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àÒÚÓËfl ˝ÎÂÍÚÓÙËÁËÓÎÓ„Ë˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ ÏËˆÂÎË‡Î¸ÌÓ„Ó ÔÎÂÒÌÂ‚Ó„Ó „Ë·‡ 

 

Neurospora
crassa

 

 Ì‡˜‡Î‡Ò¸ Ò ÔËÓÌÂÒÍÓÈ ‡·ÓÚ˚ ä. ëÎÂÈÏ‡Ì‡
[1], ‚ ÍÓÚÓÓÈ ·˚ÎÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ Ì‡ÎË˜ËÂ ˝ÎÂÍÚÓ-
„ÂÌÌÓ„Ó ÔÓÚÓÌÌÓ„Ó Ì‡ÒÓÒ‡ ‚ ÍÎÂÚÓ˜ÌÓÈ ÏÂÏ·‡ÌÂ,
‡ Ú‡ÍÊÂ ̋ ÎÂÍÚË˜ÂÒÍÓÈ Ò‚flÁË ̃ ÂÂÁ ÒÂÔÚ‡Î¸Ì˚Â ÔÓ-
˚ ÏÂÊ‰Û ÍÎÂÚÍ‡ÏË, Ó·ÂÒÔÂ˜Ë‚‡˛˘ÂÈ ‰Â‚Ó‚Ë‰ÌÓÈ
ÒÚÛÍÚÛÂ ÏËˆÂÎËfl 

 

N. crassa

 

 ˝ÎÂÍÚË˜ÂÒÍÛ˛ ÌÂÔÂ-
˚‚ÌÓÒÚ¸, Ú.Â. ˝ÎÂÍÚË˜ÂÒÍÛ˛ Ë ‰ËÙÙÛÁËÓÌÌÛ˛
ÒËÌˆËÚË‡Î¸ÌÓÒÚ¸. èÓÒÎÂ‰Û˛˘ËÂ ÏËÍÓ˝ÎÂÍÚÓ‰-
Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl „ËÙ 

 

N. crassa

 

 ÔÓÁ‚ÓÎËÎË ÔÓÎÛ˜ËÚ¸
‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ‰‡ÌÌ˚Â Ó· ˝ÎÂÍÚÓÙËÁËÓÎÓ„Ë˜ÂÒ-
ÍËı Ò‚ÓÈÒÚ‚‡ı Ì‡ÛÊÌÓÈ ÏÂÏ·‡Ì˚ Ë ÏÂÊÍÎÂÚÓ˜-
Ì˚ı ÍÓÌÚ‡ÍÚÓ‚ ˝ÚÓ„Ó Ó„‡ÌËÁÏ‡ [2–4]. ç‡ÔËÏÂ,
Ï˚ Ó·Ì‡ÛÊËÎË, ˜ÚÓ ÔË ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÏ Ì‡Û-
¯ÂÌËË ˝ÎÂÍÚË˜ÂÒÍÓÈ Ò‚flÁË Ì‡ Û˜‡ÒÚÍ‡ı „ËÙ, Û‰‡-
ÎÂÌÌ˚ı ÓÚ ‡ÒÚÛ˘Ëı ‚ÂıÛ¯ÂÍ, ˝ÎÂÍÚË˜ÂÒÍË ËÁÓ-
ÎËÓ‚‡ÌÌ˚Â ÍÎÂÚÍË ÒÓı‡Ìfl˛Ú ‚˚ÒÓÍËÂ ÁÌ‡˜ÂÌËfl
ÏÂÏ·‡ÌÌÓ„Ó ÔÓÚÂÌˆË‡Î‡ (åè) [2]. èË Ú‡ÍÓÏ ÊÂ
Ì‡Û¯ÂÌËË ˝ÎÂÍÚË˜ÂÒÍÓÈ Ò‚flÁË ‚·ÎËÁË ‡ÒÚÛ˘Ëı
‚ÂıÛ¯ÂÍ Ï˚ Ì‡·Î˛‰‡ÎË ‡ÒËÏÏÂÚË˜ÌÛ˛ Â‡ÍˆË˛:
Ò‡Ï˚Â ÏÓÎÓ‰˚Â ‚ÂıÛ¯Â˜Ì˚Â ÍÎÂÚÍË ÔË ˝ÎÂÍÚË-
˜ÂÒÍÓÈ ËÁÓÎflˆËË ÓÚ ·ÓÎÂÂ ‚ÁÓÒÎÓÈ ̃ ‡ÒÚË „ËÙ˚ ÂÁ-
ÍÓ ÒÌËÊ‡ÎË ‚ÂÎË˜ËÌÛ åè [3, 4]. ÑÎfl Ó·˙flÒÌÂÌËfl
˝ÚÓ„Ó ÙÂÌÓÏÂÌ‡ ‡ÒËÏÏÂÚËË ÓÚ‚ÂÚ‡ ·˚Î‡ ÛÒÔÂ¯ÌÓ
ÔË‚ÎÂ˜ÂÌ‡ ÍÓÌˆÂÔˆËfl ˝ÌÂ„ÂÚË˜ÂÒÍÓÈ ÍÓÓÔÂ‡-

ˆËË ÏÂÊ‰Û ÍÎÂÚÍ‡ÏË, ÓÒÛ˘ÂÒÚ‚ÎflÂÏÓÈ Á‡ Ò˜ÂÚ ÌÂ-
Ó‰ÌÓÓ‰ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ˝ÎÂÍÚÓ„ÂÌÌ˚ı ÔÓ-
ÚÓÌÌ˚ı Ì‡ÒÓÒÓ‚ ‚ ̋ ÎÂÍÚË˜ÂÒÍË Ò‚flÁ‡ÌÌ˚ı ÍÎÂÚÍ‡ı
(ÒÏ. [3, 4]). ê‡ÁÎË˜Ì˚Â ‚‡Ë‡ÌÚ˚ ÍÓÓÔÂ‡ÚË‚Ì˚ı
‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ ÏÂÊ‰Û ÍÎÂÚÍ‡ÏË Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍ-
ÚË˜ÂÒÍÓÈ Ò‚flÁË ËÁ‚ÂÒÚÌ˚ ‰Îfl ÏÌÓ„Ëı ÏËÍÓÓ„‡-
ÌËÁÏÓ‚, ‡ÒÚÂÌËÈ Ë ÊË‚ÓÚÌ˚ı, ‡ Ú‡ÍÊÂ ‰Îfl Á‡Ó‰˚-
¯ÂÈ Ë ÍÛÎ¸ÚË‚ËÛÂÏ˚ı ÚÍ‡ÌÂÈ [5]. 

Ç ˝ÍÒÔÂËÏÂÌÚ‡ı Ò ÏËÍÓıËÛ„Ë˜ÂÒÍËÏ ÓÚ‰Â-
ÎÂÌËÂÏ ‡ÔËÍ‡Î¸Ì˚ı Ù‡„ÏÂÌÚÓ‚ „ËÙ˚ 

 

N. crassa

 

 Ï˚
‚ÔÂ‚˚Â Ó·Ì‡ÛÊËÎË ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ÍËÚË˜ÂÒÍÓÈ
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ÌÂ ‡ÒÚÛÚ [6]. 

îÂÌÓÏÂÌ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ„Ó ÔÓÓ„‡ ÓÒÚ‡ ‚Â-
ıÛ¯ÂÍ „ËÙ ÚÓÊÂ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ‚ ‡ÏÍ‡ı ÍÓÌ-
ˆÂÔˆËË ˝ÌÂ„ÂÚË˜ÂÒÍÓÈ ÍÓÓÔÂ‡ˆËË ‚ÁÓÒÎ˚ı Ë
‡ÒÚÛ˘Ëı ÍÎÂÚÓÍ Ë ‰‡ÊÂ ÔÓÎÛ˜ËÚ¸ ÍÓÎË˜ÂÒÚ‚ÂÌ-
Ì˚Â ÓˆÂÌÍË ÌÂÓ·ıÓ‰ËÏÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ÚÓÍÓ‚˚ı
ËÒÚÓ˜ÌËÍÓ‚, ËÒÔÓÎ¸ÁÛfl Í‡·ÂÎ¸Ì˚Â ÏÓ‰ÂÎË ‡ÒÚÛ-
˘Â„Ó „ËÙ‡Î¸ÌÓ„Ó ‚ÓÎÓÍÌ‡ [7]. ùÚÓ Ó·˙flÒÌÂÌËÂ ·‡-
ÁËÛÂÚÒfl Ì‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÏ Ù‡ÍÚÂ ÌÂÓ‰ÌÓÓ‰-
ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl åè ‚‰ÓÎ¸ ‡ÒÚÛ˘ÂÈ ‚ÂıÛ¯ÍË
„ËÙ˚: åè ‚˚¯Â ‚ ‰ËÒÚ‡Î¸Ì˚ı (ÌÂ ‡ÒÚÛ˘Ëı) Ó·Î‡-
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Neurospora crassa

 

 ÌÂ ̋ Í‚ËÔÓÚÂÌˆË‡Î¸Ì‡. ÑÎfl ÚÂÓÂÚË˜ÂÒÍÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ÌÂÓ‰ÌÓÓ‰ÌÓ„Ó ‡ÒÔÂ-
‰ÂÎÂÌËfl ËÒÚÓ˜ÌËÍÓ‚ ÚÓÍ‡ ‚ ‡ÒÚÛ˘ÂÈ „ËÙÂ 

 

N. crassa

 

 Ï˚ ÔÂ‰ÔËÌflÎË ÔÓÔ˚ÚÍÛ ËÁÛ˜ËÚ¸ Ì‡Ë·ÓÎÂÂ
ÔÓÒÚÛ˛ ÏÓ‰ÂÎ¸ ËÒÚÓ˜ÌËÍ‡ ÚÓÍ‡, ‚ ÍÓÚÓÓÈ ÙÓÏ‡ ÔÓÙËÎfl ÚÓÍ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÒÏÂ˘ÂÌÌÓÈ ÙÛÌÍ-
ˆËÂÈ ïÂ‚ËÒ‡È‰‡. ùÚ‡ ÙÛÌÍˆËfl ÔÓÒÚÓflÌÌÓ„Ó ÒÍ‡˜Í‡ ËÏÂÂÚ ÚÓÎ¸ÍÓ Ó‰ËÌ ÔÓ‰„ÓÌÓ˜Ì˚È Ô‡‡ÏÂÚ – ‚Â-
ÎË˜ËÌÛ ÒÏÂ˘ÂÌËfl ÔÓÒÚÓflÌÌÓÈ ÔÎÓÚÌÓÒÚË ÚÓÍ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚ÂıÛ¯ÍË „ËÙ˚.
á‡‰‡˜‡ Ó ‡ÒÔÂ‰ÂÎÂÌËË ËÒÚÓ˜ÌËÍÓ‚ ÚÓÍ‡ ‚ ‡ÒÚÛ˘ÂÈ „ËÙÂ Â¯‡ÂÚÒfl Ì‡ÏË ÒÚ‡Ì‰‡ÚÌ˚Ï Ï‡ÚÂÏ‡ÚË-
˜ÂÒÍËÏ ÏÂÚÓ‰ÓÏ – Í‡Í „‡ÌË˜Ì‡fl Á‡‰‡˜‡ ‰Îfl ÍÓÌÂ˜ÌÓ„Ó ÓÚÂÁÍ‡ ‚ÓÎÓÍÌ‡ Ò Á‡Í˚Ú˚ÏË (ÌÂÔÓ‚Ó‰fl-
˘ËÏË) „‡ÌËˆ‡ÏË. óÚÓ·˚ ÔÓ‰„ÓÚÓ‚ËÚ¸ Â¯ÂÌËÂ ˝ÚÓÈ Á‡‰‡˜Ë ‰Îfl Î˛·˚ı ÔÓÙËÎÂÈ ÔÎÓÚÌÓÒÚË ÚÓÍ‡,
ÚÂ·ÛÂÚÒfl, Í‡Í ËÁ‚ÂÒÚÌÓ, ÒÌ‡˜‡Î‡ ÓÔÂ‰ÂÎËÚ¸ ÙÛÌÍˆË˛ ËÒÚÓ˜ÌËÍ‡ (“ÙÛÌÍˆË˛ ÉËÌ‡”), Ú.Â. ‡ÒÔÂ-
‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î‡, ÙÓÏËÛÂÏÓÂ ÏËÍÓ˝ÎÂÍÚÓ‰Ì˚Ï ËÒÚÓ˜ÌËÍÓÏ ÚÓÍ‡, ÍÓÚÓ˚È fl‚ÎflÂÚÒfl ˝ÍÒÔÂ-
ËÏÂÌÚ‡Î¸Ì˚Ï ‡Ì‡ÎÓ„ÓÏ ÚÂÓÂÚË˜ÂÒÍÓÈ 

 

δ

 

-ÙÛÌÍˆËË ÑË‡Í‡. äÓ„‰‡ ÙÛÌÍˆËfl ËÒÚÓ˜ÌËÍ‡ ËÁ‚ÂÒÚÌ‡,
ÚÓ„‰‡ ÏÓÊÌÓ ‚˚·Ë‡Ú¸ ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÓÏ˚ ÔÓÙËÎfl ‡ÒÔÂ‰ÂÎÂÌËfl ÔÎÓÚÌÓÒÚË ÚÓÍ‡ Ë ÓÔÂ‰ÂÎflÚ¸
ÒÓÁ‰‡‚‡ÂÏ˚Â ̋ ÚËÏ ÚÓÍÓÏ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓÎfl ÔÓÚÂÌˆË‡Î‡ ÏÂÚÓ‰ÓÏ ‚˚˜ËÒÎÂÌËfl ËÌÚÂ„‡Î¸ÌÓÈ Ò‚ÂÚ-
ÍË. Ç ˝ÚÓÈ ‡·ÓÚÂ Ï˚ Ó„‡ÌË˜ËÎËÒ¸ ‡ÒÒÏÓÚÂÌËÂÏ ÒÎÛ˜‡fl, ÍÓ„‰‡ ‚ ‡ÔËÍ‡Î¸ÌÓÈ ÁÓÌÂ ÓÒÚ‡ ËÒÚÓ˜ÌË-
ÍË ÚÓÍ‡ ÓÚÒÛÚÒÚ‚Û˛Ú, ‡ ‚ ·ÓÎÂÂ ‰ËÒÚ‡Î¸Ì˚ı Ó·Î‡ÒÚflı ËÏÂ˛Ú ÔÓÒÚÓflÌÌÛ˛ ÔÎÓÚÌÓÒÚ¸. àÏÂÌÌÓ ‚ ˝ÚÓÏ
‚‡Ë‡ÌÚÂ Ï˚ ÔÓÎÛ˜‡ÂÏ ÔÓÒÚÓÈ ÍËÚÂËÈ ÓˆÂÌÍË ÍËÚË˜ÂÒÍÓÈ ‰ÎËÌ˚ ‡ÔËÍ‡Î¸ÌÓ„Ó ÒÂ„ÏÂÌÚ‡, Ì‡ ÍÓ-
ÚÓÓÏ ÔÎÓÚÌÓÒÚ¸ ËÒÚÓ˜ÌËÍ‡ ÚÓÍ‡ ‡‚Ì‡ ÌÛÎ˛. êÂÁÛÎ¸Ú‡Ú ÏÓ‰ÂÎËÓ‚‡ÌËfl ıÓÓ¯Ó ÒÓ„Î‡ÒÛÂÚÒfl Ò ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË.

 

ìÑä 314.63
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ÒÚflı ÏËˆÂÎËfl (

 

≈

 

 –180 ÏÇ) Ë ÌËÊÂ ‚ ‡ÔËÍ‡Î¸Ì˚ı
(‡ÒÚÛ˘Ëı) ÍÓÌˆ‡ı „ËÙ (

 

≈ 

 

–130 ÏÇ) [3, 4]. ÑÎfl ÍÓÎË-
˜ÂÒÚ‚ÂÌÌÓ„Ó ÓÔËÒ‡ÌËfl ˝ÎÂÍÚË˜ÂÒÍÓÈ „ÂÚÂÓ„ÂÌ-
ÌÓÒÚË ‚ÂıÛ¯ÍË „ËÙ˚ ‡ÌÂÂ ·˚Î‡ ÔÂ‰ÎÓÊÂÌ‡ Ë
ËÁÛ˜ÂÌ‡ ̋ ÎÂÍÚÓÙËÁËÓÎÓ„Ë˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ‡ÒÔÂ‰Â-
ÎÂÌÌÓ„Ó ÔÓÚÓÌÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ ÏÂÏ·‡ÌÌÓ„Ó ÚÓÍ‡,
‚ ÍÓÚÓÓÈ ‚˚·‡Ì‡ „Î‡‰Í‡fl “ÒË„ÏÓË‰ÌÓ-˝ÍÒÔÓÌÂÌ-
ˆË‡Î¸Ì‡fl” ÙÓÏ‡ ÔÓÙËÎfl ÔÓ‰ÓÎ¸ÌÓ„Ó ‡ÒÔÂ‰Â-
ÎÂÌËfl ÔÎÓÚÌÓÒÚË ÚÓÍ‡, ÒÓ‰ÂÊ‡˘‡fl ‰‚‡ ÔÓ‰„ÓÌÓ˜-
Ì˚ı Ô‡‡ÏÂÚ‡ [7]. 

ç‡ÒÚÓfl˘‡fl ‡·ÓÚ‡ fl‚ÎflÂÚÒfl ÔÓ‰ÓÎÊÂÌËÂÏ ÚÂÓ-
ÂÚË˜ÂÒÍÓÈ ‡·ÓÚ˚ [7]. á‰ÂÒ¸ Ï˚ ÔÂ‰ÔÓÎÓÊËÎË,
˜ÚÓ ‰Îfl Ó·ÂÒÔÂ˜ÂÌËfl ÌÂÔÂ˚‚ÌÓÈ ÏÓÌÓÚÓÌÌÓÒÚË
ËÁÏÂÌÂÌËfl åè ‚‰ÓÎ¸ ‡ÒÚÛ˘ÂÈ ‚ÂıÛ¯ÍË „ËÙ˚ ‚˚-
·Ó „Î‡‰ÍÓ ‚ÓÁ‡ÒÚ‡˛˘ÂÈ ÙÓÏ˚ ÔÎÓÚÌÓÒÚË ÔÓ-
ÚÓÌÌÓ„Ó ÚÓÍ‡ (ÓÒÌÓ‚ÌÓ„Ó „ÂÌÂ‡ÚÓ‡ åè) ÌÂ fl‚Îfl-
ÂÚÒfl Ó·flÁ‡ÚÂÎ¸Ì˚Ï. ë Ó‰ÌÓÈ ÒÚÓÓÌ˚, ËÏÂ˛˘ËÂÒfl
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â Ó ı‡‡ÍÚÂÂ ‡ÒÔÂ‰Â-
ÎÂÌËfl åè „ËÙ˚ ‰ÓÔÛÒÍ‡˛Ú ·ÓÎ¸¯ÓÈ ‚˚·Ó ÙÓÏ
ÔÓÙËÎÂÈ ÔÎÓÚÌÓÒÚË ÚÓÍ‡. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÔÓ-
ÎÂÁÌÓ ËÁÛ˜ËÚ¸ Ì‡Ë·ÓÎÂÂ ÔÓÒÚÛ˛ ÏÓ‰ÂÎ¸ ‡ÒÔÂ‰Â-
ÎÂÌËfl ËÒÚÓ˜ÌËÍ‡ ÚÓÍ‡. ç‡ÔËÏÂ, ÔÓÒÚÂÈ¯Û˛
ÙÓÏÛ ÔÓÙËÎfl ÔÎÓÚÌÓÒÚË ÚÓÍ‡ ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚-
ÎflÚ¸ ÒÏÂ˘ÂÌÌÓÈ ÙÛÌÍˆËÂÈ ïÂ‚ËÒ‡È‰‡. ùÚ‡ ÙÛÌÍˆËfl
ÔÓÒÚÓflÌÌÓ„Ó ÒÍ‡˜Í‡ ËÏÂÂÚ ÚÓÎ¸ÍÓ Ó‰ËÌ ÔÓ‰„ÓÌÓ˜-
Ì˚È Ô‡‡ÏÂÚ – ‚ÂÎË˜ËÌÛ ÒÏÂ˘ÂÌËfl ÔÓÒÚÓflÌÌÓÈ
ÔÎÓÚÌÓÒÚË ÚÓÍ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚ÂıÛ¯ÍË „ËÙ˚.
Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Ú‡ÍÓÈ ÛÔÓ˘ÂÌÌ˚È
ÔÓ‰ıÓ‰ Í ÏÓ‰ÂÎËÓ‚‡ÌË˛ ÌÂÓ‰ÌÓÓ‰ÌÓ„Ó ‡ÒÔÂ‰Â-
ÎÂÌËfl ËÒÚÓ˜ÌËÍÓ‚ ÚÓÍ‡ ‚ ‡ÒÚÛ˘ÂÈ ‚ÂıÛ¯ÍÂ „ËÙ˚

 

N. crassa

 

 ÒÓ„Î‡ÒÛÂÚÒfl Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡Ì-
Ì˚ÏË.

 

àëíéóçàäà èéíÖçñàÄãÄ à íéäÄ

 

á‡‰‡˜‡ Ó ‡ÒÔÂ‰ÂÎÂÌËË ËÒÚÓ˜ÌËÍÓ‚ ÚÓÍ‡ ‚ „Ë-
Ù‡Î¸ÌÓÈ ‚ÂıÛ¯ÍÂ Â¯‡ÂÚÒfl Ì‡ÏË Í‡Í „‡ÌË˜Ì‡fl
Á‡‰‡˜‡ ‰Îfl ÍÓÌÂ˜ÌÓ„Ó ÓÚÂÁÍ‡ ‚ÓÎÓÍÌ‡. óÚÓ·˚ ÔÓ-
ÎÛ˜ËÚ¸ Â¯ÂÌËÂ Ó·˘ÂÈ Á‡‰‡˜Ë ‰Îfl Î˛·˚ı ÔÓÙË-
ÎÂÈ ÔÎÓÚÌÓÒÚË ÚÓÍ‡, ÚÂ·ÛÂÚÒfl ÒÌ‡˜‡Î‡ ÓÔÂ‰ÂÎËÚ¸
ÙÛÌÍˆË˛ ËÒÚÓ˜ÌËÍ‡ (“ÙÛÌÍˆË˛ ÉËÌ‡”), Ú.Â. ‡Ò-
ÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î‡, ÙÓÏËÛÂÏÓÂ ÏËÍÓ˝ÎÂÍ-
ÚÓ‰Ì˚Ï ËÒÚÓ˜ÌËÍÓÏ ÚÓÍ‡, ÍÓÚÓ˚È fl‚ÎflÂÚÒfl ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸Ì˚Ï ‡Ì‡ÎÓ„ÓÏ 

 

δ

 

-ÙÛÌÍˆËË ÑË‡Í‡.
äÓ„‰‡ ÙÛÌÍˆËfl ËÒÚÓ˜ÌËÍ‡ ËÁ‚ÂÒÚÌ‡, ÚÓ„‰‡ ÏÓÊÌÓ
‚˚·Ë‡Ú¸ ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÓÏ˚ ÔÓÙËÎfl ‡ÒÔÂ-
‰ÂÎÂÌËfl ÔÎÓÚÌÓÒÚË ÚÓÍ‡ Ë ÓÔÂ‰ÂÎflÚ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÔÓÎfl ÔÓÚÂÌˆË‡Î‡ ÏÂÚÓ‰ÓÏ ‚˚˜ËÒÎÂÌËfl ËÌÚÂ„-
‡Î¸ÌÓÈ Ò‚ÂÚÍË. 

èÓÒÚÂÈ¯ËÈ ‚‡Ë‡ÌÚ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓÚÓÌÌÓ-
„Ó ÚÓÍ‡, ÒÓÁ‰‡‚‡ÂÏÓ„Ó ˝ÎÂÍÚÓ„ÂÌÌ˚ÏË Ì‡ÒÓÒ‡ÏË
ÍÎÂÚÓ˜Ì˚ı ÏÂÏ·‡Ì 

 

N. crassa

 

, ÏÓ‰ÂÎËÛÂÚÒfl, Í‡Í
ÓÚÏÂ˜‡ÎÓÒ¸ ‚˚¯Â, ÒÏÂ˘ÂÌÌÓÈ ÙÛÌÍˆËÂÈ ïÂ‚ËÒ‡È-
‰‡, ÍÓÚÓ‡fl ÓÔÂ‰ÂÎflÂÚÒfl ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ: ‚
‡ÔËÍ‡Î¸ÌÓÈ ÁÓÌÂ ÓÒÚ‡ ËÒÚÓ˜ÌËÍË ÚÓÍ‡ ÓÚÒÛÚÒÚ‚Û-
˛Ú, ‡ ‚ ·ÓÎÂÂ ‰ËÒÚ‡Î¸Ì˚ı Ó·Î‡ÒÚflı ËÏÂ˛Ú ÔÓÒÚÓflÌ-
ÌÛ˛ ÔÎÓÚÌÓÒÚ¸. ïÂ‚ËÒ‡È‰Ó‚ÒÍËÈ ‚‡Ë‡ÌÚ ‡ÒÔÂ‰Â-
ÎÂÌËfl ËÒÚÓ˜ÌËÍÓ‚ ÚÓÍ‡ ‰‡ÂÚ Ì‡Ï ÔÓÒÚÓÈ ÍËÚÂËÈ
ÓˆÂÌÍË ÍËÚË˜ÂÒÍÓÈ ‰ÎËÌ˚ ‡ÔËÍ‡Î¸ÌÓ„Ó ÒÂ„ÏÂÌÚ‡,

Ú.Â. Ú‡ÍÓÈ ‰ÎËÌ˚, Ì‡ ÍÓÚÓÓÈ ÔÎÓÚÌÓÒÚ¸ ËÒÚÓ˜ÌËÍ‡
ÚÓÍ‡ ‡‚Ì‡ ÌÛÎ˛. 

èÛÒÚ¸ 

 

x

 

 – ‡ÒÒÚÓflÌËÂ ‚‰ÓÎ¸ „ËÙ˚ ÓÚ ‡ÔËÍ‡Î¸ÌÓÈ
‚ÂıÛ¯ÍË, „‰Â 

 

x

 

 = 0, ‚ ‰ËÒÚ‡Î¸ÌÓÏ Ì‡Ô‡‚ÎÂÌËË.
íÓ„‰‡, ÒÓ„Î‡ÒÌÓ ËÏÂ˛˘ËÏÒfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï
‰‡ÌÌ˚Ï (ÒÏ. [3, 4]), Ó·˘‡fl ı‡‡ÍÚÂËÒÚËÍ‡ ÔÓÙË-
Îfl åè 

 

U

 

(

 

x

 

) Ù‡ÍÚË˜ÂÒÍË Ò‚Ó‰ËÚÒfl Í ‰‚ÛÏ „‡ÌË˜-
Ì˚Ï ‚ÂÎË˜ËÌ‡Ï: 

 

U

 

(0) 

 

≡

 

 

 

U

 

0

 

 

 

≈

 

 –130 ÏÇ,

 

U

 

(

 

x

 

 

 

�

 

 

 

λ

 

) 

 

≡

 

 

 

U

 

∞

 

 –180 ÏÇ, (1a)

„‰Â 

 

λ

 

 – ı‡‡ÍÚÂËÒÚË˜ÂÒÍ‡fl ‰ÎËÌ‡ ‚ÓÎÓÍÌ‡, 

 

λ

 

 

 

≈
≈

 

 0.4–0.5 ÏÏ. èË ˝ÚÓÏ ËÁ‚ÂÒÚÌÓ [1, 2], ˜ÚÓ ÒÛÏ-
Ï‡Ì˚Â ‚ÂÎË˜ËÌ˚ åè (1‡) ÒÓ‰ÂÊ‡Ú Ô‡ÒÒË‚Ì˚Â
ÍÓÏÔÓÌÂÌÚ˚, 

 

E

 

 

 

≈

 

 –50 ÏÇ, ÍÓÚÓ˚Â ÏÓÊÌÓ ‚˚˜ÂÒÚ¸
ËÁ ÒÛÏÏ‡ÌÓ„Ó åè: 

 

U

 

(

 

x

 

) – 

 

E

 

 

 

≡

 

 

 

u

 

(

 

x

 

). èÓ˝ÚÓÏÛ, ÔÂÂ-
ıÓ‰fl Í ÓÔËÒ‡ÌË˛ åè Ò ÔÓÏÓ˘¸˛ ÔÂÂÏÂÌÌÓÈ

 

u

 

 

 

≡

 

 

 

U

 

 – 

 

E

 

, Ï˚ ËÒÍÎ˛˜‡ÂÏ ËÁ ‡ÒÒÏÓÚÂÌËfl Ô‡ÒÒË‚-
ÌÛ˛ ÍÓÏÔÓÌÂÌÚÛ 

 

E

 

, ÒÓÁ‰‡‚‡ÂÏÛ˛ ËÒÚÓ˜ÌËÍÓÏ
ùÑë, Ë Û˜ËÚ˚‚‡ÂÏ ÚÓÎ¸ÍÓ ‡ÍÚË‚ÌÛ˛ ÍÓÏÔÓÌÂÌÚÛ,
ÙÓÏËÛÂÏÛ˛ ÔÓÚÓÌÌ˚Ï ËÒÚÓ˜ÌËÍÓÏ ÚÓÍ‡, 

 

J

 

(

 

x

 

).
ÑÎfl ÍÓÏÔÓÌÂÌÚ˚ 

 

u

 

(

 

x

 

) ÛÒÎÓ‚Ëfl (1

 

a

 

) ËÏÂ˛Ú ÒÎÂ‰Û˛-
˘ËÈ ‚Ë‰:

(1·)

ëÛ˘ÂÒÚ‚Ó‚‡ÌËÂ Ô‡ÒÒË‚ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ åè ‰Â-
ÏÓÌÒÚËÛ˛Ú ˝ÍÒÔÂËÏÂÌÚ˚ ÔÓ ˝ÎÂÍÚË˜ÂÒÍÓÈ
ËÁÓÎflˆËË ‚ÂıÛ¯Â˜Ì˚ı Ù‡„ÏÂÌÚÓ‚ „ËÙ. äÓ„‰‡
‰ÎËÌ‡ Ù‡„ÏÂÌÚ‡ 

 

l

 

 ÌÂ ÔÂ‚ÓÒıÓ‰ËÚ ÔÓÓ„Ó‚Û˛ ‰ÎË-
ÌÛ 

 

L

 

* (ÒÏ. ‚˚¯Â), Ú.Â. 

 

l

 

 

 

≤

 

 

 

L

 

*, ÚÓ„‰‡ åè Ù‡„ÏÂÌÚ‡

 

U

 

 

 

≈

 

 –50 ÏÇ 

 

≈

 

 Ö. àÁ ̋ ÚÓ„Ó ÒÎÂ‰ÛÂÚ ÔÓÒÚ‡fl „ËÔÓÚÂÁ‡.
É Ë Ô Ó Ú Â Á ‡  Ô Ó  Ó „ Ó ‚ Ó È  ‰ Î Ë Ì ˚  „ Ë -

Ù ˚. 

 

ÄÔËÍ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ „ËÙ˚ ÔÓÓ„Ó‚ÓÈ ‰ÎËÌ˚

 

L

 

* ÌÂ ÒÓ‰ÂÊËÚ ÏÂÏ·‡ÌÌ˚ı ËÒÚÓ˜ÌËÍÓ‚ ÔÓÚÓÌ-
ÌÓ„Ó ÚÓÍ‡.

 

ëÚ‡ˆËÓÌ‡ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ‚ Ó‰ÌÓÓ‰ÌÓÏ ‚Ó-
ÎÓÍÌÂ ÔÓ‰ÓÎ¸ÌÓ„Ó ÚÓÍ‡ 

 

I

 

 Ë ÏÂÏ·‡ÌÌÓ„Ó ÔÓÚÂÌˆË-
‡Î‡ 

 

U

 

 ÓÔËÒ˚‚‡ÂÚÒfl Ï‡ÚÂÏ‡ÚË˜ÂÒÍË Ú‡Í Ì‡Á˚‚‡ÂÏ˚-
ÏË Í‡·ÂÎ¸Ì˚ÏË Û‡‚ÌÂÌËflÏË, Ú.Â. ÒËÒÚÂÏÓÈ Ó·˚Í-
ÌÓ‚ÂÌÌ˚ı ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ ÔÂ‚Ó„Ó
ÔÓfl‰Í‡ [8]:

 

dU

 

/

 

dx

 

 = –

 

r

 

c

 

I

 

,

 

dI

 

/

 

dx

 

 = –(

 

U

 

 – 

 

E

 

)/

 

r

 

m

 

 + 

 

J

 

, 

„‰Â 

 

r

 

c

 

 Ë 

 

r

 

m

 

 – Û‰ÂÎ¸Ì˚Â ÒÓÔÓÚË‚ÎÂÌËfl ˆËÚÓÔÎ‡ÁÏ˚
Ë ÏÂÏ·‡Ì˚; 

 

E

 

 Ë 

 

J

 

 – ÏÂÏ·‡ÌÌ˚Â ËÒÚÓ˜ÌËÍË ùÑë
Ë ÚÓÍ‡. ì‰ÂÎ¸Ì˚Â ÒÓÔÓÚË‚ÎÂÌËfl 

 

r

 

c

 

 Ë 

 

r

 

m

 

 Ò‚flÁ‡Ì˚ Ò
ı‡‡ÍÚÂËÒÚË˜ÂÒÍËÏË ‚ÂÎË˜ËÌ‡ÏË ‰ÎËÌ˚ 

 

λ

 

 Ë ÒÓ-
ÔÓÚË‚ÎÂÌËfl 

 

ρ

 

 (ËÎË ÔÓ‚Ó‰ËÏÓÒÚË 

 

σ

 

 

 

≡

 

 1/

 

ρ

 

) ÒÎÂ‰Û-
˛˘ËÏ Ó·‡ÁÓÏ: 

 

r

 

c

 

 

 

≡

 

 

 

ρ

 

/

 

λ

 

, 

 

r

 

m

 

 

 

≡ ρλ.
ë Ó „ Î ‡ ¯ Â Ì Ë Â  Ó  Ï ‡ Ò ¯ Ú ‡ · ‡ ı. ï‡‡Í-

ÚÂËÒÚË˜ÂÒÍ‡fl ‰ÎËÌ‡ λ fl‚ÎflÂÚÒfl Â‰ËÌËˆÂÈ ‰ÎË-
Ì˚, ‡ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓÂ ÒÓÔÓÚË‚ÎÂÌËÂ ρ – Â‰Ë-
ÌËˆÂÈ ÒÓÔÓÚË‚ÎÂÌËfl.

ÖÒÎË ÌÂ ÏÂÌflÚ¸ Ó·ÓÁÌ‡˜ÂÌËfl ‰ÎËÌ l Ë ÍÓÓ‰ËÌ‡Ú
x, ÚÓ ÔËÌflÚËÂ ÒÓ„Î‡¯ÂÌËfl Ó Ï‡Ò¯Ú‡·‡ı ÒÎÂ‰ÛÂÚ
ÔÓÌËÏ‡Ú¸ Í‡Í ÙÓÏ‡Î¸Ì˚Â Á‡ÏÂÌ˚: l/λ  l,
x/λ  x. ÑÎfl ‰Û„Ëı ÔÂÂÏÂÌÌ˚ı ËÒÔÓÎ¸ÁÛÂÏ ÒÎÂ-

u 0( ) u0≡ 80 ÏÇ,–≈
u x � λ( ) u∞ 130 ÏÇ– K⇒≈ u∞/u0≡ ≡ 1.625.≈
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ÒÏÓÎflÌËÌÓ‚, ÔÓÚ‡ÔÓ‚‡

‰Û˛˘ËÂ fl‚Ì˚Â Á‡ÏÂÌ˚: u ≡ U – E, i ≡ ρI, j ≡ λρJ. èÓ-
ÒÎÂ Ú‡ÍËı fl‚Ì˚ı Ë ÌÂfl‚Ì˚ı Á‡ÏÂÌ Í‡·ÂÎ¸Ì˚Â Û‡‚-
ÌÂÌËfl ÔËÓ·ÂÚ‡˛Ú Í‡ÌÓÌË˜ÂÒÍÛ˛ ÙÓÏÛ:

du/dx = –i, di/dx = –u + j. (2a)

àÒÔÓÎ¸ÁÛfl ‚ÂÍÚÓÌ˚È ‚‡Ë‡ÌÚ Á‡ÔËÒË, ÔÓÎÛ˜‡ÂÏ
Û‡‚ÌÂÌËÂ:

dq/dx = –Iq + j ⇐  q ≡ , j ≡ , I ≡ . (2·)

ÑÎfl ÒÚÓ˜ÌÓÈ Á‡ÔËÒË ‚ÂÍÚÓÓ‚-ÒÚÓÎ·ˆÓ‚ ËÒÔÓÎ¸-
ÁÛÂÚÒfl ÙÓÏ‡: q ≡ (u, i)', j ≡ (0, j)', „‰Â ¯ÚËı ÓÁÌ‡-
˜‡ÂÚ ÓÔÂ‡ˆË˛ Ú‡ÌÒÔÓÌËÓ‚‡ÌËfl. éÚÏÂÚËÏ ÔÓ-
ÔÛÚÌÓ, ˜ÚÓ ÛÒÎÓ‚ËÂ: I' = I – ÍËÚÂËÈ ÒËÏÏÂÚË˜-
ÌÓÒÚË ÔÓÒÚÓflÌÌÓÈ Ï‡ÚËˆ˚ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ I. 

àÒÔÓÎ¸ÁÛfl ‰‡ÎÂÂ Ï‡Ò¯Ú‡·ËÓ‚‡ÌÌ˚Â Û‡‚ÌÂÌËfl
(2), ÓÍÓÌ˜‡ÚÂÎ¸ÌÛ˛ ÔÓ‰„ÓÌÍÛ ÏÓ‰ÂÎ¸ÌÓ„Ó ‡ÒÔÂ-
‰ÂÎÂÌËfl u(x) ·Û‰ÂÏ ‰ÂÎ‡Ú¸ ÔÓ ÓÚÌÓÒËÚÂÎ¸ÌÓÏÛ ÍË-
ÚÂË˛ ä, ÒÏ. (1·), ÌÓ ÒÌ‡˜‡Î‡ ÔÓÎÛ˜ËÏ ÌÂÓ·ıÓ‰Ë-
Ï˚Â ÙÓÏÛÎ˚.

îìçäñàü àëíéóçàäÄ éíêÖáäÄ 
ÇéãéäçÄ

ìÚÓ˜ÌËÏ „‡ÌË˜ÌÛ˛ Á‡‰‡˜Û. ê‡ÒÒÏ‡ÚË‚‡ÂÏ˚È
Ì‡ÏË Ó·˙ÂÍÚ f – ÓÚÂÁÓÍ ‚ÓÎÓÍÌ‡ ÒÛÏÏ‡ÌÓÈ ‰ÎËÌ˚
l = l1 + l2. É‡ÌË˜Ì˚Â ÒÂ˜ÂÌËfl ÓÚÂÁÍ‡ f ÓÔÂ‰ÂÎfl-
˛ÚÒfl ‚ÂÍÚÓ‡ÏË q0 Ë q2, ‡ Ú‡ÍÊÂ Ì‡„ÛÁÓ˜Ì˚ÏË
ÔÓ‚Ó‰ËÏÓÒÚflÏË y0 ≡ i0/u0 Ë y2 ≡ i2/u2 (ËÒ. 1):

q0 ≡ (u0, i0)' ≡ u0(1, y0)'; q2 ≡ (u2, i2)' ≡ u2(1, y2)'.

ÅÛ‰ÂÏ ‰‡ÎÂÂ ÓÚÂÁÓÍ f ÔË ÌÂÓ·ıÓ‰ËÏÓÒÚË Ó·Ó-
ÁÌ‡˜‡Ú¸ ÔÓÎÌ˚Ï ÒËÏ‚ÓÎÓÏ f(l|y0, y2).

íÂÔÂ¸ ‡ÒÒÏÓÚËÏ Â¯ÂÌËÂ Ó‰ÌÓÓ‰ÌÓ„Ó ‚ÂÍ-
ÚÓÌÓ„Ó Û‡‚ÌÂÌËfl (2·). ÑÎfl Ô‡ÒÒË‚ÌÓ„Ó ‚ÓÎÓÍÌ‡,
ÍÓ„‰‡ ÚÓÍÓ‚˚È ËÒÚÓ˜ÌËÍ ÓÚÒÛÚÒÚ‚ÛÂÚ, ÒÍ‡Îfl j = 0,
‚ÂÍÚÓ j = o ≡ (0, 0)', Ó·˘ÂÂ Â¯ÂÌËÂ Á‡ÔËÒ˚‚‡ÂÚÒfl
‚ ‚Ë‰Â ˝ÍÒÔÓÌÂÌÚ˚ ÓÚ Ï‡ÚËˆ˚ ÍÓ˝ÙÙËˆËÂÌÚÓ‚:

q(x) = A(–x)q0 ⇐  A(x) ≡ exI ≡ x)E + x)I, (3)

Á‰ÂÒ¸ E ≡ diag(1, 1) – Ï‡ÚË˜Ì‡fl Â‰ËÌËˆ‡; A – Ï‡Ú-
Ëˆ‡ ÔÂÂ‰‡˜Ë, ÍÓÚÓ‡fl Ò‚flÁ˚‚‡ÂÚ ‚ÂÍÚÓ q0 Ì‡-

u

i 
  0

j 
  0 1

1 0 
 
 

(ch (sh

˜‡Î¸ÌÓ„Ó ÒÂ˜ÂÌËfl x = 0 Ò ‚ÂÍÚÓÓÏ q ÔÓËÁ‚ÓÎ¸ÌÓ-
„Ó ÒÂ˜ÂÌËfl x. àÁ ̋ ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÈ ÙÓÏ˚ Á‡ÔËÒË
Ï‡ÚËˆ˚ ÔÂÂ‰‡˜Ë ‚Ë‰ÌÓ, ˜ÚÓ:

A(–x) ≡ e–xI ≡ x)E + x)I, ≡ A–1(x),

Ú.Â. ÒÏÂÌ‡ ÁÌ‡Í‡ ‡„ÛÏÂÌÚ‡ ˝Í‚Ë‚‡ÎÂÌÚÌ‡ Ó·‡˘Â-
ÌË˛ Ï‡ÚËˆ˚ ÔÂÂ‰‡˜Ë. 

ÖÒÎË Í‡ÍËÂ-ÎË·Ó ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ËÒÚÓ˜ÌËÍË
ÓÚÒÛÚÒÚ‚Û˛Ú, ÚÓ q0 = Ó Ë ÚÓ„‰‡ ‚ÓÁÏÓÊÌÓ Â‰ËÌÒÚ-
‚ÂÌÌÓÂ Â¯ÂÌËÂ – ÌÛÎÂ‚ÓÂ, q(x) ≡ Ó. èÛÒÚ¸, Ó‰Ì‡ÍÓ,
‚ ÒÂ˜ÂÌËË x = l1 Ì‡ıÓ‰ËÚÒfl ÏËÍÓ˝ÎÂÍÚÓ‰, ÒÓÁ‰‡˛-
˘ËÈ Â‰ËÌË˜Ì˚È ‚ıÓ‰ÌÓÈ ÚÓÍ (ÒÏ. ËÒ. 1):

j1 = 1 ≡ i10 + i12 = (y10 + y12)u1 ≡ y‚ıu1, (4)

ÚÓ„‰‡ ‚Ó ‚ıÓ‰ÌÓÏ ÒÂ˜ÂÌËË ‚ÓÁÌËÍ‡ÂÚ ÔÓÚÂÌˆË‡Î
u1, ‡ Ú‡ÍÊÂ ÔÓ‰ÓÎ¸Ì˚Â ÚÓÍË i10 Ë i12, ÍÓÚÓ˚Â fl‚-
Îfl˛ÚÒfl ‚ıÓ‰Ì˚ÏË ÚÓÍ‡ÏË ÎÂ‚Ó„Ó Ë Ô‡‚Ó„Ó ÒÂ„-
ÏÂÌÚÓ‚ ‚ÓÎÓÍÌ‡, ‡ ‚ıÓ‰˚ ÒÂ„ÏÂÌÚÓ‚ ËÏÂ˛Ú ‚ıÓ‰-
Ì˚Â ÔÓ‚Ó‰ËÏÓÒÚË y10 ≡ i10/u1 Ë y12 ≡ i12/u1, ÔÓ˝ÚÓÏÛ
y‚ı ≡ y10 + y12 – ÒÛÏÏ‡Ì‡fl ‚ıÓ‰Ì‡fl ÔÓ‚Ó‰ËÏÓÒÚ¸
‚ÓÎÓÍÌ‡ ‚ ÒÂ˜ÂÌËË ˝ÎÂÍÚÓ‰‡, y‚ı ≡ j1/u1.

ÖÒÎË ‚ıÓ‰Ì˚Â ÒÂ˜ÂÌËfl Ô‡‚Ó„Ó Ë ÎÂ‚Ó„Ó ÒÂ„ÏÂÌ-
ÚÓ‚ ÓÚÂÁÍ‡ f ÓÔÂ‰ÂÎfl˛ÚÒfl ‚ÂÍÚÓ‡ÏË: q10 ≡ (u1,
i10)', q12 ≡ (u1, i12)', ÚÓ Ó·˘ÂÂ Â¯ÂÌËÂ (3) ÓÔÂ‰ÂÎflÂÚ
Ò‚flÁË ‚ıÓ‰Ì˚ı Ë ‚˚ıÓ‰Ì˚ı ÔÓÚÂÌˆË‡ÎÓ‚ Ë ÚÓÍÓ‚:

q10 = A(l1)q0, q12 = A(l2)q2. (5)

éÚÒ˛‰‡ Ì‡ıÓ‰ËÏ Ó·˘Û˛ ÙÓÏÛÎÛ ‚ıÓ‰ÌÓÈ ÔÓ-
‚Ó‰ËÏÓÒÚË ÓÚÂÁÍ‡ f(l1 + l2|y0, y2):

y‚ı ≡ f(l1; y0) + f(l2; y2) ⇐  f(l; y) ≡ (y + )/(1 + y ).(6)

Ç˚‰ÂÎËÏ ˜‡ÒÚÌ˚Â ‚‡Ë‡ÌÚ˚ ˝ÚÓÈ ÙÓÏÛÎ˚, ËÒ-
ÔÓÎ¸ÁÛÂÏ˚Â ÌËÊÂ:

1) y = 1 ⇒  f(l; 1) = 1 – ÒÎÛ˜‡È ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓÈ
Ì‡„ÛÁÍË, ÍÓÚÓ‡fl fl‚ÎflÂÚÒfl ‚ıÓ‰ÌÓÈ ÔÓ‚Ó‰ËÏÓÒ-
Ú¸˛ ÔÓÎÛ·ÂÒÍÓÌÂ˜ÌÓ„Ó ‚ÓÎÓÍÌ‡; ÏÓ‰ÂÎ¸ f(l|y0,
1) ˝Í‚Ë‚‡ÎÂÌÚÌ‡ ÔÓÎÛ·ÂÒÍÓÌÂ˜ÌÓÏÛ ‚ÓÎÓÍÌÛ ‚ ‰ËÒ-
Ú‡Î¸ÌÓÏ Ì‡Ô‡‚ÎÂÌËË, ÚÓ„‰‡ y‚ı ≡ f(l1; y0) + 1; ÏÓ-
‰ÂÎ¸ f(l|1, 1) ˝Í‚Ë‚‡ÎÂÌÚÌ‡ ·ÂÒÍÓÌÂ˜ÌÓÏÛ ‚ÓÎÓÍÌÛ,
y‚ı ≡ 2;

2) y = 0 ⇒  f(l; 0) =  – ÒÎÛ˜‡È ËÁÓÎËÛ˛˘ÂÈ (ÌÂ-
ÔÓ‚Ó‰fl˘ÂÈ) Ì‡„ÛÁÍË; ÏÓ‰ÂÎ¸ f(l|y0, 0) ̋ Í‚Ë‚‡ÎÂÌÚ-
Ì‡ ÔÓÎÛÁ‡Í˚ÚÓÏÛ ÓÚÂÁÍÛ ‚ÓÎÓÍÌ‡ Ò ÌÂÔÓ‚Ó‰fl-
˘ËÏ ‰ËÒÚ‡Î¸Ì˚Ï ÚÓˆÓÏ, y‚ı ≡ f(l1; y0) + ; ÏÓ-
‰ÂÎ¸ f(l|0, 0) ˝Í‚Ë‚‡ÎÂÌÚÌ‡ Á‡Í˚ÚÓÏÛ ÓÚÂÁÍÛ
‚ÓÎÓÍÌ‡ Ò Ó·ÓËÏË ÌÂÔÓ‚Ó‰fl˘ËÏË ÚÓˆ‡ÏË, y‚ı ≡
≡  + .

óÚÓ·˚ ÓÔÂ‰ÂÎËÚ¸ ÙÛÌÍˆË˛ ËÒÚÓ˜ÌËÍ‡ (ÙÛÌÍ-
ˆË˛ ÉËÌ‡) ÓÚÂÁÍ‡ f(l|y0, y2), ÌÂÓ·ıÓ‰ËÏÓ ÓÔËÒ‡Ú¸
‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î‡ u(x) Í‡Í ‚ Ô‡‚ÓÏ, Ú‡Í Ë
‚ ÎÂ‚ÓÏ ÒÂ„ÏÂÌÚÂ ÔË ÙËÍÒËÓ‚‡ÌÌÓÏ ÔÓÎÓÊÂÌËË
ÚÓÍÓ‚Ó„Ó ËÒÚÓ˜ÌËÍ‡ ‚ ÒÂ˜ÂÌËË x = l1, ÍÓ„‰‡ 0 ≤ l1 ≤ l.

ê‡ÒÒÏÓÚËÏ ÎÂ‚˚È ÒÂ„ÏÂÌÚ: x ∈  [0; l1] (ËÒ. 2‡).
èË‚ÎÂÍ‡fl Ó·˘ÂÂ Â¯ÂÌËÂ (3), ËÏÂÂÏ Û‡‚ÌÂ-

ÌËÂ:

q(x) = A(x)q0 (7a)

(ch (sh

lth lth

lth

l2th

l1th l2th

u1, j1 = i10 + i12
q10 q12

L2L1
L

q0 q2

y2y0

êËÒ. 1. ùÎÂÍÚË˜ÂÒÍ‡fl ÒıÂÏ‡ ÓÚÂÁÍ‡ „ËÙ˚ ‰ÎËÌ˚ L.
èÓÍ‡Á‡Ì˚ Ì‡Ô‡‚ÎÂÌËfl ‚ıÓ‰Ì˚ı Ë ‚˚ıÓ‰Ì˚ı ÔÓ-
‰ÓÎ¸Ì˚ı ÚÓÍÓ‚ ‰‚Ûı ÒÂ„ÏÂÌÚÓ‚, ËÏÂ˛˘Ëı ‰ÎËÌ˚ L1 Ë
L2. á‰ÂÒ¸ j1 – ‚ıÓ‰ÌÓÈ ÚÓÍ ‚ÌÂ¯ÌÂ„Ó ËÒÚÓ˜ÌËÍ‡, ÒÓ-
Á‰‡˛˘ËÈ ‚ıÓ‰ÌÓÈ ÔÓÚÂÌˆË‡Î u1 Ë ‚ıÓ‰Ì˚Â ÚÓÍË ÒÂ„-
ÏÂÌÚÓ‚ i10 Ë i12. éÚÌÓÒËÚÂÎ¸ÌÓ ‰Û„Ëı ÒËÏ‚ÓÎÓ‚ ÒÏ.
ÚÂÍÒÚ.
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ùÚ‡ ÙÓÏÛÎ‡ ÓÚÎË˜‡ÂÚÒfl ÓÚ ÙÓÏÛÎ˚ (3) ÁÌ‡-
ÍÓÏ ‡„ÛÏÂÌÚ‡ Ï‡ÚËˆ˚ ÔÂÂ‰‡˜Ë, Ú‡Í Í‡Í ËÒÚÓ˜-
ÌËÍ ÚÓÍ‡ ÚÂÔÂ¸ Ì‡ıÓ‰ËÚÒfl ÒÔ‡‚‡ ÓÚ ÒÂ˜ÂÌËfl x Ë
ÔÓ‰ÓÎ¸Ì˚È ÚÓÍ Ì‡Ô‡‚ÎÂÌ Í ‡ÔËÍ‡Î¸ÌÓÈ ˜‡ÒÚË,
ÚÓ„‰‡ Í‡Í ‚ ÔÂ‚Ë˜ÌÓÏ ÓÔËÒ‡ÌËË (3) ÔÓ‰‡ÁÛÏÂ‚‡-
ÎÓÒ¸ Ó·‡ÚÌÓÂ Ì‡Ô‡‚ÎÂÌËÂ ÔÓ‰ÓÎ¸ÌÓ„Ó ÚÓÍ‡.
ì˜ËÚ˚‚‡fl ÔÂ‚Û˛ ÙÓÏÛÎÛ (5), ËÏÂÂÏ ‰‚‡ Û‡‚ÌÂ-
ÌËfl:

u(x)/u0 =  + y0 ;

u1/u0 =  + y0 ;

ËÁ ÍÓÚÓ˚ı, Û˜ËÚ˚‚‡fl (4) Ë ËÒÍÎ˛˜‡fl u0, Ì‡ıÓ‰ËÏ:

(8a)

Á‰ÂÒ¸ ‰Îfl Â‰ËÌË˜ÌÓ„Ó ÚÓÍ‡ j1 = 1 ËÏÂÂÏ u1 = r‚ı ≡
≡ 1/y‚ı – ‚ıÓ‰ÌÓÂ ÒÓÔÓÚË‚ÎÂÌËÂ.

ê‡ÒÒÏÓÚËÏ ÚÂÔÂ¸ Ô‡‚˚È ÒÂ„ÏÂÌÚ: x ∈  [l1; l ≡
≡ l1 + l2] (ËÒ. 2·). ÇÏÂÒÚÓ (7a) ËÏÂÂÏ:

q(x) = A(l – x)q2, (7b)

Ë Â˘Â ‚ÚÓÛ˛ ÙÓÏÛÎÛ (5), ÍÓÚÓ˚Â ÒÓ‚ÏÂÒÚÌÓ
‰‡˛Ú:

u(x)/u2 = l – x) + y2 l – x);

u1/u2 =  + y2

àÒÍÎ˛˜‡fl u2, ÔÓÎÛ˜‡ÂÏ:

(8·)

è‡‡ ‚˚‡ÊÂÌËÈ (8‡) Ë (8·) ÒÓ‚ÏÂÒÚÌÓ ÓÔÂ‰Â-
ÎflÂÚ ËÒÍÓÏÛ˛ ÙÛÌÍˆË˛ ËÒÚÓ˜ÌËÍ‡.

êÄëèêÖÑÖãÖççõâ àëíéóçàä íéäÄ

èÓÒÎÂ ‡ÒÒÏÓÚÂÌËfl Ó·˘Ëı ÏÓ‰ÂÎÂÈ Ó·‡ÚËÏÒfl
Í ÍÓÌÍÂÚÌ˚Ï „‡ÌË˜Ì˚Ï ÛÒÎÓ‚ËflÏ, ı‡‡ÍÚÂÌ˚Ï
‰Îfl ËÌÚ‡ÍÚÌÓ„Ó „ËÙ‡Î¸ÌÓ„Ó ‚ÓÎÓÍÌ‡ Ë ‚ÂıÛ¯Â˜-
ÌÓ„Ó Ù‡„ÏÂÌÚ‡ „ËÙ˚.

ÇÂıÛ¯Í‡ „ËÙ˚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ, Í‡Í ˝ÚÓ ÒÎÂ‰ÛÂÚ
ËÁ ‡ÁÌ˚ı ÔÂ‰‚‡ËÚÂÎ¸Ì˚ı ÓˆÂÌÓÍ, Á‡Í˚ÚÓÏÛ
ÚÓˆÛ, ÔÓ˝ÚÓÏÛ ‚ ÔÂ‰˚‰Û˘Ëı ÙÓÏÛÎ‡ı ÒÎÂ‰ÛÂÚ
ÔÓÎ‡„‡Ú¸ y0 = 0. ÑËÒÚ‡Î¸Ì˚È ÍÓÌÂˆ Ù‡„ÏÂÌÚ‡ „Ë-
Ù˚ ÔÓÒÎÂ ÓÚÒÂ˜ÂÌËfl ËÁÓÎËÛÂÚÒfl ÓÚ Ì‡ÛÊÌÓÈ ÒÂ-
‰˚, Ú.Â. Ë Á‰ÂÒ¸ y2 = 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‚ÂıÛ¯Â˜-
Ì˚È Ù‡„ÏÂÌÚ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÏÓ‰ÂÎ¸˛ f(l|0, 0).

ç‡ÔÓÚË‚, ‰Îfl ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ ‰ËÒÚ‡Î¸Ì‡fl Ó·-
Î‡ÒÚ¸ ‚ÔÓÎÌÂ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl
ÔÓÎÛ·ÂÒÍÓÌÂ˜Ì˚Ï ‚ÓÎÓÍÌÓÏ, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÍÓ-
ÌÂ˜Ì‡fl ˜‡ÒÚ¸ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÏÓ‰Â-
ÎË f(l|0, 1).

èÓÎ‡„‡fl ‚ Ó·˘Ëı ÙÓÏÛÎ‡ı (8‡) Ë (8·) „‡ÌË˜-
Ì˚Â ÛÒÎÓ‚Ëfl: y0 = y2 = 0, ÔÓÒÎÂ ÔÓÒÚ˚ı ÔÂÓ·‡ÁÓ-
‚‡ÌËÈ ‰Îfl Ù‡„ÏÂÌÚ‡ „ËÙ˚, Ú.Â. ‰Îfl ÏÓ‰ÂÎË f(l|0, 0),
ÔÓÎÛ˜ËÏ:

xch xsh

l1ch l1sh

u x( )  =

=  xch y0 xsh+( )u1/ l1ch y0 l1sh+( ) x⇐ 0; l1[ ] ;∈

(ch (sh

l1ch l2sh

u x( )  =

= l x–( )ch y2 l x–( )sh+( )u1/ l2ch y2 l2sh+( ) x⇐ l1; l[ ] .∈

(9a)

(9·)

îËÍÒËÛfl ‚ ˝ÚËı ÙÓÏÛÎ‡ı ‰ÎËÌÛ ‡ÔËÍ‡Î¸ÌÓ„Ó
ÒÂ„ÏÂÌÚ‡ l1, ÒÓ‚Â¯ËÏ ÔÂ‰ÂÎ¸Ì˚È ÔÂÂıÓ‰ l2 
∞. ÑÎfl ÏÓ‰ÂÎË f(l|0, 1) Ò ÔÓÎÛ·ÂÒÍÓÌÂ˜Ì˚Ï ‚ÚÓ˚Ï
ÒÂ„ÏÂÌÚÓÏ ÔÓÎÛ˜ËÏ:

(10a)

(10·)

àÎÎ˛ÒÚ‡ˆËË Ò‚ÓÈÒÚ‚ ÙÛÌÍˆËÈ (9) Ë (10) ‰‡Ì˚
Ì‡ ËÒ. 3‡. ç‡ ˝ÚÓÏ ËÒÛÌÍÂ ‡ÔËÍ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ
ËÏÂÂÚ Ó‰ÌÛ ÙËÍÒËÓ‚‡ÌÌÛ˛ ‰ÎËÌÛ l1 = 0.5, ‡ ‰ËÒÚ‡Î¸-
Ì˚È ÒÂ„ÏÂÌÚ – ˜ÂÚ˚Â ‰ÎËÌ˚ l2 ∈  {0.5; 0.8; 1.5; ∞}.
è‡ÒÒË‚Ì˚È ‰ËÒÚ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ ÓÍ‡Á˚‚‡ÂÚ ÚÓÎ¸ÍÓ
¯ÛÌÚËÛ˛˘ÂÂ ‚ÎËflÌËÂ Ì‡ ‚ıÓ‰ÌÓÂ ÒÓÔÓÚË‚ÎÂÌËÂ
“ÚÓ˜Â˜ÌÓ„Ó” (ÏËÍÓ˝ÎÂÍÚÓ‰ÌÓ„Ó) ËÒÚÓ˜ÌËÍ‡ ÚÓ-
Í‡. èÓ˝ÚÓÏÛ, Í‡Í ‚Ë‰ÌÓ ËÁ ÔË‚Â‰ÂÌÌ˚ı „‡ÙËÍÓ‚,
˜ÂÏ ‰ÎËÌÌÂÂ ‰ËÒÚ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ, ÚÂÏ ÏÂÌ¸¯Â ‚Â-
ÎË˜ËÌ‡ ÒÓÁ‰‡‚‡ÂÏÓ„Ó ÔÓÎfl ÔÓÚÂÌˆË‡Î‡. 

ê‡ÒÒÏÓÚËÏ ÚÂÔÂ¸ ‡ÒÔÂ‰ÂÎÂÌÌ˚È ËÒÚÓ˜ÌËÍ
ÚÓÍ‡ j(x) Í‡·ÂÎ¸Ì˚ı Û‡‚ÌÂÌËÈ (2).

êÂ¯ÂÌËfl (9) Ë (10), ÔÓÎÛ˜ÂÌÌ˚Â ‰Îfl ÏËÍÓ˝ÎÂÍ-
ÚÓ‰ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ ÚÓÍ‡ ‚ ÒÂ˜ÂÌËË x = l1, ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛Ú ÚÂÓÂÚË˜ÂÒÍÓÈ ÒıÂÏÂ, ‚ ÍÓÚÓÓÈ ËÒÚÓ˜ÌËÍ
ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl Ó·Ó·˘ÂÌÌÓÈ δ-ÙÛÌÍˆËÂÈ ÑË‡Í‡,
Ú.Â. ‚ Ì‡¯ÂÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ j(x) = δ(x – l1). êÂ¯ÂÌËfl ‰ËÙ-
ÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ, ÔÓÎÛ˜‡ÂÏ˚Â ‰Îfl δ-ËÒ-
ÚÓ˜ÌËÍÓ‚, ÔËÌflÚÓ Ì‡Á˚‚‡Ú¸ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ÏË
(“ÙÛÌÍˆËflÏË ÉËÌ‡”), Ú‡Í Í‡Í Ì‡ Ëı ÓÒÌÓ‚Â ÔÓÎÛ˜‡-
˛ÚÒfl (ÏÂÚÓ‰ÓÏ ËÌÚÂ„ËÓ‚‡ÌËfl) Â¯ÂÌËfl ‰Îfl ÔÓ-
ËÁ‚ÓÎ¸Ì˚ı ‡ÒÔÂ‰ÂÎÂÌÌ˚ı ËÒÚÓ˜ÌËÍÓ‚ j(x). èÓ-
ÒÚÂÈ¯‡fl ÒÚ‡Ì‰‡ÚÌ‡fl ÙÓÏ‡ ‡ÒÔÂ‰ÂÎÂÌËfl ÔÎÓÚ-
ÌÓÒÚË ËÒÚÓ˜ÌËÍ‡ – ‡‚ÌÓÏÂÌ‡fl, ÓÔÂ‰ÂÎflÂÏ‡fl Ì‡
ÍÓÌÂ˜ÌÓÏ ËÎË Ì‡ ÔÓÎÛ·ÂÒÍÓÌÂ˜ÌÓÏ ËÌÚÂ‚‡ÎÂ ÍÓÓ-
‰ËÌ‡Ú. îÛÌÍˆËfl “Â‰ËÌË˜ÌÓ„Ó ÒÍ‡˜Í‡” j(x) = δ(x – l1),
Ì‡Á˚‚‡ÂÏ‡fl Ó·˚˜ÌÓ ÙÛÌÍˆËÂÈ ïÂ‚ËÒ‡È‰‡, ‡‚Ì‡ 0
ÔË x < l1 Ë ‡‚Ì‡ 1 ÔË x ≥ l1.

u x( ) = x l l1–( )/ lshchch g1 x l1,( ) x 0; l1[ ] ;∈⇐≡

u x( ) = l x–( ) l1/ lshchch g2 x l1,( ) x l1; l[ ] .∈⇐≡

u x( ) l1–( ) xchexp g1∞ x l1,( ) x⇐ 0; l1[ ] ;∈≡=

u x( ) l1 x–( )expch g2∞ x l1,( ) x⇐ l1; l[ ] .∈≡=

q10

q12

L1

q0

y2

y0

u1, i12

u1, i10
X L1 – X

X – L1 L – X
L2

q2

q(X)

q(X)

‡

·

êËÒ. 2. ê‡Ò˜ÂÚÌ˚Â ÒıÂÏ˚ ÎÂ‚Ó„Ó (‡) Ë Ô‡‚Ó„Ó (·) ÒÂ„-
ÏÂÌÚÓ‚ ÓÚÂÁÍ‡ „ËÙ˚ (ÒÏ. ËÒ. 1), ËÒÔÓÎ¸ÁÛÂÏ˚Â ‰Îfl
ÓÔËÒ‡ÌËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓÚÂÌˆË‡Î‡.
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ÒÏÓÎflÌËÌÓ‚, ÔÓÚ‡ÔÓ‚‡

àÚ‡Í, ÔÛÒÚ¸ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÓÌÌÓ„Ó ÚÓÍ‡ ‚
„ËÙÂ, ÒÓÁ‰‡‚‡ÂÏÓ„Ó ˝ÎÂÍÚÓ„ÂÌÌ˚ÏË Ì‡ÒÓÒ‡ÏË
ÍÎÂÚÓ˜Ì˚ı ÏÂÏ·‡Ì, ËÏÂÂÚ ‚Ë‰ j(x) = ε(x – a), „‰Â a =
= l1 – ‰ÎËÌ‡ ‡ÔËÍ‡Î¸ÌÓ„Ó ÒÂ„ÏÂÌÚ‡, Ì‡ ÍÓÚÓÓÏ
j(x) = 0, ‡ ÔË x ≥ a Ë ‰Ó x = l ÔÎÓÚÌÓÒÚ¸ ÚÓÍ‡ ÔÓÒÚÓ-
flÌÌ‡ Ë ‡‚Ì‡ Â‰ËÌËˆÂ, j(x) = 1. Ç˚‰ÂÎËÏ ÚÓ˜ÍÛ χ Á‡-
‰‡ÌÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ j(χ), χ ∈  [a; l].
èÓÚÂÌˆË‡Î ‚ ÙËÍÒËÓ‚‡ÌÌÓÈ ÚÓ˜ÍÂ x, ÒÓÁ‰‡‚‡ÂÏ˚È
Ï‡Î˚Ï Û˜‡ÒÚÍÓÏ ËÒÚÓ˜ÌËÍ‡ j(χ)dχ, ÓÔËÒ˚‚‡ÂÚÒfl
ÙÛÌÍˆËÂÈ g1(x, χ), ÍÓ„‰‡ χ > x, Ë Í ÌÂÏÛ ÔË·‡‚ÎflÂÚ-
Òfl ÔÓÚÂÌˆË‡Î g2(x, χ), ÍÓ„‰‡ χ < x. í‡Í Í‡Í ÙÛÌÍˆËË
g1(x, χ) Ë g2(x, χ) ‡ÁÎË˜Ì˚, ËÌÚÂ„‡Î¸Ì˚È ÔÓÚÂÌˆË-
‡Î ‚ ÚÓ˜ÍÂ x ÙÓÏËÛÂÚÒfl ËÌÚÂ„ËÓ‚‡ÌËÂÏ ‚ÎËfl-
ÌËÈ ÔÓ ‰‚ÛÏ ËÌÚÂ‚‡Î‡Ï ‡ÒÔÂ‰ÂÎÂÌËfl ËÒÚÓ˜ÌËÍ‡ –
‰Ó ÒÂ˜ÂÌËfl x Ë ÔÓÒÎÂ ˝ÚÓ„Ó ÒÂ˜ÂÌËfl:

èÓÒÎÂ ÛÔÓ˘ÂÌËfl ‚˚˜ËÒÎÂÌÌ˚ı ÔÂ‚ÓÓ·‡Á-
Ì˚ı ÙÛÌÍˆËÈ Ë ÔÓ‰ÒÚ‡ÌÓ‚ÍË a = l1 ÔÓÎÛ˜‡ÂÏ ÒÎÂ‰Û-
˛˘ÂÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î‡ ‚ ‡ÍÚË‚ÌÓÈ ÁÓÌÂ
ËÒÚÓ˜ÌËÍ‡ ÚÓÍ‡:

u(x) = 1 – l – x) /  ⇐  x ∈  [l1; l ≡ l1 + l2], (11)

ËÁ ÍÓÚÓÓ„Ó Ì‡ıÓ‰ËÏ „‡ÌË˜Ì˚Â ÔÓÚÂÌˆË‡Î˚ ‡Í-
ÚË‚ÌÓÈ ÁÓÌ˚:

(11·)

ÑÎfl ÓÔËÒ‡ÌËfl ‡ÒÔÂ‰ÂÎÂÌËfl ÔÓÚÂÌˆË‡Î‡ ‚ Ô‡Ò-
ÒË‚ÌÓÈ ‡ÔËÍ‡Î¸ÌÓÈ ÁÓÌÂ, ‚ÓÒÔÓÎ¸ÁÛÂÏÒfl ÛÔÓ˘ÂÌ-
ÌÓÈ ÙÓÏÛÎÓÈ (8a), ÔË y0 = 0, ÔÓ‰ÒÚ‡‚Îflfl ‚ ÌÂÂ ‚Â-
ÎË˜ËÌÛ u1 ËÁ (11·):

(11‚)

u x( ) g2 x; χ( ) χd

a

x

∫ g1 x χ,( ) χ  =d

x

l

∫+=

=  l x–( ) xsh ash–( )/ lshch x l x–( )/ l.shshch+

(ch l1sh lsh

u1 u l1( )≡ l1 l2/ l,shshch=

u2 u l( )≡ 1 l1/ l.shsh–=

u x( ) = xu1/ l1chch  = x l2/ lshshch x 0; l1[ ] .∈⇐

éÚÒ˛‰‡ Ì‡ıÓ‰ËÏ Â˘Â Ó‰ËÌ „‡ÌË˜Ì˚È ÔÓÚÂÌˆË-
‡Î ‡ÔËÍ‡Î¸ÌÓÈ ‚ÂıÛ¯ÍË „ËÙ˚:

(11„)

ç‡ ̋ ÚÓÏ ÚÂÓÂÚË˜ÂÒÍÓÂ ÓÔËÒ‡ÌËÂ ÔÓÎfl ÔÓÚÂÌˆË-
‡Î‡ u(x), ÙÓÏËÛÂÏÓÂ ‡ÒÔÂ‰ÂÎÂÌÌ˚Ï ËÒÚÓ˜ÌË-
ÍÓÏ ÚÓÍ‡ j(x) = ε(x – l1) ‚ ÏÓ‰ÂÎË Ù‡„ÏÂÌÚ‡ „ËÙ˚
f(l|0, 0), Á‡‚Â¯‡ÂÚÒfl.

éÒÚ‡ÂÚÒfl ÔÓÎÛ˜ËÚ¸ ‡Ì‡ÎÓ„Ë˜ÌÓÂ ÓÔËÒ‡ÌËÂ ‰Îfl
ÏÓ‰ÂÎË f(l|0, 1), ÔÂ‰ÒÚ‡‚Îfl˛˘ÂÈ ÔÓÎÛ·ÂÒÍÓÌÂ˜ÌÓÂ
„ËÙ‡Î¸ÌÓÂ ‰ÂÂ‚Ó. ùÚÓ ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ‰‚ÛÏfl ÒÔÓ-
ÒÓ·‡ÏË, ‰‡˛˘ËÏË Ó‰ËÌ‡ÍÓ‚˚È ÂÁÛÎ¸Ú‡Ú: 1) ÔÓ-
ËÌÚÂ„ËÓ‚‡Ú¸ ÙÛÌÍˆËË ËÒÚÓ˜ÌËÍ‡ (10), ÔÓÎ‡„‡fl
‰ËÒÚ‡Î¸ÌÛ˛ „‡ÌËˆÛ ËÌÚÂ„ËÓ‚‡ÌËfl l = ∞; 2) ÒÓ-
‚Â¯ËÚ¸ ‚ ÔÓÎÛ˜ÂÌÌ˚ı ÙÓÏÛÎ‡ı (11) ÔÂ‰ÂÎ¸Ì˚È
ÔÂÂıÓ‰ l2  ∞. çÂ ÓÒÚ‡Ì‡‚ÎË‚‡flÒ¸ Ì‡ ‚˚˜ËÒÎË-
ÚÂÎ¸Ì˚ı ‰ÂÚ‡Îflı, ‚˚ÔË¯ÂÏ ÂÁÛÎ¸ÚËÛ˛˘ËÂ ÙÓ-
ÏÛÎ˚ ‚ ÚÓÏ ÊÂ ÔÓfl‰ÍÂ, Í‡Í Ë ÙÓÏÛÎ˚ (11‡–„):

(12a)

(12·)

(12‚)

(12„)

ç‡ ËÒ. 3· ÔÓÒÚÓÂÌ˚ „‡ÙËÍË ÙÛÌÍˆËÈ (11) Ë
(12). á‰ÂÒ¸, Í‡Í Ë Ì‡ ËÒ. 3‡, ‰Îfl ‡ÔËÍ‡Î¸ÌÓ„Ó ÒÂ„-
ÏÂÌÚ‡ ‚˚·‡Ì‡ ÔÓÒÚÓflÌÌ‡fl ‰ÎËÌ‡ l1 = 0.5, ‡ ‰ËÒÚ‡Î¸-
Ì˚È ÒÂ„ÏÂÌÚ ÔÂ‰ÒÚ‡‚ÎÂÌ ˜ÂÚ˚¸Ïfl ‚‡Ë‡ÌÚ‡ÏË
‰ÎËÌ˚ l2 ∈  {0.5; 0.8; 1.5; ∞}. èÓÎÂ ÔÓÚÂÌˆË‡Î‡, ÙÓ-
ÏËÛÂÏÓÂ ‡ÒÔÂ‰ÂÎÂÌÌ˚Ï ËÒÚÓ˜ÌËÍÓÏ ÚÓÍ‡ ‰ËÒ-
Ú‡Î¸ÌÓ„Ó ÒÂ„ÏÂÌÚ‡, ÔËÌˆËÔË‡Î¸ÌÓ ÓÚÎË˜‡ÂÚÒfl ÓÚ
ÔÓÎfl ÏËÍÓ˝ÎÂÍÚÓ‰ÌÓ„Ó ËÒÚÓ˜ÌËÍ‡. èË ˝ÚÓÏ,
Í‡Í ‚Ë‰ÌÓ ËÁ ÔË‚Â‰ÂÌÌ˚ı „‡ÙËÍÓ‚, ˜ÂÏ ‰ÎËÌÌÂÂ
‡ÍÚË‚Ì˚È ‰ËÒÚ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ, ÚÂÏ ‚˚¯Â ÔÓÚÂÌˆË-
‡Î Ë Ô‡ÒÒË‚ÌÓ„Ó, Ë ‡ÍÚË‚ÌÓ„Ó ÒÂ„ÏÂÌÚÓ‚.

éÚÌÓÒËÚÂÎ¸Ì˚È ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚È ÍËÚÂËÈ
(1·) ÓÔÂ‰ÂÎflÂÚ ÓÚÌÓ¯ÂÌËÂ „‡ÌË˜Ì˚ı ÏÂÏ·‡Ì-
Ì˚ı ÔÓÚÂÌˆË‡ÎÓ‚ ËÌÚ‡ÍÚÌÓ„Ó „ËÙ‡Î¸ÌÓ„Ó ‚ÓÎÓÍÌ‡.

u0 u 0( )≡ l2/ l.shsh=

u x( ) 1 l1 x–( )expsh– x⇐ l1; ∞);[∈=

u1 u l1( )≡ l1 l1–( ), u∞ u ∞( )≡expch 1;= =

u x( ) x l1–( )expch x 0; l1[ ] .∈⇐=

u0 u 0( )≡ l1–( ).exp=

1

0 1

u(x)

1

02 1 2
xx

‡ ·u(x)

êËÒ. 3. èÓÎfl ÔÓÚÂÌˆË‡Î‡ u(x), ÙÓÏËÛÂÏ˚Â ÏËÍÓ˝ÎÂÍÚÓ‰Ì˚Ï ËÒÚÓ˜ÌËÍÓÏ ÚÓÍ‡ (‡) Ë ‡ÒÔÂ‰ÂÎÂÌÌ˚ÏË ËÒÚÓ˜ÌËÍ‡ÏË
ÚÓÍ‡ (·). Ç ˝ÚËı ÔËÏÂ‡ı ‡ÔËÍ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ ËÏÂÂÚ ÙËÍÒËÓ‚‡ÌÌÛ˛ ‰ÎËÌÛ L1 = λ/2, ‡ ‰ËÒÚ‡Î¸Ì˚È ÒÂ„ÏÂÌÚ ÔÂ‰ÒÚ‡‚ÎÂÌ
˜ÂÚ˚¸Ïfl ‚‡Ë‡ÌÚ‡ÏË ‰ÎËÌ: L1 = λ/2, λ, 3λ/2, ∞. é·ÓÁÌ‡˜ÂÌËfl ‚ ÚÂÍÒÚÂ.
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ì˜ËÚ˚‚‡fl ÙÓÏÛÎ˚ (12·) Ë (12„), Ï˚ ÏÓÊÂÏ ˝ÚÓÚ
ÍËÚÂËÈ ÚÂÔÂ¸ ÔÂ‰ÒÚ‡‚ËÚ¸ ÒÎÂ‰Û˛˘ËÏ Ó·‡-
ÁÓÏ: 

K ≡ u∞/u0 ≈ 1.625 = exp(l1) ⇒ l1 = ln(K) = 0.4855, (13)

Ú.Â. Í‡Í ÍËÚÂËÈ ÓˆÂÌÍË ‰ÎËÌ˚ Ô‡ÒÒË‚ÌÓÈ ‡ÔË-
Í‡Î¸ÌÓÈ ÁÓÌ˚. ÇÒÔÓÏËÌ‡fl Ó ÔËÌflÚÓÏ ‚˚¯Â Ô‡-
‚ËÎÂ Ï‡Ò¯Ú‡·ËÓ‚‡ÌËfl ‰ÎËÌ Ë ‡ÒÒÚÓflÌËÈ, Ï˚ ÏÓ-
ÊÂÏ ‰‡Ú¸ ÏÂÚË˜ÂÒÍÛ˛ ËÌÚÂÔÂÚ‡ˆË˛ ÓˆÂÌÍË
(13):

L1 ≡ l1λ = γλ ⇐  γ = 0.4855 ≈ 0.5, (14)

„‰Â γ – ÍÓ˝ÙÙËˆËÂÌÚ “‡ÔËÍ‡Î¸ÌÓÈ Ô‡ÒÒË‚ÌÓÒÚË”.
àÚ‡Í, ‰ÎËÌ‡ Ô‡ÒÒË‚ÌÓÈ ‡ÔËÍ‡Î¸ÌÓÈ ÁÓÌ˚ „ËÙ‡Î¸-

ÌÓ„Ó ‚ÓÎÓÍÌ‡ ‡‚Ì‡ ÔËÏÂÌÓ ÔÓÎÓ‚ËÌÂ ı‡‡ÍÚÂË-
ÒÚË˜ÂÒÍÓÈ ‰ÎËÌ˚: ÂÒÎË (ÒÏ. [9]) λ = 0.4–0.5 ÏÏ, ÚÓ
L1 = 0.2–0.25 ÏÏ.

éÅëìÜÑÖçàÖ

èÓÎÛ˜ÂÌÌ‡fl ÓˆÂÌÍ‡ (14) ‰ÎËÌ˚ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„-
ÏÂÌÚ‡ fl‚ÎflÂÚÒfl, ÒÚÓ„Ó „Ó‚Ófl, Ó·Ó·˘ÂÌÌÓÈ, ÔÓ-
ÒÍÓÎ¸ÍÛ ÓÒÌÓ‚‡Ì‡ Ì‡ Ó·Ó·˘ÂÌÌ˚ı ËÒıÓ‰Ì˚ı ‰‡Ì-
Ì˚ı (1) ‰Îfl ËÌÚ‡ÍÚÌÓ„Ó „ËÙ‡Î¸ÌÓ„Ó ‚ÓÎÓÍÌ‡. ÑÎfl
Ô‡ÍÚË˜ÂÒÍËı ÔËÎÓÊÂÌËÈ ÒÛ˘ÂÒÚ‚ÂÌÌÓ, ‚ Í‡ÍÓÈ
ÏÂÂ ÓˆÂÌÍ‡ (14), Ú.Â. ‚ÂÎË˜ËÌ‡ γ ≈ 0.5, ÒÓ„Î‡ÒÛÂÚÒfl
Ò ÍÓÌÍÂÚÌ˚ÏË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË.

ÑÎfl ÓÚ‚ÂÚ‡ Ì‡ ̋ ÚÓÚ ‚ÓÔÓÒ ‡ÒÒÏÓÚËÏ ÍÓÌÍÂÚ-
Ì˚Â ‰‡ÌÌ˚Â (Ú‡·ÎËˆ‡), ÔË‚Â‰ÂÌÌ˚Â ‚ ‡·ÓÚÂ [4] Ë
‰ÓÔÓÎÌÂÌÌ˚Â ÓˆÂÌÍ‡ÏË ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓÈ ‰ÎË-
Ì˚ λ, ÍÓÚÓ˚Â ‰Îfl ÚÂı ÊÂ ÚÂı Ó·˙ÂÍÚÓ‚ ÔÓÎÛ˜ÂÌ˚
‚ ‡·ÓÚÂ [9].

ÑÎfl ËÌÚ‡ÍÚÌÓ„Ó ‚ÓÎÓÍÌ‡ „ËÙ˚ ‚ Ú‡·ÎËˆÂ ÔË‚Â-
‰ÂÌ˚ ‰‡ÌÌ˚Â Ó ÍÓÓ‰ËÌ‡Ú‡ı Ë ÔÓÚÂÌˆË‡Î‡ı ‚ ‰‚Ûı
ÚÓ˜Í‡ı: {X1, X2, U1, U2}. ùÚËı ‰‡ÌÌ˚ı ‚ÔÓÎÌÂ ‰ÓÒÚ‡-
ÚÓ˜ÌÓ, ˜ÚÓ·˚ ÔÓÒÚÓËÚ¸ ÚÂÓÂÚË˜ÂÒÍÛ˛ ÍË‚Û˛
ÏÂÏ·‡ÌÌÓ„Ó ÔÓÚÂÌˆË‡Î‡ U(X), ÔÓıÓ‰fl˘Û˛ ˜ÂÂÁ
‰‚Â ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÚÓ˜ÍË U1(X1) Ë U2(X2). ÑÂÈ-
ÒÚ‚ËÚÂÎ¸ÌÓ, ‚˚‡ÁËÏ Ò‚flÁ¸ ËÁÏÂflÂÏÓÈ ‚ÂÎË˜ËÌ˚
ÔÓÚÂÌˆË‡Î‡ U(X) Ò ÚÂÓÂÚË˜ÂÒÍÓÈ (ÌÓÏËÓ‚‡Ì-
ÌÓÈ, ÒÏ. ‚˚¯Â) ‚ÂÎË˜ËÌÓÈ ÔÓÚÂÌˆË‡Î‡ u(x) ≡ u(X/λ)
ÒÎÂ‰Û˛˘ËÏ ÂÒÚÂÒÚ‚ÂÌÌ˚Ï Ó·‡ÁÓÏ:

U ≡ Au + E ⇒  U1 ≡ Au1 + E, U2 ≡ Au2 + E; (15)

„‰Â A – ‡ÏÔÎËÚÛ‰Ì˚È (“Ï‡Ò¯Ú‡·Ì˚È”) ÍÓ˝ÙÙËˆË-
ÂÌÚ, E – ˝Í‚ËÔÓÚÂÌˆË‡Î¸Ì‡fl ÍÓÏÔÓÌÂÌÚ‡ åè ËÎË
‚ÂÎË˜ËÌ‡ ÔÓÒÚÓflÌÌ˚ı ÏÂÏ·‡ÌÌ˚ı ËÒÚÓ˜ÌËÍÓ‚
ùÑë (ÒÏ. ‚˚¯Â).

á ‡ Ï Â ˜ ‡ Ì Ë Â  Ó  Ò Ë Ï ‚ Ó Î ‡ ı. èÓÔËÒÌ˚Â
·ÛÍ‚˚ X Ë L Ó·ÓÁÌ‡˜‡˛Ú ‡ÁÏÂÌ˚Â ÍÓÓ‰ËÌ‡Ú˚
Ë ‰ÎËÌ˚, ‡ ÒÚÓ˜Ì˚Â x Ë l – ·ÂÁ‡ÁÏÂÌ˚Â: x ≡ X/λ,
l ≡ L/λ.

ëËÒÚÂÏ‡ ‰‚Ûı ÎËÌÂÈÌ˚ı Û‡‚ÌÂÌËÈ (15) ËÏÂÂÚ
‰‚Â ÌÂËÁ‚ÂÒÚÌ˚Â ‚ÂÎË˜ËÌ˚ {A, E}, ‰‚Â ËÁ‚ÂÒÚÌ˚Â
ËÁ ˝ÍÒÔÂËÏÂÌÚ‡ ‚ÂÎË˜ËÌ˚ ÔÓÚÂÌˆË‡Î‡ {U1, U2}, ‡
ÁÌ‡ÌËÂ ‰‚Ûı ÍÓÓ‰ËÌ‡Ú – ÔË ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÏ ÁÌ‡-
ÌËË Ô‡‡ÏÂÚÓ‚ λ Ë γ, ÌÂÓ·ıÓ‰ËÏÓ ‰Îfl ‚˚˜ËÒÎÂÌËfl
‰‚Ûı ÏÓ‰ÂÎ¸Ì˚ı ÔÓÚÂÌˆË‡ÎÓ‚ uk ≡ u(xk|λ, γ), k = 1, 2.

èÛÒÚ¸ ‰‡ÎÂÂ γ = 0.5. íÓ„‰‡, ÒÓ„Î‡ÒÌÓ (14), ‰ÎËÌ‡
Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ L1 ≡ λ/2. ÑÎfl
‚ÒÂı ÚÂı Ó·˙ÂÍÚÓ‚ X1 < L1 Ë X2 > L1 (ÒÏ. Ú‡·ÎËˆÛ),
Ú.Â. Ó‰ËÌ ˝ÎÂÍÚÓ‰ (Ó‰ÌÓ‚ÂÏÂÌÌÓ ÚÓÍÓ‚˚È Ë ËÁÏÂ-
ËÚÂÎ¸Ì˚È [9]) Ì‡ıÓ‰ËÚÒfl ‚ Ô‡ÒÒË‚ÌÓÏ ÒÂ„ÏÂÌÚÂ, ‡
‚ÚÓÓÈ ˝ÎÂÍÚÓ‰ (ËÁÏÂËÚÂÎ¸Ì˚È) – ‚ ‡ÍÚË‚ÌÓÏ
ÒÂ„ÏÂÌÚÂ. èÓ˝ÚÓÏÛ, ÒÓ„Î‡ÒÌÓ (12), ÏÓ‰ÂÎ¸Ì˚Â ÔÓ-
ÚÂÌˆË‡Î˚ u1, u2 ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÏË ÙÓ-
ÏÛÎ‡ÏË:

(16a)

ëÌ‡˜‡Î‡ ‚˚˜ËÒÎËÏ ÔÓÒÎÂ‰ÌËÂ ÔÓÚÂÌˆË‡Î˚ Ë Á‡-
ÚÂÏ Â¯ËÏ ÒËÒÚÂÏÛ (15):

(16·)

ê‡Ò˜ÂÚÌ˚Â ‚ÂÎË˜ËÌ‡ ùÑë Ö Ë ‡ÏÔÎËÚÛ‰˚ Ä ‰‡Ì˚
‚ Ú‡·ÎËˆÂ. àÒÔÓÎ¸ÁÛfl ÙÓÏÛÎ˚ (12·) Ë (12„), ‡
Ú‡ÍÊÂ Û‡‚ÌÂÌËfl (15), ÓÔÂ‰ÂÎËÏ Â˘Â „‡ÌË˜Ì˚Â
ÔÓÚÂÌˆË‡Î˚ (ÒÏ. Ú‡·ÎËˆÛ) – ÔÓÚÂÌˆË‡Î ‡ÔËÍ‡Î¸-
ÌÓÈ ‚ÂıÛ¯ÍË U0 Ë ‡ÒËÏÔÚÓÚË˜ÂÒÍËÈ ‰ËÒÚ‡Î¸Ì˚È
ÔÓÚÂÌˆË‡Î U∞:

U0 ≡ E + A , U∞ ≡ E + A. (16‚)

ÄÔÔÓÍÒËÏ‡ˆËÓÌÌ˚Â ÍË‚˚Â U(X) ÔÓÎfl ÔÓÚÂÌ-
ˆË‡Î‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ ‰Îfl ÚÂı ˝ÍÒÔÂËÏÂÌÚ‡Î¸-

u1 x1 l1–( ), u2expch 1 l1 x2–( )exp .sh–= =

E = u2U1 u1U2–( )/ u2 u1–( ), A = U1 E–( )/u1.

eγ
–

ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â Ë ÏÓ‰ÂÎ¸Ì˚Â ÓˆÂÌÍË „ÂÓÏÂÚË˜ÂÒÍËı Ë ̋ ÎÂÍÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ „ËÙ Neurospora crassa

‹ Ô/Ô X1, ÏÏ X2, ÏÏ U1, ÏÇ U2, ÏÇ , ÏÇ L*, ÏÏ λ, ÏÏ L1, ÏÏ E, ÏÇ A U∞, ÏÇ U0, ÏÇ γ*

1 0.13 0.36 110 125 50 0.20 0.36 0.18 50 93 143 106 0.556

2 0.06 0.45 130 145 100 0.20 0.46 0.23 82 78 160 129 0.334

3 0.10 0.50 120 150 55 0.30 0.48 0.24 25 154 179 118 0.5

èËÏÂ˜‡ÌËÂ. ëÓ‰ÂÊ‡˘ËÂÒfl ‚ Ú‡·ÎËˆÂ „ÂÓÏÂÚË˜ÂÒÍËÂ Ë ˝ÎÂÍÚË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ {X1, X2, U1, U2, , L*} ‰Îfl Í‡Ê‰Ó„Ó ËÁ

ÚÂı Ó·˙ÂÍÚÓ‚ ÓÚÌÓÒflÚÒfl Í ËÌÚ‡ÍÚÌÓÈ „ËÙÂ Ë Í ‚ÂıÛ¯Â˜ÌÓÏÛ Ù‡„ÏÂÌÚÛ ÚÓÈ ÊÂ „ËÙ˚. ùÚË ‰‡ÌÌ˚Â ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÒÎÂ‰Û˛-
˘ÂÈ ÒıÂÏÂ ˝ÎÂÍÚÓÙËÁËÓÎÓ„Ë˜ÂÒÍÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡ (ÒÏ. [9]). ëÌ‡˜‡Î‡ ˝ÎÂÍÚÓ‰‡ÏË ù1 Ë ù2, ËÏÂ˛˘ËÏË ÍÓÓ‰ËÌ‡Ú˚ X1 Ë X2,
ËÁÏÂflÎËÒ¸ ÏÂÏ·‡ÌÌ˚Â ÔÓÚÂÌˆË‡Î˚ U1 Ë U2 ËÌÚ‡ÍÚÌÓ„Ó „ËÙ‡Î¸ÌÓ„Ó ‚ÓÎÓÍÌ‡. èÓÒÎÂ ˝ÚËı ËÁÏÂÂÌËÈ ÔËÏÂÌÓ ‚ ÒÂ‰ÌÂÈ
ÏÂÊ‰Û ˝ÎÂÍÚÓ‰‡ÏË ÚÓ˜ÍÂ ÔÓËÁ‚Ó‰ËÎÓÒ¸ ÎÓÍ‡Î¸ÌÓÂ ÏÂı‡ÌË˜ÂÒÍÓÂ ÔÓ‚ÂÊ‰ÂÌËÂ Ó‰ÌÓÈ ÍÎÂÚÍË Ò ˆÂÎ¸˛ ˝ÎÂÍÚË˜ÂÒÍÓÈ ËÁÓ-
ÎflˆËË ‡ÔËÍ‡Î¸ÌÓ„Ó Ù‡„ÏÂÌÚ‡ ‰ÎËÌ˚ L* > X1. èÓÒÎÂ ˝ÚÓ„Ó ÚÂÏ ÊÂ ˝ÎÂÍÚÓ‰ÓÏ ù1 ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ËÁÏÂflÎÒfl ÔÓÚÂÌˆË‡Î  ‚

ÚÓÈ ÊÂ ÚÓ˜ÍÂ X1 < L*.

U1*

U1
*

U1
*
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ÒÏÓÎflÌËÌÓ‚, ÔÓÚ‡ÔÓ‚‡

Ì˚ı Ó·˙ÂÍÚÓ‚ ËÁ Ú‡·ÎËˆ˚ ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 4‡. ç‡
Í‡Ê‰ÓÈ ËÁ ÍË‚˚ı U(X), ÍÓÚÓ˚Â ÒÌ‡·ÊÂÌ˚ Ë‰ÂÌ-
ÚËÙËÍ‡ÚÓ‡ÏË IH1–3, ‚˚‰ÂÎÂÌ˚ ÚË ÚÓ˜ÍË: ÔÂ‰-
ÒÚ‡‚Îfl˛˘ËÂ, ‚Ó-ÔÂ‚˚ı, ÏËÍÓ˝ÎÂÍÚÓ‰Ì˚Â ËÁÏÂ-
ÂÌËfl U1(X1) Ë U2(X2) – ˝ÚË ÚÓ˜ÍË ÒÌ‡·ÊÂÌ˚ Ï‡-
ÍÂÌ˚ÏË ‚ÂÚËÍ‡Î¸Ì˚ÏË ÒÚÂÎÍ‡ÏË, ‚Ó-‚ÚÓ˚ı –
„‡ÌËˆÛ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡, ÍÓÚÓ‡fl Ì‡ıÓ‰ËÚÒfl
ÏÂÊ‰Û ˝ÎÂÍÚÓ‰Ì˚ÏË ÚÓ˜Í‡ÏË.

àÚ‡Í, ‰Îfl ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ ÚÂÓÂÚË˜ÂÒÍ‡fl ÓˆÂÌ-
Í‡ (14) ‰ÎËÌ˚ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ ÒÓ„Î‡ÒÛÂÚÒfl Ò
ÍÓÌÍÂÚÌ˚ÏË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË Ë
ÔÓÁ‚ÓÎflÂÚ ‰Îfl Í‡Ê‰Ó„Ó ÒÎÛ˜‡fl ÂÍÓÌÒÚÛËÓ‚‡Ú¸
‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÚÂÌˆË‡Î‡ U(X) ‚‰ÓÎ¸ ‚ÓÎÓÍÌ‡.

ÖÒÎË ·˚ Ï˚ ‡ÒÔÓÎ‡„‡ÎË ÚÓÎ¸ÍÓ ‰‡ÌÌ˚ÏË {X1,
X2, U1, U2} ‰Îfl ËÌÚ‡ÍÚÌÓÈ „ËÙ˚, ÚÓ Ì‡ ̋ ÚÓÏ Ï˚ ÏÓ„-
ÎË ·˚ Á‡‚Â¯ËÚ¸ Ì‡¯Â Ó·ÒÛÊ‰ÂÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚Ëfl
ÚÂÓËË Ë ˝ÍÒÔÂËÏÂÌÚ‡. é‰Ì‡ÍÓ, ‡ÒÔÓÎ‡„‡fl ‰Ó-
ÔÓÎÌËÚÂÎ¸Ì˚ÏË ‰‡ÌÌ˚ÏË {  = X1, , L*} Ó ÔÓ-

ÚÂÌˆË‡ÎÂ  Ù‡„ÏÂÌÚ‡ ‚ ÚÓ˜ÍÂ  Ë Ó Â„Ó ‰ÎËÌÂ
L*, Ï˚ ÏÓÊÂÏ ÔÓÔ˚Ú‡Ú¸Òfl ÓÔÂ‰ÂÎËÚ¸ ‰ÎËÌÛ Ô‡Ò-
ÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ Ù‡„ÏÂÌÚ‡  ≡ γ*λ, Ò˜ËÚ‡fl, Í‡Í
˝ÚÓ Ë ‰ÂÎ‡ÎÓÒ¸ ‚ ‡·ÓÚÂ [9], ı‡‡ÍÚÂËÒÚË˜ÂÒÍÛ˛
‰ÎËÌÛ λ Ó‰ËÌ‡ÍÓ‚ÓÈ ‰Îfl ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ Ë ÂÂ
Ù‡„ÏÂÌÚ‡. äÓÏÂ ÚÓ„Ó, ‰Îfl ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó
Ò‡‚ÌËÚÂÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡ Ï˚ ÏÓÊÂÏ ÔËÌflÚ¸ „ËÔÓ-
ÚÂÁÛ ÒÓı‡ÌÂÌËfl ‚ÂÎË˜ËÌ˚ ùÑë Ë ‡ÏÔÎËÚÛ‰ÌÓ„Ó
ÍÓ˝ÙÙËˆËÂÌÚ‡: 

E* = E, A* = A. (17)

ÉËÔÓÚÂÁ‡ ÌÂËÁÏÂÌÌÓÒÚË (17) Ò‚ÓÈÒÚ‚ ËÒÚÓ˜ÌË-
ÍÓ‚ ùÑë Ë ÔÓÚÓÌÌÓ„Ó ÚÓÍ‡ ÔÓÁ‚ÓÎflÂÚ Ì‡Ï Ó„‡ÌË-
˜ËÚ¸Òfl ‚ÓÔÓÒÓÏ Ò‡‚ÌËÚÂÎ¸ÌÓÈ ÓˆÂÌÍË ‰ÎËÌ˚
Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ Ù‡„ÏÂÌÚ‡. àÌ‡˜Â „Ó‚Ófl,
Ì‡Ï ÚÂÔÂ¸ ÚÂ·ÛÂÚÒfl ÓˆÂÌËÚ¸: ÒÔ‡‚Â‰ÎË‚‡ ÎË „Ë-
ÔÓÚÂÁ‡ γ* = γ, Ú.Â. ÒÓı‡Ìfl˛Ú ÎË ˝ÎÂÍÚË˜ÂÒÍË ËÁÓ-
ÎËÓ‚‡ÌÌ˚Â ‚ÂıÛ¯Â˜Ì˚Â Ù‡„ÏÂÌÚ˚ „ËÙ˚ ‰ÎËÌÛ
Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚?

X1* U1*

U1* x1*

L1*

àÁ ÔÓÎÛ˜ÂÌÌ˚ı ÓˆÂÌÓÍ ÒÎÂ‰ÛÂÚ, ̃ ÚÓ Ù‡„ÏÂÌÚ˚
„ËÙ˚ ÌÂ ‚ÒÂ„‰‡ Û‰Ó‚ÎÂÚ‚Ófl˛Ú „ËÔÓÚÂÁÂ γ* = γ.
ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‰Îfl ÚÂı Ó·˙ÂÍÚÓ‚, ÔÂ‰ÒÚ‡‚ÎÂÌ-
Ì˚ı ‚ Ú‡·ÎËˆÂ, Ï˚ ËÏÂÂÏ ÒÎÂ‰Û˛˘ËÂ ÔÂ‰‚‡Ë-
ÚÂÎ¸Ì˚Â Á‡ÍÎ˛˜ÂÌËfl.

1. ÑÎËÌ‡ Ù‡„ÏÂÌÚ‡ 1-„Ó Ó·˙ÂÍÚ‡ L* = 0.2 ÏÏ ÌÂ-
ÏÌÓ„Ó ·ÓÎ¸¯Â ‰ÎËÌ˚ L1 = 0.18 ÏÏ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„-
ÏÂÌÚ‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚. èÓ˝ÚÓÏÛ, ÔËÌËÏ‡fl „ËÔÓ-
ÚÂÁÛ γ* = γ, Ï˚ ‰ÓÎÊÌ˚ ÓÊË‰‡Ú¸, ˜ÚÓ ‚ÂÎË˜ËÌ‡ 
·Û‰ÂÚ ÌÂÏÌÓ„Ó ·ÓÎ¸¯Â ‚ÂÎË˜ËÌ˚ E. èÓÎÛ˜ÂÌÌÓÂ
ÒÓ‚Ô‡‰ÂÌËÂ ̋ ÚËı ÔÓÚÂÌˆË‡ÎÓ‚  = E = 50 ÏÇ ÏÓÊ-
ÌÓ Ó·˙flÒÌËÚ¸ ÚÂÏ, ̃ ÚÓ ‰ÎËÌ‡ Ù‡„ÏÂÌÚ‡ Á‰ÂÒ¸ ÒÓ‚Ô‡-
‰‡ÂÚ Ò ‰ÎËÌÓÈ Â„Ó Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡, L* =  > L1,
ÁÌ‡˜ËÚ Á‰ÂÒ¸ γ* > γ.

2. ç‡ÔÓÚË‚, ‰ÎËÌ‡ Ù‡„ÏÂÌÚ‡ 2-„Ó Ó·˙ÂÍÚ‡
L* = 0.2 ÏÏ ÏÂÌ¸¯Â ‰ÎËÌ˚ L1 = 0.23 ÏÏ Ô‡ÒÒË‚ÌÓ„Ó
ÒÂ„ÏÂÌÚ‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚. èÓ˝ÚÓÏÛ Á‰ÂÒ¸, ÒÎÂ‰Ûfl
„ËÔÓÚÂÁÂ γ* = γ, Ï˚ ‰ÓÎÊÌ˚ ÓÊË‰‡Ú¸, ̃ ÚÓ ‚ÂÎË˜ËÌ‡

 ·Û‰ÂÚ ‡‚Ì‡ ‚ÂÎË˜ËÌÂ E. çÓ ‰Îfl ˝ÚÓ„Ó Ó·˙ÂÍÚ‡
(ÒÏ. Ú‡·ÎËˆÛ) ı‡‡ÍÚÂÌÓ ÔÂ‚˚¯ÂÌËÂ Â„ËÒÚËÛ-
ÂÏÓ„Ó ÔÓÚÂÌˆË‡Î‡  = 100 ÏÇ ‚ÂÎË˜ËÌ˚ E = 82

ÏÇ. óÚÓ·˚ Ó·˙flÒÌËÚ¸ ÌÂ‡‚ÂÌÒÚ‚Ó  > E, ÌÛÊÌÓ

Ò˜ËÚ‡Ú¸  < L1, Ú.Â. ˜ÚÓ ‰ÎËÌ‡ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌ-
Ú‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ ÛÏÂÌ¸¯‡ÂÚÒfl ÔË ÙÓÏËÓ‚‡-
ÌËË Ù‡„ÏÂÌÚ‡.

3. ç‡ÍÓÌÂˆ, ‰ÎËÌ‡ Ù‡„ÏÂÌÚ‡ 3-„Ó Ó·˙ÂÍÚ‡ L* =
0.3 ÏÏ ·ÓÎ¸¯Â ‰ÎËÌ˚ L1 = 0.24 ÏÏ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„-
ÏÂÌÚ‡ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ Ë ÔÓÚÂÌˆË‡Î  = 55 ÏÇ
·ÓÎ¸¯Â E = 25 ÏÇ. èÓ˝ÚÓÏÛ ‰Îfl ˝ÚÓ„Ó Ó·˙ÂÍÚ‡ „Ë-
ÔÓÚÂÁ‡ γ* = γ ‚ÔÓÎÌÂ ÒÔ‡‚Â‰ÎË‚‡.

åÓÊÌÓ ÎË ÓˆÂÌÍÛ ‰ÎËÌ˚ Ô‡ÒÒË‚ÌÓ„Ó ÒÂ„ÏÂÌÚ‡
Ù‡„ÏÂÌÚ‡ ËÎË ‚ÂÎË˜ËÌ˚ γ* ÔÓÎÛ˜ËÚ¸ ‡Ì‡ÎËÚË˜ÂÒ-
ÍËÏË ÒÂ‰ÒÚ‚‡ÏË?

ÑÓÔÓÎÌËÏ ÒËÒÚÂÏÛ (15) ÚÂÚ¸ËÏ Û‡‚ÌÂÌËÂÏ,
Û˜ËÚ˚‚‡fl „ËÔÓÚÂÁÛ (17):

U1*

U1*

L1*

U1*

U1*
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U1*

120

0 0.2

U, ÏÇ

0
0.4 0.8

γX, ÏÏ

‡ ·
160

80

40
0.6

0.6

0.8

0.4

0.2

0.2 0.4 0.6

F(γ)

IH3 IH2

IH1

FH2

FH3
FH1

1

2

3

êËÒ. 4. êÂÍÓÌÒÚÛÍˆËË ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÓÚÂÌË‡ÎÓ‚ U(X) ‚ ËÌÚ‡ÍÚÌ˚ı „ËÙ‡ı Ë ËÁÓÎËÓ‚‡ÌÌ˚ı Ù‡„ÏÂÌÚ‡ı (‡), ‡ Ú‡ÍÊÂ
Í‡ÎË·Ó‚Ó˜Ì˚Â ÍË‚˚Â γ* = F(γ), ÓÔÂ‰ÂÎfl˛˘ËÂ Ò‚flÁ¸ ‰ÎËÌ Ô‡ÒÒË‚Ì˚ı ÒÂ„ÏÂÌÚÓ‚ „ËÙ˚ Ë Ù‡„ÏÂÌÚ‡ (·). é·ÓÁÌ‡˜ÂÌËfl ‚
ÚÂÍÒÚÂ 
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(18)

„‰Â ÏÓ‰ÂÎ¸Ì˚È ÔÓÚÂÌˆË‡Î , ‰Îfl ËÌÚÂÂÒÛ˛˘Ëı

Ì‡Ò ÒÎÛ˜‡Â‚ L* ≤  ≡ γ*λ, ÓÔÂ‰ÂÎËÏ ÔÓ ÙÓÏÛÎÂ
(11Ò):

 ≡ u(x1) = l* – γ*)/ . (19)

àÒÍÎ˛˜‡fl ÚÂÔÂ¸ ËÁ ÚÓÈÍË Û‡‚ÌÂÌËÈ (18) Ó‰Ë-
Ì‡ÍÓ‚˚Â ÍÓÌÒÚÌ‡ÌÚ˚ A Ë E, ÔÓÎÛ˜ËÏ Ó‰ÌÓ Û‡‚ÌÂ-
ÌËÂ

(U2 – )u1 – (U1 – )u2 = (U2 – U1) , (20)

ÍÓÚÓÓÂ ·Û‰ÂÏ ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í ÌÂfl‚ÌÛ˛ ÙÛÌÍ-
ˆË˛, Ò‚flÁ˚‚‡˛˘Û˛ ‚ÂÎË˜ËÌ˚ γ* Ë γ. óÚÓ·˚ ÓÔÂ-
‰ÂÎËÚ¸ ÙÛÌÍˆËÓÌ‡Î¸ÌÛ˛ Ò‚flÁ¸ γ* = F(γ) fl‚Ì˚Ï Ó·-
‡ÁÓÏ, ÔÂÂÔË¯ÂÏ Û‡‚ÌÂÌËÂ (20), Û˜ËÚ˚‚‡fl ÓÔÂ-
‰ÂÎÂÌËfl (19) Ë (16a):

(21a)

„‰Â a1 ≡ (U1 – )/(U2 – U1), a2 ≡ (U2 – )/(U2 – U1),

b ≡ /  – ÍÓÌÒÚ‡ÌÚ˚, ‡ ÔÂÂÏÂÌÌ˚ÏË ‚ÂÎË-
˜ËÌ‡ÏË, Á‡‚ËÒfl˘ËÏË ÓÚ ÔÂÂÏÂÌÌÓÈ γ, fl‚Îfl˛ÚÒfl,
ÒÓ„Î‡ÒÌÓ ÓÔÂ‰ÂÎÂÌËflÏ (16a), ÏÓ‰ÂÎ¸Ì˚Â ÔÓÚÂÌ-
ˆË‡Î˚ u1 Ë u2:

(21·)

É‡ÙËÍË ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı Á‡‚ËÒËÏÓÒÚÂÈ γ* =
F(γ) ‰Îfl ÚÂı Ó·˙ÂÍÚÓ‚ ËÁ Ú‡·ÎËˆ˚ ‰‡Ì˚ Ì‡ ËÒ. 4·,
Ì‡ ÍÓÚÓ˚ı ‚˚‰ÂÎÂÌ˚ ÚÓ˜ÍË, ÔÂ‰ÒÚ‡‚Îfl˛˘ËÂ ËÒ-
ÍÓÏ˚Â ÓˆÂÌÍË ÍÓ˝ÙÙËˆËÂÌÚ‡ Ô‡ÒÒË‚ÌÓÒÚË Ù‡„-
ÏÂÌÚ˚ γ* ‰Îfl Ó‰ËÌ‡ÍÓ‚Ó„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ Ô‡ÒÒË‚-
ÌÓÒÚË ËÌÚ‡ÍÚÌÓÈ „ËÙ˚ γ = 0, 5, Ú.Â. ÓÔÂ‰ÂÎflÂÏ˚Â
Í‡Í γ* = F(0.5). ùÚË ÓˆÂÌÍË (ÒÏ. Ú‡·ÎËˆÛ) ÒÓÓÚ‚ÂÚÒÚ-
‚Û˛Ú ÔÂ‰˚‰Û˘ËÏ ÔÂ‰‚‡ËÚÂÎ¸Ì˚Ï ÔÓ„ÌÓÁ‡Ï (1–
3): ‰Îfl 1-„Ó Ó·˙ÂÍÚ‡ γ* > γ, ‰Îfl 2-„Ó Ó·˙ÂÍÚ‡ γ* < γ,
ÌÓ ‰Îfl 3-„Ó Ó·˙ÂÍÚ‡ ÒÔ‡‚Â‰ÎË‚‡ „ËÔÓÚÂÁ‡ γ* = γ.

èÓÎÛ˜Ë‚ ÓˆÂÌÍË ‰ÎËÌ˚ Ô‡ÒÒË‚ÌÓÈ ˜‡ÒÚË Ù‡„-
ÏÂÌÚ‡, Ï˚ ÏÓÊÂÏ Á‡‚Â¯ËÚ¸ ÂÍÓÌÒÚÛÍˆË˛ ÔÓÎfl
ÔÓÚÂÌˆË‡Î‡ Í‡Ê‰Ó„Ó ËÁ ÚÂı Ù‡„ÏÂÌÚÓ‚ (ÒÏ.
ËÒ. 4‡), ÍÓÚÓ‡fl Û‰Ó‚ÎÂÚ‚ÓflÂÚ „ËÔÓÚÂÁÂ ÌÂËÁÏÂÌ-

ÌÓÒÚË (17) Ò‚ÓÈÒÚ‚ ËÒÚÓ˜ÌËÍÓ‚ ùÑë Ë ÔÓÚÓÌÌÓ„Ó
ÚÓÍ‡ ÔË ÏÂı‡ÌË˜ÂÒÍÓÏ ÓÚ‰ÂÎÂÌËË ‚ÂıÛ¯Â˜Ì˚ı
Ù‡„ÏÂÌÚÓ‚ ÓÚ ËÌÚ‡ÍÚÌÓÈ „ËÙ˚.

Ç Á‡ÍÎ˛˜ÂÌËÂ ÒÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ „ËÔÓÚÂÁ‡
(17) Á‡ÒÎÛÊË‚‡ÂÚ ÒÔÂˆË‡Î¸ÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl Ò
ÔË‚ÎÂ˜ÂÌËÂÏ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚ı ‰‡ÌÌ˚ı. éÔËÒ‡ÌÌ‡fl ‚˚¯Â ÏÂÚÓ‰ËÍ‡ ÏÓ‰ÂÎ¸-
ÌÓÈ ÂÍÓÌÒÚÛÍˆËË ÌÂÓ‰ÌÓÓ‰ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl
ÔÓÚÂÌˆË‡Î‡ ‚‰ÓÎ¸ „Ë·ÌÓÈ „ËÙ˚ ‰ÓÔÛÒÍ‡ÂÚ ÔÓ-
‚ÂÍÛ ‡ÁÌ˚ı ÏÓ‰ËÙËÍ‡ˆËÈ ‚˚‰ÂÎÂÌÌ˚ı „ËÔÓÚÂÁ. 

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ‰‡ÌÌÓÈ ‡·ÓÚÂ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ
ÔÓÒÚÓÈ ÏÓ‰ÂÎË ‡ÒÔÂ‰ÂÎÂÌÌÓ„Ó ÚÓÍÓ‚Ó„Ó ËÒÚÓ˜-
ÌËÍ‡ ıÂ‚ËÒ‡È‰Ó‚ÒÍÓ„Ó ÚËÔ‡ ÔÓÁ‚ÓÎËÎÓ ‡Á‡·ÓÚ‡Ú¸
ÌÓ‚Û˛ ˝ÙÙÂÍÚË‚ÌÛ˛ ÏÂÚÓ‰ËÍÛ ÔÓÎÌÓÈ ÂÍÓÌÒÚ-
ÛÍˆËË ÔÓÎfl ÔÓÚÂÌˆË‡Î‡ Í‡Í ËÌÚ‡ÍÚÌÓÈ „ËÙ˚, Ú‡Í
Ë ÂÂ Ù‡„ÏÂÌÚÓ‚. 

ê‡·ÓÚ‡ ·˚Î‡ ÔÓ‰‰ÂÊ‡Ì‡ êÓÒÒËÈÒÍËÏ ÙÓÌ‰ÓÏ
ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ („‡ÌÚ ‹ 99-04‡-
49115).
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U1 Au1 E, U2 Au2 E,+≡+≡
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u1* x1 (shch l*sh

U1* U1* u1*

l* γ*–( )sh G γ( )= a2u1 a1u2–( )/b γ*  =⇒≡
=  F γ( ) l*≡ G γ( )( ),arsh–

U1* U1*

l*sh x1ch

u1 = x1( ) γ–( ), u2expch  = 1 x2–( ) γ( ).shexp–
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Unlike plasma membrane of the nerve or muscle fiber, the plasma membrane of growing tip of Neurospora
crassa hyphae is not equipotential. To describe theoretically heterogeneous distribution of the current sources
on growing N. crassa hyphae, we have attempted to study the simplest model of the current source where the
form of current profile can be described by the shifted Heaviside function. This step-shift function has only one
adjustable parameter, namely, the constant current density about hyphal tip.
Here we solve the problem of the current source distribution along growing hyphae using a standard mathemat-
ical method, namely, as the boundary problem for the limited fiber segment with the closed (nonconducting)
boundaries.
First, we determine the source function (“Green function”), i.e. the distribution of potential formed by micro-
electrode current source, which can be considered as experimental analogue of Dirac -function. When the func-
tion of source is defined it is possible to select free forms of the current density distribution and use the method
of integral reduction calculation for estimation of the potential distribution created by this current. In this work
we consider the case when the current sources are absent at the apical growing part and present at a constant
density at more distal parts. For this case we obtain the simple criterion for estimation of the critical length of
the apical segment possessing zero density of current sources. The results obtained on the model agree well
with experimental data.


