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Ðàññìàòðèâàåòñÿ ïðîñòðàíñòâåííàÿ è âðåìåííàÿ èçìåí÷èâîñòü ðå÷íîãî ñòîêà íà ïðèìåðå ð. Óðàë â ïðåäå
ëàõ Ðîññèéñêîé Ôåäåðàöèè. Îòìå÷åíà íåîáõîäèìîñòü èçó÷åíèÿ êîëåáàíèé âîäíûõ ðåñóðñîâ òðàíñãðàíè÷
íîé ðåêè äëÿ öåëåé äîëãîñðî÷íîãî âîäîõîçÿéñòâåííîãî ïëàíèðîâàíèÿ. Ñ ïîìîùüþ ðàçíîñòíîèíòåãðàëüíûõ 
êðèâûõ è ñêîëüçÿùåãî òðåõëåòíåãî îñðåäíåíèÿ ïðîàíàëèçèðîâàíà ìíîãîëåòíÿÿ äèíàìèêà ñðåäíåãîäîâîãî 
è ìàêñèìàëüíîãî ñòîêîâ. Âûäåëåíû ïîëíûå öèêëû âîäíîñòè, ìíîãîâîäíûå è ìàëîâîäíûå ôàçû. Îòìå÷åíû 
ãåîãðàôè÷åñêèå çàêîíîìåðíîñòè èçìåí÷èâîñòè âîäíûõ ðåñóðñîâ ð. Óðàë. Îòìå÷åíû öèêëè÷åñêèå êîëåáàíèÿ 
âîäíîñòè  ðåêè, âíóòðè âûäåëåííûõ ïîëíûõ öèêëîâ íàìå÷åíû ìàëîâîäíûå è ìíîãîâîäíûå ôàçû, óêàçàíà 
èõ ïðîäîëæèòåëüíîñòü. Íà îñíîâå àíàëèçà ìíîãîëåòíèõ ðÿäîâ íàáëþäåíèé óñòàíîâëåíî, ÷òî  âíóòðè öèêëîâ 
êàê ïî ìàêñèìàëüíûì, òàê è ïî ñðåäíåãîäîâûì ðàñõîäàì âîäû ïðåîáëàäàåò ìàëîâîäíàÿ ôàçà. Äëÿ ðàññìà
òðèâàåìûõ ãèäðîïîñòîâ îòìå÷åíà ðàçëè÷íàÿ ïðîäîëæèòåëüíîñòü öèêëîâ âðåìåííîé èçìåí÷èâîñòè ãîäîâîãî 
ñòîêà â çàâèñèìîñòè îò èõ ãåîãðàôè÷åñêîãî ïîëîæåíèÿ. Ïðîèçâåäåí àíàëèç òðåíäðÿäîâ, ïîçâîëÿþùèé îöå
íèòü èçìåíåíèÿ âîäíîñòè â ïåðñïåêòèâå. Èññëåäîâàíû ëèíåéíûå òðåíäû â ðÿäàõ ìàêñèìàëüíîãî è ãîäîâîãî 
ñòîêà. Óñòàíîâëåíî, ÷òî òðåíäû íàïðàâëåííîñòè çíà÷åíèé ìàêñèìàëüíîãî ñòîêà äåìîíñòðèðóþò îò÷åòëèâóþ 
òåíäåíöèþ ê ñíèæåíèþ çíà÷åíèé ðàñõîäîâ âîäû. Äëÿ ãîäîâîãî ñòîêà íà áîëüøèíñòâå ïîñòîâ õàðàêòåðíà 
ïðîòèâîïîëîæíàÿ òåíäåíöèÿ. Íàïðàâëåííîñòü èçìåíåíèé ñðåäíåãîäîâîãî ñòîêà ñâÿçàíà ñ ìåòåîðîëîãè÷å
ñêèìè ôàêòîðàìè, îïðåäåëåííûå êîððåêòèâû âíîñèò çàðåãóëèðîâàííîñòü ðóñëà ðåêè. Äëÿ ðàöèîíàëüíîãî 
èñïîëüçîâàíèÿ âîäíûõ ðåñóðñîâ â íàñòîÿùåå âðåìÿ ñëåäóåò ó÷èòûâàòü íàëè÷èå ìàëîâîäíîé ôàçû. Â ïåð
ñïåêòèâå îæèäàåòñÿ  ïîíèæåíèå  çíà÷åíèé äëÿ ìàêñèìàëüíîãî ñòîêà; ïîâûøåíèå èëè î÷åíü íåçíà÷èòåëüíîå 
ñíèæåíèå – äëÿ ãîäîâîãî 

Êëþ÷åâûå ñëîâà: âîäíîñòü; ñòîê; ìíîãîëåòíÿÿ äèíàìèêà; ïðîñòðàíñòâåííàÿ èçìåí÷èâîñòü; ðåêà Óðàë; ìàê
ñèìàëüíûå ðàñõîäû; âîäíûå ðåñóðñû; âðåìåííàÿ èçìåí÷èâîñòü; ìàëîâîäíàÿ ôàçà; ãîäîâîé ñòîê  
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The space and temporary variability of the river flow on the example of the Ural river at the territory of the 
Russian Federation is considered. The necessity of water resources fluctuations of the transbordered river for the 
purposes of longterm water management planning is stated. By the means of different integral curves and moving 
threeyear averaging, the cyclical fluctuations of the river water content with respect to annual and maximal 
flow is noted. The full cycles of water content, highwater and lowwater phases are allocated. The geographical 
regularities of the water resources on the Ural river are pointed out. Inside the allocated full cycles, the abounding 
and shallow phases are marked, their duration is listed. On the base of the many component observations series 
analysis is proved that inside of cycles both with respect to maximal and average annual of the water consumption 
the shallow phase prevails. For considered ganging stations the different duration of cycles of the contemporary 
variability of year flow according to their geographical position is noted. The analysis of trendseries, allowing to 
estimate the change of the water content in the perspective, is produced. The lineal trends in the series of year 
and maximal flow are investigated. It is stated that focus trend of maximal flow values demonstrate the district 
tendency to the decrease of water consumption. That requires the depth study of the factors, forming the maximal 
flow. For the year flow on the most stations the trends the opposite tendency is peculiar. The directionality of the 
average annual flow change is connected with meteorological factors, some corrections makes the overregulation 
of the river channel. The rational using of the water resources currently the presence of a lowwater phase should 
be taken into account. In the future it is expected the lowering of the maximal flow values, increasing or a slight 
decreasing – for a year flow 

Key words: water content; flow; longtime dynamics; space variability; Ural river; maximal flow value; water resources; 
temporary variability; lowwater phase; year flow 

Ââåäåíèå. Êëèìàòè÷åñêèå óñëîâèÿ âíó
òðè ñòðàí è êðóïíûõ ðåãèîíîâ  èñïû

òûâàþò çíà÷èòåëüíûå âàðèàöèè ïî âðå
ìåíè. Çàêîíîìåðíûì ñëåäñòâèåì òàêèõ  
èçìåíåíèé êëèìàòà ÿâëÿþòñÿ öèêëè÷åñêèå 
êîëåáàíèÿ ìåòåîðîëîãè÷åñêèõ ôàêòîðîâ, à 
òàêæå âîäíîñòè ðåê è óðîâíåé îçåð [2; 8; 
12]. Äîñòîâåðíûå ñâåäåíèÿ î ìíîãîëåòíåé 
èçìåí÷èâîñòè êîëè÷åñòâåííûõ õàðàêòåðè
ñòèê ñòîêà ðåê íåîáõîäèìû äëÿ ðàöèîíàëü
íîãî èñïîëüçîâàíèÿ âîäíûõ ðåñóðñîâ. Â 
ñâÿçè ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü ïðî
âåäåíèÿ èññëåäîâàíèé ïî èçó÷åíèþ ìíîãî
ëåòíåé äèíàìèêè ñòîêà îòäåëüíûõ ðå÷íûõ 
ñèñòåì, à òàêæå  âûäåëåíèÿ ìíîãîâîäíûõ 
è ìàëîâîäíûõ ïåðèîäîâ. Îñîáåííî àêòó
àëüíûì  ïðè óâåëè÷èâàþùèõñÿ îáúåìàõ 
âîäîïîòðåáëåíèÿ  ÿâëÿåòñÿ  âûäåëåíèå ñðî
êîâ è ïðîäîëæèòåëüíîñòè ìàëîâîäíûõ ôàç. 
Ïðè õàðàêòåðèñòèêå ìíîãîëåòíèõ èçìåíå
íèé âîäíîñòè îñîáîå âíèìàíèå óäåëÿåòñÿ 
ãîäîâûì è ìàêñèìàëüíûì ðàñõîäàì âîäû 
[4]. Ñðåäíåãîäîâûå ðàñõîäû èñïîëüçóþòñÿ 
äëÿ õàðàêòåðèñòèêè íîðìû ðå÷íîãî ñòîêà, 
ÿâëÿþùåéñÿ îñíîâîé äîëãîñðî÷íîãî âîäî
õîçÿéñòâåííîãî ïëàíèðîâàíèÿ. Ñâåäåíèÿ 
îá àáñîëþòíûõ âåëè÷èíàõ ìàêñèìàëüíûõ 
ðàñõîäîâ íåîáõîäèìû, ïðåæäå âñåãî, äëÿ 

ïðåäîòâðàùåíèÿ íåãàòèâíûõ ÿâëåíèé – 
ôîðìèðîâàíèÿ íàâîäíåíèé, ïîäòîïëåíèÿ 
íàñåëåííûõ ïóíêòîâ, ïîâðåæäåíèÿ ãèäðî
òåõíè÷åñêèõ ñîîðóæåíèé. 

Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ ïî 
îáîçíà÷åííîìó êðóãó çàäà÷ âûáðàíû îòðåç
êè âåðõíåãî  è ñðåäíåãî òå÷åíèÿ ð. Óðàë, 
âêëþ÷àþùèå ìåðèäèîíàëüíûé îòðåçîê 
â ïðåäåëàõ Ðåñïóáëèêè Áàøêîðòîñòàí 
è ×åëÿáèíñêîé îáëàñòè (âåðõíåå òå÷å
íèå ð. Óðàë) è øèðîòíûé îòðåçîê ðåêè â 
Îðåíáóðãñêîé îáëàñòè (ñðåäíåå òå÷åíèå). 
Ðàññìàòðèâàåìûé ðàéîí õàðàêòåðèçóåò
ñÿ âûñîêèìè îáúåìàìè âîäîïîòðåáëåíèÿ 
[1; 3]. Íàïðÿæåííàÿ âîäîõîçÿéñòâåííàÿ 
ñèòóàöèÿ óñèëèâàåòñÿ çà ñ÷åò ñâîåîáðàçíûõ 
êëèìàòè÷åñêèõ óñëîâèé [10]. Äëÿ âîäíîãî 
ðåæèìà ðåêè õàðàêòåðíî êðàéíå íåðàâíî
ìåðíîå âíóòðèãîäîâîå ðàñïðåäåëåíèå ñòî
êà: íà äîëþ âåñåííåãî ïîëîâîäüÿ ïðèõîäèò
ñÿ 62…98 % îáúåìà [9]. Îòëè÷èòåëüíîé  
÷åðòîé áàññåéíà ð. Óðàë ÿâëÿåòñÿ âûñîêàÿ 
ñòåïåíü çàðåãóëèðîâàííîñòè ðå÷íîãî ðóñ
ëà. Ýòî â îïðåäåëåííîé ñòåïåíè ñïîñîá
ñòâóåò ñãëàæèâàíèþ ðàçëè÷èé âî âíóòðè
ãîäîâîì ðàñïðåäåëåíèè âîäíûõ ðåñóðñîâ è 
â ôîðìèðîâàíèè  âåëè÷èí ìàêñèìàëüíîãî 
ñòîêà, îäíàêî âëèÿíèå âîäîõðàíèëèù íà 
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âîäíûé ðåæèì ÿâëÿåòñÿ íåîäíîçíà÷íûì 
[3; 9; 10]. Â ñâÿçè ñ âëèÿíèåì óïîìÿíó
òûõ îáñòîÿòåëüñòâ, äëÿ ôóíêöèîíèðîâàíèÿ 
ïðîìûøëåííîñòè, ñåëüñêîãî õîçÿéñòâà è 
íàñåëåííûõ ïóíêòîâ íåîáõîäèìà íå òîëüêî 
ïðàâèëüíàÿ îöåíêà âîäíûõ ðåñóðñîâ ðåêè. 
Ïðè ýòîì âàæíî óñòàíîâèòü íàëè÷èå ìàëî
âîäíîé ëèáî ìíîãîâîäíîé ôàçû íà ñîâðå
ìåííîì ýòàïå, îïðåäåëèòü òåíäåíöèè èçìå
íåíèÿ âîäíîñòè.

Ìåòîäîëîãèÿ è ìåòîäèêà èññëåäî
âàíèÿ. Â êà÷åñòâå èñõîäíîé èíôîðìàöèè 
îáðàáàòûâàëèñü ìàòåðèàëû ãèäðîëîãè÷å
ñêèõ íàáëþäåíèé  ïðîäîëæèòåëüíîñòüþ íå 
ìåíåå 68 ëåò. Èç íèõ ïîñëåäíèå 40…50 ëåò 
– ïåðèîä èíòåíñèâíîãî èçìåíåíèÿ êëèìà

òà, ÷òî ïîäòâåðæäàþò è ðåçóëüòàòû íàøèõ 
èññëåäîâàíèé íà òåððèòîðèè Ðåñïóáëèêè 
Áàøêîðòîñòàí è ñîïðåäåëüíûõ òåððèòîðèé 
[5]. Îáðàáîòêà ìàòåðèàëîâ ïðîâîäèëàñü 
ïî íåñêîëüêèì ãèäðîïîñòàì íà òåððèòî
ðèè ×åëÿáèíñêîé è Îðåíáóðãñêîé îáëàñòåé 
(òàáë. 1). Ïðè ýòîì ãèäðîïîñò ã. Âåðõíåó
ðàëüñê ôèêñèðóåò çíà÷åíèÿ ðàñõîäîâ âîäû 
äî çîíû âëèÿíèÿ Âåðõíåóðàëüñêîãî è Ìàã
íèòîãîðñêîãî âîäîõðàíèëèù, èçìåíÿþùèõ 
åñòåñòâåííûé ãèäðîëîãè÷åñêèé ðåæèì 
ðåêè. Äàííûå ïî ãèäðîïîñòó ñ. Êèçèëü
ñêîå, ã. Îðåíáóðã äàþò ïðåäñòàâëåíèå î 
ñòåïåíè òðàíñôîðìàöèè âíóòðèãîäîâîãî 
ñòîêà ïîä âëèÿíèåì êðóïíûõ ãèäðîòåõíè
÷åñêèõ ñîîðóæåíèé. 

Òàáëèöà 1 / Table 1
Ñâåäåíèÿ î ãèäðîëîãè÷åñêèõ ïîñòàõ íà ð. Óðàë / Facts about gydrological stations on the Ural river

Ðåêà – ïîñò / River – station

Ïëîùàäü 
âîäîñáîðà,  êì2 / 

Square of drainage 
area, km2

Ðàññòîÿíèå (êì) îò 
/ Distance (km) from

Ïåðèîä 
íàáëþäåíèé 
/ Observation 

period

×èñëî ëåò / 
Number of 

yearsèñòîêà /
source

óñòüÿ /
mouth

ð. Óðàë – ã. Âåðõíåóðàëüñê / 
R. Ural – Verkhneuralsk 2650 154 2274 19362015 80

ð. Óðàë – ñ. Êèçèëüñêîå / 
R. Ural –  Kizilskoe 17200 414 2014 19262015 90

ð. Óðàë – ï. Áåðåçîâñêèé / 
R. Ural – Berezovsky 22600 498 1930 19482015 68

ð. Óðàë – ã. Îðåíáóðã / 
R. Ural –  Orenburg 82300 1132 1296 19272015 89

Â õîäå âûïîëíåíèÿ ðàñ÷åòîâ ïî îöåíêå 
èçìåíåíèé ñðåäíåãî è ìàêñèìàëüíîãî ðàñ
õîäîâ âîäû èñïîëüçîâàíû ñëåäóþùèå ìåòî
äû: ðàçíîñòíîèíòåãðàëüíûõ êðèâûõ (äàëåå 
– ÐÈÊ), òðåõëåòíåãî ñêîëüçÿùåãî îñðåäíå
íèÿ, ëèíåéíîãî òðåíäà [13]. Äëÿ îöåíêè 
âîçìîæíîñòè èñïîëüçîâàíèÿ äàííûõ â âî
äîõîçÿéñòâåííûõ ðàñ÷åòàõ ïðîâåäåíà ïðî
âåðêà îäíîðîäíîñòè ðÿäîâ ñ èñïîëüçîâàíè
åì Òêðèòåðèÿ Ñòüþäåíòà. Àíàëèç ïîêàçàë, 
÷òî ðÿäû ÿâëÿþòñÿ îäíîðîäíûìè.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îá
ñóæäåíèå. Äëÿ àíàëèçà èçìåíåíèé ãîäîâî
ãî ñòîêà ðåêè ïî âðåìåíè íàìè ïîñòðîåíû 
ÐÈÊ ñðåäíåãîäîâîãî ñòîêà  ïî èçó÷àåìîé 
òåððèòîðèè (ðèñ. 1). Âûäåëåíèå öèêëîâ 

ïðîâîäèëîñü ñ ó÷åòîì èìåþùåãîñÿ â íàëè
÷èè  ðÿäà íàáëþäåíèé. 

Ãðàôè÷åñêèå ìàòåðèàëû ïî âñåì ãèäðîïî
ñòàì äåìîíñòðèðóþò: â ìíîãîëåòíåé äèíà
ìèêå çíà÷åíèé ãîäîâîãî ñòîêà ðåêè èìåþòñÿ 
ïåðèîäû ñ ÷åòêî âûðàæåííîé àñèíõðîííî
ñòüþ ìåæäó çíà÷åíèÿìè âîäíîñòè â ïóíêòå 
ã. Âåðõíåóðàëüñê è îñòàëüíûìè ïóíêòàìè 
íàáëþäåíèé, ðàñïîëîæåííûìè íèæå ïî 
òå÷åíèþ ðåêè. Çíà÷èòåëüíûå îòëè÷èÿ ïî 
âîäíîñòè íà÷àëèñü ñ ñåðåäèíû 50õ ãã. è 
ïðîäîëæèëèñü äî íà÷àëà 1970õ ãã. Äëÿ ãè
äðîïîñòà Âåðõíåóðàëüñêà âûäåëåíî äâà ïîë
íûõ öèêëà âîäíîñòè ïðîäîëæèòåëüíîñòüþ 
23 è 44 ãîäà. Ïðîäîëæèòåëüíîñòü ïîñëåäíå
ãî èç íèõ çàìåòíî ïðåâûøàåò ïðåäûäóùèé 
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(ðèñ. 1). Àìïëèòóäû êîëåáàíèÿ ñòîêà âíó
òðè ýòèõ öèêëîâ â îáùåì ñïîêîéíûå. Â òå
÷åíèå ïåðâîãî öèêëà â ã. Âåðõíåóðàëüñê 
îòìå÷åíî ïðåîáëàäàíèå ìíîãîâîäíîãî 
ïåðèîäà. Îäíàêî â ïîñëåäíåì öèêëå, êî
òîðûé ïðîäîëæàåòñÿ ïî íàñòîÿùåå âðåìÿ, 
äîìèíèðóåò ìàëîâîäíàÿ ôàçà ñ íåáîëüøèì 
óâåëè÷åíèåì âîäíîñòè ñ 2000 ïî 2007 ãã., 
êîòîðàÿ, âåðîÿòíî, çíàìåíóåò ñîáîé íå íà

÷àëî íîâîãî öèêëà, à íåêîòîðîå óâåëè÷åíèå 
çíà÷åíèé âîäíîñòè íà ôîíå åãî îáùåãî ñíè
æåíèÿ. Íà÷èíàÿ ñ 2006–2007 ãã., âíîâü 
ïðîäîëæàåòñÿ òåíäåíöèÿ ôîðìèðîâàíèÿ 
ìàëîâîäíîãî ïåðèîäà. 

Äëÿ ïîñòîâ, ðàñïîëîæåííûõ íèæå ïî 
òå÷åíèþ ðåêè (ñ. Êèçèëüñêîå, ï. Áåðåçîâ
ñêèé, ã. Îðåíáóðã), îòìå÷åí èíîé õàðàêòåð 
âðåìåííîé èçìåí÷èâîñòè ãîäîâîãî ñòîêà.

Ðèñ. 1. Ãðàôèê ðàçíîñòíîèíòåãðàëüíûõ êðèâûõ ñðåäíåãîäîâûõ ðàñõîäîâ âîäû ðåêè Óðàë / 
Fig. 1. The graph of differenceintegral curves of the average annual water consumption of the Ural river

Äëÿ âñåõ ýòèõ ïóíêòîâ íàáëþäåíèé 
âûäåëåí âñåãî îäèí ïîëíûé öèêë âîäíîñòè 
ïðîäîëæèòåëüíîñòüþ 67…68 ëåò ñ ïðàê
òè÷åñêè ñîâïàäàþùèìè äàòàìè íà÷àëà è 
îêîí÷àíèÿ öèêëà. Åãî ïðîäîëæèòåëüíîñòü 
ïî êàæäîìó ïóíêòó, à òàêæå âûäåëÿåìûå 

âíóòðè äàííûõ öèêëîâ ìàëîâîäíûå è ìíî
ãîâîäíûå ïåðèîäû ïðåäñòàâëåíû â òàáë. 2. 
Òàêîå èçìåíåíèå âîäíîñòè ðåêè â îáùèõ 
÷åðòàõ ñîâïàäàåò ñ ðåçóëüòàòàìè èññëåäîâà
íèé äèíàìèêè  ðå÷íîãî ñòîêà íà òåððèòîðèè 
Áàøêèðñêîãî Ïðåäóðàëüÿ [6; 7].

Òàáëèöà 2 / Table 2
Ìàëîâîäíûå è ìíîãîâîäíûå ôàçû ð. Óðàë ïî ñðåäíåãîäîâûì è ìàêñèìàëüíûì ðàñõîäàì âîäû (ì3/ñ) ïî 
èçó÷àåìûì ãèäðîïîñòàì / Low water and high water phases of the Ural river at the average and maximal cost 

of water (m3/s) in accordance with the studied gauging stations

Ðåêà – ïîñò / 
River – station

Ïðîäîëæèòåëüíîñòü, ëåò / Duration of years

öèêëà / cycle ìàëîâîäíîé ôàçû âíóòðè 
öèêëà / low water phase

ìíîãîâîäíîé ôàçû âíóòðè 
öèêëà / high water phase 

Ïî ñðåäíåãîäîâûì ðàñõîäàì âîäû / With respect to average annual cost of water

ð. Óðàë – ã. Âåðõíåóðàëüñê / 
R. Ural – Verkhneuralsk

13 – íåïîëíûé / not full 
(1936–1948) 1936–1940 1941–1948

22  (1949–1971) 1949–1956 1957–1971
44 (1972–2016) 1972–1999 2000–2016

ð. Óðàë – ñ. Êèçèëüñêîå /
R. Ural – v. Kizilskoe

17 – íåïîëíûé / not full
   (1932–1948) 1932–1939 1940–1948

67  (1949–016) 1949–1986 1987–2016
ð. Óðàë – ïîñ. Áåðåçîâñêèé / 

r. Ural – v. Berezovsky
– – –

68  (1948–016) 1948–1984 1985–2016

ð. Óðàë – ã. Îðåíáóðã /
 r. Ural – Orenburg

14 – íåïîëíûé / not full 
(1935–1948) 1935–1939 1940–1948

67  (1949–2016) 1949–1989 1990–2016

  г. Оренбург  п. Березовский  с. Кизильское г. Верхнеуральск
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Ðåêà – ïîñò / 
River – station

Ïðîäîëæèòåëüíîñòü, ëåò / Duration, years

öèêëà/ cycle ìàëîâîäíîé ôàçû âíóòðè 
öèêëà/ low water phase

ìíîãîâîäíîé ôàçû âíóòðè 
öèêëà/ high water phase

Ïî ìàêñèìàëüíûì ðàñõîäàì âîäû / With respect to maximal cost of water
ð. Óðàë – ã. Âåðõíåóðàëüñê / 

r. Ural – Verkhneuralsk 76 (1940–2016) 1948–2016 1940–1947

ð. Óðàë – ñ. Êèçèëüñêîå /
 r. Ural – v. Kizilskoe 76 (1940–2016) 1958–2016 1940–1957

ð. Óðàë – ïîñ. Áåðåçîâñêèé / 
r. Ural – v. Berezovsky 68 (1948–2016) 1972–2016 1948–1971

ð. Óðàë – ã. Îðåíáóðã / 
r. Ural – Orenburg 76 (1940–2016) 1958–2016 1940–1957

Îêîí÷àíèå òàáë. 2

Ìàëîâîäíûå è ìíîãîâîäíûå ôàçû äëÿ 
ýòèõ òðåõ ãèäðîïîñòîâ âíóòðè öèêëà â îá
ùåì è öåëîì ñèíõðîíèçèðîâàíû äðóã ñ äðó
ãîì è ðàçëè÷àþòñÿ òîëüêî íà÷àëîì íàñòó
ïëåíèÿ ìíîãîâîäíîé ôàçû. Ïðè äâèæåíèè 
âíèç ïî òå÷åíèþ ðåêè íàáëþäàåòñÿ âñå áîëü
øåå ñìåùåíèå ïî âðåìåíè äàò îêîí÷àíèÿ 
ìàëîâîäíîãî è íàñòóïëåíèÿ ìíîãîâîäíîãî 
ïåðèîäîâ. Äëÿ ãèäðîïîñòà  ïîñ. Áåðåçîâ
ñêèé äàòà ïåðåëîìà ïðèõîäèëàñü íà 1984 ã., 
äëÿ ñ. Êèçèëüñêîå ýòà äàòà çàôèêñèðîâàíà  
â 1986 ã. Äëÿ ãèäðîïîñòà ã. Îðåíáóðã îòíî
ñèòåëüíî ïîñ. Êèçèëüñêîå äàííîå ñìåùåíèå 
ïî âðåìåíè ñîñòàâëÿåò óæå ïîðÿäêà òðåõ 
ëåò (1989). Äëÿ âñåõ ýòèõ ïóíêòîâ â òå÷å
íèå âûäåëÿåìîãî öèêëà íàáëþäàåòñÿ ïðåîá
ëàäàíèå ìàëîâîäíûõ ëåò (40 èç 67–68) è 
áîëåå ðàííåå îêîí÷àíèå ìàëîâîäíûõ ôàç ïî 
ñðàâíåíèþ ñ Âåðõíåóðàëüñêîì, â ñðåäíåì 
íà äåñÿòü ëåò. Â ñâîþ î÷åðåäü, âíóòðè âû
äåëÿåìûõ ôàç îòìå÷åíû ìíîãî÷èñëåííûå 
ñëó÷àè íàðóøåíèÿ îáùåé òåíäåíöèè ñòîêà 
â ñâÿçè ñ áîëüøîé âàðèàáåëüíîñòüþ âçàè
ìîäåéñòâóþùèõ äðóã ñ äðóãîì ñòîêîôîðìè
ðóþùèõ è ãèäðîìåòåîðîëîãè÷åñêèõ ôàêòî
ðîâ. Íà÷èíàÿ ñ 2000 ïî 2006–2007 ãã. íà 
ïåðå÷èñëåííûõ ïîñòàõ òàêæå íàáëþäàåòñÿ 
ôîðìèðîâàíèå íåïðîäîëæèòåëüíîãî ìíîãî
âîäíîãî ïåðèîäà.

Èññëåäîâàíèÿ ìåòîäîì ÐÈÊ ïî ìíîãî
ëåòíåìó ðÿäó íàáëþäåíèé ñâèäåòåëüñòâóþò 
î âûñîêîé äèíàìè÷íîñòè èçìåíåíèÿ ãîäîâî
ãî ñòîêà âî âðåìåíè è ïðîñòðàíñòâå. Îäíàêî 
ýòîò ìåòîä íå ñãëàæèâàåò ðåçêèå êîëåáàíèÿ 
ðå÷íîãî ñòîêà, ïîýòîìó èìååòñÿ âåðîÿòíîñòü 
îøèáî÷íûõ âûâîäîâ â âûäåëåíèè ïðîäîëæè
òåëüíîñòè îòäåëüíûõ ïåðèîäîâ è ôàç. Ïðîâå
ðèòü êàê ïðàâèëüíîñòü èõ âûäåëåíèÿ, òàê è 
íàáëþäàåìûå òåíäåíöèè çíà÷åíèé ðàñõîäîâ 
âîäû ìîæíî ïóòåì ïîñòðîåíèÿ òðåõëåòíèõ 
ñêîëüçÿùèõ. Íà ðèñ. 2 ïðåäñòàâëåíû ãðàôè
÷åñêèå ìàòåðèàëû ïî óòî÷íåííîé ïðîäîëæè
òåëüíîñòè  ïåðèîäîâ ðàçëè÷íûõ ïî âîäíîñòè 
ëåò è ïî âûÿâëåííûì òðåíäàì  ñðåäíåãîäî
âûõ ðàñõîäîâ âîäû (ðèñ. 2). Òàê, óòî÷íåí
íûìè (ñ èñïîëüçîâàíèåì äàííîãî ìåòîäà) 
ìàëîâîäíûìè ïåðèîäàìè äëÿ ïîñ. Áåðåçîâ
ñêèé ÿâëÿþòñÿ 1949–1956; 1960–1967; 
1972–1978 ãã. Ê ìíîãîâîäíûì ïåðèîäàì 
îòíîñÿòñÿ 1957–1959; 1968–1971 ãã. è 
ò. ä. Òàêèì îáðàçîì, ïðè íåîáõîäèìîñòè âû
äåëåíèÿ äðîáíûõ è ìåíåå ïðîäîëæèòåëüíûõ  
ïî âðåìåíè ôàç âîäíîñòè ðåêîìåíäóåòñÿ ìå
òîä ñêîëüçÿùåãî îñðåäíåíèÿ. Â äàííîì ñëó
÷àå áîëüøèé èíòåðåñ ïðåäñòàâëÿåò îáùàÿ 
íàïðàâëåííîñòü äèíàìèêè ñðåäíåãîäîâîãî 
ñòîêà â çàâèñèìîñòè îò ãåîãðàôè÷åñêîãî ïî
ëîæåíèÿ ãèäðîïîñòîâ.
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Ðèñ. 2. Ãðàôèêè ñêîëüçÿùåãî òðåõëåòíåãî îñðåäíåíèÿ ñðåäíåãîäîâûõ ðàñõîäîâ âîäû (ì3/ñ) íà ïîñòàõ 
ð. Óðàë / Fig. 2. The graphs of the sliding three year averaging of year average cost of water (m3/s) at

the Ural river posts: à) ð. Óðàë – ã. Âåðõíåóðàëüñê / r. Ural – t. Verkhneuralsk; á) ð. Óðàë – ñ. Êèçèëüñêîå
/ r. Ural – v. Kizilskoe; â) ð. Óðàë – ïîñ. Áåðåçîâñêèé / r. Ural – v. Berezovsky; ã) ð. Óðàë – ã. Îðåíáóðã / 

r. Ural – t. Orenburg

Òðåíä íàïðàâëåííîñòè çíà÷åíèé ñðåä
íåãîäîâîãî ñòîêà ïî ãèäðîïîñòó ã. Âåðõíå
óðàëüñê äåìîíñòðèðóåò îò÷åòëèâóþ òåí
äåíöèþ ê ñíèæåíèþ çíà÷åíèé ðàñõîäîâ 
âîäû, ÷òî ìîæåò áûòü îáúÿñíåíî óñèëåíèåì 
çàñóøëèâîñòè êëèìàòà. Íà ïîñòàõ ñ. Êè
çèëüñêîå è ï. Áåðåçîâñêèé òåíäåíöèÿ ïðî
òèâîïîëîæíà. Òðåíäû  ðàññìàòðèâàåìîãî 
ïîêàçàòåëÿ ïîêàçûâàþò óâåëè÷åíèå çíà
÷åíèé ñðåäíåãîäîâûõ ðàñõîäîâ âîäû, ÷òî 
ñîâïàäàåò ñ íàïðàâëåíèåì óâåëè÷åíèÿ ãî
äîâîãî êîëè÷åñòâà îñàäêîâ íà áëèæàéøèõ 
ìåòåîñòàíöèÿõ. È, íàêîíåö, òåíäåíöèÿ íà
ïðàâëåííîñòè ãîäîâîãî ñòîêà ó ã. Îðåíáóðã 
äåìîíñòðèðóåò î÷åíü íåáîëüøîå çíà÷åíèå 
íàêëîíà ëèíèè òðåíäà â ñòîðîíó óìåíüøå
íèÿ ñðåäíåãîäîâûõ ðàñõîäîâ âîäû (ðèñ. 2). 

Äëÿ àíàëèçà âðåìåííîé èçìåí÷èâîñòè 
ìàêñèìàëüíûõ ðàñõîäîâ âîäû èñïîëüçîâà
íû ãðàôè÷åñêèå ìàòåðèàëû, òàêæå ïîñòðî
åííûå ìåòîäîì ÐÈÊ. Õàðàêòåðíûå îñîáåí
íîñòè, âîäíûå öèêëû è ôàçû ïðåäñòàâëåíû 
íà ðèñ. 4. Âûäåëåíèå öèêëîâ òàêæå ïðî
âîäèëîñü ñ ó÷åòîì èìåþùåãîñÿ â íàëè÷èè  
âðåìåííîãî ðÿäà íàáëþäåíèé (òàáë. 2).

Ïî äàííûì ãðàôè÷åñêèõ ìàòåðèàëîâ 
îæèäàåìîé êîððåëÿöèè ìàêñèìàëüíûõ 
ðàñõîäîâ ñî ñðåäíåãîäîâûìè íå ïðîèçîøëî 

(ðèñ. 1, 3). Ïî ìàêñèìàëüíûì çíà÷åíèÿì 
ñòîêà çà âåñü èññëåäóåìûé ïåðèîä âûäåëÿ
åòñÿ òîëüêî îäèí âîäíûé öèêë, â òîì ÷èñ
ëå è íà ãèäðîïîñòó ã. Âåðõíåóðàëüñê. Ïðè 
âûäåëåíèè áîëåå ìåëêèõ ïåðèîäîâ âíóòðè 
öèêëà ñî âòîðîé ïîëîâèíû 50õ ãã. ïî íàñòî
ÿùåå âðåìÿ (äëÿ ã. Âåðõíåóðàëüñê ñ íà÷àëà 
70õ ãã.) òàêæå äîìèíèðóåò ìàëîâîäíàÿ 
ôàçà. Äëÿ çíà÷åíèé ìàêñèìàëüíîãî ñòîêà 
õàðàêòåðíà ïðàêòè÷åñêè ïîëíàÿ èäåíòè÷
íîñòü âîäíûõ ôàç ñ ìîìåíòà íà÷àëà íàáëþ
äåíèé äî 1956–1957 ãã., îñîáåííî áëèçêèå 
çíà÷åíèÿ ïîêàçàòåëåé ñòîêà è ñðîêîâ èçìå
íåíèÿ òåíäåíöèé îòìå÷åíû äî 1948 ã. Ïî
ñëå ýòîãî âðåìåíè ÷åòêîé ñèíõðîííîñòüþ 
îòëè÷àëèñü çíà÷åíèÿ âîäíîñòè ïóíêòîâ 
íàáëþäåíèÿ ã. Âåðõíåóðàëüñê – ï. Áåðå
çîâñêèé. Â òàáë. 2 è íà ðèñ. 3 ïðèâåäåíû 
ñðîêè íà÷àëà íàñòóïëåíèÿ ìàëîâîäíûõ è 
ìíîãîâîäíûõ ïåðèîäîâ, êîòîðûå ïðàêòè
÷åñêè ñîâïàäàþò ïî âñåì ïóíêòàì íàáëþ
äåíèé. Ïî ñðîêàì ìíîãîâîäíûå ïåðèîäû 
î÷åíü êîðîòêèå – äî 8 ëåò; ïåðèîäû ìàëî
âîäüÿ ðàíåå èìåëè ñðîêè 9…10 ëåò, îäíàêî 
ïîñëåäíÿÿ ïî âðåìåíè ôàçà çàòÿíóëàñü íà 
44 ãîäà. Íàáëþäàåìàÿ äèíàìèêà çíà÷åíèé 
ìàêñèìàëüíûõ ðàñõîäîâ âîäû èäåíòè÷íà 
ïî âñåì ãèäðîïîñòàì è îòëè÷àåòñÿ â îñ

ã)
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íîâíîì àìïëèòóäîé àáñîëþòíûõ çíà÷åíèé 
ìàêñèìàëüíîãî ñòîêà. Àíàëîãè÷íàÿ ñèòóà
öèÿ ñ ñîâïàäåíèåì ðàçëè÷íûõ ïî âîäíîñòè 
ïåðèîäîâ äî 1997–1998 ãã. íàáëþäàëàñü â 

Ïðîäîëæèòåëüíîñòü ôàç è öèêëîâ íà 
ðàññìàòðèâàåìîé òåððèòîðèè çàìåòíîé 
ïðîñòðàíñòâåííîé íåîäíîðîäíîñòè íå èìå
åò. Íà âñåõ ãèäðîïîñòàõ âíóòðè îñíîâíûõ 
âîäíûõ öèêëîâ è ôàç ñ ó÷åòîì êîëåáàíèÿ 
êëèìàòè÷åñêèõ ôàêòîðîâ íàáëþäàþòñÿ öè
êëû ìåíüøåãî ïîðÿäêà  ñ ðàçëè÷íûìè çíà
÷åíèÿìè è ðàçëè÷íîé ïðîäîëæèòåëüíîñòüþ. 

а)

  г. Оренбург  п. Березовский  с. Кизильское г. Верхнеуральск

Ðèñ. 3. Ãðàôèê ðàçíîñòíîèíòåãðàëüíûõ êðèâûõ ìàêñèìàëüíûõ ðàñõîäîâ âîäû ð. Óðàë / 
Fig. 3. The graph of differenceintegral curves of the maximal water consumption of the Ural river

ñòâîðàõ ñ. Êèçèëüñêîå è ã. Îðåíáóðã, ïîñëå 
÷åãî ïî äàííûì ïóíêòàì ïðîèçîøëà ïîëíàÿ 
ðàññèíõðîíèçàöèÿ çíà÷åíèé ìàêñèìàëüíî
ãî ñòîêà. 

Ïî ãðàôèêàì òðåõëåòíèõ ñêîëüçÿùèõ  
ìàêñèìàëüíûõ ðàñõîäîâ âîäû (ðèñ. 4) 
äëÿ âñåõ ïóíêòîâ îòìå÷åíî çíà÷èòåëüíîå 
ñíèæåíèå ëèíèè òðåíäà. Íàìå÷àþùàÿñÿ 
òåíäåíöèÿ òðåáóåò óãëóáëåííîãî èçó÷åíèÿ 
ïðîñòðàíñòâåííîé è âðåìåííîé äèíàìèêè 
ñòîêîôîðìèðóþùèõ ôàêòîðîâ áàññåéíà 
âåðõíåãî è ñðåäíåãî òå÷åíèÿ ð. Óðàë.
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Ðèñ. 4. Ãðàôèêè ñêîëüçÿùåãî òðåõëåòíåãî îñðåäíåíèÿ ìàêñèìàëüíûõ ðàñõîäîâ âîäû (ì3/ñ) íà ïîñòàõ ð. Óðàë  / 
Fig. 4. The graphs of the sliding three year averaging of maximal cost of water (m3/s) at the Ural river posts: 
à) ð. Óðàë – ã. Âåðõíåóðàëüñê / r. Ural – t. Verkhneuralsk; á) ð. Óðàë – ñ. Êèçèëüñêîå / r. Ural – v. Kizilskoe; 

â) ð. Óðàë – ïîñ. Áåðåçîâñêèé / r. Ural – v. Berezovsky; ã) ð. Óðàë – ã. Îðåíáóðã / r. Ural – t. Orenburg

г)

в)

б)
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Âûâîäû. Èññëåäîâàíèÿ ìåòîäîì ÐÈÊ 
ïî ìíîãîëåòíåìó ðÿäó íàáëþäåíèé ñâèäå
òåëüñòâóþò î âûñîêîé äèíàìè÷íîñòè èç
ìåíåíèÿ  ñðåäíåãîäîâîãî ñòîêà âî âðåìåíè 
è ïðîñòðàíñòâå. Ïðè àíàëèçå âðåìåííîé 
èçìåí÷èâîñòè ãîäîâîãî ñòîêà  â ñàìîì ñå
âåðíîì èç ðàññìàòðèâàåìûõ ãèäðîïîñòîâ 
âûäåëåíî äâà ïîëíûõ öèêëà âîäíîñòè. Äëÿ 
ïîñòîâ, ïîäâåðæåííûõ âëèÿíèþ èñêóñ
ñòâåííîãî ðåãóëèðîâàíèÿ ñòîêà è ðàñïîëî
æåííûõ â áîëåå àðèäíûõ îáëàñòÿõ, ðèòìû 
öèêëè÷íîñòè îäíîòèïíû íåçàâèñèìî îò èõ 
ãåîãðàôè÷åñêîãî ïîëîæåíèÿ. Çäåñü íàáëþ
äàåòñÿ îäèí öèêë âîäíîñòè. Âíóòðè öèêëîâ 
íà âñåõ ïóíêòàõ íàáëþäåíèé ïî âðåìåíè 
ïðåîáëàäàþò ìàëîâîäíûå ôàçû. Ïðè äâè
æåíèè ñ ñåâåðà íà þã îòìå÷åíî çàïàçäû
âàíèå íà÷àëà íàñòóïëåíèÿ ìíîãîâîäíûõ 
ôàç íà ñðîê îò òðåõ äî øåñòè ëåò. Ñðåäíÿÿ 
ïðîäîëæèòåëüíîñòü ðàçëè÷íûõ ïî âîäíî
ñòè ïåðèîäîâ ñîñòàâëÿåò 30…35 ëåò (êðîìå 
ã. Âåðõíåóðàëüñê – 20 ëåò è ìåíåå). Â íà
ñòîÿùåå âðåìÿ ïî çíà÷åíèÿì ãîäîâîãî ñòîêà 
îòìå÷åíî íàñòóïëåíèå ìàëîâîäíîé ôàçû.

Ïðîäîëæèòåëüíîñòü ôàç è öèêëîâ ìàê
ñèìàëüíîãî ñòîêà íà ðàññìàòðèâàåìîé òåð
ðèòîðèè çàìåòíîé ïðîñòðàíñòâåííîé íå
îäíîðîäíîñòè íå èìååò. Ïðè ýòîì äëÿ âñåõ 

ïîñòîâ íàáëþäåíèÿ âûäåëåí òîëüêî îäèí 
öèêë âîäíîñòè, âíóòðè íåãî òàêæå îòìå÷å
íî îò÷åòëèâîå äîìèíèðîâàíèå ìàëîâîäíîé 
ôàçû. Ïðîäîëæèòåëüíîñòü ìíîãîâîäíûõ 
ïåðèîäîâ íåáîëüøàÿ (äî 8 ëåò), ìàëîâî
äíûõ – 9…10 ëåò. Îäíàêî ïîñëåäíèé ìàëî
âîäíûé ïåðèîä äëèòñÿ 44 ãîäà (äî íàñòîÿ
ùåãî âðåìåíè).

Èçó÷åíèå âðåìåííîé èçìåí÷èâîñòè 
ñòîêà äàëî âîçìîæíîñòü âûÿâèòü íàëè÷èå 
÷åòêî âûðàæåííûõ òðåíäîâ, ïîçâîëÿþùèõ 
îöåíèâàòü ïðîèñõîäÿùèå èçìåíåíèÿ â ïåð
ñïåêòèâå. Ïðè àíàëèçå òðåíäðÿäîâ â ìíî
ãîëåòíåì ðàçðåçå íà äâóõ ïîñòàõ èç ÷åòû
ðåõ  îòìå÷åíû òåíäåíöèè ê óâåëè÷åíèþ 
âåëè÷èíû ãîäîâîãî ñòîêà, åùå íà îäíîì 
ãèäðîïîñòó ñíèæåíèå âåëè÷èíû ñòîêà î÷åíü 
íåçíà÷èòåëüíî. Îäíàêî äëÿ ìàêñèìàëüíîãî 
ñòîêà ïî âñåì ãèäðîïîñòàì, â òîì ÷èñëå è 
íàõîäÿùèìñÿ âíå çîíû âëèÿíèÿ êðóïíûõ 
ãèäðîòåõíè÷åñêèõ ñîîðóæåíèé, îáíàðóæè
âàåòñÿ òåíäåíöèÿ ê óìåíüøåíèþ åãî çíà
÷åíèé. Äëÿ âûÿâëåíèÿ ïðè÷èí ýòîãî ÿâëå
íèÿ íåîáõîäèìî èññëåäîâàíèå êîìïëåêñà 
ñòîêîôîðìèðóþùèõ ôàêòîðîâ – ñòåïåíè 
îñåííåãî óâëàæíåíèÿ ïî÷âû, çàïàñîâ âîäû 
â ñíåæíîì ïîêðîâå, ãëóáèíû ïðîìåðçàíèÿ 
ïî÷âîãðóíòîâ è äð.
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