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ÇÇÖÑÖçàÖ

ÄÁÓÚÌ˚Â Û‰Ó·ÂÌËfl fl‚Îfl˛ÚÒfl Ó‰ÌËÏ ËÁ ÓÒÌÓ‚-
Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ‚ÓÁÏÂ˘ÂÌËfl ‰ÂÙËˆËÚ‡ ‡ÁÓÚ‡ ‚
ÁÂÏÎÂ‰ÂÎËË Ë ÔÓ‚˚¯ÂÌËfl ÔÓ‰ÛÍÚË‚ÌÓÒÚË ‡„ÓÙË-
ÚÓˆÂÌÓÁÓ‚. àÒÒÎÂ‰Ó‚‡ÌËflÏË, ÔÓ‚Â‰ÂÌÌ˚ÏË Ò ÏÂ-
˜ÂÌ˚ÏË ÚflÊÂÎ˚Ï ËÁÓÚÓÔÓÏ 15N ‡ÁÓÚÌ˚ÏË Û‰Ó·Â-
ÌËflÏË, ‚˚fl‚ÎÂÌ˚ Á‡ÍÓÌÓÏÂÌÓÒÚË ‡ÁÓÚÌÓ„Ó ÔËÚ‡-
ÌËfl ‡ÒÚÂÌËÈ Ë Ú‡ÌÒÙÓÏ‡ˆËË ‡ÁÓÚ‡ ‚ ÔÓ˜‚Â,
ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚Â Ë Í‡˜ÂÒÚ‚ÂÌÌ˚Â Ô‡‡ÏÂÚ˚, ÒÓ-
ÒÚ‡‚Îfl˛˘ËÂ ‚ÌÛÚËÔÓ˜‚ÂÌÌ˚È ˆËÍÎ ‡ÁÓÚ‡. ìÒÚ‡-
ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‡ÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ÏÓ„ÛÚ ÒÎÛÊËÚ¸
Ó‰ÌËÏ ËÁ ÓÒÌÓ‚Ì˚ı Â„ÛÎflÚÓÓ‚ ÒÓÓÚÌÓ¯ÂÌËfl
ÔÓˆÂÒÒÓ‚ ‡ÁÓÚÙËÍÒ‡ˆËfl – ‰ÂÌËÚËÙËÍ‡ˆËfl, ËÏ-
ÏÓ·ËÎËÁ‡ˆËfl – ÏËÌÂ‡ÎËÁ‡ˆËfl, ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓ-
ÚÓ˚ı ÔÓËÒıÓ‰ËÚ Ó·Ó„‡˘ÂÌËÂ ËÎË Ó·Â‰ÌÂÌËÂ
ÔÓ˜‚˚ ‡ÁÓÚÓÏ.

Ç ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ı ÓÔ˚Ú‡ı ÛÒÚ‡ÌÓ‚ÎÂÌÓ ÔÓÎÓ-
ÊËÚÂÎ¸ÌÓÂ ‚ÎËflÌËÂ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ì‡ ÔÓ-
ÚÂ·ÎÂÌËÂ ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡ ‡ÒÚÂÌËflÏË. Ç ‚‡Ë-
‡ÌÚ‡ı Ò ÔËÏÂÌÂÌËÂÏ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ì‡·Î˛-
‰‡ÂÚÒfl ·ÓÎ¸¯ÂÂ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÌÂÛ‰Ó·ÂÌÌ˚Ï
‚‡Ë‡ÌÚ‡Ï ÔÓÚÂ·ÎÂÌËÂ ‡ÒÚÂÌËflÏË ÔÓ˜‚ÂÌÌÓ„Ó
‡ÁÓÚ‡ [1–3], ÍÓÚÓ˚È ‚ ÓÚÂ˜ÂÒÚ‚ÂÌÌÓÈ ÎËÚÂ‡ÚÛÂ
ÔÓÎÛ˜ËÎ Ì‡Á‚‡ÌËÂ “˝ÍÒÚ‡-‡ÁÓÚ”. á‡Ô‡‰Ì˚Â Û˜Â-
Ì˚Â Ì‡Á˚‚‡˛Ú Â„Ó “Á‡Ú‡‚Ó˜Ì˚È ˝ÙÙÂÍÚ” – prim-
ing effect [4, 5] ËÎË “‰Ó·‡‚Ó˜Ì˚È ‡ÁÓÚ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl” – added nitrogen interaction [6].

ëÛ˘ÂÒÚ‚Û˛Ú ‡ÁÌ˚Â ÚÂÓËË ÓÚÌÓÒËÚÂÎ¸ÌÓ Ó·-
‡ÁÓ‚‡ÌËfl “˝ÍÒÚ‡-‡ÁÓÚ‡”, Ó‰Ì‡ÍÓ ÔËÓ‰‡ ÔÓ-
ˆÂÒÒÓ‚ Ó·‡ÁÓ‚‡ÌËfl ‚ ÔÓ˜‚Â Ë Ì‡ÍÓÔÎÂÌËfl Â„Ó ‡Ò-
ÚÂÌËflÏË ‰Ó ÍÓÌˆ‡ ÌÂ ‡ÒÍ˚Ú‡. èÓfl‚ÎÂÌËÂ “Á‡-
Ú‡‚Ó˜ÌÓ„Ó ˝ÙÙÂÍÚ‡” Ò‚flÁ˚‚‡˛Ú Ò ËÁÏÂÌÂÌËÂÏ
˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÒÚ‡ÚÛÒ‡ ÔÓ˜‚ÂÌÌ˚ı ÏËÍÓÓ„‡-
ÌËÁÏÓ‚ Ë ‚ÍÎ˛˜ÂÌËÂÏ ‚ ‡ÒÚÂÌËflı ÙÂÏÂÌÚ‡ÚË‚-
Ì˚ı ÒËÒÚÂÏ, ÓÚ‚Â˜‡˛˘Ëı Á‡ ÙËÍÒ‡ˆË˛ ‡ÚÏÓÒÙÂ-

ÌÓ„Ó ‡ÁÓÚ‡ [7]. é‰Ì‡ÍÓ “˝ÍÒÚ‡-‡ÁÓÚ” Ó·Ì‡ÛÊË‚‡-
ÂÚÒfl Ë ‚ ÓÔ˚Ú‡ı ·ÂÁ ‡ÒÚÂÌËÈ [5]. 

íÂÓËfl “ËÁÓÒÙÂÌÓ„Ó ̋ ÙÙÂÍÚ‡” Ó·˙flÒÌflÂÚ ÔÓ-
fl‚ÎÂÌËÂ Â„Ó ÒÌËÊÂÌËÂÏ ÍÓÌÍÛÂÌˆËË ÏÂÊ‰Û ‡ÒÚÂ-
ÌËflÏË Ë ËÁÓÒÙÂÌ˚ÏË ÏËÍÓÓ„‡ÌËÁÏ‡ÏË Á‡ ÔÓ-
„ÎÓ˘ÂÌËÂ ‡ÁÓÚ‡ ÔÓ˜‚˚ ÔÓ‰ ‚ÎËflÌËÂÏ ‡ÁÓÚÌ˚ı
Û‰Ó·ÂÌËÈ. Ç˚ÒÍ‡Á˚‚‡ÎËÒ¸ ÔÂ‰ÔÓÎÓÊÂÌËfl [8] Ó·
Ó·ÏÂÌÂ Ó·Ó„‡˘ÂÌÌÓ„Ó 15N ‡ÏÏÓÌËfl Ì‡ ‡ÏÏÓÌËÈ
ÔÓ˜‚ÂÌÌÓ„Ó ‡ÒÚ‚Ó‡, Ó·ÏÂÌÌ˚È Ë ÙËÍÒËÓ‚‡ÌÌ˚È

‡ÏÏÓÌËÈ ÔÓ˜‚˚, Ó ÔÂÂ‰‡˜Â ÔÓÚÓÌ‡ ÓÚ ËÓÌ‡ 
Í ‡ÏËÌÓ„ÛÔÔÂ, ÍÓÚÓ‡fl, ÔÓÎÛ˜‡fl ÔÓÚÓÌ, ÒÔÓÒÓ·Ì‡

Ó·‡ÁÓ‚˚‚‡Ú¸ NH3-‡‰ËÍ‡Î Ë ‰‡Î¸¯Â ËÓÌ .

Ç ÓÔ˚Ú‡ı Ò ËÁÓÎËÓ‚‡ÌÌ˚Ï ÔËÚ‡ÌËÂÏ, ÔË ÓÚ-
ÒÛÚÒÚ‚ËË ÍÓÌÚ‡ÍÚ‡ ÏÂ˜ÂÌÌÓ„Ó 15N Ò ÔÓ˜‚ÓÈ, ·˚ÎÓ
ÛÒÚ‡ÌÓ‚ÎÂÌÓ ‚ÎËflÌËÂ Ò‡ÏËı ‡ÒÚÂÌËÈ, Ëı ÙËÁËÓ-
ÎÓ„Ë˜ÂÒÍÓ„Ó ÒÓÒÚÓflÌËfl Ì‡ ‚˚ÒÓÍÓÏ ÛÓ‚ÌÂ ‡ÁÓÚ-
ÌÓ„Ó ÔËÚ‡ÌËfl Ì‡ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ ÔÓÚÂ·ÎÂÌËÂ
ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡ ÔË ‚ÌÂÒÂÌËË ‡ÁÓÚÌ˚ı Û‰Ó·Â-
ÌËÈ [2]. Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÛÚ‚Â‰ËÎ‡Ò¸ ÚÓ˜Í‡
ÁÂÌËfl Ó· ÛÒËÎÂÌËË ÏËÌÂ‡ÎËÁ‡ˆËË ÔÓ˜‚ÂÌÌÓ„Ó
‡ÁÓÚ‡ ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ [9–12].
èÓ ÏÌÂÌË˛ Jenkinson et. al. [6] “Á‡Ú‡‚Ó˜Ì˚È ˝Ù-
ÙÂÍÚ” ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ÏÓÊÂÚ ·˚Ú¸ Â‡Î¸Ì˚Ï,
ÂÒÎË ‡ÁÓÚ Û‰Ó·ÂÌËÈ ÒÔÓÒÓ·ÒÚ‚ÛÂÚ Óı‚‡ÚÛ ÍÓÌÂ-
‚ÓÈ ÒËÒÚÂÏ˚ ‡ÒÚÂÌËÈ ·ÓÎ¸¯Â„Ó Ó·˙ÂÏ‡ ÔÓ˜‚˚,
ËÎË Í‡ÊÛ˘ËÏÒfl, ÂÒÎË ÓÌ Ó·ÛÒÎÓ‚ÎÂÌ Á‡ÏÂ˘ÂÌËÂÏ
ÔÛÎ‡ ÏËÌÂ‡Î¸ÌÓ„Ó ‡ÁÓÚ‡ ÔÓ˜‚˚ ‡ÁÓÚÓÏ Û‰Ó·Â-
ÌËfl ËÎË Â‡ÍˆËÂÈ ËÁÓÚÓÔÌÓ„Ó Ó·ÏÂÌ‡. Ä‚ÚÓ˚ ÔÓ-
Î‡„‡˛Ú, ˜ÚÓ ‡ÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ÌÂ ÛÒËÎË‚‡˛Ú ÏË-
ÌÂ‡ÎËÁ‡ˆË˛ ÔÓ˜‚ÂÌÌÓ„Ó Ó„‡ÌË˜ÂÒÍÓ„Ó ‚Â˘Â-
ÒÚ‚‡, Ú‡Í Í‡Í ÔÓÒÎÂ Ëı ‚ÌÂÒÂÌËfl ‚ ÔÓ˜‚Û ÌÂ
ÔÓ‚˚¯‡ÂÚÒfl ‚˚‰ÂÎÂÌËÂ ëé2. ò‡ÍÓ‚˚Ï [13]
ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ̃ ÚÓ ‡ÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ÌÂ ÚÓÎ¸ÍÓ ÌÂ
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+
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+
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èË‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ËÁÛ˜ÂÌËfl ‚ÎËflÌËfl ‰ÓÁ, ÒÓÍÓ‚ Ë „ÎÛ·ËÌ˚ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ì‡ ÏÓ-
·ËÎËÁ‡ˆË˛ ‡ÁÓÚ‡ ‰ÂÌÓ‚Ó-ÔÓ‰ÁÓÎËÒÚÓÈ ÔÓ˜‚˚. ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‡ÁÓÚÌ˚Â Û‰Ó·ÂÌËfl Û‚ÂÎË˜Ë‚‡˛Ú
ÔÓÚÂ·ÎÂÌËÂ ‡ÒÚÂÌËflÏË ‡ÁÓÚ‡ ÔÓ˜‚˚ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÙÓÒÙÓÌÓ-Í‡ÎËÈÌÓÏÛ ÙÓÌÛ Ì‡ 15–39%. ç‡
Â‰ËÌËˆÛ ‚ÌÂÒÂÌÌÓ„Ó ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÏÓ·ËÎËÁÛÂÚÒfl 0.12–0.59 Â‰ËÌËˆ˚ ÔÓ˜‚ÂÌÌÓ„Ó
‡ÁÓÚ‡. èË ‰Ó·ÌÓÏ ÔËÏÂÌÂÌËË ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ë Ò Û‚ÂÎË˜ÂÌËÂÏ Ëı ‰ÓÁ ÁÌ‡˜ÂÌËÂ ‰‡ÌÌÓ„Ó ÔÓÍ‡-
Á‡ÚÂÎfl ÒÌËÊ‡ÂÚÒfl.
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ÛÒËÎË‚‡˛Ú ‚˚‰ÂÎÂÌËÂ ëé2 ËÁ ÔÓ˜‚˚, ÌÓ ‚ ÌÂÍÓÚÓ-
˚ı ÒÎÛ˜‡flı ‰‡ÊÂ ÛÏÂÌ¸¯‡˛Ú.

ç‡ Â‰ËÌËˆÛ ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ ÏÓÊÂÚ ÏÓ·ËÎËÁÓ-
‚‡Ú¸Òfl ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ‰Ó 1.2 Â‰ËÌËˆ˚ ÔÓ˜‚ÂÌÌÓ„Ó
‡ÁÓÚ‡ [14]. ëÂ‰ÌËÈ ‡ÁÏÂ “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ ÔÓÎÂ-
‚˚ı ÓÔ˚Ú‡ı ÒÓÒÚ‡‚ÎflÂÚ 36% [15]. ë ÔÓ‚˚¯ÂÌËÂÏ
‰ÓÁ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ÍÓÎË˜ÂÒÚ‚Ó Â„Ó ‚ÓÁ‡ÒÚ‡-
ÂÚ [16]. 

ÇÂÎË˜ËÌ‡ “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ ‡ÒÚÂÌËflı ˜‡ÒÚÓ ÚÂÒ-
ÌÓ ÍÓÂÎËÛÂÚ Ò ÔÓÎÛ˜‡ÂÏÓÈ ÓÚ ‡ÁÓÚÌ˚ı Û‰Ó·Â-
ÌËÈ ÔË·‡‚ÍÓÈ ÛÓÊ‡fl, ‡ÍÍÛÏÛÎflˆËfl ‚ ÔÓÙËÎÂ
ÔÓ˜‚˚ ÌËÚ‡ÚÓ‚ Ó·ÛÒÎÓ‚ÎÂÌ‡ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ ÏÓ-
·ËÎËÁ‡ˆËÂÈ ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡, ‡ ËÁ·˚ÚÓÍ ÌËÚ‡ÚÓ‚
‚ ÛÓÊ‡Â Ó·˙flÒÌflÂÚÒfl ÔÂÓ·Î‡‰‡ÌËÂÏ ‡ÁÓÚ‡ ÔÓ˜‚˚
‚ ÒÓÒÚ‡‚Â ÌËÚ‡ÚÌÓ„Ó ÙÓÌ‰‡ ‡ÒÚÂÌËÈ [17, 18].

ñÂÎ¸ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ – ËÁÛ˜ËÚ¸ ‚ÎËflÌËÂ
‰ÓÁ, ÒÓÍÓ‚ Ë „ÎÛ·ËÌ˚ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·Â-
ÌËÈ Ì‡ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ ÔÓÚÂ·ÎÂÌËÂ ‡ÒÚÂÌËflÏË
ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡ Ë ÌÂÚÚÓ-ÏËÌÂ‡ÎËÁ‡ˆË˛ ‡ÁÓÚ‡
‰ÂÌÓ‚Ó-ÔÓ‰ÁÓÎËÒÚÓÈ ÔÓ˜‚˚.

åÖíéÑàäÄ àëëãÖÑéÇÄçàü

àÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ‚Ó‰ËÎË ‚ ÏËÍÓÔÓÎÂ‚˚ı
ÓÔ˚Ú‡ı Ì‡ ‰ÂÌÓ‚Ó-ÔÓ‰ÁÓÎËÒÚÓÈ ÎÂ„ÍÓÒÛ„ÎËÌË-
ÒÚÓÈ ÔÓ˜‚Â. Ä„ÓıËÏË˜ÂÒÍ‡fl ı‡‡ÍÚÂËÒÚËÍ‡ ÔÓ˜-
‚˚ (ÄÔ): „ÛÏÛÒ – 2.19%; Ó·˘ËÈ ‡ÁÓÚ 0.089%; çKCl –
6.05; ê2é5 – 285 Ë ä2O – 153 Ï„/Í„ ÔÓ˜‚˚. á‡Ô‡Ò
‡ÁÓÚ‡ ‚ ÒÎÓÂ ÔÓ˜‚˚ 0–40 ÒÏ: Ó·˘Â„Ó – 3.72 Ú/„‡; ÔÓ-
ÚÂÌˆË‡Î¸ÌÓ ÛÒ‚ÓflÂÏÓ„Ó – 156 Í„/„‡; ÏËÌÂ‡Î¸ÌÓ„Ó –
89 Í„/„‡. ÇÓÁ‰ÂÎ˚‚‡ÎË ÓÁËÏÛ˛ ÓÊ¸. èÎÓ˘‡‰¸
ÏËÍÓ‰ÂÎflÌÓÍ ÓÔ˚ÚÓ‚ 1 Ï2. èÓ‚ÚÓÌÓÒÚ¸ ‚ ÓÔ˚Ú‡ı
4-Í‡ÚÌ‡fl. åËÌÂ‡Î¸Ì˚Â Û‰Ó·ÂÌËfl ÔËÏÂÌflÎË ËÁ
‡Ò˜ÂÚ‡ „/Ï2 ‰ÂÈÒÚ‚Û˛˘Â„Ó ‚Â˘ÂÒÚ‚‡. ÄÁÓÚÌ˚Â
Û‰Ó·ÂÌËfl ‚ÌÓÒËÎË ‚ ‚Ë‰Â ÏÂ˜ÂÌÓ„Ó 15N ‡ÒÚ‚Ó‡

‡ÏÏË‡˜ÌÓÈ ÒÂÎËÚ˚ (15NH4
15NO3) ÒÓ ÒÚÂÔÂÌ¸˛ Ó·Ó-

„‡˘ÂÌËfl ËÁÓÚÓÔÓÏ 15N 20 ‡Ú. %. 

ëıÂÏ‡ ÓÔ˚Ú‡ 1 ‚ÍÎ˛˜‡Î‡ ÒÎÂ‰Û˛˘ËÂ ‚‡Ë‡Ì-
Ú˚: 1. P8K12 – ÙÓÌ; 2. îÓÌ + N9 – ‚ ‡ÌÌÂ‚ÂÒÂÌÌ˛˛
ÔÓ‰ÍÓÏÍÛ; 3. îÓÌ + N3 – ÔÂÂ‰ ÔÓÒÂ‚ÓÏ + N6 – ‚
‡ÌÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ; 4. îÓÌ + N6 – ‚ ‡ÌÌÂ-
‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ + N3 – ‚ ÍÓÌˆÂ Ù‡Á˚ ÍÛ˘Â-
ÌËfl – Ì‡˜‡ÎÂ ‚˚ıÓ‰‡ ‚ ÚÛ·ÍÛ; 5. îÓÌ + N6 – ‚ ‡Ì-
ÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ + N3 – ‚ Ù‡ÁÛ ÙÎ‡„-ÎËÒÚ‡;
6. îÓÌ + N9 – ‡ÌÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ + N3 ‚
Ù‡ÁÛ ÍÓÎÓ¯ÂÌËfl. 

Ç ÓÔ˚ÚÂ 2 ‡ÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ‚ÌÓÒËÎË Ì‡ ‡Á-
ÌÛ˛ „ÎÛ·ËÌÛ ‚ ‰ÓÁÂ 2 „/Ï2 ÔË ‚ÓÁÓ·ÌÓ‚ÎÂÌËË ‚Â-
ÒÂÌÌÂÈ ‚Â„ÂÚ‡ˆËË ‡ÒÚÂÌËÈ. èËÏÂÌÂÌËÂ ÌÂ·ÓÎ¸-
¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ ÌÓÒËÚÂÎfl ÏÂÚÍË Ò ‚˚ÒÓÍËÏ Ó·Ó-
„‡˘ÂÌËÂÏ 15N ÔÓÁ‚ÓÎflÂÚ ·ÓÎÂÂ ÚÓ˜ÌÓ ËÁÛ˜ËÚ¸
ÔÓˆÂÒÒ˚ Ú‡ÌÒÙÓÏ‡ˆËË ‡ÁÓÚ‡ ‚ ‡ÁÌ˚ı ÒÎÓflı
ÔÓ˜‚ÂÌÌÓ„Ó ÔÓÙËÎfl. ëıÂÏ‡ ÓÔ˚Ú‡ 2 ‚ÍÎ˛˜‡Î‡
‚‡Ë‡ÌÚ˚: 1. ê8ä12 – ÙÓÌ; 2. îÓÌ + N2 Ì‡ „ÎÛ·ËÌÛ
0–20 ÒÏ; 3. îÓÌ + N2 Ì‡ „ÎÛ·ËÌÛ 40 ÒÏ; 4. îÓÌ + N2
Ì‡ „ÎÛ·ËÌÛ 60 ÒÏ.

ÄÌ‡ÎËÁ ‡ÒÚËÚÂÎ¸Ì˚ı Ó·‡ÁˆÓ‚ Ì‡ ÒÓ‰ÂÊ‡ÌËÂ
Ó·˘Â„Ó ‡ÁÓÚ‡ ÔÓ‚Ó‰ËÎË ÔÓ ä˙ÂÎ¸‰‡Î˛–àÓ‰Î¸-
·‡Û˝Û ÔÓÒÎÂ Ëı ÏÓÍÓ„Ó ÓÁÓÎÂÌËfl. àÁÓÚÓÔÌ˚È
ÒÓÒÚ‡‚ ‡ÁÓÚ‡ ÓÔÂ‰ÂÎflÎË Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ
åà-2101Ç. 

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

ÄÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÓ‚˚¯‡ÎË ÔÓ-
ÚÂ·ÎÂÌËÂ ‡ÒÚÂÌËflÏË ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡ (Ú‡·Î. 1).
Ç ÂÁÛÎ¸Ú‡ÚÂ ˝ÚÓ„Ó ‚˚ÌÓÒ Â„Ó ‚ ‚‡Ë‡ÌÚ‡ı Ò ‡ÁÓÚ-
Ì˚ÏË Û‰Ó·ÂÌËflÏË Û‚ÂÎË˜ËÎÒfl ÔÓ Ò‡‚ÌÂÌË˛ Ò
ÙÓÒÙÓÌÓ-Í‡ÎËÈÌ˚Ï ÙÓÌÓÏ Ì‡ 15–39%.

í‡·ÎËˆ‡ 1.  ÇÎËflÌËÂ ‰ÓÁ Ë ÒÓÍÓ‚ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ì‡ ‚˚ÌÓÒ ‡ÁÓÚ‡ ÔÓ˜‚˚ Ë Û‰Ó·ÂÌËfl Ë ‚ÂÎË˜ËÌÛ
“˝ÍÒÚ‡-‡ÁÓÚ‡” (ÓÔ˚Ú 1)

Ç‡Ë‡ÌÚ

Ç˚ÌÓÒ ‡ÁÓÚ‡, „/Ï2 “ùÍÒÚ‡-‡ÁÓÚ”

‚ÒÂ„Ó
‚ ÚÓÏ ˜ËÒÎÂ ËÁ

„/Ï2 % Í ÙÓÌÛ êä Â‰ËÌËˆ Ì‡
Â‰ËÌËˆÛ NÛ‰ÔÓ˜‚˚ Û‰Ó·ÂÌËfl

1. ê8ä12 (ÙÓÌ) 7.0 7.0 – – – –

2. îÓÌ + 14.1 9.4 4.68 2.4 35 0.27

3. îÓÌ + 12.1 8.0 4.13 1.0 15 0.12

4. îÓÌ + 14.6 9.1 5.55 2.1 31 0.24

5. îÓÌ + 14.1 8.9 5.21 2.0 28 0.22

6. îÓÌ + 16.0 9.7 6.36 2.7 39 0.22

çëê05 1.9 1.3 0.59 – – –

èËÏÂ˜‡ÌËÂ. ÄÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ‚ÌÓÒËÎË: N – ‰Ó ÔÓÒÂ‚‡, N/ – ‚ ‡ÌÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ, N// – ‚ ÍÓÌˆÂ Ù‡Á˚ ÍÛ˘ÂÌËfl–Ì‡-
˜‡ÎÂ ‚˚ıÓ‰‡ ‚ Úpy·ÍÛ, N/// – ‚ Ù‡ÁÛ ‡ÒÍ˚ÚËfl ÔÓÒÎÂ‰ÌÂ„Ó ÎËÒÚ‡ (ÙÎ‡„-ÎËÒÚ‡), N//// – ‚ Ù‡ÁÛ ÍÓÎÓ¯ÂÌËfl. íÓ ÊÂ ‚ Ú‡·Î. 2–4.

N9
/

N3 6+
/

N6 3+
/,  //

N6 3+
/,  ///

N6 3+
/,  //// 

2*
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ñ˚·ÛÎ¸ÍÓ 

 

Ë ‰

 

.

 
ç‡ËÏÂÌ¸¯‡fl ‚ÂÎË˜ËÌ‡ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÔÓ„ÎÓ-

˘ÂÌÌÓ„Ó ‡ÒÚÂÌËflÏË ‡ÁÓÚ‡ ÔÓ˜‚˚ (1.0 „/Ï

 

2

 

 ËÎË
15% Í ÙÓÌÛ êä) ·˚Î‡ ÓÚÏÂ˜ÂÌ‡ ‚ ‚‡Ë‡ÌÚÂ Ò ÓÒÂÌ-
ÌËÏ ‚ÌÂÒÂÌËÂÏ ˜‡ÒÚË ‡ÁÓÚ‡ (N

 

3

 

 – ‰Ó ÔÓÒÂ‚‡ + N

 

6

 

 –
‚ ‡ÌÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ). èÓ-‚Ë‰ËÏÓÏÛ, ‡Ò-
ÚÂÌËfl Ì‡ Ì‡˜‡Î¸Ì˚ı ÒÚ‡‰Ëflı ÓÌÚÓ„ÂÌÂÁ‡ ÔË ÒÎ‡-
·Ó‡Á‚ËÚÓÈ ÍÓÌÂ‚ÓÈ ÒËÒÚÂÏÂ ÌÂ ÒÔÓÒÓ·Ì˚ ‚ ÔÓÎ-
ÌÓÈ ÏÂÂ ÔÓ„ÎÓ˘‡Ú¸ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÏËÌÂ‡ÎËÁÓ-
‚‡ÌÌ˚È ‡ÁÓÚ, ‡ Ò ‰Û„ÓÈ ÒÚÓÓÌ˚ – ˝ÚÓ ÏÓÊÂÚ
·˚Ú¸ Ó·ÛÒÎÓ‚ÎÂÌÓ ÚÂÏ, ˜ÚÓ ‚ ÓÒÂÌÌËÈ ÔÂËÓ‰ ÔÓ-
ˆÂÒÒ˚ ÏËÌÂ‡ÎËÁ‡ˆËË ‡ÁÓÚÒÓ‰ÂÊ‡˘Ëı Ó„‡ÌË˜Â-
ÒÍËı ÒÓÂ‰ËÌÂÌËÈ ÔÓ˜‚˚ Á‡ÚÛı‡˛Ú ËÎË ÔÂÍ‡˘‡-
˛ÚÒfl. èËÏÂÌÂÌËÂ ‰ÓÁ˚ 9 „/Ï

 

2

 

 ‡ÁÓÚ‡ ÔË ‚ÓÁÓ·-
ÌÓ‚ÎÂÌËË ‚ÂÒÂÌÌÂÈ ‚Â„ÂÚ‡ˆËË ÔÓÒÂ‚Ó‚, Ú.Â. ‚
ÒÓÍË, ÔË·ÎËÊÂÌÌ˚Â Í Ì‡˜‡ÎÛ ‡ÍÚË‚ÌÓ„Ó ÔÓ-
ÚÂ·ÎÂÌËfl ‡ÒÚÂÌËflÏË ̋ ÎÂÏÂÌÚ‡ Ë ÏËÍÓ·ËÓÎÓ„Ë-
˜ÂÒÍËı ÔÓˆÂÒÒÓ‚ ‚ ÔÓ˜‚Â ÔË‚ÂÎÓ Í Ì‡ÍÓÔÎÂÌË˛
‚ ‡ÒÚÂÌËflı “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ ÍÓÎË˜ÂÒÚ‚Â 2.4 „/Ï

 

2

 

(35% ÓÚ Ó·˘Â„Ó ‚˚ÌÓÒ‡ Ì‡ ÙÓÌÂ êä).

ÑÓ·ÌÓÂ ‚ÌÂÒÂÌËÂ N

 

9

 

 ‚ ‚ÂÒÂÌÌÂ-ÎÂÚÌËÈ ÔÂËÓ‰
ÔÓ Ò‡‚ÌÂÌË˛ Ò Ó‰ÌÓÍ‡ÚÌ˚Ï ÒÔÓÒÓ·ÒÚ‚Ó‚‡ÎÓ
ÏÂÌ¸¯ÂÏÛ Ì‡ÍÓÔÎÂÌË˛ “‰Ó·‡‚Ó˜ÌÓ„Ó ‡ÁÓÚ‡” – 2.0–
2.1 „/Ï

 

2

 

 ËÎË 28–31% ÓÚ Ó·˘Â„Ó ‚˚ÌÓÒ‡ ˝ÎÂÏÂÌÚ‡
Ì‡ ÙÓÌÂ êä. èÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, ̋ ÚÓ Ó·ÛÒÎÓ‚ÎÂÌÓ
·ÓÎÂÂ ËÌÚÂÌÒË‚Ì˚Ï ÔÓÚÂ·ÎÂÌËÂÏ ‡ÒÚÂÌËflÏË
‚ÌÂÒÂÌÌÓ„Ó ‡ÁÓÚ‡, ‡ Ú‡ÍÊÂ ÏÂÌ¸¯ËÏ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ
ÌËÁÍËı ‰ÓÁ Û‰Ó·ÂÌËÈ ÔË ‰Ó·ÌÓÏ Ëı ÔËÏÂÌÂ-
ÌËË Ì‡ ÏËÌÂ‡ÎËÁ‡ˆË˛ ‡ÁÓÚËÒÚ˚ı ÒÓÂ‰ËÌÂÌËÈ ÔÓ˜-
‚˚. ë Û‚ÂÎË˜ÂÌËÂÏ ‰ÓÁ˚ ‡ÁÓÚ‡ ‰Ó 12 „/Ï

 

2

 

 ‡·ÒÓÎ˛Ú-
Ì‡fl ‚ÂÎË˜ËÌ‡ “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ÓÁÓÒÎ‡ ‰Ó 2.7 „/Ï

 

2

 

(39% Í ‚˚ÌÓÒÛ Ì‡ ÍÓÌÚÓÎÂ).

ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ Ì‡ Â‰ËÌËˆÛ ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ
ÏÓ·ËÎËÁÛÂÚÒfl ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ 0.12–0.27 Â‰ËÌËˆ˚
‡ÁÓÚ‡ ÔÓ˜‚˚. ç‡Ë·ÓÎ¸¯‡fl ‚ÂÎË˜ËÌ‡ “˝ÍÒÚ‡-‡ÁÓ-
Ú‡” ‚ ‡Ò˜ÂÚÂ Ì‡ Â‰ËÌËˆÛ ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ ·˚Î‡
ÓÚÏÂ˜ÂÌ‡ ÔË Ó‰ÌÓÍ‡ÚÌÓÏ ‚ÌÂÒÂÌËË ‚ ‡ÌÌÂ‚Â-
ÒÂÌÌËÈ ÔÂËÓ‰ N

 

9

 

 Ë ÒÓÒÚ‡‚ËÎ‡ 0.27 „. ÑÓ·ÌÓÂ ÔË-
ÏÂÌÂÌËÂ ÚÓÈ ÊÂ ‰ÓÁ˚ Û‰Ó·ÂÌËÈ ÒÌËÊ‡ÎÓ ÁÌ‡˜Â-
ÌËÂ ‰‡ÌÌÓ„Ó ÔÓÍ‡Á‡ÚÂÎfl ‰Ó 0.12–0.24 „. óÂÏ ÔÓÁÊÂ
ÔÓ‚Ó‰ËÎË ‡ÁÓÚÌÛ˛ ÔÓ‰ÍÓÏÍÛ, ÚÂÏ ÏÂÌ¸¯Â ÏÓ-
·ËÎËÁÓ‚‡ÎÓÒ¸ ‡ÁÓÚ‡ ÔÓ˜‚˚ Ì‡ Â‰ËÌËˆÛ ‚ÌÂÒÂÌÌÓ„Ó

‡ÁÓÚ‡. Ç ÓÔ˚Ú‡ı äÛ‰ÂflÓ‚‡ [10] Ú‡ÍÊÂ Ì‡Ë·ÓÎ¸-
¯ËÈ ÏËÌÂ‡ÎËÁÛ˛˘ËÈ ˝ÙÙÂÍÚ ‡ÁÓÚÌ˚ı Û‰Ó·Â-
ÌËÈ ÔÓfl‚ÎflÎÒfl ‚ Ì‡˜‡Î¸Ì˚È ÔÂËÓ‰ ‚Â„ÂÚ‡ˆËË
‡ÒÚÂÌËÈ, ‡ Á‡ÚÂÏ ÓÒÎ‡·Â‚‡Î. Ä‚ÚÓ Ó·˙flÒÌflÂÚ
˝ÚÓ ÒÌËÊÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ ‚
ÔÓ˜‚Â Ë ‡ÒıÓ‰Ó‚‡ÌËÂÏ ÏËÌÂ‡ÎËÁÓ‚‡ÌÌÓ„Ó ‡ÁÓÚ‡
ÔÓ˜‚˚ (‚˚ÌÓÒ ‡ÒÚÂÌËflÏË, ËÏÏÓ·ËÎËÁ‡ˆËfl, ‰ÂÌËÚ-
ËÙËÍ‡ˆËfl). èÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, ÛÒËÎÂÌÌ˚È ÏÓ·Ë-
ÎËÁÛ˛˘ËÈ ˝ÙÙÂÍÚ Û‰Ó·ÂÌËÈ, ‚ÌÓÒËÏ˚ı ÔË ‚ÓÁ-
Ó·ÌÓ‚ÎÂÌËË ‚ÂÒÂÌÌÂÈ ‚Â„ÂÚ‡ˆËË ÔÓÒÂ‚Ó‚, Ó·ÛÒÎÓ‚-
ÎÂÌ ‡ÍÚË‚ËÁ‡ˆËÂÈ ÏËÍÓ·ËÓÎÓ„Ë˜ÂÒÍËı ÔÓˆÂÒÒÓ‚
‚ ÔÓ˜‚Â, ‡ Ú‡ÍÊÂ ·ÓÎÂÂ ËÌÚÂÌÒË‚Ì˚Ï ÔÓ„ÎÓ˘ÂÌË-
ÂÏ ‡ÒÚÂÌËflÏË ‡ÁÓÚ‡ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ÓÌÚÓ„ÂÌÂ-
Á‡. ë Û‚ÂÎË˜ÂÌËÂÏ ‰ÓÁ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ÓÚ 9 ‰Ó
12 „/Ï

 

2

 

 ‡·ÒÓÎ˛ÚÌ‡fl ‚ÂÎË˜ËÌ‡ “˝ÍÒÚ‡-‡ÁÓÚ‡” ıÓÚfl
Ë ‚ÓÁ‡ÒÚ‡Î‡, ÌÓ ÍÓÎË˜ÂÒÚ‚Ó Â„Ó ‚ ‡Ò˜ÂÚÂ Ì‡ Â‰Ë-
ÌËˆÛ ‚ÌÂÒÂÌÌÓ„Ó ‡ÁÓÚ‡ ÌÂ ÔÓ‚˚¯‡ÎÓÒ¸.

Ç ÓÔ˚ÚÂ 2 ‚ÂÎË˜ËÌ‡ “˝ÍÒÚ‡-‡ÁÓÚ‡” ÒÌËÊ‡Î‡Ò¸
ÓÚ 1.18 „/Ï

 

2

 

 ÔË ‚ÌÂÒÂÌËË Û‰Ó·ÂÌËÈ ‚ ÒÎÓÈ 0–20 ÒÏ
‰Ó 0.28 Ë 0.06 „/Ï

 

2

 

 ÔË ‡ÁÏÂ˘ÂÌËË Ëı ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ Ì‡ „ÎÛ·ËÌÛ 40 Ë 60 ÒÏ (Ú‡·Î. 2). í‡Í ÊÂ
ÛÏÂÌ¸¯‡ÎÓÒ¸ Ë ÍÓÎË˜ÂÒÚ‚Ó Â„Ó ‚ ‡Ò˜ÂÚÂ Ì‡ Â‰Ë-
ÌËˆÛ ‚ÌÂÒÂÌÌÓ„Ó ‡ÁÓÚ‡.

äÓÂÎflˆËÓÌÌÓ-Â„ÂÒÒËÓÌÌ˚È ‡Ì‡ÎËÁ ˝ÍÒÔÂ-
ËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÔÓÍ‡Á‡Î, ˜ÚÓ ÏÂÊ‰Û ‚ÂÎË˜Ë-
ÌÓÈ “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ ‡ÒÚÂÌËflı Ë ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸˛
ÍÛÎ¸ÚÛ˚ ÒÛ˘ÂÒÚ‚ÛÂÚ Ó˜ÂÌ¸ ÚÂÒÌ‡fl Ò‚flÁ¸ (

 

r

 

 = 0.92),
ÓÔËÒ˚‚‡ÂÏ‡fl Û‡‚ÌÂÌËÂÏ 

 

y

 

 = 447.4 + 102.0

 

x

 

.
ÑÎfl ‡Á‡·ÓÚÍË Ì‡Û˜ÌÓ Ó·ÓÒÌÓ‚‡ÌÌ˚ı ÔËÂÏÓ‚

‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ‚‡ÊÌÓ ÁÌ‡Ú¸ ÍÓÎË˜Â-
ÒÚ‚Ó ÏËÌÂ‡ÎËÁÛÂÏÓ„Ó Á‡ ‚Â„ÂÚ‡ˆËÓÌÌ˚È ÔÂËÓ‰
(ÌÂÚÚÓ-ÏËÌÂ‡ÎËÁ‡ˆËfl) ÔÓ˜‚ÂÌÌÓ„Ó ‡ÁÓÚ‡, ÍÓÚÓ-
˚È ÏÓÊÂÚ Û˜‡ÒÚ‚Ó‚‡Ú¸ ‚ ÙÓÏËÓ‚‡ÌËË ÛÓÊ‡fl,
ÌÓ ÏÌÓ„ÓÓ·‡ÁËÂ ÔÓˆÂÒÒÓ‚ ÔÂ‚‡˘ÂÌËfl ˝ÎÂÏÂÌ-
Ú‡ ‚ ÔÓ˜‚Â ÌÂ ÔÓÁ‚ÓÎflÂÚ ÓÔÂ‰ÂÎËÚ¸ Â„Ó ÔflÏ˚ÏË
ÒÔÓÒÓ·‡ÏË. Ç ÔÓÒÎÂ‰ÌËÂ „Ó‰˚ ‰Îfl ˝ÚÓ„Ó ËÒÔÓÎ¸ÁÛ-
˛Ú ÍÓÒ‚ÂÌÌ˚È ÏÂÚÓ‰ – ‡Ò˜ÂÚ ‚ÂÎË˜ËÌ˚ 

 

A

 

, ÓÒÌÓ-
‚‡ÌÌ˚È Ì‡ ÔËÌˆËÔÂ îË‰‡ Ë ÑËÌ‡ [19], ÍÓÚÓ˚È
Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ‰ÓÔÛ˘ÂÌËË, ˜ÚÓ ÔÓ‚Â‰ÂÌËÂ ‚ ÔÓ˜‚Â
Ë ÒÚÂÔÂÌ¸ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‡ÒÚÂÌËflÏË ‡ÁÓÚ‡ Û‰Ó·Â-
ÌËÈ Ë ‡ÁÓÚ‡ ÔÓ˜‚˚ ‡Ì‡ÎÓ„Ë˜Ì˚. Fried, Dean, ÔÓÁÊÂ

 

í‡·ÎËˆ‡ 2.

 

  ÇÎËflÌËÂ „ÎÛ·ËÌ˚ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ì‡ ‚˚ÌÓÒ ‡ÁÓÚ‡ ÔÓ˜‚˚ Ë Û‰Ó·ÂÌËfl Ë ‚ÂÎË˜ËÌÛ “˝ÍÒÚ-
‡-‡ÁÓÚ‡” (ÓÔ˚Ú 2)

Ç‡Ë‡ÌÚ

Ç˚ÌÓÒ ‡ÁÓÚ‡, „/Ï

 

2

 

“ùÍÒÚ‡-‡ÁÓÚ”

‚ÒÂ„Ó
‚ ÚÓÏ ˜ËÒÎÂ

„/Ï

 

2

 

% Í ÙÓÌÛ êä Â‰ËÌËˆ Ì‡
Â‰ËÌËˆÛ N

 

Û‰

 

ÔÓ˜‚˚ Û‰Ó·ÂÌËfl

1. ê

 

8

 

ä

 

12

 

 (ÙÓÌ) 6.96 6.96 – – – –

2. îÓÌ +  (ÄÔ) 9.46 8.14 1.32 1.18 17 0.59

3. îÓÌ +  (40 ÒÏ) 8.57 7.24 1.33 0.28 4 0.14

4. îÓÌ +  (60 ÒÏ) 7.92 7.02 0.90 0.06 1 0.03

 

çëê

 

05

 

0.30 0.18 0.10 – – –

N2
/

N2
/

N2
/
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íÛ˜ËÌ [7] ÔÂ‰ÎÓÊËÎË ‡ÒÒ˜ËÚ˚‚‡Ú¸ ‚ÂÎË˜ËÌÛ 

 

A

 

 ‚
‚‡Ë‡ÌÚ‡ı Ò ÏÂ˜ÂÌ˚ÏË ‡ÁÓÚÌ˚ÏË Û‰Ó·ÂÌËflÏË ÔÓ
ÙÓÏÛÎ‡Ï 1–3, ‡ ‰Îfl ÍÓÌÚÓÎ¸ÌÓ„Ó ‚‡Ë‡ÌÚ‡ – ÏÂ-
ÚÓ‰ÓÏ ˝ÍÒÚ‡ÔÓÎflˆËË, ÓÒÌÓ‚‡ÌÌÓÏ Ì‡ ÔËÌˆËÔÂ
ïÂÎËıË Ë òËı‡Ì‡ [20], Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÂ ‚˚‡ÊÂ-
ÌËÂ ÍÓÚÓÓ„Ó ÓÚ‡Ê‡ÂÚ ÙÓÏÛÎ‡ 4.

 

A

 

NPK

 

 = 

 

D

 

(1 – 

 

y

 

)/

 

y

 

, (1)

 

A

 

NPK

 

 = 

 

DK

 

y

 

/

 

K

 

p

 

 – 1, (2)

 

A

 

NPK

 

 = (

 

D

 

/N

 

y

 

)N

 

Ô

 

, (3)

 

A

 

PK

 

 = 

 

14

 

N

 

‚

 

PK

 

D

 

/N

 

‚

 

, (4)

„‰Â 

 

D

 

 – ‰ÓÁ‡ ‡ÁÓÚÌÓ„Ó Û‰Ó·ÂÌËfl, 

 

y

 

 – ‰ÓÎfl ‡ÁÓÚ‡
Û‰Ó·ÂÌËÈ ‚ Ó·˘ÂÏ ‚˚ÌÓÒÂ ˝ÎÂÏÂÌÚ‡ ‡ÒÚÂÌËflÏË,

 

K

 

y

 

 Ë 

 

K

 

p

 

 – ËÁ·˚ÚÓÍ ‡Ú. % 

 

15

 

N ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‚ Û‰Ó·-
ÂÌËË Ë ÛÓÊ‡Â ‡ÒÚÂÌËÈ, N

 

Ô

 

 Ë N

 

y

 

 – ‚˚ÌÓÒ ‡ÒÚÂ-
ÌËflÏË ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ Ë ‡ÁÓÚ‡ ÔÓ˜‚˚, 

 

14

 

N

 

‚

 

PK –
‚˚ÌÓÒ ‡ÁÓÚ‡ ‚ ‚‡Ë‡ÌÚÂ êä, N

 

‚

 

 – ÔË·‡‚Í‡ ‚˚ÌÓÒ‡
‡ÁÓÚ‡ ÓÚ ÏËÌËÏ‡Î¸ÌÓÈ ‰ÓÁ˚ ‡ÁÓÚÌÓ„Ó Û‰Ó·ÂÌËfl
ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÍÓÌÚÓÎ˛.

àÁ ‚˚˜ËÒÎÂÌÌ˚ı ÔÓ 

 

15

 

N ‚ÂÎË˜ËÌ 

 

A

 

 ‚Ë‰ÌÓ, ˜ÚÓ
ÓÌË ËÁÏÂÌfl˛ÚÒfl ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‰ÓÁ Ë ÒÓÍÓ‚
‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ (Ú‡·Î. 3). ç‡ ÙÓÒ-

ÙÓÌÓ-Í‡ÎËÈÌÓÏ ÙÓÌÂ ‚ÂÎË˜ËÌ‡ ÌÂÚÚÓ-ÏËÌÂ‡-
ÎËÁ‡ˆËË ÒÓÒÚ‡‚ÎflÎ‡ 11.8 „/Ï

 

2

 

. èË ÔÓ‚˚¯ÂÌËË ‰ÓÁ
‡ÌÌÂ‚ÂÒÂÌÌËı ‡ÁÓÚÌ˚ı ÔÓ‰ÍÓÏÓÍ ÓÚ 2 ‰Ó 9 „/Ï

 

2

 

ÓÌ‡ ‚ÓÁÓÒÎ‡ Ò 12.3 ‰Ó 18.0 „/Ï

 

2

 

, ‡ ‰Îfl ‰Ë‡Ô‡ÁÓÌ‡
‰ÓÁ N

 

9

 

–N

 

12

 

 ÓÒÚ‡‚‡Î‡Ò¸ Ì‡ Ó‰ÌÓÏ Ë ÚÓÏ ÊÂ ÛÓ‚ÌÂ –
18.0–18.2 „/Ï

 

2

 

.

ÑÓ·ÌÓÂ ÔËÏÂÌÂÌËÂ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ‚ ‚Â-
ÒÂÌÌÂ-ÎÂÚÌËÈ ÔÂËÓ‰ ‚Â„ÂÚ‡ˆËË ‡ÒÚÂÌËÈ ÔÓ ÓÚÌÓ-
¯ÂÌË˛ Í Ó‰ÌÓÍ‡ÚÌÓÏÛ ‚ÌÂÒÂÌË˛ ÚÓÈ ÊÂ ‰ÓÁ˚ ‚
‡ÌÌÂ‚ÂÒÂÌÌ˛˛ ÔÓ‰ÍÓÏÍÛ ÒÌËÊ‡ÎÓ ‚ÂÎË˜ËÌÛ 

 

A

 

Ì‡ 2.6–3.3 „/Ï

 

2

 

 (14–18%). 

Ç Á‡‚ËÒËÏÓÒÚË ÓÚ „ÎÛ·ËÌ˚ ‚ÌÂÒÂÌËfl Û‰Ó·ÂÌËÈ
ÌÂ ÔÓfl‚ÎflÎÓÒ¸ ˜ÂÚÍÓÈ Á‡ÍÓÌÓÏÂÌÓÒÚË ‚ ËÁÏÂÌÂ-
ÌËË ‡Ì‡ÎËÁËÛÂÏÓ„Ó ÔÓÍ‡Á‡ÚÂÎfl (Ú‡·Î. 4). ÇÂÎË-
˜ËÌ‡ 

 

A

 

 ÚÂÒÌÓ ÍÓÂÎËÓ‚‡Î‡ Ò ÍÓÎË˜ÂÒÚ‚ÓÏ “˝ÍÒ-
Ú‡-‡ÁÓÚ‡” ‚ ‡ÒÚÂÌËflı (

 

r 

 

= 0.72), Ò Ó‰ÌÓÈ ÒÚÓÓÌ˚,
‡ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸ ÓÁËÏÓÈ ÊË – Ò ‚ÂÎË˜ËÌÓÈ 

 

A

 

 (

 

r

 

 =
=

 

 

 

0.78) – Ò ‰Û„ÓÈ.

èÓÍ‡Á‡ÚÂÎË ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‡ÒÚÂÌËflÏË ‡ÁÓÚ‡
ÔÓ˜‚˚ ‚ ÔÓˆÂÌÚ‡ı ÓÚ ‚ÂÎË˜ËÌ˚ ÌÂÚÚÓ-ÏËÌÂ‡ÎË-
Á‡ˆËË, ÍÓÚÓ˚Â ÔÓ ÒÛ˘ÂÒÚ‚Û fl‚Îfl˛ÚÒfl ÍÓ˝ÙÙËˆË-
ÂÌÚ‡ÏË ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÛÒ‚ÓflÂÏÓ„Ó ‡ÁÓÚ‡ ÔÓ˜‚˚,

 

í‡·ÎËˆ‡ 3.

 

  çÂÚÚÓ-ÏËÌÂ‡ÎËÁ‡ˆËfl ‡ÁÓÚ‡ ÔÓ˜‚˚ (‚ÂÎË˜ËÌ‡ 

 

Ä

 

) ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‰ÓÁ Ë ÒÓÍÓ‚ ÔËÏÂÌÂÌËfl ‡ÁÓÚÌ˚ı
Û‰Ó·ÂÌËÈ (ÓÔ˚Ú 1)

Ç‡Ë‡ÌÚ ìÓÊ‡ÈÌÓÒÚ¸ 
ÁÂÌ‡, „/Ï

 

2

 

èË·‡‚Í‡,
„/Ï

 

2

 

ÇÂÎË˜ËÌ‡ 

 

Ä

 

äàì N

 

Û‰

 

, %
Ç˚ÌÓÒ N

 

Ô

 

, %
ÓÚ ÏËÌÂ‡ÎË-

ÁÛÂÏÓ„Ó„/Ï

 

2

 

Í„/„‡

1. ê

 

8

 

ä

 

12

 

 (ÙÓÌ) 415 – 11.8 118 – 59

2. îÓÌ + 648 234 18.0 180 52 52

3. îÓÌ + 623 212 17.4 174 46 46

4. îÓÌ + 697 283 14.7 147 62 62

5. îÓÌ + 659 244 15.4 154 57 58

6. îÓÌ + 716 301 18.2 182 53 53
 

çëê
 

05

 
25 – – – – –

N9
/

N3 6+
/

N6 3+
/,  //

N6 3+
/,  ///

N6 3+
/,  //// 

í‡·ÎËˆ‡ 4.

 

  çÂÚÚÓ-ÏËÌÂ‡ÎËÁ‡ˆËfl ‡ÁÓÚ‡ ÔÓ˜‚˚ (‚ÂÎË˜ËÌ‡ 

 

Ä

 

) ÔË ‡ÁÌÓÈ „ÎÛ·ËÌÂ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ

Ç‡Ë‡ÌÚ ìÓÊ‡ÈÌÓÒÚ¸ 
ÁÂÌ‡, „/Ï

 

2

 

èË·‡‚Í‡,
„/Ï

 

2

 

ÇÂÎË˜ËÌ‡ 

 

Ä

 

äàì N

 

Û‰

 

, %
Ç˚ÌÓÒ N

 

Ô

 

, %
ÓÚ ÏËÌÂ‡ÎË-

ÁÛÂÏÓ„Ó„/Ï

 

2

 

Í„/„‡

1. ê

 

8

 

ä

 

12

 

 (ÙÓÌ) 415 – 11.8 118 – 59

2. îÓÌ +  (ÄÔ) 539 124 12.3 123 66 66

3. îÓÌ +  (40 ÒÏ) 511 96 10.9 109 67 66

4. îÓÌ +  (60 ÒÏ) 484 69 15.6 156 45 45

 

çëê

 

05

 

26 – – – – –

N2
/

N2
/

N2
/
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ñ˚·ÛÎ¸ÍÓ 

 

Ë ‰

 

.

 

‡Ì‡ÎÓ„Ë˜Ì˚ ÍÓ˝ÙÙËˆËÂÌÚ‡Ï ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‡Ò-
ÚÂÌËflÏË ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ.

 

ÇõÇéÑõ 

 

1. ÄÁÓÚÌ˚Â Û‰Ó·ÂÌËfl ÔÓ‚˚¯‡ÎË ÔÓÚÂ·ÎÂÌËÂ
‡ÒÚÂÌËflÏË ‡ÁÓÚ‡ ÔÓ˜‚˚ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÙÓÒ-
ÙÓÌÓ-Í‡ÎËÈÌÓÏÛ ÙÓÌÛ Ì‡ 15–39%. èË ‰Ó·ÌÓÏ
‚ÌÂÒÂÌËË N

 

9

 

 ÔÓ Ò‡‚ÌÂÌË˛ Ò Ó‰ÌÓÍ‡ÚÌ˚Ï ÍÓÎË-
˜ÂÒÚ‚Ó “˝ÍÒÚ‡-‡ÁÓÚ‡” ‚ ‡ÒÚÂÌËflı ÒÌËÊ‡ÎÓÒ¸ Ì‡
0.18–1.37 „/Ï

 

2

 

, ‡ ÔË Û‚ÂÎË˜ÂÌËË ‰ÓÁ˚ Û‰Ó·ÂÌËfl
‰Ó N

 

12

 

 ‚ÓÁ‡ÒÚ‡ÎÓ Ì‡ 0.29–0.73 „/Ï

 

2

 

. ë Û‚ÂÎË˜ÂÌËÂÏ
„ÎÛ·ËÌ˚ ‚ÌÂÒÂÌËfl ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ ‡ÁÏÂ˚
“‰Ó·‡‚Ó˜ÌÓ„Ó” ‡ÁÓÚ‡ ‚ ‡ÒÚÂÌËflı ÛÏÂÌ¸¯‡ÎËÒ¸. 

2. ç‡ Â‰ËÌËˆÛ ‡ÁÓÚ‡ Û‰Ó·ÂÌËÈ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ
ÏÓ·ËÎËÁËÓ‚‡ÎÓÒ¸ 0.12–0.59 Â‰ËÌËˆ˚ ‡ÁÓÚ‡ ÔÓ˜-
‚˚. èË ‰Ó·ÌÓÏ ‚ÌÂÒÂÌËË ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ Ë Ò
Û‚ÂÎË˜ÂÌËÂÏ Ëı ‰ÓÁ ÁÌ‡˜ÂÌËÂ ‰‡ÌÌÓ„Ó ÔÓÍ‡Á‡ÚÂÎfl
ÒÌËÊ‡ÎÓÒ¸.

3. ç‡ÎË˜ËÂ ÚÂÒÌÓÈ ÔÓÎÓÊËÚÂÎ¸ÌÓÈ ÍÓÂÎflˆËË
(

 

r

 

 = 0.93) ÏÂÊ‰Û ÔÓÎÛ˜ÂÌÌÓÈ ÓÚ ‡ÁÓÚÌ˚ı Û‰Ó·ÂÌËÈ
ÔË·‡‚ÍÓÈ ÛÓÊ‡fl Ë “˝ÍÒÚ‡-‡ÁÓÚÓÏ” ‚ ‡ÒÚÂÌËflı
ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ̃ ÚÓ ‚ÂÎË˜ËÌÛ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ÔÓ-
ÚÂ·ÎÂÌËfl ‡ÁÓÚ‡ ÔÓ˜‚˚ ÔÓ‰ ‚ÎËflÌËÂÏ ‡ÁÓÚÌÓ„Ó
Û‰Ó·ÂÌËfl ÌÂÓ·ıÓ‰ËÏÓ Û˜ËÚ˚‚‡Ú¸ ÔË ÓÔÚËÏËÁ‡ˆËË
‡ÁÓÚÌÓ„Ó ÔËÚ‡ÌËfl ÒÂÎ¸ÒÍÓıÓÁflÈÒÚ‚ÂÌÌ˚ı ÍÛÎ¸ÚÛ.
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Nitrogen-Mobilizing Capacity of Soil under Nitrogen Fertilization

 

N. N . Tsybul’ko, I. I. Zhukova, and D. V. Kiseleva
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Mogilev State University, ul. Pervomaiskaya 44, Mogilev, 212030 Belarus

 

The effect of the rates, terms, and application depth of nitrogen fertilizers on the amount of extra nitrogen was
studied on soddy-podzolic soils using the 

 

15

 

N stable isotope. It was found that nitrogen fertilizers increase the
uptake of soil nitrogen by crops by 15–39% compared to the application of phosphorus and potassium alone;
0.12–0.59 units of soil nitrogen was additionally mobilized per unit of fertilizer nitrogen applied. This value
decreased when the split nitrogen fertilization was used or the fertilizer rate was increased. A close positive
correlation (

 

r

 

 = 0.93) was found between the yield gain due to the nitrogen fertilizer and the extra nitrogen in
plants.


