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1
MODELING OF THE LOWER VOLGA RIVER RUNOFF CHANGES

Water losses at the Lower Volga river is a main component on the Caspian sea water balance. They occur from the river channel of 430 km length from Volgograd town to Verhnee lebyazhje village and water losses at the Volga river delta [2]. Majority calculation expressions to definition of the water losses at this length and river delta are founded on logical deductions and estimated calculations. Calculations of both yearly water losses at the Lower Volga river which are founded on definition of damped and flooded areas at the river delta and flood-lands in different years and evaporation from water surface and water vegetation taking into account precipitation are most well-grounded. These works were made at the State Hydrological Institute (SHI - Sankt-Pertersburg city) by I.A. Shyklomanov, V.P. Kozhevnikov [8], V.S. Golubev and K.V.Styistenko [5]. In the work [8] the water losses at the Lower Volga river were defined for 1936 - 1979 years and in the work [5] they were computed for 1952 - 1990 years.  Tables 1, 2 contain an information on the water losses at the Lower Volga river (in the delta and flood-lands) which was got by researchs of mentioned authors. Confrontation these results for 1941 - 1960 years shows V.S. Golubev’s and K.V. Styistenko’s data are lower by 17% for the flood-lands and for the delta by 10% than Shyklamanov’s and Kozhevnicov’s data in average. It permitted to restore characteristics of the water losses at the flood-lands and delta for some periods. Authors of the indicated works [5] used results of direct observations for evaporation at the river flood-lands and delta when they defined the water losses at the Lower Volga. Therefore, these data were used to estimate the model parameters for flow change at the Lower Volga river.

Table 1.
Water Losses Descriptions at the Volga River Flood-Lands on the Length Volgograd Town - Verhnee Lebyazhje Village

	Period
	Volga – Volgograd
	Water Losses in Flood-Lands, km3
	Error,

	
	Runoff, km3
	Сv
	Shiklomanov,  Kolesnikov
	Golubev, Tsyistenko
	Calculated
	km3

	36-50
	230
	1,02
	3,5
	(2,9)
	3,1
	0,2

	36-40
	178
	1,13
	3,7
	(3,1)
	2,6
	-0,5

	41-50
	256
	0,97
	3,4
	(2,8)
	3,4
	0,6

	51-60
	241
	0,80
	3,5
	3,0
	2,8
	-0,2

	61-70
	238
	0,65
	3,1
	2,4
	2,6
	0,2

	71-80
	226
	0,56
	(3,4)
	2,8
	2,3
	-0,5

	81-90
	262
	0,51
	(3,1)
	2,6
	2,6
	0

	36-90
	239
	0,74
	3,3
	2,8
	2,7
	-0,04

	Mean
	234
	
	3,4
	2,8
	2,8
	


Researchst showed Volga river water volume at the discharge section line Volgograd town and irregularity flow distribution inside year are main factors causing the flow change at the river flood-lands. Coefficient of monthly runoff means variation was used as characteristic of flow irregular distribution inside year. Main factors causing the flow change at the delta are area of the delta, depending from sea water stage, water volume and coefficient of monthly runoff means variations in some year at the discharge section line Volga river - Volgograd town.

In the time of the model working out to calculation of the flow change at the Lower Volga river it was needed to define the delta area - Caspian Sea water level dependence for all diapason of flow change. We used information on sizes of the Volga river delta [5, 7] and it scheme with historical seashore bounders by different sea levels and for different years [3] that to decide this problem. We succeeded in establishment of the area-sea level dependence (Fig. 1) in spite of considerable differences of estimate of delta bounders and sizes. The dependence looks:
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where W - area of the Volga river delta, 103 km2 ; Z - sea water level, m.

We used information on river runoff by Volgograd town as characteristic of water entering to the flood-lands and Volga river delta upper reaches. Irregular the flow distribution inside year was characterized by coefficient of monthly values variation [1]. All considered characteristics are gave in tables 1,2.

Table 2.
 Water Losses Descriptions at the Volga River Delta 

	Period
	Delta Area
	Volga – Volgograd
	Water Losses in Delta, km3
	Error, km3

	
	103, km2
	Runoff, km3
	Сv
	Shiklomanov, Kolesnikov
	Golubev, Tsyistenko
	Calculated
	

	36-50
	14,9
	230
	1,02
	11,5
	(10,4)
	10,5
	0,1

	36-40
	13,7
	178
	1,13
	11,1
	(10,0)
	8,4
	-1,6

	41-50
	15,5
	256
	0,97
	11,6
	(10,4)
	11,6
	1,2

	51-60
	16,4
	241
	0,80
	10,6
	9,7
	9,9
	0,2

	61-70
	16,7
	238
	0,65
	10,8
	9,2
	8,8
	-0,4

	71-80
	17,1
	226
	0,56
	(10,8)
	9,7
	8,1
	-1,6

	81-90
	15,7
	262
	0,51
	(8,7)
	7,8
	8,3
	0,5

	35-90
	16,0
	239
	0,74
	10,6
	9,5
	9,2
	-0,2

	Mean
	15,8
	234
	
	10,7
	9,6
	9,4
	


It is necessary to note that water losses at the delta defined by means of calculation of evaporation from it damped and flooded areas (taking into account fell precipitation) are not identically to yearly flow change at the delta. They dependence on water volumes in previous years and periods in considerable degree. This dependence one can see when computed values of the water losses and flow changes at the delta are confronted for some years [6,7]. In dry year (with little water) after years or periods abounding in water the water losses are higher than flow change at the delta. In year abounding in water after dry year or periods the water losses are lower of the flow change at the delta, evidently. In first case  the water losses are increased because of big evaporating area had been formed in previous years with high water. In second case the water losses decrease is conditioned by lack of water expenditures to full some lowerings of relief and ground water stocking at the delta. The  computed water losses and flow changes within of a sea bounder delta top in some decade have to coincide, evidently.
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Figure 1.
 Change of the Delta Volga River Area Depending on the Caspian Sea Level

Researches [4, 5, 6, 8] showed the water losses at the Lower Volga river had considerable decrease after the putting into operation of the Volzhskaya HES at the beginning of the 60th last century. Suppose so, it is conditioned by change in inter-yearly distribution of flow. Considerable regulation of Volga river flow caused more even distribution of flow inside year in comparison with natural regime.  It led to reduce of the water losses reduce and flow change because of flooded areas reduce at the flood-lands and delta. One would think, flow change at the Volga river flood-lands and delta is directly proportionally to a runoff value and inversely proportional to it monthly values by Volgograd town in these conditions. Besides that, flow change at the delta is directly proportional to the delta area which depends on sea water stage. Mathematical expressions to computer of the flow changes at the above stated part of the Volga river channel following:
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when (Vn - flow change at the Volga river flood-lands, the length  Volgograd - Verkhnee Lebyazhje, km3 /year;

     ΔVg – loss from delta, km3 /year;

      W - area of the delta, 103 km2 ;

      VB -volume of annual flow at the Volga river by Volgograd town, km3 /year 

      Vi  = Reduced inflow into Delta, km3 /year

      Cv -  coefficient of monthly runoff variation of the Volga river by Volgograd town in some years.

If we shall insert W from equation (1) into expression (3), we have following expression:

      ΔVg = 
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The Volga river delta inflow into the Caspian Sea may be calculated by means of following equation:

Vi = VB – ΔVn – ΔVg                                                                                     (5)  

where Vi - flow from Volga river delta into the Caspian Sea, km3 /year. 

Table 3 gives results of calculation of the flow changes at the flood-lands on the length Volgograd town-Verkhnee Lebyazhje village and the delta of the Volga river in some years. Chronological graphs (Fig. 2) present results of flow changes determination at the Volgograd – Verkhnee Lebyaje length (the low line) and the Volga river delta (the middle line) for some years/ The figure show total quality of yearly flow changes (the upper line) at the Lower Volga. The calculations were made by equations 2 and 4. These flow changes and water losses [4 - 8] show the reduce of water expenditures at the river delta beginning from the 60th years of last century.

Table 3.
Calculation of Flow Changes at the Lower Volga River
	Year
	Level, 
	Delta
	Volga-Volgograd
	Changes of Runoff, км3

	
	m
	Area,

103 km2
	Runoff, km3
	Сv
	Flood-Lands
	Delta
	Flood-Lands + Delta

	1917
	-25,92
	9,43
	290
	1,15
	4,30
	9,65
	14,0

	1918
	-26,00
	9,70
	263
	0,86
	3,21
	6,71
	9,92

	1919
	-26,00
	9,70
	258
	1,20
	3,97
	9,38
	13,4

	1920
	-26,02
	9,77
	210
	1,32
	3,56
	9,05
	12,6

	1921
	-26,26
	10,6
	163
	0,98
	2,14
	5,07
	7,21

	1922
	-26,50
	11,4
	243
	1,09
	3,45
	9,11
	12,6

	1923
	-26,49
	11,3
	293
	1,05
	4,04
	10,5
	14,5

	1924
	-26,52
	11,4
	263
	0,94
	3,63
	9,49
	13,1

	1925
	-26,65
	11,9
	257
	0,83
	3,08
	7,81
	10,9

	1926
	-26,68
	12,0
	390
	0,90
	4,88
	12,7
	17,6

	1927
	-26,41
	11,1
	334
	0,95
	4,31
	10,6
	14,9

	1928
	-26,32
	10,8
	352
	0,76
	4,05
	9,17
	13,2

	1929
	-26,02
	9,77
	308
	1,10
	4,40
	10,0
	14,4

	1930
	-26,06
	9,90
	226
	0,75
	2,58
	5,37
	7,95

	1931
	-26,23
	10,5
	237
	1,07
	3,31
	8,00
	11,3

	1932
	-26,32
	10,8
	270
	1,20
	4,15
	10,9
	15,1

	1933
	-26,22
	10,4
	208
	0,87
	2,55
	5,76
	8,32

	1934
	-26,23
	10,5
	201
	1,12
	2,91
	7,17
	10,1

	1935
	-26,54
	11,5
	210
	0,76
	2,41
	5,84
	8,26

	1936
	-26,74
	12,1
	184
	1,20
	2,83
	8,38
	11,2

	1937
	-26,95
	12,8
	161
	0,90
	2,01
	5,62
	7,64

	1938
	-27,29
	13,8
	173
	1,20
	2,66
	9,2
	11,9

	1939
	-27,57
	14,6
	180
	1,21
	2,79
	9,97
	12,8

	1940
	-27,82
	15,2
	192
	1,13
	2,80
	10,1
	12,9

	1941
	-27,93
	15,5
	243
	1,15
	3,60
	13,3
	16,9

	1942
	-27,92
	15,5
	271
	1,05
	3,74
	13,2
	17,0

	1943
	-27,80
	15,2
	241
	0,93
	3,07
	10,3
	13,3

	1944
	-27,86
	15,3
	251
	1,02
	3,40
	11,8
	15,2

	1945
	-27,96
	15,6
	206
	0,87
	2,53
	8,51
	11,0

	1946
	-28,06
	15,8
	277
	1,04
	3,79
	13,7
	17,5

	1947
	-28,00
	15,6
	329
	1,03
	4,48
	15,9
	20,4


Continue of the Table 3

	Year
	Level, 
	Delta
	Volga-Volgograd
	Changes of Runoff, км3

	
	M
	Area,

103 km2
	Runoff, km3
	Сv
	Flood-Lands
	Delta
	Flood-Lands + Delta

	1948
	-27,80
	15,2
	286
	0,96
	3,71
	12,5
	16,2

	1949
	-27,91
	15,4
	222
	0,95
	2,86
	9,79
	12,7

	1950
	-28,02
	15,7
	239
	0,74
	2,72
	8,93
	11,6

	1951
	-28,19
	16,1
	236
	0,94
	3,03
	10,7
	13,8

	1952
	-28,26
	16,2
	234
	0,77
	2,71
	9,25
	12,0

	1953
	-28,32
	16,3
	256
	0,93
	3,26
	11,7
	15,0

	1954
	-28,34
	16,4
	200
	0,73
	2,26
	7,74
	10,0

	1955
	-28,44
	16,6
	276
	1,04
	3,78
	14,3
	18,1

	1956
	-28,44
	16,6
	211
	0,80
	2,48
	8,74
	11,2

	1957
	-28,50
	16,7
	268
	0,81
	3,17
	11,3
	14,4

	1958
	-28,36
	16,4
	291
	0,69
	3,22
	10,9
	14,2

	1959
	-28,28
	16,3
	222
	0,65
	2,40
	8,02
	10,4

	1960
	-28,30
	16,3
	213
	0,59
	2,23
	7,38
	9,61

	1961
	-28,43
	16,6
	240
	0,79
	2,81
	9,85
	12,7

	1962
	-28,56
	16,8
	244
	0,55
	2,50
	8,48
	11,0

	1963
	-28,66
	17,0
	262
	0,64
	2,82
	9,81
	12,6

	1964
	-28,49
	16,7
	216
	0,49
	2,15
	7,15
	9,30

	1965
	-28,50
	16,7
	223
	0,65
	2,41
	8,27
	10,7

	1966
	-28,48
	16,7
	294
	0,80
	3,46
	12,2
	15,7

	1967
	-28,34
	16,4
	180
	0,55
	1,85
	6,10
	7,94

	1968
	-28,50
	16,7
	224
	0,76
	2,57
	9,04
	11,6

	1969
	-28,57
	16,8
	221
	0,58
	2,30
	7,85
	10,2

	1970
	-28,48
	16,6
	243
	0,67
	2,98
	10,2
	13,2

	1971
	-28,46
	16,6
	231
	0,64
	2,48
	8,46
	10,9

	1972
	-28,57
	16,8
	217
	0,67
	2,37
	8,23
	10,6

	1973
	-28,70
	17,0
	173
	0,73
	1,95
	6,96
	8,92

	1974
	-28,75
	17,1
	261
	0,68
	2,87
	10,2
	13,0

	1975
	-28,66
	17,0
	167
	0,42
	1,61
	5,38
	6,99

	1976
	-28,96
	17,4
	185
	0,39
	1,75
	6,02
	7,77

	1977
	-29,06
	17,6
	185
	0,56
	1,91
	6,78
	8,69

	1978
	-29,11
	17,7
	271
	0,43
	2,62
	9,15
	11,8

	1979
	-28,90
	17,4
	319
	0,65
	3,45
	12,3
	15,8

	1980
	-28,59
	16,8
	247
	0,38
	2,33
	7,71
	10,0

	1981
	-28,52
	16,7
	293
	0,57
	3,04
	10,3
	13,3

	1982
	-28,34
	16,4
	224
	0,47
	2,21
	7,20
	9,40

	1983
	-28,24
	16,2
	236
	0,40
	2,25
	7,30
	9,55

	1984
	-28,16
	16,0
	224
	0,42
	2,15
	6,81
	8,96

	1985
	-28,12
	15,9
	290
	0,54
	2,96
	9,54
	12,5

	1986
	-27,98
	15,6
	291
	0,50
	2,91
	9,08
	12,0

	1987
	-27,92
	15,5
	276
	0,47
	2,72
	8,37
	11,1

	1988
	-27,77
	15,1
	230
	0,55
	2,36
	7,19
	9,55

	1989
	-27,63
	14,7
	221
	0,60
	2,33
	6,98
	9,31


Continue of the Table 3

	Year
	Level, 
	Delta
	Volga-Volgograd
	Changes of Runoff, км3

	
	m
	Area,

103 km2
	Runoff, km3
	Сv
	Flood-Lands
	Delta
	Flood-Lands + Delta

	1990
	-27,78
	15,1
	333
	0,54
	3,40
	9,71
	13,1

	1991
	-27,42
	14,2
	319
	0,70
	3,54
	10,4
	14,0

	1992
	-27,13
	13,4
	251
	0,59
	2,63
	7,13
	9,76

	1993
	-27,02
	13,0
	281
	0,47
	2,77
	7,17
	9,94

	1994
	-26,94
	12,8
	336
	0,49
	3,34
	8,53
	11,9

	1995
	-26,70
	12,0
	278
	0,69
	3,07
	7,65
	10,7

	1996
	-26,72
	12,1
	177
	0,37
	1,66
	3,94
	5,60

	1997
	-27,00
	13,0
	242
	0,68
	2,66
	7,13
	9,79

	1998
	-27,08
	13,2
	283
	0,52
	2,86
	7,57
	10,4

	1999
	-27,07
	13,2
	289
	0,54
	2,95
	7,82
	10,8

	2000
	-27,10
	13,3
	244
	0,60
	2,57
	6,93
	9,50

	Men
	-27,64
	14,5
	247
	0,77
	2,93
	8,93
	11,87
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Figure 2.
The Chronological Diagram of Change of a Runoff in Lower Reaches Volga River

We used information (tables 1-2) on the water losses at the flood-lands and delta of the Volga river in some years [5] in order to estimate the parameters of  given equations (2-4). Tables 1-2 contain estimates of water losses deflections from values got by authors of work [5]. These estimates show flow change computed by equations (2,4) in some years are characterized of small deflections from values got by Golubev and Styistenko [5] in average. Mean annual characteristics of flow change at the flood-lands and delta coincide with values published in the work. Yearly values of these changes have better coincidence with values of flow change at the Volga delta given in the works [6,7]. Given expressions can be used to model Volga river runoff entering into the Caspian Sea and sea level change forecasting too. 
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Лист1

		Сток р. Волга - с. Верхне-Лебяжье (река, пойма и рукав Ахтуба)

		Год		I		II		III		IV		V		VI		VII		VIII		IX		X		XI		XII		Год		km.cub.		Сумма		Среднее		Сум. Кв		Сигма		Cv

		1936		2700		2890		2810		3295		19731		20722		7153		2860		2280		2640		3540		2260		6073		192		72881		6073		499624398.916667		6739.47		1.11

		1937		2230		2510		2060		8332		16701		11409		6224		4580		3120		2800		3330		1560		5405		170		64856		5405		234313920.666667		4615.33		0.85

		1938		1760		1820		2160		4590		19074		20151		6060		4400		3120		2800		3330		1560		5902		186		70825		5902		471189424.916667		6544.88		1.11

		1939		1120		1810		2120		3511		17197		20493		6882		3920		2930		2940		3550		1610		5674		179		68083		5674		445928728.916667		6367.02		1.12

		1940		1500		2390		2000		5256		19922		17368		10291		4250		3150		2810		2900		2330		6181		195		74167		6181		435350500.916667		6291.05		1.02

		1941		1210		2420		2480		3010		15052		27568		21905		5771		4100		3900		3350		1620		7699		243		92386		7699		856824277.666667		8825.71		1.15

		1942		2910		3050		3170		4141		17431		31470		15466		7709		5102		4780		6610		2690		8711		275		104529		8711		827074896.25		8671.14		1.00

		1943		4020		4150		3510		6650		21536		23305		7366		5174		5413		5381		5073		1760		7778		245		93338		7778		538966191.666667		6999.78		0.90

		1944		2450		2950		3820		4800		17236		27186		11551		6275		5400		4750		4060		1340		7652		242		91818		7652		628753191		7560.38		0.99

		1945		2670		2760		2470		4091		14077		18154		12701		6186		4450		4420		4660		1590		6519		206		78229		6519		318496552.916667		5380.91		0.83

		1946		3520		3700		4100		6020		18528		30870		14074		4920		4340		4920		5210		2190		8533		269		102392		8533		798963754.666667		8522.50		1.00

		1947		3320		3310		3250		12207		29626		32870		14294		5997		5120		4610		5050		3530		10265		324		123184		10265		1200876148.66667		10448.47		1.02

		1948		1970		3690		4310		7331		23422		27180		9938		5790		5155		4360		5850		2620		8468		268		101616		8468		735633326		8177.76		0.97

		1949		3370		4130		3770		5170		17004		23009		8924		4931		4495		3910		4335		1710		7063		223		84758		7063		450407803.666667		6398.92		0.91

		1950		2440		3130		2970		5423		18942		15084		6278		7252		7006		8214		6698		2920		7196		227		86357		7196		280794018.916667		5052.40		0.70

		1951		2682		4178		4527		11229		24716		15719		7019		4196		3501		3230		3060		1660		7143		225		85717		7143		518598798.916667		6866.25		0.96

		1952		3290		3040		3070		3250		12283		20268		11442		5632		4369		6078		7920		3610		7021		222		84252		7021		304611254		5262.31		0.75

		1953		2969		4663		4416		7216		22951		22309		6988		4559		4264		8031		8958		2361		8307		262		99685		8307		536593888.916667		6984.36		0.84

		1954		3835		5043		4720		5814		17909		15844		6307		4484		3960		4626		6746		3975		6939		219		83263		6939		248532544.916667		4753.30		0.69

		1955		3469		3493		4626		8914		21341		31110		15372		6488		4556		4404		4120		1650		9129		288		109543		9129		886634038.916667		8977.92		0.98

		1956		3077		3249		3153		3958		17362		19352		5445		4477		5456		5846		6531		3350		6771		214		81256		6771		338870256.666667		5550.35		0.82

		1957		3954		5928		5569		8054		21293		26480		7659		6404		4803		4928		4950		4725		8729		275		104747		8729		580764006.916667		7266.14		0.83

		1958		4514		6527		9684		10690		16396		24604		10751		6335		5707		4948		4487		3083		8977		283		107726		8977		420552093.666667		6183.20		0.69

		1959		3421		6308		7919		9370		15362		13895		5518		4694		3984		3963		4304		3599		6861		216		82337		6861		181651972.916667		4063.72		0.59

		1960		6342		6021		6065		7588		14394		13289		4774		4497		4294		4193		4201		3912		6631		210		79570		6631		138990637.666667		3554.65		0.54

		1961		3756		4312		5066		9201		20892		15110		6308		5012		4709		4455		5054		5240		7426		234		89115		7426		305954362.25		5273.90		0.71

		1962		4296		6003		6403		7650		20588		7762		5768		6739		6573		6558		6287		6090		7560		238		90717		7560		193839188.25		4197.83		0.56

		1963		6147		7232		8035		8367		20060		17631		6633		5864		5577		5618		5250		5590		8500		268		102004		8500		270701744.666667		4960.77		0.58

		1964		5559		6837		6346		6061		13884		9494		6377		5744		5617		5575		5482		5403		6865		217		82379		6865		67566720.9166667		2478.39		0.36

		1965		4477		5612		4484		5382		15985		14681		7229		4646		4717		4575		5264		5056		6842		216		82108		6842		180149236.666667		4046.88		0.59

		1966		5020		6742		9047		13527		26972		18553		6063		5111		4699		4646		4769		4423		9131		288		109572		9131		555538060		7106.58		0.78

		1967		4904		5692		5936		6134		15153		5324		4281		4642		4431		4441		4141		4207		5774		182		69286		5774		101300797.666667		3034.66		0.53

		1968		4052		4249		5257		6903		19931		11433		4856		4706		4869		4931		4781		5253		6768		214		81221		6768		232181906.916667		4594.28		0.68

		1969		5513		5633		5034		5259		17044		10081		6790		6036		5448		5406		4603		5213		6838		216		82060		6838		135898872.666667		3514.89		0.51

		1970		5258		5746		8418		11013		23601		15267		6711		5910		4857		4639		4875		5021		8443		266		101316		8443		361541932		5733.01		0.68

		1971		4824		5343		6760		5907		17516		12904		5318		5648		5176		5044		5087		6470		7166		226		85997		7166		169594420.916667		3926.53		0.55

		1972		5307		5293		5880		6852		17437		10549		5704		5059		4262		3900		3760		3983		6499		205		77986		6499		167722385.666667		3904.80		0.60

		1973		3210		4314		5386		5512		16443		4858		3671		3530		3530		3620		3750		5189		5251		166		63013		5251		143882396.916667		3616.66		0.69

		1974		5024		5909		5870		6410		16550		20525		8989		5557		4588		4484		4504		4825		7770		245		93235		7770		302887890.916667		5247.41		0.68

		1975		5035		6182		6122		4832		11399		4791		4301		4050		3880		3810		4700		4694		5316		168		63796		5316		46720774.6666667		2060.91		0.39

		1976		5348		5197		4252		4460		8599		11202		5161		4990		4902		5424		5567		6560		5972		189		71662		5972		44065591.6666667		2001.49		0.34

		1977		6609		5741		4873		4752		15686		6517		4740		4683		4808		5032		4606		7099		6262		198		75146		6262		105357717.666667		3094.83		0.49

		1978		7768		7130		7159		5846		17629		10316		8270		7907		6707		7910		9494		9798		8828		278		105934		8828		103241859.666667		3063.60		0.35

		1979		7490		7270		9890		8354		20841		26550		7593		6998		7455		6089		6155		6520		10100		319		121205		10100		471256218.916667		6545.34		0.65

		1980		7825		7594		8287		6157		14049		12322		5780		6349		6879		6480		7646		7781		8096		256		97149		8096		70229066.25		2526.75		0.31

		1981		6913		8037		8742		7972		21703		19056		7360		6569		5870		5581		6707		6708		9268		292		111218		9268		308629605.666667		5296.91		0.57

		1982		6390		5891		6384		6147		15431		9013		5869		5521		5263		6134		6006		6623		7056		223		84672		7056		86169236		2798.85		0.40

		1983		5223		5028		6136		8841		16978		7280		6955		6137		5912		6297		5992		6772		7296		230		87551		7296		113263168.916667		3208.84		0.44

		1984		7312		7818		9370		5549		13362		7846		5132		5487		5340		5465		5992		7809		7207		228		86482		7207		61727131.6666667		2368.87		0.33

		1985		8272		7358		10296		7331		18056		18374		9891		7003		6115		6298		6374		6651		9335		294		112019		9335		209047902.916667		4359.40		0.47

		1986		6660		7637		8236		10021		23852		13353		7269		7358		6764		8528		6607		7052		9445		298		113337		9445		266552546.25		4922.61		0.52

		1987		6703		6485		7692		7432		16506		19813		7572		6223		6256		6797		7149		7655		8857		279		106283		8857		216155136.916667		4432.88		0.50

		1988		5042		6097		5256		6514		19274		10476		6497		5715		5119		5236		6158		6053		7286		230		87437		7286		179836006.916667		4043.36		0.55

		1989		5123		4686		4964		6889		17973		10777		6129		5979		5453		5154		5582		7224		7161		226		85933		7161		157059332.916667		3778.64		0.53

		1990		4870		4690		5780		14250		20980		18200		10060		6060		6180		9190		11580		9610		10121		319		121450		10121		311433291.666667		5320.91		0.53

		1991		7045		7031		8476		15114		29110		17218		7533		6105		5595		5466		6482		6733		10159		320		121908		10159		547278718		7053.55		0.69

		1992		5717		5785		7698		9626		19408		12563		6100		5584		5448		5105		5012		5291		7778		246		93337		7778		203833472.916667		4304.69		0.55

		1993		5420		6265		7389		8276		20226		12749		8379		7893		7228		8869		8956		5942		8966		283		107592		8966		177601862		4018.16		0.45

		1994		6182		7065		7234		11658		24182		18426		13790		11617		8932		7240		7259		7193		10898		344		130778		10898		337166571.666667		5536.38		0.51

		1995		6844		6937		7679		13035		27365		13286		6691		6278		6032		4821		3950		4350		8939		282		107268		8939		468667770		6527.34		0.73

		1996		4784		5485		4213		5107		11992		6485		4802		5140		5150		5081		4643		4522		5617		178		67404		5617		47881518		2086.35		0.37

		1997																														0		0		0		0.00		0.00

		1998																														0		0		0		0.00		0.00

		1999																														0		0		0		0.00		0.00

		2000																														0		0		0		0.00		0.00





Лист2

		Год		ω т. Км^2		Vв км^3		Сv в		Vвл км^3		Сv вл		Пп км^3		Пд км^3		Пп+д км^3						Пп+д км^3		Пп км^3		Пп расч

		1936		12.1		184		1.2		192		1.11		4.8		15		19.8						19.8		4.8		4.6

		1937		12.8		161		0.9		170		0.85		3		9.3		12.3						12.3		3		3.0

		1938		13.8		173		1.2		186		1.11		3.8		10.9		14.7						14.7		3.8		3.5

		1939		14.6		180		1.21		179		1.12		3.6		10.6		14.2						14.2		3.6		3.4

		1940		15.2		192		1.13		195		1.02		3.3		9.9		13.2						13.2		3.3		3.2

		1941		15.5		243		1.15		243		1.15		2.3		7.1		9.4						9.4		2.3		2.4

		1942		15.5		271		1.05		275		1		3		10.9		13.9						13.9		3		3.3

		1943		15.2		241		0.93		245		0.9		4.1		13.6		17.7						17.7		4.1		4.2

		1944		15.3		251		1.02		242		0.99		3.3		10.7		14						14		3.3		3.4

		1945		15.6		206		0.87		206		0.83		2.6		7.7		10.3						10.3		2.6		2.6

		1946		15.8		277		1.04		269		1		3		12.9		15.9						15.9		3		3.8

		1947		15.6		329		1.03		324		1.02		4.2		13.3		17.5						17.5		4.2		4.1

		1948		15.2		286		0.96		268		0.97		4.5		13.8		18.3						18.3		4.5		4.3

		1949		15.4		222		0.95		223		0.91		3.4		12.9		16.3						16.3		3.4		3.9

		1950		15.7		239		0.74		227		0.7		3.5		11.8		15.3						15.3		3.5		3.7

		1951		16.1		236		0.94		225		0.96		4.6		14.4		19						19		4.6		4.5

		1952		16.2		234		0.77		222		0.75		2.6		9.3		11.9						11.9		2.6		2.9

		1953		16.3		256		0.93		262		0.84		3.3		10.9		14.2						14.2		3.3		3.4

		1954		16.4		200		0.73		219		0.69		2.6		8.4		11						11		2.6		2.7

		1955		16.6		276		1.04		288		0.98		4.6		13.3		17.9						17.9		4.6		4.2

		1956		16.6		211		0.8		214		0.82		2.7		8.2		10.9						10.9		2.7		2.7

		1957		16.7		268		0.81		275		0.83		4.2		12.2		16.4						16.4		4.2		3.9

		1958		16.4		291		0.69		283		0.69		3		9.4		12.4						12.4		3		3.0

		1959		16.3		222		0.65		216		0.59		4.8		12.2		17						17		4.8		4.0

		1960		16.3		213		0.59		210		0.54		2.7		7.9		10.6						10.6		2.7		2.6

		1961		16.6		240		0.79		234		0.71		2.8		9.1		11.9						11.9		2.8		2.9

		1962		16.8		244		0.55		238		0.56		4.5		14		18.5						18.5		4.5		4.4

		1963		17		262		0.64		268		0.58		2.8		9.1		11.9						11.9		2.8		2.9

		1964		16.7		216		0.49		217		0.36		2.5		8.7		11.2						11.2		2.5		2.8

		1965		16.7		223		0.65		216		0.59		2.5		9		11.5						11.5		2.5		2.8

		1966		16.7		294		0.8		288		0.78		3.7		8.1		11.8						11.8		3.7		2.9

		1967		16.4		180		0.55		282		0.53		2.3		7.8		10.1						10.1		2.3		2.5

		1968		16.7		224		0.76		214		0.68		3.4		12.7		16.1						16.1		3.4		3.8

		1969		16.8		221		0.58		216		0.51		3.4		10.1		13.5						13.5		3.4		3.3

		1970		16.6		273		0.67		266		0.68		3.5		11.4		14.9						14.9		3.5		3.6

		1971		16.6		231		0.64		226		0.55						15				сумм		495.5		118.9

		1972		16.8		217		0.67		205		0.6						22				ср		14.16		3.40

		1973		17		173		0.73		166		0.69						11.6				сигма		80.27		19.27

		1974		17.1		261		0.68		245		0.68						15.5				корр		0.92

		1975		17		167		0.42		168		0.39						18.8				A		0.220

		1976		17.4		185		0.39		189		0.34						12.8				B		-0.287

		1977		17.6		185		0.56		198		0.49						11

		1978		17.7		271		0.43		278		0.35						8				Пп  =  А*Пп+д   -   В

		1979		17.4		319		0.65		319		0.65						22		Пп  =  0,220*Пп+д   +  0,287

		1980		16.8		247		0.38		256		0.31						10

		1981		16.2		293		0.57		292		0.57						13

		1982		16.4		224		0.47		223		0.4						12

		1983		16.2		236		0.4		230		0.44						16

		1984		16		224		0.42		228		0.33						8

		1985		15.9		290		0.54		294		0.47						7

		1986		15.6		291		0.5		298		0.52						9

		1987		15.5		276		0.47		279		0.5						13

		1988		15.1		230		0.55		230		0.55						14

		1989		14.7		221		0.6		226		0.53						8

		1990		15.1		333		0.54		319		0.53						23

		1991		14.2		319		0.7		320		0.69						14.3

		1992		13.4		251		0.59		246		0.55						12.4

		1993		13		281		0.47		283		0.45						13.3

		1994		12.8		336		0.49		344		0.51						13.8

		1995		12		278		0.69		282		0.73						13.2

		1996		12.1		177		0.37		178		0.37						9.4
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Z, m

W, 10^3 km^2

Изменение площади дельты р. Волга в зависимости от уровня Каспийского моря
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Диаграмма3
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Год

Изменение стока,км^3/год

Хронологический график изменения стока в низовье р. Волга
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Z, m

W, 10^3 km^2

Change of the Delta Volga River Area Depending on the Caspian Sea Level
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Year

Change of a Runoff

The Chronological Diagram of Change of a Runoff in Lower Reaches Volga River
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4.05

9.54

13.6

3.69
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11.9

2.79
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3.74

13.2

17

3.07

10.3

13.3

3.4

11.8

15.2

2.53

8.51

11
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Лист3

		Изменение площади дельты р. Волга  в зависимости от уровня Каспийского моря																Потери стока в низовье р. Волга

		Z, m		ω,10^3 km^2		ω*												Год		Пп,км^3		Пд.км^3		Пп+д,км^3

		-31		19.28														1901		3.82		8.68		12.5		1901

		-30.5		19.01														1902		3.93		8.58		12.5		1902

		-30		18.64														1903		4.18		9.47		13.7		1903

		-29.5		18.15														1904		2.88		5.71		8.59		1904

		-29		17.51														1905		3.52		7.44		11		1905

		-28.5		16.68														1906		3.47		7.42		10.9		1906

		-28.42		16.531		17.21												1907		2.87		6.24		9.1		1907

		-28.18		16.046		15.415												1908		4.05		9.54		13.6		1908

		-28.04		15.74		14												1909		3.69		8.09		11.8		1909

		-28		15.65														1910		2.36		5.12		7.48		1910

		-27.5		14.4														1911		3.14		7.74		10.9		1911

		-27.18		13.499		17.309												1912		3.73		9.58		13.3		1912

		-27.16		13.4398		11												1913		3.23		7.77		11		1913

		-27		12.96														1914		4.49		11.9		16.4		1914

		-26.5		11.37														1915		4.17		10		14.2		1915

		-26.23		10.47		7.525												1916		4.08		8.94		13		1916

		-26.12		10.102		14.54												1917		4.3		9.65		14		1917

		-26.1		10.035		11.582												1918		3.21		6.71		9.92		1918

		-26		9.7														1919		3.97		9.38		13.4		1919

		-25.5		8.05														1920		3.56		9.05		12.6		1920

		-25		6.5														1921		2.14		5.07		7.21		1921

		-24.5		5.13														1922		3.45		9.11		12.6		1922

		-24		3.96														1923		4.04		10.5		14.5		1923

		-23.5		3														1924		3.63		9.49		13.1		1924

		-23		2.24														1925		3.08		7.81		10.9		1925

		-22.5		1.66														1926		4.88		12.7		17.6		1926

		-22		1.21														1927		4.31		10.6		14.9		1927

		-21.5		0.88														1928		4.05		9.17		13.2		1928

		-21		0.64														1929		4.4		10		14.4		1929

																		1930		2.58		5.37		7.95		1930

																		1931		3.31		8		11.3		1931

																		1932		4.15		10.9		15.1		1932

																		1933		2.55		5.76		8.32		1933

																		1934		2.91		7.17		10.1		1934

																		1935		2.41		5.84		8.26		1935

																		1936		2.83		8.38		11.2		1936

																		1937		2.01		5.62		7.64		1937

																		1938		2.66		9.2		11.9		1938

																		1939		2.79		9.97		12.8		1939

																		1940		2.8		10.1		12.9		1940

																		1941		3.6		13.3		16.9		1941

																		1942		3.74		13.2		17		1942

																		1943		3.07		10.3		13.3		1943

																		1944		3.4		11.8		15.2		1944

																		1945		2.53		8.51		11		1945

																		1946		3.79		13.7		17.5		1946

																		1947		4.48		15.9		20.4		1947

																		1948		3.71		12.5		16.2		1948

																		1949		2.86		9.79		12.7		1949

																		1950		2.72		8.93		11.6		1950

																		1951		3.03		10.7		13.8		1951

																		1952		2.71		9.25		12		1952

																		1953		3.26		11.7		15		1953

																		1954		2.26		7.74		10		1954

																		1955		3.78		14.3		18.1		1955

																		1956		2.48		8.74		11.2		1956

																		1957		3.17		11.3		14.4		1957

																		1958		3.22		10.9		14.2		1958

																		1959		2.4		8.02		10.4		1959

																		1960		2.23		7.38		9.61		1960

																		1961		2.81		9.85		12.7		1961

																		1962		2.5		8.48		11		1962

																		1963		2.82		9.81		12.6		1963

																		1964		2.15		7.15		9.3		1964

																		1965		2.41		8.27		10.7		1965

																		1966		3.46		12.2		15.7		1966

																		1967		1.85		6.1		7.94		1967

																		1968		2.57		9.04		11.6		1968

																		1969		2.3		7.85		10.2		1969

																		1970		2.98		10.2		13.2		1970

																		1971		2.48		8.46		10.9		1971

																		1972		2.37		8.23		10.6		1972

																		1973		1.95		6.96		8.92		1973

																		1974		2.87		10.2		13		1974

																		1975		1.61		5.38		6.99		1975

																		1976		1.75		6.02		7.77		1976

																		1977		1.91		6.78		8.69		1977

																		1978		2.62		9.15		11.8		1978

																		1979		3.45		12.3		15.8		1979

																		1980		2.33		7.71		10		1980

																		1981		3.04		10.3		13.3		1981

																		1982		2.21		7.2		9.4		1982

																		1983		2.25		7.3		9.55		1983

																		1984		2.15		6.81		8.96		1984

																		1985		2.96		9.54		12.5		1985

																		1986		2.91		9.08		12		1986

																		1987		2.72		8.37		11.1		1987

																		1988		2.36		7.19		9.55		1988

																		1989		2.33		6.98		9.31		1989

																		1990		3.4		9.71		13.1		1990

																		1991		3.54		10.4		14		1991

																		1992		2.63		7.13		9.76		1992

																		1993		2.77		7.17		9.94		1993

																		1994		3.34		8.53		11.9		1994

																		1995		3.07		7.65		10.7		1995

																		1996		1.66		3.94		5.6		1996

																		1997		2.66		7.13		9.79		1997

																		1998		2.86		7.57		10.4		1998

																		1999		2.95		7.82		10.8		1999

																		2000		2.57		6.93		9.5		2000






_1069269951.xls
Лист1

		Сток р. Волга - с. Верхне-Лебяжье (река, пойма и рукав Ахтуба)

		Год		I		II		III		IV		V		VI		VII		VIII		IX		X		XI		XII		Год		km.cub.		Сумма		Среднее		Сум. Кв		Сигма		Cv

		1936		2700		2890		2810		3295		19731		20722		7153		2860		2280		2640		3540		2260		6073		192		72881		6073		499624398.916667		6739.47		1.11

		1937		2230		2510		2060		8332		16701		11409		6224		4580		3120		2800		3330		1560		5405		170		64856		5405		234313920.666667		4615.33		0.85

		1938		1760		1820		2160		4590		19074		20151		6060		4400		3120		2800		3330		1560		5902		186		70825		5902		471189424.916667		6544.88		1.11

		1939		1120		1810		2120		3511		17197		20493		6882		3920		2930		2940		3550		1610		5674		179		68083		5674		445928728.916667		6367.02		1.12

		1940		1500		2390		2000		5256		19922		17368		10291		4250		3150		2810		2900		2330		6181		195		74167		6181		435350500.916667		6291.05		1.02

		1941		1210		2420		2480		3010		15052		27568		21905		5771		4100		3900		3350		1620		7699		243		92386		7699		856824277.666667		8825.71		1.15

		1942		2910		3050		3170		4141		17431		31470		15466		7709		5102		4780		6610		2690		8711		275		104529		8711		827074896.25		8671.14		1.00

		1943		4020		4150		3510		6650		21536		23305		7366		5174		5413		5381		5073		1760		7778		245		93338		7778		538966191.666667		6999.78		0.90

		1944		2450		2950		3820		4800		17236		27186		11551		6275		5400		4750		4060		1340		7652		242		91818		7652		628753191		7560.38		0.99

		1945		2670		2760		2470		4091		14077		18154		12701		6186		4450		4420		4660		1590		6519		206		78229		6519		318496552.916667		5380.91		0.83

		1946		3520		3700		4100		6020		18528		30870		14074		4920		4340		4920		5210		2190		8533		269		102392		8533		798963754.666667		8522.50		1.00

		1947		3320		3310		3250		12207		29626		32870		14294		5997		5120		4610		5050		3530		10265		324		123184		10265		1200876148.66667		10448.47		1.02

		1948		1970		3690		4310		7331		23422		27180		9938		5790		5155		4360		5850		2620		8468		268		101616		8468		735633326		8177.76		0.97

		1949		3370		4130		3770		5170		17004		23009		8924		4931		4495		3910		4335		1710		7063		223		84758		7063		450407803.666667		6398.92		0.91

		1950		2440		3130		2970		5423		18942		15084		6278		7252		7006		8214		6698		2920		7196		227		86357		7196		280794018.916667		5052.40		0.70

		1951		2682		4178		4527		11229		24716		15719		7019		4196		3501		3230		3060		1660		7143		225		85717		7143		518598798.916667		6866.25		0.96

		1952		3290		3040		3070		3250		12283		20268		11442		5632		4369		6078		7920		3610		7021		222		84252		7021		304611254		5262.31		0.75

		1953		2969		4663		4416		7216		22951		22309		6988		4559		4264		8031		8958		2361		8307		262		99685		8307		536593888.916667		6984.36		0.84

		1954		3835		5043		4720		5814		17909		15844		6307		4484		3960		4626		6746		3975		6939		219		83263		6939		248532544.916667		4753.30		0.69

		1955		3469		3493		4626		8914		21341		31110		15372		6488		4556		4404		4120		1650		9129		288		109543		9129		886634038.916667		8977.92		0.98

		1956		3077		3249		3153		3958		17362		19352		5445		4477		5456		5846		6531		3350		6771		214		81256		6771		338870256.666667		5550.35		0.82

		1957		3954		5928		5569		8054		21293		26480		7659		6404		4803		4928		4950		4725		8729		275		104747		8729		580764006.916667		7266.14		0.83

		1958		4514		6527		9684		10690		16396		24604		10751		6335		5707		4948		4487		3083		8977		283		107726		8977		420552093.666667		6183.20		0.69

		1959		3421		6308		7919		9370		15362		13895		5518		4694		3984		3963		4304		3599		6861		216		82337		6861		181651972.916667		4063.72		0.59

		1960		6342		6021		6065		7588		14394		13289		4774		4497		4294		4193		4201		3912		6631		210		79570		6631		138990637.666667		3554.65		0.54

		1961		3756		4312		5066		9201		20892		15110		6308		5012		4709		4455		5054		5240		7426		234		89115		7426		305954362.25		5273.90		0.71

		1962		4296		6003		6403		7650		20588		7762		5768		6739		6573		6558		6287		6090		7560		238		90717		7560		193839188.25		4197.83		0.56

		1963		6147		7232		8035		8367		20060		17631		6633		5864		5577		5618		5250		5590		8500		268		102004		8500		270701744.666667		4960.77		0.58

		1964		5559		6837		6346		6061		13884		9494		6377		5744		5617		5575		5482		5403		6865		217		82379		6865		67566720.9166667		2478.39		0.36

		1965		4477		5612		4484		5382		15985		14681		7229		4646		4717		4575		5264		5056		6842		216		82108		6842		180149236.666667		4046.88		0.59

		1966		5020		6742		9047		13527		26972		18553		6063		5111		4699		4646		4769		4423		9131		288		109572		9131		555538060		7106.58		0.78

		1967		4904		5692		5936		6134		15153		5324		4281		4642		4431		4441		4141		4207		5774		182		69286		5774		101300797.666667		3034.66		0.53

		1968		4052		4249		5257		6903		19931		11433		4856		4706		4869		4931		4781		5253		6768		214		81221		6768		232181906.916667		4594.28		0.68

		1969		5513		5633		5034		5259		17044		10081		6790		6036		5448		5406		4603		5213		6838		216		82060		6838		135898872.666667		3514.89		0.51

		1970		5258		5746		8418		11013		23601		15267		6711		5910		4857		4639		4875		5021		8443		266		101316		8443		361541932		5733.01		0.68

		1971		4824		5343		6760		5907		17516		12904		5318		5648		5176		5044		5087		6470		7166		226		85997		7166		169594420.916667		3926.53		0.55

		1972		5307		5293		5880		6852		17437		10549		5704		5059		4262		3900		3760		3983		6499		205		77986		6499		167722385.666667		3904.80		0.60

		1973		3210		4314		5386		5512		16443		4858		3671		3530		3530		3620		3750		5189		5251		166		63013		5251		143882396.916667		3616.66		0.69

		1974		5024		5909		5870		6410		16550		20525		8989		5557		4588		4484		4504		4825		7770		245		93235		7770		302887890.916667		5247.41		0.68

		1975		5035		6182		6122		4832		11399		4791		4301		4050		3880		3810		4700		4694		5316		168		63796		5316		46720774.6666667		2060.91		0.39

		1976		5348		5197		4252		4460		8599		11202		5161		4990		4902		5424		5567		6560		5972		189		71662		5972		44065591.6666667		2001.49		0.34

		1977		6609		5741		4873		4752		15686		6517		4740		4683		4808		5032		4606		7099		6262		198		75146		6262		105357717.666667		3094.83		0.49

		1978		7768		7130		7159		5846		17629		10316		8270		7907		6707		7910		9494		9798		8828		278		105934		8828		103241859.666667		3063.60		0.35

		1979		7490		7270		9890		8354		20841		26550		7593		6998		7455		6089		6155		6520		10100		319		121205		10100		471256218.916667		6545.34		0.65

		1980		7825		7594		8287		6157		14049		12322		5780		6349		6879		6480		7646		7781		8096		256		97149		8096		70229066.25		2526.75		0.31

		1981		6913		8037		8742		7972		21703		19056		7360		6569		5870		5581		6707		6708		9268		292		111218		9268		308629605.666667		5296.91		0.57

		1982		6390		5891		6384		6147		15431		9013		5869		5521		5263		6134		6006		6623		7056		223		84672		7056		86169236		2798.85		0.40

		1983		5223		5028		6136		8841		16978		7280		6955		6137		5912		6297		5992		6772		7296		230		87551		7296		113263168.916667		3208.84		0.44

		1984		7312		7818		9370		5549		13362		7846		5132		5487		5340		5465		5992		7809		7207		228		86482		7207		61727131.6666667		2368.87		0.33

		1985		8272		7358		10296		7331		18056		18374		9891		7003		6115		6298		6374		6651		9335		294		112019		9335		209047902.916667		4359.40		0.47

		1986		6660		7637		8236		10021		23852		13353		7269		7358		6764		8528		6607		7052		9445		298		113337		9445		266552546.25		4922.61		0.52

		1987		6703		6485		7692		7432		16506		19813		7572		6223		6256		6797		7149		7655		8857		279		106283		8857		216155136.916667		4432.88		0.50

		1988		5042		6097		5256		6514		19274		10476		6497		5715		5119		5236		6158		6053		7286		230		87437		7286		179836006.916667		4043.36		0.55

		1989		5123		4686		4964		6889		17973		10777		6129		5979		5453		5154		5582		7224		7161		226		85933		7161		157059332.916667		3778.64		0.53

		1990		4870		4690		5780		14250		20980		18200		10060		6060		6180		9190		11580		9610		10121		319		121450		10121		311433291.666667		5320.91		0.53

		1991		7045		7031		8476		15114		29110		17218		7533		6105		5595		5466		6482		6733		10159		320		121908		10159		547278718		7053.55		0.69

		1992		5717		5785		7698		9626		19408		12563		6100		5584		5448		5105		5012		5291		7778		246		93337		7778		203833472.916667		4304.69		0.55

		1993		5420		6265		7389		8276		20226		12749		8379		7893		7228		8869		8956		5942		8966		283		107592		8966		177601862		4018.16		0.45

		1994		6182		7065		7234		11658		24182		18426		13790		11617		8932		7240		7259		7193		10898		344		130778		10898		337166571.666667		5536.38		0.51

		1995		6844		6937		7679		13035		27365		13286		6691		6278		6032		4821		3950		4350		8939		282		107268		8939		468667770		6527.34		0.73

		1996		4784		5485		4213		5107		11992		6485		4802		5140		5150		5081		4643		4522		5617		178		67404		5617		47881518		2086.35		0.37

		1997																														0		0		0		0.00		0.00

		1998																														0		0		0		0.00		0.00

		1999																														0		0		0		0.00		0.00

		2000																														0		0		0		0.00		0.00





Лист2

		Год		ω т. Км^2		Vв км^3		Сv в		Vвл км^3		Сv вл		Пп км^3		Пд км^3		Пп+д км^3						Пп+д км^3		Пп км^3		Пп расч

		1936		12.1		184		1.2		192		1.11		4.8		15		19.8						19.8		4.8		4.6

		1937		12.8		161		0.9		170		0.85		3		9.3		12.3						12.3		3		3.0

		1938		13.8		173		1.2		186		1.11		3.8		10.9		14.7						14.7		3.8		3.5

		1939		14.6		180		1.21		179		1.12		3.6		10.6		14.2						14.2		3.6		3.4

		1940		15.2		192		1.13		195		1.02		3.3		9.9		13.2						13.2		3.3		3.2

		1941		15.5		243		1.15		243		1.15		2.3		7.1		9.4						9.4		2.3		2.4

		1942		15.5		271		1.05		275		1		3		10.9		13.9						13.9		3		3.3

		1943		15.2		241		0.93		245		0.9		4.1		13.6		17.7						17.7		4.1		4.2

		1944		15.3		251		1.02		242		0.99		3.3		10.7		14						14		3.3		3.4

		1945		15.6		206		0.87		206		0.83		2.6		7.7		10.3						10.3		2.6		2.6

		1946		15.8		277		1.04		269		1		3		12.9		15.9						15.9		3		3.8

		1947		15.6		329		1.03		324		1.02		4.2		13.3		17.5						17.5		4.2		4.1

		1948		15.2		286		0.96		268		0.97		4.5		13.8		18.3						18.3		4.5		4.3

		1949		15.4		222		0.95		223		0.91		3.4		12.9		16.3						16.3		3.4		3.9

		1950		15.7		239		0.74		227		0.7		3.5		11.8		15.3						15.3		3.5		3.7

		1951		16.1		236		0.94		225		0.96		4.6		14.4		19						19		4.6		4.5

		1952		16.2		234		0.77		222		0.75		2.6		9.3		11.9						11.9		2.6		2.9

		1953		16.3		256		0.93		262		0.84		3.3		10.9		14.2						14.2		3.3		3.4

		1954		16.4		200		0.73		219		0.69		2.6		8.4		11						11		2.6		2.7

		1955		16.6		276		1.04		288		0.98		4.6		13.3		17.9						17.9		4.6		4.2

		1956		16.6		211		0.8		214		0.82		2.7		8.2		10.9						10.9		2.7		2.7

		1957		16.7		268		0.81		275		0.83		4.2		12.2		16.4						16.4		4.2		3.9

		1958		16.4		291		0.69		283		0.69		3		9.4		12.4						12.4		3		3.0

		1959		16.3		222		0.65		216		0.59		4.8		12.2		17						17		4.8		4.0

		1960		16.3		213		0.59		210		0.54		2.7		7.9		10.6						10.6		2.7		2.6

		1961		16.6		240		0.79		234		0.71		2.8		9.1		11.9						11.9		2.8		2.9

		1962		16.8		244		0.55		238		0.56		4.5		14		18.5						18.5		4.5		4.4

		1963		17		262		0.64		268		0.58		2.8		9.1		11.9						11.9		2.8		2.9

		1964		16.7		216		0.49		217		0.36		2.5		8.7		11.2						11.2		2.5		2.8

		1965		16.7		223		0.65		216		0.59		2.5		9		11.5						11.5		2.5		2.8

		1966		16.7		294		0.8		288		0.78		3.7		8.1		11.8						11.8		3.7		2.9

		1967		16.4		180		0.55		282		0.53		2.3		7.8		10.1						10.1		2.3		2.5

		1968		16.7		224		0.76		214		0.68		3.4		12.7		16.1						16.1		3.4		3.8

		1969		16.8		221		0.58		216		0.51		3.4		10.1		13.5						13.5		3.4		3.3

		1970		16.6		273		0.67		266		0.68		3.5		11.4		14.9						14.9		3.5		3.6

		1971		16.6		231		0.64		226		0.55						15				сумм		495.5		118.9

		1972		16.8		217		0.67		205		0.6						22				ср		14.16		3.40

		1973		17		173		0.73		166		0.69						11.6				сигма		80.27		19.27

		1974		17.1		261		0.68		245		0.68						15.5				корр		0.92

		1975		17		167		0.42		168		0.39						18.8				A		0.220

		1976		17.4		185		0.39		189		0.34						12.8				B		-0.287

		1977		17.6		185		0.56		198		0.49						11

		1978		17.7		271		0.43		278		0.35						8				Пп  =  А*Пп+д   -   В

		1979		17.4		319		0.65		319		0.65						22		Пп  =  0,220*Пп+д   +  0,287

		1980		16.8		247		0.38		256		0.31						10

		1981		16.2		293		0.57		292		0.57						13

		1982		16.4		224		0.47		223		0.4						12

		1983		16.2		236		0.4		230		0.44						16

		1984		16		224		0.42		228		0.33						8

		1985		15.9		290		0.54		294		0.47						7

		1986		15.6		291		0.5		298		0.52						9

		1987		15.5		276		0.47		279		0.5						13

		1988		15.1		230		0.55		230		0.55						14

		1989		14.7		221		0.6		226		0.53						8

		1990		15.1		333		0.54		319		0.53						23

		1991		14.2		319		0.7		320		0.69						14.3

		1992		13.4		251		0.59		246		0.55						12.4

		1993		13		281		0.47		283		0.45						13.3

		1994		12.8		336		0.49		344		0.51						13.8

		1995		12		278		0.69		282		0.73						13.2

		1996		12.1		177		0.37		178		0.37						9.4
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Change of a Runoff

The Chronological Diagram of Change of a Runoff in Lower Reaches Volga River
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Лист3

		Изменение площади дельты р. Волга  в зависимости от уровня Каспийского моря																Потери стока в низовье р. Волга

		Z, m		ω,10^3 km^2		ω*												Год		Пп,км^3		Пд.км^3		Пп+д,км^3

		-31		19.28														1901		3.82		8.68		12.5		1901

		-30.5		19.01														1902		3.93		8.58		12.5		1902

		-30		18.64														1903		4.18		9.47		13.7		1903

		-29.5		18.15														1904		2.88		5.71		8.59		1904

		-29		17.51														1905		3.52		7.44		11		1905

		-28.5		16.68														1906		3.47		7.42		10.9		1906

		-28.42		16.531		17.21												1907		2.87		6.24		9.1		1907

		-28.18		16.046		15.415												1908		4.05		9.54		13.6		1908

		-28.04		15.74		14												1909		3.69		8.09		11.8		1909

		-28		15.65														1910		2.36		5.12		7.48		1910

		-27.5		14.4														1911		3.14		7.74		10.9		1911

		-27.18		13.499		17.309												1912		3.73		9.58		13.3		1912

		-27.16		13.4398		11												1913		3.23		7.77		11		1913

		-27		12.96														1914		4.49		11.9		16.4		1914

		-26.5		11.37														1915		4.17		10		14.2		1915

		-26.23		10.47		7.525												1916		4.08		8.94		13		1916

		-26.12		10.102		14.54												1917		4.3		9.65		14		1917

		-26.1		10.035		11.582												1918		3.21		6.71		9.92		1918

		-26		9.7														1919		3.97		9.38		13.4		1919

		-25.5		8.05														1920		3.56		9.05		12.6		1920

		-25		6.5														1921		2.14		5.07		7.21		1921

		-24.5		5.13														1922		3.45		9.11		12.6		1922

		-24		3.96														1923		4.04		10.5		14.5		1923

		-23.5		3														1924		3.63		9.49		13.1		1924

		-23		2.24														1925		3.08		7.81		10.9		1925

		-22.5		1.66														1926		4.88		12.7		17.6		1926

		-22		1.21														1927		4.31		10.6		14.9		1927

		-21.5		0.88														1928		4.05		9.17		13.2		1928

		-21		0.64														1929		4.4		10		14.4		1929

																		1930		2.58		5.37		7.95		1930

																		1931		3.31		8		11.3		1931

																		1932		4.15		10.9		15.1		1932

																		1933		2.55		5.76		8.32		1933

																		1934		2.91		7.17		10.1		1934

																		1935		2.41		5.84		8.26		1935

																		1936		2.83		8.38		11.2		1936

																		1937		2.01		5.62		7.64		1937

																		1938		2.66		9.2		11.9		1938

																		1939		2.79		9.97		12.8		1939

																		1940		2.8		10.1		12.9		1940

																		1941		3.6		13.3		16.9		1941

																		1942		3.74		13.2		17		1942

																		1943		3.07		10.3		13.3		1943

																		1944		3.4		11.8		15.2		1944

																		1945		2.53		8.51		11		1945

																		1946		3.79		13.7		17.5		1946

																		1947		4.48		15.9		20.4		1947

																		1948		3.71		12.5		16.2		1948

																		1949		2.86		9.79		12.7		1949

																		1950		2.72		8.93		11.6		1950

																		1951		3.03		10.7		13.8		1951

																		1952		2.71		9.25		12		1952

																		1953		3.26		11.7		15		1953

																		1954		2.26		7.74		10		1954

																		1955		3.78		14.3		18.1		1955

																		1956		2.48		8.74		11.2		1956

																		1957		3.17		11.3		14.4		1957

																		1958		3.22		10.9		14.2		1958

																		1959		2.4		8.02		10.4		1959

																		1960		2.23		7.38		9.61		1960

																		1961		2.81		9.85		12.7		1961

																		1962		2.5		8.48		11		1962

																		1963		2.82		9.81		12.6		1963

																		1964		2.15		7.15		9.3		1964

																		1965		2.41		8.27		10.7		1965

																		1966		3.46		12.2		15.7		1966

																		1967		1.85		6.1		7.94		1967

																		1968		2.57		9.04		11.6		1968

																		1969		2.3		7.85		10.2		1969

																		1970		2.98		10.2		13.2		1970

																		1971		2.48		8.46		10.9		1971

																		1972		2.37		8.23		10.6		1972

																		1973		1.95		6.96		8.92		1973

																		1974		2.87		10.2		13		1974

																		1975		1.61		5.38		6.99		1975

																		1976		1.75		6.02		7.77		1976

																		1977		1.91		6.78		8.69		1977

																		1978		2.62		9.15		11.8		1978

																		1979		3.45		12.3		15.8		1979

																		1980		2.33		7.71		10		1980

																		1981		3.04		10.3		13.3		1981

																		1982		2.21		7.2		9.4		1982

																		1983		2.25		7.3		9.55		1983

																		1984		2.15		6.81		8.96		1984

																		1985		2.96		9.54		12.5		1985

																		1986		2.91		9.08		12		1986

																		1987		2.72		8.37		11.1		1987

																		1988		2.36		7.19		9.55		1988

																		1989		2.33		6.98		9.31		1989

																		1990		3.4		9.71		13.1		1990

																		1991		3.54		10.4		14		1991

																		1992		2.63		7.13		9.76		1992

																		1993		2.77		7.17		9.94		1993

																		1994		3.34		8.53		11.9		1994

																		1995		3.07		7.65		10.7		1995

																		1996		1.66		3.94		5.6		1996

																		1997		2.66		7.13		9.79		1997

																		1998		2.86		7.57		10.4		1998

																		1999		2.95		7.82		10.8		1999

																		2000		2.57		6.93		9.5		2000
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