíñàö³ÿ) àêòèâíî¿ ïîòóæíîñò³ ³ åíåðã³¿; 
− çàïîá³ãàííÿ àâàð³ÿì ³ ãàðàíòóâàííÿ áåçàâàð³éíî¿ ðîáîòè;  
− â³äíîâëåííÿ ðîáî÷èõ ðåæèì³â;  
− äèñïåò÷åðñüêå óïðàâë³ííÿ;  
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− ïîäîâæåííÿ òåõíîëîã³÷íèõ ðåñóðñ³â åíåðãåòè÷íèõ îá’ºêò³â ÒÅÑ ³ 
ÒÅÖ; 
− ï³äâèùåííÿ íàä³éíîñò³ ðîáîòè åíåðãåòè÷íèõ îá’ºêò³â ÀÅÑ;  
− ðîçíåñåííÿ ðèçèê³â [ 1, 2 ]. 
ßê áà÷èìî ç íàâåäåíîãî ïåðåë³êó, òðàäèö³éíèé ïîãëÿä íà ÃÀÅÑ ÿê  íà 

çâè÷àéíèé îá’ºêò âèðîáíèöòâà òà ñïîæèâàííÿ åëåêòðè÷íî¿ åíåðã³¿ äëÿ 
âèð³âíþâàííÿ äîáîâîãî ãðàô³êà íàâàíòàæåííÿ çà òàêèõ îáñòàâèí íå 
â³äïîâ³äàº ðåàëüíîìó ïîëîæåííþ ñïðàâ ³ íå â³äîáðàæàº ä³éñíèé õàðàêòåð 
ðîáîòè ñòàíö³¿. Âèêîíàííÿ âêàçàíèõ ñèñòåìíèõ ïîñëóã âèçíà÷àº çì³ííèé 
õàðàêòåð åêñïëóàòàö³éíîãî ðåæèìó ðîáîòè ÃÀÅÑ. Òàê, íàïðèêëàä, 
ê³ëüê³ñòü ïóñê³â ó ðîáîòó çâîðîòíèõ ã³äðîàãðåãàò³â Çàãîðñüêî¿ ÃÀÅÑ 
äîõîäèòü äî 440 çà ì³ñÿöü, à â îêðåì³ äí³ ñêëàäàº áëèçüêî 30 ïóñê³â çà 
äîáó (áåç âðàõóâàííÿ ïóñê³â ã³äðîàãðåãàò³â ó ðåæèì³ ñèíõðîííîãî 
êîìïåíñàòîðà) [1]. Çà òàêèõ óìîâ ðîáîòè ÃÀÅÑ â åíåðãîñèñòåì³ ³ñòîòíî 
óñêëàäíþºòüñÿ ã³äðàâë³÷íèé ðåæèì ï³äâ³äíèõ ³ â³äâ³äíèõ êàíàë³â ñòàíö³é 
ç óòâîðåííÿì ïîõèëèõ ³ êðóòèõ õâèëü ïåðåì³ùåííÿ çíà÷íî¿ âèñîòè. 

Íà Óêðà¿í³ ç 1972 ð. óñï³øíî ïðàöþº Êè¿âñüêà ÃÀÅÑ ç óñòàíîâëåíîþ 
ïîòóæí³ñòþ Nó = 235 ÌÂò (ïåðøà ÃÀÅÑ â ÑÐÑÐ), çàê³í÷óºòüñÿ 
áóä³âíèöòâî Äí³ñòðîâñüêî¿ (Nó = 2268 ÌÂò) ³ Òàøëèöüêî¿ (Nó = 900 ÌÂò) 
ÃÀÅÑ, òðèâàº áóä³âíèöòâî Êàí³âñüêî¿ ÃÀÅÑ (Nó = 1000 ÌÂò), ó 
ïåðñïåêòèâ³ áóä³âíèöòâî Òåðåáëÿ – Ð³êñüêî¿ (Nó = 1200 - 1300 ÌÂò) ³ 
Òåðåáëèíñüêî¿ (Nó = 1250-1350 ÌÂò) ÃÀÅÑ [ 3 ]. Â óìîâàõ ³íòåíñèâíîãî 
âèêîðèñòàííÿ ÃÀÅÑ ïðîáëåìà ðîçðàõóíê³â ïàðàìåòð³â íåóñòàëåíèõ 
õâèëüîâèõ ðåæèì³â, ùî âèíèêàþòü â êàíàëàõ ñòàíö³é, íàáóâàº îñîáëèâî¿ 
àêòóàëüíîñò³.  

Çâè÷àéíî ðîçðàõóíêè íåóñòàëåíèõ ã³äðàâë³÷íèõ ðåæèì³â, ùî 
âèíèêàþòü ó â³äêðèòèõ êàíàëàõ, áåçíàï³ðíèõ òóíåëÿõ, ãàëåðåÿõ ³ òðóáàõ 
ïðè ïóñêó òà çóïèíåíí³ àãðåãàò³â ÃÅÑ, ÃÀÅÑ ³ íàñîñíèõ ñòàíö³é, 
çä³éñíþþòü íà îñíîâ³ â³äîìèõ äèôåðåíö³àëüíèõ ð³âíÿíü Ñåí-Âåíàíà [4,5]: 
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äå Q, ω , h, R, v, C - âèòðàòà, ïëîùà ïîïåðå÷íîãî ïåðåð³çó, ãëèáèíà, 
ã³äðàâë³÷íèé ðàä³óñ, øâèäê³ñòü, êîåô³ö³ºíò Øåç³ â äîâ³ëüíîìó ïåðåð³ç³ 
â³äïîâ³äíî; g – ïðèñêîðåííÿ â³ëüíîãî ïàä³ííÿ; ³ - ïîõèë äíà;  
x - ïîçäîâæíÿ êîîðäèíàòà, t – ÷àñ. 

Ðîçâ’ÿçêîì äèôåðåíö³àëüíèõ ð³âíÿíü (1) ³ (2) º õâèëÿ ç 
óñòóïîïîä³áíèì ôðîíòîì (ðèñ. 1à). Ïðîòå â ä³éñíîñò³ äîñèòü ÷àñòî 
óòâîðþâàí³ õâèë³ çàì³ñòü ïåðåðâíîãî (âàëüöåïîä³áíîãî) ôðîíòó ìàþòü 
íåïåðåðâíó ãëàäêó õâèëÿñòó ïîâåðõíþ ç ÷åðãóâàííÿì ãðåáåí³â òà çàïàäèí 
õâèëü (ðèñ. 1á). 

 
 

Ðèñóíîê 1 - Òèïè õâèëü ïåðåì³ùåííÿ: 
à – ç ïåðåðâíèì óñòóïîïîä³áíèì ôðîíòîì;  á - ç íåïåðåðâíèì õâèëåïîä³áíèì ôðîíòîì 
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Ïðè öüîìó ìàêñèìàëüíà âèñîòà a õâèëü ïåðåì³ùåííÿ ç ãëàäêèì 
õâèëåïîä³áíèì ôðîíòîì (ÿêà ñïîñòåð³ãàºòüñÿ çâè÷àéíî ï³ä âåðøèíîþ 
ïåðøî¿ õâèë³) ìîæå ïåðåâèùóâàòè ¿õ ñåðåäíþ âèñîòó àî íà 80 – 100% ³ 
äîñÿãòè 20-25% ïî÷àòêîâî¿ ãëèáèíè h1 íåçáóðåíîãî ïîòîêó [6]. Òàê, 
íàïðèêëàä, â ï³äâ³äíîìó êàíàë³ äåðèâàö³éíî¿ ÃÅÑ Îðåçîí íà ð. Äþðàíñ 
(Ôðàíö³ÿ) ïðè â³äêëþ÷åíí³ âèòðàòè 220 ì3/ñ âèñîòà õâèëü äîñÿãàëà 1,4 ì 
[7]. 

Âíàñë³äîê çàçíà÷åíî¿ îñîáëèâîñò³ ìàêñèìàëüíà ãëèáèíà ïîòîêó, ùî 
ôîðìóºòüñÿ ï³ä âåðøèíîþ îäí³º¿ ç ïåðøèõ õâèëü, âèçíà÷àº â³äì³òêè 
áð³âîê êàíàë³â, íèçó ïðîã³ííèõ áàëîê ìîñò³â, âèñîòó áåçíàï³ðíèõ 
ã³äðîòåõí³÷íèõ òóíåë³â, ãàëåðåé ³ òðóá. Öÿ îáñòàâèíà âèÿâëÿºòüñÿ 
íàäçâè÷àéíî âàæëèâîþ äëÿ äîâãèõ êàíàë³â ³ òóíåë³â, êîëè äîäàòêîâèé 
çàïàñ ó ¿õ âèñîò³ âåäå äî ³ñòîòíîãî çá³ëüøåííÿ îá’ºì³â òà âàðòîñòåé ðîá³ò. 
Õàðàêòåðíî, ùî âíàñë³äîê ïåðåâèùåííÿ ãðåáåí³â õâèëü íàä 
ðîçðàõóíêîâèì ñåðåäí³ì ð³âíåì âîäè ïðè óòâîðåíí³ õâèëåïîä³áíèõ 
áëèçüêîêðèòè÷íèõ õâèëü ïåðåì³ùåííÿ â ïðîöåñ³ ðîáîòè àãðåãàò³â 
íàñîñíî¿ ñòàíö³¿ â³äáóëîñÿ çàòîïëåííÿ áåðì Êàðøèíñüêîãî êàíàëó íà 
äîâæèí³ 3,6 – 3,9 êì [8]. 

Ó äîäàòîê äî ñêàçàííîãî íåîáõ³äíî ï³äêðåñëèòè, ùî íàÿâí³ñòü õâèëü íà 
ïîâåðõí³ ïîòîêó çóìîâëþº âèíèêíåííÿ äîäàòêîâèõ õâèëüîâèõ äèíàì³÷íèõ 
íàâàíòàæåíü íà åëåìåíòè êð³ïëåííÿ êàíàë³â òà ÷àñòèíêè ´ðóíò³â, ùî 
îñîáëèâî íåáåçïå÷íî äëÿ äð³áíîçåðíèñòèõ, òîðôÿíèõ òà ³íøèõ 
ëåãêîðîçìèâíèõ ´ðóíò³â. Ñàìå ÷åðåç òàê³ íåãàòèâí³ ä³¿ áëèçüêîêðèòè÷íèõ 
õâèëü ïåðåì³ùåííÿ, ùî óòâîðþâàëèñÿ ïðè ïóñêó òà çóïèíåíí³ íàñîñíèõ 
ñòàíö³é, ñòàëîñÿ ðóéíóâàííÿ áåòîííîãî êð³ïëåííÿ òà ðîçìèâè óêîñ³â ³ äíà 
Êàðøèíñüêîãî, Àìó – Áóõàðñüêîãî, Øåðàáàäñüêîãî òà ³íøèõ êàíàë³â [8]. 

Äëÿ âðàõóâàííÿ çàçíà÷åíèõ îñîáëèâîñòåé áëèçüêîêðèòè÷íèõ òå÷³é ç 
õâèëÿñòîþ ïîâåðõíåþ â ðîáîò³ [9] ñòîñîâíî óìîâ ïëîñêî¿ çàäà÷³ áóëî 
âèâåäåíî òàêå óçàãàëüíåíå äèôåðåíö³àëüíå ð³âíÿííÿ ïðîô³ëþ â³ëüíî¿ 
ïîâåðõí³ öèõ òå÷³é: 
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äå h ³ õ – á³æó÷³ êîîðäèíàòè äîâ³ëüíî¿ òî÷êè â³ëüíî¿ ïîâåðõí³;  
h1 – ïî÷àòêîâà ãëèáèíà; β1 – êîåô³ö³ºíò ïîòåíö³àëüíî¿ åíåðã³¿ â 
ïî÷àòêîâîìó ïåðåòèí³; Fr1- ÷èñëî Ôðóäà â òîìó æ ïåðåð³ç³.  

Öå ð³âíÿííÿ îïèñóº ÿê  óñòàëåí³ áëèçüêîêðèòè÷í³ òå÷³¿ ç íåçì³ííèì 
ïðîô³ëåì â³ëüíî¿ ïîâåðõí³ ïîòîêó, òàê ³ ïåðìàíåíòí³ áëèçüêîêðèòè÷í³ 
õâèë³ ïåðåì³ùåííÿ, ïðè÷îìó âîíî âèâåäåíå ç óðàõóâàííÿì ìîæëèâîãî 
âèêðèâëåííÿ åëåìåíòàðíèõ ñòðóìèíîê ó âåðòèêàëüí³é ïëîùèí³ â 
ïî÷àòêîâîìó ïåðåð³ç³ ðîçãëÿäóâàíèõ ÿâèù. Íàõèë ³ êðèâèçíó 

åëåìåíòàðíèõ ñòðóìèíîê ó çàçíà÷åíîìó ïåðåð³ç³ êð³ì êîåô³ö³ºíòà 1β  

ìîæíà îö³íþâàòè òàêîæ çà äîïîìîãîþ êîåô³ö³ºíòà ã³äðîäèíàì³÷íîãî 
òèñêó 1k  òà êîåô³ö³ºíòà íåã³äðîñòàòè÷íîñò³ s1, ÿêèé ÿâëÿº ñîáîþ 

â³äíîøåííÿ ï’ºçîìåòðè÷íîãî òèñêó íà äí³, âèðàæåíîãî ó âèñîò³ âîäÿíîãî 
ñòîâïà (öåé òèñê ëåãêî âèì³ðÿòè äîííèì ï’ºçîìåòðîì), äî ãëèáèíè. Äëÿ 
ïàðàáîë³÷íîãî çàêîíó ðîçïîä³ëó ã³äðîäèíàì³÷íîãî òèñêó ïî ãëèáèí³ 
çãàäàí³ êîåô³ö³ºíòè ïîâ’ÿçàí³ ì³æ ñîáîþ òàêèìè ñï³ââ³äíîøåííÿìè: 
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Â îêðåìîìó âèïàäêó ïàðàëåëüíîñòðóìèííîãî ðóõó ðîçïîä³ë òèñêó ïî 
ãëèáèí³ â ïî÷àòêîâîìó ïåðåð³ç³ ðîçãëÿäóâàíèõ ÿâèù ï³äïîðÿäêîâóºòüñÿ 
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ã³äðîñòàòè÷íîìó çàêîíó, ïðè ÿê îìó êîåô³ö³ºíòè s1, k1, β1 äîð³âíþþòü 
îäèíèö³. 

×èñëî Ôðóäà Fr1 äëÿ óñòàëåíèõ ÿâèù ç íåðóõîìîþ â ÷àñ³ â³ëüíîþ 
ïîâåðõíåþ âèçíà÷àþòü çà ôîðìóëîþ 

2
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= ,      (5)  

à äëÿ ïåðìàíåíòíèõ õâèëü ïåðåì³ùåííÿ – òàêèì ÷èíîì: 
2

1
1

c
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gh
= ,      (6) 

äå v1 – øâèäê³ñòü ïîòîêó â ïî÷àòêîâîìó ïåðåð³ç³ íåðóõîìèõ ÿâèù, 
 ñ - øâèäê³ñòü ðóõó õâèëü ïåðåì³ùåííÿ.  

Íà îñíîâ³ ïîáóäîâàíî¿ ìàòåìàòè÷íî¿ ìîäåë³ õâèëåïîä³áíèõ 
áëèçüêîêðèòè÷íèõ òå÷³é òà óçàãàëüíåíîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ (3) 
áóëè âèâåäåí³ òàê³ çàëåæíîñò³ äëÿ âèçíà÷åííÿ äðóãî¿ ñïðÿæåíî¿ h2 òà 
ìàêñèìàëüíî¿ hÂ ãëèáèí ðîçãëÿäóâàíèõ òå÷³é [10]: 
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äå 2α , 02α - â³äïîâ³äíî êîåô³ö³ºíòè ê³íåòè÷íî¿ åíåðã³¿ òà ê³ëüêîñò³ 
ðóõó â ïåðåð³ç³ ç äðóãîþ ñïðÿæåíîþ ãëèáèíîþ. 

Õàðàêòåðíîþ îñîáëèâ³ñòþ äèôåðåíö³àëüíîãî ð³âíÿííÿ (3) òà ôîðìóë  
(7) - (10) º òå, ùî â íèõ õàðàêòåðèñòèêè ðîçãëÿäóâàíèõ ÿâèù îäíîçíà÷íî 
âèðàæåí³ ÷åðåç ïàðàìåòðè ïîòîêó ( h1, Fr1, s1, k1, 1 )β  â ¿õ ïî÷àòêîâîìó 

ïåðåð³ç³. Êð³ì òîãî, â çàçíà÷åíèõ çàëåæíîñòÿõ ïåðåäáà÷åíî çàãàëüíèé 
âèïàäîê ðîçïîä³ëó ã³äðîäèíàì³÷íîãî òèñêó ïî ãëèáèí³ ïîòîêó â 
ïî÷àòêîâîìó ïåðåð³ç³, êîëè ïîò³ê ìîæå áóòè ÿê  ïàðàëåëüíîñòðóìèííèì ç 
ã³äðîñòàòè÷íèì ðîçïîä³ëîì (s1=1), òàê ³ âäàâëåíèì ó âåðòèêàëüí³é 
ïëîùèí³ ç íåã³äðîñòàòè÷íèì ðîçïîä³ëîì òèñêó (s1> 1). Îñòàííÿ 
îñîáëèâ³ñòü íàäçâè÷àéíî âàæëèâà ïðè ðîçãëÿä³ íåðóõîìèõ 
áëèçüêîêðèòè÷íèõ ÿâèù, óòâîðþâàíèõ ó ìåæàõ ð³çíèõ òèï³â 
ã³äðîòåõí³÷íèõ ñïîðóä, êîëè âèêðèâëåííÿ ïîòîêó ó âåðòèêàëüí³é 
ïëîùèí³ º îäíèì ³ç âèçíà÷àëüíèõ ôàêòîð³â, ùî ôîðìóþòü ö³ ÿâèùà. 

Îñîáëèâ³ñòþ õâèëü ïåðåì³ùåííÿ, óòâîðþâàíèõ â ï³äâ³äíèõ ³ â³äâ³äíèõ 
â³äêðèòèõ êàíàëàõ òà áåçíàï³ðíèõ òóíåëÿõ ÃÅÑ, ÃÀÅÑ, íàñîñíèõ ñòàíö³é 
º òå, ùî çà ïî÷àòêîâó ãëèáèíó öèõ õâèëü áåðåòüñÿ ãëèáèíà íåçáóðåíîãî 
ïîòîêó, òîáòî â ïåðåð³ç³, äî ÿêîãî ùå íå ïðèéøëà õâèëÿ ïåðåì³ùåííÿ. Â 
òàêîìó ïåðåð³ç³ ðóõ ð³äèíè º ïàðàëåëüíîñòðóìèííèì (â îêðåìîìó 
âèïàäêó öå âçàãàë³ ìîæå áóòè íåðóõîìà ð³äèíà), à ðîçïîä³ë òèñêó ïî 
ãëèáèí³ ï³äïîðÿäêîâóºòüñÿ ã³äðîñòàòè÷íîìó çàêîíó, äëÿ ÿêîãî 
êîåô³ö³ºíòè s1, k1, β1 äîð³âíþþòü îäèíèö³. Â äàíîìó âèïàäêó ôîðìóëè 
(7) – (10) ³ñòîòíî ñïðîùóþòüñÿ ³ â³äïîâ³äíî íàáóâàþòü òàêîãî âèãëÿäó: 
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Äëÿ ³ëþñòðàö³¿ ð³çíèö³ â îïèñàíèõ ï³äõîäàõ äî ðîçâ’ÿçêó 
ðîçãëÿäóâàíî¿ ïðîáëåìè âèêîíàºìî ðîçðàõóíêè âèñîòè õâèëü 
ïåðåì³ùåííÿ çà êëàñè÷íîþ ìåòîäèêîþ, îñíîâàíîþ íà äèôåðåíö³àëüíèõ 
ð³âíÿííÿõ Ñåí-Âåíàíà, òà ïðîïîíîâàíîþ, ùî âðàõîâóº ìîæëèâ³ñòü 
ôîðìóâàííÿ õâèëåïîä³áíî¿ ïîâåðõí³, ñòîñîâíî óìîâ ïðèêëàäó 2, 
çàïîçè÷åíèõ â [ 5, ñ. 344]. Çã³äíî ç óìîâàìè öüîãî ïðèêëàäó íåîáõ³äíî 
âèçíà÷èòè ïàðàìåòðè õâèë³ ïåðåì³ùåííÿ, ÿêà óòâîðþºòüñÿ â 
áåçíàï³ðíîìó â³äâ³äíîìó òóíåë³ ÃÅÑ çà òàêèõ äàíèõ: ôîðìà ïîïåðå÷íîãî 
ïåðåð³çó òóíåëþ – ïðÿìîêóòíà, øèðèíà òóíåëþ íà äí³ b = 10,0 ì, 
ïî÷àòêîâà âèòðàòà Qn = 300 ì3/ñ, ïî÷àòêîâà ãëèáèíà h1 = 10,0 ì, ê³íöåâà 
âèòðàòà (ï³ñëÿ øâèäêîãî â³äêðèòòÿ ëîïàòîê íàïðàâëÿþ÷îãî àïàðàòà)  
Qê = 500 ì3/ñ. 

Ðîçâ’ÿçîê öüîãî ïðèêëàäó çà êëàñè÷íîþ ìåòîäèêîþ, âèêîðèñòàíîþ â 
[5], äàâ òàê³ ðåçóëüòàòè: âèñîòà õâèë³ ç óñòóïîïîä³áíèì ôðîíòîì (ðèñ. 1,à) 
αî = 1,45 ì, øâèäê³ñòü ¿¿ ïåðåì³ùåííÿ (ç óðàõóâàííÿì ïî÷àòêîâî¿ 
øâèäêîñò³ ðóõó âîäè â òóíåë³ νî = Qï/â h1) ñ = 13,9 ì/ñ. 

Ùîá âèçíà÷èòè ìàêñèìàëüíó âèñîòó a õâèë³ ïåðåì³ùåííÿ ç 
õâèëåïîä³áíèì ôðîíòîì (ðèñ. 1á), ñïî÷àòêó äëÿ óìîâ äàíîãî ïðèêëàäó 
çíàéäåìî øâèäê³ñòü ðóõó õâèë³ â íåðóõîì³é âîä³ c1 = c – vo = 10,9 (ì/ñ). 

Ïðè öüîìó ÷èñëî Ôðóäà 
2
1

1
1

c
Fr

gh
= =1,21. Ïðîâåäåí³ ï³äðàõóíêè 

ìàêñèìàëüíî¿ âèñîòè õâèë³ çà ôîðìóëàìè (13) ³ (14) ïðè êîåô³ö³ºíò³  
α2 = 1,0 äàëè òàê³ ðåçóëüòàòè: àô(13) = 2,1 ì, àô(14) = 1,87 ì, ùî âèìàãàº 
çá³ëüøåííÿ âèñîòè òóíåëþ íà 0,65 ì ³ 0,42 ì â³äïîâ³äíî. 

Íåîáõ³äíî çàçíà÷èòè, ùî óçàãàëüíåíå äèôåðåíö³àëüíå ð³âíÿííÿ (3) òà 
ôîðìóëè (7) – (11) îïèñóþòü äîñèòü âåëèêèé êëàñ áëèçüêîêðèòè÷íèõ 
òå÷³é ÿê  ç õâèëå-, òàê ³ âàëüöåïîä³áíîþ ïîâåðõíåþ, äî ÿêèõ â³äíîñÿòü 
òàê³ òèïè òå÷³é ð³äèíè ç â³ëüíîþ ïîâåðõíåþ [11]. 

Íåðóõîì³ â ïðîñòîð³ ÿâèùà: 
− áåçñòðèáêîâå âàëüöüîâå ñïðÿæåííÿ á’ºô³â ç óòâîðåííÿì 

ïîâåðõíåâîãî âàëüöÿ (Fr1 < 1, s1 > 1); 
− îäèíî÷íà õâèëÿ íà ïîâåðõí³ ñïîê³éíîãî ÷è êðèòè÷íîãî ïîòîêó  

(Fr1 ≤  1, s1 > 1); 
− îäèíî÷íà õâèëÿ íà ïîâåðõí³ áóðõëèâîãî ïîòîêó (Fr1 > 1, s1 ≥  1); 
− ñàìîòíÿ õâèëÿ (íåðóõîìà) àáî íåðóõîìèé ã³äðàâë³÷íèé ñîë³òîí  

(Fr1 >1, s1 = 1); 
− îäèíî÷íà (ñàìîòíÿ) õâèëÿ ç õâîñòîì; 
− êíî¿äàëüí³ õâèë³ íà ïîâåðõí³ ñïîê³éíîãî ÷è êðèòè÷íîãî ïîòîêó  

(Fr1 ≤  1, s1 > 1); 
− êíî¿äàëüí³ õâèë³ íà ïîâåðõí³ áóðõëèâîãî ïîòîêó (Fr1 > 1, s1 >1); 
− õâèëÿñòèé ñòðèáîê ç ãëàäêîþ õâèëÿñòîþ ïîâåðõíåþ  

(Fr1 > 1, s1 ≥  1); 
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− õâèëÿñòèé ñòðèáîê ç íåâåëèêèì ïîâåðõíåâèì âàëüöåì íà ãðåáåí³ 
îäí³º¿ ÷è ê³ëüêîõ õâèëü (Fr1 > 1, s1 ≥  1); 

− äîñêîíàëèé ñòðèáîê ç ïîâåðõíåâèì âàëüöåì (Fr1 ≥  1, s1 ≥  1). 

Ðóõîì³ â ïðîñòîð³ ÿâèùà: 
− ñàìîòíÿ õâèëÿ (ðóõîìà) àáî ðóõîìèé ã³äðàâë³÷íèé ñîë³òîí  

(Fr1 > 1, s1 = 1); 
− ñàìîòíÿ õâèëÿ ç õâîñòîì (ðóõîìà); 
− ñàìîòíÿ õâèëÿ ç â³ä³ðâàíèì õâîñòîì; 
− ãðóïà õâèëü ïåðåì³ùåííÿ ç ãëàäêîþ õâèëÿñòîþ ïîâåðõíåþ  

(Fr1 > 1, s1 =1); 
− ãðóïà õâèëü ïåðåì³ùåííÿ ç íåâåëèêèì ïîâåðõíåâèì âàëüöåì íà 

ãðåáåí³ îäí³º¿ ÷è ê³ëüêîõ õâèëü (Fr1 > 1, s1 = 1); 
− õâèëÿ ïåðåì³ùåííÿ ç ïîâåðõíåâèì âàëüöåì (Fr1 > 1, s1 = 1). 

Åêñïåðèìåíòàëüíà ïåðåâ³ðêà çàëåæíîñòåé (7) – (10) òà âñòàíîâëåííÿ 
ìåæ ¿õ ìîæëèâîãî âèêîðèñòàííÿ â ïðàêòè÷íèõ ðîçðàõóíêàõ áóëè 
çä³éñíåí³ â ã³äðîòåõí³÷í³é ëàáîðàòîð³¿ ÍÓÂÃÏ. Ëàáîðàòîðí³ äîñë³äæåííÿ 
ïðîâîäèëèñü ç óñ³ìà âèùåçãàäàíèìè òèïàìè íåðóõîìèõ 
áëèçüêîêðèòè÷íèõ ÿâèù [10,12,13]. Äëÿ ôîðìóë (7) ³ (9) , ïðè âèâåäåíí³ 
ÿêèõ íå âðàõîâóâàëèñü âòðàòè åíåðã³¿ ïî äîâæèí³ ïîòîêó, âíàñë³äîê ÷îãî 
âîíè äàþòü äåùî çàâèùåí³ ðåçóëüòàòè, áóëè ââåäåí³ òàê³ îáìåæåííÿ ¿õ 
âèêîðèñòàííÿ: ôîðìóëà (7) - Fr1 ≤  1,3, ôîðìóëà (9) –  
Fr1 < 1,5. 

Àïðîáàö³ÿ ôîðìóë (11) – (14) ñòîñîâíî ðóõîìèõ áëèçüêîêðèòè÷íèõ 
òå÷³é çä³éñíåíà äëÿ ï’ÿòè äîñë³ä³â ³ç õâèëÿìè ïåðåì³ùåííÿ ç 
õâèëåïîä³áíèì ôðîíòîì, óòâîðþâàíèìè â ï³äâ³äíîìó êàíàë³ äåðèâàö³éíî¿ 
ÃÅÑ Îðåçîí [7] ïðè ð³çêîìó çìåíøåíí³ âèòðàòè ñòàíö³¿ â³ä Qn = 250 ì3/ñ  
äî Qê = 30 ì3/ñ. Ó íàâåäåí³é òàáëèö³ çáåðåæåíà àâòîðñüêà íóìåðàö³ÿ 
äîñë³ä³â. 

 
Òàáëèöÿ - Õàðàêòåðèñòèêà õâèëü ïåðåì³ùåííÿ â ï³äâ³äíîìó êàíàë³ 

ÃÅÑ Îðåçîí 

Íîìåð äîñë³äó 
 

Fv1 
àî

å,  
ì 

à ò
î  

ô(11), 
ì 

à ò
î  

Ô(12), 
ì 

àå , 
ì 

àò 

ô(13), 
ì 

àò 

ô(14), 
ì 

1 1,096 0,30 0,33 0,33 0,50 0,51 0,50 

2 1,143 0,45 0,50 0,48 0,75 0,76 0,66 

3 1,177 0,50 0,60 0,58 0,90 0,88 0,84 

4 1,193 0,55 0,67 0,64 1,00 1,00 0,94 

5 1,193 0,60 0,67 0,64 1,00 1,00 0,94 
 
Äåðèâàö³éíà ÃÅÑ Îðåçîí ìàº óñòàíîâëåíó ïîòóæí³ñòü Nó = 195 ÌÂò, 

îáëàäíàíà òðüîìà àãðåãàòàìè, ðîçðàõîâàíèìè íà íàï³ð Í = 85 ì òà 
âèòðàòó Q = 250 ì3/ñ. Äîâæèíà äåðèâàö³¿ L = 21,5 êì. Õâèë³ 
ïåðåì³ùåííÿ ç õâèëåïîä³áíèì ôðîíòîì óòâîðþâàëèñÿ â êàíàë³ 
òðàïåöåïîä³áíî¿ ôîðìè ïîïåðå÷íîãî ïåðåð³çó ç øèðèíîþ íà äí³ b = 9,0 ì ³ 
êîåô³ö³ºíòàìè óêîñó m = 2. ßê áà÷èìî ç òàáëèö³, ïîð³âíÿííÿ 

åêñïåðèìåíòàëüíèõ äàíèõ íàòóðíèõ âèì³ðþâàíü ñåðåäíüî¿ e
îà ³ 

ìàêñèìàëüíî¿ àå âèñîò õâèëü ç ðåçóëüòàòàìè òåîðåòè÷íèõ ðîçðàõóíê³â 

öèõ âåëè÷èí à ò
î  ³ àò çà ôîðìóëàìè (11) - (14) äàëî çàäîâ³ëüí³ ðåçóëüòàòè. 

Òàêèì ÷èíîì, íà îñíîâ³ âèêëàäåíîãî ìîæíà çðîáèòè òàê³ âèñíîâêè: 
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1 Íàäàííÿ âåëèêî¿ ê³ëüêîñò³ ñèñòåìíèõ ïîñëóã ïðè ðîáîò³ ÃÀÅÑ â 
åíåðãåòè÷í³é ñèñòåì³ âèêëèêàº ÷àñò³ çì³íè ã³äðàâë³÷íîãî ðåæèìó ñòàíö³é. 

2 Ïðè ð³çêîìó ïóñêó òà çóïèíåíí³ ã³äðîàãðåãàò³â ó ï³äâ³äíèõ ³ 
â³äâ³äíèõ êàíàëàõ ÃÀÅÑ, ÃÅÑ, íàñîñíèõ ñòàíö³é äîñèòü ÷àñòî 
óòâîðþþòüñÿ ïîõèë³ òà êðóò³ õâèë³ ïåðåì³ùåííÿ. 

3 Îñíîâí³ õàðàêòåðèñòèêè òàêèõ êðóòèõ õâèëü ïåðåì³ùåííÿ ç 
õâèëåïîä³áíèì ôðîíòîì ìîæíà çíàõîäèòè çà ðåêîìåíäîâàíèìè 
çàëåæíîñòÿìè (11) – (14). 
 
SUMMARY 

Peculiarities are considered of wavelike conditions in underwater and discharge open 
channels and in non-pressure tunnels of hydroelectric accumulation power stations, hydropower 
stations caused by the specific operation of stations in the power system. Methods are proposed 
of calculating basic parameters of displacement waves which take into account possibilities of 
creating wavelike surface of the water flow.  
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