
ʀɼɽʅʊʀʌʀʂɸʎʀɱɸ ʅɸ 

ɸʅʊʈʆʇʆɻɽʅʀʊɽ ʇʈʀʊʀʉʆʎʀ 

ɺʈɿ ʇʈɽʉʇɸʅʉʂʆʊʆ ɽɿɽʈʆ

ɼ-ʨ ɽʣʠʟʘʙʝʪʘ ɺʝʣʿʘʥʦʩʢʘ ʉʘʨʘʬʠʣʦʩʢʘ
ʆʜʜʝʣʝʥʠʝ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ

ɱʅʋ ʍʠʜʨʦʙʠʦʣʦʰʢʠ ʟʘʚʦʜ ʆʭʨʠʜ



ʇʨʝʩʧʘʥʩʢʦ ɽʟʝʨʦ (40Á54' N, 21Á02' E) ʝ ʝʜʥʦ ʦʜʥʘʿʚʘʞʥʠʪʝ 

ʧʨʠʨʦʜʥʠ ʚʦʜʥʠ ʝʢʦʩʠʩʪʝʤʠ ʚʦ ʈ. ʄʘʢʝʜʦʥʠʿʘ, ʧʨʝʢʫʛʨʘʥʠʯʥʦ 

ʝʟʝʨʦ, ʧʦʜʝʣʝʥʦ ʧʦʤʝʺʫ ʄʘʢʝʜʦʥʠʿʘ, ɻʨʮʠʿʘ ʠ ɸʣʙʘʥʠʿʘ.  

ʇʨʠʧʘʺʘ ʥʘ ɼʝʩʘʨʝʪʩʢʘʪʘ ʛʨʫʧʘ ʝʟʝʨʘ ʠ ʩʦ ʩʚʦʠʪʝ ʧʨʠʨʦʜʥʠ 

ʨʝʪʢʦʩʪʠ ʠ ʝʥʜʝʤʩʢʠ ʚʠʜʦʚʠ ʰʪʦ ʞʠʚʝʘʪ ʚʦ ʥʝʛʦ, ʩʝ 

ʢʣʘʩʠʬʠʮʠʨʘ ʚʦ ʛʨʫʧʘʪʘ ʥʘ ʥʘʿʚʘʞʥʠ ʠ ʥʘʿʩʪʘʨʠ ʩʣʘʪʢʦʚʦʜʥʠ 

ʩʠʩʪʝʤʠ ʚʦ ʩʚʝʪʦʪ, ʩʦ ʠʩʢʣʫʯʠʪʝʣʝʥ ʙʠʦʜʠʚʝʨʟʠʪʝʪ ʠ ʧʨʠʟʥʘʪʦ 

ʠ ʢʘʢʦ ʝʚʨʦʧʩʢʦ ʠ ʛʣʦʙʘʣʥʦ ʞʘʨʠʰʪʝ ʥʘ ʙʠʦʜʠʚʝʨʟʠʪʝʪʦʪ 

ʅʘʜʤʦʨʩʢʘ ʚʠʩʠʥʘ849 m 

ʇʦʚʨʰʠʥʘ ʦʜ254 km2, 

ʉʣʠʚʥʦ ʧʦʜʨʘʯʿʝ ʦʜ1300 km2,

ʄʘʢʩʠʤʘʣʥʘ ʜʣʘʙʦʯʠʥʘ ʦʜ 48 m, 

ʉʨʝʜʥʘ ʜʣʘʙʦʯʠʥʘ14 m, ʚʦʣʫʤʝʥ3,6 km3. 

ɺʢʫʧʝʥ ʧʨʠʣʠʚ ʩʝ ʧʨʦʮʝʥʫʚʘ ʥʘ 16,9 m3sī1ʧʨʠ ʰʪʦ 56% 

ʧʦʪʝʢʥʫʚʘʘʪ ʦʜʨʝʢʠʪʝ, 35% ʦʜ ʚʨʥʝʞʠ ʠ 9% ʦʜ ʄʘʣʦʪʦ 

ʇʨʝʩʧʘʥʩʢʦ ɽʟʝʨʦ. ʇʨʝʩʧʘʥʩʢʦʪʦ ɽʟʝʨʦ ʥʝʤʘ ʧʦʚʨʰʠʥʩʢʠ 

ʠʟʣʝʟ. ɿʘʛʫʙʘʪʘ ʥʘ ʚʦʜʘ ʧʨʦʠʟʣʝʛʫʚʘ ʧʨʝʢʫ ʠʩʧʘʨʫʚʘˁʝ (52%), 

ʥʘʚʦʜʥʫʚʘˁʝ (2%) ʠ ʠʩʪʝʢʫʚʘˁʝ ʧʨʝʢʫ ʢʘʨʩʪʥʠ ʩʣʦʝʚʠ  ʥʘ 

ʧʣʘʥʠʥʘʪʘ ɻʘʣʠʯʠʮʘ (46%).

ʀ ʧʦʢʨʘʿ ʥʝʛʦʚʘʪʘ ʠʩʢʣʫʯʠʪʝʣʥʘ ʝʢʦʣʦʰʢʘ ʚʨʝʜʥʦʩʪ, ʦʚʦʿ 

ʝʢʦʩʠʩʪʝʤʠ ʩ¯ ʧʦʚʝ˃ʝ ʝ ʠʟʣʦʞʝʥ ʥʘ ʘʥʪʨʦʧʦʛʝʥʠ 

ʧʨʠʪʠʩʦʮʠ, ʧʦʩʝʙʥʦ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʜʝʮʝʥʠʠ.

ʇʨʝʩʧʘʥʩʢʦ ɽʟʝʨʦ - ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ



Ĕ

ʇʨʝʯʠʩʪʠʪʝʣʥʘ ʩʪʘʥʠʮʘ 

ʚʦ ɽʟʝʨʘʥʠ

ʅʘʩʝʣʝʥʠ ʤʝʩʪʘ: ʈʝʩʝʥ, 

ɼʦʣʥʦ ɼʫʧʝʥʠ, ʇʦʜʤʦʯʘʥʠ, 

ʎʘʨʝʚ ɼʚʦʨ, ʉʪʝˁʝ, ʂʨʘʥʠ, 

ʉʠʨʭʘʥ, ʇʫʩʪʝʮ ʠ ʜʨ. 

ʇʨʠʪʦʢʠ: ɻʦʣʝʤʘ, ɹʨʘʿʯʠʥʩʢʘ, 

ʂʨʘʥʩʢʘ, ʀʩʪʦʯʢʘ (ʩʝʟʦʥʩʢʠ)

ʊʦʯʢʘʩʪʠ ʠʟʚʦʨʠ ʥʘ ʟʘʛʘʜʫʚʘˁʝ

ʈʠʙʥʠʮʠ

Ĕ

Ĕ
ʀʥʜʫʩʪʨʠʿʘ: ʍʨʘʥʘ ʠ ʩʦʢʦʚʠ, 

ʪʝʢʩʪʠʣ, ʭʝʤʠʩʢʘ ʠʥʜʫʩʪʨʠʿʘ, 

ʤʝʪʘʣʦʧʨʝʨʘʙʦʪʫʚʘʯʢʘ 

ʠʥʜʫʩʪʨʠʿʘ, ʞʠʚʠʥʘʨʩʢʠ ʬʘʨʤʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ˃ʝʨʘʤʠʢʘ, 

ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʜʨʚʘ ʠ ʩʣ. 



ɿʘʛʘʜʫʚʘˁʝ ʦʜ 

ʟʝʤʿʦʜʝʣʩʢʠ ʘʢʪʠʚʥʦʩʪʠ, 

ʩʦʚʨʝʤʝʥʠ ʘʛʨʦʪʝʭʥʠʯʢʠ 

ʩʨʝʜʩʪʚʘ (ʿʘʙʦʣʢʦʚʠ 

ʥʘʩʘʜʠ) 

ʊʫʨʠʩʪʠʯʢʠ 

ʢʘʧʘʮʠʪʝʪʠ, ʭʦʪʝʣʠ, 

ʘʚʪʦʢʘʤʧʦʚʠ ʠ ʩʣ.,

ɼʠʬʫʟʥʠ ʠʟʚʦʨʠ ʥʘ ʟʘʛʘʜʫʚʘˁʝ



ʂʦʥʮʝʧʪʦʪʠʤʘʟʘʮʝʣʜʘʛʠʠʜʝʥʪʠʬʠʢʫʚʘ

ʘʥʪʨʦʧʦʛʝʥʠʪʝʠ ʜʨʫʛʠʪʝʥʘʜʚʦʨʝʰʥʠʬʘʢʪʦʨʠ

ʢʦʠʩʦʟʜʘʚʘʘʪʞʝʯʢʠʪʦʯʢʠʰʪʦʥʝʛʘʪʠʚʥʦʚʣʠʿʘʘʪ

ʥʘʝʢʦʩʠʩʪʝʤʦʪʥʘʇʨʝʩʧʘʥʩʢʦʪʦɽʟʝʨʦʠʥʝʛʦʚʦʪʦ

ʩʣʠʚʥʦʧʦʜʨʘʯʿʝ. ɵʝʩʝʦʙʝʟʙʝʜʠʿʘʩʥʘʩʣʠʢʘʟʘ

ʚʣʠʿʘʥʠʝʪʦʥʘʦʚʠʝʬʘʢʪʦʨʠʠʠʩʪʦʪʘʢʘ˃ʝʜʘʜʝ

ʧʨʠʜʦʥʝʩʠ ˃ʝʧʦʤʦʛʥʝʜʘʩʝʜʝʬʠʥʠʨʘʘʪ

ʬʦʢʫʩʥʠʪʦʯʢʠʠʜʘʩʝʚʦʩʧʦʩʪʘʚʘʪʘʢʪʠʚʥʦʩʪʠ

ʢʦʠ˃ʝʛʠʥʘʤʘʣʘʪʦʚʠʝʚʣʠʿʘʥʠʿʘʥʘʢʦʥʪʠʥʫʠʨʘʥʘ

ʦʩʥʦʚʘ.

ɸʢʪʠʚʥʦʩʪʠʪʝʧʦʧʨʦʝʢʪʦʪʦʧʬʘ˃ʘʘʪʩʝʟʦʥʩʢʠ

ʠʩʪʨʘʞʫʚʘˁʘʚʦʧʝʨʠʦʜʦʜ4 ʛʦʜʠʥʠ(2022-

2025ʛʦʜʠʥʘ).



ʍʠʜʨʦʙʠʦʣʦʰʢʠ ʟʘʚʦʜ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʩʢʠ 

ʠʩʪʨʘʞʫʚʘˁʘ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʤʠʢʨʦʙʠʦʣʦʛʠʿʘ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʬʠʪʦʧʣʘʥʢʪʦʥ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʟʦʦʧʣʘʥʢʪʦʥ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʭʠʜʨʦʙʦʪʘʥʠʢʘ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʬʘʫʥʘ ʥʘ ʜʥʦ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʮʠʧʨʠʥʠʜʥʘ 

ʬʘʫʥʘ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʤʦʣʝʢʫʣʘʨʥʘ 

ʙʠʦʣʦʛʠʿʘ

* ʆʜʜʝʣʝʥʠʝ ʟʘ ʙʦʣʝʩʪʠ ʥʘ ʨʠʙʠ



ʄʝʨʥʠ ʤʝʩʪʘ ïʨʝʢʠ ʠ ʣʠʪʦʨʘʣʠ ʧʨʝʜ ʥʠʚʥʠʪʝ ʫʩʪʠʿʘ

ʂʨʘʥʩʢʘ ʈʝʢʘ

ɹʨʘʿʯʠʥʩʢʘ ʈʝʢʘ

ʂʨʘʥʠ

ʅʘʢʦʣʝʮ

ʇʨʝʪʦʨ ɻʦʣʝʤʘ ʈʝʢʘ



ʄʝʨʥʠ ʤʝʩʪʘ ïʣʠʪʦʨʘʣʥʘ ʟʦʥʘ ʠ ʚʝʨʪʠʢʘʣʥʠ ʧʨʦʬʠʣʠ ʂʘʟʘʥ ʠ 

ʎʝʥʪʨʘʣʥʘ ʪʦʯʢʘ

ʅʘʢʦʣʝʮ

ʂʨʘʥʠ

ʉʣʠʚʥʠʮʘ

ɼʦʣʥʦ ɼʫʧʝʥʠʂʘʟʘʥ

ʉʪʝˁʝ 

ʆʪʝʰʝʚʦ

ʇʨʝʪʦʨ

ʎʝʥʪʨʘʣʥʘ ʪʦʯʢʘ



ʌʠʟʠʯʢʠʠʭʝʤʠʩʢʠʧʘʨʘʤʝʪʨʠ: ʪʝʤʧʝʨʘʪʫʨʘ,pH, ʩʧʨʦʚʦʜʣʠʚʦʩʪ,ʪʫʨʙʠʜʠʪʝʪ,

ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪ,ʧʨʦʪʦʢʥʘʚʦʜʘ,ʨʘʩʪʚʦʨʝʥʢʠʩʣʦʨʦʜ,ʚʢʫʧʥʘʘʣʢʘʣʥʦʩʪ,

ʩʫʩʧʝʥʜʠʨʘʥʠʤʘʪʝʨʠʠ,ʚʢʫʧʝʥʦʩʪʘʪʦʢʧʦʩʣʝʠʩʧʘʨʫʚʘˁʝ,ʙʠʦʭʝʤʠʩʢʘ

ʧʦʪʨʦʰʫʚʘʯʢʘʥʘʢʠʩʣʦʨʦʜ(ɹʇʂ5), ʦʨʛʘʥʩʢʠʙʠʦʨʘʟʛʨʘʜʣʠʚʠʤʘʪʝʨʠʠ

(ʧʦʪʨʦʰʫʚʘʯʢʘʥʘKMnO4), ʚʢʫʧʝʥʘʟʦʪʠʘʟʦʪʥʠʩʦʜʠʥʝʥʠʿ(ʥʠʪʨʠʪʠ,ʥʠʪʨʘʪʠ,

ʘʤʦʥʠʿʘʯʝʥʘʟʦʪ,ʘʟʦʪʧʦKjeldahl), ʚʢʫʧʝʥʬʦʩʬʦʨ.

ʄʘʪʝʨʠʿʘʣ ʠ ʤʝʪʦʜʠ



ʄʝʪʦʜʠ 

Temperature Standard methods for the Examination of Water and 

Wastewater (APHA-AWA-WPCF, 1998)

reversing 

thermometer (Welch, 

1948)

No preservative In field

pH Standard methods for the Examination of Water and 

Wastewater (APHA-AWA-WPCF, 1998)

pH meter WTW pH 

197 Glass electrode. 

No stirring.

No preservative In field

Conductivity Standard methods for the Examination of Water and 

Wastewater (APHA-AWA-WPCF, 1998)

conductivity meter 

WTW Multilab 540.

No preservative In field

Alkalinity as 

phenolphthalei

n 

Standard methods for the Examination of Water and 

Wastewater (APHA-AWA-WPCF, 1998)

titrimetrically No preservative In field

Dissolved 

oxygen 

accWinkler method- (Standard methods for the 

Examination of Water and Wastewater) APHA-

AWA-WPCF, 1998; Wetzel & Likens, 1979)

titrimetrically Fixed with 0.5 ml 

KJ and 0.5 ml 

MnSO4 x H2O

2-3 days 

COD-Mn Dissolved biodegradable matter by permanganate 

consumption acc. Bether, 1953

titrimetrically No preservative In lab (24 h)

BOD5 accWinkler method Standard methods for the 

Examination of Water and Wastewater (APHA-

AWA-WPCF, 1998; Wetzel & Likens, 1979)

titrimetrically Fixed with 0.5 ml 

KJ and 0.5 ml 

MnSO4 x H2O

After 5 days 

(in lab)

NH4-N accSolorzano1969; Wetzel & Likens, 1979; Spectrophotometer 

Specord; model S-

10, Carl Zeiss Jena

Filtered water, 

frozen and kept at 

-20 oC until 

analysis

7days



ʄʝʪʦʜʠ

TNKjeldahl Strickland & Parsons, 1968; Standard 

methods for the Examination of Water and 

WastewaterAPHA-AWA-WPCF, 1998;

Spectrophotometer 

Specord; model S-10, 

Carl Zeiss Jena

Filtered water, 

frozen and kept at 

-20 oC until 

analysis

7 days

NO2-N accStandard methods for the Examination of 

Water and Wastewater -APHA-AWWA-WEF, 

1998; Wetzel & Likens, 1979

Spectrophotometer 

Specord; model S-10, 

Carl Zeiss Jena

filtered water, 

frozen and kept at 

-20 oC until 

analysis

7 days

NO3-N (with cadmium reduction method) accAPHA-

AWA-WPCF, 1998; Wetzel & Likens, 1979

Spectrophotometer 

Specord; model S-10, 

Carl Zeiss Jena

filtered water, 

frozen and kept at 

-20 oC until 

analysis

7 days

orthophosphate accPersulphuricoxidation method 

(Strickland and Parsons 1968; Menzel& 

Corwing, 1965) 

ISO 6878:2004; 

Spectrophotometer 

Specord; model S-10, 

Carl Zeiss Jena

filtered water, 

plastic bottles of 

100 ml, frozen and 

kept at -20 oC until 

analysis

As soon as 

possable (24 h)

Total 

phosphorous

accPersulphuricoxidation method 

(Strickland and Parsons 1968; Menzel& 

Corwing, 1965)

ISO 6878:2004; 

Spectrophotometer 

Specord; model S-10, 

Carl Zeiss Jena

Unfiltered water, 

plastic bottles of 

100 ml

Stored at 4 oC,

until analysis

10-14 days



ʊʝʤʧʝʨʘʪʫʨʘ

ɱʘʩʥʦ 

ʠʟʜʠʬʝʨʝʥʮʠʨʘʥ 

ʧʝʨʠʦʜ ʥʘ ʣʘʜʝˁʝ 

ʠ ʧʝʨʠʦʜ ʥʘ 

ʟʘʪʦʧʣʫʚʘˁʝ



ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʨʘʩʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ

Winkler method - Standard 

methods for the Examination 

of Water and Wastewater) 

APHA-AWA -WPCF, 1998. 

ʋʨʝʜʙʘʪʘʟʘʢʣʘʩʠʬʠʢʘʮʠʿʘ

ʥʘʚʦʜʠ(ʉʣ. ʚʝʩʥʠʢʥʘʈʄ

ʙʨ.18/99) ʠʟʚʨʰʝʥʘʝ

ʢʘʪʝʛʦʨʠʟʘʮʠʿʘʥʘʚʦʜʘʪʘ

ʦʜ ʧʨʝʜʤʝʪʥʠʪʝʤʝʨʥʠ

ʤʝʩʪʘ.



ʂʘʪʝʛʦʨʠʟʘʮʠʿʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʨʘʩʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ
˨ͦͤͦ͡ ˨͔͙ͯͨͤ˹͔͊ͦ͟͡ͼ˴͙ͪ͊ͤ˿͡ ͙͍͙ͤͼ͊˽͔ͪͭͦͪ˿ͭ ͔͔ͥ˻ͭ ͔΄͔͍ͦ

͙ͣ͊͘ нлнн11,52 11,85 11,98 12,84 12,63 11,64 12,24

͔ͨͪͦͭ͡ нлнн10,7 10,73 9,47 10,73 10,88 10,31 10,2

͔ͭͦ͡ нлнн9,62 9,44 9,73 9,92 11,34 9,85 9,6

͔͔ͫͤ нлнн11,84 11,75 12,11 11,5 11,41 12,65 10,87

͔ͫͪ͒ͤ͊ ͍͔ͪ͒ͤͦͫͭ10,92 10,94 10,82 11,25 11,57 11,11 10,73

͙ͣ͊͘ нлно12,04 13,00 12,66 13,25 12,41 12,71 12,41

͔ͨͪͦͭ͡ нлно10,55 11,10 11,08 10,98 10,02 10,76 10,64

͔ͭͦ͡ нлно12,25 10,52 10,19 11,26 13,34 9,60 8,58

͔͔ͫͤ нлно13,85 11,31 10,84 12,18 11,46 14,33 13,72

͔ͫͪ͒ͤ͊ ͍͔ͪ͒ͤͦͫͭ12,17 11,48 11,19 11,92 11,81 11,85 11,34

͙ͣ͊͘ нлнп11,186 11,483 11,979 11,401 12,434 10,88 10,738

͔ͨͪͦͭ͡ нлнп8,92 9,63 8,49 8,75 9,16 9,40 9,03

͔ͭͦ͡ нлнп9,72 9,51 9,56 10,21 10,00 10,84 8,69

͔͔ͫͤ нлнп10,49 10,20 10,57 10,53 10,52 10,33 10,26

͔ͫͪ͒ͤ͊ ͍͔ͪ͒ͤͦͫͭ10,08 10,21 10,15 10,22 10,53 10,36 9,68

͙ͣ͊͘ нлнр12,28 12,63 13,42 12,95 12,68 10,76 10,74

͔ͨͪͦͭ͡ нлнр10,05 11,23 11,58 11,38 10,96 9,01 8,69

˶͔ͭͦ нлнр8,78 8,04 10,57 8,81 8,61 8,64 10,05

͔ͫͪ͒ͤ͊ ͍͔ͪ͒ͤͦͫͭ10,37 10,63 11,85 11,05 10,75 9,47 9,82

˴͊͊ͤ͘ лͣ˴͊͊ͤ͘ тͣ˴͊͊ͤ͘ мрͣ˴͊͊ͤ͘ нрͣ
˴͊͊ͤ͘ 

͙͔͎͙ͤͭͪ͊ͤ͊

͔̇ͤͭͪ͊ͤ͊͡ 

лͣ

͔̇ͤͭͪ͊ͤ͊͡ 

рͣ

͔̇ͤͭͪ͊ͤ͊͡ 

мрͣ
͙ͣ͊͘ нлнн11,89 12,258 12,219 10,808 12,245 11,709 11,5

͔ͨͪͦͭ͡ нлнн9,573 9,368 7,611 7,276 9,616 10,424 7,986 6,561

͔ͭͦ͡ нлнн12,216 12,543 1,549 1,716 12,263 8,527 9,354 1,03

͔͔ͫͤ нлнн8,974 7,733 9,981 6,738 7,946 8,171 8,142 7,272

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ10,66 10,48 7,84 6,63 9,94 9,84 9,30 6,59

͙ͣ͊͘ нлно12,58 12,69 12,45 12,05 12,85 13,16 12,54 11,92

͔ͨͪͦͭ͡ нлно10,06 10,52 5,97 4,3 9,85 10,18 10,19 6,59

͔ͭͦ͡ нлно9,57 8,84 1,54 0,31 9,36 8,66 9,42 1,60

͔͔ͫͤ нлно12,53 12,00 10,56 9,88 10,88 9,70 12,20 11,07

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ11,18 11,01 7,63 6,63 10,73 10,43 11,09 7,80

͙ͣ͊͘ нлнп10,510 11,418 11,258 10,635 10,887 10,794 10,345 11,029

͔ͨͪͦͭ͡ нлнп9,293 9,548 8,306 7,589 9,48 9,706 9,489 7,613

͔ͭͦ͡ нлнп9,1 8,41 1,3 1,92 8,12 9,21 8,09 2,43

͔͔ͫͤ нлнп9,19 9,63 9,23 8,89 9,31 9,29 9,70 9,70

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ9,52 9,75 7,52 7,26 9,45 9,75 9,41 7,69

͙ͣ͊͘ нлнр10,22 9,79 10,22 10,09 9,77 9,64 8,94 8,25

͔ͨͪͦͭ͡ нлнр10,84 10,82 3,77 1,76 8,93 10,36 10,67 7,73

͔ͭͦ͡ нлнр9,79 8,78 2,23 1,76 9,24 9,74 8,9 3,44

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ10,28 9,80 5,41 4,54 9,31 9,91 9,50 6,47

͊ͫ͟͡ m͊gL-1 O2

˴͊ͫ͊͡ L> 8

˴͊ͫ͊͡ LL7,99-6

˴͊ͫ͊͡ LLL5,99-4,00

˴͊ͫ͊͡ L±3,99-2

˴͊ͫ͊͡ ±<3

˥͔ͦͣ͊͡ ˾Φ 

ˣ͔͙ͤͤͫ͊͘͟

˴ͪ͊ͤͫ͊͟ 

˾͔͊͟

ˣͪ͊͞;͙ͤͫ͊͟ 

˾͔͊͟

˥͔ͦͣ͊͡ ˾Φ 

͋ͪ͊ͤ͊

˥͔ͦͣ͊͡ ˾Φ 

ˮ͙͋͘΄͔ͭ
͙ͣ͊͘ нлнн7,11 11,92 12,27 9,36

͔ͨͪͦͭ͡ нлнн7,92 9,27 9,9 3,1

͔ͭͦ͡ нлнн1,07 9,2 12,13 0,1

͔͔ͫͤ нлнн2,85 11,91 12,19 0,1

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ4,74 10,58 11,62 3,17

͙ͣ͊͘ нлно8,4 12,8 14,2 6,6

͔ͨͪͦͭ͡ нлно12,54 12,69 14,07 8,78

͔ͭͦ͡ нлно1,73 9,58 10,40 3,44

͔͔ͫͤ нлно1,39 12,84 11,84 1,92

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ6,01 11,98 12,63 5,19

͙ͣ͊͘ нлнп11,24 9,49 11,08 12,99 10,07

͔ͨͪͦͭ͡ нлнп10,74 9,29 10,57 10,12

͔ͭͦ͡ нлнп10,12 2,56 7,92 9,71 1,22

͔͔ͫͤ нлнп9,70 3,73 10,06 9,89 0,52

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ10,45 6,27 9,91 10,68 3,94

͙ͣ͊͘ нлнр13,41 9,86 12,98 13,73 6,71

͔ͨͪͦͭ͡ нлнр12,05 10,30 10,06 10,81 8,64

͔ͭͦ͡ нлнр8,95 1,03 7,37 8,33

ͫͪΦ ͍͔ͪ͒ͤͦͫͭ11,47 7,06 10,14 10,95 7,67



ʆʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ



ʂʦʨʝʣʘʮʠʿʘ ɹʇʂ5 ʠ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ



ɸʟʦʪʥʠ ʬʦʨʤʠ

ɻʦʣʝʤʘ ʈ. 

ʀʟʙʠʰʪʝ

ɻʦʣʝʤʘ  ʈ. 

ʙʝʥʟʠʥʩʢʘ

ʂʨʘʥʩʢʘ 

ʈʝʢʘ

ɹʨʘʿʯʠʥʩʢʘ 

ʈʝʢʘ 

ɻʦʣʝʤʘ ʈʝʢʘ ʢʘʿ 

ʙʨʘʥʘ

N-NO2  (ɛg l-1) 0.217 5.427 3.473 ʅ.ʜ ʅ.ʜ

N-NO3 (ɛg l-1) 61.851 179.43 191.67 74.765 4.758

TN Kjeldahl  (ɛg l
-1) 401.31 987.27 736.91 285.88 1464.94

N-NH3 (ɛg l
-1) ʅ.ʜ 1058.31 8.878 ʅ.ʜ 115.42

ɼʦʣʥʦ 

ɼʫʧʝʥʠ
ʅʘʢʦʣʝʮʂʨʘʥʠʉʣʠʚʥʠʮʘʇʨʝʪʦʨʉʪʝˁʝʆʪʝʰʝʚʦ

N-NO2  (ɛg l
-1) 0,212 ʅ,ʜ 0,434 0,217 ʅ,ʜ 0,203 0,609

N-NO3 (ɛgl
-1) 39,263 16,283 12,356 11,779 22,773 18,97 12,414

TN Kjeldahl  (ɛg l
-1) 136,84 278,95 267,55 81,561 117,55 269,49 268,73

N-NH3 (ɛg l
-1) 16,67 89,04 134,5 ʅ,ʜ ʅ,ʜ 14,67 1,544

ʂʘʟʘʥ 

0.5ʤ

ʂʘʟʘʥ

7ʤ

ʂʘʟʘʥ 

15ʤ

ʂʘʟʘʥ

25ʤ

ʂʘʟʘʥ 

ʠʥʪʝʛʨ.

ʎʝʥʪʨʘʣʥ

ʘ 0,5 ʤ

ʎʝʥʪʨʘʣʥʘ 

5ʤ

ʎʝʥʪʨʘʣʥʘ

15ʤ

N-NO2 (ɛgl-1) 1,83 0,406 0,406 0,406 0,609 ʅ,ʜ ʅ,ʜ ʅ,ʜ

N-NO3(ɛgl-1) 14,48 11,72 9,66 6,21 8,97 81,38 26,21 16,55

TNKjeldahl (ɛgl
-1) 137,02 777,89 287,05 239,35 200,33 258,46 253,46 356,84

N-NH3(ɛgl-1) 11,27 6,07 6,94 10,41 19,95 22,36 5,37 36,67



BPK5 ˨Φ ˨͔͙ͯͨͤ˹͔͊ͦ͟͡ͼ˴͙ͪ͊ͤ˿͡ ͙͍͙ͤͼ͊˽͔ͪͭͦͪ˿ͭ ͔͔ͥ˻ͭ ͔΄͔͍ͦ

͙ͣ͊͘ нлнн2,75 3,00 2,74 4,12 3,82 3,11 4,81

͔ͨͪͦͭ͡ нлнн3,48 1,72 2,43 1,40 2,50 2,65 5,24

͔ͭͦ͡ нлнн4,34 3,99 4,45 2,45 5,16 2,37 3,62

͔͔ͫͤ нлнн2,02 2,31 2,69 1,13 1,91 1,58 0,99

͙ͣ͊͘ нлно 2,43 2,48 2,95 2,42 2,51 3,08 2,02

͔ͨͪͦͭ͡ нлно2,25 2,80 4,08 3,38 2,65 1,38 2,02

͔ͭͦ͡ нлно 4,35 2,22 1,99 2,49 4,30 2,30 2,88

͔͔ͫͤ нлно1,27 2,72 1,17 2,16 2,75 3,03 1,94

͙ͣ͊͘ нлнп2,21 2,49 2,22 2,90 3,38 2,37 2,38

͔ͨͪͦͭ͡ нлнп2,98 1,94 2,28 1,84 3,15 2,54 2,06

͔ͭͦ͡ нлнп3,76 2,64 2,94 3,41 2,74 3,38 2,01

͔͔ͫͤ нлнп 3,74 2,26 3,36 3,72 3,38 2,86 2,61

͙ͣ͊͘ нлнр5,98 4,61 5,70 4,60 12,15 2,29 2,43

͔ͨͪͦͭ͡ нлнр2,99 2,35 2,82 1,70 2,28 4,35 2,32

˶͔ͭͦ нлнр 3,79 1,75 2,36 1,92 2,09 4,35 3,48

ˣ˽5˴ ˴͊͊ͤ͘ лͣ˴͊͊ͤ͘ тͣ˴͊͊ͤ͘ мрͣ˴͊͊ͤ͘ нрͣ˴͊͊ͤ͘ ͙͔͎͙͔ͤͭͪͪ͊ͤ͊̇ͤͭͪ͊ͤ͊͡ л͔ͣ̇ͤͭͪ͊ͤ͊͡ р͔ͣ̇ͤͭͪ͊ͤ͊͡ мрͣ

͙ͣ͊͘ нлнн4,04 4,02 4,13 3,19 4,19 4,37 3,17

͔ͨͪͦͭ͡ нлнн1,74 2,01 3,06 5,23 4,79 5,26 2,96 3,30

͔ͭͦ͡ нлнн5,24 6,70 <7 <7 5,25 1,81 3,29 <7

͔͔ͫͤ нлнн1,59 2,04 1,81 2,29 2,90 1,10 0,70 1,61

͙ͣ͊͘ нлно2,98 2,65 2,03 2,55 2,93 2,93 2,39 1,98

͔ͨͪͦͭ͡ нлно1,55 1,11 1,47 1,03 3,15 1,06 1,11 1,29

͔ͭͦ͡ нлно1,65 1,12 <4 <4 4,35 1,60 2,33 <4

͔͔ͫͤ нлно2,07 3,40 2,31 2,52 3,90 3,73 1,72 2,15

͙ͣ͊͘ нлнп2,07 3,40 2,31 2,52 3,90 3,73 1,72 2,15

͔ͨͪͦͭ͡ нлнп1,38 2,63 1,33 2,95 2,89 1,31 4,51 4,30

͔ͭͦ͡ нлнп3,54 3,76 <7 <7 3,35 2,37 2,05 <4

͔͔ͫͤ нлнп2,04 1,44 1,88 1,47 2,83 2,30 2,27 2,46

͙ͣ͊͘ нлнр1,70 2,45 2,47 2,37 2,50 2,35 1,49 2,99

͔ͨͪͦͭ͡ нлнр3,41 3,28 2,72 <4 3,99 2,90 3,65 4,08

͔ͭͦ͡ нлнр2,80 2,71 <7 <7 2,94 2,37 2,65 <7

ˣ˽5˴ ˥͔ͦͣ͊͡ ˾Φ ˣ͔͙ͤͤͫ͊͘͟˴ͪ͊ͤͫ͊͟ ˾͔͊͟ˣͪ͊͞;͙ͤͫ͊͟ ˾͔͊͟˥͔ͦͣ͊͡ ˾Φ ͋ͪ͊ͤ͊˥͔ͦͣ͊͡ ˾Φ ˮ͙͋͘΄͔ͭ

͙ͣ͊͘ нлнн7,11 3,73 2,41 4,42

͔ͨͪͦͭ͡ нлнн6,72 1,36 1,20 <7

͔ͭͦ͡ нлнн2,99 2,72 1,55 <7

͔͔ͫͤ нлнн<7 5,84 2,33 <7

͙ͣ͊͘ нлно8,01 1,74 2,28 6,23

͔ͨͪͦͭ͡ нлно7,88 1,62 3,02 2,87

͔ͭͦ͡ нлно<7 1,67 0,87 2,92

͔͔ͫͤ нлно<7 2,52 0,68 <7

͙ͣ͊͘ нлнп9,32 1,57 2,09 2,14 1,63

͔ͨͪͦͭ͡ нлнп7,91 1,89 1,15 2,37

͔ͭͦ͡ нлнп<7 2,95 2,49 <7 5,11

͔͔ͫͤ нлнп<7 2,84 2,87 <7 5,56

͙ͣ͊͘ нлнр8,73 2,19 2,11 5,52 2,58

͔ͨͪͦͭ͡ нлнр6,55 0,67 1,20 4,15 2,67

͔ͭͦ͡ нлнр<7 <4 0,75 8,33 2,07

ɹʠʦʭʝʤʠʩʢʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʢʠʩʣʦʨʦʜ

ʂʣʘʩʘ I<2,0

ʂʣʘʩʘ II2,01-4,0

ʂʣʘʩʘ III4,01-7,0

ʂʣʘʩʘ IV7,01-15,0

ʂʣʘʩʘ V> 15,0



ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʚʢʫʧʝʥ ʘʟʦʪ



ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʚʢʫʧʝʥ ʬʦʩʬʦʨ



ʆʈɻɸʅʉʂʆ ʀ ʅʋʊʈʀɽʅʊʅʆ ʆʇʊɽʈɽʊʋɺɸɳɽ

ɻʆʃɽʄɸ ʈɽʂɸ



ʀʥʜʝʢʩ ʥʘ ʪʨʦʬʠʯʢʘ ʩʦʩʪʦʿʙʘ

Å ʀʥʜʝʢʩʦʪ ʥʘ ʪʨʦʬʠʯʢʘ ʩʦʩʪʦʿʙʘ (Carlson, 1977), ʩʝ ʢʦʨʠʩʪʠ ʢʘʢʦ 

ʩʫʤʘʨʝʥ, ʙʨʟ ʠ ʠʥʜʠʢʘʪʠʚʝʥ ʧʘʨʘʤʝʪʘʨ ʟʘ ʧʨʦʮʝʥʢʘ ʥʘ ʪʨʦʬʠʯʢʘʪʘ 

ʩʦʩʪʦʿʙʘ ʥʘ ʧʦʚʨʰʠʥʩʢʠʪʝ ʘʢʚʘʪʠʯʥʠ ʝʢʦʩʠʩʪʝʤʠ. 

Å ʂʚʘʥʪʠʪʘʪʠʚʥʦʪʨʦʬʠʯʢʘʪʘʩʦʩʪʦʿʙʘʩʝʧʨʝʩʤʝʪʫʚʘʩʧʦʨʝʜʩʦʦʜʚʝʪʥʠ

ʨʘʚʝʥʩʪʚʘʠʩʝʧʨʝʪʩʪʘʚʫʚʘʢʘʢʦʬʫʥʢʮʠʿʘʦʜʙʠʦʣʦʢhʠ,ʭʝʤʠʩʢʠʠ

ʬʠʟʠʯʢʠʧʘʨʘʤʝʪʨʠ,ʦʜʥʦʩʥʦʤʫʣʪʠʜʠʤʝʥʟʠʦʥʘʣʝʥʪʨʦʬʠʯʢʠʢʦʥʮʝʧʪ

ʢʦʚʿʢʣʫʯʫʚʘʘʩʧʝʢʪʠʦʜʥʫʪʨʠʝʥʪʥʦʦʧʪʦʚʘʨʫʚʘˁʝ,ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘʥʘ

ʥʫʪʨʠʝʥʪʠʪʝ,ʧʨʠʤʘʨʥʘʧʨʦʜʫʢʮʠʿʘ,ʢʚʘʥʪʠʪʘʪʠʚʥʘʠ ʢʚʘʣʠʪʘʪʠʚʥʘ

ʬʣʦʨʘʠʬʘʫʥʘʠʝʟʝʨʩʢʘʤʦʨʬʦʤʝʪʨʠʿʘ(ʚʢʫʧʝʥʬʦʩʬʦʨ,ʚʢʫʧʝʥʘʟʦʪ,

ʩʦʜʨʞʠʥʘʥʘʭʣʦʨʦʬʠʣʘʠʧʨʦʼʠʨʥʦʩʪʥʘʚʦʜʘʪʘïʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪ)

Å Carlson (1977) ʛʦʧʨʝʜʣʘʛʘʤʝʪʦʜʦʪʟʘʢʚʘʥʪʠʪʘʪʠʚʥʦʦʧʨʝʜʝʣʫʚʘˁʝʥʘ

ʪʨʦʬʠʯʢʘʪʘʩʦʩʪʦʿʙʘʢʘʢʦʬʫʥʢʮʠʿʘʦʜʠʩʪʨʘʞʫʚʘʥʠʪʝʧʘʨʘʤʝʪʨʠʟʘ

ʢʚʘʣʠʪʝʪʦʪʥʘʚʦʜʘʪʘ,ʜʦʜʝʢʘʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘʝʠʟʚʨʰʝʥʘʦʜAizaki et

al., (1981), ʘʩʦʪʦʘʠʧʨʦʮʝʥʢʘʪʘʥʘʪʨʦʬʠʯʢʘʪʘʩʦʩʪʦʿʙʘ.



͙ͣ͊͘ нлнн͔ͨͪͦͭ͡ нлнн͔ͭͦ͡ нлнн͔͔ͫͤ нлнн͙ͣ͊͘ нлно͔ͨͪͦͭ͡ нлно͔ͭͦ͡ нлно͔͔ͫͤ нлно

˨Φ ˨͔͙ͯͨͤ51,8 46,3 50,5 48,4 53,7 62 48,5 55

˹͔͊ͦ͟͡ͼ 52,7 35,9 45,0 38,6 54,4 61,7 48 54,4

˴͙ͪ͊ͤ 38,5 50,1 53,8 42,2 63,3 54,4 53,7 51,8

˿͙͍͙ͤ͡ͼ͊ 43,6 34,3 48,6 40,1 59,3 61,7 50,9 50

˽͔ͪͭͦͪ 57,3 46,3 45,0 42,2 67,4 64,7 47 64,4

˿͔͔ͭͥ 44,7 46,3 56,3 42,8 58,5 47,9 50,6 46,9

˻͔ͭ΄͔͍ͦ 48,2 45,0 49,5 44,7 59,3 60,5 57,2 47,7

˴͊͊ͤ͘ 46,1 42,2 45,0 43,7 56,3 53,7 47,5 55,7

͔̇ͤͭͪ͊ͤ͊͡45,0 36,3 46,3 43,7 53,2 50,5 47,5 56

͙ͣ͊͘ нлнп͔ͨͪͦͭ͡ нлнп͔ͭͦ͡ нлнп͔͔ͫͤ нлнп͙ͣ͊͘ нлнр͔ͨͪͦͭ͡ нлнр͔ͭͦ͡ нлнр

˨Φ ˨͔͙ͯͨͤ50,5 45,0 63,2 59,4 62,3 47,5 49,5

˹͔͊ͦ͟͡ͼ 48,9 47,5 57,9 58,5 54,8 52 46,3

˴͙ͪ͊ͤ 50,8 51,8 63,4 62,9 58,7 55,7 49,5

˿͙͍͙ͤ͡ͼ͊ 50,1 45,4 58,5 60,4 55,7 45 48,5

˽͔ͪͭͦͪ 55,0 51,3 56,3 59,3 65 51,3 44

˿͔͔ͭͥ 53,1 45,0 60,1 54,3 44,2 58 50,1

˻͔ͭ΄͔͍ͦ 45,8 43,7 61,2 57,0 47,5 58,2 47,5

˴͊͊ͤ͘ 38,1 46,1 64,4 56,1 44,8 50,5 46,3

͔̇ͤͭͪ͊ͤ͊͡38,5 45,0 55,2 55,7 55 54,4 42,2

ʅʫʤʝʨʠʯʢʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʠʥʜʝʢʩʦʪ ʥʘ ʪʨʦʬʠʯʢʘ ʩʦʩʪʦʿʙʘ

́ͪͦͺ͙;͊͟ ͫͦͫͭͦ͋͊͞¢{L ͍͔͙ͪ͒ͤͦͫͭ˩ͦͦ͟͡΄͙͟ ͫͭ͊ͭͯͫ

͙͎̂ͭͪ͊ͦͦͭͪͦ͡͡ͺͤ͊<20 ˸͎ͤͦͯ ͒ͦ͋͊ͪ

˻͙͎ͦͭͪͦ͡ͺͤ͊21-40 ˨ͦ͋͊ͪ

˸͔ͦͭͪͦ͘ͺͤ4͊1-50 ͔͔̂ͣͪͤ

˩ͯͭͪͦͺͤ͊ 51-60 ˶ͦ΄

͙͔͔̆ͨͪͯͭͪͦͺͤ͊>61 ˸͎ͤͦͯ ͦ͡΄
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ɿʘʢʣʫʯʦʮʠ
Å ɻʝʥʝʨʘʣʥʦ,ʘʥʘʣʠʟʠʪʝʧʦʢʘʞʘʘʜʝʢʘ

ʥʘʿʟʘʛʘʜʝʥʠʪʦʯʢʠʩʝ ʨʝʢʠʪʝʠ

ʣʠʪʦʨʘʣʠʪʝʚʦʙʣʠʟʠʥʘʥʘʫʩʪʠʝʪʦ

ʥʘʨʝʢʠʪʝ. ʆʚʘʘʩʦʩʪʦʿʙʘʩʝʜʦʣʞʠ

ʧʨʚʝʥʩʪʚʝʥʦʥʘʛʦʣʝʤʦʪʦʚʣʠʿʘʥʠʝ

ʥʘ ʧʨʠʪʦʢʠʪʝ,ʢʦʠʩʝ ʢʨʘʿʥʠ

ʜʝʩʪʠʥʘʮʠʠʟʘ ʢʦʤʫʥʘʣʥʠʪʝʠ

ʠʥʜʫʩʪʨʠʩʢʠʪʝʦʪʧʘʜʥʠʚʦʜʠ,ʢʘʢʦʠ

ʜʨʝʥʘʞʥʠʪʝʚʦʜʠhʪʦʜʦʘʺʘʘʪʦʜ

ʦʢʦʣʥʠʪʝʟʝʤʿʦʜʝʣʩʢʠʦʙʣʘʩʪʠ.

ɺʦʜʘʪʘʦʜʨʝʢʠʪʝʩʦʚʘʢʦʚʢʚʘʣʠʪʝʪ

ʩʝʚʣʝʚʘʚʦʣʠʪʦʨʘʣʥʘʪʘʟʦʥʘʢʘʢʦ

ʥʠʚʝʥʧʦʩʣʝʜʝʥʨʝʮʠʧʠʝʥʪʠ

ʧʨʝʪʩʪʘʚʫʚʘʛʣʘʚʥʘʦʧʘʩʥʦʩʪʟʘʦʚʦʿ

ʚʦʜʝʥʝʢʦʩʠʩʪʝʤ.

Å ʀʥʪʝʥʟʠʚʥʦʪʦʚʣʠʿʘʥʠʝʥʘʨʝʢʠʪʝ

ʚʨʟ ʝʟʝʨʦʪʦʧʨʝʜʠʟʚʠʢʫʚʘ

ʥʘʨʫʰʫʚʘˁʝʥʘʧʨʠʨʦʜʥʠʪʝʧʨʦʮʝʩʠ

ʚʦ ʥʝʛʦ,hʪʦʩʝ ʦʜʨʘʟʫʚʘʥʘ

ʥʝʛʘʪʠʚʥʦʥʘ ʝʢʦʩʠʩʪʝʤʦʪʚʦ

ʮʝʣʠʥʘ,ʘ ʧʦʩʝʙʥʦʚʦ ʧʦʝʜʠʥʠ

ʜʝʣʦʚʠʦʜʣʠʪʦʨʘʣʥʘʪʘʟʦʥʘʢʘʜʝʩʝ

ʬʦʨʤʠʨʘʘʪʪ.ʥñʞʝʰʢʠʪʦʯʢʠò, ʢʘʜʝ

ʧʨʦʮʝʩʠʪʝʥʘ ʝʫʪʨʦʬʠʢʘʮʠʿʘʩʝ

ʧʦʜʠʥʘʤʠʯʥʠ.


