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der Haushalt ( , ), die Lebensbeziehungen  ( -

, ).
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 (Haeckel, 1870, . 365). 
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” ( .: , 1933, . 5). -

,  (oecologie), 

,

 Haushalt ( ): “Unter 

Oecologie verstehen wir die Lehre von der Oeconomie, von dem Haus-

halt der thierrischen Organismen”. “ -

, ”.

 “ -

”,  Be-

ziehung ( , - , - ).

“ ”  (Haeckel, 1866, . 237–238), 

,  “ -

,

... (Oecologie und Geographie des Organismus oder Physiologie der  

Beziehungen des Organismus zur Aussenwelt) (  – . .). 

 150 , -
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,  ( -
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: “... ...
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lectionstheorie (der Darwinismus)” – “  ( )”.
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. 3. .  (Haeckel, 1904)  

  “ ”.  – Prosobranchia 
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17  1897 . (  Uschmann G., Wedekind K., 1972) 
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 (Charles Robert

Darwin; 12  1809 –  

19  1882) 

- ,

.

 (Worster, 

1994, . 114), “
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 – -

”. 
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.

 1859 . -

 “ -
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,

” (On the Origin of Species by Means of Natural 

Selection, or the Preservation of Favoured Races in the Struggle for Life; 

.: , 1937). 

  – 

(Haeckel, 1866; , , 2011).  

 1881 ., ,  “ -

” (The formation of vegetable mould, through the action of 

worms, 1881; .: , 1912). , , -
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, 1809–1882. 

. , 1839 
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, : “The struggle for 

existence” – “ ”

: “We 
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3.  –

 (Friedrich 

Wilhelm Heinrich Alexander Freiherr von 

Humbold)  14  1769 .

,  6  1859 

.

: 1) 

 – -

; 2)  – -

,

; 3) 

 – .

, -

, ,

, -

. -

-

. -

, -

, .

 ( ),

,

,  ( ., 1999).  

 1859 .,  “ -

” ,

 – .

, ,

.

, 1769–1859 
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1845  ( . ., , 1848).  

, ,

, : “ -

” (Ideen zu einer Physiognomik der Gewächse, 1806); “ -

...” (“Ideen zu einer Geographie der Pflanzen nebst 

einem Naturgemälde der Tropenlländer, auf Beobachtungen und Messun-

gen gegründet welche nom 10 ten Grade nördlicher bis zum 10 ten Grade 

südlicher Breite, in den Jahren 1799, 1800–1803 angestellt worden sind, 

von Al. von Humboldt und A. Bonpland”, 1807); “ -

 ( -
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)” (De distributione geographica plantarum: secundum 

cœli temperiem et altitudinem montium, prolegomena, 1817); “ -

, )” (Sur les lois 

que l’on observe dans la distribution des formes végétales, 1820) , -

, , ,

“ . ” (Kosmos – Entwurf einer 

physischen Welbeschreibung, 1845, 1847, 1850, 1851, 1858, 1862).  
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. -
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,  1936 . ( , 1936) 

. . , ,  “

”, , -

,

.

,

( , 1936), -

 ( , 1936).  
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,

-

.

, ,

.

,  100 .

 “Plant succession: Analysis of the development of vegetati-

on”, 1916 ( : ,

.: Clements, 1963), -

, -

. -

-

 (1862 )  “ ”,

.

, -

,  (1862 , . 5–6), ,

: “... -
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” ( , 1848, . 219). -

.  19-  (Pfeffer, 1897, . 349; 

. ., Pfeffer, 1900),  1913 . .  (Shelford, 1913 )
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-

 (Elton, 1927).  
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1936, . 79) 
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[1898–1969], -
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, . . -

, , -

,  “  « »

. -

,

(  – . .) -

,

. . . . -

” ( , 1963, . 126). 

-

,

“ ”, “ -

”  “ ”,
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-

.  “ ” -

 “ ”.  1840 ., -

 26 , , -

 ( , 1963).  1841 . -

 “ ” ( .: , 1954 ),
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: “... -
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, . : ) -

 B) ... ,
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, 1814–1858 
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16  1845 . -
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.  (1845,  

. 2, 93) : “...

, : -
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; -

, ...

, ,

... -

. ,

, , , ,

, .

,

;

.

, -

-

” ( ).

 ” ”

,  1850 .,  ( .: , 1954 ,

. 80): “ , -

,  – ,

.

(  – . .)

 … ,

,
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, . . ” (

 – . .). .

 ( , 1954 , . 101–110) -

, -

,

.

,  15 ,

. ,  (1955,  

. 437), “...

...” ,  1850-

,  1955 . ,

 ( , 1955). “ ”  “ ”, 

, , “

”. , -

 100 ,

, .

,

,

,

.

 “ ”  (1955, . 498–515) -

, -

, ,  “ ”. 

 “ ” – “ ,

, ”, -

, -

. ,

“ ... -

, -

...: ) , -

; b) ; )

 – , ”. -

,  “

” (  – . .).

.

,

.

 (1955, . 498–499) -

, ,
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1955, . 505, 521): “ -
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»” ( !). -

-

,

. , , -

. ,

, -

-

.
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 (1852, . 4), 

“ ”: “

, ,

, , , -

: , -

”. , -

,  150 , ,

, -

, .

 (1852, . 119) ,  “

-

, ,

, – , ,

, -

, ,

, ,

”.

, ,

 “ ” ,

.

-

. ,  1856 . 3-  “ -

”, , -

 85-

 “ ”, .

 (1856 , . 4), , : “ ,

, , -

 – ,

, ,

,

 – -

, , ,

, -

 – ” ( ).

,

. ,

 3-  “ ”, “ ”, 
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, -

 ( , . 517, 528): “...

;

, , , -

 – 

, , , .

,

-

 – , -

,

- -

, , , , -

”.

, -

,  (1955, . 525) 

: “ -

, -

…”

.

. ,  – . -

, -

 (Rouillier). -

 44 , -

 ( , 1955).  

.

, , , -

-

, , -

,

 “ ... -

”, .

 “... -

-

, -

” ( , 1963, . 103–104).  

- ,

.

.

, -
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. , ,

,  ( , 1955, . 509): “

, , -

 – . -

”.

 ( , 1852, . 29): “ ,

” (  – . .). ,

 “ ”,

,

.

 ( ) ,

, : -

,  – -

,  – “ ”,  – . -

. .

, -

, , -

.  – 

, . . , . ,

á , -

: “... -

-

, ,

. , ,

. ... -

,

. ,

, -

, ,

” ( , 1852, . 120–121).  

, , ,

. -

, ,  “ , ”,

, -

. -

.
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-

-

.

, -

 (1963, . 126), 

-

.

-

.

.  “ -

-

, -

”,  1855 . ( .: -

.,  1950),  

 28 , , -

, -

.

.

“ ...”   – -

,

 – . -

, , ,

, , , ,

, . . , -

 1873 . ( .: ., 1953) ,

,

, -

.

 “ …” -

. , ,

- .

,

( , 1950, . 23, 26–29): “ . . -

, 1827–1885
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-

... 

,

. . .

  1843 .  1844 . -

. . ,

 (  1844 .) -

, , , -

,

-

 ( ).

... -

: .

-

, , .

... , . . , -

. -

, ...

. . ,

.

... , . .

, ”.

-

-

 [1834–1896] – , , ,

.  1885 .  (1885) 

, -

, , ,

, .

. -

. -

, ,

, , -

.

, -

, .
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, ,

-

,

 ( , 1885, . 173): “ -

, ,

, ,

, -

, ,

.

, ; -

 – . -

-

, , -

,

, ... (  – . .) 

, , -

,

, -

, -

.

 Handbücher, Annalen, Zeitschrif-

ten: , , , ? -

,

, ,

,

, :

, ,

- -

, - -

; , , - -

- -

; ,

,

, ,

, ,

-

,   

...
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. 5. . .  (1856 )

 “ ”
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. 6.  7-  “ ”, -

. .  (1856 ) “ , ”
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, . -

, ,

...” 

,

 (1856 )  “ , -

”. , -

,  (

)  “ -

”, .

“ , ,

. ,

;

, , , -

. – , -

, , ,

. , ,

; - .

, , , -

 ( );

, . , : -

, .

: - , -

, -

. , -

, :

, .

, , -

; ,

, ;

, , , -

.

. ,  – 

. ,

, -

; :

, ,

. ? -

? ? -

, . -
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, ,

, ,  – 

. , , ,

, , -

... ? , ,

, ,

, :

, , , , . ,

, -

, ,

: , ,

. , -

, -

, . ,

– , , ; ,

 – ”.
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5. :

“

,

.

-

, , , -

, ,

. -

, -

,

” ( ,

, 1990, . 84). 

, -

.

, , , – ,

 ( ). -

-

 1910 .  3- ; -

 “ ”  – “ ”, “ -

”, ,  “ ” – “ ” ( , 1938, 

. 12). ,

, -

, ,

.

-

, , -

, -

 (Liebig J. von [1803– 

1873]).   1840 .
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, -

 1837 . -

 (The British as-

sociation for the advancement of science) – 

“Organic chemistry in its applications to 

agriculture and physiology” ( -

).

1841 .,

-

,

.

“ …” – 

 – 

,

, -

. -

 20- -

. ,

.

-

 (1936, . 39): “… , ,

,

-

, , , -

, , , ; -

. -

, .

, , -

- ,

... ,

,

…”   

,

-

, , -

-

. -

,

1803–1873 
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,

, ,

.  “ ” -

 ( , 1975, . 139): “ ,

, -

.” , ,

,

. -

, -

,

.

-

, -

, ,

.

,  “ -

”, , , ,

,

-

, -

.  25 ,

, ,

.

 (1936, . 115) 

: “ , -

,

.

-

, -

 (  – . .) -

. -

, ,

,

, -

 – . -

; ,

”.

:
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-

.

 (1936, . 117) 

, : “ -

, -

, ; -

; -

”.

,  20-  “

”, -

, -

. ,

“ …” , -

 “ ”. ,

, -

 “ ” -

.

 “ …” -

,

, , ,

, -

 “ ”. -

 (Liebig, 1840, . 161): 

“It was evident that all plants must give back to the soil in which they 

grow different proportions of certain substances, which are capable of 

being used as food by a succeeding generation”. – “ ,

, , -

, -

”.

-

,

 “ ”, 

 “ ...”  ( -

, 1864, . 169–170): “... -

,

,  (

) ... 

, -

, , , , -
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; - ,

”.

, -

, ,

. -

-

, -

.

(Liebig, 1840, . 358): “The greatest wonder in the living organism is the 

fact that an unfathomable wisdom has made the cause of a continual de-

composition or destruction, namely, the support of the process of respira-

tion, to be the means of renewing the organism, and of resisting all the 

other atmospheric influences, such as those of moisture and changes of 

temperature.” – “ ,

-

, ,

-

, , ,

”.

 “ ”

 “ -

”

 (Victor Ernest Shelford).  

, ,

 “ ”

 (Johnstone J. [1870 – 1932]).  

 “

” (Conditions of life in the sea), 

 1908 .,

,  “ ”

(“The Law of the Minimum”. Johnstone, 1908, . 234), 

 “Organic chemistry...” .

,  20-

-

. ,

,

1877–1968 
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,

, -

. , , -

, .

-

. , ,

-

, ,

. , ,

, -

. , -

 ( -

), ,

,

,

, -

. -

, -

, -

.  “ ” -

.

, , , -

.

, , -

-

, -

.  1911 .  (Shelford, 

1911) “ ” (Physiological animal 

geography), -

.

, -

, -

 “ ”,

,
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, . -

-

,  (Shelford, 1911) ,

.

.

 (Shelford, 1911, . 597), 

 “ ”.

, , , “ , -

” (Laws governing the reactions of ani-

mals). . -

, ,  “ ” -

 (Verworn, 1899; , ,  1894 .),

.

, -

.

 “ ” , -

, . -

,

, . -

 ( ) -

,  ( ). , -

, , -

 (

 – . .).

 “ ”  (Verworn, 1899, . 397, 

. 184), ,

.  “

(excitation) ”. -

, ,  ( . 7). 

 –  (excitation) , -

 – , -

, .

 ( ) .

.

 (Verworn, 1899, . 396), -

, ,
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. 7.  (excitation) . -

 – ,  –  (  Verworn, 

1899, . 397) 

-

 ( . . 7).   

,  (Shelford, 1911,  

. 597),  “ ”.

 (Johnstone, 1908, . 234), 

. ,  “ -

…” .

 “ ” -

,

. , -

 (abode). , , , -

-

 (material), 

.

, , , -

,  “ -

” (Law of toleration of physical factors, -

 “ ”).

, -

,

 (completeness,

) .
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 (Shelford, 1911, . 598), -

 “ ” ,

, , -

. . -

.

.

,  “ ”

 “ ”. , -

 “ ”

, ,

“ ”

.

 (Shelford, 1911, . 599) , -

, ,

 ( . 8). 

. 8.  (Shelford, 1911, . 599),  “ -

”

,

, , .

,

.

 (

).  (

) .  ( -

)  ( -

)  ( ),

, -

.
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-

.

 – ,

,  ( ), -

, . . -

 ( ) -

. ,

-

, -

. , -

, ,

-

.

 “ -

” (Animal communi-

ties in temperate America),  (Shelford, 1913 , . 302) 

“ ”,  “ ” (complete 

complex) , -

.

, -

.

 (Shelford, 1913 , . 304–305) -

,  – 

. , -

.

 (sessile) 

 (motile) .

, ,

-

. , -

,

 – .

.

,

“ ” -

.

 “ ” , -
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, , “ ”

“ ” . ,

(Shelford, 1913b) -

.  (Rubner) -

. -

,

-

.

 ( . 9), ,  1926 .

 (Tienemann, 1926b,  

. 35). -

,

(Ökologische Valenz  eines Organismus) 

.

. 9.

(Tienemann, 1926b, . 35) 

 “ ”, -

,

 (Richard Hesse [1868–1944]).  (Hesse, 1924, . 16–17) 

: “Die Möglichkeit des 

Lebens ist also nicht an unveränderliche Werte der Bedingungsfaktoren 

gebungen, sondern es besteht für jeden ein zeinen Faktor ein gewisser 

Spielraum, der zwischen oberen und einem unteren Grenzwert liegt. Die 

Weite des Spielraums (Amplitude) der Lebensbedingungen, innerhalb 

deren eine Tierart zu gedeihen vermag, möge als die ökologische Valenz

der Art bezeichnet werden“. – “ ,

, -

. -

 ( ) , -
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, ” (

).

 20- -

 “ ” -

. -

.

 ( ) ,

; -

, -

. -

 (1980, . 92–97).  

, -

, -

-

-

, ,

, , -

.

, , -

,

 1913 . (Shelford, 

1913b)  “The reactions of certain animals to gradients of 

evaporating power of air. A study in experimental ecology” ( -

. -

).

, :

, , , , , ,

, .

.

. ,

.

,

. -

, -

 ( , , 1975; , 1981).
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 “ -

” (showing, show of the reaction).  “ -

” .

, . -

-

,

, .

,

, , -

, “ ”

.

. , -

-

.

, -

- ( .  – )

- ( .  – ),

-

, ,

 (Franz Ruttner [1882–1961]) 

“ ” – “Grundriss der Limnologie (Hydrobiologie 

des Süsswassers)“.  1940 .,

 ( .: 

Ruttner, 1952).

 (Ruttner, 1952, . 108–109) -

 “ ”, -

- -

.  (Ruttner, 1952, . 31, . 109) 

 “ ” – “Gedeihkurven”. . 10 

 “ ”

.

 – 

, . -

 20- -

,

.
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. 10.

 (  Ruttner, 1952) 

,  “ ” – 

“Fundamentals of Ecology” (Odum, 1954, . 28, . 8; 1971, . 108, .

5–1) ,

: “ -

”.

 (1975, . 142, . 43) .

,

 “ ” .

 ( . . . Ruttner, 1962, . 119–120) : “

, , , ,

,

, ,  – , -

- .

, -

.  ( ) -

. -

, ,

...

,

.  ( -

 – “ ”)
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. ,

,

, -

 (  – -

) .

. 36. 

 ( ) ,

,

. , , -

,

, , .

 (  – 

), ,

,

 ( ) – .

;

, -

, , -

 – . ,

; -

, -

.

.

-

-

, -

…

-

, -

; ,

-

”.

-

 “ ”,

 “ ” ( ., ,

1975, . 142): “ -
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, ,

,  “ ”,  – “ ”. ,

 –  ( ),

 –  ( ),

 –  ( ),

 –  ( ), 

 –  ( )”.  

-

-

 – ,

 “ - ”.

- -, , -

. ,  1924 .

,

 (Hesse, 1924, . 13): “ -

: ,  (J. Sachs). 

...

, , -

 – ”.

 (J. Sachs). , , -

, . ,

 Julius von Sachs, 

 19- -

, , ,

.

-

,

,

, , -

-  ( )

 [1864–1942].  1923 . ,

-

. -

 1942 . , ,

 ( , , 1965).  

 1921 .  (1921, . 192)  “ -

”: ”
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...  ( -

) , , , , -

-

. , , ... -

, , -

.

, ,

, .

. -

,

”.

,

.

.
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6.

.

:

,  ( ). -

, ,

, , . . -

. , -

 (Hutchinson, 1978, . 160), -

, , , -

.

-

, -

,

. -

- , .

,

, – ,

– – . -

 (Vito Volterra [1860–1940]) 

 (Alfred James Lotka [1880–1949]) 

, .

-

 ( . ).

,

-

, .

, ,

 ( ), -

: , -

, , . .

-

, -
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, -

.

:

.  –  – 

.  “ ” -

,

. , -

. -

,

, -

.

-

(George Evelyn Hutchinson [1903–1991], 

,  1941 .

), 

 (Hutchinson, 1957, 1978). 

.

.

“  –  (1976, .

233) –  “

” ( ) -

-

, -

, - ”. -

-  “The struggle for existence” 

( ), -

,  (Volterra, 

1931; , 1976) “Leçons sur la théorie mathématique de la lutte 

pour la vie” (  – -

,

– “ ”). -

,  (Gause, 1934, . 40) : “

,

1903–1991 
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,

,

”.  

, -

,

( ) .

-

-

, -

.  1957 .

(Hutchison, 1957). 

 “ ” (An Introduction 

to Population Ecology. Hutchison, 1978), -

-

.

-

. -

 “ – ”

(Hutchison, 1957, . 416) : “ -

, x1 x2 , 

. -

,  S1

, 1x
′ , 1x

′′
x1 2x

′ , 2x
′′

x2.

, -

, -

. -

, -

(x1 = 1x
′ , x1 = 1x

′′ , x2 = 2x
′ , x2 = 2x

′′ ).

x3, ,

x4 … xn , -

 ( ) S1.

n- ,

,  S1 -

.  S1  N1

S1 ( ). 

,  S2 -

 N2.
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 X

n

, , , -

-

. , -

, -

”.

, -

 (Hutchinson, 1957, . 417): “ -

-

, -

. -

-

”. ,

, ,

,

 ( ) -

. . .

 (1978, . 434), , , -

, ” ,

, -

”. , , ,

-

.

 (1980, . 116).  

 (Hutchinson, 1957, . 417) ,  “ -

 ( ). -

”. ,

, ,

, .

, , ,

, -

.

: “ -

. ,

, ,

. . -

, -



76

, , ,

,

.

-

”.

,

,

“ – ” (Hutchinson, 1957, . 417): “ -

 (Volterra, 1926, .  Lotka, 1932) -

,

, , -

.  (Gause, 1932, 1934; -

, 1935) ... -

,

,  (co-occur), 

...

-

– ”. , -

 ( , , 1990) 

 (Lotka, 1925, 1932) – -

– – .

-

,

. 11, ,

 ( . , 1990, . 164).  

. 12 

(Hutchinson, 1978), -

 ( ):

 ( x
′ ),  ( x

′′ )

( x
′′′ ).

 ( ) -

, . 13. -

 (Hutchinson, 1978). 

,

, ,

. . .

 (2012), , ,

.
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. 11. - ( )  ( ) -
: x1 , x2 , x3 – -

; 1x
′ , 1x

′′ , 2x
′ , 2x

′′ , 3x
′ , 3x

′′  – -
; N1 –  ( )

 S1

. 12 (  Hutchinson, 1978, . 159). “ -
; x' ,  – 

, ; x''

, x''' –
-

. x'  (bionomic)  ( -
), x'' –  (scenopoetic, -
, ), 

x''' , ”
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. 13 (  Hutchinson, 1978, . 160). “ -

.  ( )

; ,

, ”

 (Hutchinson, 1957) -

. , -

, ,

, , -

  (Hutchinson, 1944, . 20): 

“...  ( , ) -

, ;

n- -

 (  region of an n-dimensional hyper-space), -

”.

“ , ” – , -

-

, -

,
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 (Gause, 1934) .

(Hutchinson, 1978, . 157) , -

 (competitive 

significance) .  (Elton, 1927) 

“Animal Ecology”,  ( . ).

,  (Hutchinson, 1978, . 157–158), 

 1944 .

 (competitive exclusion). 

“ -

” – -

 1957 . (Hutchinson, 1957, . 416): “ -

,

”.

, ,

.

 “ ” ,

, , . .

 1957 . (Hutchinson, 1957), , -

-

 (Hutchinson, 1978),  “What is a 

Niche?”. -

, -

.

 “ ”

 (1990), .

 “ ” -

, , :

 (R.H. Johnson),  (J. Grinell),  (W.P. Taylor) 

 (C.S. Elton).

,

-

,  (Johnson, 1910). 

 1904 . ,

 (Grinell, 

1904, . 377; .: Hutchinson, 1978): “Two species of approximately the 

same food are not likely to remain long evenly balanced in number in 

same region. One will crowd out the other”. – “ -
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, ,

. ”.

( ), -

.

, -

(Grinell, 1917, 1924; .: Hutchinson, 1978), ,

:

“ultimate unit... occupied by just one species or subspecies” – “ -

, ”

(Grinell, 1924; .: Hutchinson, 1978, . 157).   

, , -

, -

, ,

-

, ,

 (Taylor, 1916; .: Hutchinson, 1978, . 157).    

-

 “Animal Ecology” (Elton, 1927). 

 5-  “ ” (Animal community) -

 “ ”. -

.

: 1) , 2) -

, 3)  4) .

(Elton, 1927, . 50) “ ,

, ”. 

 (Elton, 1927, . 63) ,  “ -

-

, , (to indicate what it is doing, -

), ,  – « -

»”. , , -

,  (Elton, 1927, . 64): “... , -

,

, , . .,

-

 (food habits) ”. ,

, ,  “
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, -

” (Elton, 1927, . 65). 

 1933 .  (Elton, 1933), 

. . ,

(1934) : “

.

, -

”.

-

.

, ,

 ( -

– )

.

,

 (Hutchinson, 1978) 

.

-

 (1935)  “ -

”

,

: “

, -

”.

,

, “The struggle for 

existence” (Gause, 1934). -

 24 ! -

.

, -

-

 ( ,

– ). ,

,

, 1910–1986 
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 ( -

, Lotka, 1925, 1932; Volterra, 1926, 1928, 1931).  

–  ( , 1935): “

 (

) , -

, -

.

:

1 1 1 2
1 1

1

2 2 2 1
2 2

2

dN K N N

b N

dt K

dN K N N

b N

dt K

α

β

− −=

− −= ,                              (1) 

1, 2N N  –  ( ) ;

1, 2b b  –  (

), 1, 2K K  – 

, ,α β  – -

.
1 1 2

1

K N N

K

α− −
-

,

-

.

 (1), -

.

-

,
1α
β

= .

,

, ,

. ,

,

,

,
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 (  2). 

,

(
1

2
β = ).

, -

, , -

 ( ) ,

. . , ”.

, ,

 –  (Saccha-

romyces, Schizosaccharomyces)  (Paramecium caudatum,

P. aurelia, Stylonychia pustulata). -

-

,

 – .

, -

 (

) .

 ( )

,

(Gause, 1932, 1934; , 1935).  

1.  – 

, , ,

, -

, , -

– . -

 (Verhulst), -

 (R. Pearl), 

:

( )dN bN K N

dt K

−= ,

K – , N – 

, b – .

(1990, . 86). 
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,

-

, -

N

K,

.
( )K N

K

−
-

.

. 14  (Gause, 1934, . 36) -

P. caudatum .

. 14 (  Gause, 1934, . 36). Paramecium caudatum

2. , -

, -

. -

.

,

-

 (Gause, 1932). -

: P. 

aurelia, P. caudatum,
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. 15 (  Gause, 1934, . 102).  “ ” Paramecium caudatum P.

aurelia,

 (Gause, 1934; , 1935). 

. 15  (Gause, 1934, . 102) 

P. aurelia P. caudatum -

 ( ) -

 ( ).

, , , -

 (Gause, 1934, . 99). 

,  “ -

” ( . ), , -

, -

– ,

.

,

 (Lotka, 1932, . 468): “ ,

-

. , -
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, ,

, .

”.

 (Gause, 1934; , 1935), 

,

.

,

,

(Raymond Pearl) ,

(Gause, 1934): “ , -

,

. -

”.

-

 (Pierre François Ver-

hulst),  “ ” (lo-

gistic)  1845 . (Ver-

hulst, 1845; .: Hutchinson, 1978). -

 logistic 

. -

-

, -

(Hutchinson, 1978, . 20). 

.

-

 20 ,

(Pearl, Reed, 1920; Pearl, Reed, Kish, 1940). ,

, . -

 (Hutchinson, 1978, ).

 “ –

”.

 “ ”

,  (

,

1804–1848 
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) .

, , ,

,  – ,

, . .

,  “  – -

”, , -

, . -

,  (

): 1) 

,

,  ( )

; 2) 

,

; 3) -

 ( ), 

, , ,

 0. 

, -

. -

,  “ ” – 

. -

 (  2014 .)  7 .

, , -

, ,  1790 .  1920 .

(Pearl, Reed, 1920)  1790 .  1940 . (Pearl, Reed, Kish, 1940) -

.

 (Pearl, Reed, Kish, 1940) 

 1950 ., -

.

 (Hutchinson, 1978, . 22) 

 1940 . (Pearl, Reed, Kish, 1940). -

, . .  1978 ., -

,

, , -

. , , , -

,  1978  2014 . ( . 16). 

,  (  2014 .), -
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. 16. “  ( )

 1940 ., ,  (Pearl, Reed, Kish), 

, ,

” (Hutchinson, 1978, . 22). -

 (1940–1978 .)  (1978–2014 .), -

 2014 .

, -

 320 .

. 16 , , , -

, ,  “ ”, -

.

, -

,

, .

. , -

, -

,

 ( , 1993, . 155–157).  



89

, , -

, ,

. , , .

(Grubb, 1977), , ,

, -

. ,

, -

, .

, ,

, ,

. , -

-

, , .

, -

; ,

;

 ( , 1983). 

, -

,

. -

, ,

, -

, ,

, , -

  ( , 1983). 

 (1980), 

, -

. -

, -

, ,

, . . (Heinrich, 

1976).

,

, -

.

,

-
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,

.

,

, ,

-

- :

“ ”  “ ”, ,

.

,

.
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7.  – 

 ( )

. . -

 (1933) “  ( )”.

, , – 

, -

.

-

, -

-

-

. -

, .

-

,

. . ,

, -

-

-

.

-

-

. -

-

. -

, . .

 ( )

, -

. , , -

-

 ( , 1980, . 133).  

, 1878–1941. 

. .

. .
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, -

 ( . ) -

, -

. -

 ( ) , -

.

,

, -

, -

 ( , 1933, 1938; , ,

1936; , , 1929). 

-

 (1934). 

, -

,

.  26  1941 .

, .

. .  (1948) . .  (1980).  

, , ,

 1910 .  ( ,

1938, . 12). , -

, ,

. -

.

.

- .

,

, , . -

, , -

.

-

 (Möbius Karl August)  1877 . -

, , -

 (Moebius, 1877, . 75–76; .: , 1933, . 266–267):  

“ , -

, , -
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, . . -

, , -

.

-

, -

-

,

, -

-

, , -

.

-

, - -

, -

,

.

-

, -

, ,

.

, , ,

; -

, , -

-

, , -

. Biocenosis -

”.

,  (Moebius, 1877) 

 “ , ” (Eine 

Austerbank ist eine Biocönose oder Lebensgemeinde). 

 ( . 76): “Die Wis-

senschaft besitzt noch kein Wort für eine solche Gemeinschaft von leben-

den Wesen, für eine den durchschnittlichen äusseren Lebensverhältnissen 

entsprechende Auswahl und Zahl von Arten und Individuen, welche sich 

gegenseitig bedingen und durch Fortpflanzung in einem abgemessenen 

Gebiete dauernd erhalten. Ich nenne eine solche Gemeinschaft  B i o c o e- 

n o s i s

*,  oder  L e b e n s g e m e i n d e.

                                          
* Von o , das Leben, und κ o , etwas gemeinschaftlich haben.“ 

,

1825–1908 



94

 bio-coenosis -

,  – “ -

” (etwas gemeinschaftlich haben), -

 “ ” ( , , 1997, . 373). 

(etwas).

- . .  ( -

)

, -

,

,  “… -

” ( , 1915, . LV). 

, -

, -

. ,  (1933, . 94) -

: “

? ,

: . -

,

,

:

 ( )

 ( ).

-

. ”

( ). , ,  1938 

.,  – “ -

, - ” ( , 1938, . 271, 287).  

, -

, ,

, ,  40- -

-

 [1880–1967]  ( ,

1942, 1944, 1945). 

 (Moebius, 1877, . 75, .: , 1933, . 266):  

“... ...

, -

, , , -

”.
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,

, , , , -

,

.

. ,

 1935 ., ,

, ,

“ ...

” ( , 1935, . 15). -

 “ ” -

, . . - -,

.

 1942 .

 “ ” -

,  ( , 1942, . 7–8) -

: “ ...

, , -

(  – 

. .) ( koinos – -  – ) -

, .

- -

 ( -

. . ...). 

, ,  (

, -

)  ( , ,

).

, -

  (  – . .), -

 ( ).

-

( . 1)”. . 17. 

.

 (1942, . 8) 

( ) : “

... ... -

,

, , . .”. -
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. 17 ( , 1942, . 8).  ( ). -

.

,

.

 (1944) 

, . -

. -

,  (1944, . 214) 

: “...

,

, -

, ”.

. -

.

“ ”, ,

, -

, -

 – ,  (coaction), ,
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 (Clements, Shelford, 1939).  (1945, .

447) : “ , -

 (  –  – 

. .) , -

. -

 (

), , -

-

”.

, , -

-

 (1978). 

-

. -

 ( , , 2006), -

 “ ”. ,  (Tansley, 1935), 

,  “ -

, ” ( , 1945, . 449).  

 (Tansley, 1935, . 299): 

“Clements’ earlier term “biome” for the 

whole complex of organisms inhabiting a 

given region is unobjectionable, and for 

some purposes convenient. But the more 

fundamental conception is, as it seems to me, 

the whole system (in the sense of physics), 

including not only the organisms-comlex, but 

also the whole complex of physical factors 

forming what we call the environment of the 

biome – the habitat factors in the widest 

sense. Though the organisms may claim our 

primary interest, when we are trying to think 

fundamentally we cannot separate them from 

their special environment, with which they 

from one physical system”. “ -

 “ ”

, , -

.

, ,  ( -

), ,

,

1871–1955
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, , -

 – ,

. , ,

, -

,

, ”.

 (Tansley, 1935, . 299–300): “It is the systems 

so formed which, from the point of view of the ecologist, are the basic 

units of nature on the face of the earth. Our natural human prejudices 

force us to consider the organisms (in the sense of the biologist) as the 

most important parts of these systems, but certainly the inorganic “fac-

tors” are also parts – there could be no systems without them, and there is 

constant interchange of the most various kinds within each system, not 

only between the organisms but between the organic and the inorganic. 

These ecosystems, as we may call them, are of the most various kinds and 

sizes. They form one category of the multitudinous physical systems of 

the universe, which range from the universe as a whole down to the atom. 

The whole method of science, as H. Levy (1932) has most convincingly 

pointed out, is to isolate systems mentally for the purposes of study, so 

that the series of isolates we make become the actual objects of our study, 

whether the isolate be a solar system, a planet, a climatic region, a plant or 

animal community, an individual organism, an organic molecule or an 

atom. Actually the systems we isolate mentally are not only included as 

parts of larger once, but they also overlap, interlock and interact with one 

another. The isolation is partly artificial, but is the only possible way in 

which we can pro eed”. – “ , ,

-

. -

 ( )

, , ,

« » – , -

-

, ,

. , , -

. -

, -

. ,

 ( Levy H., 1932, “The Universe of Science”, 

London), ,
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, , , -

, , -

, . , -

,

, , -

. , -

, ”.

 “

, -

” (The use and abuse of vegetational concepts and terms) 

 – “The 

Ecosystem”,  (Tansley, 

1935, . 299–303). ,

, , -

, . -

, ,  (Tansley, 1935,  

. 300): “ ,

-

. -

-

. « » -

-

,

,

, ”.

: “

,

 ( ) -

, ...

,

, -

.

...

,

.

, , , -

, -

, .
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,

, ,

. ,

« » .

,

.

,

.

,

. , , -

,

, , -

 ( ).

... , , -

, , -

 – , ... , -

 – « » – -

.

...

, , , -

, -

”.

 “ ”  (Tansley, 1935, . 306) : “ -

,

, -

. -

,

. -

,

”.   

-

 (ecotope) 

(Tansley, 1939, . 228): “A unit of vegetation considered, but the animal 

habitually associated with them, and also all the physical and chemical 

components of the immediate environment or habitat which together form 

a recognizable self-contained entity. Such a system may be called an eco-

system (Tansley, 1935), because it is determined by the particular portion, 

which we may call an ecotope (Greek o , a place), of the physical 
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world that forms a home (o o ) for the organisms which inhabit it”. –

“ , , -

-

.

 (Tansley, 1935), -

, , ,

 ( . o , ), -

 (o o ) ”.

, -

, -

 – .

, , -

, ,

,

, , , -

 ( ,

1942, . 16): “ -

-

, .

.

-

,  (  – 

. .), , -

.

, -

,

... -

.

, -

-

, ”.

 (1945, . 448) -

: “ -

,

- .

, -

,

”.
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-

.

.

-

,  1963 .

(Clements, 1963)  1928 ., 

 1916 .

(Clements, 1916). 

, -

 17-  20- -

,

.

 (1933, 1938), -

.

,  (Rennie, 1810), , -

-

 (De Luc, 1806),  (Clements, 

1963, . 10): “...

,

,

-

, , -

”. -

.

-

,

(Henry Chandler Cowles [1869–1939]).  20- ,

,

-

. , -

,  “The Botanical Gazette” (Cowles, 

1899, 1901, 1911), .

-

 (Cowles, 1899, 

,

1874–1945 
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1901), 

, . , ,

 (Cowles, 1911, . 161): “  10 -

, , -

, , -

, ,

, , -

,

, . -

,

(the base level of the physiographer – 

 – . .), 

. ,

-

,

;

; -  – ”.

 (Tansley, 1935, . 284), 

. , “ ,

,

,

-

.., . -

 (20-  – . .) ,

,

.

, -

 ( ) ”.

, , . -

. -

, , , -

, , - , -

. . -

 (sere) ,  20 .

-

, , ,

. . , . -

,
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, ,

,  – ,

. -

.  ( )

.

, ,

 “ ” (the complex organism), 

,

, . -

,  (Tansley 

1935, . 295): “ -

, , , -

”.

 (1938, . 292–295) -

 “ .  – 

”, , ,

- ,  “ ”.

. . .  (1997, . 433), :

“

.

”.

 “ ” ,

.  “ ” (Essential nature of succes-

sion), ,  (Clements, 

1963, . 6): “ . -

, -

, .

, , -

 – , -

, .

, -

,

. ,

, , ,

, , , , -
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.

.

,

, , . -

, , .

-

, .

, , ,

, ; -

.

. -

, -

, ,

, .

-

, . ,

, ”.

 (Clements, 1963, . 7), 

, : “ ,

-

, ,

.

, ,

. -

, , -

,

.

-

.

, , -

, . , -

, ,

. , -

-
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,

”.

(Clements, 1916)  (1915), 

, ,  “

”, -

.

, -

.  ( -

, 1915, . XXX – -

; ): “…

,  – 

,  – -

, -

, ... ,  – 

,

 – ,

 – ...

, -

, ,

”.

 (1915, . LVI–LVII) : “ ... -

, , , ... -

, , ...

... , ...

,

...

 – 

,

, , -

, -

”.

 (1921) 

,

.

 (1915, . LXII) , -

:

“... , -
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,

”.

 ( ) -

-

 [1865–1940]. 

,

 ( ), -

 (1930; .: 1960, . 151) : “...

, ,

... , -

 – 

. -

,

. -

,

, -

” ( ). ,

,  – :

“ ,

”.

, -

 [1986–1938]. 

( , 1914) , ,

, , ,  (1921,  

. 200), , -

 ( . ).

, , -

. ,

,  (1914, . 240) -

: “...

, -

 – . . ,

…”

,

.

 (1914, . 232) : “... -

-
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, , -

”.  -

.

, , -

 ( , 1914. “ -

”), -

,

. 18. 

 (1921), 

.

-

,

 ( . . 18). , -

 (Clements, 1916), -

-

, -

.

-

, -

. . , . -

, ,

 1938 . .

-

 (Johannes 

Eugenius Bülow Warming [1841–1924]), , -

(Warming, 1896).  ( , 1901), 

.

,

. , -

 (Haeckel, 1866), -

-

.

“ ”.  ( .: 1901, . 3, 148): “...

, -

;

,
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. 
1

8
.

 (
, 

1
9
1
4
) 
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,

. . ...

, -

-

, ”.

,

, ,

, -

 – . -

-

 environmental, . . .

,

, -

, -

, , .

 (1901, . 4) , “...

-

” ( ).

, ,

,  – -

. ,  1922 ., -

 “ -

” ,  – -

,  “

” ( .: , 1967, . 57).

 (1901, . 5) -

, : “...

, -

,

.

(  – . .) , -

.

, , -

-

, ”.
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-

, , -

, ,

 ( )

.

-

, -

. ,  1908 . -

 (Adams, 1908) 

“The ecological  succession of birds” ( ), 

-

,

.  (Adams, 1908, . 139) 

,  “ -

( ) -

 … 

, ”. 

-

, -

, ,

,  (avian formations).  

, -

, , , -

, -

, , , . ., 

. -

. , -

, ,

, .

-

, -

 “Successions”. 

(Shelford, 1915, . 19) 

.

, -

.

-

. -
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. 19. .
B – ; N – . -

 “ ”  (1992) 

,  ( , 1975; ,

1997), , -

,

-

. -

. ,  “ ,

 ( ), -

, , ” ( , 1975,  

. 327). , ,

-

,

. -

. 19. 

 (Margalef) . -

, -

, .

(1992, . 162) : “...

, -
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. -

:

1) , , -

-

; 2) , -

... -

,  ( -

 1), , ,

, -

... ,

... ,  « » – , -

 « » – ... -

, ” (  – . .).

 “ ”,

 1, –  ( . . 19). 
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8.

“ ” (The food of the food) –  100 

 ( . )

, -

.

,

 ( )

. ,

: 1) ( ), -

, -

; 2) ( ) -

 3) -

, , .

-

, , -

, -

, ,

,  –  (

. .  – ,  – ), -

. -

-

 ( . .  – ,  – ),

 – .

, -

. . -

, -

, -

 [1856–1953], ó

. -

.

 (1887)  8  1886 .

-

.
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-

. : “...le rôle des infiniment petits m’apparaissait infiniment 

grand...” (...

...). , -

: -

. , -

, , -

. -

,  19-  –  20- -

. ,  1887 .,

- -

, ,

.  (1887, . 5–6) : ”

, , , -

, . ,

, -

-

,

, .”

, -

, -

, . ,

 (Dumas, Boussingault) ( ,

1887, . 7–9): “ -

, , -

,

 ( -

): « ,

, ,  – 

, , -

». 

, : -

... -

 ( -

) ...

,
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”.

(2004).  

19-  –  20- . -

 (Wilhelm Friedrich Philipp 

Pfeffer [1845–1920]), 

,  “ ”

(Pfeffer, 1881, 1897, 1900).  (Pfeffer, 

1897, . 349) , : “Alle Pflanzen, welchen die Fähigkeit 

abgeht, Kohlensäure zu assimiliren, müssen notwendig auf anderem We-

ge, also durch Aufnahme von Aussen die für das Gedeihen unerlässliche 

organische Nahrung gewinnen. In dieser Lage befinden sich demgemäss 

(abgesehen von Nitrobacterien) sämmtliche Pilze und alle übrigen chloro-

phyllfreien Organismen (Heterotrophe oder allotrophe Pflanzen)... Jedoch 

auch die autotrophen Pflanzen die normaler Weise den ganzen Bedarf 

durch die Chlorophyllfunction decken...“ – “ ,

,

, -

.  ( -

) -

 ( , )... -

,

...”

 “Chemosynthetische Assimilation der Koh-

lensäure” ( . Pfeffer, 

1897, . 346–349), , -

,  ( -

) .

 “ ” -

 – “Aufnahme organischer Nah-

rung” ( ),

(Pfeffer, 1881), , -

.

 (Albert 

Bernhard Frank [1839–1900])  “
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” (Frank, 1892) 

. ,  (Frank, 1892, . 527–528): “Es 

ist nöthig, diesen principiellen Unterschied in der Ernährung sich klar zu 

machen; wir wollen daher alle ihre Nahrung selbständig erwerbenden 

Pflanzen als autotrophe, diejenigen, welche sich mit Hülfe von Pilzen er-

nähren, als heterotrophe bezeichnen“ ( ) – “

; -

, , ,

, ”.

, - -

, ,  19-  20-

. -

-

. , ,

,

,

 (Pfeffer, 1897, . 349 

).

 (1926, . 89), - -

,

, : “

 – -

 – ,

,

 – . -

1880-

, .

,

” ( ).

-

, , , ,

 20- .

, -

, , , -

 (James Johnstone [1870–1932]).  “

” (Conditions of life on the sea) 50 
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-

 (Johnstone, 1908, . 206–253).  

, , ,  “ -

”,  (Johnstone, 1908, . 206) ,

“ -

 (dynamical equilibrium)”, , -

 – 

, , , -

.

 “ ” (The Nutrition of Marine Orga-

nisms), 

 (Johnstone, 1908, . 207–209): 

“

 (producers)  (consu-

mers). ,  – .

, ,

, ... -

-

... -

 (  – . .), ,

...

( ), -

; -

,

-

, ,

.  –  – -

, -

 – ... ,

”.

,

(Johnstone, 1908, . 210, 212): “

, ,

 (food of the food, ) -

; ,

, . . -

...
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, , -

,

,

”.

, , , -

-

(Johnstone, 1908, . 222): “Thus there are marine animals which eat the 

organisms of the plankton. But if we push our enquiry into the food organ-

isms of sea animals far enough we find that the plankton creatures are the 

last of chains of food organisms. Thus the cod feeds on plaice, which feed 

on mollusks, which feed on diatoms, and other protophyta. The plaice is a 

food organism of the first degree, the mollusk one of the second degree, 

and the diatom one of the third degree. Generally speaking we find that 

the food organisms of the nth degree of a carnivorous animal are such as 

belong to the protophyta of the plankton. And this way we speak of the 

plankton as constituting the ultimate organized food-stuff of the sea”. – 

“ ,

. -

, , -

. ,

, , -

. -

,  –  – 

. , , -

, -

. -

, ,  (the 

ultimate) ”.

. :

,

, , , , -

. -

 (Johnstone, 1908, . 235): “ , -

,

, , , ,
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 (ultimate) 

.

(protophyta, , -

), -

,

.

, , ”.

 (Nixon, Buckley, 2002, . 782), 

 “ ” “ -

-

” (one of the most influential marine science texts of its time), 

, .

,  “ ,

” (food chains were simple, straight, and 

driven from the bottom up). 

21- ,  “ ” (nature is not so simple). -

, , -

,

. .

, , , -

, -

, .

,

 (Johnstone, 1908, . 286): “

, -

, -

. :

;

;

-

;

. .”

, , - , “ ” -

 “ ” – 

-

. - , ,

, -
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, -

. - ,

.

.  20- -

 ( , ,

1936) -

.

, ,

.  1913 ., . .,  5 -

, -

 (Shelford, 1913 , . 70), 

,

.

 (food relations). , -

,  “ ” (Equilibri-

um). ,

, . 20.  

. 20. “ .
, . ”.

(Shelford, 1913 , . 70). , -
.

,
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, , -

, -

-

, .

,

. , -

 (Shelford, 

1913 , . 72). 

,

,

(Charles Sutherland Elton). 

 1927 .,  27 , -

 “ ”,

,

 (“ge-

neral principles regulating animal communiti-

es”) (Elton, 1927, . 55): 

a. “Food-chains and the food-cycle” 

( ).

b. “Size of food” ( ).

c. “Niches” ( ).

d. “The pyramid of numbers” (

).

,

.

 (Elton, 1927, . 55–56): “ -

, ,

. -

,

. -

.

,

,

... ,

,

-

. ,

 (basic) 

,

1900-1991 
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. ,

,

. -

, -

, , , -

, , -

, , , ,

 (a terminus) . , -

, , -

.  (food-chains), -

 –  (food-cycle).   

,

, , -

, ,

...

,

…”

-

, . -

 (sir Alister 

Clavering Hardy [1896–1985]) 

 (Victor Samuel Sum-

merhayes [1897–1974]). 

. 21  22. 

. 21 -

 (Hardy, 1924). ,

,

.

, ,

,

( ): 7–12 , 12–42 , 42–130 -

. , -

-

, , -

. -

, -

.
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. 21. (Elton, 1927, . 58): “ ,

.

.

(  Hardy, 1924)” 

. 22 -

.  “ ”

(Elton, 1927, . 58). 

 “Journal of Ecology” 

, ,

 –  (Summer-

hayes, Elton, 1923). 

 1921 .  21- .

, -

, -

. , ,

,  (the food cycle), -

 (Edward Bibbins Aveling [1849–1898]), -

,  50 

 (Aveling, 1881). ,

 “The Food Cycle”, -

, -

.  (Aveling, 1881,  



125

. 22 (Elton, 1927, . 58): “ - -

 ( ). ( -

, -

). ,  “ ”

 ( : Summerhayes, Elton, 1923)” 

. 87): “ -

. -

, , , ...

, , ,

 (dead met-

ter)... ,  ( ),

, .

, ,

, -

...

,

”.

-

, , -

, -
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 – , ,

 – .   

-

, -

- .

, ,

.

, ,

, , -

, .

 (Elton, 1927, . 59–62): “ -

.

, -

, -

... , ,

, . -

 ( ) ,

... 

,  – .

,

.

( )

, , , -

.

... ,

-

.  ( )

, , , -

, . ( -

, -

, ,

, ,

. ., ,

.) , -

, -

, ,

”.

,
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,

, , , -

. ,

,

, -

. -

, -

.

 (Elton, 1927, . 63 ): “ -

, -

, , ( ),

, ”. ( , -

,

,

, -

 – . .). 

, , ,

 ( )

. ,

 (

) ,

, , . ., -

.

,

. , -

,

, . -

,  (Elton, 1927, . 66): “ , -

;

, , -

, -

, ; ,

”. -

, , ,

, -

.

 (Elton, 

1927, . 68): “ ,

, ,
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,

- . -

”.

: “The 

Pyramid of Numbers” (Elton, 1927, . 68 ): “One hill cannot 

shelter two tigers” ( ). 

. -

: “ , ,

, -

, , -

, ,

”. -

: “ ,

, -

, ,

.

, ,

 – ,

. , -

,

. .

, ,

 ( ,  – . .)

 (

) -

, -

. , -

.

ó ,

 ( ,  – . .) -

. , , -

 ( , - ), ,

. , ,

, - -

-

.
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 – 

 ( )  – -

,

. , ,

: ( )

 (b)  ( -

, increase – . .) , -

, , , ”. -

-

, , -

, , -

.

,  “ ” (Elton, 

1927) . .  ( , 1934).
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9.

, -

, -

. ,

, , ,

.

, -

. . .

 – . -

 (Thienemann), . . -

 –  (Lindeman), 

.

,

, ,

,  ( .

). ,  “ -

” (Die organische Bewegung in 

ihrem  Zusammenhange mit dem Stoffwechsel),  1845 ., 

,

 (Mayer, 1845; .: Mayer, 1893: -

: , 1933, . 137): “ ,

, -

,

.  – 

.

,

” ( ).

-

,  “ ,

, ”.

-
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 (August Thienemann [1882–1960]), ,

, -

(Johnstone, 1908)  20 . , -

.

, ,

, - -

, -

.

-

,

 (Lindeman, 1942, 

. 400–401): “  (community economics), 

 (Thienemann, 1926 ),

 (producer organisms), -

, , -

... ,

 (consumers organisms), 

, , -

,

. -

 (

),

.

,

, -

 (decomposers)

”. decomposers

 (Lindeman, 1942, . 401): “  (Thienemann, 1926 )

 (reducers) -

, , -

, -

, . -

 (decomposers), ” ( -

).
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 (Thienemann, 1925, 1926 , b) 

, ,

-

. . -

,  “ -

” (Thienemann, 1926 , . 63): “Nur die grüne Pflanze ist im-

stande, anorganische Stoffe in organische zu verwandeln, indem sie im 

Lichte aus Kohlensäure und Wasser Kohlehydrate, in erster Linie Stärke, 

bildet. Daß sie außerdem unbedingt noch eine ganze Anzahl anderer anor-

ganischer Substanzen für ihre Lebenstätigkeit braucht, wie Stickstoffver-

bindungen, Phosphorsäure, Kali, Kalk, Eisen usw., ist bekannt. Das Tier 

ist zu solchen Stoffumsatz nicht fähig, also für seien Leben unmittelbar 

oder doch mittelbar auf die grüne Pflanze angewiesen. So ist’s im Wasser 

wie auf dem Lande. Und so unterscheiden wir in der Bewohnerschaft ei-

nes jeden Biotops, in jeder Biocoenose die Produzenten, die die organi-

schen Stoffe erzeugen, also die grünen Pflanzen, von den Konsumenten,

den Tieren, die sie verbrauchen. Dazu kommt noch eine dritte Gruppe, die 

Reduzenten – das sind vor allem die Bakterien – , die die komplizierten 

organischen Stoffe, aus denen sich die Pflanzen- und Tierleiber aufbauen, 

nach deren Tode wieder zersetzen, abbauen, d.h. in immer einfachere und 

schließlich wieder in die anorganischen Urstoffe verwandeln”. – “

-

, -

, . , -

,

, , , -

, , , . . , -

,

. , . , -

,

, , ,

, , .

, , . -

-

, , -

, -

, ” (  – . .).

,  “ -

” (Schema des Nahrungskreislaufs im Bin-
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nensee). , . 23, 

 (Thienemann, 1926b, . 57). “ , -

, , ”

(Naumann, 1922, 1925). ,

, -

, , -

.

,

,  – ,

. -

 “ ” (Nährsalze in 

Lösung),  – , -

.

. 23. “ ” (  Thienemann, 1926b, . 57). 
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,  – ,

, , -

.

, -

,  (Thienemann, 1926b) -

 ( . 24).

. 24. “

( , -

),

 ( -

, -

) -

 ( ,

).

, -

-

-

; a – 

 ( -

-

, -

), b –  ( , -

),  – ” ( : Thienemann,  

1926b, . 74)  

, - ,  ( -

) -

, - , -

, , ,  (  – 

) .

 1931 .  “ ” -

 (1931 ), -
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”. , -

, , , -

 10 

 (Lindeman, 1942) -

 (trophic-dynamic),  “

”. 

 (1931 , . 88–90) 

 ( -

 – . .): “

. -

-

.

,

-

-

, ,

,

,

-

:

,

.

... -

,

 (Q
A

), -

,

(Q
H

). -

Q

A

 = Q

H

 · k,

k – .

,

, , ,

, . .

,

1882–1942 
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.
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.
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'
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.  ( ,

1926, . 14):  “... ,

, , -

…”

 ( , -

)  “ ”,

.

,  10 

 (Lindeman, 1942). -

 (1931 , . 90–91) : “

, , , -

-

.

, ,

. -

.

, -

, .

-

”.

 (1931 , . 91)  “

”: “

... -

-

, . . , -

...” ( ). -

,  (1926), :

“ ,

...”

,  “ ” -

 “ ”  – -

.

, , -

, ,  “ -

”.  “ ”

, ,

, ,

.  ( , 1926, . 28, 82): 
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“ , -

, ”... “ , -

, . . ...” ( ).

 (1931 , . 91) -

-

: “ -

 (m)  (N) -

M = m · N.

 (q),

Q = q · M ”.

,

, -

- , , -

,

, .

 (1931 , . 93): 

“

 … ”.

 “ ” -

 (1931 ),

.

.

 – “

”.

, ,

. -

. -

.

1934 .,

“ - ” .

, , .

 “ ”, -

.

. 25 -

 “ ”.
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 ( ), -

 –  (Charles Christopher Adams 

[1873–1955]) , -

-

.

,

. -

-

. -

,  1926 .

 “ - ”, -

. -

, -

-

. . . -

-

 24  1934 .

,  1936 . ,

- .  29 

 1941 .  29 

 1942 . -

. ,  ( ,

- , 1991). 

-

 “ ” ( , -

, 1926, 1940), -

, -

.

-

 ( ) -

 [1905–1987]. -

 ( -

)  ( , 1934, 1935).   

,

 ( , 1934). 

 (1934, . 5): “

, -
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,
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-
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.

, -

. -

, . . -

, -

, , ,

, ”. 

 1942 .  (Lindeman, 

1942)  “ - ” (The Tro-

phic-dynamics aspect of Ecology),  “Ecolo-

gy”, -

, -

 (Tienemann, 1925, 1926 , b) -

 (1931 )  (1934).  

.

,

.  27 .

,

-

. , -
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.

-

 (trophic-dynamic), 

 “ -

”.

, -

,

, ,

.

, -

, , -

 (Tansley, 1935). -

 (community), ,

, ,

.

-

 ( , ), -

, , -

  (Thinemann, 1926b) . -

,

 (

, . .). -

. -

,  (Elton, 

1927)  “ ”. , “

”, , .

,

 (Clements, 1916), ,

-

, .

(Lindeman, 1942, . 415): “

 (abiotic environment); -

  ( ) -

 (the more fundamental ecological unit).  

, , , -
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, . . ,

, .

( ) -

, .

 « -

», -

,

0 > 1 > 2... > 
n

.

.

 33% , 62% 

 100% .

-

.

 ( ) -

”.

, -

. , -

 ( , 1901, 

. 27–28), : “ , ,

 (=  – . .); , -

,  (= -

 – . .), ,

. -

,

, . . , -

(=  – . .).

. ,
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, . . ”.

, -
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.
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-

, -

-

,

,

, -

.

,

, . ,

 2.5 ,

 (Berkner, Marshall, 1965; 

, , 1966). 

-

:

.

-

.

. ,

- ,  28 ,

 ( , 1871, . V): “ -

,  – 

, , -

,  – ,

,
1843–1920 
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, ”.

 30 , -

,

( , 1901, . 35–36): “ -

, -

.

. ,

, , -

, ,

.  – 

. ,

” ( ).

,  30 -

 1903 .,  “ ”, -

, -

 “ -

” (The Cosmical Function of the Green Plant). -

 (Timiriazeff, 1903). 

, 1904 .,

 – “ ”

( , 1904). 

-

,

,  “ -

, ”, ,

 1923 .,  ( , 1923). 

, , ,

, .

, -

, , ,
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, -

.

-

 ( ), -

,

- -

, , ,

, . ,

, , -

, -

, ,

.

,

, “ ”, ,

.

, -

,

,  ( -

, 1923, ), ,

, , .

 (Priestley Joseph, [1733–1804]) – -

,

 ( ),

. ,

 (different kinds of air), 

 (Priestley, 1775), ,

,  20–30 , .

 ( ) . ,

: ,

, .

, -

.

,

 –  ( , 1888; -

, 1989). 

, -

,

 (de La-
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voisier Antoine Laurent [1743–1794]), ,

, . -

  (two 

states of phlogiston), , -

 (mode of vibration), 

. , , ; -

 (the two states of fixed air, viz. elastic, or non-elastic; a solid, or a 

fluid) (Priestley, 1775, c. 286). 

, -

 “ ”  ( ,

1904, . 75–76): “

,

 « »  – -

, ,

-

. -

: « : , ,

, -

?»”. 

 (Senebier Jean [1742–1809]) – -

,  CO2 ,

, -

(Senebier, 1782).  “ ”

-

,  ( harbon).

(Senebier, 1800, c. 319): “Il me paraît que les plantes reçoivent ce 

charbon avec l’acide carbonique dissous dans l’eau, montant dans les 

raciness, ou pénétrant les feuilles, & s’y décomposant par la lumière, alors 

le carbone se précipite quand le gaz oxygène s’échappe ou se combine.” – 

“ ,

,

;

, ” (

. . ).

,

, -

,

(Pelletier Pierre Joseph [1788–1842])  (Caventou 

Joseph Bienaimé [1795–1877]), 
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.

.

 “ ”

 “ ”  1817 .  “ -

” (Sur la matière verte des feuille) (Pelletier, Caventou, 1817). 

, -

 “ ”, -

,  – -

, , , , -

, . . ,

. ,

,

,

,

,  (Pelletier, Caventou, 1817, c. 490–491): “

,

;

, , -

, chloros, ,  – :

.

, -

, ”. – 

“Nous n’avons aucun droit pour nommer une substance connue depuis 

long-temps, et à l’histoire de laquelle nous n’avons ajouté que quelques 

faits; cependant nous proposerons, sans y mettre aucune importance, le 

nom de chlorophyle, de chloros, couleur, et , feuille: ce nom 

indiquerait le rôle qu’elle joue dans la nature. Quant aux avantages qu’on 

pourrait retirer des laques don’t nous avons preparé plusieurs échantillons, 

ce n’est que le temps et l’usage qui pourront les indiquer” ( -

chloros  – , . . . .). 

, 1818 ., -

,  “

” , -

.

“ ”.

, -

,

 ( , 1871; , 1989; 

, , 1992). 
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 (von Mayer Julius Robert [1814–1878]) -

 (von Helmholtz Hermann Ludwig Ferdinand [1821–1894]). -

,  (Mayer, 

1842; .: Mayer, 1893),  (Helmholtz, 1854), 

,

.

, ,

 “ , ” -

.

( , 1923, . 10),  (Helmholtz, 1854), 

: “

, -

, ”

( ).

-

- .

(von Mayer Julius Robert) 

. -

, , , “ ”

.

,

 – 

 “ ”.

,

,

,

, -

 – 

. -

,

(Hellbronn, - ), , -

.

, 1814–1878
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 1853 . , -

,

.

,

 ( -

), , .

 27 ,  1841 ., -

-

 “ ”.

,  36 ,

, -

 “ ...” -

.

 (John Tyndall) 

 (Eugen Dühring),  – , ,

 “ ”, -

.

, ,

,  1892 .

 – “

” ( , 1897; , 1921; , 1933).  

,

 (Mayer, 1845; .: Mayer, 1893), 

. -

 “ -

” (Die organische Bewegung in ihrem Zusammenhange mit dem 

Stoffwechsel). , ,  ( .: , 1933, . 131–

137): “ -

,

.

, , ,

-

.

.

, -

…
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. , ,

,  – 

, ,

,  “ ”,  150 -

 19- .

, -

,  (1989), 

 (1992).  

, , , -

, ,

, .

-

 ( , , 1992, . 3, 5): “

, -

, -

,

…

, -

 – ,

-
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-

,

.
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, -

”.

, -

,  150 -

: “ -

, , , ” (Mayer, 1845); 

“ -

 – ” ( , , 1992).  – 

, -

.

 ( , 1989) -

 – 

1)  2) 

6CO2 + 6H2O = C6H12O6 + 6O2,

 C6H12O6, ,

 ( -

), -

 6O2 -

, -

 –  (21%) .

, , -

-

, , -

. -

, .

-

 ( , , 1992, . 3): 

“ , ,

-

,

CO2  O2 , -

...” 
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.  158 . 15 -

, .
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, , -

. .
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 “ ...”  ( . 28) 

 “ ”.

,
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 ( . 3) “ ” , ,

“ ,

, -

” (  – . .).
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, , , -

, .

.
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.
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,

, , ... 

, . -

, , - , , , – 

, , , .

... , ,

?”   (1926, . 29): “ -

... ... ,

, , ”.  

(  2 .)

 – ,

, , -

, ,

-

, , , - .   

. -

, ,

(Tansley, 1935, . 300): “...

, -

, , , -

, ,

, . ,

, , , -

. ,

, ”. -

, , -
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, , -
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... -

 – ” – 
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