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Ç‚Â‰ÂÌËÂ

åÂÚ‡ÎÎÙÚ‡ÎÓˆË‡ÌËÌ˚ (MePc), Ó·Î‡‰‡˛˘ËÂ
‚˚ÒÓÍÓÈ ıËÏË˜ÂÒÍÓÈ Ë ÚÂÏË˜ÂÒÍÓÈ ÒÚÓÈÍÓÒÚ¸˛
‚ ÒÓ˜ÂÚ‡ÌËË Ò ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚˚ÏË Ò‚ÓÈÒÚ‚‡ÏË,
ÓÚÌÓÒflÚÒfl Í Ì‡Ë·ÓÎÂÂ ÔÂÒÔÂÍÚË‚ÌÓÏÛ ÍÎ‡ÒÒÛ Ó-
„‡ÌË˜ÂÒÍËı ˝ÎÂÍÚÓÌÌ˚ı Ï‡ÚÂË‡ÎÓ‚ [1]. MePc
Ì‡ıÓ‰flÚ ÔËÏÂÌÂÌËÂ ‚ ÏÓÎÂÍÛÎflÌÓÈ ˝ÎÂÍÚÓÌË-
ÍÂ, ÒÓÎÌÂ˜ÌÓÈ ˝ÌÂ„ÂÚËÍÂ, ˝ÎÂÍÚÓÙÓÚÓ„‡ÙËË
[1, 2]. éÒÓ·ÂÌÌÓ ËÌÚÂÂÒÌÓ ÔËÏÂÌÂÌËÂ ˝ÚËı Ï‡-
ÚÂË‡ÎÓ‚ ‚ Í‡˜ÂÒÚ‚Â ‚˚ÒÓÍÓ˜Û‚ÒÚ‚ËÚÂÎ¸Ì˚ı Ë ÒÂ-
ÎÂÍÚË‚Ì˚ı ıËÏË˜ÂÒÍËı ÒÂÌÒÓÓ‚ [3]. èË ˝ÚÓÏ Ì‡
ı‡‡ÍÚÂËÒÚËÍË ÒÂÌÒÓÓ‚ ÓÍ‡Á˚‚‡ÂÚ ‚ÎËflÌËÂ Í‡Í
ÒÚÛÍÚÛ‡ Ò‡ÏÓÈ ÏÓÎÂÍÛÎ˚, Ú‡Í Ë ÍËÒÚ‡ÎÎË˜ÂÒ-
Í‡fl Ë Ì‡‰ÏÓÎÂÍÛÎflÌ‡fl ÒÚÛÍÚÛ‡ MePc.

èËÌˆËÔ ‰ÂÈÒÚ‚Ëfl ‡‰ÒÓ·ˆËÓÌÌÓ-ÂÁËÒÚË‚Ì˚ı
ıËÏË˜ÂÒÍËı ÒÂÌÒÓÓ‚ ÓÒÌÓ‚‡Ì Ì‡ ËÁÏÂÌÂÌËË
Û‰ÂÎ¸ÌÓÈ ÔÓ‚Ó‰ËÏÓÒÚË ÔÎÂÌÍË ÔË ‡‰ÒÓ·ˆËË
ÏÓÎÂÍÛÎ ËÁ ÓÍÛÊ‡˛˘ÂÈ ÒÂ‰˚. ëÂÌÒÓ˚ Ì‡ ÓÒ-
ÌÓ‚Â ÔÎÂÌÓÍ ÙÚ‡ÎÓˆË‡ÌËÌÓ‚ ÌÂÍÓÚÓ˚ı ÏÂÚ‡Î-
ÎÓ‚ (‚ ˜‡ÒÚÌÓÒÚË, ÙÚ‡ÎÓˆË‡ÌËÌ‡ ÏÂ‰Ë) ËÒÔÓÎ¸ÁÛ-
˛Ú ‰Îfl ËÁÏÂÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË NO2 ‚ ‚ÓÁ‰ÛıÂ.
É‡ÁÓ˜Û‚ÒÚ‚ËÚÂÎ¸Ì˚Â Ò‚ÓÈÒÚ‚‡ ‡‰ÒÓ·ˆËÓÌÌÓ-Â-
ÁËÒÚË‚Ì˚ı ÒÂÌÒÓÓ‚ ı‡‡ÍÚÂËÁÛ˛Ú ÓÚÌÓÒËÚÂÎ¸-
Ì˚Ï ÒÂÌÒÓÌ˚Ï ÓÚÍÎËÍÓÏ (éëé), ÍÓÚÓ˚È ÔÂ‰-
ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÓÚÌÓ¯ÂÌËÂ ÔÓ‚Ó‰ËÏÓÒÚÂÈ ÔÎÂÌ-
ÍË ‚ ÔËÒÛÚÒÚ‚ËË Ë ÓÚÒÛÚÒÚ‚ËË Â„ËÒÚËÛÂÏÓ„Ó
„‡Á‡ ‚ ÓÍÛÊ‡˛˘ÂÈ ÒÂ‰Â. ÑÎfl Â¯ÂÌËfl ÌÂÍÓÚÓ-
˚ı ÔËÍÎ‡‰Ì˚ı Á‡‰‡˜ ÚÂ·ÛÂÚÒfl ÔÓ‚˚ÒËÚ¸ ‚ÂÎË-
˜ËÌÛ éëé MePc. ÑÎfl ˝ÚÓ„Ó ÔËÏÂÌfl˛ÚÒfl, Ì‡ÔË-
ÏÂ, ËÓÌÌ‡fl ËÏÔÎ‡ÌÚ‡ˆËfl [4] Ë ÚÂÏÔÂ‡ÚÛÌ‡fl Ó·-
‡·ÓÚÍ‡, ËÁÏÂÌfl˛˘‡fl ÒÚÛÍÚÛÛ ÔÎÂÌÍË [5].

èÛÚÂÏ Î‡ÁÂÌÓ„Ó Ì‡Ô˚ÎÂÌËfl ÔÎÂÌÓÍ Ì‡ ÓÒÌÓ‚Â
ÍÓÏÔÓÁËÚ‡ ËÌÂÚÌÓ„Ó ÔÓÎËÏÂ‡ (‚ ˜‡ÒÚÌÓÒÚË, ÔÓ-
ÎËÒÚËÓÎ‡ (PS)) Ë ÙÚ‡ÎÓˆË‡ÌËÌ‡ ÏÂ‰Ë (ëuPc) Ò ÔÓ-
ÒÎÂ‰Û˛˘ËÏ ÓÚÊË„ÓÏ Û‰‡ÂÚÒfl ÔÓ‚˚ÒËÚ¸ éëé Ú‡-

ÍÓ„Ó Ï‡ÚÂË‡Î‡ ‚ Ò‡‚ÌÂÌËË Ò ÔÎÂÌÍ‡ÏË ˜ËÒÚÓ„Ó
ëuPc. èË ˝ÚÓÏ ‚ÂÎË˜ËÌ‡ éëé Á‡‚ËÒËÚ ÓÚ ËÒıÓ‰-
ÌÓ„Ó Ï‡ÒÒÓ‚Ó„Ó ÒÓÓÚÌÓ¯ÂÌËfl ëuPc Ë PS [6]. ç‡Ë-
ÎÛ˜¯ËÂ ÂÁÛÎ¸Ú‡Ú˚ ÔÓÍ‡Á‡Î‡ ÔÎÂÌÍ‡, ÒÓ‰ÂÊ‡-
˘‡fl 20 Ï‡ÒÒ. % ëuPc ‚ ËÒıÓ‰ÌÓÈ ÒÏÂÒË. èÂ‰‚‡Ë-
ÚÂÎ¸Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ÏÂÚÓ‰ÓÏ ‡ÚÓÏÌÓ-ÒËÎÓ‚ÓÈ
ÏËÍÓÒÍÓÔËË (Äëå) ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÔË ÓÚÊË„Â
ÁÌ‡˜ËÚÂÎ¸ÌÓ ËÁÏÂÌflÂÚÒfl ÏÓÙÓÎÓ„Ëfl ÍÓÏÔÓÁËÚ-
Ì˚ı ÔÎÂÌÓÍ [7]. 

ñÂÎ¸ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ – ËÁÛ˜ËÚ¸ ‚ÎËflÌËÂ ÓÚ-
ÊË„‡ Ì‡ ÒÚÛÍÚÛÛ ÍÓÏÔÓÁËÚÌ˚ı ÔÎÂÌÓÍ CuPc–PS
Ò ÔÓÏÓ˘¸˛ Äëå Ë ËÌÚÂÔÂÚËÓ‚‡Ú¸ ËÁÏÂÌÂÌËÂ
Ëı ÒÂÌÒÓÌ˚ı Ò‚ÓÈÒÚ‚ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÔÎÂÌÍ‡ÏË
˜ËÒÚÓ„Ó ëuPc.

ùÍÒÔÂËÏÂÌÚ

ÑÎfl ÔÓÎÛ˜ÂÌËfl ÍÓÏÔÓÁËÚÌ˚ı ÒÚÛÍÚÛ ËÒÔÓÎ¸-
ÁÓ‚‡ÎÒfl ÏÂÚÓ‰ Î‡ÁÂÌÓ„Ó ‡ÒÔ˚ÎÂÌËfl ‚ ‚‡ÍÛÛÏÂ,
ÔÓÁ‚ÓÎfl˛˘ËÈ ËÁ·ÂÊ‡Ú¸ ‰ÂÒÚÛÍˆËË ÏÓÎÂÍÛÎ ‡Ò-
Ô˚ÎflÂÏ˚ı Ó„‡ÌË˜ÂÒÍËı ‚Â˘ÂÒÚ‚. èÎÂÌÍË ˜ËÒ-
Ú˚ı MePc, ÔÓÎÛ˜ÂÌÌ˚Â Ú‡ÍËÏ ÒÔÓÒÓ·ÓÏ, ËÏÂ˛Ú
ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍÛ˛ ÒÚÛÍÚÛÛ [1]. ìÒÚ‡ÌÓ‚Í‡
‰Îfl ÔÓÎÛ˜ÂÌËfl ÚÓÌÍËı Ó„‡ÌË˜ÂÒÍËı ÔÎÂÌÓÍ ÏÂÚÓ-
‰ÓÏ Î‡ÁÂÌÓ„Ó ‡ÒÔ˚ÎÂÌËfl ËÁ„ÓÚÓ‚ÎÂÌ‡ Ì‡ ·‡ÁÂ
ÛÌË‚ÂÒ‡Î¸ÌÓ„Ó ‚‡ÍÛÛÏÌÓ„Ó ÔÓÒÚ‡ Çìè-5. àÒÚÓ˜-
ÌËÍÓÏ ËÁÎÛ˜ÂÌËfl fl‚ÎflÂÚÒfl „‡ÁÓ‚˚È ëé2-Î‡ÁÂ
ãÉç-703, Ó·ÂÒÔÂ˜Ë‚‡˛˘ËÈ ÔÎÓÚÌÓÒÚ¸ ÔÓÚÓÍ‡ ËÁ-
ÎÛ˜ÂÌËfl 30–40 ÇÚ/ÒÏ2 ÔË ‰ÎËÌÂ ‚ÓÎÌ˚ 10.6 ÏÍÏ.
ã‡ÁÂÌ˚È ÎÛ˜ ‚‚Ó‰ËÚÒfl ‚ ‚‡ÍÛÛÏÌÛ˛ Í‡ÏÂÛ „ÓË-
ÁÓÌÚ‡Î¸ÌÓ ˜ÂÂÁ Ge-ÓÍÌÓ, ÓÚ‡Ê‡ÂÚÒfl ÓÚ ÏÂÚ‡ÎÎË-
˜ÂÒÍÓ„Ó ÁÂÍ‡Î‡ Ë ÔÓÔ‡‰‡ÂÚ ‚ ÚË„ÂÎ¸ Ò ËÒÔ‡flÂÏ˚Ï
‚Â˘ÂÒÚ‚ÓÏ. ëÍÓÓÒÚ¸ ËÒÔ‡ÂÌËfl Â„ÛÎËÛÂÚÒfl ËÁ-
ÏÂÌÂÌËÂÏ ÏÓ˘ÌÓÒÚË ËÁÎÛ˜ÂÌËfl, ‚‚Ó‰ËÏÓ„Ó ‚ Í‡ÏÂ-
Û. êÂ„ÛÎËÓ‚‡ÌËÂ ÏÓ˘ÌÓÒÚË ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÔÛ-
ÚÂÏ ‡ÒÒÂflÌËfl ˜‡ÒÚË Î‡ÁÂÌÓ„Ó ËÁÎÛ˜ÂÌËfl Ì‡ ÏÂ-
Ú‡ÎÎË˜ÂÒÍÓÈ ÔÎ‡ÒÚËÌÂ, ÍÓÚÓ‡fl ‚‚Ó‰ËÚÒfl ‚ ÔÓÎÂ

Äíéåçé-ëàãéÇÄü åàäêéëäéèàü íéçäàï ëÖçëéêçõï 

èãÖçéä äéåèéáàíÄ îíÄãéñàÄçàç åÖÑà–èéãàëíàêéã

© 2000 „. é. å. ëÚÛÍ‡ÎÓ‚1, Ä. Ç. åËÒÂ‚Ë˜2, Ä. Ö. èÓ˜ÚÂÌÌ˚È2,
å. é. É‡ÎÎflÏÓ‚3, à. Ç. üÏËÌÒÍËÈ3

1àÌÒÚËÚÛÚ ÙËÁËÍË Ú‚Â‰Ó„Ó ÚÂÎ‡ Ë ÔÓÎÛÔÓ‚Ó‰ÌËÍÓ‚ çÄçÅ, åËÌÒÍ, ÅÂÎ‡ÛÒ¸
2ÅÂÎÓÛÒÒÍËÈ „ÓÒÛ‰‡ÒÚ‚ÂÌÌ˚È ÚÂıÌÓÎÓ„Ë˜ÂÒÍËÈ ÛÌË‚ÂÒËÚÂÚ, åËÌÒÍ, ÅÂÎ‡ÛÒ¸

3åÓÒÍÓ‚ÒÍËÈ „ÓÒÛ‰‡ÒÚ‚ÂÌÌ˚È ÛÌË‚ÂÒËÚÂÚ ËÏ. å.Ç. ãÓÏÓÌÓÒÓ‚‡, ÙËÁË˜ÂÒÍËÈ Ù‡ÍÛÎ¸ÚÂÚ, åÓÒÍ‚‡, êÓÒÒËfl
èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 14.04.2000 „.

åÂÚÓ‰ÓÏ Äëå ËÒÒÎÂ‰Ó‚‡ÎÓÒ¸ ‚ÎËflÌËÂ ÓÚÊË„‡ Ì‡ ÒÚÛÍÚÛÛ ÚÓÌÍËı ÒÂÌÒÓÌ˚ı ÔÎÂÌÓÍ ÍÓÏÔÓÁËÚ‡ ÏÂ-
Ú‡ÎÎÙÚ‡ÎÓˆË‡ÌËÌ‡ ÏÂ‰Ë (CuPc) Ë ÔÓÎËÒÚËÓÎ‡ (PS), ÔÓÎÛ˜ÂÌÌ˚ı Î‡ÁÂÌ˚Ï ‡ÒÔ˚ÎÂÌËÂÏ ‚ ‚‡ÍÛÛÏÂ. é·-
Ì‡ÛÊÂÌ‡ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËfl CuPc ‚ ‚Ë‰Â Ë„ÓÎ¸˜‡Ú˚ı ÍËÒÚ‡ÎÎËÚÓ‚ ÔË ÚÂÏÔÂ‡ÚÛ‡ı ÓÚÊË„‡ ·ÓÎÂÂ
200°ë. Ç ÔÎÂÌÍÂ, ÓÚÓÊÊÂÌÌÓÈ ÔË 200°ë, Ó·Ì‡ÛÊË‚‡˛ÚÒfl Ù‡Á˚ CuPc Ë PS, ‡ ‚ ÔÎÂÌÍÂ, ÓÚÓÊÊÂÌÌÓÈ ÔË
250°ë, ÔÓÎËÏÂÌ‡fl Ù‡Á‡ ÌÂ Ì‡·Î˛‰‡ÂÚÒfl, ÔÓ-‚Ë‰ËÏÓÏÛ, ‚ÒÎÂ‰ÒÚ‚ËÂ ËÒÔ‡ÂÌËfl ÔÓÎËÏÂ‡. ìÎÛ˜¯ÂÌËÂ
ÒÂÌÒÓÌ˚ı Ò‚ÓÈÒÚ‚ ÍÓÏÔÓÁËÚÌ˚ı ÔÎÂÌÓÍ ÔÓÒÎÂ ÓÚÊË„‡ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÔÎÂÌÍ‡ÏË ̃ ËÒÚÓ„Ó CuPc Ó·˙flÒÌfl-
ÂÚÒfl ÚÂÏ, ˜ÚÓ ÓÌË ËÏÂ˛Ú ÔÓËÒÚÛ˛ ÒÚÛÍÚÛÛ Ë ·ÓÎ¸¯Û˛ ˝ÙÙÂÍÚË‚ÌÛ˛ ÔÎÓ˘‡‰¸ ÔÓ‚ÂıÌÓÒÚË.

ìÑä 539.216.2:667.287.5
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ËÁÎÛ˜ÂÌËfl ÏËÍÓÏÂÚÓ‚˚Ï ‚ËÌÚÓÏ. ëÍÓÓÒÚ¸ Ì‡-
Ô˚ÎÂÌËfl ÍÓÌÚÓÎËÛÂÚÒfl ÔÓ ËÁÏÂÌÂÌË˛ ˜‡ÒÚÓÚ˚
Í‚‡ˆÂ‚Ó„Ó ÂÁÓÌ‡ÚÓ‡.

åË¯ÂÌ¸ ÔÂ‰ÒÚ‡‚ÎflÎ‡ ÒÓ·ÓÈ Al-ÚË„ÂÎ¸, Á‡ÔÓÎ-
ÌÂÌÌ˚È ÔÓÓ¯ÍÓÓ·‡ÁÌÓÈ ÒÏÂÒ¸˛ PS Ë ëuPc, ÒÓ-
‰ÂÊ‡˘ÂÈ 20 Ï‡ÒÒ.% CuPc. ëÍÓÓÒÚ¸ Ì‡Ô˚ÎÂÌËfl
~0.1 ÌÏ/c. ÑÎfl ËÁÛ˜ÂÌËfl ‚ÎËflÌËfl ÚÂÏÔÂ‡ÚÛ˚ Ì‡
ÒÚÛÍÚÛÛ ÔÎÂÌÍË ÓÚÊË„‡ÎËÒ¸ ÔË ÚÂÏÔÂ‡ÚÛ‡ı
150, 200 Ë 250°ë. ùÚÓÚ ‰Ë‡Ô‡ÁÓÌ ‚˚·Ë‡ÎÒfl ÔÓÚÓ-
ÏÛ, ˜ÚÓ ÔË ÚÂÏÔÂ‡ÚÛ‡ı ~200°ë ÔÓËÒıÓ‰ËÚ ÔÓ-
ÎËÏÓÙÌÓÂ ÔÂ‚‡˘ÂÌËÂ CuPc ËÁ α- ‚ β-ÙÓÏÛ [8].

ÑÎfl ÔÓ‚Â‰ÂÌËfl Äëå-˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÎÂÌÍË
ÚÓÎ˘ËÌÓÈ ~10 Ë 30 ÌÏ ÓÒ‡Ê‰‡ÎËÒ¸ Ì‡ ÔÓ‰ÎÓÊÍË ËÁ
ÒÎ˛‰˚. àÁÏÂÂÌËfl ÔÓ‚Ó‰ËÎËÒ¸ Ì‡ ÏËÍÓÒÍÓÔÂ
Nanoscope III (Digital Instruments, USA) ‚ ÍÓÌÚ‡ÍÚ-
ÌÓÏ ÂÊËÏÂ Ì‡ ‚ÓÁ‰ÛıÂ c ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÒÚ‡Ì-
‰‡ÚÌ˚ı Í‡ÌÚËÎÂ‚ÂÓ‚.

êÂÁÛÎ¸Ú‡Ú˚ Ë Ëı Ó·ÒÛÊ‰ÂÌËÂ

Å˚ÎÓ Ó·Ì‡ÛÊÂÌÓ, ˜ÚÓ ÏÌÓ„ÓÍ‡ÚÌÓÂ ÒÍ‡ÌËÓ-
‚‡ÌËÂ ÔÎÂÌÓÍ ÍÓÏÔÓÁËÚ‡ CuPc–PS ‚˚Á˚‚‡ÂÚ ÒÌ‡˜‡-
Î‡ Ò„Î‡ÊË‚‡ÌËÂ ÔÓ‚ÂıÌÓÒÚË, ÛÏÂÌ¸¯‡˛˘ÂÂ ÒÂ‰-
Ì˛˛ ¯ÂÓıÓ‚‡ÚÓÒÚ¸, ‡ Á‡ÚÂÏ ˜‡ÒÚË˜ÌÓÂ ‡ÁÛ¯Â-

ÌËÂ ÔÎÂÌÍË. ùÚÓ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ÒËÎ¸Ì˚Ï
‚ÓÁ‰ÂÈÒÚ‚ËÂÏ Í‡ÔËÎÎflÌ˚ı ÒËÎ Ì‡ ÔÓ‚ÂıÌÓÒÚ¸
Ïfl„ÍËı Ó„‡ÌË˜ÂÒÍËı ÔÎÂÌÓÍ. ÑÎfl ÛÏÂÌ¸¯ÂÌËfl
‚ÓÁ‰ÂÈÒÚ‚Ëfl Ë„Î˚ ÔËÏÂÌflÎÓÒ¸ Û‚ÂÎË˜ÂÌËÂ ÒÍÓÓ-
ÒÚË ÒÍ‡ÌËÓ‚‡ÌËfl Ë ÛÏÂÌ¸¯ÂÌËÂ ÒËÎ˚, ÔËÎÓÊÂÌ-
ÌÓÈ Í ÍÓÌÒÓÎË. ÑÎfl ‡Ì‡ÎËÁ‡ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ËÁÓ·-
‡ÊÂÌËfl, ÔÓÎÛ˜ÂÌÌ˚Â ÔË ÔÂ‚ÓÏ ÒÍ‡ÌËÓ‚‡ÌËË,
ËÏÂ˛˘ËÂ Ì‡ËÏÂÌ¸¯ËÂ ËÒÍ‡ÊÂÌËfl.

èË ‡Ì‡ÎËÁÂ Äëå-ËÁÓ·‡ÊÂÌËÈ, ÔÓÎÛ˜ÂÌÌ˚ı
ÔË ·ÓÎ¸¯Ëı ÔÓÎflı ÒÍ‡ÌËÓ‚‡ÌËfl, Ó·Ì‡ÛÊË‚‡-
˛ÚÒfl ÌÂÓ‰ÌÓÓ‰Ì˚Â Ó·‡ÁÓ‚‡ÌËfl ÓÍÛ„ÎÓÈ ÙÓ-
Ï˚ ‡ÁÏÂÓÏ ~1 ÏÍÏ. í‡ÍËÂ Ó·‡ÁÓ‚‡ÌËfl, ÌÂ Ì‡-
·Î˛‰‡‚¯ËÂÒfl ÔË ËÁÛ˜ÂÌËË ÔÎÂÌÓÍ ˜ËÒÚÓ„Ó ëuPc
[7], ÏÓ„ÛÚ ·˚Ú¸ Ò‚flÁ‡Ì˚ Ò ËÒÔ‡ÂÌËÂÏ Ò‡‚ÌËÚÂÎ¸-
ÌÓ ÍÛÔÌ˚ı Í‡ÔÂÎ¸ ÔÓÎËÏÂ‡ Ë ÓÒ‡Ê‰ÂÌËÂÏ Ëı Ì‡
ÔÓ‰ÎÓÊÍÂ. èÎÓÚÌÓÒÚ¸ Ú‡ÍËı Ó·‡ÁÓ‚‡ÌËÈ ÒÓÒÚ‡‚-
ÎflÂÚ 8–10 Ì‡ 100 ÏÍÏ2. åÂÊ‰Û ÓÚ‰ÂÎ¸Ì˚ÏË Í‡ÔÎfl-
ÏË ÔÎÂÌÍ‡ ‰ÓÒÚ‡ÚÓ˜ÌÓ Ó‰ÌÓÓ‰Ì‡.

ç‡ ËÒÛÌÍÂ ÔË‚Â‰ÂÌ˚ Äëå-ËÁÓ·‡ÊÂÌËfl
ÔÎÂÌÍË ÍÓÏÔÓÁËÚ‡ CuPc–PS ÚÓÎ˘ËÌÓÈ 10 ÌÏ ÔÓ-
ÒÎÂ ÓÚÊË„‡ ‚ ‡ÁÎË˜Ì˚ı ÂÊËÏ‡ı. ç‡ ËÁÓ·‡ÊÂ-
ÌËflı ÌÂÓÚÓÊÊÂÌÌ˚ı Ë ÓÚÓÊÊÂÌÌ˚ı ÔË 150°ë
ÔÎÂÌÓÍ ÔËÌˆËÔË‡Î¸Ì˚ı ËÁÏÂÌÂÌËÈ ‚ ÏÓÙÓÎÓ-
„ËË ÌÂ Ì‡·Î˛‰‡ÂÚÒfl.

Äëå-ËÁÓ·‡ÊÂÌËfl ‚˚ÒÓÚ˚ ÍÓÏÔÓÁËÚ-
Ì˚ı ÔÎÂÌÓÍ ÏÂÚ‡ÎÎÙÚ‡ÎÓˆË‡ÌËÌ‡ ÏÂ‰Ë
Ë ÔÓÎËÒÚËÓÎ‡, ÔÓÎÛ˜ÂÌÌ˚Â ‚ ÍÓÌÚ‡ÍÚ-
ÌÓÏ ÂÊËÏÂ: ‡ – ‰Ó ÓÚÊË„‡; ·, ‚, „ – ÔÓÒÎÂ
ÓÚÊË„‡ ÔË 150, 200 Ë 250°ë, ÒÓÓÚ‚ÂÚÒÚ-
‚ÂÌÌÓ, ‡ÁÏÂ˚ Í‡‰Ó‚ 3.5 × 3.5 ÏÍÏ; ‰ –
ÒÂ˜ÂÌËÂ, ÔÓ‚Â‰ÂÌÌÓÂ Ì‡ ËÒ. ‚.
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ëÚÛÍ‡ÎÓ‚ Ë ‰.

áÌ‡˜ËÚÂÎ¸ÌÓÂ ËÁÏÂÌÂÌËÂ ‚ ÏÓÙÓÎÓ„ËË ÔÓËÒ-
ıÓ‰ËÚ ‚ ÔÎÂÌÍÂ, ÓÚÓÊÊÂÌÌÓÈ ÔË 200°ë. é·‡ÁÛ-
˛ÚÒfl Ì‡ÌÓ‡ÁÏÂÌ˚Â ‡„Â„‡Ú˚ ‚˚ÚflÌÛÚÓÈ ÙÓ-
Ï˚ (“Ë„ÓÎ¸˜‡Ú˚Â”). ÑÎfl ÍÓÌÚÓÎfl ÚÓÎ˘ËÌ˚ ÔÎÂÌ-
ÍË ÔÛÚÂÏ ÒÍ‡ÌËÓ‚‡ÌËfl ÔË ·ÓÎ¸¯ÓÈ ÒËÎÂ ‚ ˆÂÌÚÂ
ÔÓ‰ÂÎ‡ÌÓ Í‚‡‰‡ÚÌÓÂ ÓÚ‚ÂÒÚËÂ Ë ÔÓ‚Â‰ÂÌÓ ÒÂ-
˜ÂÌËÂ (ËÒ. ‰). í‡Í Í‡Í ËÒıÓ‰Ì‡fl ÚÓÎ˘ËÌ‡ ÔÎÂÌÍË,
ÓÔÂ‰ÂÎflÂÏ‡fl ÔË Ì‡Ô˚ÎÂÌËË, ÔÓfl‰Í‡ 10 ÌÏ, ÚË
‡ÁÎË˜‡ÂÏ˚Â Ì‡ ËÒÛÌÍÂ ÛÓ‚Ìfl ‚˚ÒÓÚ˚ ÏÓ„ÛÚ ÒÓ-
ÓÚ‚ÂÚÒÚ‚Ó‚‡Ú¸ ÔÓ‰ÎÓÊÍÂ Ë ‰‚ÛÏ ÒÓÒÚ‡‚Îfl˛˘ËÏ
ÍÓÏÔÓÁËÚ ÍÓÏÔÓÌÂÌÚ‡Ï. ç‡ÌÓ‡„Â„‡Ú˚, ‚˚ÒÚÛÔ‡-
˛˘ËÂ Ì‡ ÔÓ‚ÂıÌÓÒÚË ÔÎÂÌÍË, ÏÓÊÌÓ ËÌÚÂÔÂ-
ÚËÓ‚‡Ú¸ Í‡Í Ì‡ÌÓÍËÒÚ‡ÎÎËÚ˚ ëuPc, ‰ËÒÔÂ„Ë-
Ó‚‡ÌÌ˚Â ‚ ÔÓÎËÒÚËÓÎÓ‚Û˛ Ï‡ÚËˆÛ. àÒıÓ‰fl ËÁ
ÔÓÒÎÂ‰ÌÂ„Ó, ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÔË ÚÂÏ-
ÔÂ‡ÚÛÂ ~200°ë ‚ ÍÓÏÔÓÁËÚÂ ÔÓËÒıÓ‰ËÚ ÔÂÂ-
ÍËÒÚ‡ÎÎËÁ‡ˆËfl ëuPc ‚ ‚Ë‰Â “Ë„ÓÎÓÍ”, ˜ÚÓ ÏÓÊÂÚ
·˚Ú¸ Ò‚flÁ‡ÌÓ Í‡Í Ò ÔÓÎËÏÓÙÌ˚Ï ÔÂ‚‡˘ÂÌËÂÏ
CuPc, Ú‡Í Ë, ‚ ÔÂ‚Û˛ Ó˜ÂÂ‰¸, Ò ÔÎ‡‚ÎÂÌËÂÏ PS.

Äëå-ËÁÓ·‡ÊÂÌËÂ ÔÎÂÌÍË ÍÓÏÔÓÁËÚ‡ ÚÓÎ˘Ë-
ÌÓÈ ~30 ÌÏ ÔÓÒÎÂ ÓÚÊË„‡ ÔË 250°ë ÔË‚Â‰ÂÌÓ Ì‡
ËÒ. „. ÇÒfl ÔÎÂÌÍ‡ ËÏÂÂÚ “Ë„ÓÎ¸˜‡ÚÛ˛” ÒÚÛÍÚÛÛ.
èÓÎËÏÂÌÓÈ Ù‡Á˚ Ì‡ ËÁÓ·‡ÊÂÌËË ÌÂ Ì‡·Î˛‰‡-
ÂÚÒfl. ùÚÓ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ÔÓÎÌ˚Ï ÚÂÏË˜ÂÒÍËÏ
ËÒÔ‡ÂÌËÂÏ PS, ÍÓÚÓ˚È ‚ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÏ ÒÓ-
ÒÚÓflÌËË ËÏÂÂÚ ÚÂÏÔÂ‡ÚÛÛ ÔÎ‡‚ÎÂÌËfl ~220°ë.

á‡ÍÎ˛˜ÂÌËÂ
ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ Äëå-ËÒÒÎÂ‰Ó‚‡-

ÌËÈ Ò ÂÁÛÎ¸Ú‡Ú‡ÏË ËÁÏÂÂÌËfl OCO Ì‡ NO2 [9]
ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸ ÒÎÂ‰Û˛˘ËÂ ‚˚‚Ó‰˚. éÚÊË„
ÔË 150°ë ÌÂ ËÁÏÂÌflÂÚ ÏÓÙÓÎÓ„Ë˛ ÍÓÏÔÓÁËÚ-
Ì˚ı ÔÎÂÌÓÍ. éÚÊË„ ÔË 200°ë ‚˚Á˚‚‡ÂÚ ˜‡ÒÚË˜-
ÌÛ˛ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆË˛ ÔÎÂÌÍË Ò Ó·‡ÁÓ‚‡ÌËÂÏ

“Ë„ÓÎ¸˜‡Ú˚ı” Ì‡ÌÓÍËÒÚ‡ÎÎËÚÓ‚ CuPc, ‚˚ÒÚÛÔ‡-
˛˘Ëı ËÁ PS-Ï‡ÚËˆ˚. éÚÊË„ ÔË 250°ë ‚˚Á˚‚‡ÂÚ
ÔÓÎÌÛ˛ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆË˛ CuPc, ÔË˜ÂÏ PS,
ÔÓ-‚Ë‰ËÏÓÏÛ, ÔÓÎÌÓÒÚ¸˛ ËÒÔ‡flÂÚÒfl. í‡Í‡fl ÔÎÂÌ-
Í‡ ËÏÂÂÚ ÔÓËÒÚÛ˛ ÒÚÛÍÚÛÛ Ë ·ÓÎ¸¯Û˛ ˝ÙÙÂÍ-
ÚË‚ÌÛ˛ ÔÎÓ˘‡‰¸ ÔÓ‚ÂıÌÓÒÚË, ˜ÚÓ ‚˚Á˚‚‡ÂÚ Û‚Â-
ÎË˜ÂÌËÂ éëé Î‡ÁÂÌÓ-Ì‡Ô˚ÎÂÌÌ˚ı Ë ÓÚÓÊÊÂÌ-
Ì˚ı ÔÎÂÌÓÍ ÍÓÏÔÓÁËÚ‡ CuPc–PS ÔÓ Ò‡‚ÌÂÌË˛ Ò
ÔÎÂÌÍ‡ÏË CuPc [7, 9].

ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ ˜‡ÒÚË˜ÌÓ ÅÂÎÓÛÒÒÍËÏ Â-
ÒÔÛ·ÎËÍ‡ÌÒÍËÏ ÙÓÌ‰ÓÏ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ-
‰Ó‚‡ÌËÈ („‡ÌÚ ‹ î99ê-12).
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Atomic Force Microscopy of Thin Sensor Composite Films of Copper 

Phthalocyanine–Polystrene

O. M. Stukalov, A. V. Misevich, A. E. Pochtennyi, M. O. Gallyamov, I. V. Yaminsky

The influence of annealing on laser evaporated thin sensor composite films of copper phthalocyanine (CuPc)
and polysterene (PS) was investigated by atomic force microscopy. It was found recrystallization of CuPc in
needle-like nanocrystallites at annealing temperatures over 200°ë. There are both CuPc phase and PS in films
annealed at 200°ë, but there is no polymer phase in film annealed at 250°ë. It seems this fact take place due
to evaporation of polymer. The improvement of sensor properties of the composite films after annealing in com-
parison with the CuPc films is explained by porous film structure and large effective surface area. 
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