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ÔÍËÏË ÔÄÑÌÔÕÄÂÏË Ë ÃËÑÔÑÄÏÇÔÕËÏÑÔÕßá ÒÑÎËÏÇÓÐÞØ ÏÑÆË-
×ËÍÂÕÑÓÑÄ. ±ÓËÏÇÓÂÏË ÏÂÕÇÓËÂÎÑÄ Ë ÖÔÕÓÑÌÔÕÄ ÖÍÂÊÂÐÐÑÅÑ
ÕËÒÂ ÏÑÅÖÕ ÔÎÖÉËÕß ÍÑÏÒÑÊËÙËÑÐÐÞÇ ÔÑÓÃÇÐÕÞ ÆÎâ ÃËÑÔÇÒÂ-
ÓÂÙËË,1 ë 4 ÐÑÔËÕÇÎË ÆÎâ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇÕÑÍ ÎÂÃÑÓÂÕÑÓ-
ÐÞØ ÉËÄÑÕÐÞØ,5 ë 8 ÚÂÔÕËÙÞ ÆÎâ ÐÂÒÓÂÄÎÇÐÐÑÅÑ ÕÓÂÐÔÒÑÓÕÂ
ÎÇÍÂÓÔÕÄ Ë ÕÓÂÐÔ×ÇÍÙËË ÅÇÐÑÄ,9, 10 ÏËÍÓÑ×ÎáËÆÐÞÇ ÔØÇÏÞ 11

Ë ÃËÑÔÇÐÔÑÓÞ.12 £ ÒÑÔÎÇÆÐeÇ ÆÇÔâÕËÎÇÕËÇ ÒÑ àÕÑÌ ÕÇÏÇ ÃÞÎÑ
ÑÒÖÃÎËÍÑÄÂÐÑ ÐÇÔÍÑÎßÍÑ ÑÃÔÕÑâÕÇÎßÐÞØ ÑÃÊÑÓÑÄ 13 ë 15 Ë
ÏÐÑÉÇÔÕÄÑ ÑÓËÅËÐÂÎßÐÞØ ÓÂÃÑÕ.

ªÐÕÇÓÇÔÐÞÏË ÏÑÆË×ËÍÂÕÑÓÂÏË ÖÍÂÊÂÐÐÞØ ÏÂÕÇÓËÂÎÑÄ Ë
ÖÔÕÓÑÌÔÕÄ ÑÍÂÊÂÎËÔß äÖÏÐÞÇã ÒÑÎËÏÇÓÞ,16, 17 ËÎË ÔÏÂÓÕ-
ÒÑÎËÏÇÓÞ (ÑÕ ÂÐÅÎËÌÔÍÑÅÑ ÔÎÑÄÂ smart ì ÖÏÐÞÌ, ÖÏÇÎÞÌ,
ËÊâÜÐÞÌ),{ ÆÂáÜËÇ ÄÑÊÏÑÉÐÑÔÕß ÖÒÓÂÄÎâÕß ×ËÊËÍÑ-ØËÏËÚÇ-
ÔÍËÏË ÔÄÑÌÔÕÄÂÏË ÒÑÄÇÓØÐÑÔÕÇÌ ÒÖÕÇÏ ËÊÏÇÐÇÐËâ ÕÇÏÒÇÓÂ-
ÕÖÓÞ, pH ËÎË ÔÑÔÕÂÄÂ ÍÑÐÕÂÍÕËÓÖáÜÇÅÑ Ô ÐËÏË ÄÑÆÐÑÅÑ
ÓÂÔÕÄÑÓÂ. £ ÚÂÔÕÐÑÔÕË, Ä ÕÇØÐËÍÇ ÛËÓÑÍÑ ÒÓËÏÇÐâáÕ ÕÑÐË-
ÓÑÄÂÐÐÞÇ ÔÏÂÓÕ-ÔÕÇÍÎÂ, ÑÃÓÂÕËÏÑ ËÊÏÇÐâáÜËÇ ÍÑà××Ë-
ÙËÇÐÕ ÔÄÇÕÑÒÓÑÒÖÔÍÂÐËâ ÒÑÆ ÆÇÌÔÕÄËÇÏ ÐÇÃÑÎßÛÑÅÑ àÎÇÍÕÓË-
ÚÇÔÍÑÅÑ ÐÂÒÓâÉÇÐËâ (2.5 £).18

OÃÊÑÓ ÔÖÏÏËÓÖÇÕ ÐÂËÃÑÎÇÇ ÊÐÂÚËÕÇÎßÐÞÇ ÆÑÔÕËÉÇÐËâ Ä
ÑÃÎÂÔÕË ÃËÑÔÇÒÂÓÂÙËË Ë ÃËÑÂÐÂÎËÊÂ, Â ÕÂÍÉÇ ÍÖÎßÕËÄËÓÑÄÂ-
ÐËâ ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ Ë ËÐÉÇÐÇÓËË ÕÍÂÐÇÌ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ
äÖÏÐÞxã ÍÑÏÒÑÊËÙËÑÐÐÞØ ÏÂÕÇÓËÂÎÑÄ Ë ÖÔÕÓÑÌÔÕÄ. HÇ-
ÔÏÑÕÓâ ÐÂ ÓÂÔÕÖÜÇÇ ÚËÔÎÑ ËÔÔÎÇÆÑÄÂÐËÌ Ä àÕÑÌ ÑÃÎÂÔÕË, Ä
ÐËØ, ÍÂÍ ÒÓÂÄËÎÑ, ÐÇ ÓÂÔÔÏÂÕÓËÄÂáÕÔâ ×ËÊËÍÑ-ØËÏËÚÇÔÍËÇ
ÑÔÑÃÇÐÐÑÔÕË ÒÑÄÇÆÇÐËâ ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÑÄ, ÒÂÓÂÏÇÕÓÞ ËØ
ÄÊÂËÏÑÆÇÌÔÕÄËâ Ô ÓÂÔÕÄÑÓËÕÇÎÇÏ, Â ÕÂÍÉÇ ÑÔÑÃÇÐÐÑÔÕË ÔÄâ-
ÊÞÄÂÐËâ ÃËÑÏÂÍÓÑÏÑÎÇÍÖÎ ÔÑ ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞÏË ÒÑÍÓÞ-
ÕËâÏË, ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏË ÍÂÍ ÕÂÍÑÄÞÏË Ë ÆËÔÔÑÙËÂÙËâ
ÑÃÓÂÊÖáÜËØÔâ ÍÑÏÒÎÇÍÔÑÄ. ®ÇÉÆÖ ×ËÊËÍÑ-ØËÏËÚÇÔÍËÏË
ËÔÔÎÇÆÑÄÂÐËâÏË ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ Ë ËØ ÒÓËÏÇÐÇÐËÇÏ Ä ÃËÑ-
ÏÂÕÇÓËÂÎÂØ ÔÖÜÇÔÕÄÖÇÕ ÑÒÓÇÆÇÎÇÐÐÞÌ ÓÂÊÓÞÄ, ÒÑàÕÑÏÖ ÒÓË
ÓÇÂÎËÊÂÙËË ÖÒÓÂÄÎâÇÏÞØ ÂÆÔÑÓÃÙËÑÐÐÞØ Ë ÂÆÅÇÊËÑÐÐÞØ
ÄÊÂËÏÑÆÇÌÔÕÄËÌ àÕËØ ÏÂÕÇÓËÂÎÑÄ Ô ÃËÑÏÂÍÓÑÏÑÎÇÍÖÎÂÏË Ë
ÍÎÇÕÍÂÏË ÆÑÏËÐËÓÖÇÕ àÏÒËÓËÚÇÔÍËÌ ÒÑÆØÑÆ. ±ÑÒÞÕÍË ËÐÕÇ-
ÅÓËÓÑÄÂÕß ÒÑÎÖÚÇÐÐÞe ÒÓÂÍÕËÚÇÔÍËÇ ÓÇÊÖÎßÕÂÕÞ Ä ÔÎÑÉËÄ-
ÛÖáÔâ ÔËÔÕÇÏÖ ÒÓÇÆÔÕÂÄÎÇÐËÌ Ñ ÄÊÂËÏÑÆÇÌÔÕÄËË ÃÇÎÍÑÄ Ë
ÃËÑÎÑÅËÚÇÔÍËØ ÍÎÇÕÑÍ c ÔËÐÕÇÕËÚÇÔÍËÏË ÒÑÎËÏÇÓÂÏË ÒÓÇÆ-
ÒÓËÐËÏÂáÕÔâ ÓÇÆÍo. ¿ÕÑ ÑÕÏÇÚÇÐÑ Ä ÒÑÆÓÑÃÐÑ ÓÂÔÔÏÑÕÓÇÐ-
ÐÑÌ ÐËÉÇ ÓÂÃÑÕÇ 19.

´ÇÑÓÇÕËÚÇÔÍÑÇ ÑÒËÔÂÐËÇ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä
ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÐÞØ ÔÎÑâØ, ÍÂÍ ÒÓÂÄËÎÑ, ÑÒÇÓÇÉÂÇÕ ÒÑÎÖ-
ÚÇÐËÇ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÆÂÐÐÞØ, Ë, ÔÎÇÆÑÄÂÕÇÎßÐÑ, ÕÓÇ-
ÃÖÇÕÔâ ØÑÕâ ÃÞ ÒÓËÃÎËÊËÕÇÎßÐÑÇ ÔÑÒÑÔÕÂÄÎÇÐËÇ ÓÇÊÖÎßÕÂÕÑÄ
ÓÂÃÑÕ, ÒÑÎÖÚÇÐÐÞØ ÓÂÊÐÞÏË ÏÇÕÑÆÂÏË Ë ÑÒÖÃÎËÍÑÄÂÐÐÞØ
ÓÂÊÐÞÏË ÂÄÕÑÓÂÏË. £ÓÇÏÇÐÐÑÌ ËÐÕÇÓÄÂÎ, ÄÍÎáÚÂáÜËÌ àÕË
ÓÂÃÑÕÞ, ÆÑÄÑÎßÐÑÛËÓÑÍìÑÕ 80-Ø ÅÑÆÑÄ ÒÓÑÛÎÑÅÑ ÔÕÑÎÇÕËâ
ÆÑ ÐÂÔÕÑâÜÇÅÑ ÄÓÇÏÇÐË. ³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÏÐÑÅËÇ
ÓÇÊÖÎßÕÂÕÞ ÆÄÂÆÙÂÕËÎÇÕÐÇÌ ÆÂÄÐÑÔÕË ÄÑÄÔÇ ÐÇ ÖÕÓÂÕËÎË
ÔÄÑÇÌ ÊÐÂÚËÏÑÔÕË, ÔÒÑÔÑÃÔÕÄÖáÕ ÎÖÚÛÇÏÖ ÒÑÐËÏÂÐËá
ÒÑÄÇÓØÐÑÔÕÐÞØ âÄÎÇÐËÌ Ô ÖÚÂÔÕËÇÏ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ Ë ÊÂÔÎÖ-
ÉËÄÂáÕ ÄÐËÏÂÕÇÎßÐÑÅÑ ÓÂÔÔÏÑÕÓÇÐËâ. ¯ÂÔÕÑâÜËÌ ÑÃÊÑÓ ÐÇ
ÒÓÇÕÇÐÆÖÇÕ ÐÂ ËÔÚÇÓÒÞÄÂáÜËÌ ÂÐÂÎËÊ ÄÔÇÅÑ ÏÐÑÅÑÑÃÓÂÊËâ
ÔÕÓÖÍÕÖÓ Ë ÔÄÑÌÔÕÄ ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞØ ÍÑÏÒÑÊËÕÑÄ, ÐÑ ÔÕÂ-
ÄËÕ ÙÇÎßá ÍÑÏÒÎÇÍÔÐÑÇ ÓÂÔÔÏÑÕÓÇÐËÇ ×ÖÐÍÙËÑÐÂÎßÐÞØ
ÔÄÑÌÔÕÄ ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞØ ÒÑÍÓÞÕËÌ ÄÑ ÄÊÂËÏÑÔÄâÊË Ô ËØ
ÔÕÓÖÍÕÖÓÑÌ Ë ×ËÊËÍÑ-ØËÏËÚÇÔÍËÏË ØÂÓÂÍÕÇÓËÔÕËÍÂÏË, ÑÃ-
ÑÃÜÇÐËÇ ÃÂÊÑÄÞØ ÒÓÇÆÔÍÂÊÂÐËÌ ÕÇÑÓËÌ, àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ
ÓÇÊÖÎßÕÂÕÑÄ Ë ÑÔÐÑÄÐÞØ ÒÓÂÍÕËÚÇÔÍËØ ÆÑÔÕËÉÇÐËÌ Ë ÕÂÍËÏ

ÑÃÓÂÊÑÏ ÄÄÇÆÇÐËÇ ÚËÕÂÕÇÎâ Ä àÕÖ ËÐÕÇÐÔËÄÐÑ ÓÂÊÄËÄÂáÜÖáÔâ
ÑÃÎÂÔÕß ÐÂÖÍË Ë ÕÇØÐËÍË.

II. °ÔÐÑÄÐÞÇ ÄËÆÞ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ
Ë ÍÎáÚÇÄÞÇ ÆÑÔÕËÉÇÐËâ Ä ÑÃÎÂÔÕË
ÃËÑ×ÖÐÍÙËÑÐÂÎßÐÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞØ
ÍÑÏÒÑÊËÕÑÄ

äµÏÐÞÇã, ËÎË cÏÂÓÕ-ÒÑÎËÏÇÓÞ ì ÄÑÆÑÓÂÔÕÄÑÓËÏÞÇ ÄÞÔÑ-
ÍÑÏÑÎÇÍÖÎâÓÐÞÇ ÔÑÇÆËÐÇÐËâ, ÔÒÑÔÑÃÐÞÇ ÑÃÓÂÕËÏÑ ËÊÏÇÐâÕß
ÔÄÑÇ ÂÅÓÇÅÂÕÐÑÇ ÔÑÔÕÑâÐËÇ, ÒÇÓÇØÑÆâ ËÊ ÅËÆÓÑ×ËÎßÐÑÌ (ÓÂÔ-
ÕÄÑÓËÏÑÌ) Ä ÅËÆÓÑ×ÑÃÐÖá (ÐÇÓÂÔÕÄÑÓËÏÖá) ×ÑÓÏÖ Ä ÑÕÄÇÕ
ÐÂ ÐÇÃÑÎßÛËÇ ËÊÏÇÐÇÐËâ ÕÇÏÒÇÓÂÕÖÓÞ, pH ÎËÃÑ ÔÑÔÕÂÄÂ
ÄÑÆÐÑÅÑ ÓÂÔÕÄÑÓÂ.16, 20 ¬ÓÑÏÇ ÕÑÅÑ, Í äÖÏÐÞÏã ÚÂÔÕÑ ÑÕÐÑÔâÕ
ÐÇÓÂÔÕÄÑÓËÏÞÇ Ä ÄÑÆÇ ÒÑÎËÏÇÓÞ Ô ×ÑÕÑØÓÑÏÐÞÏË Ë àÎÇÍÕÓÑ-
ØÓÑÏÐÞÏË ÔÄÑÌÔÕÄÂÏË,21, 22 Â ÕÂÍÉÇ ÒÑÎËÏÇÓÞ, ÄÑÔÒÓËËÏÚË-
ÄÞÇ Í ËÊÏÇÐÇÐËá ÄÐÇÛÐËØ ÖÔÎÑÄËÌ. ¯ÂËÃÑÎÇÇ ËÊÄÇÔÕÐÞÏË
ÄÑÆÑÓÂÔÕÄÑÓËÏÞÏË äÖÏÐÞÏËã ÒÑÎËÏÇÓÂÏË âÄÎâáÕÔâ
ÒÑÎË(N-ËÊÑÒÓÑÒËÎÂÍÓËÎÂÏËÆ) (PNIPAA) Ë ÔÑÒÑÎËÏÇÓÞ ÐÂ
ÑÔÐÑÄÇ N-ËÊÑÒÓÑÒËÎÂÍÓËÎÂÏËÆÂ (NIPAA),23 ÒÑÎË(N-ÄËÐËÎ-
ÍÂÒÓÑÎÂÍÕÂÏ) (PVCL) Ë ÒÑÎËÏÇÓÞ ÐÇÍÑÕÑÓÞØ ÆÓÖÅËØN-ÊÂÏÇ-
ÜÇÐÐÞØ ÄËÐËÎÂÏËÆÑÄ,24 ë 26 Â ÕÂÍÉÇ ÃÎÑÍ-ÔÑÒÑÎËÏÇÓÞ ÒÑÎË-
àÕËÎÇÐÑÍÔËÆÂ (PEO) Ë ÒÑÎËÒÓÑÒËÎÇÐÑÍÔËÆÂ (PPO) ÕËÒÂ
PEOëPPOë PEO (Ä ÚÂÔÕÐÑÔÕË, Pluronic (R))27, 28 Ë ÒÑÎËÒÇÒ-
ÕËÆÞ Ô ÒÑÄÕÑÓâáÜËÏËÔâ ÂÏËÐÑÍËÔÎÑÕÐÞÏË ÒÑÔÎÇÆÑÄÂÕÇÎß-
ÐÑÔÕâÏË VPGVG, ØÂÓÂÍÕÇÓÐÞÏË ÆÎâ àÎÂÔÕËÐÑÄ ì ÃÇÎÍÑÄ
ÔÑÇÆËÐËÕÇÎßÐÑÌ ÕÍÂÐË ÏÎÇÍÑÒËÕÂáÜËØ.29

µÍÂÊÂÐÐÞÇ ×ÂÊÑÄÞÇ ÒÇÓÇØÑÆÞ ÒÓÑËÔØÑÆâÕ Ä ÄÑÆÇ Ä ÄÇÔßÏÂ
ÖÊÍËØ ËÐÕÇÓÄÂÎÂØ ÕÇÏÒÇÓÂÕÖÓÞ: Ä ÒÓÇÆÇÎÂØ ÑÆÐÑÅÑ ÅÓÂÆÖÔÂ
¸ÇÎßÔËâ ÆÎâ PNIPAA (ÒÓË 328C) Ë àÎÂÔÕËÐÑÒÑÆÑÃÐÞØ ÒÑÎË-
ÒÇÒÕËÆÑÄ (ÒÓË 288C). ³ÛËÕÞÇ ÔÏÂÓÕ-ÒÑÎËÏÇÓÞ ÑÃÓÂÊÖáÕ
ÅÇÎË, ÕÂÍÉÇ ÔÒÑÔÑÃÐÞÇ Í ÑÃÓÂÕËÏÞÏ ÒÇÓÇØÑÆÂÏ ËÊ ÐÂÃÖØÛÇÅÑ
Ä ÍÑÎÎÂÒÔËÓÑÄÂÐÐÑÇ ÔÑÔÕÑâÐËÇ.30, 31 ¬ÓÑÏÇ ÕÑÅÑ, ÔÏÂÓÕ-ÒÑÎË-
ÏÇÓÞ ÏÑÅÖÕ ÃÞÕß ÒÓËÄËÕÞ ËÎË ÂÆÔÑÓÃËÓÑÄÂÐÞ ÐÂ ÕÄÇÓÆÞÇ
ÒÑÄÇÓØÐÑÔÕË, ÍÑÕÑÓÞÇ ÄÔÎÇÆÔÕÄËÇ àÕÑÅÑ ÒÓËÑÃÓÇÕÂáÕ ÔÒÑÔÑÃ-
ÐÑÔÕß ÊÐÂÚËÕÇÎßÐÑ ËÊÏÇÐâÕß ÔÄÑË ×ËÊËÍÑ-ØËÏËÚÇÔÍËÇ ÔÄÑÌ-
ÔÕÄÂ (Ä ÒÇÓÄÖá ÑÚÇÓÇÆß ÔÏÂÚËÄÂÇÏÑÔÕß Ë ÂÆÔÑÓÃÙËÑÐÐÖá
ÂÍÕËÄÐÑÔÕß) Ä ÑÕÄÇÕ ÐÂ ÐÇÃÑÎßÛËÇ ËÊÏÇÐÇÐËâ ÄÐÇÛÐËØ ÖÔÎÑ-
ÄËÌ.

´ÂÍËÇ ÏÂÕÇÓËÂÎÞ ÄÒÇÓÄÞÇ ÃÞÎË ÓÂÊÓÂÃÑÕÂÐÞ Ë ËÊÖÚÇÐÞ
ÅÓÖÒÒÑÌ ËÔÔÎÇÆÑÄÂÕÇÎÇÌ ÒÑÆ ÓÖÍÑÄÑÆÔÕÄÑÏ ÒÓÑ×ÇÔÔÑÓÂ
°ÍÂÐÑ (ÁÒÑÐËâ) Ä 1990-Ç ÅÑÆÞ. ±ÑÊÆÐÇÇ àÕË ÓÂÊÓÂÃÑÕÍË
ÃÞÎË ÏÐÑÅÑÍÓÂÕÐÑ ÄÑÔÒÓÑËÊÄÇÆÇÐÞ Ä ÓÂÊÎËÚÐÞØ ÄÂÓËÂÐÕÂØ
Ë ÖÔÑÄÇÓÛÇÐÔÕÄÑÄÂÐÞ ÍÂÍ ÕÑÌ ÉÇ ÐÂÖÚÐÑÌ ÅÓÖÒÒÑÌ, ÕÂÍ Ë
ÏÐÑÅËÏË ÆÓÖÅËÏË. °ÔÐÑÄÐÞÏ ÑÕÍÓÞÕËÇÏ °ÍÂÐÑ Ô ÔÑÂÄÕ.
ÃÞÎÂ ÄÑÊÏÑÉÐÑÔÕß ÂÆÅÇÊËË, ÓÑÔÕÂ Ë ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇÕÑÍ
ÉËÄÑÕÐÞØ ÐÂ ÐÑÔËÕÇÎâØ, ØËÏËÚÇÔÍË ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ ÜÇÕ-
ÍÂÏË PNIPAA, ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ, ÒÓÇÄÞÛÂáÜËØ ÕÇÏÒÇÓÂ-
ÕÖÓÖ ÍÑÐ×ÑÓÏÂÙËÑÐÐÑÅÑ ÒÇÓÇØÑÆÂ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ.
¢ÑÎÇÇ ÕÑÅÑ, ÑÍÂÊÂÎÑÔß, ÚÕÑ ÒÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ
ÒÑÎÖÚÇÐÐÞÇ ÍÖÎßÕÖÓÞ ÍÎÇÕÑÍ ÏÑÉÐÑ ÑÕÆÇÎâÕß ÑÕ ÒÑÄÇÓØ-
ÐÑÔÕË PNIPAA-ÔÑÆÇÓÉÂÜËØ ÐÑÔËÕÇÎÇÌ Ô ÔÑØÓÂÐÇÐËÇÏ ÉËÊÐÇ-
ÔÒÑÔÑÃÐÑÔÕË Ä ÊÐÂÚËÕÇÎßÐÑ ÃÑÎßÛÇÌ ÔÕÇÒÇÐË, ÚÇÏ ÒÓË ÕÓÂÆË-
ÙËÑÐÐÑÌ ÑÃÓÂÃÑÕÍÇ ÕÓËÒÔËÐÑÏ Ë àÕËÎÇÐÆËÂÏËÐÕÇÕÓÂÖÍÔÖÔ-
ÐÑÌ ÍËÔÎÑÕÑÌ (EDTA).32 £ÒÑÔÎÇÆÔÕÄËË ÂÐÂÎÑÅËÚÐÞÏ ÑÃÓÂ-
ÊÑÏ ÃÞÎË ÍÖÎßÕËÄËÓÑÄÂÐÞ ÓÂÊÎËÚÐÞÇ ÄËÆÞ ÍÎÇÕÑÍ
ÉËÄÑÕÐÞØ, Ä ÚÂÔÕÐÑÔÕË àÒËÕÇÎËÂÎßÐÞÇ ÍÎÇÕÍË ÓÑÅÑÄËÙÞ
ÅÎÂÊÂ, ÍÑÕÑÓÞÇ ÑÃÓÂÊÑÄÞÄÂÎË ÍÑÐ×ÎáÇÐÕÐÞÇ ÏÑÐÑ- Ë ÒÑÎË-
ÔÎÑÌÐÞÇ ÍÖÎßÕÖÓÞ; Ä àÕÑÏ ÄËÆÇ ÑÐË ÏÑÅÎË ÃÞÕß ÑÕÆÇÎÇÐÞ ÑÕ
ÐÑÔËÕÇÎâ ÒÑÔÓÇÆÔÕÄÑÏ ÍÑÐ×ÑÓÏÂÙËÑÐÐÑÅÑ ÒÇÓÇØÑÆÂ ÒÓËÄË-
ÕÑÅÑ PNIPAA Ë ÆÂÎÇÇ ËÔÒÑÎßÊÑÄÂÕßÔâ ÆÎâ ÒÇÓÇÔÂÆÍË ÒÂÙËÇÐ-
ÕÂÏ Ô ÒÑÄÓÇÉÆÇÐÐÑÌ ÓÑÅÑÄËÙÇÌ.33 °ÒËÔÂÐÞ Ë ÆÓÖÅËÇ ÄËÆÞ
ÍÎÇÕoÍ, ÍÖÎßÕËÄËÓÑÄÂÐÐÞØ ÒÑÆÑÃÐÞÏ ÑÃÓÂÊÑÏ Ë ÒÇÓÇÔÂÉÇÐ-
ÐÞØ Ä ÉËÄÞÇ ÑÓÅÂÐËÊÏÞ Ô ÙÇÎßá ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÒÑÄÓÇÉÆÇÐ-

{ £ ÐÂÔÕÑâÜÇÏ ÑÃÊÑÓÇ ÏÞ ËÔÒÑÎßÊÖÇÏ ÑÃÂ ÕÇÓÏËÐÂ ÒÑ ÒÓËÚËÐÇ
ÓÂÔÒÓÑÔÕÓÂÐÇÐËâ ÒÓËÎÂÅÂÕÇÎßÐÑÅÑ äÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞÌã
(ÓÇÂÅÇÐÕ, ÍÑÏÒÎÇÍÔ, ÍÑÏÒÑÊËÕ Ë Õ.Ò.).
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ÐÞØ ÕÍÂÐÇÌ.34 £ ÓÂÃÑÕÇ 35 ËÊÖÚÇÐÑ ÍÖÎßÕËÄËÓÑÄÂÐËÇ ÅËÃÓËÆÑÏ
Ä ÅËÆÓÑÅÇÎâØ, ÒÑÎÖÚÇÐÐÞØ ÒÖÕÇÏ ÕÇÓÏÑÑÔÂÉÆÇÐËâ PVCL.

¡ÄÕÑÓÞ ËÔÔÎÇÆÑÄÂÐËâ 36 ËÔÒÑÎßÊÑÄÂÎË ÕÄÇÓÆÞÇ ÐÑÔËÕÇÎË,
ÔÑÆÇÓÉÂÜËÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÒÓËÄËÕÞÇ ÔÏÂÓÕ-ÒÑÎËÏÇÓÞ, ÆÎâ
ÓÂÊÆÇÎÇÐËâ ÓÂÊÎËÚÐÞØ ÎËÐËÌ ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ. ³ÒÇÙË×ËÚÇ-
ÔÍËÇ ÂÐÕËÕÇÎÂ ÂÆÔÑÓÃËÓÑÄÂÎË ÒÓË 378C ÐÂ ÒÑÄÇÓØÐÑÔÕß ÒÑÎË-
ÒÓÑÒËÎÇÐÑÄÑÌ ÏÇÏÃÓÂÐÞ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ ÒÓËÄËÕÞÏ
PNIPAA, ÍÑÕÑÓÂâ ÊÂÕÇÏ ÍÑÐÕÂÍÕËÓÑÄÂÎÂ Ô ÔÖÔÒÇÐÊËÇÌ ÍÎÇÕÑÍ
ÆÄÖØ ÓÂÊÎËÚÐÞØ ÎËÐËÌ. ±ÑÔÎÇ ÑÕÏÞÄÍË ÐÇÔÒÇÙË×ËÚÇÔÍË ÔÄâ-
ÊÂÐÐÞØ ÍÎÇÕÑÍ ÑÕÆÇÎÇÐËÇ ÔÒÇÙË×ËÚÇÔÍË ÔÄâÊÂÐÐÞØ ÆÑÔÕË-
ÅÂÎÑÔß ÒÓË 108C, Õ.Ç. Ä ÖÔÎÑÄËâØ ÐÂÃÖØÂÐËâ ÒÓËÄËÕÑÅÑ
ÒÑÎËÏÇÓÂ. £ ÓÂÃÑÕÇ 8 ÒÓÑÆÇÏÑÐÔÕÓËÓÑÄÂÐÂ ÄÑÊÏÑÉÐÑÔÕß ÔÒÇ-
ÙË×ËÚÇÔÍÑÌ ÂÆÅÇÊËË ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ ÊÂ ÔÚÇÕ ÑÃÓÂÊÑÄÂÐËâ
ÍÑÏÒÎÇÍÔÑÄ ÏÇÉÆÖ ËØ ÒÑÄÇÓØÐÑÔÕÐÞÏË ÅÎËÍÑÒÓÑÕÇËÐÂÏË Ë
ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÏË ÒÑÎËÏÇÓÂÏË, Ä ÕÑÏ ÚËÔÎÇ ÒÓËÄËÕÞÏË
ÐÂ ÕÄÇÓÆÞÇ ÐÑÔËÕÇÎË. £ÑÊÏÑÉÐÑÔÕß ÄÞÔÄÑÃÑÉÆÇÐËâ ÍÎÇÕÑÍ
ÒÖÕÇÏ ËØ ÍÑÐÍÖÓÇÐÕÐÑÅÑ àÎáËÓÑÄÂÐËâ ÏÑÐÑÔÂØÂÓËÆÂÏË ËÎË
ÄÔÎÇÆÔÕÄËÇ ÔÆÄËÅÂ pH ÏÑÉÇÕ ÔÕÂÕß ÑÔÐÑÄÑÌ ÐÑÄÞØ ÏÇÕÑÆÑÄ
ÓÂÊÆÇÎÇÐËâ Ë ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇÕÑÍ.

°ÆÐÑ ËÊ ÒÇÓÄÞØ ÒÓËÏÇÐÇÐËÌ ÒÑÄÇÓØÐÑÔÕÐÑ-ÔÄâÊÂÐÐÞØ
ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ Ä ÑÃÎÂÔÕË ÄÞÆÇÎÇÐËâ Ë ÑÚËÔÕÍË ÃÇÎÍÑÄ
ÑÒËÔÂÐÑ Ä ÓÂÃÑÕÇ 37: ÍÑÐÕÓÑÎËÓÖâ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÇ ÒÇÓÇ-
ØÑÆÞ PVCL, ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÐÂ ³Ç×ÂÓÑÊÇ, ÔÑÆÇÓÉÂÜÇÌ
ÍÓÂÔËÕÇÎß Cibacron Blue 3G, ÏÑÉÐÑ ÖÒÓÂÄÎâÕß ÒÓÑÙÇÔÔÂÏË
ÔÑÓÃÙËË Ë ÆÇÔÑÓÃÙËË ×ÇÓÏÇÐÕÂ ÎÂÍÕÂÕÆÇÅËÆÓÑÅÇÐÂÊÞ. ¶ÇÓ-
ÏÇÐÕ Ë PVCL ÔÄâÊÞÄÂáÕÔâ Ô ÖÍÂÊÂÐÐÞÏ ÍÓÂÔËÕÇÎÇÏ, ÒÑàÕÑÏÖ
ÒÇÓÇØÑÆ ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ PVCL ËÊ ÔÑÔÕÑâÐËâ ÔÄâÊÂÐÐÞØ Ô
ÒÑÄÇÓØÐÑÔÕßá ÅÎÑÃÖÎ (ÒÓË 408C) Ä ÔÑÔÕÑâÐËÇ ÐÂÃÖØÛËØ Ë
ÃÑÎÇÇ ÏÑÃËÎßÐÞØ ÍÎÖÃÍÑÄ (ÒÓË 238C) ÒÓËÄÑÆËÕ Í ÆÇÔÑÓÃÙËË
ÔÒÇÙË×ËÚÇÔÍË ÔÄâÊÂÐÐÑÅÑ ×ÇÓÏÇÐÕÂ ÊÂ ÔÚÇÕ ÍÑÐÍÖÓÇÐÕÐÑÅÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâ PVCL Ô ÍÓÂÔËÕÇÎÇÏ. £ ÚÂÔÕÐÑÔÕË, ÄÞÆÇÎÇÐËÇ
ÎÂÍÕÂÕÆÇÅËÆÓÑÅÇÐÂÊÞ ËÊ àÍÔÕÓÂÍÕÂ ÏÞÛÇÚÐÑÌ ÕÍÂÐË ÒÖÕÇÏ
ÑÒËÔÂÐÐÑÅÑ ÕÇÏÒÇÓÂÕÖÓÐÑ-ÍÑÐÕÓÑÎËÓÖÇÏÑÅÑ àÎáËÓÑÄÂÐËâ
ÒÓÑËÔØÑÆËÎÑ Ô 90%-ÐÞÏ ÔÑØÓÂÐÇÐËÇÏ ÂÍÕËÄÐÑÔÕË ×ÇÓÏÇÐÕÂ
ÒÓË 17-ÍÓÂÕÐÑÌ ÑÚËÔÕÍÇ ÑÕ ÒÓÑÚËØ ÃÇÎÍÑÄ. £ÒÑÔÎÇÆÔÕÄËË
ÒÑÎÖÚËÎË ÓÂÔÒÓÑÔÕÓÂÐÇÐËÇ ÏÇÕÑÆÞ ÏÇÕÂÎÎoØÇÎÂÕÐÑÌ Â××ËÐ-
ÐÑÌ ÒÓÇÙËÒËÕÂÙËË ÃÇÎÍÑÄ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÔÏÂÓÕ-ÒÑÎËÏÇÓ-
ÐÞØ ÓÇÂÅÇÐÕÑÄ.38

£ÎËâÐËÇ ÕÇÏÒÇÓÂÕÖÓÞ ÐÂ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍÑÇ ÖÆÇÓÉËÄÂ-
ÐËÇ ÔÕÇÓÑËÆÐÞØ ÎÇÍÂÓÔÕÄÇÐÐÞØ ÒÓÇÒÂÓÂÕÑÄ, ÒÓÑËÊÄÑÆÐÞØ
ÂÏËÐÑÍËÔÎÑÕ Ë ÒÇÒÕËÆÑÄ ÐÂ ÔËÎËÍÂÅÇÎâØ, ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ
ÜÇÕÍÂÏË PNIPAA, Ë ÔÑÒÑÎËÏÇÓÑÄ NIPAA ËÊÖÚÇÐÑ Ä ÔÇÓËË
ÓÂÃÑÕ¬ÂÐÂÊÂÄÞ Ô ÔÑÂÄÕ.39, 40 ±ÑÄÞÛÇÐËÇ ÕÇÏÒÇÓÂÕÖÓÞ, ÄÞÊÞ-
ÄÂáÜÇÇ ÆÇÅËÆÓÂÕÂÙËá PNIPAA Ë ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÌ ÒÇÓÇ-
ØÑÆ Ä ÒÑÎËÏÇÓÐÞØ ÜÇÕÍÂØ, ÒÓËÄÑÆËÕ Í ÄÑÊÓÂÔÕÂÐËá ÖÆÇÓÉË-
ÄÂÐËâ ÖÍÂÊÂÐÐÞØ ÔÑÓÃÂÕÑÄ, ÚÕÑ ÆÂÇÕ ÖÐËÍÂÎßÐÖá ÄÑÊÏÑÉ-
ÐÑÔÕß ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍÑÅÑ ÂÐÂÎËÊÂ ×ÇÐËÎÕËÑÅËÆÂÐÕÑËÐÑ-
ÄÞØ ÒÓÑËÊÄÑÆÐÞØ ÂÏËÐÑÍËÔÎÑÕ Ä ÚËÔÕÑ ÄÑÆÐÑÌ (ÃÇÔÔÑÎÇÄÑÌ)
ÔÓÇÆÇ Ô ÒÓËÏÇÐÇÐËÇÏ ÅÓÂÆËÇÐÕÂ ÕÇÏÒÇÓÂÕÖÓÞ.40 ´ÇÏÒÇÓÂ-
ÕÖÓÐÑ-ÍÑÐÕÓÑÎËÓÖÇÏÂâ ÂÆÔÑÓÃÙËâ ÃÇÎÍÑÄ Ä ÏËÍÓÑ×ÎáËÆÐÞØ
ÔØÇÏÂØ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÒÑÄÇÓØÐÑÔÕË, ØËÏËÚÇÔÍË ÏÑÆË×Ë-
ÙËÓÑÄÂÐÐÑÌ ÒÓËÄËÕÞÏ ÔÎÑÇÏ PNIPAA ÔÑ ÔÓÇÆÐÇÌ ÕÑÎÜËÐÑÌ
4 ÐÏ, ÒÑÊÄÑÎËÎÂ ÍÑÐÙÇÐÕÓËÓÑÄÂÕß Ë ÊÂÒÓÑÅÓÂÏÏËÓÑÄÂÐÐÑ
ÄÞÔÄÑÃÑÉÆÂÕß ÃÇÎÍË ÒÖÕÇÏ ÎÑÍÂÎßÐÑÅÑ ËÊÏÇÐeÐËâ ÕÇÏÒÇÓÂ-
ÕÖÓÞ ÏËÍÓÑÔÍÑÒËÚÇÔÍËØ ×ÓÂÅÏÇÐÕÑÄ àÕËØ ÔØÇÏ.11 ¥ÂÐÐÞÌ
ÒÓËÐÙËÒ ÃÞÎ ÓÇÂÎËÊÑÄÂÐ ÐÂ ÒÓËÏÇÓÇ ÖÒÓÂÄÎâÇÏÑÌ ÂÆÔÑÓÃ-
ÙËË ë ÆÇÔÑÓÃÙËË ÍÑÐÝáÅÂÕÑÄ ÔÕÓÇÒÕÂÄËÆËÐÂ Ë PNIPAA, ÔÒÑ-
ÔÑÃÐÞØ ÔÄâÊÞÄÂÕßÔâ Ô ËÏÏÖÐÐÞÏË ÍÑÏÒÎÇÍÔÂÏË, Â ÊÂÕÇÏ ÒÓË
ÐÂÅÓÇÄÂÐËË ÂÆÔÑÓÃËÓÑÄÂÕßÔâ ÐÂ PNIPAA-ÔÑÆÇÓÉÂÜÇÌ
ÒÑÄÇÓØÐÑÔÕË ÏËÍÓÑ×ÎáËÆÐÑÌ ÔØÇÏÞ.41

±ÓËÄÇÆÇÐÐÞÇ ÄÞÛÇ ÒÓËÏÇÓÞ ËÎÎáÔÕÓËÓÖáÕ ÛËÓÑÍËÌ
ÆËÂÒÂÊÑÐ ÓÇÂÎßÐÞØ Ë ÄÑÊÏÑÉÐÞØ ÒÓËÏÇÐÇÐËÌ ÒÑÄÇÓØ-
ÐÑÔÕÐÑ-ÒÓËÄËÕÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ Ä ÏÇÆËÙËÐÇ, ÒÓÇÒÂÓÂÕËÄ-
ÐÑÌ ÃËÑØËÏËË Ë ÏËÍÓÑÏÇÕÑÆÂØ ÃËÑÂÐÂÎËÊÂ. £ ÔÄâÊË Ô àÕËÏ
ÔÕÓÖÍÕÖÓÂ, ÔÄÑÌÔÕÄÂ Ë ÒÑÄÇÆÇÐËÇ ÒÓËÄËÕÞØ ÔÎÑÇÄ ÔÏÂÓÕ-

ÒÑÎËÏÇÓÑÄ ÑÍÂÊÂÎËÔß ÒÓÇÆÏÇÕÑÏ ÍÂÍ ÕÇÑÓÇÕËÚÇÔÍËØ, ÕÂÍ Ë
àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ×ÖÐÆÂÏÇÐÕÂÎßÐÞØ ËÔÔÎÇÆÑÄÂÐËÌ.

III. ®ÑÆÇÎËÓÑÄÂÐËÇ ÔÕÓÖÍÕÖÓÞ ÒÑÎËÏÇÓÐÞØ
ÜÇÕÑÍ ÒÓË ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÂØ

±ÑÎËÏÇÓÐÞÏË ÜÇÕÍÂÏË ÐÂÊÞÄÂáÕ ÂÐÔÂÏÃÎË ÒÑÎËÏÇÓÐÞØ
ÙÇÒÇÌ, ÒÓËÔÑÇÆËÐÇÐÐÞØ Í ÕÄÇÓÆÑÌ ËÎË ËÐÑÌ ÒÑÄÇÓØÐÑÔÕË
ÚÇÓÇÊ ÍÑÐÙÇÄÞÇ ÅÓÖÒÒÞ Ë ÓÂÔÒÑÎÑÉÇÐÐÞØ ÐÂÔÕÑÎßÍÑ ÃÎËÊÍÑ
ÆÓÖÅ Í ÆÓÖÅÖ, ÚÕÑ ÔÑÔÇÆÐËÇ ÙÇÒË ÄÔÕÖÒÂáÕ ÄÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
Ë ÒÓËÐËÏÂáÕ ÃÑÎÇÇ ÄÞÕâÐÖÕÖá ×ÑÓÏÖ ÒÑ ÔÓÂÄÐÇÐËá Ô
ÕÂÍËÏË ÉÇ ÙÇÒâÏË Ä ÔÄÑÃÑÆÐÑÏ ÓÂÔÕÄÑÓÇ.42, 43 ´ÇÑÓÇÕËÚÇ-
ÔÍÑÏÖ ÏÑÆÇÎËÓÑÄÂÐËá ÓÂÄÐÑÄÇÔÐÞØ ÔÕÓÖÍÕÖÓ ÒÑÎËÏÇÓÐÞØ
ÜÇÕÑÍ Ë ËØ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ ÒÓË ËÊÏÇÐÇÐËË
ÒÂÓÂÏÇÕÓÂ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÒÑÎËÏÇÓÂ Ô ÓÂÔÕÄÑÓËÕÇÎÇÏ ÒÑÔÄâ-
ÜÇÐo ÏÐÑÉÇÔÕÄÑ ËÔÔÎÇÆÑÄÂÐËÌ,44 ë 46 ÄÞÒÑÎÐÇÐÐÞØ Ä
ÊÐÂÚËÕÇÎßÐÑÌ ÏÇÓÇ Ä ²ÑÔÔËË (ÔÏ. ÓÂÃÑÕÞ ¢ËÓÛÕÇÌÐ Ô ÔÑÂÄÕ.).

£ ÆÂÐÐÑÏ ÓÂÊÆÇÎÇ ËÊÎÑÉÇÐÞ ÃÂÊÑÄÞÇ ÒÓÇÆÔÕÂÄÎÇÐËâ Ñ
ÔÕÓÖÍÕÖÓÇ Ë ÒÑÄÇÆÇÐËË ÒÑÎËÏÇÓÐÞØ ÜÇÕÑÍ, ËÏÇáÜËÇ ÃÑÎß-
ÛÑÇ ÊÐÂÚÇÐËÇ ÆÎâ ÒÑÐËÏÂÐËâ ÏÇØÂÐËÊÏÑÄ ÖÒÓÂÄÎâÇÏÑÌ
ÂÆÔÑÓÃÙËË Ë ÂÆÅÇÊËË ÃËÑÒÑÎËÏÇÓÑÄ Ë ÍÎÇÕÑÍ. ²ÂÔÔÏÑÕÓËÏ
ÒÓÑÔÕÇÌÛÖá ÏÑÆÇÎß àÎÇÍÕÓÑÐÇÌÕÓÂÎßÐÑÌ ÒÑÎËÏÇÓÐÑÌ
ÜÇÕÍË, ÓÂÔÒÑÎÑÉÇÐÐÑÌ ÐÂ ÒÎÑÔÍÑÌ ÒÑÄÇÓØÐÑÔÕË Ë ÔÑÔÕÑâÜÇÌ
ËÊ ÙÇÒÇÌ ÕÑÎÜËÐÑÌ a, ÓÂÄÐÑÌ ÆÎËÐÇ ÏÑÐÑÏÇÓÐÑÅÑ ÊÄÇÐÂ, ÔÑ
ÔÕÇÒÇÐßá ÒÑÎËÏÇÓËÊÂÙËË n Ë ÒÎÑÜÂÆßá ÒÑÄÇÓØÐÑÔÕË, ÒÓËØÑ-
ÆâÜÇÌÔâ ÐÂ ÑÆÐÖ ÙÇÒß, a2s, ÅÆÇ ÄÇÎËÚËÐÂ s>1 ÓÂÄÐÂ ÑÕÐÑÛÇ-
ÐËá ÔÓÇÆÐÇÌ ÒÎÑÜÂÆË, ÒÓËØÑÆâÜÇÌÔâ ÐÂ ÑÆÐÖ ÙÇÒß, Í ÕÑÎ-
ÜËÐÇ ÙÇÒË.45, 46 ³ÕÓÖÍÕÖÓÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË ÒÓËÄËÕÞØ ÒÑÎË-
ÏÇÓÐÞØ ÔÎÑÇÄ ÒÑÎÖÚÇÐÞ Ä àÕËØ ÓÂÃÑÕÂØ Ä ÔÑÑÕÄÇÕÔÕÄËË Ô
ÕÇÑÓËÇÌ ¶ÎÑÓË ë·ÂÅÅËÐÔÂ, ÃÂÊËÓÖáÜÇÌÔâ ÐÂ ÒÓÇÆÔÕÂÄÎÇÐËË
ÔÄÑÃÑÆÐÑÌ àÐÇÓÅËË ÙÇÒË Ä ÒÓËÄËÕÑÏ ÔÎÑÇ Ä ÄËÆÇ ÔÖÏÏÞ ÆÄÖØ
ÔÎÂÅÂÇÏÞØ

DF=DFel+DFconc

ÅÆÇ DFel ì ÔÄÑÃÑÆÐÂâ àÐÇÓÅËâ àÎÂÔÕËÚÐÑÌ ÆÇ×ÑÓÏÂÙËË,
DFconc ì ÔÄÑÃÑÆÐÂâ àÐÇÓÅËâ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÊÄÇÐßÇÄ ÙÇÒË Ô
ÑÍÓÖÉÂáÜÇÌ ÔÓÇÆÑÌ. ±ÑÔÍÑÎßÍÖ DFel Ë DFconc âÄÎâáÕÔâ
×ÖÐÍÙËâÏË n, s, ÕÑÎÜËÐÞ ÔÎÑâ H Ë ÒÂÓÂÏÇÕÓÂ
¶ÎÑÓË ë·ÂÅÅËÐÔÂ w, ÏËÐËÏËÊÂÙËâ DF ÒÑ H ÒÓËÄÑÆËÕ Í ÔÎÇ-
ÆÖáÜËÏ ÂÔËÏÒÕÑÕËÚÇÔÍËÏ ÄÞÓÂÉÇÐËâÏ ÆÎâ ÓÂÄÐÑÄÇÔÐÑÌ
ÄÇÎËÚËÐÞH Ä ÓÂÊÐÞØ ÓÂÔÕÄÑÓËÕÇÎâØ:
Ä ØÑÓÑÛÇÏ ÓÂÔÕÄÑÓËÕÇÎÇ

H* n3=5
1

2
ÿ w

� �1=5

; w >
1

2
(1)

Ä ÕÇÕÂ-ÓÂÔÕÄÑÓËÕÇÎÇ

H* n1=2; w � 1

2
(2)

Ä ÒÎÑØÑÏ ÓÂÔÕÄÑÓËÕÇÎÇ

H* n1=3 wÿ 1

2

� �ÿ1=3
; w <

1

2
(3)

£ ÒÓÑÔÕÇÌÛÇÏ ÔÎÖÚÂe ËÊÑÎËÓÑÄÂÐÐÞØ ÙÇÒÇÌ ËØ ÓÂÊÏÇÓÞ
ÔÑÄÒÂÆÂáÕ Ô ÓÂÊÏÇÓÂÏË ÔÄÑÃÑÆÐÞØ ÙÇÒÇÌ Ä ÓÂÔÕÄÑÓÇ ÒÓË ÕÑÏ
ÉÇ ÊÐÂÚÇÐËË w. °ÕÏÇÕËÏ, ÚÕÑ ÕÇÑÓËË, ÓÂÔÔÏÑÕÓÇÐÐÞÇ Ä ÓÂÃÑ-
ÕÂØ 45, 46, ÐÇ ÖÚËÕÞÄÂáÕ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÙÇÒÇÌ Ô ÐÇÔÖÜÇÌ
ÒÑÄÇÓØÐÑÔÕßá, ÕÂÍ ÚÕÑ ÓÂÔÒÎÂÔÕÞÄÂÐËâ ÙÇÒÇÌ ÊÂ ÔÚÇÕ ÂÆÔÑÓÃ-
ÙËË ËØ ÔÇÅÏÇÐÕÑÄ ÐÂ ÒÑÄÇÓØÐÑÔÕß Ä ÓÂÏÍÂØ ÆÂÐÐÞØÏÑÆÇÎÇÌ ÐÇ
ÒÓÑËÔØÑÆËÕ. ¿ÕÑ ÐÂÍÎÂÆÞÄÂÇÕ ÐÇÍÑÕÑÓÞÇ ÑÅÓÂÐËÚÇÐËâ ÐÂ ËØ
ÒÓÇÆÔÍÂÊÂÕÇÎßÐÖá ÔËÎÖ, ÒÑÔÍÑÎßÍÖ ËÊÑÎËÓÑÄÂÐÐÂâ ÙÇÒß ÕÇÑ-
ÓÇÕËÚÇÔÍË ÒÑÚÕË ÒÑÎÐÑÔÕßá ÓÂcÒÎÂÔÕÞÄÂÇÕÔâ ÐÂ ÂÆÔÑÓÃË-
ÓÖáÜÇÌ ÒÑÄÇÓØÐÑÔÕË ÖÉÇ ÒÓË ÐÇÃÑÎßÛÑÌ ÔÄÑÃÑÆÐÑÌ àÐÇÓÅËË
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ÔÄâÊÞÄÂÐËâ ÏÑÐÑÏÇÓÐÑÅÑ ÊÄÇÐÂ: 2 k´ Ë ÄÞÛÇ.49 £ÒÓÑÚÇÏ,
ÓÇÂÎßÐÞÇ ÔËÔÕÇÏÞ ÏÑÅÖÕ ØÂÓÂÍÕÇÓËÊÑÄÂÕßÔâ ÕÑÎÜËÐÂÏË
ÔÎÑÇÄ Ä ÆÇÔâÕÍË ÐÂÐÑÏÇÕÓÑÄ, ÚÕÑ ÊÐÂÚËÕÇÎßÐÑ ÒÓÇÄÞÛÂÇÕ
ÕÑÎÜËÐÖ ÙÇÒË ÆÂÉÇ ÒÓË ÑÚÇÐß ÐËÊÍËØ ÓÂÄÐÑÄÇÔÐÞØ ÍÑÐÙÇÐÕ-
pÂÙËâØ ÒÑÎËÏÇÓÑÄ (0.01 ÏÅ .ÏÎ71).50

¹ÕÑÃÞ ÒÇÓÇÌÕË ÑÕ ÂÔËÏÒÕÑÕËÚÇÔÍËØ ÓÇÛÇÐËÌ Í ÃÑÎÇÇ
ÓÇÂÎËÔÕËÚÐÞÏ Ë ÒÓÇÆÔÕÂÄËÕß ÊÂÄËÔËÏÑÔÕË H ÑÕ w Ä ÄËÆÇ
ÐÇÒÓÇÓÞÄÐÑÌ ×ÖÐÍÙËË ÒÓË ÓÂÊÐÞØ ÊÐÂÚÇÐËâØ n, ÂÄÕÑÓÞ
ÓÂÃÑÕÞ 51 ÄÄÇÎË Ä ÒÓËÄÇÆÇÐÐÞÇ ÄÞÛÇ ÄÞÓÂÉÇÐËâ ÆÎâ H Ä
ØÑÓÑÛÇÏ Ë ÒÎÑØÑÏ ÓÂÔÕÄÑÓËÕÇÎâØ ÍÑà××ËÙËÇÐÕÞ ÒÓÑÒÑÓ-
ÙËÑÐÂÎßÐÑÔÕË k1=1.5, k2=0.7 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ

H& k1n
3=5 1

2
ÿ w

� �1=5

; w <
1

2
(4)

H& k2 n
1=3 wÿ 1

2

� �ÿ1=3
;
3

5
> w >

1

2
(5)

ÒÑÊÄÑÎâáÜËÇ ÒÓË w& 0.5 ÒÑÎÖÚËÕß ÊÐÂÚÇÐËâ H, ÃÎËÊÍËÇ Í
ÂÔËÏÒÕÑÕËÚÇÔÍÑÏÖ ÓÇÛÇÐËá, ÍÑÕÑÓÑÇ ÆÂÇÕ ÄÞÓÂÉÇÐËÇ (2) ÆÎâ
ÕÇÕÂ-ÓÂÔÕÄÑÓËÕÇÎâ,

H& n1=3 wÿ 1

2

� �ÿ1=3
; w >

3

5
(6)

©ÂÄËÔËÏÑÔÕË H ÑÕ n, ÒÑÎÖÚÇÐÐÞÇ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÒÓË-
ÄÇÆÇÐÐÞØ ÍÑà××ËÙËÇÐÕÑÄ, ÒÓÇÆÔÕÂÄÎÇÐÞ ÐÂ ÓËÔ. 1. ¬ÂÍ
ÄËÆÐÑ, ËÊÏÇÐÇÐËâ ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÐÑÅÑ ÔÎÑâ
ÒÓË ÒÇÓÇØÑÆÇ ÑÕ ÒÎÑØÑÅÑ ÓÂÔÕÄÑÓËÕÇÎâ Í ØÑÓÑÛÇÏÖ ÐÂËÃÑÎÇÇ
ÄÞÓÂÉÇÐÞ ÆÎâ ÙÇÒÇÌ Ô ÄÞÔÑÍÑÌ ÔÕÇÒÇÐßá ÒÑÎËÏÇÓËÊÂÙËË.
±ÓËÏÇÚÂÕÇÎßÐÑ ÕÂÍÉÇ, ÚÕÑ ÒÇÓÇØÑÆ ÒÑÎËÏÇÓÐÑÅÑ ÔÎÑâ ËÊ
ÒÎÑØÑÅÑ ÓÂÔÕÄÑÓËÕÇÎâ Ä ÕÇÕÂ-ÓÂÔÕÄÑÓËÕÇÎß (w=0.5) ÔÑÒÓÑ-
ÄÑÉÆÂÇÕÔâ ÑÕÐÑÔËÕÇÎßÐÑ ÐÇÃÑÎßÛËÏ ÓÑÔÕÑÏ ÓÂÄÐÑÄÇÔÐÑÌ
ÕÑÎÜËÐÞ ÔÎÑâH, Ä ÕÑ ÄÓÇÏâ ÍÂÍ ÒÓË ÒÇÓÇØÑÆÇ Ä ÓÂÔÕÄÑÓËÕÇÎß
Ô w=0.4 ÊÐÂÚÇÐËÇH ÖÄÇÎËÚËÄÂÇÕÔâ ÐÂÏÐÑÅÑ ÃÑÎßÛÇ.

¬ÑÐ×ÑÓÏÂÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ ÒÎÑÕÐÑ ÓÂÔÒÑÎÑÉÇÐÐÞØ
ÒÓËÄËÕÞØ ÙÇÒÇÌ, ÑÃÓÂÊÖáÜËØ ÒÑÎËÏÇÓÐÖá ÜÇÕÍÖ, ÅÑÓÂÊÆÑ
ÔÎÑÉÐÇÇ. £ ÕÇÕÂ-ÖÔÎÑÄËâØ ÍÓËÕÇÓËÌ ÒÇÓÇÍÓÞÄÂÐËâ Ë ÄÊÂËÏÑ-
ÆÇÌÔÕÄËâ ÔÑÔÇÆÐËØ ÙÇÒÇÌ ÑÒÓÇÆÇÎâÇÕÔâ ÐÇÓÂÄÇÐÔÕÄÑÏ

n

s
> 1 (7)

¥Îâ ÑÕÐÑÛÇÐËâ ÓÂÄÐÑÄÇÔÐÑÌ ÕÑÎÜËÐÞ ÜÇÕÍË H Í ÍÑÐÕÖÓÐÑÌ
ÆÎËÐÇ ÙÇÒË L ÃÞÎË ÒÑÎÖÚÇÐÞ ÔÎÇÆÖáÜËÇ ÊÂÄËÔËÏÑÔÕË ÑÕ w Ë
s: 45

H

L
* sÿ1=3

1

2
ÿ w

� �1=3

; w < 0:5 (8)

H

L
* sÿ1=2; w � 0:5 (9)

H

L
* sÿ1 wÿ 1

2

� �ÿ1
; w > 0:5 (10)

£ àÕÑÏ ÔÎÖÚÂÇ ÆÎâ ÑÒËÔÂÐËâ H/L Ä ÄËÆÇ ÐÇÒÓÇÓÞÄÐÑÌ
×ÖÐÍÙËË ÑÕ w Ë ÑÕ s ÐÇÑÃØÑÆËÏÑ ÇÇ ÒÓÇÆÔÕÂÄËÕß Ä ÄËÆÇ
ÎËÐÇÌÐÞØ ÍÑÏÃËÐÂÙËÌ ×ÖÐÍÙËÌ (8) ë (10) ÆÎâ ÍÂÉÆÑÌ ËÊ
ÑÃÎÂÔÕÇÌ ÊÐÂÚÇÐËÌ w Ë ÒÑÆÑÃÓÂÕß ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÍÑà××Ë-
ÙËÇÐÕÞ ÒÓÑÒÑÓÙËÑÐÂÎßÐÑÔÕË, ÑÃÇÔÒÇÚËÄÂáÜËÇ ÍÂÍ ÐÇÒÓÇ-
ÓÞÄÐÑÔÕß ÔÂÏÑÌ ×ÖÐÍÙËË, ÕÂÍ Ë ÇÇ ÒÓÑËÊÄÑÆÐÑÌ (àÕÑ ÐÇÑÃØÑ-
ÆËÏÑ ÆÎâ ÒÑÎÖÚÇÐËâ ÒÎÂÄÐÑÌ ÊÂÄËÔËÏÑÔÕË H/L ÑÕ w, ÒÓÇÆ-
ÔÍÂÊÂÐÐÑÌ ÕÇÑÓËÇÌ 45). ¡ÄÕÑÓaÏË ÓÂÃÑÕÞ 51 ÒÑÎÖÚÇÐÞ ÔÎÇÆÖá-
ÜËÇ ×ÖÐÍÙËËH/L ÆÎâ ÕÓÇØ ÑÃÎÂÔÕÇÌ ÊÐÂÚÇÐËÌ w:

H

L
& k3 sÿ1=3

1

2
ÿ w

� �1=3

� k4 s
ÿ1=2

" #
; w < 0:45 (11)

H

L
& sÿ1=2 � 1ÿ k5 s� � 1

2
ÿ w

� �
; 0:6 > w > 0:45 (12)

H

L
& k6 sÿ1 wÿ 1

2

� �ÿ1
� k7 s

ÿ1=2
" #

; w > 0:6 (13)

°ÕÏÇÕËÏ, ÚÕÑ ÒÓËÄÇÆÇÐÐÞÇ ÒÓËÃÎËÊËÕÇÎßÐÞÇ ÄÞÓÂÉÇÐËâ
(11) ë (13) ÐÇ ÆÂáÕ ËÆÇÂÎßÐÑÅÑ ÔÑÄÒÂÆÇÐËâ ÒÓË ÄÔÇØ n Ë s Ä
ÕÑÚÍÂØ w=0.45 Ë 0.6, ÐÑ Ä ÙÇÎÑÏ ÑÒËÔÞÄÂáÕ ÍÑÐ×ÑÓÏÂÙËÑÐ-
ÐÞÇ ÒÇÓÇØÑÆÞ Ä ÔÑÑÕÄÇÕÔÕÄËË Ô ÒÓÇÆÔÍÂÊÂÐËâÏË ÕÇÑÓËË,45

ÆÂáÕ ÄÑÊÏÑÉÐÑÔÕß ÒÓÇÆÔÕÂÄËÕß ÔÇÃÇ ÑÃÜËÇ ÊÂÍÑÐÑÏÇÓÐÑÔÕË
àÕËØ ÒÇÓÇØÑÆÑÄ Ë ÔÒÓÂÄÇÆÎËÄÞ Ä ÒÓÇÆÇÎÂØ 100> s>6 Ë
1> w>0. ¯ÂÌÆÇÐÐÞÇ ÍÑà××ËÙËÇÐÕÞ ÒÓÑÒÑÓÙËÑÐÂÎßÐÑÔÕË
ËÏÇáÕ ÔÎÇÆÖáÜËÇ ÊÐÂÚÇÐËâ: k3=1.3, k4=0.4,
k5=3.6 . 1073, k6=0.16, k7=1.2.

¤ÓÂ×ËÍË ÊÂÄËÔËÏÑÔÕÇÌ ÑÕÐÑÔËÕÇÎßÐÑÌ ÕÑÎÜËÐÞ ÒÑÎË-
ÏÇÓÐÑÅÑ ÔÎÑâ, ÑÃÓÂÊÑÄÂÐÐÑÅÑ ÒÇÓÇÍÓÞÄÂáÜËÏËÔâ ÙÇÒâÏË,
ÑÕ s ÒÓË ÓÂÊÎËÚÐÞØ ÊÐÂÚÇÐËâØ w ÒÓËÄÇÆÇÐÞ ÐÂ ÓËÔ. 2, Â ÑÕ wì
ÐÂ ÓËÔ. 3. £ ÖÍÂÊÂÐÐÑÏ ÒÑÎËÏÇÓÐÑÏ ÔÎÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
ÏÇÉÆÖ ÔÇÅÏÇÐÕÂÏË ÓÂÊÎËÚÐÞØ ÙÇÒÇÌ ÒÓËÄÑÆËÕ Í ËØ ÄÞÕâÅËÄÂ-
ÐËá ÑÕÐÑÔËÕÇÎßÐÑ ÅÂÖÔÔÑÄÑÌ ÍÑÐ×ÑÓÏÂÙËË ÔÕÂÕËÔÕËÚÇÔÍÑÅÑ
ÍÎÖÃÍÂ ÐÇ ÕÑÎßÍÑ Ä ØÑÓÑÛËØ, ÐÑ Ë Ä ÒÎÑØËØ ÓÂÔÕÄÑÓËÕÇÎâØ.
£ ÓÇÊÖÎßÕÂÕÇ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÌ ÒÇÓÇØÑÆ ÄÞÓÂÉÇÐ ÔÎÂÃÇÇ,
ÚÇÏ Ä ËÊÑÎËÓÑÄÂÐÐÑÏ ÍÎÖÃÍÇ, Ë ÒÓÑËÔØÑÆËÕ Ä ÃÑÎÇÇ ÛËÓÑÍÑÏ
ËÐÕÇÓÄÂÎÇ ÊÐÂÚÇÐËÌ w, ÔÆÄËÐÖÕÑÏ Ä ÑÃÎÂÔÕß w>0.5. ±ÓË
ÄÞÔÑÍËØ ÒÎÑÕÐÑÔÕâØ ÒÓËÄËÄÍË àÕË à××ÇÍÕÞ ÖÔËÎËÄÂáÕÔâ
(ÔÏ. ÓËÔ. 2).

³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÕÇÑÓËË, ÓÂÔÔÏÑÕÓÇÐÐÞÇ Ä ÓÂÃÑ-
ÕÂØ 44 ë 47, ÓÂÊÓÂÃÑÕÂÐÞ ÒÓÇÉÆÇ ÄÔÇÅÑ ÆÎâ ÑÒËÔÂÐËâ ÍÑÐ×ÑÓÏÂ-
ÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä ÒÑÎËÏÇÓÂØ, ÓÂÔÕÄÑÓËÏÞØ ËÎË ÐÂÃÖØÂá-
ÜËØ Ä ÑÓÅÂÐËÚÇÔÍËØ ÓÂÔÕÄÑÓËÕÇÎâØ; Ä ÐËØ ÒÂÓÂÏÇÕÓ ¶ÎÑÓË ë
·ÂÅÅËÐÔÂ, ÍÂÍ ÒÓÂÄËÎÑ, ÄÑÊÓÂÔÕÂÇÕ Ô ÒÑÐËÉÇÐËÇÏ ÕÇÏÒÇÓÂ-
ÕÖÓÞ, Â ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÇ ÍÂÚÇÔÕÄÑ ÓÂÔÕÄÑÓËÕÇÎâ ÔÑÑÕÄÇÕ-
ÔÕÄÇÐÐÑ ÖØÖÆÛÂÇÕÔâ. £ àÕÑÏ ÔÎÖÚÂÇ ÕÇÑÓËâ ÒÓÇÆÔÍÂÊÞÄÂÇÕ
ÒÑÔÕÇÒÇÐÐÑÇ ÔÉÂÕËÇ ÒÑÎËÏÇÓÐÑÌ ÜÇÕÍË ÍÂÍ ÇÆËÐÑÅÑ ÙÇÎÑÅÑ
ÃÇÊ ÄÇÓÕËÍÂÎßÐÑÌ ËÎË ÎÂÕÇÓÂÎßÐÑÌ ÔÇÅÓÇÅÂÙËË ÐÂ ÑÕÆÇÎßÐÞÇ
ÑÃÎÂÔÕË Ô ÃÑÎßÛÇÌ Ë ÏÇÐßÛÇÌ ÍÑÐÙÇÐÕÓÂÙËÇÌ ÒÑÎËÏÇÓÂ.
B ÓÇÊÖÎßÕÂÕÇ ÔÉÂÕËâ Ä ÒÎÑØÑÏ ÓÂÔÕÄÑÓËÕÇÎÇ ÒÑÎËÏÇÓÐÞÇ
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²ËÔ. 1. ©ÂÄËÔËÏÑÔÕË ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÐÑÅÑ ÔÎÑâ
(Ä ÇÆËÐËÙÂØ ÕÑÎÜËÐÞ ÙÇÒË a) ÑÕ ÔÕÇÒÇÐË ÒÑÎËÏÇÓËÊÂÙËË ÆÎâ ÐÇ
ÄÊÂËÏÑÆÇÌÔÕÄÖáÜËØ ÆÓÖÅ Ô ÆÓÖÅÑÏ ÙÇÒÇÌ ÒÓË ÓÂÊÎËÚÐÞØ w.51

w: 1ì 0.3, 2ì 0.4, 3ì 0.5, 4ì 0.55, 5ì 0.9.
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ÔÎÑË ÔÕÂÐÖÕ ÐÇÒÓÑÐËÙÂÇÏÞÏË ÆÎâ ÒÑÕÑÍÂ ÓÂÔÕÄÑÓËÕÇÎâ, Õ.Ç.
ÕÇÑÓÇÕËÚÇÔÍË ËØ ÒÓÑÐËÙÂÇÏÑÔÕßá ÏÑÉÐÑ ÖÒÓÂÄÎâÕß ÒÖÕÇÏ
ËÊÏÇÐÇÐËâ ÕÇÓÏÑÆËÐÂÏËÚÇÔÍÑÅÑ ÍÂÚÇÔÕÄÂ ÓÂÔÕÄÑÓËÕÇÎâ.42, 47

³ÖÜÇÔÕÄÇÐÐÑ ËÐÖá ÍÂÓÕËÐÖ ÒÓÇÆÔÕÂÄÎâáÕ ÔÑÃÑÌ ÍÑÐ×ÑÓ-
ÏÂÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ Ä ÒÑÎËÏÇÓÐÞØ ÜÇÕÍÂØ, ÑÃÓÂÊÑÄÂÐÐÞØ
ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏË Ä ÄÑÆÐÞØ ÔÓÇÆÂØ. £ àÕÑÏ ÔÎÖÚÂÇ ÒÂÓÂÏÇÕÓ
¶ÎÑÓË ë·ÂÅÅËÐÔÂ ÔÐÂÚÂÎÂ ÖÄÇÎËÚËÄÂÇÕÔâ ÒÑÔÕÇÒÇÐÐÑ Ô ÒÑÄÞ-
ÛÇÐËÇÏ ÕÇÏÒÇÓÂÕÖÓÞ, Â ÊÂÕÇÏ ÔÍÂÚÍÑÑÃÓÂÊÐÑ. ¥Îâ ÑÒËÔÂÐËâ
ÒÇÓÇØÑÆÑÄ Ä ÜÇÕÍÂØ, ÑÃÓÂÊÑÄÂÐÐÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏË, ÒÓË-
ÏÇÐâáÕ ÏÑÆÇÎß äÆÄÖØ ÔÑÔÕÑâÐËÌã, ÔÑÅÎÂÔÐÑ ÍÑÕÑÓÑÌ ÏÑÐÑ-
ÏÇÓÐÞÇ ÊÄÇÐßâ ÒÑÎËÏÇÓÂ ÔÖÜÇÔÕÄÖáÕ ÑÆÐÑÄÓÇÏÇÐÐÑ Ä ÐÇÂÔ-
ÔÑÙËËÓÑÄÂÐÐÑÌ ÅËÆÓÂÕËÓÑÄÂÐÐÑÌ ×ÑÓÏÇ Ë Ä ×ÑÓÏÇ ÅËÆÓÑ-
×ÑÃÐÞØ ÍÎÂÔÕÇÓÑÄ ËÊ ÐÇÔÍÑÎßÍËØ ÊÄÇÐßÇÄ.52 ¿ÕË ×ÑÓÏÞ ÐÂØÑ-
ÆâÕÔâ Ä ÓÂÄÐÑÄÇÔËË, ÚÇÏ ÖÍÂÊÂÐÐÂâ ÏÑÆÇÎß ÑÕÎËÚÂÇÕÔâ ÑÕ
ÓÂÔÔÏÑÕÓÇÐÐÞØ ÄÞÛÇ ÏÑÆÇÎÇÌ,42 ë 47 Ä ÍÑÕÑÓÞØ ÄÔÇ ÏÑÐÑÏÇÓ-

ÐÞÇ ÊÄÇÐßâ ÔÚËÕÂÎËÔß ÑÆËÐÂÍÑÄÞÏË. ¬ÓÑÏÇ ÕÑÅÑ, ÂÐÂÎËÊË-
ÓÖÇÏÂâ ÏÑÆÇÎß 52 ÓÂÔÔÏÂÕÓËÄÂÇÕ ÊÂÄËÔËÏÑÔÕß à××ÇÍÕËÄÐÑÅÑ
ÊÐÂÚÇÐËâ w ÐÇ ÕÑÎßÍÑ ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ, ÐÑ Ë ÑÕ ÑÃÝÇÏÐÑÌ ÆÑÎË
ÒÑÎËÏÇÓÂ Ä ÜÇÕÍÇ; ÊÂÄËÔËÏÑÔÕß à××ÇÍÕËÄÐÑÅÑ ÊÐÂÚÇÐËâ w ÑÕ
ÍÑÐÙÇÐÕÓÂÙËË ÓÂÔÕÄÑÓËÏÑÅÑ ÒÑÎËÏÇÓÂ ÃÞÎÂ àÍÔÒÇÓËÏÇÐ-
ÕÂÎßÐÑ ÐÂÌÆÇÐÂ ÍÂÍ ÆÎâ PEOëPPOëPEO, ÕÂÍ Ë ÆÎâ
PNIPAA.53 °ÆÐËÏ ËÊ ÑÔÐÑÄÐÞØ ÒÓÇÆÔÍÂÊÂÐËÌ ÕÇÑÓËË 52

âÄÎâÇÕÔâ ÃËÏÑÆÂÎßÐÑÇ ÓÂÔÒÓÇÆÇÎÇÐËÇ ÑÃÝÇÏÐÑÌ ÆÑÎË ÒÑÎË-
ÏÇÓÂ ÒÑ ÐÑÓÏÂÎË Í ÒÑÄÇÓØÐÑÔÕË, ÊÂÄËÔâÜÇÇ ÑÕ w Ë s. ¬ÓÑÏÇ
ÕÑÅÑ, ÒÓË ÄÞÔÑÍËØ ÊÐÂÚÇÐËâØ w Ë s ÏÑÉÇÕ ÒÓÑËÔØÑÆËÕß
ÎÂÕÇÓÂÎßÐÂâ ÔÇÅÓÇÅÂÙËâ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ Ô ÑÃÓÂÊÑÄÂÐËÇÏ
ÍÑÐÙÇÐÕÓËÓÑÄÂÐÐÞØ ÏËÙÇÎÎÑÒÑÆÑÃÐÞØ ÔÕÓÖÍÕÖÓ, ÓÂÊÆÇÎÇÐ-
ÐÞØ ÒÓÑÏÇÉÖÕÍÂÏË Ô ÑÕÐÑÔËÕÇÎßÐÑ ÐËÊÍÑÌ ÍÑÐÙÇÐÕÓÂÙËÇÌ
ÒÑÎËÏÇÓÂ.54

¿ÕË ÒÓÇÆÔÍÂÊÂÐËâ ÒÑÎÖÚËÎË ÍÂÚÇÔÕÄÇÐÐÑÇ àÍÔÒÇÓËÏÇÐ-
ÕÂÎßÐÑÇ ÒÑÆÕÄÇÓÉÆÇÐËÇ Ä ÓÂÃÑÕÇ 55, Ä ÍÑÕÑÓÑÌ ÒÓËÄËÄÍÖ
ÄÞÔÑÍÑÏÑÎÇÍÖÎâÓÐÑÅÑ PNIPAA ÐÂ ÍÓÇÏÐËÇÄÞÇ ÒÎÂÔÕËÐÍË
ÒÓÑÄÑÆËÎË ÒÖÕÇÏ ÔÄÑÃÑÆÐÑÓÂÆËÍÂÎßÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË,
ÐÂÏÇÓÇÐÐÑ ÆÑÔÕËÅÂâ ÐÇÄÞÔÑÍËØ ÒÑÄÇÓØÐÑÔÕÐÞØ ÒÎÑÕÐÑÔÕÇÌ
ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ. ³ ÒÑÏÑÜßá ÏÇÕÑÆÂ ÂÕÑÏÐÑ-ÔËÎÑÄÑÌ
ÏËÍÓÑÔÍÑÒËË (¡³®) ÒÑÍÂÊÂÐÑ, ÚÕÑ ÒÓË 26.58C ÔÎÑÌ ÒÓËÄË-
ÕÑÅÑ PNIPAA âÄÎâÇÕÔâ Ä ÑÔÐÑÄÐÑÏ ÑÆÐÑÓÑÆÐÞÏ, Â ÒÓË 408C
ÒÓËÑÃÓÇÕÂÇÕ ÄÞÓÂÉÇÐÐÖá âÚÇËÔÕÖá ÔÕÓÖÍÕÖÓÖ Ô à××ÇÍÕËÄ-
ÐÞÏ ÓÂÊÏÇÓÑÏ ÂÅÓÇÅÂÕÑÄ ÒÑÎËÏÇÓÐÞØ ÙÇÒÇÌ *100 ÐÏ
(ÓËÔ. 4). ´ÂÍÑÌ ÔÕÓÖÍÕÖÓÐÞÌ ÒÇÓÇØÑÆ, ÔÑÒÓÑÄÑÉÆÂáÜËÌÔâ
ÆÇÅËÆÓÂÕÂÙËÇÌ ÔÎÑâ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ Ë ËÊÏÇÐÇÐËÇÏ ÇÅÑ
ÏÂÔÔÞ, ÃÞÎ ÐÇÊÂÄËÔËÏÑ ÊÂÓÇÅËÔÕÓËÓÑÄÂÐ ÏÇÕÑÆÑÏ ÒßÇÊÑ-
àÎÇÍÕÓËÚÇÔÍÑÅÑ ÏËÍÓÑÄÊÄÇÛËÄÂÐËâ. £ÞÄÑÆÞ ÕÇÑÓËË 52 Ñ
ÃËÏÑÆÂÎßÐÑÏ ÓÂÔÒÓÇÆÇÎÇÐËË ÑÃÝÇÏÐÑÌ ÒÎÑÕÐÑÔÕË ÔÇÅÏÇÐÕÑÄ
PNIPAA ÒÑÆÕÄÇÓÉÆÇÐÞ Ä ÓÂÃÑÕÇ 53.

°ÕÏÇÕËÏ ÇÜÇ ÓÂÊ, ÚÕÑ ÄÞÚËÔÎÇÐËâ, ÒÓÑÄÇÆÇÐÐÞÇ ÂÄÕÑ-
ÓÂÏË ÓÂÃÑÕÞ 51, âÄÎâáÕÔâ ÒÓËÃÎËÊËÕÇÎßÐÞÏË Ë ÔÎÖÉÂÕ Ä
ÑÔÐÑÄÐÑÏ ÆÎâ ËÎÎáÔÕÓÂÙËË ÄÞÄÑÆÑÄ ÓÂÐÐËØ ÕÇÑÓÇÕËÚÇÔÍËØ
ÓÂÃÑÕ. ¯ÇÔÏÑÕÓâ ÐÂ àÕÑ, ÑÐË ÑÃÎÂÆÂáÕ ÐÇÍÑÕÑÓÑÌ ÒÓÇÆÔÍÂÊÂ-
ÕÇÎßÐÑÌ ÔËÎÑÌ, ÚÕÑ ÒÑÍÂÊÂÐÑ Ä ÔÎÇÆÖáÜËØ ÓÂÊÆÇÎÂØ ÆÂÐÐÑÅÑ
ÑÃÊÑÓÂ. ±ÑÆÓÑÃÐÑÇ ÔÕÓÑÅÑÇ ÕÇÑÓÇÕËÚÇÔÍÑÇ ÑÒËÔÂÐËÇ ×ÂÊÑÄÞØ
ÒÇÓÇØÑÆÑÄ Ä ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞØ Ë ÒÑÎËàÎÇÍÕÓÑÎËÕÐÞØ ÜÇÕ-
ÍÂØ ËÊÎÑÉÇÐÑ Ä ÒÖÃÎËÍÂÙËâØ 52, 54, 56 (ÔÏ. ÕÂÍÉÇ ÃËÃÎËÑÅÓÂ×Ëá
Ä ÑÃÊÑÓÇ 54).

IV. ±ÂÓÂÏÇÕÓÞ ¶ÎÑÓË ë·ÂÅÅËÐÔÂ, ÓÂÊÏÇÓÞ
ÒÑÎËÏÇÓÐÞØ ÍÎÖÃÍÑÄ Ë ËØ ÊÂÄËÔËÏÑÔÕË ÑÕ
ÕÇÏÒÇÓÂÕÖÓÞ ÆÎâ ÐÇÍÑÕÑÓÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ

¥Îâ ÕÑÅÑ ÚÕÑÃÞ ÒÓÇÆÔÕÂÄËÕß ÔÇÃÇ, ÍÂÍËÇ ÕÇÏÒÇÓÂÕÖÓÐÞÇ
ËÐÕÇÓÄÂÎÞ ÃÑÎßÛÇ ÄÔÇÅÑ ÒÑÆØÑÆâÕ ÆÎâ ÓÇÂÎËÊÂÙËË ÖÒÓÂÄÎâÇ-
ÏÞØ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä ÅËÆÓÂÕËÓÑÄÂÐÐÞØ ÒÑÎË-
ÏÇÓÐÞØ ÜÇÕÍÂØ, ÓÂÔÔÏÑÕÓËÏ ÐÇÍÑÕÑÓÞÇ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ
ÓÂÃÑÕÞ ÒÑ ÑÒÓÇÆÇÎÇÐËá ÒÂÓÂÏÇÕÓÂ ¶ÎÑÓË ë·ÂÅÅËÐÔÂ Ä ÄÑÆ-
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²ËÔ. 2. ©ÂÄËÔËÏÑÔÕË ÑÕÐÑÔËÕÇÎßÐÑÌ ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÒÑÎË-
ÏÇÓÐÑÅÑ ÔÎÑâ ÑÕ ÑÕÐÑÛÇÐËâ ÔÓÇÆÐÇÌ ÒÎÑÜÂÆË, ÒÓËØÑÆâÜÇÌÔâ ÐÂ
ÑÆÐÖ ÙÇÒß, Í ÕÑÎÜËÐÇ ÙÇÒË ÆÎâ ÄÊÂËÏÑÆÇÌÔÕÄÖáÜËØ ÆÓÖÅ Ô ÆÓÖÅÑÏ
ÙÇÒÇÌ.51

w: 1ì 0.3, 2ì 0.4, 3ì 0.5, 4ì 0.6.

H/L

0.4

0.5

0.3

0.2

0.1

0 0.5 17w

²ËÔ. 3. ©ÂÄËÔËÏÑÔÕß ÑÕÐÑÔËÕÇÎßÐÑÌ ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÒÑÎË-
ÏÇÓÐÑÅÑ ÔÎÑâ ÑÕ ÒÂÓÂÏÇÕÓÂ ¶ÎÑÓË ë·ÂÅÅËÐÔÂ ÆÎâ ÄÊÂËÏÑÆÇÌ-
ÔÕÄÖáÜËØ ÆÓÖÅ Ô ÆÓÖÅÑÏ ÙÇÒÇÌ ÒÓË s=16.51
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²ËÔ. 4. ¡³®-ªÊÑÃÓÂÉÇÐËâ ÏËÍÓÑÔÕÓÖÍÕÖÓÞ ÒÑÄÇÓØÐÑÔÕË ÍÓÇÏ-
ÐËÇÄÑÌ ÒÎÂÔÕËÐÍË, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ ÒÓËÄËÕÞÏ PNIPAA, ÒÑÎÖ-
ÚÇÐÐÞÇ Ä ÄÑÆÐÑÌ ÔÓÇÆÇ Ä ÒÑÎÖÍÑÐÕÂÍÕÐÑÏ ÓÇÉËÏÇ.55
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ÐÞØ ÓÂÔÕÄÑÓÂØ äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ Ë ÅËÆÓÑÅÇÎâØ.
©ÂÄËÔËÏÑÔÕß w ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ ÆÎâ PNIPAA ÃÞÎÂ ÒÑÎÖÚÇÐÂ
ÒÓË ËÊÖÚÇÐËË ÐÂÃÖØÂÐËâ ÅÇÎâ àÕÑÅÑ ÒÑÎËÏÇÓÂ Ä ÄÑÆÇ.
©ÂÄËÔËÏÑÔÕß w ÑÕ 1/´ ÃÎËÊÍÂ Í ÎËÐÇÌÐÑÌ ÒÓË w<0.55, ÚÕÑ
ÔÑÑÕÄÇÕÔÕÄÖÇÕ ËÐÕÇÓÄÂÎÖ ÕÇÏÒÇÓÂÕÖÓ ÑÕ 15 ÆÑ 358C, ÒÓÑØÑÆËÕ
ÚÇÓÇÊ ÕÇÕÂ-ÖÔÎÑÄËâ ÒÓË 31.58C Ë ÒÓÇÕÇÓÒÇÄÂÇÕ äÓÂÊÓÞÄã ÒÓË
358C, Â ÊÂÕÇÏ ÓÇÊÍÑ ÄÑÊÓÂÔÕÂÇÕ ÆÑ ÊÐÂÚÇÐËÌ w=0.8 ë 0.9
(ÓËÔ. 5).57 £ÑÊÄÓÂÜÂâÔß Í ÓËÔ. 1 Ë 2, ÑÕÏÇÕËÏ, ÚÕÑ ÆÎâ ÆÑÔÕË-
ÉÇÐËâ ÔÖÜÇÔÕÄÇÐÐÑÅÑ ÐÂÃÖØÂÐËâ ÜÇÕÍË PNIPAA (w=0.4)
ÕÓÇÃÖÇÕÔâ ÕÇÏÒÇÓÂÕÖÓÂ*218C, Õ. Ç. ÊÐÂÚËÕÇÎßÐÑ ÐËÉÇ ÕÇÏÒÇ-
ÓÂÕÖÓÞ ×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ ÓÂÔÕÄÑÓËÏÑÅÑ ÒÑÎËÏÇÓÂ.

¶ÂÊÑÄÞÌ ÒÇÓÇØÑÆ ÓÂÔÕÄÑÓËÏÑÅÑ ÄÞÔÑÍÑÏÑÎÇÍÖÎâÓÐÑÅÑ
PNIPAA (Ô ÏÑÎÇÍÖÎâÓÐÑÌ ÏÂÔÔÑÌ (®) Ä ËÐÕÇÓÄÂÎÇ ÑÕ 1.6 . 106

ÆÑ 25 . 106 Å .ÏÑÎß71) ËÊÖÚÇÐ ÏÇÕÑÆÂÏË ÔÕÂÕËÚÇÔÍÑÅÑ Ë ÆËÐÂ-
ÏËÚÇÔÍÑÅÑ ÔÄÇÕÑÓÂÔÔÇâÐËâ ÒÓË ÐËÊÍËØ ÍÑÐÙÇÐÕÓÂÙËâØ ÒÑÎË-
ÏÇÓÂ (*13 ÏÅ . Î71).58, 59 ¢ÞÎÑ ÐÂÌÆÇÐÑ, ÚÕÑ Ô ÒÑÄÞÛÇÐËÇÏ
ÕÇÏÒÇÓÂÕÖÓÞ ÑÕ 20 ÆÑ 30.58C ÓÂÊÏÇÓÞ ÐÂÃÖØÛËØ ÒÑÎËÏÇÓÐÞØ
ÍÎÖÃÍÑÄ ÒÑÔÕÇÒÇÐÐÑ ÖÏÇÐßÛÂáÕÔâ Ë ÒÓËØÑÆâÕ Í ÕÇÕÂ-ÖÔÎÑ-
ÄËâÏ ÒÓË 30.68C.59 £ÞÛÇ àÕÑÌ ÕÇÏÒÇÓÂÕÖÓÞ Ë ÅËÆÓÑÆËÐÂÏË-
ÚÇÔÍËÌ ÓÂÆËÖÔ ÍÎÖÃÍÑÄ, Ë ÓÂÆËÖÔ ËØ ÄÓÂÜÇÐËâ ÓÇÊÍÑ ÖÏÇÐß-
ÛÂáÕÔâ, ÅËÆÓÑ×ÑÃÐÑÔÕß ÙÇÒÇÌ ÄÑÊÓÂÔÕÂÇÕ Ë ÑÆÐÑÄÓÇÏÇÐÐÑ
ÖÄÇÎËÚËÄÂáÕÔâ ÒÓÑÔÕÓÂÐÔÕÄÇÐÐÞÇ ×ÎÖÍÕÖÂÙËË ÍÑÙÇÐÕÓÂÙËË
ÒÑÎËÏÇÓÂ (Dc), ÒÓÑËÔØÑÆâÜËÇ ÊÂ ÔÚÇÕ ÂÔÔÑÙËÂÙËË Ë ÆËÔÔÑÙËÂ-
ÙËË ÇÅÑ ÙÇÒÇÌ. ¿ÕÑ ÒÓËÄÑÆËÕ Í ÖÄÇÎËÚÇÐËá ËÐÕÇÐÔËÄÐÑÔÕË
ÔÄÇÕÑÓÂÔÔÇâÐËâ, ÍÑÕÑÓÑÇ ÒÓÑÒÑÓÙËÑÐÂÎßÐÑ ÔÓÇÆÐÇÍÄÂÆÓÂÕËÚ-
ÐÑÌ ×ÎÖÍÕÖÂÙËË ÍÑÐÙÇÐÕÓÂÙËË hDc 2i.60 ¶ÂÊÑÄÞÌ ÒÇÓÇØÑÆ
PNIPAA ËÊÖÚÇÐ ÕÂÍÉÇ ÏÇÕÑÆÑÏ ÆË××ÇÓÇÐÙËÂÎßÐÑÌ ÏËÍÓÑ-
ÍÂÎÑÓËÏÇÕÓËË, ÒÓËÚÇÏ ÕÑÚÍÂ ÏÂÍÔËÏÖÏÂ àÐÆÑÕÇÓÏÞ, ÑÒÓÇÆÇ-
ÎâáÜÂâ ÐËÉÐáá ÍÓËÕËÚÇÔÍÖá ÕÇÏÒÇÓÂÕÖÓÖ ÓÂÔÕÄÑÓËÏÑÔÕË
(¯¬´²), ÓÂÔÒÑÎÂÅÂÎÂÔß ÒÓË 32.28C, ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÑÄÂÎÑ
ÐÂÚÂÎßÐÑÏÖ ÖÚÂÔÕÍÖ ÕÇÏÒÇÓÂÕÖÓÐÑÌ ÊÂÄËÔËÏÑÔÕË ËÐÕÇÐÔËÄ-
ÐÑÔÕË ÔÄÇÕÑÓÂÔÔÇâÐËâ.61 ±ÓË ÕÇÏÒÇÓÂÕÖÓÂØ ÄÞÛÇ ¯¬´² ÂÔÔÑ-
ÙËÂÙËâ ÒÑÎËÏÇÓÐÞØ ÙÇÒÇÌ ÔÕÂÐÑÄËÕÔâ âÓÍÑ ÄÞÓÂÉÇÐÐÑÌ,
ÒÓÑËÔØÑÆËÕ ÑÃÓÂÊÑÄÂÐËÇ ÔÖÃÏËÍÓÑÏÇÕÓÑÄÞØ ÚÂÔÕËÙ ÐÇÓÂ-
ÔÕÄÑÓËÏÑÅÑ ÒÑÎËÏÇÓÂ, ÍÑÕÑÓÞÇ ÊÂÕÇÏ ×ÎÑÍÖÎËÓÖáÕ Ô ÑÃÓÂ-
ÊÑÄÂÐËÇÏ ÑÔÂÆÍÂ. ´ÑÚÍÂ ÒÇÓÇÅËÃÂ ÐÂ ÕÇÏÒÇÓÂÕÖÓÐÑÌ ÊÂÄËÔË-
ÏÑÔÕË ÔÄÇÕoÓÂÔÔÇâÐËâ (ËÎË ÒÑÅÎÑÜÇÐËâ ÔÄÇÕÂ) ÏÑÉÇÕ ÃÞÕß
ÐÂÊÄÂÐÂ ÕÑÚÍÑÌ ×ÎÑÍÖÎâÙËË, ÒÑ ÂÐÂÎÑÅËË Ô ÕÑÚÍÑÌ ×ÎÑÍÖÎâ-
ÙËË ÔÖÃÏËÍÓÑÏÇÕÓÑÄÞØ ÚÂÔÕËÙ ÔÛËÕÑÅÑ PNIPAA.62

´ÇÏÒÇÓÂÕÖÓÐÞÇ ÊÂÄËÔËÏÑÔÕË ÅËÆÓÑÆËÐÂÏËÚÇÔÍÑÅÑ
ÓÂÆËÖÔÂ ÍÎÖÃÍÑÄ Ë ÔÄÇÕÑÓÂÔÔÇâÐËâ ÓÂÔÕÄÑÓÑÄ ÒÑÎËÏÇÓÑÄ
ËÊÖÚÇÐÞ Ë ÆÎâ ÆÓÖÅÑÅÑ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂ ì ÒÑÎË(N-ÄËÐËÎ-
ÍÂÒÓÑÎÂÍÕÂÏÂ) Ô® ÑÕ 105 ÆÑ 23 . 105 Å .ÏÑÎß71 (ÔÏ.63). ¡ÐÂÎÑ-
ÅËÚÐÑ ÕÇÏÒÇÓÂÕÖÓÐÞÏ ÊÂÄËÔËÏÑÔÕâÏ, ÒÑÎÖÚÇÐÐÞÏ ÆÎâ
PNIPAA, ÅËÆÓÑÆËÐÂÏËÚÇÔÍËÌ ÓÂÆËÖÔ ÍÎÖÃÍÑÄ ÄÞÔÑÍÑÏÑÎÇ-
ÍÖÎâÓÐÑÅÑ PVCL Ä ÄÑÆÇ ÖÏÇÐßÛÂÇÕÔâ Ô ÒÑÄÞÛÇÐËÇÏ ÕÇÏÒÇ-
ÓÂÕÖÓÞ, ÒÓÑØÑÆËÕ ÚÇÓÇÊ ÕÇÕÂ-ÖÔÎÑÄËâ ÒÓË 29.38C Ë ÆÂÎÇÇ
ÖÏÇÐßÛÂÇÕÔâ ÄÒÎÑÕß ÆÑ¯¬´² (31.08C); ÒÓË àÕÑÌ ÕÇÏÒÇÓÂÕÖÓÇ
ÒÓÑËÔØÑÆËÕ ×ÂÊÑÄÞÌ ÒÇÓÇØÑÆ (ÓËÔ. 6). ±ÓË àÕÑÏ ËÐÕÇÐÔËÄ-
ÐÑÔÕß ÔÄÇÕÑÓÂÔÔÇâÐËâ ÓÇÊÍÑ ÄÑÊÓÂÔÕÂÇÕ ÄÔÎÇÆÔÕÄËÇ ÂÔÔÑÙËÂ-
ÙËË ÍÎÖÃÍÑÄ Ë ÑÃÓÂÊÑÄÂÐËâ ÐÇÓÂÔÕÄÑÓËÏÞØ ÚÂÔÕËÙ.

±ÓËÏÇÓÐÑ ÕÂÍËÇÉÇ ÊÂÍÑÐÑÏÇÓÐÑÔÕË ÐÂÌÆÇÐÞË Ä ÓÂÃÑÕÇ 64

ÆÎâ PVCL Ô ®=4 . 106 Å .ÏÑÎß71. £ ÓÂÃÑÕÇ 65 ÑÃÐÂÓÖÉÇÐÑ
ÚÕÑ ÐËÉÐââ ÍÓËÕËÚÇÔÍÂâ ÕÇÏÒÇÓÂÕÖÓÂ ÓÂÔÕÄÑÓËÏÑÔÕË
PVCL, ÑÒÓÇÆÇÎÇÐÐÂâ ÏÇÕÑÆÑÏÏËÍÓÑÍÂÎÑÓËÏÇÕÓËË, ÖÄÇÎËÚË-
ÄÂÇÕÔâ Ô ÖÏÇÐßÛÇÐËÇÏ ÏÑÎÇÍÖÎâÓÐÑÌ ÏÂÔÔÞ Ô 318C
(®=1.5 . 107 Å .ÏÑÎß71) ÆÑ 37.58C (®=21 . 103 Å .ÏÑÎß71),
ÚÕÑ ÑÔÑÃÇÐÐÑ ÊÂÏÇÕÐÑ ÒÓË ËÊÖÚÇÐËË PVCL Ô ÐÇÃÑÎßÛËÏË
ÏÑÎÇÍÖÎâÓÐÞÏË ÏÂÔÔÂÏË. ´ÂÍÉÇ ÖÔÕÂÐÑÄÎÇÐÑ, ÚÕÑ PVCL,
ÍÂÍ Ë PNIPAA Ô ÊÂÓâÉÇÐÐÞÏË ÍÑÐÙÇÄÞÏË ÅÓÖÒÒÂÏË, ÑÃÓÂ-
ÊÖÇÕ ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ ÄÞÛÇ ¯¬´² ÔÕÂÃËÎßÐÞÇ ÍÑÎÎÑËÆÐÞÇ
ÔÖÔÒÇÐÊËË; àÕÑ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ Ñ ÅËÆÓÑ×ËÎßÐÑÏ ØÂÓÂÍÕÇÓÇ ËØ
ÒÑÄÇÓØÐÑÔÕË. ±ÓË ÍÂÉÖÜÇÏÔâ ÔØÑÆÔÕÄÇ ×ÂÊÑÄÞØ ÒÇÓÇØÑÆÑÄ Ä
PNIPAA Ë PVCL ÕÇÏÒÇÓÂÕÖÓÐÂâ ÊÂÄËÔËÏÑÔÕß ÖÆÇÎßÐÑÌ ÕÇÒ-
ÎÑÇÏÍÑÔÕË ÆÎâ PNIPAA Ä ÑÃÎÂÔÕË ×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ ÓÇÊÍÑ
ÄÑÊÓÂÔÕÂÇÕ ÆÑ ÃÑÎÇÇ ÄÞÔÑÍËØ ÊÐÂÚÇÐËÌ (18 ¥É . Å71 .K71) ÒÑ
ÔÓÂÄÐÇÐËá Ô ÂÐÂÎÑÅËÚÐÑÌ ÊÂÄËÔËÏÑÔÕßá ÆÎâ PVCL
(3 ¥É . Å71 .K71), Í ÕÑÏÖ ÉÇ ÑÐÂ ÓÂÔÒÓÑÔÕÓÂÐâÇÕÔâ Ä ÑÃÎÂÔÕß
ÃoÎÇÇ ÄÞÔÑÍËØ ÕÇÏÒÇÓÂÕÖÓ. ±ÓË àÕÑÏ ËÊÏÇÐÇÐËÇ ÑÃÝÇÏÂ
ÄÑÆÐÑÅÑ ÓÂÔÕÄÑÓÂ, ÐÂÃÎáÆÂÇÏÑÇ ÒÓË ×ÂÊÑÄÑÏ ÒÇÓÇØÑÆÇ,
ÕÂÍÉÇ ÃÑÎßÛÇ Ä ÔÎÖÚÂÇ PNIPAA. ¿ÕÑ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ Ñ
ÃÑÎßÛÇÏ ÍÑÎËÚÇÔÕÄÇ ÄÑÆÞ, ÔÄâÊÂÐÐÑÌ Ô ÖÍÂÊÂÐÐÞÏ ÒÑÎËÏÇ-
ÓÑÏ, ÒÑàÕÑÏÖ ÆÎâ ÓÂÊÓÖÛÇÐËâ ÅËÆÓÂÕËÓÖáÜÇÌ ÑÃÑÎÑÚÍË
ÒÑÕÓÇÃÖÇÕÔâ ÃÑÎßÛÇ àÐÇÓÅËË Ë ÒÓË àÕÑÏ ÄÞÔÄÑÃÑÆËÕÔâ ÃÑÎß-
ÛÇÇ ÚËÔÎÑ ÏÑÎÇÍÖÎ ÄÑÆÞ.65 ³ÎÂÃÇÇ ÅËÆÓÂÕËÓÑÄÂÐÐÞÌ PVCL
ËÏÇÇÕ ÃÑÎÇÇ ÄÞÔÑÍËÌ ÒÑ ÔÓÂÄÐÇÐËá Ô PNIPAA ÒÂÓÂÏÇÕÓ
¶ÎÑÓË ë·ÂÅÅËÐÔÂ (w=0.52, ÐÂÌÆÇÐ ÒÓË 208C ÆÎâ ÅËÆÓÑÅÇÎâ
PVC, ÔÛËÕÑÅÑ ÃËÔ(N-ÄËÐËÎÒËÓÓÑÎËÆÑÐÑÄÞÏ) ÓÇÂÅÇÐÕÑÏ, 1%
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ÑÕ ÍÑÎËÚÇÔÕÄÂ ÏÑÐÑÏÇÓÂ).66 £ ÑÕÎËÚËÇ ÑÕ ÓÇÊÍÑÅÑ ÔÉÂÕËâ ÅÇÎâ
PNIPAA ÒÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ (ÔÏ. ÓËÔ. 5), ÅÇÎß
PVCL ÔÉËÏÂÇÕÔâ ÒÑÔÕÇÒÇÐÐÑ, ÚÕÑ ÑÕÓÂÉÂÇÕÔâ ÐÂ ËÊÏÇÐÇÐËË
ÔÕÇÒÇÐË ÐÂÃÖØÂÐËâ ÑÕ*2 ÒÓË 208C ÆÑ*0.3 ÒÓË 608C.66 ¢ÑÎÇÇ
ÒÑÎÐÑÇ ÅËÆÓÂÕËÓÑÄÂÐËÇ ÏÂÍÓÑÏÑÎÇÍÖÎ PNIPAA Ë ÔÄâÊÂÐÐÞÇ
Ô àÕËÏ ÓÇÊÍËÇ ×ÂÊÑÄÞÇ ÒÇÓÇØÑÆÞ ÓÂÔÕÄÑÓËÏÑÅÑ ÒÑÎËÏÇÓÂ, ÒÑ-
ÄËÆËÏÑÏÖ, ÔÕÂÎË ÑÆÐÑÌ ËÊ ÒÓËÚËÐ ÛËÓÑÍËØ ËÔÔÎÇÆÑÄÂÐËÌ
PNIPAA Ë Ä ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÑÏ ÔÑÔÕÑâÐËË.

V. ´ÇÏÒÇÓÂÕÖÓÐÑ-ÊÂÄËÔËÏÞÇ ÒÇÓÇØÑÆÞ
Ä ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂØ:
×ËÊËÍÑ-ØËÏËÚÇÔÍËÇ ØÂÓÂÍÕÇÓËÔÕËÍË

³ËÔÕÇÏÂÕËÚÇÔÍÑÇ ËÔÔÎÇÆÑÄÂÐËÇ ÍÑÐ×ÑÓÏÂÙËÑÐÞØ ÒÇÓÇØÑÆÑÄ
ÒÑÄÇÓØÐÑÔÕÐÑ-ÔÄâÊÂÐÐÑÅÑ PNIPAA ÐÂÚÂÎÑÔß Ä 90-Ø ÅÑÆÂØ
ÒÓÑÛÎÑÅÑ ÄÇÍÂ Ä ÔÄâÊË Ô ÑÃÐÂÓÖÉÇÐÐÞÏ ÄÎËâÐËÇÏ àÕËØ ÒÇÓÇ-
ØÑÆÑÄ ÐÂ ÂÆÅÇÊËá, ÍÖÎßÕËÄËÓÑÄÂÐËÇ Ë ÄÞÔÄÑÃÑÉÆÇÐËÇ ÍÎÇÕÑÍ
ÉËÄÑÕÐÞØ.32 ë 34 ±ÎÑÔÍËÇ ÔÕÇÍÎâÐÐÞÇ ÒÎÂÔÕËÐÍË ÒÑÔÎÇÆÑÄÂÕÇ-
ÎßÐÑ ÑÃÓÂÃÂÕÞÄÂÎË ÓÂÔÕÄÑÓÂÏË ÆËÏÇÕËÎÆËØÎÑÓÔËÎÂÐÂ Ë
ÔÑÒÑÎËÏÇÓÂ ÔÕËÓÑÎÂ Ô ÂÏËÐÑÏÇÕËÎÔÕËÓÑÎÑÏ (78 : 22 ÏÑÎ.%)
ÆÎâ ÄÄÇÆÇÐËâ Ä ÔÑÔÕÂÄ ÐÑÔËÕÇÎâ ÂÏËÐÑÏÇÕËÎßÐÞØ ÅÓÖÒÒ.
±ÑÔÎÇ àÕÑÅÑ Í ÒÑÎÖÚÇÐÐÑÌ ÒÑÄÇÓØÐÑÔÕË ØËÏËÚÇÔÍË ÒÓËÔÑÇÆË-
ÐâÎË ÎËÃÑ PNIPAA Ô ÍÑÐÙÇÄÑÌ ÍÂÓÃÑÍÔËÎßÐÑÌ ÅÓÖÒÒÑÌ
(®=13200 Å .ÏÑÎß71), ÎËÃÑ ÔÑÒÑÎËÏÇÓ NIPAA Ë ÂÍÓËÎÑÄÑÌ
ÍËÔÎÑÕÞ (97 : 3 ÏÑÎ.%), Ä ÑÃÑËØ ÔÎÖÚÂâØ Ä ÒÓËÔÖÕÔÕÄËË ÄÑÆÑ-
ÓÂÔÕÄÑÓËÏÑÅÑ ÍÂÓÃÑÆËËÏËÆÂ Ä ÍÂÚÇÔÕÄÇ ÍÑÐÆÇÐÔËÓÖáÜÇÅÑ
ÓÇÂÅÇÐÕÂ.32

³ÏÂÚËÄÂÐËÇ PNIPAA-ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ ÒÑÄÇÓØÐÑÔÕÇÌ
ÄÑÆÑÌ ËÔÔÎÇÆÑÄÂÎË, ËÊÏÇÓââ ÍÓÂÇÄÞÇ ÖÅÎÞ ÔÏÂÚËÄÂÐËâ ÒÓË
ÓÂÊÐÞØ ÕÇÏÒÇÓÂÕÖÓÂØ. ±ÑÎÖÚÇÐÐÞÇ ÊÂÄËÔËÏÑÔÕË ÐÂÔÕÖÒÂá-
ÜÇÅÑ Ë ÑÕÔÕÖÒÂáÜÇÅÑ ÖÅÎÑÄ ÔÏÂÚËÄÂÐËâ ÒÓÇÆÔÕÂÄÎÇÐÞ ÐÂ
ÓËÔ. 7. ¬ÂÍ ÄËÆÐÑ, ÑÃÂ ÔÒÑÔÑÃÂ ÒÓËÔÑÇÆËÐÇÐËâ ÒÑÎËÏÇÓÂ
ÒÓËÄÑÆËÎË Í ÒÑÎÖÚÇÐËá ÒÑÄÇÓØÐÑÔÕË ÔÑ ÔÏÂÚËÄÂÇÏÑÔÕßá,
ÔËÎßÐÑ ÊÂÄËÔâÜÇÌ ÑÕ ÕÇÏÒÇÓÂÕÖÓÞ Ä ËÐÕÇÓÄÂÎÇ 20 ë 308C, Õ.Ç.
ÐÇÔÍÑÎßÍÑ ÐËÉÇ ÕÇÏÒÇÓÂÕÖÓÞ ×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ PNIPAA
(328C). ±Ñ ÏÐÇÐËá ÂÄÕÑÓÑÄ ÐÂÔÕÑâÜÇÅÑ ÑÃÊÑÓÂ, ÔÆÄËÅ ÕÇÏÒÇ-
ÓÂÕÖÓÞ ÍÑÐ×ÑÓÏÂÙËÑÐÐÑÅÑ ÒÇÓÇØÑÆÂ ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄË-
ÕÞØ ÒÑÎËÏÇÓÑÄ ÑÃÝâÔÐâÇÕÔâ ËØ ÂÆÔÑÓÃÙËÑÐÐÞÏ ÄÊÂËÏÑÆÇÌ-

ÔÕÄËÇÏ Ô ÅËÆÓÑ×ÑÃÐÞÏ ÒÑÆÔÎÑÇÏ ÒÑÎËÔÕËÓÑÎÂ, ØÂÓÂÍÕÇÓË-
ÊÖáÜËÏÔâ ÖÅÎÑÏ ÔÏÂÚËÄÂÐËâ 808 (ÔÏ.67). £ ÖÔÎÑÄËâØ ÑÕÐÑÔË-
ÕÇÎßÐÑ ÔÎÂÃÑÅÑ ÅËÆÓÂÕËÓÑÄÂÐËâ PNIPAA (w=0.45 ë 0.5),
ÔÑÑÕÄÇÕÔÕÄÖáÜÇÅÑ ÕÇÏÒÇÓaÕÖÓÂÏ 25 ë 308C (ÔÏ. ÓËÔ. 5), ÒÑÎË-
ÏÇÓ ÏÑÉÇÕ ÂÆÔÑÓÃËÓÑÄÂÕßÔâ ÐÂ ÒÑÎËÔÕËÓÑÎÇ ÊÂ ÔÚÇÕ ÅËÆÓÑ-
×ÑÃÐÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ, ÕÂÍ ÚÕÑ ÆÎâ ÇÅÑ ÆÇÔÑÓÃÙËË ÐÇÑÃØÑ-
ÆËÏÞ ÖÔÎÑÄËâ w<0.4, ÑÕÄÇÚÂáÜËÇ ÃÑÎÇÇ ÒÑÎÐÑÏÖ ÅËÆÓÂÕË-
ÓÑÄÂÐËá ÙÇÒÇÌ Ë ÆÑÔÕËÉËÏÞÇ ÒÓË T<208C.

°ÕÏÇÕËÏ, ÚÕÑ ÊÐÂÚÇÐËÇ ÐÂÔÕÖÒÂáÜÇÅÑ ÍÓÂÇÄÑÅÑ ÖÅÎÂ ÔÏÂ-
ÚËÄÂÐËâ äÚÖÄÔÕÄËÕÇÎßÐÑã Í ÐÂÎËÚËá ÐÂ ÒÑÄÇÓØÐÑÔÕË ÅËÆÓÑ-
×ÑÃÐÞØ ×ÓÂÅÏÇÐÕÑÄ, Â ÑÕÔÕÖÒÂáÜÇÅÑ ÖÅÎÂ ì ÅËÆÓÑ×ËÎßÐÞØ
×ÓÂÅÏÇÐÕÑÄ,68 ÒÑàÕÑÏÖ ÑÚÇÐß ÔÎÂÃÂâ ÕÇÏÒÇÓÂÕÖÓÐÂâ ÊÂÄËÔË-
ÏÑÔÕß ÑÕÔÕÖÒÂáÜÇÅÑ ÖÅÎÂ (ÔÏ. ÓËÔ. 7) ÑÊÐÂÚÂÇÕ ÒÓËÔÖÕÔÕÄËÇ
ÅËÆÓÂÕËÓÑÄÂÐÐÑÅÑ ÒÑÎËÏÇÓÂ ÄÑ ÄÔÇÏ ËÊÖÚÇÐÐÑÏ ËÐÕÇÓÄÂÎÇ
ÕÇÏÒÇÓÂÕÖÓ, ÚÕÑ ÔÑÅÎÂÔÖÇÕÔâ Ô ÅËÆÓÑ×ËÎßÐÞÏ ØÂÓÂÍÕÇÓÑÏ
ÔÖÔÒÇÐÊËÌ PNIPAA ÄÞÛÇ ¯¬´².65 ³ ÖÚÇÕÑÏ àÕÑÅÑ ÄÑÊÓÂÔÕÂ-
ÐËÇ ÐÂÔÕÖÒÂáÜÇÅÑ ÖÅÎÂ ÒÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÏÑÉÐÑ
ÑÃÝâÔÐËÕß Ä ÑÔÐÑÄÐÑÏ ÒÑâÄÎÇÐËÇÏ ÑÃÐÂÉÇÐËÌ ÅËÆÓÑ×ÑÃÐÑÅÑ
ÒÑÎËÔÕËÓÑÎßÐÑÅÑ ÒÑÆÔÎÑâ Ä ÓÇÊÖÎßÕÂÕÇ ÒÇÓÇÑÓËÇÐÕÂÙËË Ë
ÂÅÓÇÅÂÙËË ÙÇÒÇÌ PNIPAA. °ÃÔÖÉÆÂâ ÓÂÊÎËÚÐÞÌ ØÂÓÂÍÕÇÓ
ÊÂÄËÔËÏÑÔÕÇÌ Ða ÓËÔ. 7, ÂÄÕÑÓÞ ÔÕÂÕßË 67 ÔÆÇÎÂÎË ÄÞÄÑÆ, ÚÕÑ
ÏÐÑÅÑÕÑÚÇÚÐÑÇ ÒÓËÔÑÇÆËÐÇÐËÇ ÔÑÒÑÎËÏÇÓÂ NIPAAë ÂÍÓËÎÑ-
ÄÂâ ÍËÔÎÑÕÂ ÊÂÕÑÓÏÂÉËÄÂÇÕ ÆÇÅËÆÓÂÕÂÙËá ÒÑÎËÏÇÓÂ Ë ÂÅÓÇ-
ÅÂÙËá ÇÅÑ ÙÇÒÇÌ.

¯Â ÐÂÛ ÄÊÅÎâÆ, ÏÑÉÐÑ ÚÂÔÕËÚÐÑ ÔÑÅÎÂÔËÕßÔâ ÎËÛß ÔÑ
ÄÕÑÓÑÌ ÚÂÔÕßá àÕÑÅÑ ÖÕÄÇÓÉÆÇÐËâ. ´ÇÑÓÇÕËÚÇÔÍÑÇ ÓÂÔÔÏÑÕ-
ÓÇÐËÇ ÂÆÔÑÓÃÙËË ËÊÑÎËÓÑÄÂÐÐÑÌ ÙÇÒË ÒÖÕÇÏ ÐÇÑÃÓÂÕËÏÑÅÑ
ÔÄâÊÞÄÂÐËâ ÔÇÅÏÇÐÕÑÄ ÒÓÇÆÔÍÂÊÞÄÂÇÕ ÇÇ ÒÑÚÕË ÒÑÎÐÑÇ ÓÂÔ-
ÒÎÂÔÕÞÄÂÐËÇ ÐÂ ÕÄÇÓÆÑÌ ÒÑÄÇÓØÐÑÔÕË Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÐÇÍÑ-
ÕÑÓÑÅÑ ÍÑÎËÚÇÔÕÄÂ ÍÑÓÑÕÍËØ ÒÇÕÇÎß,49 ÍÑÕÑÓÞÇ ÏÂÎÑÒÑÆ-
ÄËÉÐÞ, Â ÒÑÕÑÏÖ ÐÇ ÒÑÆÄÇÓÉÇÐÞ ÂÅÓÇÅÂÙËË. £ ÃÑÎÇÇ ÓÇÂÎË-
ÔÕËÚÐÑÌ ÒÑÔÕÂÆËÌÐÑÌ ÂÆÔÑÓÃÙËË ÏÐÑÅËØ ÙÇÒÇÌ ÏÂÍÓÑÏÑÎÇ-
ÍÖÎÞ, ÂÆÔÑÓÃËÓÑÄÂÐÐÞÇ ÐÂ ÒÑÊÆÐËØ ÔÕÂÆËâØ, ÑÃÓÂÊÖáÕ
ÃÑ'ÎßÛËÇ ÒÇÕÎË Ë äØÄÑÔÕÞã, ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ÐÇ ÍÑÐÕÂÍÕË-
ÓÖáÜËÇ Ô ÕÄÇÓÆÑÌ ÒÑÄÇÓØÐÑÔÕßá, ÒÎÑÕÐÑ ÒÑÍÓÞÕÑÌ ÙÇÒâÏË,
ÂÆÔÑÓÃËÓÑÄÂÐÐÞÏË ÐÂ ÒÇÓÄÞØ ÔÕÂÆËâØ. ±ÓË àÕÑÏ ÍÑÎËÚÇÔÕÄÑ
ÆÎËÐÐÞØ ÔÇÅÏÇÐÕÑÄ ÐÇÄÇÎËÍÑ Ë ÖÏÇÐßÛÂÇÕÔâ ÒÓÑÒÑÓÙËÑÐÂÎß-
ÐÑ ÄÇÎËÚËÐÇ s711/5, ÅÆÇ sìÆÎËÐÂ ÒÇÕÎË.69 ¿ÕË ÔÇÅÏÇÐÕÞÏÑÅÖÕ
ÂÅÓeÅËÓÑÄÂÕß Ô ÍÑÓÑÕÍËÏË ÒÇÕÎâÏË. ¯ÂÎËÚËÇ ÓÇÂÍÙËÑÐÐÑ-
ÔÒÑÔÑÃÐÞØ ÅÓÖÒÒ Ä ÒÇÕÇÎßÐÞØ Ë ØÄÑÔÕÑÄÞØ ÔÇÅÏÇÐÕÂØ ØÇÏÑ-
ÔÑÓÃËÓÑÄÂÐÐÞØ ÙÇÒÇÌ ÒÑÎÖÚËÎÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÑÇ ÒÑÆ-
ÕÄÇÓÉÆÇÐËÇ.2, 70, 71 ±Ñ ÄÔÇÌ ÄËÆËÏÑÔÕË, ÏÐÑÅÑÕÑÚÇÚÐÑÇ ÔÄâÊÞ-
ÄÂÐËÇ ÒÑÎËÏÇÓÂ ÒÓË ØÇÏÑÔÑÓÃÙËË ÒÓËÄÑÆËÕ Í ÃÑÎÇÇ ÒÎÑÕ-
ÐÑÏÖ ÒÑÍÓÞÕËá ÒÑÄÇÓØÐÑÔÕË, ÚÇÏ ÒÓËÔÑÇÆËÐÇÐËÇ ÊÂ ÍÑÐÙÇ-
ÄÖá ÅÓÖÒÒÖ, Ë ØÂÓÂÍÕÇÓËÊÖÇÕÔâ ÑÅÓÂÐËÚÇÐÐÑÌ ÒÑÆÄËÉÐÑÔÕßá
ÒÓËÎÇÉÂÜËØ Í ÐÇÌ ÙÇÒÇÌ, ÕÂÍ ÚÕÑ ÑÃÓÂÕËÏÑÇ ÑÃÐÂÉÇÐËÇ
ÔÖÃÏËÍÓÑÏÇÕÓÑÄÞØ ÖÚÂÔÕÍÑÄ ÅËÆÓÑ×ÑÃÐÑÅÑ ÒÑÆÔÎÑâ ÔÕÂÐÑ-
ÄËÕÔâ ÏÇÐÇÇ ÄÇÓÑâÕÐÞÏ (ÓËÔ. 8).

±ÓË ËÊÖÚÇÐËË ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ PNIPAA,
ÒÓËÄËÕÑÅÑ ÚÇÓÇÊ ÍÑÐÙÇÄÖá ÅÓÖÒÒÖ ÒÖÕÇÏ ×ÑÕÑËÐËÙËËÓÑÄÂÐ-
ÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ËÐË×ÇÓÕÇÓÑÄ, ÏÇÕÑ-
ÆÑÏ ¡³® ÐÂÌÆÇÐÑ,72 ÚÕÑ Ä ÓÇÊÖÎßÕÂÕÇ ÕÂÍËØ ÕÇÏÒÇÓÂÕÖÓÐÑ-
ÊÂÄËÔËÏÞØ ÒÇÓÇØÑÆÑÄ ËÊÏÇÐâáÕÔâ ÍÂÍ à××ÇÍÕËÄÐÂâ ÕÑÎÜËÐÂ
ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÐÑÅÑ ÔÎÑâ, ÕÂÍ Ë ÇÅÑ ÏËÍÓÑÏÇØÂÐËÚÇÔÍËÇ
ÔÄÑÌÔÕÄÂ. ¿ÕÑ ÔÑÅÎÂÔÖÇÕÔâ Ô ÓÇÊÖÎßÕÂÕÂÏË ÒÖÃÎËÍÂÙËË 73,
ÂÄÕÑÓÞ ÍÑÕÑÓÑÌ ËÔÔÎÇÆÑÄÂÎË ÕÇÏÒÇÓÂÕÖÓÐÞÇ ÊÂÄËÔËÏÑÔÕË
ÏÑÆÖÎâ ÖÒÓÖÅÑÔÕË Ä ÔÎÂÃÑÔÛËÕÞØ ÅÇÎâØ PNIPAA. £ ËÐÕÇÓ-
ÄÂÎÇ ÕÇÏÒÇÓÂÕÖÓ 30 ë 348C ÒÓË ÔÑÆÇÓÉÂÐËË ÔÛËÄÂÕÇÎâ
2.4 ÏÑÎ.% ÏÑÆÖÎß ÖÒÓÖÅÑÔÕË ÓÇÊÍÑ ÄÑÊÓÂÔÕÂÎ ÑÕ 10 Í±Â ÆÑ
*1 M±Â. ±ÓË ÔÑÆÇÓÉÂÐËË ÔÛËÄÂÕÇÎâ 4.8 ÏÑÎ.% ÖÍÂÊÂÐÐÞÌ
ÒÇÓÇØÑÆ ËÏÇÎ ÏÇÔÕÑ ÒÓË ÃÑÎÇÇ ÐËÊÍËØ ÕÇÏÒÇÓÂÕÖÓÂØ
(24 ë 308C), ÒÓËÚÇÏ ÏÑÆÖÎß ÖÒÓÖÅÑÔÕË ÆÑÔÕËÅÂÎ *10 ®±Â
ÒÓË T>328C.

£ ÓÂÃÑÕÇ 74 ÒÓËÄËÄÍÂ PNIPAAÐÂ ÊÑÎÑÕÞÇ ÒÎÂÔÕËÐÍË ÃÞÎÂ
ÑÔÖÜÇÔÕÄÎÇÐÂ ÏÇÕÑÆÑÏ ÓÂÆËÍÂÎßÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË Ô ÒÇÓÇ-
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²ËÔ. 7. ´ÇÏÒÇÓÂÕÖÓÐÞÇ ÊÂÄËÔËÏÑÔÕË ÐÂÔÕÖÒÂáÜËØ ÖÅÎÑÄ ÔÏÂÚË-
ÄÂÐËâ ÒÑÄÇÓØÐÑÔÕÇÌ, ØËÏËÚÇÔÍË ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ PNIPAA
ÒÖÕÇÏ ÒÓËÄËÄÍË ÊÂ ÍÑÐÙÇÄÖá ÅÓÖÒÒÖ (1), ÏÐÑÅÑÕÑÚÇÚÐÑÅÑ ÔÄâÊÞ-
ÄÂÐËâ (2), Ë ÑÕÔÕÖÒÂáÜÇÅÑ ÖÅÎÂ Ä ÔÎÖÚÂÇ ÒÓËÄËÄÍË ÊÂ ÍÑÐÙÇÄÖá
ÅÓÖÒÒÖ (3).51

A.E.Ivanov, V.P.Zubov
Russ. Chem. Rev., 2016, 85 (6) 565 ë 584 [µÔÒÇØË ØËÏËË, 2016, 85 (6) 565 ë 584] 571



ÐÑÔÑÏ ÂÕÑÏÂ (¡´RP) Ô ÒÑÎÖÚÇÐËÇÏ ÔÎÑÇÄ ÒÓËÄËÕÑÅÑ ÒÑÎË-
ÏÇÓÂ ÕÑÎÜËÐÑÌ Ä ÐÇÔÍÑÎßÍÑ ÆÇÔâÕÍÑÄ ÐÂÐÑÏÇÕÓÑÄ. ±ÑÄÇÓØ-
ÐÑÔÕÐÑ-ËÐËÙËËÓÑÄÂÐÐÂâ ÒÑÎËÏÇÓËÊÂÙËâ NIPAA ÒÓËÄÑÆËÎÂ Í
ÑÃÓÂÊÑÄÂÐËá ÒÑÎËÏÇÓÐÞØ ÜÇÕÑÍ. ·ÂÓÂÍÕÇÓÐÑÌ ÑÔÑÃÇÐ-
ÐÑÔÕßá ÏÇÕÑÆÂ ATRP âÄÎâÇÕÔâ ÓÂÄÐÑÄÇÔËÇ ÏÇÉÆÖ ÂÍÕËÄÐÑÌ
×ÑÓÏÑÌ ÓÂÔÕÖÜËØ ÏÂÍÓÑÓÂÆËÍÂÎÑÄ Ë ËØ ÐÇÂÍÕËÄÐÑÌ
×ÑÓÏÑÌ ì ÍÂÓÃÑÙÇÒÐÞÏ ÒÑÎËÏÇÓÑÏ, ÔÑÆÇÓÉÂÜËÏ ÍÑÐÙÇÄÑÌ
ÂÕÑÏ ÅÂÎÑÅÇÐÂ, ÒÓË ÕÑÏ ÚÕÑ ÓÂÄÐÑÄÇÔËÇ ÔÆÄËÐÖÕÑ Ä ÔÕÑÓÑÐÖ
ÐÇÂÍÕËÄÐÑÌ ×ÑÓÏÞ. ±ÑÆ ÆÇÌÔÕÄËÇÏ ÄÑÔÔÕÂÐÂÄÎËÄÂáÜÇÅÑ
ÍÑÏÒÎÇÍÔÂ ÒÇÓÇØÑÆÐÑÅÑ ÏÇÕÂÎÎÂ (ÑÃÞÚÐÑ ÑÆÐÑÄÂÎÇÐÕÐÑÌ
ÏÇÆË) ÖÍÂÊÂÐÐÞÌ ÂÎÍËÎÅÂÎÑÅÇÐËÆ ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÓÂÔÕÖÜËÌ
ÏÂÍÓÑÓÂÆËÍÂÎ, ÎÇÅÍÑ ÒÇÓÇØÑÆâÜËÌ ÑÃÓÂÕÐÑ Ä ÐÇÂÍÕËÄÐÖá
×ÑÓÏÖ.75 £ÔÎÇÆÔÕÄËÇ àÕÑÅÑ, ÄÑ-ÒÇÓÄÞØ, ÏÂÎÂ ÄÇÓÑâÕÐÑÔÕß
ÓÇÍÑÏÃËÐÂÙËË ÓÂÆËÍÂÎÑÄ, Ë, ÄÑ-ÄÕÑÓÞØ, ÑÃÓÂÊÖáÜËÇÔâ ÒÑÎË-
ÏÇÓÐÞÇ ÙÇÒË ËÏÇáÕ ÒÓËÏÇÓÐÑ ÑÆËÐÂÍÑÄÖá ÆÎËÐÖ, ÒÑÔÍÑÎßÍÖ
ÓÂÔÕÖÜËÇ ÏÂÍÓÑÓÂÆËÍÂÎÞ ÒÇÓÇØÑÆâÕ ËÊ ÂÍÕËÄÐÑÌ Ä ÐÇÂÍÕËÄ-
ÐÖá ×ÑÓÏÖ Ô ÑÆËÐÂÍÑÄÑÌ ÚÂÔÕÑÕÑÌ. ¢ÎÂÅÑÆÂÓâ àÕÑÏÖ ÒÑÄÇÓØ-
ÐÑÔÕÐÑ-ËÐËÙËËÓÑÄÂÐÐÂâ ÓÂÆËÍÂÎßÐÂâ ÒÑÎËÏÇÓËÊÂÙËâ Ô ÒÇÓÇ-
ÐÑÔÑÏ ÂÕÑÏÂ ÑÃÞÚÐÑ ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑÄÂÐËá ÑÆÐÑÓÑÆÐÞØ
ÒÑÎËÏÇÓÐÞØÜÇÕÑÍ ÔÏÂÎÞÏË ÄÂÓËÂÙËâÏË ÕÑÎÜËÐÞ.76 ªÔÔÎÇ-
ÆÑÄÂÐËÇ ÜÇÕÑÍ PNIPAA ÏÇÕÑÆÑÏ ¡³® Ä ÄÑÆÐÑÌ ÔÓÇÆÇ
ÒÑÍÂÊÂÎÑ ÖÏÇÐßÛÇÐËÇ ËØ ÕÑÎÜËÐÞ ÑÕ 29 ÆÑ 11 ÐÏ ÒÓË ÒÑÄÞ-
ÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÑÕ 25 ÆÑ 358C.74

¡ÐÂÎÑÅËÚÐÞÌ ÒÑÆØÑÆ Í ÔËÐÕÇÊÖ ÒÓËÄËÕÑÅÑ PNIPAA ÒÓË-
ÏÇÐÇÐ ÆÎâ ÒÑÎÖÚÇÐËâ ÜÇÕÑÍ Ô ÄÂÓßËÓÖÇÏÑÌ ÏÑÎÇÍÖÎâÓÐÑÌ
ÏÂÔÔÑÌ Ë ÒÎÑÕÐÑÔÕßá ÒÓËÄËÄÍË ÙÇÒÇÌ ÐÂ ÔÕÇÍÎâÐÐÞÇ ÒÎÂ-
ÔÕËÐÍË Ô ÐÂÒÞÎÇÐÐÞÏ ÔÎÑÇÏ ÊÑÎÑÕÂ.77 ±ÑÎËÏÇÓÐÞÌ ÔÎÑÌ
ÖÕÑÎÜÂÎÔâ Ô ÖÄÇÎËÚÇÐËÇÏ ÍÑÎËÚÇÔÕÄÂ ËÏÏÑÃËÎËÊÑÄÂÐÐoÅÑ
à×ËÓÂ ÃÓÑÏËÊÑÏÂÔÎâÐÑÌ ÍËÔÎÑÕÞ ì ËÔÕÑÚÐËÍÂ ËÐËÙËËÓÖá-

ÜËØ ÒÑÎËÏÇÓËÊÂÙËá ÓÂÆËÍÂÎÑÄ. ±ÖÕÇÏ ÄÂÓßËÓÑÄÂÐËâ àÕÑÌ
ÄÇÎËÚËÐÞ ÃÞÎË ÒÑÎÖÚÇÐÞ ÒÑÎËÏÇÓÐÞÇ ÜÇÕÍË Ô ÓÂÊÐÑÌ ÒÎÑÕ-
ÐÑcÕßá ÒÓËÄËÄÍË PNIPAA Ë ÔÓÇÆÐÇÌ ÒÎÑÜÂÆßá, ÒÓËØÑÆâ-
ÜÇÌÔâ ÐÂ ÙÇÒß, ÑÕ 2.3 ÆÑ 19 ÐÏ2. ±ÑÎËÏÇÓÐÞÇ ÜÇÕÍË ÓÂÊÎËÚ-
ÐÑÌ ÕÑÎÜËÐÞ (ÑÕ 10 ÆÑ 97 ÐÏ), ÒÑÎÖÚÇÐÐÞÇ ÒÓË ÏÂÍÔËÏÂÎß-
ÐÑÌ ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË, ØÂÓÂÍÕÇÓËÊoÄÂÎËÔß ÓÂÊÐÞÏË
ÖÅÎÂÏË ÔÏÂÚËÄÂÐËâì ÑÕ 66 ÆÑ 838 ÒÓË 258C. ±ÓË ÒÑÄÞÛÇÐËË
ÕÇÏÒÇÓÂÕÖÓÞ Ä ÑÃÎÂÔÕË 29 ë 338C ÄÔÇ ÒÓËÄËÕÞÇ ÔÎÑË ÒÑÍÂÊÞ-
ÄÂÎË ÔÕÖÒÇÐÚÂÕÑÇ ÖÄÇÎËÚÇÐËÇ ÖÅÎÂ ÔÏÂÚËÄÂÐËâ ÄÔÇÅÑ ÐÂ 5 ë 108,
ÔÄâÊÂÐÐÑÇ Ô ÆÇÅËÆÓÂÕÂÙËÇÌ Ë ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÏË ÒÇÓÇØÑ-
ÆÂÏË Ä PNIPAA. ´Ñ, ÚÕÑ ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÒÑÍÓÞÕËâ
ÃÞÎÂ ÄÞÓÂÉÇÐÂ ÑÕÐÑÔËÕÇÎßÐÑ ÔÎÂÃÑ (ÔÏ. ÆÎâ ÔÓÂÄÐÇÐËâ
ÓËÔ. 7), ÏÑÉÐÑ ÑÃÝâÔÐËÕß ÇÅÑ ÄÞÔÑÍÑÌ ÒÎÑÕÐÑÔÕßá Ë ÑÆÐÑ-
ÓÑÆÐÑÔÕßá, Â ÔÎÇÆÑÄÂÕÇÎßÐÑ, ÏÂÎÑÌ ÆÑÔÕÖÒÐÑÔÕßá ÂÎÍÂÐ-
ÕËÑÎßÐÑÅÑ ÒÑÆÔÎÑâ ÆÎâ ÔÏÂÚËÄÂÐËâ ÄÑÆÑÌ.

CÖÜÇÔÕÄÇÐÐÞÇ ÓÂÊÎËÚËâ Ä ÏËÍÓÑÏÇØÂÐËÚÇÔÍÑÏ Ë ÂÆÅÇÊËÄ-
ÐÑÏ ÒÑÄÇÆÇÐËË ÜÇÕÑÍ PNIPAA ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ ÄÞÛÇ Ë
ÐËÉÇ ÕÇÏÒÇÓÂÕÖÓÞ ×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ àÕÑÅÑ ÒÑÎËÏÇÓÂ ÊÂÓÇ-
ÅËÔÕÓËÓÑÄÂÐÞ ÒÖÕÇÏ ËÊÏÇÓÇÐËâ ÔËÎ ÑÕÕÂÎÍËÄÂÐËâ ÏÇÉÆÖ
ÒÎÂÔÕËÐÍÂÏË Ô ÒÓËÄËÕÞÏ PNIPAA Ë ÒÂÓÂÎÎÇÎßÐÑ ÓÂÔÒÑÎÑ-
ÉÇÐÐÞÏË ÒÎÂÔÕËÐÍÂÏË ÔÎáÆÞ, Õ.Ç. ÏÇÕÑÆÑÏ ÒÑÄÇÓØÐÑÔÕÐÑ-
ÔËÎÑÄÑÌ ÏËÍÓÑÔÍÑÒËË (ÓËÔ. 9). ±ÓË ÕÇÏÒÇÓÂÕÖÓÇ 268C ÔËÎÞ
ÑÕÕÂÎÍËÄÂÐËâ ÄÑÊÐËÍÂáÕ ÐÂ ÓÂÔÔÕÑâÐËâØ *250 ÐÏ,
ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÍÑÐÕÖÓÐÑÌ ÆÎËÐÇ ÙÇÒÇÌ PNIPAA
(®=263000 Å .ÏÑÎß71) Ë ÐÂÏÐÑÅÑ ÒÓÇÄÞÛÂáÜËØ ÕÑÎÜËÐÖ
ÔÖØÑÅÑ ÒÓËÄËÕÑÅÑ ÔÎÑâ (125 ÐÏ). ¿ÕÑ ÖÍÂÊÞÄÂÇÕ ÐÂ ÊÐÂÚË-
ÕÇÎßÐÑÇ ÐÂÃÖØÂÐËÇ ÒÑÎËÏÇÓÂ Ä ÄÑÆÇ ÒÓË 268C. ¥ÂÎßÐÇÌÛÇÇ
ÔÃÎËÉÇÐËÇ ÒÂÓÂÎÎÇÎßÐÞØ ÒÑÄÇÓØÐÑÔÕÇÌ ÒÓËÄÑÆËÎÑ Í ÒÑÔÕÇ-
ÒÇÐÐÑÏÖ ÖÄÇÎËÚÇÐËá ÔËÎ ÑÕÕÂÎÍËÄÂÐËâ Ë Í ËØ ÓÇÊÍÑÏÖ ÓÑÔÕÖ
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c d

²ËÔ. 8. ³ØÇÏÂ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä ÔÏÂÓÕ-ÒÑÎËÏÇÓÂØ, ØËÏËÚÇÔÍË ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÐÂ ÒÑÄÇÓØÐÑÔÕË (a, b) Ë ÒÓËÄËÕÞØ ÚÇÓÇÊ
ÍÑÐÙÇÄÖá ÅÓÖÒÒÖ (c, d ).
£ÞÔÑÍÂâ ÒÑÆÄËÉÐÑÔÕß ÒÓËÄËÕÞØ ÙÇÒÇÌ (c, d) Ë ËØ ÔÒÑÔÑÃÐÑÔÕß Í ÂÔÔÑÙËÂÙËË ÆÓÖÅ Ô ÆÓÖÅÑÏ ÔÒÑÔÑÃÔÕÄÖáÕ ÚÂÔÕËÚÐÑÏÖ ÑÃÐÂÉÇÐËá
ÅËÆÓÑ×ÑÃÐÞØ ×ÓÂÅÏÇÐÕÑÄ ÒÑÄÇÓØÐÑÔÕË ÐÑÔËÕÇÎâ ÒÓË ÒÑÄÞÛÇÐÐÞØ ÕÇÏÒÇÓÂÕÖÓÂØ Ë ÔÑÊÆÂáÕ ÄÑÊÏÑÉÐÑÔÕß ÕÇÓÏÑÓÇÅÖÎËÓÖÇÏÑÌ
ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ (c). ±ÑÄÇÓØÐÑÔÕÐÑ-×ËÍÔËÓÑÄÂÐÐÞÇ ÔÇÅÏÇÐÕÞ ÙÇÒÇÌ, ÔËÎßÐÑ ÓÂÔÒÎÂÔÕÂÐÐÞØ Ä ØÇÏÑÔÑÓÃÙËÑÐÐÞØ ÔÎÑâØ (a, b),
ÊÂÜËÜÂáÕ ÃÇÎÍË ÑÕ ÒÓâÏÑÅÑ ÍÑÐÕÂÍÕÂ Ô ÐÑÔËÕÇÎÇÏ, Â ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ ÓÇÆÍËØ ÆÎËÐÐÞØ ÒÇÕÇÎß Ë ØÄÑÔÕÑÄ, ÐÂØÑÆâÜËØÔâ Ä
ÕÇØ ÉÇ ÔÎÑâØ, ÄÎËâáÕ ÐÂ ÂÆÔÑÓÃÙËá ÃÇÎÍÑÄ Ä ÏÂÎÑÌ ÔÕÇÒÇÐË. ¬ÓÖÉÍÑÏ ÑÃÑÊÐÂÚÇÐÑ ÓÂÔÒÑÎÑÉÇÐËÇ ÏÂÍÓÑÏÑÎÇÍÖÎÞ ÃÇÎÍÂ.
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ÐÂ ÓÂÔÔÕÑâÐËâØ *120 ÐÏ. ±ÓË ÕÇÏÒÇÓÂÕÖÓÇ 368C ØÂÓÂÍÕÇÓ
ÊÂÄËÔËÏÑÔÕË ÔËÎ ÑÕÕÂÎÍËÄÂÐËâ ÑÕ ÓÂÔÔÕÑâÐËâ ÏÇÉÆÖ ÒÎÂ-
ÔÕËÐÍÂÏË ÒÓËÐÙËÒËÂÎßÐÑ ËÐÑÌ (ÔÏ. ÓËÔ. 9): ÑÐË ÏÂÎÑ ÄÞÓÂ-
ÉÇÐÞ ÐÂ ÓÂÔÕÑâÐËâØ 120 ë 250 ÐÏ, ÐÑ ÑÚÇÐß ÓÇÊÍÑ ÄÑÊÓÂÔÕÂáÕ
ÐÂ ÓÂÔÔÕÑâÐËâØ <105 ÐÏ. ¿ÕÑ ÄÞÊÄÂÐÑ ÕÇÏ, ÚÕÑ ÒÓËÄËÕÑÌ
ÒÑÎËÏÇÓ ÆÇÅËÆÓÂÕËÓÑÄÂÐ, ËÏÇÇÕ ÍÑÏÒÂÍÕÐÖá ÔÕÓÖÍÕÖÓÖ,
ÍÑÎËÚÇÔÕÄÑ ÔÇÅÏÇÐÕÑÄ, àÍÔÒÑÐËÓÑÄÂÐÐÞØ Ä ÓÂÔÕÄÑÓ ÊÂ ÒÓÇ-
ÆÇÎÞ ÆÂÐÐÑÌ ÍÑÏÒÂÍÕÐÑÌ ÔÕÓÖÍÕÖÓÞ, ÐÇÄÇÎËÍÑ, ÒÑàÕÑÏÖ ÑÐË
ÐÇ ÑÍÂÊÞÄÂáÕ ÔÑÒÓÑÕËÄÎÇÐËâ ÔÃÎËÉÇÐËá ÒÎÂÔÕËÐÑÍ. ±ÓË
ÆÂÎßÐÇÌÛÇÏ ÖÏÇÐßÛÇÐËË ÓÂÔÔÕÑâÐËâ ÔÑÒÓËÍÑÔÐÑÄÇÐËÇ ÔÎá-
ÆâÐÑÌ ÒÎÂÔÕËÐÍË Ô ÒÎÑÕÐÞÏ ÔÎÑÇÏ ÍÑÎÎÂÒÔËÓÑÄÂÐÐÑÅÑ ÒÑÎË-
ÏÇÓÂ ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÓÇÊÍÑ ÐÂÓÂÔÕÂáÜËÏ ÑÕÕÂÎÍËÄÂÐËÇÏ.
°ÒËÔÂÐÐÞÌ àÍÔÒÇÓËÏÇÐÕ ÃÞÎ ÒÓÑÄÇÆÇÐ ÒÓË ÏÂÍÔËÏÂÎßÐÑÌ
ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË PNIPAA Ë ÔÓÇÆÐÇÌ ÒÎÑÜÂÆË, ÒÓËØÑÆâ-
ÜÇÌÔâ ÐÂ ÙÇÒß, 2.3 ÐÏ2, ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ s& 5.

³ÉÂÕËÇ ÒÓËÄËÕÑÅÑ ÔÎÑâ PNIPAA ÒÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇ-
ÓÂÕÖÓÞ ÑÕ 17 ÆÑ 378C ÓÇÅËÔÕÓËÓÑÄÂÎË Ë ÏÇÕÑÆÑÏ àÎÎËÒÔÑ-
ÏÇÕÓËË Ä ÄÑÆÐÑÌ ÔÓÇÆÇ.78 ´ÑÎÜËÐÂ ÔÎÑâ ÒÑÔÕÇÒÇÐÐÑ ÖÏÇÐß-
ÛÂÎÂÔß ÑÕ 83 ÆÑ 50 ÐÏ ÃÇÊ ÓÇÊÍÑÅÑ ÔÍÂÚÍÂ ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ
×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ ÓÂÔÕÄÑÓËÏÑÅÑ PNIPAA (328C). ±ÓË ÔÐË-
ÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÐÂÃÎáÆÂÎÑÔß ÑÃÓÂÕËÏÑÇ ÖÄÇÎËÚÇÐËÇ
ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÔÎÑâ. ±ÑÎÖÚÇÐÐÞÇ ÓÇÊÖÎßÕÂÕÞ ÔÑÑÕÄÇÕ-
ÔÕÄÖáÕ ÒÓÇÆÔÍÂÊÂÐËâÏ ÕÇÑÓËÌ, ÓÂÔÔÏÑÕÓÇÐÐÞØ Ä ÓÂÃÑ-
ÕÂØ 45, 46, ÑÃ ÖÛËÓÇÐËË ÕÇÏÒÇÓÂÕÖÓÐÑÅÑ ËÐÕÇÓÄÂÎÂ ÍÑÐ×ÑÓÏÂ-
ÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä ÔÎÑâØ ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÑÄ Ô ÄÊÂËÏÑ-
ÆÇÌÔÕÄÖáÜËÏË ÙÇÒâÏË. ¢ÑÎÇÇ ÕÑÅÑ, ËÊÏÇÐÇÐËÇ ÕÑÎÜËÐÞ ÔÎÑâ
Ä 1.5 ë 2.5 ÓÂÊÂ, ÐÂÌÆÇÐÐÑÇ Ä ÓÂÃÑÕÂØ 77, 78, ÔÑÒÑÔÕÂÄËÏÑ Ô
ÒÓÇÆÔÍÂÊÂÐËâÏË ÓÂÔÚÇÕÑÄ 51 ÆÎâ ÄÞÔÑÍÑÌ ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË
ÙÇÒÇÌ, ØÑÕâ Ë ÐÇÔÍÑÎßÍÑ ÐËÉÇ ÕÇÑÓÇÕËÚÇÔÍËØ ÊÐÂÚÇÐËÌ:
ÔÑÔÕÑâÐËâ ÔËÔÕÇÏÞ Ô w=0.45 Ë 0.9 ÒÓË s=5 ÑÒËÔÞÄÂáÕÔâ
ÄÇÎËÚËÐÂÏËH/L=0.52 Ë 0.17, ÓÂÔÔÚËÕÂÐÐÞÏË ÒÑ ÖÓÂÄÐÇÐËâÏ
(11) Ë (13), Õ.Ç. ÔÑÑÕÄÇÕÔÕÄÖáÕ ËÊÏÇÐÇÐËá ÕÑÎÜËÐÞ ÒÑÎËÏÇÓ-
ÐÑÅÑ ÔÎÑâ Ä *3 ÓÂÊÂ. ©ÆÇÔß ÔÎÇÆÖÇÕ ÒÓËÐâÕß ÄÑ ÄÐËÏÂÐËÇ
ÔÎÇÆÖáÜÇÇ: ÄÑ-ÒÇÓÄÞØ, ÄÞÓÂÉÇÐËâ (11) Ë (13) ÐÑÔâÕ ÒÓËÃÎË-
ÊËÕÇÎßÐÞÌ ØÂÓÂÍÕÇÓ, Ë, ÄÑ-ÄÕÑÓÞØ, ÓÇÂÎßÐÞÇ ÔËÔÕÇÏÞ ØÂÓÂÍ-
ÕÇÓËÊÖáÕÔâ ÛËÓÑÍËÏË ÄÂÓËÂÙËâÏË ÊÐÂÚÇÐËÌ s Ë H/L , ÚÕÑ
ÏÑÉÇÕ ÃÞÕß ÒÓËÚËÐÑÌ ÖÍÂÊÂÐÐÞØ ÑÕÍÎÑÐÇÐËÌ. KÂÍ ÑÕÏÇÚÇÐÑ
ÄÞÛÇ, ÔËÎÞ ÑÕÕÂÎÍËÄÂÐËâ, ÊÂÓÇÅËÔÕÓËÓÑÄÂÐÐÞÇ Ä ÓÂÃÑÕÇ 77,
ÄÑÊÐËÍÂÎË ÐÂ ÓÂÔÔÕÑâÐËâØ, ÓÂÄÐÞØ ÍÑÐÕÖÓÐÑÌ ÆÎËÐÇ ÙÇÒÇÌ,
Õ.Ç. ÏÐÑÅËÇ ÙÇÒË ÐÂØÑÆËÎËÔß Ä ÒÓÇÆÇÎßÐÑ ÄÞÕâÐÖÕÞØ (ËÎË
ÃÎËÊÍËØ Í ÐËÏ) ÍÑÐ×ÑÓÏÂÙËâØ.

¥ÇÕÂÎßÐÑÇ ËÔÔÎÇÆÑÄÂÐËÇ ÔÕÓÖÍÕÖÓÞ ÒÓËÄËÕÑÅÑ ÔÎÑâ
PNIPAA ÒÓÑÄÇÆÇÐÑ Ä ÓÂÃÑÕÇ 53, ÒÑÔÄâÜÇÐÐÑÌ ËÊÖÚÇÐËá ÍÑÐ-
×ÑÓÏÂÙËÑÐÐÞØ ÒÇÓÇØÑÆÑÄ Ä ÒÓËÄËÕÞØ ÔÎÑâØ ÏÇÕÑÆÑÏ ÑÕÓÂ-
ÉÇÐËâ ÐÇÌÕÓÑÐÑÄ. ±ÓËÄËÄÑÚÐÖá ÒÑÎËÏÇÓËÊÂÙËá ÐÂ ÒÑÄÇÓØ-
ÐÑÔÕË ÊÑÎÑÕÞØ ÒÎÂÔÕËÐÑÍ ÒÓÑÄÑÆËÎË ÏÇÕÑÆÑÏ ¡´RP. ¯Â
ÒÇÓÄÑÌ ÔÕÂÆËË ÔËÐÕÇÊÂ ÒÑÎÖÚÂÎË ÔÏÇÛÂÐÐÞÇ ØÇÏÑÔÑÓÃÙËÑÐ-
ÐÞÇÏÑÐÑÔÎÑË ÆÑÆÇÍÂÐÕËÑÎÂ Ë 11-ÔÖÎß×ÂÐËÎÖÐÆÇÍÂÐ-1-ÕËÑÎÂ,
ÄÊâÕÞØ Ä ÄÂÓßËÓÖÇÏÞØ ÔÑÑÕÐÑÛÇÐËâØ, ÒÓÑÄÑÆËÎË ÂÙËÎËÓÑ-
ÄÂÐËÇ ÔÒËÓÕÑÄÞØ ÅÓÖÒÒ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÃÓÑÏÂÐÅËÆÓËÆÂ
2-ÃÓÑÏÒÓÑÒËÑÐÑÄÑÌ ÍËÔÎÑÕÞ, Â ÊÂÕÇÏ ÒÑÎËÏÇÓËÊÂÙËá
NIPAA Ä ÒÓËÔÖÕÔÕÄËË ÍÂÕÂÎËÊÂÕÑÓÂ Ë CuBr. £ ÓÇÊÖÎßÕÂÕÇ
ÃÞÎË ÒÑÎÖÚÇÐÞ ÒÓËÄËÕÞÇ ÔÎÑË PNIPAA Ô ÏÑÎÇÍÖÎâÓÐÑÌ
ÏÂÔÔÑÌ ÑÕ 13 . 103 ÆÑ 230 . 103 Å .ÏÑÎß71 Ë ÒÎÑÕÐÑÔÕßá ÒÓË-
ÄËÄÍË ÑÕ 0.01 ÆÑ 0.54 ÙÇÒË ÐÂ 1 ÐÏ2 ËÎË, ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ, ÔÑ
ÔÓÇÆÐÇÌ ÒÎÑÜÂÆßá, ÒÓËØÑÆâÜÇÌÔâ ÐÂ ÙÇÒß, ÑÕ 100 ÆÑ 1.9 ÐÏ2

(s& 4). ²ÂÔÒÓÇÆÇÎÇÐËÇ ÔÇÅÏÇÐÕÑÄ ÒÓËÄËÕÑÅÑ PNIPAA ÒÑ
ÐÑÓÏÂÎË Í ÒÑÄÇÓØÐÑÔÕË ÐÑÔËÕ ÃËÏÑÆÂÎßÐÞÌ ØÂÓÂÍÕÇÓ
(ÓËÔ. 10), ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÒÓÇÆÔÍÂÊÂÐËâÏ ÕÇÑÓËË.52 ±ÑÄÞ-
ÛÇÐËÇ ÕÇÏÒÇÓÂÕÖÓÞ Ä ÑÃÎÂÔÕË ¯¬´² ÒÑÎË(N-ËÊÑÒÓÑÒËÎ-
ÂÍÓËÎÂÏËÆÂ) ÒÓËÄÑÆËÕ Í ÆÇÅËÆÓÂÕÂÙËË ÒÑÎËÏÇÓÂ, ÇÅÑ ÍÑÐ-
×ÑÓÏÂÙËÑÐÐÑÏÖ ÒÇÓÇØÑÆÖ Ë ÔÉÂÕËá ÒÓËÄËÕÑÅÑ ÔÎÑâ.

³ÖÏÏËÓÖâ ÔÍÂÊÂÐÐÑÇ ÄÞÛÇ, ÏÑÉÐÑ ÊÂÍÎáÚËÕß, ÚÕÑ ÕÇÓÏÑ-
ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÒÓËÄËÕÞØ ÔÎÑÇÄ PNIPAA, ËÔÔÎÇÆÑÄÂÐÐÂâ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ÛËÓÑÍÑÅÑ ÐÂÃÑÓÂ ×ËÊËÍÑ-ØËÏËÚÇÔÍËØ ÏÇÕÑ-
ÆÑÄ, ØÂÓÂÍÕÇÓËÊÖÇÕÔâ ÔÉÂÕËÇÏ àÕËØ ÔÎÑÇÄ, ÒÑÄÞÛÇÐËÇÏ ËØ
ÉÇÔÕÍÑÔÕË Ë ÖØÖÆÛÇÐËÇÏ ÔÏÂÚËÄÂÇÏÑÔÕË, ÒÓÑËÔØÑÆâÜËÏË Ô
ÖÄÇÎËÚÇÐËÇÏ ÕÇÏÒÇÓÂÕÖÓÞ Ä ËÐÕÇÓÄÂÎÇ, ÃÎËÊÍÑÏ Í ¯¬´²
ÔÄÑÃÑÆÐÑÅÑ ÒÑÎËÏÇÓÂ. ·ÂÓÂÍÕÇÓÐÑ, ÚÕÑ ÐÂËÃÑÎÇÇ ÒÎÑÕÐÞÇ Ë
ÑÆÐÑÓÑÆÐÞÇ ÔÎÑË ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÑÄ ÆÇÏÑÐÔÕÓËÓÖáÕ
ÐÂËÏÇÐÇÇ ÓÇÊÍËÇ ËÊÏÇÐÇÐËâ ÒÑÄÇÓØÐÑÔÕÐÞØ ÔÄÑÌÔÕÄ, ÄÑÊ-
ÏÑÉÐÑ, Ä ÔÄâÊË Ô ÃÑÎÇÇ ÒÑÎÐÞÏ àÍÓÂÐËÓÑÄÂÐËÇÏ ÒÑÄÇÓØÐÑÔÕË
ÕÄÇÓÆÞØ ÐÑÔËÕÇÎÇÌ. ±ÑàÕÑÏÖ, ÒÓÇÉÆÇ ÚÇÏ ÒÇÓÇØÑÆËÕß Í ÓÂÔ-
ÔÏÑÕÓÇÐËá ÄÊÂËÏÑÆÇÌÔÕÄËÌ ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÐÞØ ÔÎÑÇÄ Ô
ÃÇÎÍÂÏË, ÑÃÓÂÕËÏ ÇÜÇ ÓÂÊ ÄÐËÏÂÐËÇ ÐÂ ÄÑÊÏÑÉÐÖá ÓÑÎß
ÑÓÅÂÐÑÔËÎÂÐÑÄÞØ ËÎË ÂÎÍÂÐÕËÑÎßÐÞØ ÒÑÆÔÎÑÇÄ ÍÂÍ Ä àÕËØ
ÄÊÂËÏÑÆÇÌÔÕÄËâØ, ÕÂÍ Ë Ä ÏÇØÂÐËÊÏÇ ÕÇÏÒÇÓÂÕÖÓÐÑ-ÊÂÄËÔË-
ÏÞØ ÒÇÓÇØÑÆÑÄ ÒÓËÄËÕÑÅÑ PNIPAA.

£ÎËâÐËÇ ÔÑÔÕÂÄÂ ÑÓÅÂÐÑÔËÎÂÐÑÄÑÅÑ ÒÑÆÔÎÑâ ÐÂ ÕÇÏÒÇÓÂ-
ÕÖÓÐÞÇ ÊÂÄËÔËÏÑÔÕË ÖÅÎÑÄ ÔÏÂÚËÄÂÐËâ ÒÎÑÔÍËØ ÒÑÄÇÓØÐÑÔ-
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²ËÔ. 9. ©ÂÄËÔËÏÑÔÕË ÔËÎ ÑÕÕÂÎÍËÄÂÐËâ ÏÇÉÆÖ ÜÇÕÍÑÌ PNIPAA Ë
ÒÂÓÂÎÎÇÎßÐÑ ÓÂÔÒÑÎÑÉÇÐÐÑÌ ÒÎÂÔÕËÐÍÑÌ ÔÎáÆÞ ÑÕ ÓÂÔÔÕÑâÐËâ
ÏÇÉÆÖ ÐËÏË ÒÓË 26 (1), 368C (2).77
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²ËÔ. 10. °ÃÝÇÏÐÂâ ÆÑÎâ PNIPAA (®=230 . 103 Å .ÏÑÎß71), ÒÓË-
ÄËÕÑÅÑ ÐÂ ÊÑÎÑÕÖá ÒÎÂÔÕËÐÍÖ, ÍÂÍ ×ÖÐÍÙËâ ÓÂÔÔÕÑâÐËâ ÑÕ ÒÑÄÇÓØ-
ÐÑÔÕË ÒÓË ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË 0.08 ÙÇÒË ÐÂ 1 ÐÏ2 (12.5 ÐÏ2 ÐÂ
ÙÇÒß, s& 27) ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ 20 (1) Ë 398C (2).53
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ÕÇÌ, ÐÇÔÖÜËØ ÒÓËÄËÕÑÌ PNIPAA, ËÊÖÚÇÐÑ Ä ÓÂÃÑÕÇ 79. ¬ÓÇÏ-
ÐËÇÄÞÇ ÒÎÂÔÕËÐÍË ÑÆÐÑÄÓÇÏÇÐÐÑ ØËÏËÚÇÔÍË ÏÑÆË×ËÙËÓÑ-
ÄÂÎË (3-ÂÏËÐÑÒÓÑÒËÎ)ÕÓËÏÇÕÑÍÔËÔËÎÂÐÑÏ Ë ÕÓËÏÇÕÑÍÔË-
ÔËÎËÎßÐÞÏ ÓÇÂÅÇÐÕÑÏ, ÔÑÆÇÓÉÂÜËÏ ÅËÆÓÑ×ÑÃÐÞÌ ÒÇÓ×ÕÑÓ-
ÂÎÍËÎßÐÞÌ ÊÂÏÇÔÕËÕÇÎß. ±ÑÔÎÇ ÂÙËÎËÓÑÄÂÐËâ ÂÏËÐÑÒÓÑ-
ÒËÎßÐÞØ ÅÓÖÒÒ ÃÓÑÏÂÐÅËÆÓËÆÑÏ ÃÓÑÏËÊÑÏÂÔÎâÐÑÌ ÍËÔÎÑÕÞ
Ë ÒÓÑÄÇÆÇÐËâ ÒÓËÄËÄÑÚÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË NIPAA ÒÑ ÏÇØÂ-
ÐËÊÏÖ ATRP ÂÄÕÑÓÞ ÒÑÎÖÚËÎË ÐÂÃÑÓ ÐÑÔËÕÇÎÇÌ Ô ÓÂÊÐÑÌ
ÏËÍÓÑ- Ë ÐÂÐÑÅÇÕÇÓÑÅÇÐÐÑÔÕßá ÒÑÄÇÓØÐÑÔÕË, ÊÂÄËÔâÜÇÌ ÑÕ
ÔÑÑÕÐÑÛÇÐËâ ÔËÎËÎËÓÖáÜËØ ÓÇÂÅÇÐÕÑÄ. £ÑÒÓÇÍË ÑÉËÆÂ-
ÐËâÏ, ÃÞÎÑ ÐÂÌÆÇÐÑ, ÚÕÑ ÖÅÎÞ ÔÏÂÚËÄÂÐËâ Ö ÒÑÄÇÓØÐÑÔÕÇÌ,
ÔÑÆÇÓÉÂÜËØ ÑÕÐÑÔËÕÇÎßÐÑ ÐÇÃÑÎßÛÑÇ ÍÑÎËÚÇÔÕÄÑ ÒÇÓ×ÕÑÓË-
ÓÑÄÂÐÐÑÅÑ ÏÑÆË×ËÍÂÕÑÓÂ, ÑÍÂÊÞÄÂáÕÔâ ÏÇÐßÛÇ, ÚÇÏ Ö
ÒÑÄÇÓØÐÑÔÕÇÌ, ÐÇÔÖÜËØ PNIPAA Ä ÑÕÔÖÕÔÕÄËÇ àÕÑÅÑ ÏÑÆË×Ë-
ÍÂÕÑÓÂ. ±ÓË àÕÑÏ ÕÇÏÒÇÓÂÕÖÓÐÂâ ÊÂÄËÔËÏÑÔÕß ÖÅÎÂ ÔÏÂÚËÄÂ-
ÐËâ ÑÍÂÊÂÎÂÔß Ä ÒÇÓÄÑÏ ÔÎÖÚÂÇ ÅÑÓÂÊÆÑ ÃÑÎÇÇ ÔËÎßÐÑÌ: ÖÅÑÎ
ÔÏÂÚËÄÂÐËâ ËÊÏÇÐâÎÔâ ÃÑÎÇÇ ÚÇÏ ÐÂ 508 Ë ÄÔÇÅÑ ÎËÛß ÐÂ 258 Ä
ÑÕÔÖÕÔÕÄËÇ ÏÑÆË×ËÍÂÕÑÓÂ. ·ÂÓÂÍÕÇÓÐÑ, ÚÕÑ, ÍÂÍ Ë Ä ÓÂÃÑÕÇ 78,
ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÌ ÒÇÓÇØÑÆ ÒÓËÄËÕÑÅÑ PNIPAA ÒÓÑËÔØÑÆËÎ
Ä ÆÑÄÑÎßÐÑ ÛËÓÑÍÑÏ ËÐÕÇÓÄÂÎÇ ÕÇÏÒÇÓÂÕÖÓ ì ÑÕ 25 ÆÑ 408C.
°ÃÝâÔÐââ ÒÑÎÖÚÇÐÐÞÇ ÓÇÊÖÎßÕÂÕÞ, ÂÄÕÑÓÞ ÒÓÇÆÒÑÎÑÉËÎË,
ÚÕÑ Ä ÒÓËÔÖÕÔÕÄËË ÏÑÆË×ËÍÂÕÑÓÂ ÒÓËÄËÕÑÌ PNIPAA ÑÓËÇÐ-
ÕËÓÖÇÕÔâ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÊÂ ÔÚÇÕ ÂÔÔÑÙËÂÙËË ÅËÆÓÑ×ÑÃÐÞØ
×ÓÂÅÏÇÐÕÑÄ ÙÇÒË PNIPAA Ô ÒÇÓ×ÕÑÓÂÎÍËÎßÐÞÏË ÅÓÖÒÒÂÏË,
ÒÓË àÕÑÏ ÒÑÎâÓÐÞÇ ÂÏËÆÐÞÇ ÅÓÖÒÒÞ àÍÔÒÑÐËÓÖáÕÔâ Ä ÄÑÆ-
ÐÖá ×ÂÊÖ. ±ÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÌ
ÒÇÓÇØÑÆ PNIPAA ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÂÔÔÑÙËÂÙËÇÌ ÙÇÒÇÌ ÒÓËÄË-
ÕÑÅÑ ÒÑÎËÏÇÓÂ ÏÇÉÆÖ ÔÑÃÑÌ Ë ÚÂÔÕËÚÐÞÏ ÑÃÐÂÉÇÐËÇÏ ÄÞÔÑ-
ÍÑÅËÆÓÑ×ÑÃÐÑÅÑ ÒÑÆÔÎÑâ, ÂÐÂÎÑÅËÚÐÑ ÕÑÏÖ, ÍÂÍ ÒÑÍÂÊÂÐÑ ÐÂ
ÓËÔ. 4 Ë Ä ÄËÆÇ ÔØÇÏÞ ÐÂ ÓËÔ. 8(c,d ). ¿ÕÑ âÄÎÇÐËÇ ÔÎÇÆÖÇÕ
ÖÚËÕÞÄÂÕß ÒÓË ÓÂÔÔÏÑÕÓÇÐËË ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ ÐÂ PNIPAA-
ÔÑÆÇÓÉÂÜËÇ ÒÑÄÇÓØÐÑÔÕË, ÒÑÔÍÑÎßÍÖ ÔÄâÊÞÄÂÐËÇ ÃÇÎÍÑÄ ÕÇÑ-
ÓÇÕËÚÇÔÍË ÏÑÉÇÕ ÒÓÑËÔØÑÆËÕß ÍÂÍ ÐÂ ÔÇÅÏÇÐÕÂØ ÒÓËÄËÕÑÅÑ
ÆÇÅËÆÓÂÕËÓÑÄÂÐÐÑÅÑ PNIPAA, ÕÂÍ Ë ÐÂ ÅËÆÓÑ×ÑÃÐÑÏ ÒÑÆ-
ÔÎÑÇ, ÒÑÆÑÃÐÑ ÂÆÔÑÓÃÙËË ÐÂ ÑÃÓÂÜÇÐÐÑ-×ÂÊÑÄÞØ ÂÎÍËÎÔË-
ÎËÎßÐÞØ ËÎË ÒÇÓ×ÕÑÓÂÎÍËÎßÐÞØ 80 ÔÑÓÃeÐÕÂØ.

VI. ´ÇÏÒÇÓÂÕÖÓÐÑ-ÊÂÄËÔËÏÞÇ ÒÇÓÇØÑÆÞ
Ä ÔÛËÕÞØ Ë ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞØ ÔÏÂÓÕ-
ÒÑÎËÏÇÓÂØ Ë ËØ ÄÊÂËÏÑÆÇÌÔÕÄËÇ Ô ÃÇÎÍÂÏË

£ÊÂËÏÑÆÇÌÔÕÄËÇ ÔËÐÕÇÕËÚÇÔÍËØ ÒÑÎËÏÇÓÑÄ Ô ÃÇÎÍÂÏË ÔÕÂÎÑ
ÒÓÇÆÏÇÕÑÏ ÔËÔÕÇÏÂÕËÚÇÔÍËØ ËÔÔÎÇÆÑÄÂÐËÌ ÖÉÇ Ä 80-Ø ÅÑÆÂØ
ÒÓÑÛÎÑÅÑ ÄÇÍÂ Ä ÔÄâÊË Ô ÓÂÊÓÂÃÑÕÍÑÌ ÃËÑÏÂÕÇÓËÂÎÑÄ Ë
ËÏÒÎÂÐÕÂÕÑÄ. °ÆÐÂ ËÊ ÄÂÉÐÞØ ÒÓÂÍÕËÚÇÔÍËØ ÙÇÎÇÌ àÕËØ
ÓÂÃÑÕ ÊÂÍÎáÚÂÎÂÔß Ä ÔÑÊÆÂÐËË ÏÂÕÇÓËÂÎÑÄ Ô ÏËÐËÏÂÎßÐÑÌ
ÂÆÔÑÓÃÙËÑÐÐÑÌ ÂÍÕËÄÐÑÔÕßá (ÄÞÔÑÍÑÌ ËÐÇÓÕÐÑÔÕßá ËÎË
ÓÇÊËÔÕÇÐÕÐÑÔÕßá) Ä ÑÕÐÑÛÇÐËË ÛËÓÑÍÑÅÑ ÐÂÃÑÓÂ ÃËÑÒÑÎË-
ÏÇÓÑÄ, Ä ÒÇÓÄÖá ÑÚÇÓÇÆß ÃÇÎÍÑÄ. ¤ÎÂÄÐÑÇ ÖÔÎÑÄËÇ ÂÆÔÑÓÃ-
ÙËÑÐÐÑÌ ÓÇÊËÔÕÇÐÕÐÑÔÕË ì ÑÕÔÖÕÔÕÄËÇ ÔËÎßÐÞØ
ÄÊÂËÏÑÆÇÌÔÕÄËÌ ÏÇÉÆÖ ÏÑÎÇÍÖÎÂÏË ÃÇÎÍÑÄ Ë ÒÑÄÇÓØÐÑÔÕßá
ÔËÐÕÇÕËÚÇÔÍÑÅÑ ÏÂÕÇÓËÂÎÂ Ä ×ËÊËÑÎÑÅËÚÇÔÍÑÌ ÔÓÇÆÇ. ¿ÎÇÍÕ-
ÓÑÐÇÌÕÓÂÎßÐÑÔÕß ÒÑÎËÏÇÓÑÄ ÒÑÊÄÑÎâÇÕ ËÔÍÎáÚËÕß ËÑÐÐÞÇ
ÄÊÂËÏÑÆÇÌÔÕÄËâ, Â ÒÑÎâÓÐÑÔÕß ×ÖÐÍÙËÑÐÂÎßÐÞØ ÅÓÖÒÒ ì
ÒÑÄÞÔËÕß ÔÏÂÚËÄÂÇÏÑÔÕß ÏÂÕÇÓËÂÎÂ ÄÑÆÑÌ, Õ.Ç. ÇÅÑ ÅËÆÓÑ-
×ËÎßÐÑÔÕß, Ë ÕÂÍËÏ ÑÃÓÂÊÑÏ ÔÐËÊËÕß ÔÄÑÃÑÆÐÖá àÐÇÓÅËá
ÒÑÄÇÓØÐÑÔÕË ÓÂÊÆÇÎÂ ×ÂÊ ÒÑÎËÏÇÓ/ÓÂÔÕÄÑÓ ÍÂÍ ÆÄËÉÖÜÖá
ÔËÎÖ ÂÆÔÑÓÃÙËË ÓÂÔÕÄÑÓÇÐÐÞØ ÑÓÅÂÐËÚÇÔÍËØ ÄÇÜÇÔÕÄ. ¥Îâ
ÔÒÓÂÄÍË: cÄÑÃÑÆÐÂâ àÐÇÓÅËâ ÓÂÊÆÇÎÂ ×ÂÊ ÒÑÎËÏÇÓ/ÄÑÆÂ
ÔÑÔÕÂÄÎâÇÕ ÄÔÇÅÑ 3.7 Ë 3.1 Ï¥É .Ï72 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ ÆÎâ
ÙÇÎÎáÎÑÊÞ Ë ÒÑÎËÄËÐËÎÑÄÑÅÑ ÔÒËÓÕÂ, Ä ÕÑ ÄÓÇÏâ ÍÂÍ ÆÎâ
ÒÑÎËàÕËÎÇÐÂ Ë ÐÇÌÎÑÐÂ ÑÐÂ ÓÂÄÐÂ ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ 53 Ë
42 Ï¥É .Ï72 (ÔÏ.81). AÆÔÑÓÃÙËâ ÃÞÚßÇÅÑ ÔÞÄÑÓÑÕÑÚÐÑÅÑ
ÂÎßÃÖÏËÐÂ ËÊ ×ÑÔ×ÂÕÐÑÅÑ ÃÖ×ÇÓÐÑÅÑ ÓÂÔÕÄÑÓÂ (pH 7.4) ÐÂ
ÒÑÄÇÓØÐÑÔÕË ÓÂÊÎËÚÐÞØ àÎÇÍÕÓÑÐÇÌÕÓÂÎßÐÞØ ÑÓÅÂÐËÚÇÔÍËØ

ÏÂÕÇÓËÂÎÑÄ ÔÖÜÇÔÕÄÇÐÐÑ ÄÑÊÓÂÔÕÂÇÕ Ô ÖÄÇÎËÚÇÐËÇÏ ÔÄÑÃÑÆ-
ÐÑÌ àÐÇÓÅËË ÓÂÊÆÇÎÂ ×ÂÊ.82 ¥Îâ ÓâÆÂ ÐÇÌÕÓÂÎßÐÞØ
ÒÑÎËÏÇÓÑÄ ì ÕÇ×ÎÑÐÂ, ÐÇÌÎÑÐÂ, ÒÑÎËÄËÐËÎØÎÑÓËÆÂ ì ÑÃÐÂ-
ÓÖÉÇÐÞ ÂÐÂÎÑÅËÚÐÞÇ ÊÂÄËÔËÏÑÔÕË ÂÆÔÑÓÃÙËË ÆÓÖÅËØ
ÃÇÎÍÑÄ ì ÔÞÄÑÓÑÕÑÚÐÑÅÑ ÂÎßÃÖÏËÐÂ ÚÇÎÑÄÇÍÂ, ËÏÏÖÐÑÅÎÑ-
ÃÖÎËÐÑÄ IgG Ë IgM, a2-ÏÂÍÓÑÅÎÑÃÖÎËÐÂ,83 Â ÕÂÍÉÇ ÆÎâ ×ËÃÓË-
ÐÑÅÇÐÂ.84 µÍÂÊÂÐÐÞÇ ÊÂÍÑÐÑÏÇÓÐÑÔÕË Ä ÙÇÎÑÏ ÒÑÎÖÚËÎË
ÒÑÆÕÄÇÓÉÆÇÐËÇ, ØÑÕâ, ÐÂÒÓËÏÇÓ, ÂÆÔÑÓÃÙËâ IgG ÐÂ ÒÑÎËÔÕË-
ÓÑÎ Ë ÒÑÎËÆËÏÇÕËÎÔËÎÑÍÔÂÐ ÖÏÇÐßÛÂÎÂÔß ÔÑ ÔÐËÉÇÐËÇÏ
ÔÏÂÚËÄÂÇÏÑÔÕË ÏÂÕÇÓËÂÎa, ÚÕÑ ÏÑÅÎÑ ÃÞÕß ÔÄâÊÂÐÑ Ô ÓÂÊÎËÚ-
ÐÑÌ ÛÇÓÑØÑÄÂÕÑÔÕßá ÒÑÄÇÓØÐÑÔÕË ÐÑÔËÕÇÎÇÌ.85

±ÓËÄËÕÑÌ ÒÑÎËàÕËÎÇÐÑÍÔËÆ ì ÑÆËÐ ËÊ ÐÂËÃÑÎÇÇ ËÊÖÚÇÐ-
ÐÞØ ÂÆÔÑÓÃÙËÑÐÐÑ-ÓÇÊËÔÕÇÐÕÐÞØ ÔËÐÕÇÕËÚÇÔÍËØ ÒÑÎËÏÇÓÑÄ,
ØÑÓÑÛÑ ÅËÆÓÂÕËÓÖÇÕÔâ Ä ÄÑÆÐÞØ ÔÓÇÆÂØ Ë ØÂÓÂÍÕÇÓËÊÖÇÕÔâ
ÄÞÔÑÍÑÌ ÅËÃÍÑÔÕßá Ë ÒÑÆÄËÉÐÑÔÕßá ÒÑÎËÏÇÓÐÑÌ ÙÇÒË. ¯Ç
ÖÅÎÖÃÎââÔß Ä ÆÇÕÂÎË ÏÑÎÇÍÖÎâÓÐÞØ ÏÇØÂÐËÊÏÑÄ ÂÆÔÑÓÃÙËÑÐ-
ÐÑÌ ÓÇÊËÔÕÇÐÕÐÑÔÕË, ÔÕÂÄÛÇÌ ÒÓÇÆÏÇÕÑÏ ÕÇÑÓÇÕËÚÇÔÍËØ
ËÔÔÎÇÆÑÄÂÐËÌ 86, 87 Ë ÑÉËÄÎÇÐÐÞØ ÆËÔÍÖÔÔËÌ,88 ÑÕÏÇÕËÏ, ÚÕÑ
Ë ÆÇ×ÑÓÏÂÙËâ ÅËÆÓÂÕÐÑÌ ÑÃÑÎÑÚÍË PEO, Ë ÑÅÓÂÐËÚÇÐËÇ ÚËÔÎÂ
ÄÑÊÏÑÉÐÞØ ÍÑÐ×ÑÓÏÂÙËÌ ÒÑÎËÏÇÓÐÑÌ ÙÇÒË ÒÓË ÍÑÐÕÂÍÕÇ Ô
ÃÇÎÍÑÄÞÏË ÏÑÎÇÍÖÎÂÏË ÔÒÑÔÑÃÐÞ ÄÞÊÞÄÂÕß ÑÕÕÂÎÍËÄÂÐËÇ.88

¬ÑÐÍÖÓÇÐÕÐÂâ aÆÔÑÓÃÙËâ ÔÇÅÏÇÐÕÑÄ ÒÓËÄËÕoÅÑ PEO ÐÂ ÒÓË-
ÎÇÉÂÜËØ ÖÚÂÔÕÍÂØ ÕÄÇÓÆÑÌ ÒÑÄÇÓØÐÑÔÕË ÕÂÍÉÇ ÒÓÇÒâÕÔÕÄÖÇÕ
ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ, ÒÓË àÕÑÏ ÄÂÉÐÖá ÓÑÎß ËÅÓÂáÕ ÍÂÍ ÆÎËÐÂ
ÙÇÒÇÌ, ÕÂÍ Ë ÒÎÑÕÐÑÔÕß ËØ ÒÓËÄËÄÍË.87 ³ÑÅÎÂÔÐÑ ÕÇÑÓËË,87

ÄÞÔÑÍÂâ ÒÎÑÕÐÑÔÕß ÒÓËÄËÄÍË ÑÃÇÔÒÇÚËÄÂÇÕ ÃÑÎÇÇ ÐËÊÍËÇ ÓÂÄ-
ÐÑÄÇÔÐÞÇ ÍÑÎËÚÇÔÕÄÂ ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÃÇÎÍÂ, Ä ÕÑ ÄÓÇÏâ ÍÂÍ
ÆÎËÐÐÞÇ ÔÇÅÏÇÐÕÞ, àÍÔÒÑÐËÓÑÄÂÐÐÞÇ Ä ÓÂÔÕÄÑÓ, ÔÖÜÇÔÕÄÇÐÐÑ
ÊÂÏÇÆÎâáÕ ÔÍÑÓÑÔÕß ÂÆÔÑÓÃÙËË. ¿ÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÒÑÍÂ-
ÊÂÐÑ, ÚÕÑ ÏÐÑÅËÇ ÜÇÕÑÚÐÞÇ Ë ØÇÏÑÔÑÓÃÙËÑÐÐÞÇ ÒÑÍÓÞÕËâ
ÐÂ ÑÔÐÑÄÇ PEO 1, 6, 89 Ë ÆÓÖÅËØ ÐÇÌÕÓÂÎßÐÞØ ÄÑÆÑÓÂÔÕÄÑÓËÏÞØ
ÒÑÎËÏÇÓÑÄ (ÆÇÍÔÕÓÂÐÑÄ,90 N-ÊÂÏÇÜÇÐÐÞØ ÒÑÎËÂÍÓËÎÂÏË-
ÆÑÄ 1, 91) ÆÇÌÔÕÄËÕÇÎßÐÑ ÑÃÎÂÆÂáÕ ÄÞÔÑÍÑÌ ÓÇÊËÔÕÇÐÕÐÑÔÕßá,
ÚÕÑ ÔÐËÉÂÇÕ ÂÆÔÑÓÃÙËá ÃÇÎÍÑÄ ÐÂ ÕÄÇÓÆÞÇ ÐÑÔËÕÇÎË Ä
ÆÇÔâÕÍË ÓÂÊ.

³ ÖÚÇÕÑÏ ÔÍÂÊÂÐÐÑÅÑ ÏÑÉÐÑ ÃÞÎÑ ÃÞ ÑÉËÆÂÕß, ÚÕÑ ÆÇÅË-
ÆÓÂÕÂÙËâ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ ÄÞÛÇ ¯¬´²
ÒÓËÄÇÆÇÕ Í ÖÄÇÎËÚÇÐËá ËØ ÂÆÔÑÓÃÙËÑÐÐÑÌ ÔÒÑÔÑÃÐÑÔÕË ÒÑ
ÑÕÐÑÛÇÐËá Í ÑÓÅÂÐËÚÇÔÍËÏ ÄÇÜÇÔÕÄÂÏ, ÄÍÎáÚÂâ ÃÇÎÍË. ¯Â
ÔÂÏÑÏ ÆÇÎÇ oÕÄÇÕ ÐÂ ÄÑÒÓÑÔ Ñ ÕÑÏ, ÔÒÑÔÑÃÐÞ ÎË ÃÇÎÍË
ÔÄâÊÞÄÂÕßÔâ ÔÑ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏË, ÐÂØÑÆâÜËÏËÔâ Ä ÆÇÅËÆÓÂ-
ÕËÓÑÄÂÐÐÑÏ ÐÇÓÂÔÕÄÑÓËÏÑÏ (ÆÎâ ÅÇÎÇÌ Ë ÚÂÔÕËÙ) ËÎË ÍÑÎÎÂÒ-
ÔËÓÑÄÂÐÐÑÏ ÔÑÔÕÑâÐËË (ÆÎâ ÒÓËÄËÕÞØ ÙÇÒÇÌ), ÑÔÕÂÇÕÔâ ÐÇ
ÄÒÑÎÐÇ ÑÆÐÑÊÐÂÚÐÞÏ. ªÄÂÐÑÄ Ô ÔÑÂÄÕ.92 Ë ÐÇÊÂÄËÔËÏÑ ÂÍ-
ØËÂÓË Ô ÔÑÂÄÕ.93 ËÔÔÎÇÆÑÄÂÎË ØÓÑÏÂÕÑÅÓÂ×Ëá ÔÕÂÐÆÂÓÕÐÞØ
ÃÇÎÍÑÄ (ÎËÊÑÙËÏÂ, ËÏÏÖÐÑÅÎÑÃÖÎËÐÂ,92 ÂÎßÃÖÏËÐÂ 93) ÐÂ
ÒÑÓËÔÕÑÏ ÔÕÇÍÎÇ ËÎË ÔËÎËÍÂÅÇÎÇ, ÒÑÍÓÞÕÑÏ ØÇÏÑÔÑÓÃËÓÑÄÂÐ-
ÐÞÏË ÔÑÒÑÎËÏÇÓÂÏË ÐÂ ÑÔÐÑÄÇ NIPAA Ë ÒÓËÛÎË Í ÄÞÄÑÆÖ,
ÚÕÑ ÆÇÅËÆÓÂÕÂÙËâ Ë ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÌ ÒÇÓÇØÑÆ ÒÓËÄËÕÑÅÑ
ÒÑÎËÏÇÓÂ ÄÎËâáÕ ÐÂ ÂÆÔÑÓÃÙËá ÃÇÎÍÑÄ ÎËÛß Ä ÐÇÃÑÎßÛÑÌ
ÔÕÇÒÇÐË, ÒÓË ÕÑÏ ÚÕÑ ÄÞØÑÆ ÐÂÐÇÔÇÐÐÞØ ÐÂ ÍÑÎÑÐÍÖ ÃÇÎÍÑÄ
ÃÎËÊÑÍ Í ÍÑÎËÚÇÔÕÄÇÐÐÑÏÖ, Â àÎáËÓÑÄÂÐËÇ ÒÓÑËÔØÑÆËÕ Ô
ÏÂÎÞÏ ÖÆÇÓÉËÄÂÐËÇÏ, ÒÓÑØÑÆâÜËÏ ÚÇÓÇÊ ÏÂÍÔËÏÖÏ ÑÍÑÎÑ
358C , Õ.Ç. ÚÖÕß ÄÞÛÇ ¯¬´² ÓÂÔÕÄÑÓËÏÑÅÑ PNIPAA.92 £ÑÊ-
ÏÑÉÐÑ, ÂÆÔÑÓÃÙËÑÐÐÂâ ÓÇÊËÔÕÇÐÕÐÑÔÕß ÖÍÂÊÂÐÐÞØ ÐÑÔËÕÇÎÇÌ
ÑÃÖÔÎÑÄÎÇÐÂ ÑÔÑÃÇÐÐÑÔÕâÏË ÔÕÓÖÍÕÖÓÞ ØÇÏÑÔÑÓÃÙËÑÐÞØ
ÔÎÑÇÄ ÒÑÎËÏÇÓÑÄ-ÏÑÆË×ËÍÂÕÑÓÑÄ (ÔÏ. ÓËÔ. 8,a,b), Õ.Ç. ÒÎÑÕ-
ÐÞÏ ÒÑÍÓÞÕËÇÏ ÐÑÔËÕÇÎâ ÔÑÒÑÎËÏÇÓÑÏ NIPAA,92 ÔÑÆÇÓÉÂ-
ÜËÏ ÓÇÆÍËe ÒÇÕÎË Ë ØÄÑÔÕÞ, ÒÇÓÇØÑÆÞ ÍÑÕÑÓÞØ ÐÇ ÑÚÇÐß
ÔËÎßÐÑ ÄÎËâáÕ ÐÂ ÂÆÔÑÓÃÙËá ÃÇÎÍÑÄ.

²ÂÃÑÕÂ 94 ÒÑÔÄâÜÇÐÂ ÄÎËâÐËá ÅËÆÓÑ×ÑÃÐÑ-ÅËÆÓÑ×ËÎß-
ÐÑÅÑ ÃÂÎÂÐÔÂ ÄÏÑÎÇÍÖÎÂØ ÂÏËÐÑÍËÔÎÑÕ ÐÂ ËØ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
Ô ÅÇÎâÏË PNIPAA. µÔÕÂÐÑÄÎÇÐÑ, ÚÕÑ ÂÆÔÑÓÃÙËâ ÂÏËÐÑÍËÔÎÑÕ
Ô ÅËÆÓÑ×ÑÃÐÞÏË ÃÑÍÑÄÞÏË ÙÇÒâÏË, ÕÂÍËØ ÍÂÍ ÄÂÎËÐ Ë ÎÇÌ-
ÙËÐ, ÄÑÊÓÂÔÕÂÇÕ ÒÓË ÒÇÓÇØÑÆÇ Í ÕÇÏÒÇÓÂÕÖÓÂÏ ÄÞÛÇ ¯¬´²
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ÐÂÏÐÑÅÑ ÔËÎßÐÇÇ, ÚÇÏ Ä ÔÎÖÚÂÇ ÃÑÎÇÇ ÅËÆÓÑ×ËÎßÐÞØ ÅÎÖÕÂÏË-
ÐÑÄÑÌ Ë ÂÔÒÂÓÂÅËÐÑÄÑÌ ÍËÔÎÑÕ, ÒÑ-ÄËÆËÏÑÏÖ, ËÊ-ÊÂ ÃÑÎÇÇ
ÄÞÓÂÉÇÐÐÑÅÑ ÅËÆÓÑ×ÑÃÐÑÅÑ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÒÇÓÄÞØ Ô ÆÇÅË-
ÆÓÂÕËÓÑÄÂÐÐÞÏË ÔÇÅÏÇÐÕÂÏË PNIPAA. £ ÒÓÑÙÇÔÔÇ ØÓÑÏÂÕÑ-
ÅÓÂ×ËË ÔÕÇÓÑËÆÐÞØ ÅÑÓÏÑÐÑÄ ÐÂ ÔËÎËÍÂÅÇÎÇ Ô ÒÓËÄËÕÞÏ
PNIPAA ÖÆÇÓÉËÄÂÐËÇ ÅËÆÓÑ×ÑÃÐÑÅÑ ÕÇÔÕÑÔÕÇÓÑÐÂ ÃÞÎÑ
ÊÐÂÚËÕÇÎßÐÑ ÔËÎßÐÇÇ, ÚÇÏ ÖÆÇÓÉËÄÂÐËÇ ÃÑÎÇÇ ÅËÆÓÑ×ËÎßÐÑÅÑ
ÅËÆÓÑÍÑÓÕËÊÑÐÂ,39 ÍÂÍ ÐËÉÇ, ÕÂÍ Ë ÄÞÛÇ ¯¬´². ¡ÄÕÑÓÞ
ÓÂÃÑÕÞ 95 ËÔÔÎÇÆÑÄÂÎË ËÊÑÕÇÓÏÞ ÂÆÔÑÓÃÙËË ÃÞÚßÇÅÑ ÂÎßÃÖ-
ÏËÐÂ, ÑÄÂÎßÃÖÏËÐÂ Ë ÎËÊÑÙËÏÂ ÐÂ ÏËÍÓÑÚÂÔÕËÙÂØ ÔÛËÕÑÅÑ
PNIPAA. ¯Â ÏËÍÓÑÚÂÔÕËÙÂØ Ä ÐÂÃÖØÛÇÏ ÔÑÔÕÑâÐËË (258C)
ÔÑÓÃËÓÑÄÂÎÑÔß ÊÂÏÇÕÐÑ ÃÑÎßÛÇÇ ÍÑÎËÚÇÔÕÄÑ ÃÇÎÍÑÄ ÐÂ ÇÆË-
ÐËÙÖ ÏÂÔÔÞ ÔÖØÑÅÑ ÒÑÎËÏÇÓÂ, ÚÇÏ ÐÂ ÕÇØ ÉÇ ÚÂÔÕËÙÂØ Ä
ÍÑÎÎÂÒÔËÓÑÄÂÐÐÑÏ ÔÑÔÕÑâÐËË ÒÓË 378C, ÒÓËÚÇÏ ÄÑ ÄÕÑÓÑÏ
ÔÎÖÚÂÇ ÓÂÊÎËÚËÇ ÔÑÆÇÓÉÂÐËÌ ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÃÇÎÍÑÄ ÃÞÎÑ
ÐÇÊÐÂÚËÕÇÎßÐÞÏ. £ ÕÑ ÉÇ ÄÓÇÏâ ÒÓË ÒÇÓÇÔÚÇÕÇ ÍÑÎËÚÇÔÕÄÂ
ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÎËÊÑÙËÏÂ ÐÂ ÇÆËÐËÙÖ ÏÂÔÔÞ ÄÎÂÉÐÞØ
ÅÇÎÇÌ ÍÑÐÙÇÐÕÓÂÙËâ ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÃÇÎÍÂ Ä ÍÑÎÎÂÒÔËÓÑ-
ÄÂÐÐÑÏ ÅÇÎÇ ÑÍÂÊÞÄÂÎÂÔß Ä 1.5 ë 2.5 ÓÂÊÂ ÄÞÛÇ. ¡ÄÕÑÓÞ ÒÑÎÂ-
ÅÂáÕ, ÚÕÑ ÒÓËÚËÐÂ àÕÑÅÑ ì ÅËÆÓÑ×ÑÃÐÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
ÃÇÎÍÂ Ô ÆÇÅËÆÓÂÕËÓÑÄÂÐÐÞÏ ÒÑÎËÏÇÓÑÏ; Ä ÆÂÐÐÑÏ ÔÎÖÚÂÇ
ÂÆÔÑÓÃÙËÑÐÐÞÇ ÙÇÐÕÓÞ ÎÑÍÂÎËÊÑÄÂÐÞ Ä ÑÔÐÑÄÐÑÏ ÐÂ ÒÑÄÇÓØ-
ÐÑÔÕË ÏËÍÓÑÚÂÔÕËÙ, Ä ÑÕÎËÚËÇ ÑÕ ÐÂÃÖØÛËØ ÅÇÎÇÌ, ÄÐÖÕÓÇÐ-
ÐËÌ ÑÃÝÇÏ ÍÑÕÑÓÞØ Ä ÃÑÎßÛÇÌ ÔÕÇÒÇÐË ÆÑÔÕÖÒÇÐ ÆÎâ ÃÇÎÍÑ-
ÄÞØ ÏÑÎÇÍÖÎ. °ÚÇÄËÆÐÑ, ÚÕÑ ËÊ-ÊÂ à××ÇÍÕÑÄ ÑÃÝÇÏÐÑÅÑ ÔÉÂ-
ÕËâ ÔÕÓÑÅÂâ ËÐÕÇÓÒÓÇÕÂÙËâ ÒÑÎÖÚÇÐÐÞØ ÂÆÔÑÓÃÙËÑÐÐÞØ ÆÂÐ-
ÐÞØ ÊÂÕÓÖÆÐÇÐÂ.

¡ÐÂÎËÊ ÍÂÕÂÎËÕËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË ÐÇÍÑÕÑÓÞØ ×ÇÓÏÇÐ-
ÕÑÄ, ËÏÏÑÃËÎËÊÑÄÂÐÐÞØ Ä ÅÇÎË ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ, ÒÓÇÆÔÕÂÄ-
ÎâÇÕ ËÐÕÇÓÇÔ ÍÂÍ ÐÇÊÂÄËÔËÏÞÌ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÌ ÏÇÕÑÆ
ËÔÔÎÇÆÑÄÂÐËâ äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ. £ ÓÂÃÑÕÇ 96 ÒÓË ËÊÖÚÇÐËË
ÔÄÑÌÔÕÄ ØËÏÑÕÓËÒÔËÐÂ, ÄÍÎáÚÇÐÐÑÅÑ Ä ÅÇÎß PNIPAA, ÒÓË
ÕÇÏÒÇÓÂÕÖÓÂØ ÐËÉÇ Ë ÄÞÛÇ ÕÇÏÒÇÓÂÕÖÓÞ ×ÂÊÑÄÑÅÑ ÒÇÓÇØÑÆÂ
àÕÑÅÑ ÒÑÎËÏÇÓÂ ÐÂÃÎáÆÂÎË ÑÃÓÂÕËÏÑÇ ÔÐËÉÇÐËÇ ÍÂÕÂÎËÕËÚÇ-
ÔÍÑÌ ÂÍÕËÄÐÑÔÕË ØËÏÑÕÓËÒÔËÐÂ Ä 2 ë 5 ÓÂÊ Ä ÕÇÏÒÇÓÂÕÖÓÐÑÏ
ËÐÕÇÓÄÂÎÇ 30 ë 508C. ¯Â ÑÔÐÑÄÂÐËË ÂÐÂÎËÊÂ ÊÂÄËÔËÏÑÔÕÇÌ
ÍÂÕÂÎËÕËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË ÑÕ ÔÑÆÇÓÉÂÐËâ ×ÇÓÏÇÐÕÂ Ä ÅÇÎÇ,
Â ÕÂÍÉÇ ÓÇÊÖÎßÕÂÕÑÄ àÍÔÒÇÓËÏÇÐÕÑÄ Ô ÐÇÑÃÓÂÕËÏÞÏ ËÐÂÍÕË-
ÄÂÕÑÓÑÏ ÒÓÑÕÇËÐÂÊ ÃÞÎË ËÔÍÎáÚÇÐÞ ÒÓÇÆÒÑÎÑÉÇÐËâ Ñ ÄÎËâ-
ÐËË ÆË××ÖÊËÑÐÐÞØ ÊÂÕÓÖÆÐÇÐËÌ ÆÎâ ÏÑÎÇÍÖÎ ÔÖÃÔÕÓÂÕÂ, Â
ÕÂÍÉÇ Ñ ÔÕÇÓËÚÇÔÍËØ ÊÂÕÓÖÆÐÇÐËâØ ÆÎâ ÇÅÑ ÄÊÂËÏÑÆÇÌÔÕÄËâ Ô
ÂÍÕËÄÐÞÏ ÙÇÐÕÓÑÏ ×ÇÓÏÇÐÕÂ. ¡ÆÇÍÄÂÕÐÞÏ ÑÃÝâÔÐÇÐËÇÏ
ÏÑÉÇÕ ÃÞÕß ÎËÛß ÐÇÔÒÇÙË×ËÚÇÔÍÂâ ÂÔÔÑÙËÂÙËâ ØËÏÑÕÓËÒ-
ÔËÐÂ Ô ÆÇÅËÆÓÂÕËÓÑÄÂÐÐÞÏË ÙÇÒâÏË PNIPAA, ÒÓËÄÑÆâÜÂâ Í
ÚÂÔÕËÚÐÑÌ ÑÃÓÂÕËÏÑÌ ËÐÂÍÕËÄÂÙËË ×ÇÓÏÇÐÕÂ. ±ÑØÑÉËÇ ÕÇÏ-
ÒÇÓÂÕÖÓÐÞÇ ÊÂÄËÔËÏÑÔÕË ÃÞÎË ÒÑÎÖÚÇÐÞ Ë ÒÓË ËÏÏÑÃËÎËÊÂ-
ÙËË ×ÇÓÏÇÐÕÂ ÖÓÇÂÊÞ.97 £ ÓÂÃÑÕÇ 98 ËÊÖÚÇÐÂ ÔÑÓÃÙËâ
ÔÞÄÑÓÑÕÑÚÐÑÅÑ ÂÎßÃÖÏËÐÂ Ä ÚÂÔÕËÙÂØ ÔÛËÕÑÅÑ PNIPAA, Â
ÕÂÍÉÇ Ä ÂÐÂÎÑÅËÚÐÞØ ÚÂÔÕËÙÂØ, ÔÑÆÇÓÉÂÜËØ ÒÑÎÑÉËÕÇÎßÐÑ
ÊÂÓâÉÇÐÐÞÇ Ä ÖÔÎÑÄËâØ àÍÔÒÇÓËÏÇÐÕÂ ÕÓÇÕËÚÐÞÇ Ë ÚÇÕÄÇÓÕËÚ-
ÐÞÇ ÂÎÍËÎÂÏËÐÑÅÓÖÒÒÞ. ¯Â ÐÇÌÕÓÂÎßÐÞØ ÚÂÔÕËÙÂØ ÃÇÎÑÍ ÐÇ
ÂÆÔÑÃËÓÑÄÂÎÔâ ÐË ÒÓË 25, ÐË ÒÓË 408C, Ä ÕÑ ÄÓÇÏâ ÍÂÍ
ÂÐËÑÐÑÑÃÏÇÐÐÞÇ ÚÂÔÕËÙÞ ÃÞÎË ÃÑÎÇÇ ÂÆÔÑÓÃÙËÑÐÐÑ
ÂÍÕËÄÐÞ, ÒÓËÚÇÏ ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ 258C ÂÆÔÑÓÃÙËâ ÃÞÎÂ
ÄÞÛÇ, ÚÇÏ ÒÓË 408C, ÚÕÑ ÑÃÝâÔÐÇÐÑ ÔÉÂÕËÇÏ ÚÂÔÕËÙ ÒÓË
ÒÑÄÞÛÇÐÐÑÌ ÕÇÏÒÇÓÂÕÖÓÇ Ë ÏÇÐßÛÇÌ ÆÑÔÕÖÒÐÑÔÕßá ËØ ÒÑÓ.

¯Â ÑÔÐÑÄÂÐËË ÒÓËÄÇÆÇÐÐÞØ ÆÂÐÐÞØ ÏÑÉÐÑ ÊÂÍÎáÚËÕß,
ÚÕÑ ÒÇÓÇØÑÆ ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞØ ËÎË ÔÛËÕÞØ ÙÇÒÇÌ
PNIPAA ËÊ ÅËÆÓÂÕËÓÑÄÂÐÐÑÅÑ Ä ÆÇÅËÆÓÂÕËÓÑÄÂÐÐÑÇ ÔÑÔÕÑâ-
ÐËÇ, ÍÂÍ ÒÓÂÄËÎÑ, ÒÓËÄÑÆËÕ ÎËÛß Í ÐÇÃÑÎßÛÑÏÖ ÖÔËÎÇÐËá ËØ
ÂÆÔÑÓÃÙËÑÐÐÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ Ô ÃÇÎÍÂÏË, Â Ä ÐÇÍÑÕÑÓÞØ
ÔÎÖÚÂâØ ÐÇ ÒÓËÄÑÆËÕ ÄÑÄÔÇ, Ä ÑÕÎËÚËÇ ÑÕ ÂÏËÐÑÍËÔÎÑÕ Ë
ÔÕÇÓÑËÆÑÄ. ¿ÕÑ ÏÑÉÐÑ ÑÃÝâÔÐËÕß ÕÇÏ, ÚÕÑ ÅËÆÓÑ×ÑÃÐÞÇ
ÅÓÖÒÒÞ Ä ÃÇÎÍÂØ Ä ÑÔÐÑÄÐÑÏ ÎÑÍÂÎËÊÑÄÂÐÞ ÄÐÖÕÓË ÏÂÍÓÑÏÑ-
ÎÇÍÖÎ Ë ÒÑÕÑÏÖ ÏÇÐÇÇ ÆÑÔÕÖÒÐÞ. ·ÂÓÂÍÕÇÓÐÑ, ÚÕÑ ÔÖÜÇÔÕÄÇÐ-

ÐÑÇ ÖÔËÎÇÐËÇ àÕËØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ Ô ÒÑÄÞÛÇÐËÇÏ ÕÇÏÒÇÓÂ-
ÕÖÓÞ ÃÞÎÑ ÆÑÔÕËÅÐÖÕÑ ÒÓË ËÔÒÑÎßÊÑÄÂÐËË ÄÏÇÔÕÑ PNIPAA
ÔÑÒÑÎËÏÇÓÂ NIPAA Ë ÃÑÎÇÇ ÅËÆÓÑ×ÑÃÐÑÅÑ ÏÑÐÑÏÇÓÂ ì
ÃÖÕËÎÏÇÕÂÍÓËÎÂÕÂ (BMA) ì Ä ÍÂÚÇÔÕÄÇ ØËÏËÚÇÔÍÑÅÑ ÏÑÆË-
×ËÍÂÕÑÓÂ ÒÑÄÇÓØÐÑÔÕË ÔËÎËÍÂÅÇÎâ.39 £ÞÛÇ ÃÞÎÑ ÑÕÏÇÚÇÐÑ,
ÚÕÑ ÐÂÎËÚËÇ ÅËÆÓÑ×ÑÃÐÞØ ÅÓÖÒÒ Ä ÔÑÔÕÂÄÇ ÑÓÅÂÐÑÔËÎÂÐÑÄÞØ
ÒÑÆÔÎÑÇÄ ÏÑÉÇÕ ÔËÎßÐÑ ÄÎËâÕß ÐÂ ÔÏÂÚËÄÂÇÏÑÔÕß ÒÑÄÇÓØ-
ÐÑÔÕË, ØËÏËÚÇÔÍË ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ PNIPAA,79 Ë ÐÂ ØÂÓÂÍ-
ÕÇÓ ÇÇ ÕÇÏÒÇÓÂÕÖÓÐÑÌ ÊÂÄËÔËÏÑÔÕË. ±Ñ-ÄËÆËÏÑÏÖ, ÒÓË ÄÄÇÆÇ-
ÐËË BMA Ä ÔÑÔÕÂÄ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂ ÒÓÑâÄÎâÇÕÔâ ÂÐÂÎÑÅËÚÐÑÇ
ÄÎËâÐËÇ, ÚÕÑ ÆÂÇÕ ÄÑÊÏÑÉÐÑÔÕß ÒÖÕÇÏ ËÊÏÇÐÇÐËâ ÕÇÏÒÇÓÂ-
ÕÖÓÞ Ä ÃÑÎßÛÇÌ ÏÇÓÇ ÍÑÐÕÓÑÎËÓÑÄÂÕß ÔÄÑÃÑÆÐÖá àÐÇÓÅËá
ÒÑÄÇÓØÐÑÔÕË Ë ÔÄâÊÂÐÐÖá Ô ÐÇÌ ÂÆÔÑÓÃÙËÑÐÐÖá ÔÒÑÔÑÃÐÑÔÕß
ÃÇÎÍÑÄ.

°ÆÐÑÌ ËÊ ÐÂËÃÑÎÇÇ ÙËÕËÓÖÇÏÞØ ÒÖÃÎËÍÂÙËÌ, ÍÑÕÑÓÞÇ
ÆÇÏÑÐÔÕÓËÓÖáÕ ÄÑÊÏÑÉÐÑÔÕß ÕÇÏÒÇÓÂÕÖÓÐÑ-ÖÒÓÂÄÎâÇÏÑÌ
ÂÆÔÑÓÃÙËË Ë ÆÇÔÑÓÃÙËË ÃÇÎÍÑÄ ÐÂ ÒÑÄÇÓØÐÑÔÕË Ô ÒÓËÄËÕÞÏ
PNIPAA, ÔÕÂÎÂ ÔÕÂÕßâ 11. ¡ÄÕÑÓÞ àÕÑÌ ÓÂÃÑÕÞ ÑÔÖÜÇÔÕÄËÎË
ØËÏËÚÇÔÍÖá ÒÓËÄËÄÍÖ PNIPAA ÐÂ ÒÑÄÇÓØÐÑÔÕß ÏËÍÓÑ-
×ÎáËÆÐÑÌ ÔØÇÏÞ, ÐÇÔÖÜÇÌ ÂÎÍÂÐÕËÑÎßÐÞÇ ÅÓÖÒÒÞ, ÊÂ ÔÚÇÕ
à××ÇÍÕÂ ÒÇÓÇÐÑÔÂ ÐÂ ÐËØ ÙÇÒË ÒÓË ÒÓÑÄÇÆÇÐËË ÓÂÆËÍÂÎßÐÑÌ
ÒÑÎËÏÇÓËÊÂÙËË NIPAA Ä ÍÑÐÕÂÍÕËÓÖáÜÇÏ ÓÂÔÕÄÑÓÇ. £ÑÊ-
ÏÑÉÐÞÇÏÇØÂÐËÊÏÞ àÕÑÌ ÓÇÂÍÙËË ÃÑÎÇÇ ÒÑÆÓÑÃÐÑ ÑÃÔÖÉÆÇÐÞ
Ä ÓÂÃÑÕÇ 99. ´ÂÍËÏ ÑÃÓÂÊÑÏ ÖÆÂÎÑÔß ÒÑÎÖÚËÕß ÒÓËÄËÕÑÌ ÔÎÑÌ
PNIPAA Ô ÒÎÑÜÂÆßá ÒÑÄÇÓØÐÑÔÕË, ÒÓËØÑÆâÜÇÌÔâ ÐÂ ÙÇÒß,
*10 ÐÏ2 (Õ.Ç. ÐÇ ÑÚÇÐß ÒÎÑÕÐÞÌ, s&20). ³ ËÔÒÑÎßÊÑÄÂÐËÇÏ
ÏÇÕÑÆÂ ÒÑÄÇÓØÐÑÔÕÐÑ-ÔËÎÑÄÑÌ ÏËÍÓÑÔÍÑÒËË ÃÞÎÑ ÐÂÌÆÇÐÑ,
ÚÕÑ à××ÇÍÕËÄÐÂâ ÕÑÎÜËÐÂ ÔÎÑâ PNIPAA ÔÑÔÕÂÄÎâÇÕ*100 ÐÏ
ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ 20 Ë 238C Ë ÖÏÇÐßÛÂÇÕÔâ ÆÑ 50 ÐÏ ÒÓË
ÕÇÏÒÇÓÂÕÖÓÇ 4268C. ±ÓËÄËÄÍÂ PNIPAA ÒÓÇÆÑÕÄÓÂÜÂÎÂ
ÐÇÑÃÓÂÕËÏÖá ÂÆÔÑÓÃÙËá ÃÇÎÍÑÄ, Ä ÚÂÔÕÐÑÔÕË ÏËÑÅÎÑÃËÐÂ,
ÒÓË 208C ÐÂ ÒÑÄÇÓØÐÑÔÕß ÐËÕÓËÆÂ ÍÓÇÏÐËâ ì ÃÂÊÑÄÑÅÑ
ÏÂÕÇÓËÂÎÂ ÏËÍÓÑ×ÎáËÆÐÑÌ ÔØÇÏÞ.

ªÔÔÎÇÆÑÄÂÐËÇ ÏÇÕÑÆÑÏ àÎÎËÒÔÑÏÇÕÓËË ÒÑÍÂÊÂÎÑ, ÚÕÑ
ÂÆÔÑÓÃÙËâ ÔÞÄÑÓÑÕÑÚÐÑÅÑ ÂÎßÃÖÏËÐÂ ÐÂ ÒÑÎËÏÇÓÐÑ-ÏÑÆË-
×ËÙËÓÑÄÂÐÐÞÇ ÍÓÇÏÐÇÊÇÏÐÞÇ ÒÑÄÇÓØÐÑÔÕË ÔÐËÉÂÇÕÔâ Ä
10 ë 15 ÓÂÊ ÒÑ ÔÓÂÄÐÇÐËá Ô ËÔØÑÆÐÞÏË ÐÇÏÑÆË×ËÙËÓÑÄÂÐ-
ÐÞÏË ÒÑÄÇÓØÐÑÔÕâÏË (258C), ÐÑ ÄÑÊÓÂÔÕÂÇÕ Ä 20 ë 30 ÓÂÊ ÒÓË
ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÆÑ 558C. ®ËÍÓÑ×ÎáËÆÐÖá âÚÇÌÍÖ
ÑÃÝÇÏÑÏ 3 ÏÍÎ ÐÂÅÓÇÄÂÎË, ÒÇÓÇÆÂÄÂâ ÕÇÒÎÑ ÒÑ ÊÑÎÑÕÞÏ ËÎË
ÒÎÂÕËÐÑÄÞÏ ÏËÍÓÑÎÇÐÕÑÚÐÞÏ àÎÇÏÇÐÕÂÏ ÛËÓËÐÑÌ ÑÕ 10 ÆÑ
50 ÏÍÏ, ÄÏÑÐÕËÓÑÄÂÐÐÞÏ Ä ÒÑÆÎÑÉÍÖ ËÊ ÐËÕÓËÆÂ ÍÓÇÏÐËâ.
¯ÂÅÓÇÄ ÏËÍÓÑÎÇÐÕÞ ÆÑ 358CÆÎËÎÔâ ÏÇÐÇÇ ÏËÍÓÑÔÇÍÖÐÆÞ, ÚÕÑ
ÅÑÓÂÊÆÑ ÍÑÓÑÚÇ ÄÓÇÏÇÐË ÑÃÓÂÊÑÄÂÐËâ ÂÆÔÑÓÃÙËÑÐÐÑÅÑ ÔÎÑâ
ÃÇÎÍÂ. £ ÍÂÚÇÔÕÄÇ ÃÇÎÍÑÄÑÅÑ ÔÑÓÃÂÕÂ ÆÎâ ËÊÖÚÇÐËâ ÕÇÓÏÑ-
ÊÂÄËÔËÏÑÌ ÂÆÔÑÓÃÙËË ÃÞÎ ÄÞÃÓÂÐ ×ÎÖÑÓÇÔÙÇÐÕÐÑ-ÏÇÚÇÐÐÞÌ
ÏËÑÅÎÑÃËÐ. ³ ËÔÒÑÎßÊÑÄÂÐËÇÏ ÏÇÕÑÆÂ ×ÎÖÑÓÇÔÙÇÐÕÐÑÌ
ÏËÍÓÑÔÍÑÒËË ÃÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÂÆÔÑÓÃÙËÑÐÐÞÌ ÔÎÑÌ
ÃÇÎÍÂ ÑÃÓÂÊÖÇÕÔâ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ÐÂÆ ÎÇÐÕÑÚÐÞÏË àÎÇÏÇÐ-
ÕÂÏË, ÐÂÅÓÇÕÞÏË ÆÑ 358C. ³ÒÖÔÕâ ÄÔÇÅÑ ÎËÛß ÔÇÍÖÐÆÖ ÒÑÔÎÇ
ÒÓÇÍÓÂÜÇÐËâ ÐÂÅÓÇÄÂ ÏËÑÅÎÑÃËÐ ÆÇÔÑÓÃËÓÑÄÂÎÔâ Ë ÆË××ÖÐ-
ÆËÓÑÄÂÎ Ä ÍÑÐÕÂÍÕËÓÖáÜËÌ ÄÑÆÐÞÌ ÓÂÔÕÄÑÓ. ´ÂÍËÏ ÑÃÓÂ-
ÊÑÏ, Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÒÓËÄËÕÑÅÑ PNIPAA ÑÍÂÊÂÎÑÔß ÄÑÊ-
ÏÑÉÐÞÏ ÔÑÊÆÂÕß ÏËÍÓÑ×ÎáËÆÐÖá ÔØÇÏÖ, ÒÑÊÄÑÎâáÜÖá
ÒÓÑÄÑÆËÕß ÕÇÓÏÑÖÒÓÂÄÎâÇÏÞÇ ÒÓÑÙÇÔÔÞ ÂÆÔÑÓÃÙËË Ë ÆÇÔÑÓÃ-
ÙËË ÃÇÎÍÑÄ Ë ÑÃÎÂÆÂáÜÖá ÊÂÏÇÚÂÕÇÎßÐÞÏ ÃÞÔÕÓÑÆÇÌ-
ÔÕÄËÇÏ. µÍÂÊÂÐÐÂâ ÓÂÊÓÂÃÑÕÍÂ ÑÕÍÓÞÎÂ ÒÖÕß Í ÔÑÊÆÂÐËá
ÙÇÎÑÅÑ ÓâÆÂ ÖÒÓÂÄÎâÇÏÞØ ÂÐÂÎËÕËÚÇÔÍËØ ÖÔÕÓÑÌÔÕÄ,8, 100 ë 102

Ä ÕÑÏ ÚËÔÎÇ ÒÑÊÄÑÎâáÜËØ ÍÑÐÕÓÑÎËÓÖÇÏÞÏ ÑÃÓÂÊÑÏ ÔÄâÊÞ-
ÄÂÕß Ë ÄÞÔÄÑÃÑÉÆÂÕß ÉËÊÐÇÔÒÑÔÑÃÐÞÇ ÍÎÇÕÍË ÉËÄÑÕÐÞØ.8, 100

¡ÆÔÑÓÃÙËâ ÏËÑÅÎÑÃËÐÂ ÐÂ ÔËÎËÍÂÅÇÎß, ØËÏËÚÇÔÍË
ÏÑÆË×ËÙËÓÑÄÂÐÐÞÌ PNIPAA, ÒÑÆÓÑÃÐÑ ËÊÖÚÇÐÂ Ä
ÓÂÃÑÕÇ 103. AÆÔÑÓÃÙËâ àÕÑÅÑ ÃÇÎÍÂ ÐÂ ÔËÎËÍÂÅÇÎÇ, ÏÑÆË-
×ËÙËÓÑÄÂÐÐÑÏ ÕÓËÏÇÕÑÍÔË-3-ÔÖÎß×ÂÐËÎÒÓÑÒËÎÔËÎÂÐÑÏ
((MeO)3Si(CH2)3SH) ÑÍÂÊÂÎÂÔß ÄÇÔßÏÂ ÄÞÔÑÍÑÌ (90 ÏÅ . Å71
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ËÎË 0.3 ÏÅ .Ï72),103 ÕÂÍ ÚÕÑ ÖÍÂÊÂÐÐÞÌ ÒÑÆÔÎÑÌ ÔÂÏ ÒÑ ÔÇÃÇ ÐÇ
ÊÂÜËÜÂÎ ÏËÑÅÎÑÃËÐ Ë ÆÓÖÅËÇ ÃÇÎÍË ÑÕ ÂÆÔÑÓÃÙËË. £ ÓÇÊÖÎß-
ÕÂÕÇ ÒÓËÄËÄÍË PNIPAA, Õ.Ç. ÃÎÂÅÑÆÂÓâ ÑÃÓÂÊÑÄÂÐËá ÒÑÎË-
ÏÇÓÐÑÅÑ ÒÑÍÓÞÕËâ, ÍÑÎËÚÇÔÕÄÑ ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÐÂ ÔËÎËÍÂ-
ÅÇÎÇ ÃÇÎÍÂ ÔÐËÉÂÎÑÔß Ä 15 ë 30 ÓÂÊ. ±ÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂ-
ÕÖÓÞ ÑÕ 35 ÆÑ 98C ÒÓÑËÔØÑÆËÎÑ ÄÞÔÄÑÃÑÉÆÇÐËÇ ÏËÑÅÎÑÃËÐÂ
ËÊ ÒÑÍÓÞÕÑÅÑ ÒÑÎËÏÇÓÑÏ ÔËÎËÍÂÅÇÎâ Ä ÍÑÐÕÂÍÕËÓÖáÜËÌ
ÓÂÔÕÄÑÓ ÒÓË ÔÐËÉÇÐËË ÂÆÔÑÓÃËÓÑÄÂÐÐÑÅÑ ÍÑÎËÚÇÔÕÄÂ ÃÇÎÍÂ
Ä *2 ÓÂÊÂ. ±ÓË ÒÑÄÕÑÓÐÑÏ ÐÂÅÓÇÄÇ Ë ÑØÎÂÉÆÇÐËË ÄÐÑÄß
ÒÓÑËÔØÑÆËÎÑ ÇÅÑ ÔÄâÊÞÄÂÐËÇ Ë ÄÞÔÄÑÃÑÉÆÇÐËÇ. °ÔÑÃÑÇ ÄÐË-
ÏÂÐËÇ ÑÃÓÂÜÂÇÕ ÐÂ ÔÇÃâ ØÂÓÂÍÕÇÓ ËÊÑÕÇÓÏ ÂÆÔÑÓÃÙËË ÏËÑ-
ÅÎÑÃËÐÂ, ÍÑÕÑÓÞÇ Ä ÑÃÎÂÔÕË ÏÂÎÞØ ÍÑÐÙÇÐÕÓÂÙËÌ ÃÇÎÍÂ
àÍÔÕÓÂÒÑÎËÓÑÄÂÎËÔß Í ÑÆÐÑÏÖ Ë ÕÑÏÖ ÉÇ ÊÐÂÚÇÐËá
*1 ÏÅ . Å71, ÚÕÑ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ ÑÃ ÂÆÔÑÓÃÙËË ÏËÑÅÎÑÃËÐÂ
ÐÂ ÑÔÕÂÕÑÚÐÞØ ÑÃÐÂÉÇÐÐÞØ ×ÓÂÅÏÇÐÕÂØ ÒÑÄÇÓØÐÑÔÕË ÐÑÔË-
ÕÇÎâ, Ä ÓÂÄÐÑÌ ÔÕÇÒÇÐË ÒÓÑËÔØÑÆâÜÇÌ ÒÓË 9 Ë 358C (ÓËÔ. 11).
£ ÔÄâÊË Ô àÕËÏ ÃÞÎ ÔÆÇÎÂÐ ÄÞÄÑÆ Ñ ÕÑÏ, ÚÕÑ ÕÇÓÏÑÊÂÄËÔËÏÑÇ
ÔÄâÊÞÄÂÐËÇ ÃÇÎÍÂ ÒÓÑËÔØÑÆËÕ ËÏÇÐÐÑ ÐÂ ÆÇÅËÆÓÂÕËÓÑÄÂÐÐÞØ
ÙÇÒâØ PNIPAA. ³ ÖÚÇÕÑÏ ÔÍÂÊÂÐÐÑÅÑ Ä ÐÂÚÂÎÇ àÕÑÅÑ ÓÂÊÆÇÎÂ Ë
Ä ÍÑÐÙÇ ÒÓÇÆÞÆÖÜÇÅÑ, ÒÓÇÆÔÕÂÄÎâÇÕÔâ ÄÇÓÑâÕÐÞÏ, ÚÕÑ ÕÇÓÏÑ-

ÊÂÄËÔËÏÂâ ÑÃÓÂÕËÏÂâ ÂÆÔÑÓÃÙËâ ÃÇÎÍÑÄ ÒÓÑËÔØÑÆËÕ ÒÓÇÉÆÇ
ÄÔÇÅÑ ÐÂ ÔÇÅÏÇÐÕÂØ PNIPAA, ÒÓËÎÇÉÂÜËØ Í ÅËÆÓÑ×ÑÃÐÑÏÖ
ÒÑÆÔÎÑá ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ ÄÞÛÇ ¯¬´² Ë ÒÓÇÕÇÓÒÇÄÂáÜËØ
ÐÂËÃÑÎßÛÖá ÒÇÓÇÑÓËÇÐÕÂÙËá Ä ÓÇÊÖÎßÕÂÕÇ ÅËÆÓÂÕÂÙËË ÒÓË
ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ (ÔÏ. ÓËÔ. 8,c).

¬ ÒÑÆÑÃÐÑÏÖ ÄÞÄÑÆÖ ÒÓËÛÎË Ë ÂÄÕÑÓÞ ÓÂÃÑÕÞ 104, Ä
ÍÑÕÑÓÑÌ ÂÆÅÇÊËâ àÐÆÑÕÇÎËÂÎßÐÞØ ÍÎÇÕÑÍ Í PNIPAA-ÏÑÆË×Ë-
ÙËÓÑÄÂÐÐÞÏ ÒÑÄÇÓØÐÑÔÕâÏ ÔÕÇÍÎÂ Ë ÒÑÎËÔÕËÓÑÎÂ ÓÇÂÎËÊÑ-
ÄÂÎÂÔß ÊÂ ÔÚÇÕ ËØ ÔÄâÊÞÄÂÐËâ Ô ÒÓÇÂÆÔÑÓÃËÓÑÄÂÐÐÞÏ ×ËÃÓÑ-
ÐÇÍÕËÐÑÏì ÄÞÔÑÍÑÏÑÎÇÍÖÎâÓÐÞÏ ÅÎËÍÑÒÓÑÕÇËÐÑÏ ÏÇÉÍÎÇ-
ÕÑÚÐÑÅÑ ÏÂÕÓËÍÔÂ. ¶ËÃÓÑÐÇÍÕËÐ ÂÆÔÑÓÃËÓÑÄÂÎÔâ ÒÓË 378C ÐÂ
ÑÕÐÑÔËÕÇÎßÐÑ ÕÑÐÍËÇ ÔÎÑË ÒÓËÄËÕÑÅÑ PNIPAA (<4 ÐÏ), ÐÑ ÐÇ
ÂÆÔÑÓÃËÓÑÄÂÎÔâ ÐÂ ÔÎÑË àÕÑÅÑ ÒÑÎËÏÇÓÂ ÕÑÎÜËÐÑÌ 7 ÐÏ Ë
ÃÑÎßÛÇ. ¡ÄÕÑÓÞ ÔÚËÕÂáÕ, ÚÕÑ ÒÓËÄËÕÞÇ ÙÇÒË PNIPAA
ÄÃÎËÊË ÒÑÄÇÓØÐÑÔÕË ÒÑÎËÔÕËÓÑÎÂ ËÔÒÞÕÞÄÂáÕ ÒÓÑÏÑÕËÓÑ-
ÄÂÐÐÖá ÆÇÅËÆÓÂÕÂÙËá ÃÎÂÅÑÆÂÓâ ÅËÆÓÑ×ÑÃÐÞÏ ÔÄÑÌÔÕÄÂÏ
ÒÑÆÎÑÉÍË.104

£ ÒÑÎßÊÖ àÕÑÅÑ ÄÞÄÑÆÂ ÔÄËÆÇÕÇÎßÔÕÄÖáÕ Ë ÊÂÄËÔËÏÑÔÕË
ÂÆÔÑÓÃÙËË ÔÞÄÑÓÑÕÑÚÐÑÅÑ ÂÎßÃÖÏËÐÂ Ë ×ËÃÓÑÐÇÍÕËÐÂ ÑÕ
ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË PNIPAA, ÍÑÕÑÓÞÇ ÃÞÎË ËÊÖÚÇÐÞ Ä
ÓÂÃÑÕÇ 19. ¹ËÔÎÑ ×ÖÐÍÙËÑÐÂÎßÐÞØ ÅÓÖÒÒ, ËÐËÙËËÓÖáÜËØ
ÒÑÎËÏÇÓËÊÂÙËá ÒÑ ÏÇØÂÐËÊÏÖ ¡´RP, ÓÇÅÖÎËÓÑÄÂÎË, ÄÂÓßË-
ÓÖâ ÔÑÑÕÐÑÛÇÐËÇ ÑÓÅÂÐÑÔËÎËÎßÐÞØ ÓÇÂÅÇÐÕÑÄ, ÄÊâÕÞØ ÆÎâ
ØËÏËÚÇÔÍÑÅÑ ÏÑÆË×ËÙËÓÑÄÂÐËâ ÒÎÑÔÍËØ ÔÕÇÍÑÎ ËÎË ÍÓÇÏÐËÇ-
ÄÞØ ÒÎÂÔÕËÐÑÍ, Â ËÏÇÐÐÑ ÑÓÅÂÐÑÕÓËØÎÑÓÔËÎÂÐÂ, ÐÇÔÖÜÇÅÑ
ÍÑÓÑÕÍËÌ ÑÎËÅÑàÕËÎÇÐÅÎËÍÑÎß (6 ë 9 ÏÑÐÑÏÇÓÐÞØ ÊÄÇÐßÇÄ), Ë
11-(2-ÃÓÑÏ-2-ÏÇÕËÎÒÓÑÒËÑÐËÎ)ÆÑÆÇÙËÎÕÓËØÎÑÓÔËÎÂÐÂ ì
ËÐËÙËÂÕÑÓa ÒÑÎËÏÇÓËÊÂÙËË. £ ÓÇÊÖÎßÕÂÕÇ ÃÞÎ ÒÑÎÖÚÇÐ
ÐÂÃÑÓ ÐÑÔËÕÇÎÇÌ Ô ÒÎÑÕÐÑÔÕâÏË ÒÓËÄËÄÍË PNIPAA ÑÕ 0 ÆÑ
0.2 ÙÇÒÇÌ ÐÂ 1 ÐÏ2, ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÔÓÇÆÐÇÌ ÒÎÑÜÂÆË,
ÒÓËØÑÆâÜÇÌÔâ ÐÂ ÙÇÒß, 5 ÐÏ2 Ë s& 10 (® ÑÕ 2.7 . 104 ÆÑ
4.8 . 104 Å .ÏÑÎß71). ±ÓËÄËÄÍÂ PNIPAA ÐÂ ÔÏÇÛÂÐÐÞÌ ÑÓÅÂ-
ÐÑÔËÎÂÐÑÄÞÌ ÒÑÆÔÎÑÌ ÒÓÂÍÕËÚÇÔÍË ÐÇ ÄÎËâÎÂ ÐÂ ÂÆÔÑÓÃÙËá
ÃÇÎÍÑÄ ÒÓË 238C, ÍÑÕÑÓÂâ Ä ÖÔÎÑÄËâØ ÅËÆÓÂÕÂÙËË ÙÇÒÇÌ
PNIPAA ÔÑÔÕÂÄÎâÎÂ 0.2 ë 0.3 ÏÅ .Ï72. £ ÕÑ ÉÇ ÄÓÇÏâ ÒÓË
378C ÂÆÔÑÓÃÙËâ ÃÇÎÍÑÄ ÔËÎßÐÑ ÊÂÄËÔÇÎÂ ÑÕ ÒÎÑÕÐÑÔÕË ÒÓË-
ÄËÄÍË PNIPAA ÒÓË ee ÏÂÎÞØ ÊÐÂÚÇÐËâØ, ÔÑÑÕÄÇÕÔÕÄÖáÜËØ
ÔÑÔÕÑâÐËá, ÒÓÑÏÇÉÖÕÑÚÐÑÏÖ ÏÇÉÆÖ ÜÇÕÍÑÌ Ë ËÊÑÎËÓÑÄÂÐ-
ÐÞÏË ÙÇÒâÏË, Ä ÚÂÔÕÐÑÔÕË ÆÎâ ÂÎßÃÖÏËÐÂ ÑÐÂ ÆÑÔÕËÅÂÎÂ
0.9 ÏÅ .Ï72. ¡ÄÕÑÓÞ ÑÃÝâÔÐËÎË ÖÍÂÊÂÐÐÑÇ âÄÎÇÐËÇ ÄÊÂËÏÑ-
ÆÇÌÔÕÄËÇÏ ÙÇÒÇÌ PNIPAA Ô ÚÂÔÕËÚÐÑ ÒÓÑÐËÍÂáÜËÏË Ä ÒÑÎË-
ÏÇÓÐÞÌ ÔÎÑÌ ÃÇÎÍÑÄÞÏË ÏÑÎÇÍÖÎÂÏË, ÒÑÔÍÑÎßÍÖ Ä ÖÔÎÑÄËâØ
ÄÞÔÑÍÑÌ ÒÎÑÕÐÑÔÕË ÒÓËÄËÄÍË PNIPAA àÕÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
ÄÞÓÂÉÇÐÑ ÔÎÂÃÑ ËÎË ÔØÑÆËÕ ÐÂ ÐÇÕ. ¯Â ÐÂÛ ÄÊÅÎâÆ, ÒÓË
ÐÇÄÞÔÑÍËØ ÒÎÑÕÐÑÔÕâØ ÒÓËÄËÄÍË ÖÄÇÎËÚËÄÂáÕÔâ ÏËÍÓÑ- Ë
ÐÂÐÑÅÇÕÇÓÑÅÇÐÐÑÔÕß ÒÑÄÇÓØÐÑÔÕË, ÚÕÑ ÔÒÑÔÑÃÔÕÄÖÇÕ ÂÆÔÑÓÃ-
ÙËË ÔÇÅÏÇÐÕÑÄ ÒÓËÄËÕÑÅÑ PNIPAA ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ ÄÞÛÇ
¯¬´² ÐÂ ÅËÆÓÑ×ÑÃÐÑÏ ÒÑÆÔÎÑÇ, ÔÑÆÇÓÉÂÜeÏ ÒÓÑËÊÄÑÆÐÑÇ
ÆÑÆÇÙËÎÕÓËØÎÑÓÔËÎÂÐÂ, Ë ËØ ÆÇÔÑÓÃÙËË ÐËÉÇ ¯¬´², Ô ÚÇÏ Ë
ÔÄâÊÂÐÞ ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÄÂÓËÂÙËË ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ,
ÒÑÆÑÃÐÞÇ ÑÒËÔÂÐÐÞÏ Ä ÓÂÃÑÕÂØ 11, 103, 104 Ë ÒÓÑËÎÎáÔÕÓËÓÑ-
ÄÂÐÐÞÇ ÐÂ ÓËÔ. 8,c,d.

VII. ´ÇÏÒÇÓÂÕÖÓÐÑ-ÊÂÄËÔËÏÞÇ ÒÇÓÇØÑÆÞ
Ä ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞØ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂØ:
ÂÆÅÇÊËâ Ë ÑÕÆÇÎÇÐËÇ ÍÖÎßÕÖÓ ÃËÑÎÑÅËÚÇÔÍËØ
ÍÎÇÕÑÍ Ë ÕÍÂÐÇÌ

²ÂÊÓÂÃÑÕÍÂ ÏÇÕÑÆÑÄ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ ÐÂ
PNIPAA-ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ ÒÑÄÇÓØÐÑÔÕâØ 32 ë 34 ÕÓÂÐÔ×ÑÓ-
ÏËÓÑÄÂÎÂÔß Ä ÑÕÆÇÎßÐÑÇ ÐÂÒÓÂÄÎÇÐËÇ ÃËÑÎÑÅËÚÇÔÍÑÅÑ ÏÂÕÇ-
ÓËÂÎÑÄÇÆÇÐËâ, ÄÍÎáÚÂáÜÇÇ ÓÂÊÐÑÑÃÓÂÊÐÞÇ ÔÒÑÔÑÃÞ ÒÓË-
ÄËÄÍË PNIPAA Ë ÔÑÒÑÎËÏÇÓÑÄ ÐÂ ÑÔÐÑÄÇ NIPAA, Â ÕÂÍÉÇ
ÍÖÎßÕËÄËÓÑÄÂÐËÇ ÓÂÊÐÑÑÃÓÂÊÐÞØ ÍÎÇÕÑÚÐÞØ ÎËÐËÌ Ë ÒÑÎÖÚÇ-
ÐËÇ ÏÑÓ×ÑÎÑÅËÚÇÔÍË Ë ×ÖÐÍÙËÑÐÂÎßÐÑ ÓÂÊÎËÚÐÞØ ÍÑÐ-

²ÂÄÐÑÄÇÔÐÂâ ÍÑÐÙÇÐÕÓÂÙËâ, ÏÍÅ .ÏÎ71
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²ËÔ. 11. ªÊÑÕÇÓÏÞ ÂÆÔÑÓÃÙËË ÏËÑÅÎÑÃËÐÂ ÐÂ ÔËÎËÍÂÅÇÎÇ ¬ÓÑÏÂ-
ÔËÎ 100 (1) Ë ÕÑÏ ÉÇ ÔËÎËÍÂÅÇÎÇ Ô ÒÓËÄËÕÞÏ PNIPAA (2) ËÊ 10 Ï®
×ÑÔ×ÂÕÐÑÅÑ ÃÖ×ÇÓÐÑÅÑ ÓÂÔÕÄÑÓÂ, ÔÑÆÇÓÉÂÜÇÅÑ 0.1® NaCl
(pH 6.0) ÒÓË 358C (a), Ë ËÊÑÕÇÓÏÞ ÂÆÔÑÓÃÙËË ÏËÑÅÎÑÃËÐÂ ÐÂ
ÔËÎËÍÂÅÇÎÇ Ô ÒÓËÄËÕÞÏ PNIPAA ÒÓË 35 (1) Ë 98C (2) (b).103
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×ÎáÇÐÕÐÞØ ÍÖÎßÕÖÓ. ¯ÂËÃÑÎÇÇ ÓÂÔÒÓÑÔÕÓÂÐÇÐÐÞÏË ÔÒÑÔÑ-
ÃaÏË ÐÂÐÇÔÇÐËâ ÒÑÍÓÞÕËÌ ËÊ PNIPAA ÐÂ ÒÑÎËÔÕËÓÑÎßÐÞe
ÒÎÂÐÛÇÕÞ ËÎË ÐÂ ÏÑÆË×ËÙËÓÑÄÂÐÐÞe ÒÎÑÔÍËe ÔÕÇÍÎÂ
âÄÎâáÕÔâ ÒÑÎËÏÇÓËÊÂÙËâ NIPAA Ä ÑÓÅÂÐËÚÇÔÍÑÏ ÓÂÔÕÄÑÓË-
ÕÇÎÇ ÒÑÆ ÆÇÌÔÕÄËÇÏ ÒÖÚÍÂ àÎÇÍÕÓÑÐÑÄ, Â ÕÂÍÉÇ ÒÎÂÊÏÇÐÐÂâ
ÒÑÎËÏÇÓËÊÂÙËâ.105 £ ÒÇÓÄÑÏ ÔÎÖÚÂÇ ÑÃÓÂÊÖÇÕÔâ ÖÎßÕÓÂÕÑÐÍËÌ
ÔÎÑÌ ÔÛËÕÑÅÑ ÅÇÎâ PNIPAA, ÕÑÎÜËÐÂ ÍÑÕÑÓÑÅÑ ÐÂ ÒÑÎËÔÕË-
ÓÑÎßÐÑÌ ÒÑÆÎÑÉÍÇ ÖÄÇÎËÚËÄÂÇÕÔâ Ô ÒÑÄÞÛÇÐËÇÏ ÍÑÐÙÇÐÕÓÂ-
ÙËË NIPAA Ë ÄÂÓßËÓÖÇÕ Ä ÒÓÇÆÇÎÂØ ÑÕ 15 ÆÑ 30 ÐÏ,106 Â
ÕÑÎÜËÐÂ ÐÂ ÔÕÇÍÎâÐÐÑÌ ÒÎÂÔÕËÐÍÇ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ (3-
ÏÇÕÂÍÓËÎÑËÎÒÓÑÒËÎ)ÕÓËÏÇÕÑÍÔËÔËÎÂÐÑÏ, ì ÑÕ 3 ÆÑ 9 ÐÏ.104

±ÓËÏÇÚÂÕÇÎßÐÑ, ÚÕÑ Ä ÔÕÂÕßÇ 106 Ë Ä ÓÂÃÑÕÇ 104 ÔÑÑÃÜÇÐÑ, ÚÕÑ
ÂÆÔÑÓÃÙËâ ×ËÃÓÑÐÇÍÕËÐÂ Ë ÒÑÔÎÇÆÖáÜÂâ ÂÆÅÇÊËâ àÐÆÑÕÇÎË-
ÂÎßÐÞØ ÍÎÇÕÑÍ ÒÓÑËÔØÑÆËÎË ÎËÛß ÒÓË ËÔÒÑÎßÊÑÄÂÐËË ÑÚÇÐß
ÕÑÐÍËØ (15 ÐÏ) ÔÎÑÇÄ PNIPAA, ÑÃÎÂÆÂáÜËØ ÃÑÎßÛÇÌ ÅËÆÓÑ-
×ÑÃÐÑÔÕßá: ÒÓË 378CË ÕÑÎÜËÐÂØ 15 Ë 30 ÐÏ ÖÅÎÞ ÔÏÂÚËÄÂÐËâ
ÔÑÔÕÂÄÎâÎË 788 Ë 658 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ, ÒÓËÚÇÏ ÄÕÑÓÞÇ ÔÎÑË ÐÇ
ÃÞÎË ÂÆÅÇÊËÑÐÐÑ ÂÍÕËÄÐÞÏË ÒÑ ÑÕÐÑÛÇÐËá Í ÍÎÇÕÍÂÏ.
®ÂÍÓÑÔÍÑÒËÚÇÔÍËÇ ÅÇÎË PNIPAA, ØËÏËÚÇÔÍË ÔÛËÕÞÇ N,N 0-
ÏÇÕËÎÇÐÃËÔ(ÂÍÓËÎÂÏËÆÑÏ), Ô ÖÅÎÑÏ ÔÏÂÚËÄÂÐËâ 508 ÕÂÍÉÇ ÐÇ
ÃÞÎË ÂÆÔÑÓÃÙËÑÐÐÑ- Ë ÂÆÅÇÊËÑÐÐÑ-ÂÍÕËÄÐÞ ÒÓË 378C,106 ÚÕÑ
ÔÑÅÎÂcÖÇÕÔâ Ô ÓÇÊÖÎßÕÂÕÂÏË ÓÂÃÑÕ 92, 93, 98. µÏÇÐßÛÇÐËÇ ÕÑÎ-
ÜËÐÞ ÒÓËÄËÕÑÅÑ ÐÂ ÒÑÎËÔÕËÓÑÎ ÔÎÑâ PNIPAA ÆÑ ÄÇÎËÚËÐ
515 ÐÏ ÒÑÊÄÑÎâÎÑ ÒÑÄÞÔËÕß ÂÆÅÇÊËÑÐÐÖá ÂÍÕËÄÐÑÔÕß, ÐÑ
ÔÑÊÆÂÄÂÎÑ ÒÓÑÃÎÇÏÖ ÐÇÒÑÎÐÑÅÑ ÑÕÆÇÎÇÐËâ ÍÑÐ×ÎáÇÐÕÐÞØ
ÔÎÑÇÄ ÍÖÎßÕËÄËÓÑÄÂÐÐÞØ ÍÎÇÕÑÍ ÒÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂ-
ÕÖÓÞ,104 ÕÂÍ ÚÕÑ ÑÒÕËÏÂÎßÐÂâ ÕÑÎÜËÐÂ ÔÎÑâ ÒÑÎËÏÇÓa ÔÑÔÕÂ-
ÄÎâÎÂ 15 ë 20 ÐÏ.

K ×ÑÓÏËÓÑÄÂÐËá ÔÛËÕÑÅÑ ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÑÅÑ
ÒÑÍÓÞÕËâ ÒÓËÄÑÆËÕ Ë ÒÎÂÊÏÇÐÐÂâ ÒÑÎËÏÇÓËÊÂÙËâ NIPAA.
±ÓËÄËÄÍÂ PNIPAA ØÂÓÂÍÕÇÓËÊÖÇÕÔâ Ä àÕÑÏ ÔÎÖÚÂÇ ÑÃÓaÊÑÄÂ-
ÐËÇÏ ÃÑÎÇÇ ÕÑÎÔÕÞØ ÔÎÑÇÄ ÔÛËÕÑÅÑ ÅÇÎâ (73 ÐÏ ÒÓË 208C Ë
64 ÐÏ ÒÓË 408C Ä ÄÑÆÐÑÌ ÔÓÇÆÇ) Ë ÔÖÜÇÔÕÄÇÐÐÑ ÃÑÎÇÇ ÐËÊÍËÏË
ÖÅÎÂÏË ÔÏÂÚËÄÂÐËâ (348 ÒÓË 208C Ë 408 ÒÓË 408C).107 °ÚÇ-
ÄËÆÐÑ, ÚÕÑ ÒÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞÇ ÅÇÎË, ÒÑÎÖÚÇÐÐÞÇ ÒÖÕÇÏ
ÒÎÂÊÏÇÐÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË, ÒÓÇÕÇÓÒÇÄÂáÕ ÔÖÜÇÔÕÄÇÐÐÑ
ÏÇÐÇÇ ÄÞÓÂÉÇÐÐÞÇ ÔÕÓÖÍÕÖÓÐÞÇ ÒÇÓÇØÑÆÞ, ÚÇÏ ÒÑÎËÏÇÓÐÞÇ
ÜÇÕÍË, ÆÎâ ÍÑÕÑÓÞØ ÕÑÎÜËÐÞ ÒÓËÄËÕÞØ ÔÎÑÇÄ ÏÑÅÖÕ
ËÊÏÇÐâÕßÔâ Ä 2 ë 3 ÓÂÊÂ, Â ÖÅÎÞ ÔÏÂÚËÄÂÐËâ ì ÐÂ 25 ë 358
(ÔÏ. ÓËÔ. 7 ë 9). ´ÇÏ ÐÇ ÏÇÐÇÇ ÍÖÎßÕËÄËÓÑÄÂÐËÇ àÐÆÑÕÇÎËÂÎß-
ÐÞØ ÍÎÇÕÑÍ ÒÓË 378C ÆÂÄÂÎÑ ÄÑÊÏÑÉÐÑÔÕß ÒÑÎÖÚËÕß ÍÑÐ-
×ÎáÇÐÕÐÖá ÏÑÐÑÔÎÑÌÐÖá ÍÖÎßÕÖÓÖ Ë ÆÂÎÇÇ ÑÕÆÇÎËÕß ÇÇ ÑÕ
ÐÑÔËÕÇÎâ ÒÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÆÑ 258C.108

°ÕÏÇÕËÏ, ÚÕÑ ËÐÕÇÓÇÔ Í ÒÑÎÖÚÇÐËá ÑÒËÔÂÐÐÞØ ÄÞÛÇ
ÔÄÇÓØÕÑÐÍËØ ÅÇÎÇÌ ÑÃÖÔÎÑÄÎÇÐ ÒÓÇÉÆÇ ÄÔÇÅÑ ÄÑÊÏÑÉÐÑÔÕßá
ËØ ÏÂÔÔÑÄÑÅÑ ÒÓÑËÊÄÑÆÔÕÄÂ Ä ÔÕÂÐÆÂÓÕÐÞØ ÖÔÎÑÄËâØ.104 B ÕÑ
ÉÇ ÄÓÇÏâ ÃÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÑÕÐÑÔËÕÇÎßÐÑ ÒÓÑÔÕÞÇ ÔËÐÕÇ-
ÕËÚÇÔÍËÇ ÒÑÆØÑÆÞ, ÐÂÒÓËÏÇÓ ÐÂÐÇÔÇÐËÇ ÐÇÔÛËÕÞØ coÒÑÎËÏÇ-
ÓÑÄ NIPAA Ë ÕÓÇÕ-ÃÖÕËÎÂÍÓËÎÂÏËÆÂ ÐÂ ÒÑÎËÔÕËÓÑÎßÐÞÇ
ÒÎÂÐÛÇÕÞ ÒÖÕÇÏ ÑÔÂÉÆÇÐËâ ËÊ ËÔÒÂÓâÇÏÑÅÑ ÓÂÔÕÄÑÓËÕÇÎâ,
ÑÃÇÔÒÇÚËÄÂáÕ ÍÂÍ à××ÇÍÕËÄÐÖáÂÆÅÇÊËáÍÎÇÕÑÍ, ÕÂÍ Ë ËØ ÓÑÔÕ
Ë ÒÑÔÎÇÆÖáÜÇÇ ÑÕÔÎÑÇÐËÇ ÒÑÎÖÚÇÐÐÞØ ÍÖÎßÕÖÓ, ÒÓÂÄÆÂ Ä
ÒÓËÔÖÕÔÕÄËË ÕÂÍËØ ÃÇÎÍÑÄ, ÍÂÍ ÍÑÎÎÂÅÇÐ Ë ÎÂÏËÐËÐ, ÔÒÑÔÑÃ-
ÔÕÄÖáÜËØ ÂÆÅÇÊËË ÍÎÇÕÑÍ.109 B ÑÕÎËÚËÇ ÑÕ ÅÇÎÇÌ PNIPAA,
ÒÑÎÖÚÇÐÐÞØ ÒÎÂÊÏÇÐÐÑÌ ÒÑÎËÏÇÓËÊÂÙËÇÌ, ÕÑÎÜËÐÂ ÒÑÎË-
ÏÇÓÐÑÅÑ ÒÑÍÓÞÕËâ Ä àÕÑÏ ÔÎÖÚÂÇ ÐÇ ËÏÇÇÕ ÒÓËÐÙËÒËÂÎßÐÑÅÑ
ÊÐÂÚÇÐËâ ÆÎâ ÂÆÅÇÊËË Ë ÓÂÊÏÐÑÉÇÐËâ ÍÎÇÕÑÍ Ë ÏÑÉÇÕ ÄÂÓßË-
ÓÑÄÂÕßÔâ Ä ËÐÕÇÓÄÂÎÇ ÑÕ 30 ÐÏ ÆÑ 2 ÏÍÏ.110 ±ÑÎËÔÕËÓÑÎßÐÞÇ
ÒÎÂÐÛÇÕÞ, ÒÑÍÓÞÕÞÇ ÔÎÑÇÏ ÑÔÂÉÆÇÐÐÑÅÑ PNIPAA, ÃÞÎË
ÒÓËÏÇÐÇÐÞ ÆÎâ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÏÇÊÇÐØËÏÂÎßÐÞØ ÔÕÄÑÎÑ-
ÄÞØ ÍÎÇÕÑÍ, ÒÓËÚÇÏ Ä ÒÑÎÖÚÇÐÐÞØ ÏÑÐÑÔÎÑÌÐÞØ ÍÖÎßÕÖÓÂØ
ÍÎÇÕÍË ÑÔÕÂÄÂÎËÔß ÐÇÆË××ÇÓÇÐÙËÓÑÄÂÐÐÞÏË, ÐÂ ÚÕÑ ÖÍÂÊÞ-
ÄÂÎ ÔÑÔÕÂÄ ÒÑÄÇÓØÐÑÔÕÐÞØ ÍÎÇÕÑÚÐÞØ ÓÇÙÇÒÕÑÓÑÄ Ä ÍÖÎßÕÖ-
ÓÂØ, ÑÕÆÇÎÇÐÐÞØ ÑÕ ÐÑÔËÕÇÎâ ÒÓË ÒÑÐËÉÇÐÐÞØ ÕÇÏÒÇÓÂÕÖ-
ÓÂØ.110 ¡ÐÂÎÑÅËÚÐÞÇ ÓÇÊÖÎßÕÂÕÞ ÐÇÊÂÄËÔËÏÑ ÒÑÎÖÚÇÐÞ Ë Ä

ÓÂÃÑÕÇ 111. ¯ÂÒÓÂÄÎÇÐÐÑÇ ÆË××ÇÓÇÐÙËÓÑÄÂÐËÇ ÔÕÄÑÎÑÄÞØ
ÍÎÇÕÑÍ ËÏÇÇÕ ÃÑÎßÛËÇ ÒÇÓÔÒÇÍÕËÄÞ ÒÓËÏÇÐÇÐËâ Ä ÕÇÓÂÒËË:
ÒÓËÄÎÇÍÂÇÕ ÄÑÊÏÑÉÐÑÔÕß ÒÑÎÖÚÇÐËâ ÏÑÐÑÔÎÑÌÐÞØ ÍÖÎßÕÖÓ
ÍÎÇÕÑÍ, ÍÑÕÑÓÞÇ ÒÓË ÐÇÑÃØÑÆËÏÑÔÕË ÏÑÅÖÕ ÃÞÕß
ÆË××ÇÓÇÐÙËÓÑÄÂÐÞ.

°ÕÐÑÔËÕÇÎßÐÑ ÐÇÃÑÎßÛÑÇ ÚËÔÎÑ ÒÖÃÎËÍÂÙËÌ ÒÑÔÄâÜÇÐÑ
ËÊÖÚÇÐËá ÂÆÅÇÊËË ÍÎÇÕÑÍ ÐÂ ÜÇÕÍÂØ PNIPAA, ÒÑÎÖÚÇÐÐÞØ
ÒÖÕÇÏ ÒÓËÄËÄÑÚÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË ÒÑ ÏÇØÂÐËÊÏÖ
¡´RP.19, 112 ¡ÄÕÑÓÞ ÓÂÔÔÏÑÕÓÇÐÐÑÌ ÄÞÛÇ ÓÂÃÑÕÞ 19 ËÊÖÚÂÎË
ÂÆÅÇÊËá ×ËÃÓÑÃÎÂÔÕÑÄ ÎËÐËË 3´3 ÐÂ PNIPAA-ÔÑÆÇÓÉÂÜËØ
ÒÑÄÇÓØÐÑÔÕâØ Ô ÓÂÊÐÞÏË ÒÎÑÕÐÑÔÕâÏË ÒÓËÄËÄÍË ÒÑÎËÏÇÓÂ.
¡ÐÂÎÑÅËÚÐÑ ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ, ÂÆÅÇÊËâ ÍÎÇÕÑÍ ÐÂ ÜÇÕÍÂØ
PNIPAA Ô ÑÕÐÑÔËÕÇÎßÐÑ ÄÞÔÑÍÑÌ ÒÎÑÕÐÑÔÕßá ÒÓËÄËÄÍË
(0.2 ÙÇÒË ÐÂ 1 ÐÏ2, s& 10 ) ÒÓË 378C ÃÞÎÂ ÐËÉÇ ÕÑÌ, ÚÕÑ
ÐÂÃÎáÆÂÎÂÔß ÒÓË ÐÇÃÑÎßÛËØ ÒÎÑÕÐÑÔÕâØ ÒÓËÄËÄÍË. ¢ÑÎÇÇ
ÕÑÅÑ, Ä ÒÇÓÄÑÏ ÔÎÖÚÂÇ ÍÎÇÕÍË ËÏÇÎË ÑÍÓÖÅÎÞÇ ÑÚÇÓÕÂÐËâ, Â
ÄÑ ÄÕÑÓÑÏ ÒÓÑâÄÎâÎË ÕÇÐÆÇÐÙËá Í ×ÑÍÂÎßÐÑÌ ÂÆÅÇÊËË, ÍÑÕÑ-
ÓÂâ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ Ñ ÄÍÎáÚÇÐËË ÄÊÂËÏÑÆÇÌÔÕÄËÌ ÏÇÉÆÖ
ÄÐÇÍÎÇÕÑÚÐÞÏ ÏÂÕÓËÍÔÑÏ Ë ÂÍÕËÐÑÄÞÏ ÙËÕÑÔÍÇÎÇÕÑÏ, ÐÇÑÃ-
ØÑÆËÏÞØ ÆÎâ ÏËÅÓÂÙËË Ë ÆÇÎÇÐËâ ÍÎÇÕÑÍ.

£ÂÉÐÑ ÑÕÏÇÕËÕß, ÚÕÑ ÑÕÆÇÎÇÐËÇ ÇÆËÐËÚÐÞØ ÍÎÇÕÑÍ Ë ËØ
ÍÑÐ×ÎáÇÐÕÐÞØ ÍÖÎßÕÖÓ ÑÕ ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÒÑÎËÏÇÓ-
ÐÑÅÑ ÐÑÔËÕÇÎâ, ÒÓÑËÔØÑÆâÜÇÇ ÒÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ,
ÔÄâÊÂÐÑ ÐÇ ÕÑÎßÍÑ Ô ÏÇØÂÐËÚÇÔÍËÏ ÒÑÆÝÇÏÑÏ, ÍÑÕÑÓÞÌ
ÑÃÖÔÎÑÄÎÇÐ ÅËÆÓÂÕÂÙËÇÌ Ë ÐÂÃÖØÂÐËÇÏ ÒÑÎËÏÇÓÂ, ÐÑ Ë Ô
ÒÓÑÔÕÓÂÐÔÕÄÇÐÐÑÌ ÒÇÓÇÑÓËÇÐÕÂÙËÇÌ ÍÎÇÕÑÚÐÞØ ÓÇÙÇÒÕÑÓÑÄ,
ÒÇÓÇÆÂÚÇÌ ÔËÅÐÂÎÑÄ Ë Ô ÒÑÔÎÇÆÖáÜËÏË ÏÇÕÂÃÑÎËÚÇÔÍËÏË
ÒÓÑÙÇÔÔÂÏË Ä ÍÎÇÕÍÇ. ¯Â àÕÑ ÖÍÂÊÞÄÂÇÕ, Ä ÚÂÔÕÐÑÔÕË, ÕÑ, ÚÕÑ
ÑÕÆÇÎÇÐËÇ ÍÎÇÕÑÍ ÒÑÆÂÄÎâÇÕÔâ ÒÓË ËÐÅËÃËÓÑÄÂÐËË Ä ÐËØ
×ÑÔ×ÑÓËÎËÓÑÄÂÐËâ ÕËÓÑÊËÐÂ ì ÒÓÑÙÇÔÔÂ, ÄÑÄÎÇÚÇÐÐÑÅÑ Ä
ÒÇÓÇÆÂÚÖ ÔËÅÐÂÎÂ ÑÕ ÍÎÇÕÑÚÐÞØ ÓÇÙÇÒÕÑÓÑÄ ËÐÕÇÅÓËÐÑÄ.
°ÕÆÇÎÇÐËÇ ÍÎÇÕÑÍ ÊÂÏÇÆÎâÎÑÔß ÕÂÍÉÇ ÒÓË ÔÕÂÃËÎËÊÂÙËË
ÑÆÐÑÅÑ ËÊ ÑÔÐÑÄÐÞØ ÍÑÏÒÑÐÇÐÕÑÄ ÙËÕÑÔÍÇÎÇÕÂ ì F-ÂÍÕËÐÂ,
ËÅÓÂáÜÇÅÑ ÔÖÜÇÔÕÄÇÐÐÖá ÓÑÎß Ä ÒÑÆÄËÉÐÑÔÕË ÍÎÇÕÍË Ë ÇÇ
ÔÉÂÕËË ÒÓË ÆÇÎÇÐËË.113 ¯ÂÍÑÐÇÙ, ÑÕÆÇÎÇÐËÇ ÍÎÇÕÑÍ ÑÕ ÐÑÔË-
ÕÇÎâ ÏÑÉÇÕ ÃÞÕß ÒÑÆÂÄÎÇÐÑ ÒÖÕÇÏ ËÐÅËÃËÓÑÄÂÐËâ ÔËÐÕÇÊÂ
ÂÆÇÐÑÊËÐÕÓË×ÑÔ×ÂÕÂ.105 ±ÑÔÎÇÆÐÇÇ ÖÍÂÊÞÄÂÇÕ ÐÂ ÕÑ, ÚÕÑ ÒÓË
ÑÕÆÇÎÇÐËË ÑÕ ÐÑÔËÕÇÎâ ÍÎÇÕÍË ÊÂÕÓÂÚËÄÂáÕ ÔÄÑá ÔÑÃÔÕÄÇÐ-
ÐÖá àÐÇÓÅËá. ° ÄÍÎÂÆÇ àÐÇÓÅËË ÍÎÇÕÑÚÐÑÅÑ ÏÇÕÂÃÑÎËÊÏÂ Ä
ÑÕÆÇÎÇÐËÇ ÍÎÇÕÑÍ ÑÕ ÐÑÔËÕÇÎÇÌ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ Ë ÕÑÕ ×ÂÍÕ,
ÚÕÑ ÑÐÑ Ä ÓâÆÇ ÔÎÖÚÂÇÄ ÒÓÑËÔØÑÆËÕ ÒÑÎÐÇÇ ÒÓË ÍÑÏÐÂÕÐÑÌ
ÕÇÏÒÇÓÂÕÖÓÇ, ÚÇÏ ÒÓË 5 ë 108C,113 ÐÇÔÏÑÕÓâ ÐÂ ÎÖÚÛÇÇ ÐÂÃÖ-
ØÂÐËÇ PNIPAA ÒÓË ÐËÊÍËØ ÕÇÏÒÇÓÂÕÖÓÂØ.

B ÒÓÑÙÇÔÔÇ ÓÑÔÕÂ aÆÅÇÊËÓÑÄÂÐÐÞÇ ÍÎÇÕÍË ÄÞÆÇÎâáÕ ÃÇÎÍË
ÏÇÉÍÎÇÕÑÚÐÑÅÑ ÏÂÕÓËÍÔÂ, ÔÒÇÙË×ËÚÇÔÍËÇ ÆÎâ ÍÂÉÆÑÌ ÍÎÇÕÑÚ-
ÐÑÌ ÎËÐËË Ë ÒÓËÑÃÓÇÕÂáÜËÇ ÒÑÆÄËÉÐÑÔÕß ÒÓË ÍÑÐ×ÑÓÏÂ-
ÙËÑÐÐÞØ ËÎË ×ÂÊÑÄÞØ ÒÇÓÇØÑÆÂØ Ä ÒÑÎËÏÇÓÇ-ÐÑÔËÕÇÎÇ. ±ÓË
ÕÇÏÒÇÓÂÕÖÓÐÑ-ËÐËÙËËÓÑÄÂÐÐÑÏ ÑÕÆÇÎÇÐËË ÍÑÐ×ÎáÇÐÕÐÞØ
ÍÖÎßÕÖÓ ÃÇÎÍË ÏÑÅÖÕ ÚÂÔÕËÚÐÑ ÂÆÔÑÓÃËÓÑÄÂÕßÔâ ÐÂ ÒÑÄÇÓØ-
ÐÑÔÕË ÐÑÔËÕÇÎâ, ÚÕÑ ÒÑÆÕÄÇÓÉÆÇÐÑ Ä ÓâÆÇ ÓÂÃÑÕ (ÔÏ., ÐÂÒÓË-
ÏÇÓ,108, 113). ±ÓËÚÇÏ ÏÂÕÓËÍÔÐÞÇ ÃÇÎÍË Ä ÑÔÐÑÄÐÑÏ ÑÔÕÂáÕÔâ
Ä ÔÑÔÕÂÄÇ ÑÕÆÇÎâÇÏÑÌ ÏÑÐÑÔÎÑÌÐÑÌ ÍÖÎßÕÖÓÞ, ÚÕÑ ÔÒÑÔÑÃ-
ÔÕÄÖÇÕ ÔÑØÓÂÐÇÐËá ÄÂÉÐÞØ ÏÇÏÃÓÂÐÐÞØ ÃÇÎÍÑÄ, ÄÍÎáÚÂâ
àÍÔÒÓÇÔÔËÓÑÄÂÐÐÞÇ ÍÎÇÕÑÚÐÞÇ ÏÂÓÍÇÓÞ.110, 111 ±ÑÏËÏÑ ÑÒË-
ÔÂÐÐÞØ ÄÞÛÇ ÏÑÐÑÔÎÑÌÐÞØ ÍÖÎßÕÖÓ, ÒÑÎÖÚÇÐÞ Ë ÒÑÎËÔÎÑÌ-
ÐÞÇ ÍÖÎßÕÖÓÞ ÍÎÇÕÑÍ, Ä ÚÂÔÕÐÑÔÕË ÍÇÓÂÕËÐÑÙËÕÑÄ, ÍÎÇÕÑÍ
àÒËÆÇÓÏËÔÂ, ÍÑÕÑÓÞÇ ÃÞÎË ËÔÒÑÎßÊÑÄÂÐÞ Ä ÍÎËÐËÍÇ ÆÎâ
ÎÇÚÇÐËâ ÑÉÑÅÑÄ. ¬ÓÑÏÇ ÕÑÅÑ, ÄÞÓÂÜÇÐÞ ÒÑÎËÔÎÑÌÐÞÇ ÍÖÎß-
ÕÖÓÞ ÍÂÓÆËÑÏËÑÙËÕÑÄ ì ÏÞÛÇÚÐÞØ ÍÎÇÕÑÍ ÔÇÓÆÙÂ.34 ±ÓË
ÒÑÆÍÑÉÐÑÌ ÕÓÂÐÔÒÎÂÐÕÂÙËË àÕËØ ÍÖÎßÕÖÓ ÉËÄÑÕÐÞÏ ÐÂÃÎá-
ÆÂÎÑÔß ÑÃÓÂÊÑÄÂÐËÇ ÐÑÄÑÌ ÕÍÂÐË, ÄÍÎáÚÂáÜÇÌ ÍÓÑÄÇÐÑÔÐÞÇ
ÔÑÔÖÆÞ. ¢ÑÎÇÇ ÕÑÅÑ, ÕÓÂÐÔÒÎÂÐÕÂÙËâ ÆÄÖÔÎÑÌÐÞØ ÍÖÎßÕÖÓ
ÍÂÓÆËÑÏËÑÙËÕÑÄ ÒÑÊÄÑÎâÎÂ ÄÑÔÔÕÂÐÑÄËÕß ×ÖÐÍÙËá ÃËÇÐËâ
ÔÇÓÆÙÂ ÒÓË ËÐ×ÂÓÍÕÇ ÏËÑÍÂÓÆÂ.34
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£ ÆÂÎßÐÇÌÛÇÏ ÃÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÕÓÂÐÔÒÎÂÐÕÂÙËâ ÂÖÕÑ-
ÎÑÅËÚÐÞØ (Õ.Ç. ÄÊâÕÞØ Ö ÒÂÙËÇÐÕÂ) ÍÖÎßÕÖÓÏËÑÃÎÂÔÕÑÄ ÔÑÒÓÑ-
ÄÑÉÆÂÎÂÔß ÖÔÕÂÐÑÄÎÇÐËÇÏ ÏÇÉÍÎÇÕÑÚÐÞØ ÍÑÏÏÖÐËÍÂÙËÌ
ÏÇÉÆÖ ÒÇÓÇÔÂÉÇÐÐÑÌ ÍÖÎßÕÖÓÑÌ Ë ÍÎÇÕÍÂÏË ÑÓÅÂÐËÊÏÂ, Â
ÕÂÍÉÇ ÔËÐØÓÑÐËÊÂÙËÇÌ ÒÖÎßÔÂÙËÌ ËØ àÎÇÍÕÓËÚÇÔÍËØ ÒÑÕÇÐÙËÂ-
ÎÑÄ ÖÉÇ ÚÇÓÇÊ 30 ë 45 ÏËÐ ÒÑÔÎÇ ÒÇÓÇÔÂÆÍË Ë Ä ÙÇÎÑÏ ÔÒÑÔÑÃ-
ÔÕÄÑÄÂÎÂ ÂÍÕËÄËÊÂÙËË ÓÇÒÂÓÂÕËÄÐÑÅÑ ÒÓÑÙÇÔÔÂ Ä ÒÑÄÓÇÉÆÇÐ-
ÐÞØ ÕÍÂÐâØ ÔÇÓÆÙÂ.114 ±ÖÕÇÏ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÐÂ ÒÑÍÓÞÕÞØ
PNIPAA ÐÑÔËÕÇÎâØ ÃÞÎË ÒÑÎÖÚÇÐÞ ÒÑÎËÔÎÑÌÐÞÇ ÍÖÎßÕÖÓÞ
àÒËÕÇÎËÂÎßÐÞØ ÍÎÇÕÑÍ ÔÎËÊËÔÕÑÌ ÑÃÑÎÑÚÍË (ÓËÔ. 12). ´ÑÎ-
ÜËÐÂ ÑÆÐÑÌ ÕÂÍÑÌ ÍÖÎßÕÖÓÞ ÔÑÔÕÂÄÎâÎÂ 50 ë 60 ÏÍÏ Ë ÄÍÎá-
ÚÂÎÂ ÑÕ 3 ÆÑ 5 ÔÎÑÇÄ ÔÕÓÂÕË×ËÙËÓÑÄÂÐÐÞØ ÍÎÇÕÑÍ
(ÔÏ. ÓËÔ. 12,c). ±ÑÎÖÚÇÐÐÞÇ ÍÖÎßÕÖÓÞ ÂÖÕÑÎÑÅËÚÐÞØ ÍÎÇÕÑÍ
ÃÞÎË ÖÔÒÇÛÐÑ ËÔÒÑÎßÊÑÄÂÐÞ ÆÎâ ÕÓÂÐÔÒÎÂÐÕÂÙËË Ë ÒÑÔÎÇ-
ÆÖáÜÇÌ ÓÇÅÇÐÇÓÂÙËË ÕÍÂÐÇÌ, Ä ÚÂÔÕÐÑÔÕË ÒÓË ÎÇÚÇÐËË âÊÄÞ
ÒËÜÇÄÑÆÂ.114

±ÑÏËÏÑ ÑÒËÔÂÐÐÞØ ÄÞÛÇ ÏÇÕÑÆÑÄ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇ-
ÕÑÍ ÉËÄÑÕÐÞØ ÐÂ ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞØ ÒÑÍÓÞÕËâØ, ÊÐÂÚË-
ÕÇÎßÐÞÌ ËÐÕÇÓÇÔ ÒÓÇÆÔÕÂÄÎâáÕ ÏÇÕÑÆËÍË ÓÂÊÆÇÎÇÐËâ Ë ÂÐÂ-
ÎËÊÂ àÕËØ ÍÎÇÕÑÍ, ÑÔÐÑÄÂÐÐÞÇ ÐÂ ËØ ÑÃÓÂÕËÏÑÌ ÔÒÇÙË×ËÚÇ-
ÔÍÑÌ ÂÆÅÇÊËË Í ×ÖÐÍÙËÑÐÂÎßÐÑ-ÂÍÕËÄÐÞÏ ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏ.
°ÆÐËÏ ËÊ ÒÑÆØÑÆÑÄ Í ×ÓÂÍÙËÑÐËÓÑÄÂÐËá ÍÎÇÕÑÍ âÄÎâÇÕÔâ
ÖÒÑÏâÐÖÕÑÇ ÄÞÛÇ ÔÄâÊÞÄÂÐËÇ Ô ÂÐÕËÕÇÎÂÏË, ÂÆÔÑÓÃËÓÑÄÂÐ-
ÐÞÏË ÐÂ ÒÑÎËÒÓÑÒËÎÇÐÑÄÑÌ (PP) ÏÇÏÃÓÂÐÇ, ÒÑÍÓÞÕÑÌ ÒÎÂÊ-
ÏÇÐÐÑ-ÒÑÎËÏÇÓËÊÑÄÂÐÐÞÏ PNIPAA.36 ¿ÕÑÕ ÒÑÆØÑÆ ÒÑÎÖÚËÎ
ÆÂÎßÐÇÌÛÇÇ ÓÂÊÄËÕËÇ ÒÓË ÔÑÊÆÂÐËË ÐÂ ÑÔÐÑÄÇ PP-ÄÑÎÑÍÑÐ
ÕÓÇØÏÇÓÐÞØ ÒÑÓËÔÕÞØ ÐÑÔËÕÇÎÇÌ ÆÎâ ÍÖÎßÕËÄËÓÑÄÂÐËâ ÍÎÇ-
ÕÑÍ ÉËÄÑÕÐÞØ.115

¥ÓÖÅËÏ ÒÑÆØÑÆÑÏ, ÒÓËÑÃÓÇÕÂáÜËÏ ÄÔÇ ÃÑÎßÛÇÇ ÓÂÔÒÓÑ-
ÔÕÓÂÐÇÐËÇ, ÔÕÂÎÂ ÖÒÓÂÄÎâÇÏÂâ ÂÆÅÇÊËâ ÍÎÇÕÑÍ ÐÂ ÒÑÎËÏÇÓÐÞØ
ÜÇÕÍÂØ, ÔÑÆÇÓÉÂÜËØ ËÏÏÑÃËÎËÊÑÄÂÐÐÞÇ ÃÑÓÑÐÑÄÞÇ
ÍËÔÎÑÕÞ. £ ÓÂÃÑÕÂØ 8, 116 ë 118, ÄÞÒÑÎÐÇÐÐÞØ Ô ÖÚÂÔÕËÇÏ ÑÆÐÑÅÑ
ËÊ ÂÄÕÑÓÑÄ ÆÂÐÐÑÅÑ ÑÃÊÑÓÂ, ÒÑÍÂÊÂÐÑ, ÚÕÑ ÔÛËÕÞÇ ÒÑÎËÔÂØÂ-
ÓËÆÐÞÇ ÚÂÔÕËÙÞ, Â ÕÂÍÉÇ ÆÓÑÉÉÇÄÞÇ ÍÎÇÕÍË Ë ÍÎÇÕÍË ÉËÄÑÕ-
ÐÞØ ÔÄâÊÞÄÂáÕÔâ Ô ÖÍÂÊÂÐÐÞÏË ÐÑÔËÕÇÎâÏË ÒÖÕÇÏ ÑÃÓÂÊÑÄÂ-
ÐËâ à×ËÓÑÄ ÃÑÓÑÐÑÄÑÌ ÍËÔÎÑÕÞ Ô ÒÑÄÇÓØÐÑÔÕÐÞÏË ÑÎËÅÑÔÂ-
ØÂÓËÆÂÏË ÚÂÔÕËÙ Ë ÍÎÇÕÑÍ ÒÓË pH 8 Ë ÄÞÛÇ, Õ. Ç. Ä ÖÔÎÑÄËâØ
ÚÂÔÕËÚÐÑÌ ËÑÐËÊÂÙËË ×ÇÐËÎÃÑÓÐÑÌ ÍËÔÎÑÕÞ (PBA, pKÂ=9
(ÔÏ.119)) Ë ÆÑÔÕÂÕÑÚÐÑÅÑ ÍÑÎËÚÇÔÕÄÂ ÓÇÂÍÙËÑÐÐÑÔÒÑÔÑÃÐÞØ
×ÇÐËÎÃÑÓÑÐÂÕÐÞØ ÂÐËÑÐÑÄ. ¬ÂÍ ÚÂÔÕËÙÞ, ÕÂÍ Ë ÍÎÇÕÍË
ÏÑÅÖÕ ÃÞÕß ÑÕÆÇÎÇÐÞ ÑÕ ÐÑÔËÕÇÎÇÌ ÒÖÕÇÏ ÑÃÓÂÃÑÕÍË ÓÂÔÕÄÑ-
ÓÂÏË ÔÂØÂÓÑÄ Ë ÒÑÎËÑÎÑÄ (×ÓÖÍÕÑÊÞ, ÔÑÓÃËÕÂ), ÑÃÎÂÆÂáÜËØ
ÄÞÔÑÍÑÌ Â××ËÐÐÑÔÕßá Í ×ÇÐËÎÃÑÓÑÐÂÕaÏ Ë ÍÑÐÍÖÓËÓÖáÜËØ
ÊÂ ÔÄâÊÞÄÂÐËÇ Ô ÑÎËÅÑÔÂØÂÓËÆÂÏË. ¬ÑÐÔÕÂÐÕÞ ÔÄâÊÞÄÂÐËâ
ÏÑÐÑÔÂØÂÓËÆÑÄ Ë ÒÑÎËÑÎÑÄ Ô ÃÑÓÂÕÑÏ Ë ×ÇÐËÎÃÑÓÑÐÂÕÑÏ
ÒÓËÄÇÆÇÐÞ Ä ÓÂÃÑÕÇ 120. ³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÍÎÇÕÍË ÉËÄÑÕ-

ÐÞØ ÏÑÅÎË ÃÞÕß ÐÇ ÕÑÎßÍÑ ÂÆÅÇÊËÓÑÄÂÐÞ Í ÃÑÓÑÐÂÕÔÑÆÇÓÉÂ-
ÜËÏ ÒÑÎËÏÇÓÂÏ, ÐÑ Ë ÍÖÎßÕËÄËÓÑÄÂÐÞ ÐÂ ÔÕÇÍÎâÐÐÞØ ÒÎÂ-
ÔÕËÐÍÂØ, ÐÇÔÖÜËØ ÒÑÎËÏÇÓÐÞÇ ÜÇÕÍË ÖÍÂÊÂÐÐÑÅÑ ÔÑÔÕÂÄÂ.
²ÂÊÏÐÑÉÇÐËÇ ÅËÃÓËÆÑÏ ÍÎÇÕÑÍ ÎËÐËË ®2139, ÂÆÅÇÊËÓÑÄÂÐ-
ÐÞØ ÐÂ àÕËØ ÐÑÔËÕÇÎâØ, ÒÑÆÕÄÇÓÆËÎ ®´´-ÕÇÔÕ. ¬ÖÎßÕËÄËÓÑ-
ÄÂÐÐÞÇ ÍÎÇÕÍË ÏÑÅÎË ÃÞÕß ÊÂÕÇÏ ÆÇÔÑÓÃËÓÑÄÂÐÞ ÓÂÔÕÄÑÓÑÏ
×ÓÖÍÕÑÊÞ Ô 70%-ÐÞÏ ÔÑØÓÂÐÇÐËÇÏ ËØ ÉËÊÐÇÔÒÑÔÑÃÐÑÔÕË.8

£ÑÊÏÑÉÐÑÔÕß ÔÒÇÙË×ËÚÇÔÍÑÅÑ ÔÄâÊÞÄÂÐËâ ÆÓÑÉÉÇÄÞØ ÍÎÇÕÑÍ
ÐÂ àÎÇÍÕÓÑÆÂØ, ÐÇÔÖÜËØ ËÏÏÑÃËÎËÊÑÄÂÐÐÖá ÃÑÓÑÐÑÄÖá
ÍËÔÎÑÕÖ, Ô ÒÑÔÎÇÆÖáÜÇÌ ÆÇÔÑÓÃÙËÇÌ Ä ÒÓËÔÖÕÔÕÄËË ×ÓÖÍÕÑÊÞ
ÒÑÍÂÊÂÐÂ Ë Ä ÓÂÃÑÕÇ 121. ªÏÏÑÃËÎËÊÂÙËâ Ï-ÂÏËÐÑ×ÇÐËÎÃÑÓ-
ÐÑÌ ÍËÔÎÑÕÞ ÐÂ ÊÑÎÑÕÞÇ àÎÇÍÕÓÑÆÞ, ÑÃÓÂÃÑÕÂÐÐÞÇ 10-ÍÂÓ-
ÃÑÍÔËÆÇÍÂÐ-1-ÕËÑÎÑÏ, ÒÑÊÄÑÎËÎÂ ÔÑÊÆÂÕß ÔÇÐÔÑÓ ÆÎâ ÓÂÔÒÑÊ-
ÐÂÄÂÐËâ ÔËÂÎÑÄÑÌ ÍËÔÎÑÕÞ (Neu5Ac), ÑÃËÎßÐÑ ÎÑÍÂÎËÊÑÄÂÐ-
ÐÑÌ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÍÎÇÕÑÍ ÏÇÕÂÔÕÂÊËÓÑÄÂÐÐÑÌ ÏÇÎÂÐÑÏÞ.122

±ÓÇÆÎÑÉÇÐÐÞÌ ÏÇÕÑÆ ÆÇÕÇÍÕËÓÑÄÂÐËâ ÖÍÂÊÂÐÐÑÅÑ ÔÂØÂÓËÆÂ
ÏÑÉÇÕ ÔÎÖÉËÕß ÑÔÐÑÄÑÌ ÆÎâ ÓÂÊÓÂÃÑÕÍË ÂÐÂÎËÊÂ ÐÂ ÊÎÑÍÂÚÇ-
ÔÕÄÇÐÐÑÔÕß ÑÒÖØÑÎÇÌ.

¡ÆÅÇÊËâ ÍÎÇÕÑÍ ÓÂÍÂ ÏÑÎÑÚÐÑÌ ÉÇÎÇÊÞMCF-7 Í ÒÑÎËÏÇÓ-
ÐÑÌ ÜÇÕÍÇ ËÊ ÒÑÎË(3-ÂÍÓËÎÂÏËÆÑ×ÇÐËÎÃÑÓÐÑÌ) ÍËÔÎÑÕÞ,
ÒÓËÄËÕÑÌ ÐÂ ÍÓÇÏÐËÇÄÞÇ ÐÂÐÑÄÑÎÑÍÐÂ, ÑÃÓÂÃÑÕÂÐÐÞÇ
(3-ÔÖÎß×ÂÐËÎÒÓÑÒËÎ)ÕÓËÏÇÕÑÍÔËÔËÎÂÐÑÏ (ÒÑ ÂÐÂÎÑÅËË Ô
ÏÇÕÑÆaÏË, ÓÂÔÔÏÑÕÓÇÐÐÞÏË Ä ÔÕÂÕßâØ 11, 116), ËÊÖÚÇÐÂ Ä
ÓÂÃÑÕÇ 100. ¬ÎÇÕÍË ÔÄâÊÞÄÂÎËÔß Ô ÐÑÔËÕÇÎÇÏ ÒÓË pH 6.8 Ë 7.8
Ë ÏÑÅÎË ÃÞÕß ÑÕÆÇÎÇÐÞ ÑÕ ÐÇÅÑ ÒÓË pH 7.8 Ä ÒÓËÔÖÕÔÕÄËË
70 ÏÏÑÎß . Î71 ÅÎáÍÑÊÞ. ·ÂÓÂÍÕÇÓÐÑ, ÚÕÑ ÂÆÅÇÊËâ ÍÎÇÕÑÍ ÒÓË
pH 6.8 Ä ÖÔÎÑÄËâØ ÔÎÂÃÑÌ ËÑÐËÊÂÙËË PBA ËÏÇÎÂ ÏÇÔÕÑ Ä
ÒÓËÔÖÕÔÕÄËË 70 ÏÏÑÎß . Î71 ÅÎáÍÑÊÞ, Õ.Ç. ÍÎÇÕÍË ÏÑÉÐÑ
ÃÞÎÑ ÑÕÆÇÎâÕß ÑÕ ÐÑÔËÕÇÎâ, ÒÓÑÔÕÑ ÒÑÄÞÔËÄ pH. ¡ÄÕÑÓÞ
ÒÑÔÚËÕÂÎË, ÚÕÑ ÖÍÂÊÂÐÐÑÇ âÄÎÇÐËÇ ÑÃÖÔÎÑÄÎÇÐÑ ÍÑÏÒÎÇÍÔÑ-
ÑÃÓÂÊÑÄÂÐËÇÏ ÔËÂÎoÔÑÆÇÓÉÂÜËØ ÑÎËÅÑÔÂØÂÓËÆÑÄ ÍÎÇÕÑÚ-
ÐÑÅÑ ÅÎËÍÑÍÂÎËÍÔÂ Ô ÐÇËÑÐËÊËÓÑÄÂÐÐÑÌ ×ÑÓÏÑÌ PBA ÒÓË
pH<7.100

¿ÕÂ ÍÑÐÙÇÒÙËâ ÒÑÎÖÚËÎÂ ÓÂÔÒÓÑÔÕÓÂÐÇÐËÇ Ä ÓâÆÇ
ÓÂÃÑÕ 122 ë 124 ÃÎÂÅÑÆÂÓâ ÕÑÏÖ, ÚÕÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ×ÇÐËÎÃÑÓ-
ÐÑÌ ÍËÔÎÑÕÞ Ôo ÔÄÑÃÑÆÐÑÌ ÔËÂÎÑÄÑÌ ÍËÔÎÑÕÑÌ, Ä ÑÕÎËÚËÇ ÑÕ
ÆÓÖÅËØ ÔÂØÂÓÑÄ, ÒÓÑËÔØÑÆËÕ ÒÓË ÑÕÐÑÔËÕÇÎßÐÑ ÐËÊÍËØ ÊÐÂÚÇ-
ÐËâØ pH, Â ËÏÇÐÐÑ ÒÓË pH 4 ë 7. £ ÓÂÃÑÕÇ 124 ÖÕÄÇÓÉÆÂÇÕÔâ, ÚÕÑ
ÒÓÑÆÖÍÕ ÓÇÂÍÙËË PBA Ô ÅÎËÙÇÓËÐÑÄÑÌ ÅÓÖÒÒÑÌ Neu5Ac ÔÕÂ-
ÃËÎËÊËÓÑÄÂÐ ÍÑÑÓÆËÐÂÙËÑÐÐÞÏ ÄÊÂËÏÑÆÇÌÔÕÄËeÏ ÏÇÉÆÖ
ÂÕÑÏÑÏ ÃÑÓÂ Ë N-ÂÙÇÕËÎßÐÑÌ ÅÓÖÒÒÑÌ Neu5Ac. £ ÓÂÃÑÕÇ 125

àÕÑÕ ÏÇØÂÐËÊÏ ÑÔÒÂÓËÄÂÇÕÔâ; Ä ÐÇÌ ÖÍÂÊÂÐÑ, ÚÕÑ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËÇ ÒÓË pH<8 ÒÓÑËÔØÑÆËÕ ÊÂ ÔÚÇÕ ÂÔÔÑÙËÂÙËË ÆËÑÎÂ
×ÇÐËÎÃÑÓÐÑÌ ÍËÔÎÑÕÞ c a-ÅËÆÓÑÍÔËÍÂÓÃÑÍÔËÎÂÕÐÑÌ ÅÓÖÒÒÑÌ
Neu5Ac. ¬ÑÐÙÇÄÞÇ ÑÔÕÂÕÍË Neu5Ac ÒÓËÔÑÇÆËÐÇÐÞ Í ÔÑÔÇÆ-
ÐËÏ ÔÂØÂÓËÆÐÞÏ ÊÄÇÐßâÏ ËÏÇÐÐÑ ÚÇÓÇÊ ÂÕÑÏ ÍËÔÎÑÓÑÆÂ

a cb

50 ÏÍÏ

²ËÔ. 12. ¬ÖÎßÕÖÓÞ àÒËÕÇÎËâ ÔÎËÊËÔÕÑÌ ÑÃÑÎÑÚÍË ÓÕÂ, ÒÓÇÆÐÂÊÐÂÚÇÐÐÞÇ ÆÎâ ÕÓÂÐÔÒÎÂÐÕÂÙËË.114

a ì ÍÑÐ×ÎáÇÐÕÐÂâ ÍÖÎßÕÖÓÂ àÒËÕÇÎËÂÎßÐÞØ ÍÎÇÕÑÍ, ÍÖÎßÕËÄËÓÑÄÂÐÐÞØ ÐÂ ÍÄÂÆÓÂÕÐÞØ ÒÑÆÎÑÉÍÂØ Ô ÒÓËÄËÕÞÏ PNIPAA ÒÓË 378C, Ä
ÒÑÎËÔÕËÓÑÎßÐÑÌ ÚÂÛÇÚÍÇ ±ÇÕÓË; bì ÕÂ ÉÇ ÍÖÎßÕÖÓÂ, ÑÕÆÇÎÇÐÐÂâ ÑÕ ÒÑÆÎÑÉÍË ÒÓË 208C ÃÇÊ ÒÓËÏÇÐÇÐËâ ×ÇÓÏÇÐÕÑÄ; cì ÑÍÓÂÛËÄÂÐËÇ
ÕÑÎÖËÆËÐÑÄÞÏ ÔËÐËÏ ÒÑÍÂÊÞÄÂÇÕ ÔÕÓÂÕË×ËÍÂÙËá ÍÎÇÕÑÍ Ä ÒÑÎËÔÎÑÌÐÑÌ ÍÖÎßÕÖÓÇ.
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a-ÅËÆÓÑÍÔËÎßÐÑÌ ÅÓÖÒÒÞ ÅÎËÍÑÊËÆÂ, ÒÑàÕÑÏÖ ÑÐ ÐÇ ÏÑÉÇÕ
ÖÚÂÔÕÄÑÄÂÕß Ä ÓÇÂÍÙËË.®ÇØÂÐËÊÏ ÔÄâÊÞÄÂÐËâ Neu5Ac Ë PBA
ÒÓË pH<8 ÑÔÕÂÇÕÔâ ÐÇâÔÐÞÏ. ³ÂÏÉÇ ×ÂÍÕ ÕÂÍÑÅÑ ÔÄâÊÞÄÂÐËâ
ÄÞÅÎâÆËÕ ÒÓÂÄÆÑÒÑÆÑÃÐÞÏ, ÕÂÍ ÍÂÍ ÂÆÅÇÊËâ ÆÇÔËÂÎËÓÑÄÂÐ-
ÐÞØ àÓËÕÓÑÙËÕÑÄ ÐÂ ÊÑÎÑÕÑÏ àÎÇÍÕÓÑÆÇ Ô ËÏÏÑÃËÎËÊÑÄÂÐÐÑÌ
PBA ÒÓË pH 7.4 ÄÞÊÞÄÂÇÕ ÊÐÂÚËÕÇÎßÐÑ ÏÇÐßÛËÇ ËÊÏÇÐÇÐËâ
ÇÅÑ ÒÑÕÇÐÙËÂÎÂ ÒÑ ÔÓÂÄÐÇÐËá Ô ÂÆÅÇÊËÇÌ ÐÂÕËÄÐÞØ ÍÎÇÕÑÍ.123

£ ÔÄâÊË Ô àÕËÏ Ä ÓÂÃÑÕÂØ 122 ë 124 ÖÕÄÇÓÉÆÂeÕÔâ, ÚÕÑ ÒÓË
ÄÊÂËÏÑÆÇÌÔÕÄËË Ô ÍÎÇÕÍÂÏË ÉËÄÑÕÐÞØ Ä ÐÇÌÕÓÂÎßÐÞØ Ë ÔÎÂ-
ÃÑÍËÔÎÑÕÐÞØ ÔÓÇÆÂØ ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÇ ÓÇÂÅÇÐÕÞ ÔÇÎÇÍ-
ÕËÄÐÑ ÔÄâÊÞÄÂáÕÔâ ËÏÇÐÐÑ Ô ÔËÂÎÑÄÑÌ ÍËÔÎÑÕÑÌ. °ÕÏÇÕËÏ,
ÚÕÑ ÂÆÅÇÊËâ ÆÓÑÉÉÇÄÞØ ÍÎÇÕÑÍ, ÐÇ ÔÑÆÇÓÉÂÜËØ ÔËÂÎÑÄÑÌ
ÍËÔÎÑÕÞ, Í ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÏ ÒÓËÄËÕÞÏ ÒÑÎËÏÇÓÂÏ ÒÓË
pH 7, ÆÇÌÔÕÄËÕÇÎßÐÑ, ÄÞÓÂÉÇÐÂ ÑÚÇÐß ÔÎÂÃÑ, Ä ÑÕÎËÚËÇ ÑÕ
ÂÆÅÇÊËË ÒÓË pH 8 ë 9.117

£ ÔÕÂÕßÇ 126 ÒÑÍÂÊÂÐÞ ÄÑÊÏÑÉÐÑÔÕË ÒÓÇÒÂÓÂÕËÄÐÑÅÑ ÓÂÊ-
ÆÇÎÇÐË ÍÎÇÕÑÍâ ÉËÄÑÕÐÞØ ÒÖÕÇÏ ËØ ÑÃÓÂÕËÏÑÌ ÂÆÅÇÊËË Í
ÒÓËÄËÕÞÏ ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÏ ÒÑÎËÏÇÓÂÏ. £ ÍÂÚÇÔÕÄÇ ÐÑÔË-
ÕÇÎâ ËÔÒÑÎßÊÑÄÂÎË ÛËÓÑÍÑÒÑÓËÔÕÞÇ ÒÑÎËÂÍÓËÎÂÏËÆÐÞÇ
ÍÓËÑÅÇÎË Ô ÆËÂÏÇÕÓÑÏ ÒÑÓ ÆÑ 100 ÏÍÏ, Õ.Ç. ÆÑÔÕÂÕÑÚÐÞÏ
ÆÎâ ÒÓÑÐËÍÐÑÄÇÐËâ ÍÂÍ ÆÓÑÉÉÇÄÞØ ÍÎÇÕÑÍ, ÕÂÍ Ë ÍÎÇÕÑÍ
ÉËÄÑÕÐÞØ ÄÐÖÕÓß ÐÑÔËÕÇÎâ. HÑÔËÕÇÎË ÖÍÂÊÂÐÐÑÅÑ ÕËÒÂ
ÛËÓÑÍÑ ÒÓËÏÇÐâáÕ ÆÎâ ÓÂÊÆÇÎÇÐËâ Ë ÍÖÎßÕËÄËÓÑÄÂÐËâ
ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ.127 ë 131 ±ÓËÄËÄÍÖ ÔÑÒÑÎËÏÇÓÂ NIPAA Ë
N-ÂÍÓËÎÑËÎ-Ï-ÂÏËÐÑ×ÇÐËÎÃÑÓÐÑÌ ÍËÔÎÑÕÞ (1 : 1) ÒÓÑÄÑÆËÎË
ÒÖÕÇÏ ÓÂÆËÍÂÎßÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË, ËÐËÙËËÓÑÄÂÐÐÑÌ ÍÑÏ-
ÒÎÇÍÔÑÏ ÆËÒÇÓËÑÆÂÕÍÖÒÓÂÕÂ (ÔÑÇÆËÐÇÐËÇÏ ÕÓÇØÄÂÎÇÐÕÐÑÌ
ÏÇÆË), ÍÑÕÑÓÞÌ ÓÂÐÇÇ ÒÓËÏÇÐâÎË ÆÎâ ÒÓËÄËÄÍË ÄÑÆÑÓÂÔÕÄÑ-
ÓËÏÞØ ÏÑÐÑÏÇÓÑÄ ÐÂ ÒÑÎËÂÍÓËÎÂÏËÆÐÞÇ ÐÑÔËÕÇÎË.132 ¡ÆÅÇ-
ÊËÄÐÞÇ ÔÄÑÌÔÕÄÂ ÍÓËÑÅÇÎâ ÒÓÑÆÇÏÑÐÔÕÓËÓÑÄÂÐÞ Ô ËÔÒÑÎßÊÑ-
ÄÂÐËÇÏ ÆÓÑÉÉÇÄÞØ ÍÎÇÕÑÍ (ÓËÔ. 13). ¢ÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ
ÒÑÄÇÓØÐÑÔÕÐÑ-ÊÂÄËÔËÏÞÇ ÍÎÇÕÍË (×ËÃÓÑÃÎÂÔÕÞ ÎËÐËË
Cos 7), ÍÂÍ Ë ÒÑÄÇÓØÐÑÔÕÐÑ-ÐÇÊÂÄËÔËÏÞÇ ÅËÃÓËÆÑÏÞ ÎËÐËÌ
CC9C10 Ë D9D4, ÎÇÅÍÑ ÂÆÅÇÊËÓÖáÕÔâ Í ÒÓËÄËÕÞÏ ÃÑÓÑÐÂÕ-
ÔÑÆÇÓÉÂÜËÏ ÔÑÒÑÎËÏÇÓÂÏ NIPAA. ±ÓË àÕÑÏ ÅËÃÓËÆÑÏÞ
ÏÑÅÎË ÃÞÕß ÑÕÆÇÎÇÐÞ ÑÕ ÐÑÔËÕÇÎâ ÒÖÕÇÏ àÎáËÓÑÄÂÐËâ 0.1®
ÓÂÔÕÄÑÓÑÏ ×ÓÖÍÕÑÊÞ (pH 7.2), Ä ÕÑ ÄÓÇÏâ ÍÂÍ ÆÎâ ÑÕÆÇÎÇÐËâ
×ËÃÓÑÃÎÂÔÕÑÄ ÕÓÇÃÑÄÂÎÂÔß ÍÑÐÙÇÐÕÓÂÙËâ àÕÑÅÑ ÔÂØÂÓËÆÂ
0.5 ÏÑÎß . Î71. ³ÕÑÎß ÊÂÏÇÕÐÑÇ ÓÂÊÎËÚËÇ ÖÔÎÑÄËÌ àÎáËÓÑÄÂ-
ÐËâ ÏÑÉÇÕ ÑÒÓÇÆÇÎâÕßÔâ ÓÂÊÐÞÏË ÔÑÔÕÂÄÑÏ Ë ÍÑÎËÚÇÔÕÄÑÏ
ÒÑÄÇÓØÐÑÔÕÐÞØ ÅÎËÍÑÒÓÑÕÇËÐÑÄ Ä ÍÎÇÕÍÂØ.

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÒÖÕÇÏ ÔÕÖÒÇÐÚÂÕÑÅÑ àÎáËÓÑÄÂÐËâ ÏÑÉÐÑ
ÓÂÊÆÇÎâÕß ÒÑÄÇÓØÐÑÔÕÐÑ-ÊÂÄËÔËÏÞÇ Ë ÒÑÄÇÓØÐÑÔÕÐÑ-ÐÇÊÂÄË-
ÔËÏÞÇ ÎËÐËË ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ. °ÕÏÇÕËÏ, ÚÕÑ ÕÇÏÒÇÓÂÕÖÓÐÑ-

ÊÂÄËÔËÏÑÇ àÎáËÓÑÄÂÐËÇ ÒÖÕÇÏ ÐÂÅÓÇÄÂ ÆÑ 378C ÆÂÄÂÎÑ
ÄÑÊÏÑÉÐÑÔÕß ÆÇÔÑÓÃËÓÑÄÂÕß ÍÎÇÕÍË ÎËÛß ÐÂ 30 ë 40%.
£ÇÓÑâÕÐÑÌ ÒÓËÚËÐÑÌ àÕÑÅÑ ÏÑÅÎÂ ÃÞÕß ÏÇÆÎÇÐÐÂâ ÆËÔÔÑÙËÂ-
ÙËâ ÃÑÓÑÐÂÕÅÎËÍÑÒÓÑÕÇËÐÑÄÞØ ÍÑÏÒÎÇÍÔÑÄ. ªÊÄÇÔÕÐÑ, ÚÕÑ
ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÇ ÔÑÒÑÎËÏÇÓÞ NIPAA Ä ÒÓËÔÖÕÔÕÄËË
ÏÖÙËÐÑÄÑÅÑ ÅÎËÍÑÒÓÑÕÇËÐÂ ÕÇÓâáÕ ÔÒÑÔÑÃÐÑÔÕß Í ÓÇÊÍËÏ
×ÂÊÑÄÞÏ ÒÇÓÇØÑÆÂÏ, Ä ÕÑ ÄÓÇÏâ ÍÂÍ ÒÓËÔÖÕÔÕÄËÇ ÏÑÐÑÔÂØÂ-
ÓËÆÑÄ ÒÓÑÔÕÑ ÒÑÄÞÛÂÇÕ ËØ ¯¬´².120 ®ÖÍÑÂÆÅÇÊËÄÐÞÇ ÔÄÑÌ-
ÔÕÄÂ ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËØ coÒÑÎËÏÇÓÑÄ ËÊÖÚÇÐÞ Ä ÓÂÃÑÕÇ 133.

£ ÒÑÔÎÇÆÖáÜÇÏ ÒÑÔÎÇ ÓÂÃÑÕÞ 126 ËÔÔÎÇÆÑÄÂÐËË 134 ÒÑÎÖ-
ÚÇÐÞ ÕÑÐÍËÇ ÅÇÎË, ÑÃÓÂÊÑÄÂÐÐÞÇ ÒÑÎËÄËÐËÎÑÄÞÏ ÔÒËÓÕÑÏ Ë
ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËÏË ÒÑÎËÏÇÓÂÏË. ¤ÇÎË ÐÂÐÑÔËÎË ÐÂ
ÒÑÄÇÓØÐÑÔÕß ÒÑÎËÔÕËÓÑÎßÐÞØ ÒÎÂÐÛÇÕ, ÐÂ ÒÑÄÇÓØÐÑÔÕË
ÅÇÎÇÌ ÍÖÎßÕËÄËÓÑÄÂÎË ×ËÃÓÑÃÎÂÔÕÞ ÎËÐËË NIH3T3, ÍÑÕÑÓÞÇ
ÆÑÔÕËÅÂÎË ÚÇÓÇÊ ÐÇÔÍÑÎßÍÑ ÆÐÇÌ ÍÑÐ×ÎáÇÐÕÐÑÌ ÔÕÓÖÍÕÖÓÞ,
ÒÑÔÎÇ ÚÇÅÑ ÅÇÎÇÄÞÇ ÒÑÆÎÑÉÍË ÚÂÔÕËÚÐÑ ÓÂÔÕÄÑÓâÎË Ä 0.2®
ÓÂÔÕÄÑÓÇ ×ÓÖÍÕÑÊÞ Ë ÏÑÐÑÔÎÑÌÐÂâ ÍÖÎßÕÖÓÂ ÑÕÆÇÎâÎÂÔß ÑÕ
ÅÇÎâ. ´ÂÍËÏ ÑÃÓÂÊÑÏ, ÃÞÎ ÐÂÌÆÇÐ ÐÑÄÞÌ ÒÖÕß ÐÇ×ÇÓÏÇÐÕÂ-
ÕËÄÐÑÅÑ ÑÕÆÇÎÇÐËâ ÕÂÍËØ ÍÎÇÕÑÚÐÞØ ÍÖÎßÕÖÓ ÑÕ ÐÑÔËÕÇÎÇÌ,
ÂÎßÕÇÓÐÂÕËÄÐÞÌ ÑÒËÔÂÐÐÑÏÖ ÄÞÛÇ ÑÕÆÇÎÇÐËá ÑÕ ÕÇÓÏÑÚÖÄ-
ÔÕÄËÕÇÎßÐÞØ PNIPAA- ÔÑÆÇÓÉÂÜËØ ÒÑÄÇÓØÐÑÔÕÇÌ.

VIII. ±ÑÄÇÓØÐÑÔÕÐÑ-ÒÓËÄËÕÞÇ ÒÑÎËÏÇÓÞ Ë ÅÇÎË
Ä ÏÂÕÇÓËÂÎÂØ Ë ÏÇÕÑÆÂØ ÃËÑÂÐÂÎËÊÂ

³ÇÐÔÑÓÐÞÇ àÎÇÏÇÐÕÞ ÔÑÄÓÇÏÇÐÐÞØ ÃËÑÂÐÂÎËÕËÚÇÔÍËØ ÒÓËÃÑ-
ÓÑÄ, ÕÂÍËØ ÍÂÍ ÔÒÇÍÕÓÑÏÇÕÓÞ ÒÑÄÇÓØÐÑÔÕÐÑÅÑ ÒÎÂÊÏÑÐÐÑÅÑ
ÓÇÊÑÐÂÐÔÂ (±±²), ÍÄÂÓÙÇÄÑ-ÍÓËÔÕÂÎÎËÚÇÔÍËÇ ÏËÍÓÑÄÇÔÞ
(¬¬pM) Ë ÒÓÇÙËÊËÑÐÐÞÇ ËÐÕÇÓ×ÇÓÑÏÇÕÓÞ, Ä ÕÑÏ ÚËÔÎÇ ÔÒÇÍÕ-
ÓÂÎßÐÑ-ÍÑÓÓÇÎâÙËÑÐÐÞÇ ËÐÕÇÓ×ÇÓÑÏÇÕÓÞ (³¬ª), ÄÍÎáÚÂáÕ
Ä ÔÇÃâ ÃËÑÏÑÎÇÍÖÎâÓÐÞÇ ÎËÅÂÐÆÞ, ËÏÏÑÃËÎËÊÑÄÂÐÐÞÇ ÐÂ
ÒÑÄÇÓØÐÑÔÕË ÕÄÇÓÆÞØ ÐÑÔËÕÇÎÇÌ Ë ÑÕÄÇÕÔÕÄÇÐÐÞÇ ÊÂ ÔÒÇÙË×Ë-
ÚÇÔÍÑÇ ÖÊÐÂÄÂÐËÇ Ë ÔÄâÊÞÄÂÐËÇ ÂÐÂÎËÊËÓÖÇÏÞØ ÄÇÜÇÔÕÄ, ËØ
ÍÑÏÒÎÇÍÔÑÄ (ÐÂÒÓËÏÇÓ, ËÏÏÖÐÑÍÑÏÒÎÇÍÔÑÄ) ËÎË ÃËÑÎÑÅËÚÇ-
ÔÍËØ ÍÎÇÕÑÍ. ¯ÑÔËÕÇÎË ÄÑÔÒÓËÐËÏÂáÕ ÔÎÂÃÞÇ ÅÇÐÇÓËÓÖÇÏÞÇ
ÔËÅÐÂÎÞ Ë ÒÓÇÑÃÓÂÊÖáÕ ËØ Ä ÃÑÎÇÇ ÔËÎßÐÞÇ, ÍÑÕÑÓÞÇ ÏÑÉÐÑ
ÊÂÓÇÅËÔÕÓËÓÑÄÂÕß Ô ÒÑÏÑÜßá àÎÇÍÕÓËÚÇÔÍËØ ÔËÔÕÇÏ. ´ÂÍËÏË
ÐÑÔËÕÇÎâÏË (ÒÓÇÑÃÓÂÊÑÄÂÕÇÎâÏË) âÄÎâáÕÔâ ÕÑÐÍËÇ ÊÑÎÑÕÞÇ
ÒÑÍÓÞÕËâ (Ä ÏÇÕÑÆÇ ±±²), ÍÓËÔÕÂÎÎÞ ÍÄÂÓÙÂ (Ä ÏÇÕÑÆÇ
¬¬pM), ÒÎÑÔÍËÇ ÔÕÇÍÎâÐÐÞÇ ÒÎÂÔÕËÐÍË (Ä ÏÇÕÑÆÇ ³¬ª) Ë
ÍÂÒËÎÎâÓÞ. £ÔÇ àÕË ÏÂÕÇÓËÂÎÞ ÔÒÑÔÑÃÐÞ ÔËÎßÐÑ Ë ÐÇÔÒÇÙË-
×ËÚÇÔÍË ÔÑÓÃËÓÑÄÂÕß ÃÇÎÍË, ÎËÒÑÒÓÑÕÇËÐÞ, ×ÑÔ×ÑÎËÒËÆÞ Ë
ÆÓÖÅËÇ ÍÑÏÒÑÐÇÐÕÞ ×ËÊËÑÎÑÅËÚÇÔÍËØ ÉËÆÍÑÔÕÇÌ Ë ÒÓÑÆÖÍÕÑÄ
ÒËÕÂÐËâ, ÚÕÑ ÔÐËÉÂÇÕ ÔÒÇÙË×ËÚÐÑÔÕß Ë ÕÑÚÐÑÔÕß ÂÐÂÎËÊÑÄ.
£ ÔÄâÊË Ô àÕËÏ Ë Ä ÔÑÑÕÄÇÕÔÕÄËË Ô ÒÓÇÆÔÕÂÄÎÇÐËâÏË, ËÊÎÑÉÇÐ-
ÐÞÏË Ä ÓÂÊÆÇÎÇ VI, ÃÞÎÑ ÒÓÇÆÒÓËÐâÕÑ ÐÇÏÂÎÑ ÒÑÒÞÕÑÍ
ÒÓËÆÂÕß ÂÆÔÑÓÃÙËÑÐÐÖá ÓÇÊËÔÕÇÐÕÐÑÔÕß ÊÑÎÑÕÖ, ÔÕÇÍÎÖ Ë
ÍÄÂÓÙÖ ÒÖÕÇÏ ÒÓËÄËÄÍË ÐÂ ËØ ÒÑÄÇÓØÐÑÔÕË ÓÂÊÐÑÑÃÓÂÊÐÞØ
ÅËÆÓÑ×ËÎßÐÞØ ÒÑÎËÏÇÓÑÄ, ÍÂÍ ÐÇÌÕÓÂÎßÐÞØ, ÕÂÍ Ë ÙÄËÕÕÇÓ-
ËÑÐÐÞØ.±ÑÔÎÇÆÐËÇ ÕÂÍÉÇ ÊÐÂÚËÕÇÎßÐÑ ÔÐËÉÂáÕ ÂÆÔÑÓÃÙËÑÐ-
ÐÖá ÂÍÕËÄÐÑÔÕß ÕÄÇÓÆÞØ ÐÑÔËÕÇÎÇÌ.135

²ÂÐÇÇ ÆÎâ ÒÓÇÆÑÕÄÓÂÜÇÐËâ ÐÇÔÒÇÙË×ËÚÇÔÍÑÌ ÔÑÓÃÙËË
ÃËÑÒÑÎËÏÇÓÑÄ ÐÂ ÒÑÄÇÓØÐÑÔÕâØ ÃËÑÔÇÐÔÑÓÐÞØ ÖÔÕÓÑÌÔÕÄ
ËÔÒÑÎßÊÑÄÂÎË PEO- Ë ÆÇÍÔÕÓÂÐÔÑÆÇÓÉÂÜËÇ ÒÑÍÓÞÕËâ.90, 136

£ ÒÑÔÎÇÆÐËÇ ÅÑÆÞ ËÔÔÎÇÆÑÄÂÐËâ ÔÍÑÐÙÇÐÕÓËÓÑÄÂÐÞ ÐÂ ÓÇÅÖ-
ÎËÓÖÇÏÑÌ ÒÓËÄËÄÑÚÐÑÌ ÒÑÎËÏÇÓËÊÂÙËË ÑÎËÅÑàÕËÎÇÐÅÎË-
ÍÑÎßÏÇÕÂÍÓËÎÂÕÂ (OEGMA) 6, 137 Ë ÒÑÆÑÃÐÞØ ÇÏÖ ÏÑÐÑÏÇ-
ÓÑÄ.138 £ ÓÂÃÑÕÇ 6 ÑÒËÔÂÐÂ ÓÂÆËÍÂÎßÐÂâ ÒÑÎËÏÇÓËÊÂÙËâ
OEGMA ÒÑ ÏÇØÂÐËÊÏÖ ¡´RP, ËÐËÙËËÓÑÄÂÐÐÂâ ÔÎÑÉÐÞÏ
à×ËÓÑÏ ÃÓÑÏËÊÑÏÂÔÎâÐÑÌ ÍËÔÎÑÕÞ, ÍÑÕÑÓÂâ ÑÃÓÂÊÖÇÕ ÏÑÐÑ-
ÔÎÑÌ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÊÑÎÑÕÞØ ÒÎÂÔÕËÐÑÍ ÆÎâ ÒÑÄÇÓØÐÑÔÕÐÑÅÑ
ÒÎÂÊÏÑÐÐÑÅÑ ÓÇÊÑÐÂÐÔÂ. B ÓÇÊÖÎßÕÂÕÇ ÒÑÎËÏÇÓËÊÂÙËË ÒÑÎÖ-
ÚÂáÕ ÔÎÑË ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ ÕÑÎÜËÐÑÌ ÆÑ 50 ÐÏ, ÒÓÂÍÕË-
ÚÇÔÍË ÐÇÆÑÔÕËÉËÏÑÌ ÒÓË ØËÏËÚÇÔÍÑÌ ËÏÏÑÃËÎËÊÂÙËË PEO.
¯ÇÔÏÑÕÓâ ÐÂ ÄÞÔÑÍÖá ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÏÇÕÑÆÂ ±±², Ô ÇÅÑ

200 ÏÍÏ

²ËÔ. 13. ®ËÍÓÑ×ÑÕÑÅÓÂ×Ëâ ÒÑÎËÂÍÓËÎÂÏËÆÐÑÅÑ ÍÓËÑÅÇÎâ Ô
ÒÑÄÇÓØÐÑÔÕßá, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ ÒÓËÄËÕÞÏ ÃÑÓÑÐÂÕÔÑÆÇÓÉÂ-
ÜËÏ ÔÑÒÑÎËÏÇÓÑÏ, ÍÑÕÑÓÞÌ ÂÆÅÇÊËÓÖÇÕ ÆÓÑÉÉÇÄÞÇ ÍÎÇÕÍË.126

³ÕÓÇÎÍÂ ÐÂ ÄÔÕÂÄÍÇ ÖÍÂÊÞÄÂÇÕ ÐÂ ÖÚÂÔÕÑÍ ÍÓËÑÅÇÎâ Ô ÄÞÔÑÍÑÌ
ÒÎÑÕÐÑÔÕßá ÍÎÇÕÑÍ.
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ÒÑÏÑÜßá ÐÇ ÖÔÕÂÐÑÄÎÇÐÂ ÂÆÔÑÓÃÙËâ ÃÇÎÍÑÄ ËÊ 10- ËÎË
100%-ÐÑÌ ÔÞÄÑÓÑÕÍË ÍÓÑÄË, Â ÕÂÍÉÇ ËÊ ÓÂÔÕÄÑÓÂ ×ËÃÓÑÐÇÍ-
ÕËÐÂ (1 ÏÅ .ÏÎ71), ÚÕÑ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ Ñ ÄÞÔÑÍÑÌ ÓÇÊËÔÕÇÐÕ-
ÐÑÔÕË ÒÑÎÖÚÇÐÐÑÅÑ ÒÑÍÓÞÕËâ. ±ÓË ËÔÒÑÎßÊÑÄÂÐËË PEO
(®=2000 Å .ÏÑÎß71) Ô ÍÑÐÙÇÄÞÏË ÂÏËÐÑÅÓÖÒÒÂÏË, ËÏÏÑÃË-
ÎËÊÑÄÂÐÐÞÏË ÐÂ ÑÓÅÂÐÑÔËÎËÎËÓÑÄÂÐÐÞØ ÔÕÇÍÎâÐÐÞØ ÒÎÂ-
ÔÕËÐÍÂØ, ÄÑ ÏÐÑÅÑ ÓÂÊ ÔÐËÊËÎÂÔß ÐÇÔÒÇÙË×ËÚÇÔÍÂâ ÂÆÔÑÓÃÙËâ
¥¯¬ ÒÓË ÑÆÐÑÄÓÇÏÇÐÐÑÏ ÚÇÕÞÓÇØÍÓÂÕÐÑÏ ÖÄÇÎËÚÇÐËË
ÄÞØÑÆÂ Ä ÓÇÂÍÙËË ÅËÃÓËÆËÊÂÙËË¥¯¬ Ô ËÏÏÑÃËÎËÊÑÄÂÐÐÞÏË
ÐÂ PEO ÑÎËÅÑÐÖÍÎÇÑÕËÆÂÏË.139 ³ÐËÉÇÐËÇ ÐÇÔÒÇÙË×ËÚÇÔÍÑÌ
ÂÆÔÑÓÃÙËË ¥¯¬ ÐÇÑÃØÑÆËÏÑ ÆÎâ ÒÑÆÂÄÎÇÐËâ ÛÖÏÑÄÞØ ÔËÅ-
ÐÂÎÑÄ ÒÓË ÔÑÊÆÂÐËË ÃËÑÔÇÐÔÑÓÑÄ, ÐÂÔÕÓÑÇÐÐÞØ ÐÂ ÄÞÔÑÍÑÔÇ-
ÎÇÍÕËÄÐÑÇ ÔÄâÊÞÄÂÐËÇ ÒÖÕÇÏ ÅËÃÓËÆËÊÂÙËË ¥¯¬ Ô ÐÂÃÑÓÂÏË
ËÏÏÑÃËÎËÊÑÄÂÐÐÞØ ÑÎËÅÑÐÖÍÎÇÑÕËÆÑÄ.140 ´ÂÍËÇ ÐÂÃÑÓÞ,
ÐÂÊÄÂÐÐÞÇ ÏÂÕÓËÚÐÞÏË ÃËÑÔÇÐÔÑÓÂÏË, ÔÑÆÇÓÉÂÕ ÃÑÎßÛÑÇ
ÚËÔÎÑ ÑÆÐÑÕËÒÐÞØ ÏËÍÓÑâÚÇÇÍ; ËØ ÛËÓÑÍÑ ÒÓËÏÇÐâáÕ ÆÎâ
ÄÞÔÑÍÑÒÓÑËÊÄÑÆËÕÇÎßÐÑÅÑ ÔÍÓËÐËÐÅÂ ì ÑÆÐÑÄÓÇÏÇÐÐÑÅÑ
ÂÐÂÎËÊÂ ÃÑÎßÛÑÅÑ ÍÑÎËÚÇÔÕÄÂ ÒÓÑÃ.141 ¯ÑÔËÕÇÎâÏË ËÏÏÑÃË-
ÎËÊÑÄÂÐÐÞØ ÔÒÇÙË×ËÚÇÔÍËØ ÎËÅÂÐÆÑÄ, Ä ÕÑÏ ÚËÔÎÇ ÑÎËÅÑ-
ÐÖÍÎÇÑÕËÆÑÄ, ÏÑÅÖÕ ÃÞÕß ÍÂÍ ÒÑÎËÏÇÓÐÞÇ ÜÇÕÍË, ÕÂÍ Ë
ÔÛËÕÞÇ ÏËÍÓÑÅÇÎË, ËÔÒÑÎßÊÖÇÏÞÇ, ÐÂÒÓËÏÇÓ, ÆÎâ ËÏÏÑÃË-
ÎËÊÂÙËË ÃÂÍÕÇÓËÂÎßÐÞØ ÍÎÇÕÑÍ Ë ÒÑÔÎÇÆÖáÜÇÅÑ ×ÎÖÑÓÇÔ-
ÙÇÐÕÐÑÅÑ ÂÐÂÎËÊÂ ÄÐÖÕÓËÍÎÇÕÑÚÐÞØ ÒÓÑÙÇÔÔÑÄ, ÚÕÑ ÒÑÊÄÑÎâÇÕ
ÍÑÎËÚÇÔÕÄÇÐÐÑ ÑÒÓÇÆÇÎâÕß ÂÐÕËÃËÑÕËÍË.142

¯ÇÔÏÑÕÓâ ÐÂ ÕÑ ÚÕÑ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ ÒÓËÄË-
ÕÞØ ÙÇÒÇÌ PNIPAA ÒÑÆÓÑÃÐÑ ËÔÔÎÇÆÑÄÂÐÞ ÏÇÕÑÆÂÏË ±±² Ë
¬¬p®, ÒÓËÏÇÐÇÐËÇ ÔÏÂÓÕ-ÒÑÎËÏÇÓÑÄ Ä ÍÂÚÇÔÕÄÇ ÏÑÆË×ËÍÂ-
ÕÑÓÑÄ ÒÑÄÇÓØÐÑÔÕÇÌ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÒÓÇÑÃÓÂÊÑÄÂÕÇÎÇÌ
ÒÑÍÂ ÑÅÓÂÐËÚÇÐÑ. ±ÓËÚËÐÞ àÕÑÅÑ ÐÇ ÄÒÑÎÐÇ âÔÐÞ; ÕÑÐÍËÇ
ÅËÆÓÑÅÇÎË ÒÑÎËÏÇÓÑÄ, ÔÑ ÔÒÇÙË×ËÚÇÔÍËÏË ÎËÅÂÐÆÂÏË Ë(ËÎË)
ÍÓÂÔËÕÇÎâÏËÏÐÑÅÑÍÓÂÕÐÑ ËÊÖÚÇÐÞ Ë ËÔÒÑÎßÊÑÄÂÐÞ ÍÂÍ ÑÒÕË-
ÚÇÔÍËÇ ÔÇÐÔÑÓÞ ÐÂ ÔÂØÂÓÂ,143 ÂÏËÐÞ Ë ÔÒËÓÕÞ.144 ªÏÏÑÃËÎË-
ÊÂÙËâ ×ÇÓÏÇÐÕÑÄ Ä ÕÑÐÍËÇ ÅÇÎË, ÔÑÆÇÓÉÂÜËÇ pH-ÚÖÄÔÕÄË-
ÕÇÎßÐÞÇ ÍÓÂÔËÕÇÎË Ë ÒÑÔÎÇÆÖáÜÂâ ×ÑÕÑÏÇÕÓËÚÇÔÍÂâ ÓÇÅË-
ÔÕÓÂÙËâ ÍÂÕÂÎËÕËÚÇÔÍËØ ÒÓÑÙÇÔÔÑÄ ÒÓÇÄÓÂÕËÎËÔß Ä ÓÂÔÒÓÑ-
ÔÕÓÂÐÇÐÐÞÌ ÏÇÕÑÆ ÆÇÕÇÍÙËË ×ÇÓÏÇÐÕÐÞØ ÔÖÃÔÕÓÂÕÑÄ Ë
ÔÖÃÔÕÓÂÕÑÒÑÆÑÃÐÞØ ÄÇÜÇÔÕÄ.145 ¬ÓÑÏÇ ÕÑÅÑ, ÏÑÐÑÔÎÑË ÂÏ×Ë-
×ËÎßÐÞØ ÒÑÎËÍÂÕËÑÐÑÄ Ô ÄÍÎáÚÇÐÐÞÏË Ä ÐËØ ×ÇÓÏÇÐÕÂÏË
ÃÞÎËÏÐÑÅÑÍÓÂÕÐÑ ËÔÒÑÎßÊÑÄÂÐÞ ÍÂÍ ÏÑÆË×ËÍÂÕÑÓÞ ÒÑÄÇÓØ-
ÐÑÔÕË àÎÇÍÕÓÑÆÑÄ ÆÎâ ÒÑÕÇÐÙËÑÏÇÕÓËÚÇÔÍÑÌ ÓÇÅËÔÕÓÂÙËË
ÒÓÑÙÇÔÔÑÄ ÏÑÎÇÍÖÎâÓÐÑÅÑ ÖÊÐÂÄÂÐËâ.146 ë 148 ±Ñ-ÄËÆËÏÑÏÖ,
ÒÓËÄËÄÑÚÐÂâ ÔÑÒÑÎËÏÇÓËÊÂÙËâ NIPAA Ô ×ÖÐÍÙËÑÐÂÎßÐÑ-
ÂÍÕËÄÐÞÏË ÏÑÐÑÏÇÓÂÏË, ÒÑ ÍÓÂÌÐÇÌ ÏÇÓÇ ÒÑ ÏÇØÂÐËÊÏÖ
¡´RP, ÒÓÇÆÔÕÂÄÎâÇÕ ÑÒÓÇÆÇÎÇÐÐÞÇ ÕÓÖÆÐÑÔÕË, ÒÑÔÍÑÎßÍÖ
ÔÑÎßÄÂÕËÓÑÄÂÐËÇ ÍÑÏÒÎÇÍÔÑÄ ÑÆÐÑÄÂÎÇÐÕÐÑÌ ÏÇÆË Ô ÂÏËÐÑ-
ÔÑÆÇÓÉÂÜËÏË ÎËÅÂÐÆÂÏË, Â ÕÇÏ ÃÑÎÇÇ ÊÂÏÇÜÇÐËÇ àÕËØ ÎËÅÂÐ-
ÆÑÄ, ÔÖÜÇÔÕÄÇÐÐÑ ÄÎËâÇÕ ÐÂ ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÌ ÒÑÕÇÐÙËÂÎ
ÍÑÏÒÎÇÍÔÑÄ, Â ÔÎÇÆÑÄÂÕÇÎßÐÑ, ÐÂ ÍÑÐÔÕÂÐÕÖ ÓÑÔÕÂ ÙÇÒË.149

µÍÂÉÇÏ ÇÜÇ ÐÂ ÑÆËÐ ÓÂÔÒÓÑÔÕÓÂÐÇÐÐÞÌ ÃËÑÂÐÂÎËÕËÚÇ-
ÔÍËÌ ÏÇÕÑÆ, Ä ÍÑÕÑÓÑÏ ÒÓËÏÇÐÇÐËÇ äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ ÒÑÍÂ
ÐÇ ÒÑÎÖÚËÎÑ ÛËÓÑÍÑÅÑ ÓÂÔÒÓÑÔÕÓÂÐÇÐËâ ì ÍÂÒËÎÎâÓÐÞÌ
àÎÇÍÕÓÑ×ÑÓÇÊ (¬¿). ¯ÇÍÑÕÑÓÞÇ ÄÑÆÑÓÂÔÕÄÑÓËÏÞÇ ÒÑÎËÏÇÓÞ
(ÍÂÍ ÍÂÕËÑÐÐÞÇ, ÕÂÍ Ë ÐÇÌÕÓÂÎßÐÞÇ), ËÔÒÑÎßÊÖÇÏÞÇ Ä ÍÂÚÇÔÕÄÇ
ÍÑÏÒÑÐÇÐÕÑÄ ÓÂÃÑÚËØ ÃÖ×ÇÓÑÄ ÆÎâ ¬¿ ÃÇÎÍÑÄ, ÒÓÇÆÑÕÄÓÂ-
ÜÂáÕ ËØ ÐÇÑÃÓÂÕËÏÖáÂÆÔÑÓÃÙËáÐÂ ÒÑÄÇÓØÐÑÔÕË ÍÄÂÓÙÇÄÞØ
ÍÂÒËÎÎâÓÑÄ ÊÂ ÔÚÇÕ ÆËÐÂÏËÚÇÔÍÑÅÑ ÏÑÆË×ËÙËÓÑÄÂÐËâ
ÒÑÄÇÓØÐÑÔÕË.150 ±ÑÍÂÊÂÐÑ, ÚÕÑ ×ÂÊÑÄÞÌ ÒÇÓÇØÑÆ Ä ÓÂÔÕÄÑÓÂØ
ÔÑÒÑÎËÏÇÓÑÄ ÕËÒÂ PEOëPPOëPEO, ÒÓÑËÔØÑÆâÜËÌ ÒÓË
ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÑÕ ÍÑÏÐÂÕÐÑÌ ÆÑ 388C, ÒÑÊÄÑÎâÇÕ
ÓÇÅÖÎËÓÑÄÂÕß ÄâÊÍÑÔÕß ÒÑÆÄËÉÐÑÌ ×ÂÊÞ Ë ÕÂÍËÏ ÑÃÓÂÊÑÏ
ÑÒÕËÏËÊËÓÑÄÂÕß ÓÂÊÆÇÎÇÐËÇ ÔÏÇÔÇÌ ÑÎËÅÑÐÖÍÎÇoÕËÆÑÄ Ë
¥¯¬.151 ±Ñ ÏÐÇÐËá ÂÄÕÑÓÑÄ ÆÂÐÐÑÅÑ ÑÃÊÑÓÂ, ÓÂÔÕÄÑÓÞ
ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÞØ ÒÑÎËÏÇÓÑÄ ÏÑÅÎË ÃÞ ÃÞÕß ËÔÒÑÎßÊÑ-
ÄÂÐÞ Ä ÒÓÇÒÂÓÂÕËÄÐÑÏ ÄÂÓËÂÐÕÇ ¬¿ ÆÎâ ÑÕÆÇÎÇÐËâ ÑÚËÜÇÐ-

ÐÞØ ÄÇÜÇÔÕÄ ÑÕ ÒÑÎËÏÇÓÐÑÅÑ ÏÑÆË×ËÍÂÕÑÓÂ ÒÖÕÇÏ ÇÅÑ ÕÇÓ-
ÏÑÑÔÂÉÆÇÐËâ ËÊ ÓÂÔÕÄÑÓÂ.

£ÑÊÄÓÂÜÂâÔß Í ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞÏ ÍÑÏÒÑÊËÕÂÏ, ÑÕÏÇ-
ÕËÏ, ÚÕÑ ÑÔÑÃÑÇ ÄÐËÏÂÐËe Ä ÍÂÚÇÔÕÄÇ ÑÃÝÇÍÕÂ ËÔÔÎÇÆÑÄÂÐËâ
ÒÓËÄÎÇÍÎË ÐÂÐÑÚÂÔÕËÙÞ ÊÑÎÑÕÂ, ÄÍÎáÚÇÐÐÞÇ Ä ÒÑÎËÏÇÓÐÞÇ
ÅËÆÓÑÅÇÎË ÐÂ ÑÔÐÑÄÇ NIPAA 152 ËÎË Ä ÏËÍÓÑÚÂÔÕËÙÞ àÕËØ
ÅÇÎÇÌ.153 ±ÓË ÔÉÂÕËË ÅÇÎÇÌ ÄÔÎÇÆÔÕÄËÇ ÒÑÄÞÛÇÐËâ ÕÇÏÒÇÓÂ-
ÕÖÓÞ ÎËÃÑ ËÊÏÇÐÇÐËâ ÔÑÔÕÂÄÂ ÄÑÆÐÑÌ ×ÂÊÞ ÖÄÇÎËÚËÄÂÇÕÔâ
ÒÎÑÕÐÑÔÕß ÓÂÔÒÓÇÆÇÎÇÐËâ ËÏÏÑÃËÎËÊÑÄÂÐÐÞØ ÐÂÐÑÚÂÔÕËÙ
ÊÑÎÑÕÂ, ÚÕÑ ÒÓËÄÑÆËÕ Í äÍÓÂÔÐÑÏÖ ÔÆÄËÅÖã ÚÂÔÕÑÕÞ ÒÎÂÊÏÑÐ-
ÐÑÅÑ ÓÇÊÑÐÂÐÔÂ.153

£ ÓÂÃÑÕÂØ 99, 154 Ô ÒÑÏÑÜßá ËÐÕÇÓ×ÇÓÑÏÇÕÓËÚÇÔÍÑÅÑ
ÔÒÇÍÕÓÂÎßÐÑ-ÍÑÓÓÇÎâÙËÑÐÐÑÅÑ ÏÇÕÑÆÂ ËÊÖÚÇÐÞ ÍÑÐ×ÑÓÏÂ-
ÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ ÔÑÒÑÎËÏÇÓÂ N,N-ÆËÏÇÕËÎÂÍÓËÎÂÏËÆÂ Ë
N-ÂÍÓËÎÑËÎ-Ï-ÂÏËÐÑ×ÇÐËÎÃÑÓÐÑÌ ÍËÔÎÑÕÞ (NAAPBA)
(9 : 1), ÒÓËÄËÕÑÅÑ ÐÂ ÒÑÄÇÓØÐÑÔÕß ÒÎÑÔÍËØ ÔÕÇÍÑÎ. ±ÇÓÇØÑÆÞ
ÑÃÖÔÎÑÄÎÇÐÞ ÖÄÇÎËÚÇÐËÇÏ ËÑÐËÊÂÙËË ×ÇÐËÎÃÑÓÐÑÌ ÍËÔÎÑÕÞ
ÒÓË ÒÑÄÞÛÇÐËË ÊÐÂÚÇÐËÌ pH ÑÕ ÐÇÌÕÓÂÎßÐÞØ ÆÑ 9.2 Ë ØÂÓÂÍ-
ÕÇÓËÊÖáÕÔâ ÖÄÇÎËÚÇÐËÇÏ ÕÑÎÜËÐÞ ÒÑÎËÏÇÓÐÑÌ ÜÇÕÍË Ë ÇÇ
ÑÃÓÂÕËÏÞÏ ÖÏÇÐßÛÇÐËÇÏ ÒÓË ÒÑÐËÉÇÐËË pH. ±ÓËÏÇÚÂ-
ÕÇÎßÐÑ, ÚÕÑ Ä ËÑÐËÊËÓÑÄÂÐÐÑÏ ÔÑÔÕÑâÐËË (pH 9.2) ÓÂÔÕÄÑÓË-
ÏÞÌ Ë ÒÓËÄËÕÑÌ ÔÑÒÑÎËÏÇÓÞ ÔÂÏÑÒÓÑËÊÄÑÎßÐÑ ÔÄâÊÞÄÂáÕ
ÏÖÙËÐÑÄÞÌ ÅÎËÍÑÒÓÑÕÇËÐ, ÚÕÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÖÔÎÑÄËâÏ ÂÆÅÇ-
ÊËË ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ ÐÂ ÂÐÂÎÑÅËÚÐÞØ ÐÑÔËÕÇÎâØ 8, 118 Ë ÖÍÂ-
ÊÞÄÂÇÕ ÐÂ ÄÇÓÑâÕÐÞÌ ÏÇØÂÐËÊÏ àÕÑÌ ÂÆÅÇÊËË. »ÇÕÍË ÒÑÎË-
NAAPBA, ÕÑÎÜËÐÑÌ 20 ÐÏ ÐÇÆÂÄÐÑ ÒÑÎÖÚÇÐÞ ÐÂ ÍÓËÔÕÂÎÎÂØ
ÍÄÂÓÙÂ Ë ËÊÖÚÇÐÞ ÏÇÕÑÆÑÏ¬¬p® ÍÂÍ ÔÇÐÔÑÓÞ ÐÂ ÅÎáÍÑÊÖ.155

CÄâÊÞÄÂÐËâ ÆÂÐÐÑÅÑ ÒÑÎËÏÇÓÂ Ô ×ÓÖÍÕÑÊÑÌ, ÑÔÐÑÄÐÞÏ ÍÑÐ-
ÍÖÓËÓÖáÜËÏ ÔÂØÂÓËÆÑÏ, àÕËÏ ÏÇÕÑÆÑÏ ÐÇ ÊÂÓÇÅËÔÕÓËÓÑ-
ÄÂÐÑ, ÚÕÑ ÆÂÎÑ ÄÑÊÏÑÉÐÑÔÕß ÔÇÎÇÍÕËÄÐÑ ËÊÏÇÓâÕß ÍÑÐÙÇÐÕÓÂ-
ÙËá ÅÎáÍÑÊÞ.

¯ÇÔÍÑÎßÍÑ ÄÂÓËÂÐÕÑÄ ØËÏËÚÇÔÍÑÅÑ ÏÑÆË×ËÙËÓÑÄÂÐËâ
ÒÑÄÇÓØÐÑÔÕË ÒÎÑÔÍËØ ÔÕÇÍÑÎ, ÒÓÇÆÐÂÊÐÂÚÇÐÐÞØ ÆÎâ ËÏÏÑÃË-
ÎËÊÂÙËË ÔÒÇÙË×ËÚÇÔÍËØ ÂÐÕËÕÇÎ Ë ËÔÒÑÎßÊÑÄÂÐËâ Ä ÏÇÕÑÆÇ
³¬ª, ËÔÔÎÇÆÑÄÂÐÞ Ô ÙÇÎßá ÑÒÕËÏËÊÂÙËË ÏÑÎÇÍÖÎâÓÐÑÅÑ
ÖÊÐÂÄÂÐËâ Ë ÔÄâÊÞÄÂÐËâ ÔÇÓÆÇÚÐÞØ ÕÓÑÒÑÐËÐÑÄ, ÓÇÅÖÎâÕÑÓ-
ÐÞØ ÃÇÎÍÑÄ, ÒÓÇÆÔÕÂÄÎâáÜËØ ËÐÕÇÓÇÔ ÆÎâ ÆËÂÅÐÑÔÕËÍË
ËÐ×ÂÓÍÕÂ ÏËÑÍÂÓÆÂ Ë ÆÓÖÅËØ ÃÑÎÇÊÐÇÌ ÔÇÓÆÙÂ.156 ±ÓËÏÇÐââ
ÏÇÕÑÆ ³¬ª, ÏÑÉÐÑ ÔÓÂÄÐËÄÂÕß ÕÑÎÜËÐÞ ÔÎÑÇÄ ËÏÏÑÃËÎË-
ÊÑÄÂÐÐÞØ ÂÐÕËÕÇÎ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ Ä ÒÓÑÙÇÔÔÇ ËØ ØËÏËÚÇ-
ÔÍÑÅÑ ÒÓËÔÑÇÆËÐÇÐËâ Í ÂÍÕËÄËÓÑÄÂÐÐÑÌ ÒÑÄÇÓØÐÑÔÕË, Â ÔÎÇ-
ÆÑÄÂÕÇÎßÐÑ, ÑÙÇÐËÄÂÕß à××ÇÍÕËÄÐÑÔÕß ËÏÏÑÃËÎËÊÂÙËË. ³ÒÇ-
ÙË×ËÚÇÔÍÑÇ ÔÄâÊÞÄÂÐËÇ ÕÓÑÒÑÐËÐÑÄ ÓÇÅËÔÕÓËÓÑÄÂÎË ÒÑ ÒÓË-
ÓÂÜÇÐËá ÕÑÎÜËÐÞ ÂÆÔÑÓÃÙËÑÐÐÑÅÑ ÔÎÑâ, ÍÑÕÑÓÑÇ ÎËÐÇÌÐÑ
ÄÑÊÓÂÔÕÂÎÑ Ô ÖÄÇÎËÚÇÐËÇÏ ÎÑÅÂÓË×ÏÂ ÍÑÐÙÇÐÕÓÂÙËË ÂÐÂÎË-
ÊËÓÖÇÏÑÅÑ ÄÇÜÇÔÕÄÂ Ë Ä ÖÔÎÑÄËâØ ÐÂÔÞÜÇÐËâ ÔÑÔÕÂÄÎâÎÑ
*3 ÐÏ. ±ÑÔÎÇÆÖáÜÇÇ ÔÄâÊÞÄÂÐËÇ ÆÇÕÇÍÕËÓÖáÜËØ ÂÐÕËÕÇÎ,
ÏÇÚÇÐÐÞØ ÃËÑÕËÐÑÏ, ÒÓËÄÑÆËÎÑ Í ÆÑÒÑÎÐËÕÇÎßÐÑÏÖ ÒÓËÓÂ-
ÜÇÐËá ÕÑÎÜËÐÞ ÔÎÑâ ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÃÇÎÍÑÄ. °ÕÏÇÕËÏ,
ÚÕÑ ÊÐÂÚËÕÇÎßÐÑ ÒÑÄÞÔËÕß ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÄÕÑÓËÚÐÑÌ
ÆÇÕÇÍÙËË ÕÓÑÒÑÐËÐÑÄ ÒÑÊÄÑÎËÎÑ ÒÓËÏÇÐÇÐËÇ ÏÂÅÐËÕÐÞØ
ÐÂÐÑÚÂÔÕËÙ, ÐÇÔÖÜËØ ÕÇ ÉÇ ÆÇÕÇÍÕËÓÖáÜËe ÂÐÕËÕÇÎÂ. CÒÇÙË-
×ËÚÇÔÍÑÇ ÔÄâÊÞÄÂÐËÇ ÖÍÂÊÂÐÐÞØ ÏÂÅÐËÕÐÞØ ÐÂÐÑÚÂÔÕËÙ Ô
ÂÐÕËÅÇÐÂÏË ÏÑÉÇÕ ÃÞÕß ÊÂÓÇÅËÔÕËÓÑÄÂÐÑ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ
à××ÇÍÕÂ ËØ ÐÇÎËÐÇÌÐÑÌ ÐÂÏÂÅÐËÚÇÐÐÑÔÕË.157 ³ ÒÑÏÑÜßá
àÕÑÅÑ ÏÇÕÑÆÂ ÖÆÂÎÑÔß ÑÒÓÇÆÇÎËÕß ÒËÍÑÅÓÂÏÏÑÄÑÇ ÔÑÆÇÓÉÂ-
ÐËÇ ÔÕÂ×ËÎÑÍÑÍÍÑÄÞØ ÕÑÍÔËÐÑÄ Ä ÕÂÍÑÌ ÔÎÑÉÐÑÌ ÔÓÇÆÇ, ÍÂÍ
ÙÇÎßÐÑÇ ÏÑÎÑÍÑ.158

®ÂÅÐËÕÐÞÇ ÐÂÐÑÚÂÔÕËÙÞ (®¯¹), ÐÇÔÖÜËÇ ÒÓËÄËÕÞÇ
ÒÑÎËÏÇÓÞ, ÅÎÂÄÐÞÏ ÑÃÓÂÊÑÏ PEO, ÛËÓÑÍÑ ËÊÖÚÂáÕ ÍÂÍ
ÍÑÐÕÓÂÔÕËÓÖáÜËÇ ÂÅÇÐÕÞ ÆÎâ ÏÂÅÐËÕÐÑ-ÓÇÊÑÐÂÐÔÐÑÌ ÆËÂÅ-
ÐÑÔÕËÍË 159 Ë ÐÑÔËÕÇÎË ÆÎâ ÙÇÎÇÄÑÅÑ ÕÓÂÐÔÒÑÓÕÂ ÎÇÍÂÓÔÕÄ.160

ºËÓÑÍÑÇ ÓÂÔÒÓÑÔÕÓÂÐÇÐËÇ ÒÑÎÖÚËÎÂ ÏÂÅÐËÕÐÂâ ÔÇÒÂÓÂÙËâ
ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ ÒÖÕÇÏ ËØ ÔÄâÊÞÄÂÐËâ ÔÑ ÔÒÇÙË×ËÚÇÔÍËÏË
ÂÐÕËÕÇÎÂÏË, ËÏÏÑÃËÎËÊÑÄÂÐÐÞÏË ÐÂ ÏÂÅÐËÕÐÞØ ÚÂÔÕËÙÂØ,
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580 Russ. Chem. Rev., 2016, 85 (6) 565 ë 584 [µÔÒÇØË ØËÏËË, 2016, 85 (6) 565 ë 584]



ÒÑÍÓÞÕÞØ PEO ËÎË ÆÓÖÅËÏË ÒÑÎËÏÇÓÂÏË.161 °ÔÐÑÄÐÞÇ ÑÃ-
ÎÂÔÕË ÒÓËÏÇÐÇÐËâ ®¯¹ Ä ÏÇÆËÙËÐÇ Ë ×ËÊËÚÇÔÍËÇ ÒÓËÐÙËÒÞ
ËØ ËÔÒÑÎßÊÑÄÂÐËâ ÑÃÑÃÜÇÐÞ Ä ÑÃÊÑÓÇ 162, Â ÏÇÕÑÆÞ ØËÏËÚÇ-
ÔÍÑÌ ÍÑÐÝáÅÂÙËË ®¯¹ Ô ÐÖÍÎÇËÐÑÄÞÏË ÍËÔÎÑÕÂÏË Ë ËØ
ÒÓËÏÇÐÇÐËÇ Ä ÃËÑÂÐÂÎËÊÇ Ë ÃËÑÔÇÒÂÓÂÙËË ì Ä ÑÃÊÑÓÇ 163.
¢ÎÂÅÑÆÂÓâ ÃÑÎßÛÑÌ ÖÆÇÎßÐÑÌ ÒÎÑÜÂÆË ÒÑÄÇÓØÐÑÔÕË ®¯¹
ÏÑÅÖÕ ÂÆÔÑÓÃËÓÑÄÂÕß ÊÐÂÚËÕÇÎßÐÑÇ ÍÑÎËÚÇÔÕÄÑ ÃÇÎÍÑÄ Ë
ÆÓÖÅËØ ÑÓÅÂÐËÚÇÔÍËØ ÄÇÜÇÔÕÄ.162, 164 ¡ÆÔÑÓÃÙËâ ÒÓÑÕÇÍÂÇÕ
ÃÑÎÇÇ ÔÇÎÇÍÕËÄÐÑ, ÇÔÎË ÒÑÎËÏÇÓÞ-ÏÑÆË×ËÍÂÕÑÓÞ ÐÇÔÖÕ ÓÇÂÍ-
ÙËÑÐÐÑ-ÔÒÑÔÑÃÐÞÇ ÅÓÖÒÒÞ. £ ÐÇÆÂÄÐËØ ÓÂÃÑÕÂØ 165, 166 ÒÑ
ÒÓËÄËÄÍÇ ÏÇÕÂÎÎ-ØÇÎÂÕËÓÖáÜËØ ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ ÐÂ ®¯¹
ÒÓÑÆÇÏÑÐÔÕÓËÓÑÄÂÐÂ ÄÑÊÏÑÉÐÑÔÕß ËÊÄÎÇÚÇÐËâ ÎÇÍÂÓÔÕÄÇÐ-
ÐÞØ ÒÓÇÒÂÓÂÕÑÄ Ë ËÑÐÑÄ ÕâÉÇÎÞØ ÏÇÕÂÎÎÑÄ ËÊ ×ËÊËÑÎÑÅËÚÇ-
ÔÍËØ ÉËÆÍÑÔÕÇÌ ÆÎâ ÒÑÔÎÇÆÖáÜÇÅÑ ÍÑÎËÚÇÔÕÄÇÐÐÑÅÑ ÂÐÂÎËÊÂ.

¢ÑÎßÛÂâ ÅÓÖÒÒÂ ÓÂÃÑÕ ÒÑÔÄâÜÇÐÂ ØËÏËÚÇÔÍÑÏÖ ÏÑÆË×Ë-
ÙËÓÑÄÂÐËá ÔÏÂÓÕ-ÒÑÎËÏÇÓÂÏË ®¯¹ ËÎË ÄÍÎáÚÇÐËá àÕËØ
ÚÂÔÕËÙ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÏËÍÓÑÅÇÎË. µÍÂÊÂÐÐÞÇ ÆËÔÒÇÓÔ-
ÐÞÇ ÔËÔÕÇÏÞ ÓÂÊÓÂÃÂÕÞÄÂÎË ÒÓÇÉÆÇ ÄÔÇÅÑ ÆÎâ ÙÇÎÇÄÑÌ
ÆÑÔÕÂÄÍË ÎÇÍÂÓÔÕÄ ÒÑÆ ÆÇÌÔÕÄËÇÏ ÏÂÅÐËÕÐÑÅÑ ÒÑÎâ Ë ËØ
ÒÑÔÎÇÆÖáÜÇÅÑ ÄÞÔÄÑÃÑÉÆÇÐËâ Ä ÃÑÎßÐÞØ ÑÓÅÂÐÂØ ÊÂ ÔÚÇÕ
ÎÑÍÂÎßÐÑÅÑ ÒÑÄÞÛÇÐËâ ÕÇÏÒÇÓÂÕÖÓÞ. ³ àÕÑÌ ÙÇÎßá ÃÞÎË
ÒÑÎÖÚÇÐÞ ÐÂÐÑÚÂÔÕËÙÞ ÏÂÅÐÇÕËÕÂ, ÒÑÍÓÞÕÞÇ ÂÏÑÓ×ÐÞÏ
ÆËÑÍÔËÆÑÏ ÍÓÇÏÐËâ, ÍÑÕÑÓÞÇ ÊÂÕÇÏ ØËÏËÚÇÔÍË ÏÑÆË×ËÙËÓÑ-
ÄÂÎË (3-ÏÇÕÂÍÓËÎÑËÎÒÓÑÒËÎ)ÕÓËÏÇÕÑÍÔËÔËÎÂÐÑÏ Ë ÔÑÒÑÎË-
ÏÇÓËÊÑÄÂÎË Ô NIPAA Ä ÒÓËÔÖÕÔÕÄËË ÃË×ÖÐÍÙËÑÐÂÎßÐÑÅÑ
ÔÛËÄÂáÜÇÅÑ ÂÅÇÐÕÂ. £ ÓÇÊÖÎßÕÂÕÇ ×ÑÓÏËÓÑÄÂÎËÔß ÚÂÔÕËÙÞ
ÔÛËÕÑÅÑ PNIPAA, ËÏÇáÜËÇ ×ÑÓÏÖ, ÃÎËÊÍÖá Í Ô×ÇÓËÚÇÔÍÑÌ
(ÆËÂÏÇÕÓÑÏ 300 ë 500 ÐÏ) Ô ÏÂÅÐÇÕËÕÐÞÏ âÆÓÑÏ ÄÐÖÕÓË.167

±ÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ ÑÕ 20 ÆÑ 508C ÒÑÎÖÚÇÐÐÞÇ
ÍÑÏÒÑÊËÙËÑÐÐÞÇ ÚÂÔÕËÙÞ ÔÉËÏÂÎËÔß (ÆËÂÏÇÕÓ ÖÏÇÐßÛÂÎÔâ
Ä 1.5 ë 2 ÓÂÊÂ), Â ÒÓË ÑØÎÂÉÆÇÐËË ÒÓËÐËÏÂÎË ÒÇÓÄÑÐÂÚÂÎßÐÞÇ
ÓÂÊÏÇÓÞ.

³ÖÒÇÓÒÂÓÂÏÂÅÐËÕÐÞÇ ÔÄÑÌÔÕÄÂ ÏÂÅÐÇÕËÕÂ ÒÑÊÄÑÎâáÕ
ÃÞÔÕÓÑ ÍÑÐÙÇÐÕÓËÓÑÄÂÕß Ë ÑÔÂÉÆÂÕß ÔÖÔÒÇÐÊËá ÚÂÔÕËÙ Ô
ÒÑÏÑÜßá ÒÑÔÕÑâÐÐÑÅÑ ÏÂÅÐËÕÂ. £ ÓÂÃÑÕÇ 168 ÍÑÏÒÑÊËÙËÑÐ-
ÐÞÇ ÚÂÔÕËÙÞ ÖÍÂÊÂÐÐÑÅÑ ÕËÒÂ ÃÞÎË ËÊÖÚÇÐÞ ÍÂÍ ÕÇÓÏÑÚÖÄ-
ÔÕÄËÕÇÎßÐÞÇ ÐÑÔËÕÇÎË ÙËÐÍÑÄÑÌ ÔÑÎË ×ÕÂÎÑÙËÂÐËÐÔÖÎß×Ñ-
ÐÑÄÑÌ ÍËÔÎÑÕÞ ì ËÊÄÇÔÕÐÑÅÑ ÔÓÇÆÔÕÄÂ ÆÎâ ×ÑÕÑÆËÐÂÏËÚÇ-
ÔÍÑÌ ÕÇÓÂÒËË ÑÒÖØÑÎÇÌ. £ ÓÇÊÖÎßÕÂÕÇ ÑÃÝÇÏÐÑÅÑ ×ÂÊÑÄÑÅÑ
ÒÇÓÇØÑÆÂ Ä ÅÇÎeÄÑÌ ÑÃÑÎÑÚÍÇ, ÔÑÔÕÑâÜÇÌ ËÊ ÔÑÒÑÎËÏÇÓÂ
NIPAA ÔN-ÅËÆÓÑÍÔËÏÇÕËÎÂÍÓËÎÂÏËÆoÏ, ÒÓÑËÔØÑÆËÕ ÄÞÔÄÑ-
ÃÑÉÆÇÐËÇ àÕÑÅÑ ÎÇÍÂÓÔÕÄÂ, ÒÓËÚÇÏ ÒÓË ÕÇÏÒÇÓÂÕÖÓÂØ Ä ËÐÕÇÓ-
ÄÂÎÇ 25 ë 378C ÄÞÔÄÑÃÑÉÆÇÐËÇ ÐÇÊÐÂÚËÕÇÎßÐoÇ, ÐÑ ÑÐÑ ÓÇÊÍÑ
ÖÄÇÎËÚËÄÂÇÕÔâ ÖÉÇ ÒÓË ÕÇÏÒÇÓÂÕÖÓÇ 398C, ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ
ÆÄÖØ- ËÎË ÕÓÇØÍÓÂÕÐÑÏÖ ÖÏÇÐßÛÇÐËá ÆËÂÏÇÕÓÂ ÚÂÔÕËÙ.

°ÃÓÂÕËÏÑÇ ÐÂÃÖØÂÐËÇ Ë ÔÉÂÕËÇ ÒÑÎËÏÇÓÐÑÌ ÑÃÑÎÑÚÍË
ËÊÖÚÇÐÑ Ë ÆÎâ ®¯¹, ÒÑÍÓÞÕÞØ ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÞÏ ÃÎÑÍ-
ÔÑÒÑÎËÏÇÓÑÏ PEOëPPOëPEO, ÏÑÆË×ËÙËÓÑÄÂÐÐÞÏ ÒÑÎË-
àÕËÎÇÐËÏËÐÑÏ (PEI).169 £ ÒÓÑÕËÄÑÒÑÎÑÉÐÑÔÕß ÓÂÃÑÕÇ 168

ÃÞÎÑ ÒÑÍÂÊÂÐÑ, ÚÕÑ ÄÞÔÄÑÃÑÉÆÇÐËÇ ÎÇÍÂÓÔÕÄÇÐÐÞØ ÔÓÇÆÔÕÄ
ÒÓÑËÔØÑÆËÎÑ ÐÇ ÒÓË ÒÑÄÞÛÇÐËË, Â ÒÓË ÒÑÐËÉÇÐËË ÕÇÏÒÇÓÂ-
ÕÖÓÞ Ä ËÐÕÇÓÄÂÎÇ ÑÕ 35 ÆÑ 208C, Õ.Ç. Ä ÖÔÎÑÄËâØ ÐÂÃÖØÂÐËâ
ÒÑÎËÏÇÓÐÑÌ ÑÃÑÎÑÚÍË ÚÂÔÕËÙ-ÐÑÔËÕÇÎÇÌ. ±Ñ-ÄËÆËÏÑÏÖ, ÒÓË-
ÚËÐÂ àÕËØ ÓÂÊÎËÚËÌ ÊÂÍÎáÚÂÇÕÔâ Ä ÓÂÊÐÞØ ÏÇØÂÐËÊÏÂØ ÔÄâÊÞ-
ÄÂÐËâ ÎÇÍÂÓÔÕÄ: ÇÔÎË ÔÄâÊÞÄÂÐËÇ Ô N-ÊÂÏÇÜÇÐÐÞÏ ÒÑÎË-
ÂÍÓËÎÂÏËÆÑÏ ÒÓÑËÔØÑÆËÕ ÊÂ ÔÚÇÕ ÔÑÄÑÍÖÒÐÑÔÕË ÒÑÎâÓÐÞØ Ë
ÅËÆÓÑ×ÑÃÐÞØ ÄÊÂËÏÑÆÇÌÔÕÄËÌ, ÒÑ ÂÐÂÎÑÅËË Ô ÑÃÓÂÊÑÄÂÐËÇÏ
ÍÑÏÒÎÇÍÔÑÄ ÒÑÎË(N-ÄËÐËÎÎÂÍÕÂÏÑÄ) Ô ÂÓÑÏÂÕËÚÇÔÍËÏË ÔÑ-
ÇÆËÐÇÐËâÏË,37, 170, 171 ÕÑ Ä ÔÎÖÚÂÇ ÃÎÑÍ-ÔÑÒÑÎËÏÇÓÑÄ PEOë
PPOëPEO ÐÂËÃÑÎÇÇ ÄÇÓÑâÕÐÞ ÑÍÍÎáÊËâ ÑÓÅÂÐËÚÇÔÍËØ ÏÑÎÇ-
ÍÖÎ Ä ÒÓÑÙÇÔÔÇ ÍÑÎÎÂÒÔÂ ÔÑÒÑÎËÏÇÓÂ ÒÓË ÒÑÄÞÛÇÐÐÑÌ ÕÇÏÒÇ-
ÓÂÕÖÓÇ Ë ËØ ÄÞÔÄÑÃÑÉÆÇÐËÇ ÒÓË ÇÇ ÒÑÐËÉÇÐËË (ÓËÔ. 14).

®ÂÅÐËÕÐÞÇ ÐÂÐÑÚÂÔÕËÙÞ, ÒÑÍÓÞÕÞÇ PNIPAA, ËÊÖÚÇÐÞ Ë
ÍÂÍ ÐÑÔËÕÇÎË ÆÎâ ÏÂÅÐËÕÐÑÌ ÔÇÒÂÓÂÙËË ÍÎÇÕÑÍ. ¹ÂÔÕËÙÞ,
ÐÇÔÖÜËe ÃËÑÕËÐÑÄÖá ÏÇÕÍÖ, ÔÄâÊÞÄÂÎËÔß Ô ÂÄËÆËÐÑÏ, ÊÂÕÇÏ

Ô ÃËÑÕËÐËÎËÓÑÄÂÐÐÞÏË ÂÐÕËÕÇÎÂÏË, ÎÑÍÂÎËÊÑÄÂÐÐÞÏË ÐÂ
ÒÑÄÇÓØÐÑÔÕË ÆÓÑÉÉÇÄÞØ ÍÎÇÕÑÍ. ±ÖÕÇÏ ÕÇÏÒÇÓÂÕÖÓÐÑ-ÓÇÅÖ-
ÎËÓÖÇÏÑÌ ÂÅÓÇÅÂÙËË ÚÂÔÕËÙ Ë ÒÓËÎÑÉÇÐËâ ÏÂÅÐËÕÐÑÅÑ ÒÑÎâ
®¯¹ Ô ÃËÑÂ××ËÐÐÑ-ÔÄâÊÂÐÐÞÏË ÍÎÇÕÍÂÏË ÃÞÎË ÔÍÑÐÙÇÐÕ-
ÓËÓÑÄÂÐÞ Ë ÑÕÆÇÎÇÐÞ ÑÕ ÍÎÇÕÑÍ, ÐÇ ÔÑÆÇÓÉÂÜËØ ÖÍÂÊÂÐÐÞØ
ÂÐÕËÕÇÎ.172 ¡ÐÂÎÑÅËÚÐÞÇ ÒÑÆØÑÆÞ ËÔÒÑÎßÊÑÄÂÐÞ Ä ÆÂÎßÐÇÌ-
ÛÇÏ Ë ÆÎâ ÔÇÒÂÓÂÙËË ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ. £ ÓÂÃÑÕÇ 173 Ä àÍÔÒÇ-
ÓËÏÇÐÕÂØ Ô ÏÞÛÂÏË ÑÔÖÜÇÔÕÄÎÇÐÑ ÑÕÆÇÎÇÐËÇ ÐÇÌÕÓÑ×ËÎÑÄ
ÑÕ ÏÂÍÓÑ×ÂÅÑÄ ÒÑÔÓÇÆÔÕÄÑÏ ÔÄâÊÞÄÂÐËâ ÒÑÔÎÇÆÐËØ ÐÂ ÏÂÅ-
ÐËÕÐÞØ ÚÂÔÕËÙÂØ Ô ÕÇÓÏÑÚÖÄÔÕÄËÕÇÎßÐÞÏ ÒÑÍÓÞÕËÇÏ, ÔÑÆÇÓ-
ÉÂÜËÏ ËÏÏÑÃËÎËÊÑÄÂÐÐÞÇ ÂÐÕËÕÇÎÂ F4/80, ÔÒÇÙË×ËÚÇÔÍËÇ Í
ÏÂÍÓÑ×ÂÅÂÏ. ¹ÂÔÕËÙÞ ÂÅÓÇÅËÓÑÄÂÎË ÒÓË ÐÂÅÓÇÄÂÐËË ÆÑ 308C
Ë ÑÔÂÉÆÂÎËÔß ÄÏÇÔÕÇ ÔÑ ÔÄâÊÂÐÐÞÏË ÍÎÇÕÍÂÏË ÒÑÆ ÆÇÌÔÕÄËÇÏ
ÒÓËÎÑÉÇÐÑÅÑ ÏÂÅÐËÕÐÑÅÑ ÒÑÎâ. ´ÂÍËÏ ÑÃÓÂÊÑÏ, ÒÖÕÇÏ ÑÕÓË-
ÙÂÕÇÎßÐÑÌ ÔÇÎÇÍÙËË ×ÓÂÍÙËâ ÐÇÌÕÓÑ×ËÎÑÄ, ÃÑÎÇÇ ÎÂÃËÎßÐÞØ
Ë ØÓÖÒÍËØ ÍÎÇÕÑÍ, ÏÑÅÎÂ ÃÞÕß ÊÐÂÚËÕÇÎßÐÑ ÑÃÑÅÂÜÇÐÂ. ±ÑÎÖ-
ÚÇÐÐÞÇ ÍÎÇÕÍË ÃÞÎË ÆÂÎÇÇ ÂÍÕËÄËÓÑÄÂÐÞ Ë ËÔÒÑÎßÊÑÄÂÐÞ ÆÎâ
ËÊÖÚÇÐËâ ÒÓÑÙÇÔÔÑÄ ÔÇÍÓÇÙËË ÙËÕÑÍËÐÑÄ.174

IX. ©ÂÍÎáÚÇÐËÇ

³ÖÏÏËÓÖâ ÔÍÂÊÂÐÐÑÇ ÄÞÛÇ, ÏÑÉÐÑ ÒÓËÌÕË Í ÐÇÔÍÑÎßÍËÏ
ÊÂÍÎáÚÇÐËâÏ. ³ÒÑÔÑÃÐÑÔÕß äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ ËÊÏÇÐâÕß
ÂÅÓÇÅÂÕÐÑÇ ÔÑÔÕÑâÐËÇ Ä ÑÕÄÇÕ ÐÂ ÏÂÎÞÇ ËÊÏÇÐÇÐËâ ÖÔÎÑÄËÌ
ÑÍÓÖÉÂáÜÇÌ ÔÓÇÆÞ, Ä ÚÂÔÕÐÑÔÕË ÐÂ ËÊÏÇÐÇÐËÇ ÕÇÏÒÇÓÂÕÖÓÞ,
ÊÂ ÔÚÇÕ ÑÃÓÂÕËÏÑÌ ÅËÆÓÂÕÂÙËË ë ÆÇÅËÆÓÂÕÂÙËË ÒÑÎËÏÇÓÐÞØ
ÙÇÒÇÌ Ä ÊÐÂÚËÕÇÎßÐÑÌ ÔÕÇÒÇÐË ÔÑØÓÂÐâÇÕÔâ Ä ÒÑÎËÏÇÓÂØ,
ÒÓËÄËÕÞØ ÐÂ ÒÑÄÇÓØÐÑÔÕß ÚÇÓÇÊ ÍÑÐÙÇÄÖá ÅÓÖÒÒÖ Ë, Ä ÐÇÔÍÑÎß-
ÍÑ ÏÇÐßÛÇÌ ÔÕÇÒÇÐË, Ä ØÇÏÑÔÑÓÃËÓÑÄÂÐÐÞØ ÒÑÎËÏÇÓÂØ.

³ÑÑÕÄÇÕÔÕÄÖáÜËÇ ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÇ ÒÇÓÇØÑÆÞ ËÊÖÚÇÐÞ
ÓÂÊÐÑÑÃÓÂÊÐÞÏË ×ËÊËÍÑ-ØËÏËÚÇÔÍËÏË ÏÇÕÑÆÂÏË, ÄÍÎáÚÂá-
ÜËÏË ¡³®, ÒÑÄÇÓØÐÑÔÕÐÑ-ÔËÎÑÄÖá ÏËÍÓÑÔÍÑÒËá, àÎÎËÒÔÑ-
ÏÇÕÓËá, ÏÇÕÑÆÞ ÑÕÓÂÉÇÐËâ ÐÇÌÕÓÑÐÑÄ Ë ËÊÏÇÓÇÐËâ ÂÆÔÑÓÃ-
ÙËË ÃÇÎÍÑÄ. °ÃÜÇÌ ÊÂÍÑÐÑÏÇÓÐÑÔÕßá âÄÎâÇÕÔâ ÔÉÂÕËÇ ÒÑÎË-
ÏÇÓÐÑÅÑ ÒÓËÄËÕÑÅÑ ÔÎÑâ ÒÓË ÒÑÄÞÛÇÐËË ÕÇÏÒÇÓÂÕÖÓÞ,
ÔÑÒÓÑÄÑÉÆÂáÜÇÇÔâ ÖÄÇÎËÚÇÐËÇÏ ÇÅÑ ÏËÍÓÑÏÇØÂÐËÚÇÔÍÑÌ
ÉÇÔÕÍÑÔÕË, Â Ä ÔÎÖÚÂâØ ÒÓËÄËÄÍË ÔÓÇÆÐÇÌ ÒÎÑÕÐÑÔÕË ì
ÎÂÕÇÓÂÎßÐÑÌ ÔÇÅÓÇÅÂÙËÇÌ ÒÓËÄËÕÑÅÑ ÔÎÑâ. ³ÑÑÕÄÇÕÔÕÄÖáÜËÇ
ÒÓÑÅÐÑÊÞ ÕÇÑÓËÌ Ä ÓâÆÇ ÔÎÖÚÂÇÄ ÒÑÎÖÚËÎË ÍÂÚÇÔÕÄÇÐÐÞÇ ËÎË
ÒÑÎÖÍÑÎËÚÇÔÕÄÇÐÐÞÇ ÒÑÆÕÄÇÓÉÆÇÐËâ.

Fe3O4 Fe3O4

Fe3O4Fe3O4
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²ËÔ. 14. ³ØÇÏÂ ÐÂÅÓÖÊÍË ÍÑÏÒÑÊËÙËÑÐÐÞØ ÏÂÅÐËÕÐÞØ ÚÂÔÕËÙ
ÎÇÍÂÓÔÕÄÇÐÐÞÏ ÔÓÇÆÔÕÄÑÏ Ë ÇÅÑ ÄÞÔÄÑÃÑÉÆÇÐËÇ ÒÓË ÒÑÐËÉÇÐËË
ÕÇÏÒÇÓÂÕÖÓÞ.169
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±ÓË ÄÞÔÑÍËØ ÒÎÑÕÐÑÔÕâØ ÒÓËÄËÄÍË ÍÑÐ×ÑÓÏÂÙËÑÐÐÞÇ Ë
ÂÅÓÇÅÂÕËÄÐÞÇ ÒÇÓÇØÑÆÞ PNIPAA ì ÐÂËÃÑÎÇÇ ËÊÖÚÇÐÐÑÅÑ
äÖÏÐÑÅÑã ÒÑÎËÏÇÓÂ ì ÑÍÂÊÞÄÂáÕÔâ ÄÞÓÂÉÇÐÞ ÔÎÂÃÇÇ, ÚÇÏ
ÒÓË ÔÓÇÆÐËØ Ë ÐËÊÍËØ ÒÎÑÕÐÑÔÕâØ. £ ÕÑ ÉÇ ÄÓÇÏâ cÇÅÓÇÅÂÙËâ
ÒÓËÄËÕÞØ ÒÑÎËÏÇÓÐÞØ ÔÎÑÇÄ ÑÕÍÓÞÄÂÇÕ ÄÑÊÏÑÉÐÑÔÕß ÖÒÓÂÄ-
ÎÇÐËâ ÂÆÔÑÓÃÙËÑÐÐÞÏË Ë ÂÆÅÇÊËÑÐÐÞÏË ÔÄÑÌÔÕÄÂÏË ÒÑÄÇÓØ-
ÐÑÔÕË ÊÂ ÔÚÇÕ ÑÃÓÂÕËÏÑÅÑ ÚÂÔÕËÚÐÑÅÑ ÑÃÐÂÉÇÐËâ ÒÑÄÇÓØ-
ÐÑÔÕË ÐÑÔËÕÇÎÇÌ, ËÏÇáÜËØ ÂÆÔÑÓÃÙËÑÐÐÑ-ÂÍÕËÄÐÞÇ ÑÓÅÂÐÑ-
ÔËÎÂÐÑÄÞÇ ËÎË ÂÎÍÂÐÕËÑÎßÐÞÇ ÒÑÆÔÎÑË, ÐÇÑÃØÑÆËÏÞÇ ÆÎâ
ØËÏËÚÇÔÍÑÌ ÒÓËÄËÄÍË ÒÑÎËÏÇÓÑÄ. ¿ÕÑ âÄÎÇÐËÇ ÃÞÎÑ ËÔÒÑÎß-
ÊÑÄÂÐÑ ÆÎâ ÍÑÐÕÓÑÎËÓÖÇÏÑÌ ÂÆÔÑÓÃÙËË ÃÇÎÍÑÄ Ë ÂÆÅÇÊËË
ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ, ËØ ÍÖÎßÕËÄËÓÑÄÂÐËâ Ë ÄÞÔÄÑÃÑÉÆÇÐËâ
ÒÖÕÇÏ ÒÑÄÞÛÇÐËâ ÕÇÏÒÇÓÂÕÖÓÞ. µÔÕÂÐÑÄÎÇÐÑ, ÚÕÑ ÄÑÊÏÑÉ-
ÐÑÔÕß ÖÒÓÂÄÎÇÐËâ ÂÆÅÇÊËÄÐÞÏË ÔÄÑÌÔÕÄÂÏË ÒÑÎËÏÇÓÐÞØ
ÔÎÑÇÄ ÊÂÄËÔËÕ ÍÂÍ ÑÕ ÕÑÎÜËÐÞ ÒÓËÄËÕÑÅÑ ÔÎÑâ, ÕÂÍ Ë ÑÕ
ÔÒÑÔÑÃÂ ÇÅÑ ÒÓËÄËÄÍË. ¿××ÇÍÕËÄÐÑÔÕß ÄÞÔÄÑÃÑÉÆÇÐËâ
ÍÖÎßÕËÄËÓÑÄÂÐÐÞØ ÍÎÇÕÑÍ ÑÒÓÇÆÇÎâÇÕÔâ ÐÇ ÕÑÎßÍÑ ÅËÆÓÂÕÂ-
ÙËÇÌ Ë ÐÂÃÖØÂÐËÇÏ ÒÓËÄËÕÑÅÑ ÒÑÎËÏÇÓÂ, ÐÑ Ë ÒÓÑÙÇÔÔÂÏË
ÔËÅÐÂÎËÓÑÄÂÐËâ Ë ËÊÏÇÐÇÐËâÏË ÄÐÖÕÓËÍÎÇÕÑÚÐÑÅÑ ÏÇÕÂÃÑ-
ÎËÊÏÂ Ä ÓÇÊÖÎßÕÂÕÇ ÕÇÏÒÇÓÂÕÖÓÐÑ-ÊÂÄËÔËÏÑÌ ÒÇÓÇÑÓËÇÐ-
ÕÂÙËË ÒÑÄÇÓØÐÑÔÕÐÞØ ÍÎÇÕÑÚÐÞØ ÓÇÙÇÒÕÑÓÑÄ.

ªÐÕÇÓÇÔÐÞÏ ÐÂÒÓÂÄÎÇÐËÇÏ ËÔÔÎÇÆÑÄÂÐËÌ âÄÎâÇÕÔâ ÑÃÓÂ-
ÕËÏÂâ ÂÆÅÇÊËâ ÃÂÍÕÇÓËÂÎßÐÞØ ÍÎÇÕÑÍ Ë ÍÎÇÕÑÍ ÉËÄÑÕÐÞØ ÐÂ
ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËØ ÒÑÎËÏÇÓÐÞØ ÜÇÕÍÂØ, ÑÕÍÓÞÄÂáÜÂâ
ÛËÓÑÍËÇ ÄÑÊÏÑÉÐÑÔÕË ÆÎâ ÍÖÎßÕËÄËÓÑÄÂÐËâ, ËÏÏÑÃËÎËÊÂ-
ÙËË Ë ÄÞÔÄÑÃÑÉÆÇÐËâ àÕËØ ÍÎÇÕÑÍ ÒÑÆ ÆÇÌÔÕÄËÇÏ ÔÂØÂÓÑÄ, Õ.Ç.
Ä ÜÂÆâÜËØ ÖÔÎÑÄËâØ, ÃÎËÊÍËØ Í ×ËÊËÑÎÑÅËÚÇÔÍËÏ. £ÊÂËÏÑ-
ÆÇÌÔÕÄËÇ ÃÑÓÑÐÂÕÔÑÆÇÓÉÂÜËØ ÒÑÎËÏÇÓÑÄ Ô ÒÑÄÇÓØÐÑÔÕÐÞÏË
ÅÎËÍÑÒÓÑÕÇËÐÂÏË ÍÎÇÕÑÍ Ë ÏÇÉÍÎÇÕÑÚÐÑÅÑ ÏÂÕÓËÍÔÂ ÏÑÉÇÕ
ÎÇÚß Ä ÑÔÐÑÄÖ ÐÂÒÓÂÄÎÇÐÐÑÅÑ ÕÓÂÐÔÒÑÓÕÂ ÎÇÍÂÓÔÕÄ. ªÔÒÑÎß-
ÊÑÄÂÐËÇ äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ Ä ÍÂÚÇÔÕÄÇ ÒÑÄÇÓØÐÑÔÕÐÞØÏÑÆË-
×ËÍÂÕÑÓÑÄ Ë ÖÊÐÂáÜËØ àÎÇÏÇÐÕÑÄ ÃËÑÔÇÐÔÑÓÑÄ âÄÎâÇÕÔâ
ÒÇÓÔÒÇÍÕËÄÐÑÌ Ë ÒÑÍÂ ÐÇ ÑÚÇÐß ÓÂÊÓÂÃÑÕÂÐÐÑÌ ÑÃÎÂÔÕßá
ËÔÔÎÇÆÑÄÂÐËÌ. ´Ñ ÉÇ ÑÕÐÑÔËÕÔâ Ë Í ÏÂÅÐËÕÐÞÏ ÚÂÔÕËÙÂÏ ÔÑ
ÔÏÂÓÕ-ÒÑÎËÏÇÓÐÞÏË ÒÑÍÓÞÕËâÏË Ä ÍÂÚÇÔÕÄÇ ÐÑÔËÕÇÎÇÌ
ÎÇÍÂÓÔÕÄÇÐÐÞØ ÔÓÇÆÔÕÄ.

°ÚÇÄËÆÐÑ, ÖÍÂÊÂÐÐÞÇ ÐÂÒÓÂÄÎÇÐËâ ËÔÔÎÇÆÑÄÂÐËÌ ÃÖÆÖÕ
ËÐÕÇÐÔËÄÐÑ ÓÂÊÄËÄÂÕßÔâ Ä ÃÎËÉÂÌÛËÇ ÅÑÆÞ. £ ÙÇÎÑÏ ÄÑÊÏÑÉ-
ÐÑÔÕË ÔÑÊÆÂÐËâ ÖÒÓÂÄÎâÇÏÞØ ÐÂÐÑ-, ÏËÍÓÑ- Ë ÏÂÍÓÑÔËÔÕÇÏ ÐÂ
ÑÔÐÑÄÇ äÖÏÐÞØã ÒÑÎËÏÇÓÑÄ, ÃÇÔÔÒÑÓÐÑ, ËÏÇáÕ ÃÑÎßÛÑÇ
ÃÖÆÖÜÇÇ.
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I. £ÄÇÆÇÐËÇ

£ ØËÏËÚÇÔÍÑÌ ÔÇÐÔÑÓËÍÇ àÎÇÍÕÓÑØËÏËÚÇÔÍËÇ ÔÇÐÔÑÓÞ ÊÂÐË-
ÏÂáÕ ÑÔÑÃÑÇ ÏÇÔÕÑ. £ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÑÐË ÐÂÛÎË ÛËÓÑÍÑÇ
ÒÓËÏÇÐÇÐËÇ Ä ÓÂÊÎËÚÐÞØ ÑÃÎÂÔÕâØ, ÐÂÚËÐÂâ ÑÕ ÂÐÂÎËÊÂ ÄÑÊ-
ÆÖØÂ ÓÂÃÑÚÇÌ ÊÑÐÞ,1, 2 ÑÒÓÇÆÇÎÇÐËâ ÕÑÍÔËÚÐÞØ ÄÇÜÇÔÕÄ Ë
ÒÂÕÑÅÇÐÑÄ Ä ÑÍÓÖÉÂáÜÇÌ ÔÓÇÆÇ Ë ÒÓÑÆÖÍÕÂØ ÒËÕÂÐËâ, Ë
ÊÂÍÂÐÚËÄÂâ ÂÐÂÎËÊÑÏ ×ËÊËÑÎÑÅËÚÇÔÍËØ ÉËÆÍÑÔÕÇÌ in situ,
ÄÂÉÐÞÏ ÆÎâ ÏÇÆËÙËÐÔÍÑÌ ÆËÂÅÐÑÔÕËÍË.3 ë 9

¿××ÇÍÕËÄÐÑÔÕß ÓÂÃÑÕÞ ÕÂÍËØ ÔÇÐÔÑÓÑÄ ÄÑ ÏÐÑÅÑÏ ÑÒÓÇ-
ÆÇÎâÇÕÔâ àÎÇÍÕÓÑØËÏËÚÇÔÍËÏË ÒÓÑÙÇÔÔÂÏË ÐÂ ÒÑÄÇÓØÐÑÔÕË

àÎÇÍÕÓÑÆÑÄ, Ä ÍÂÚÇÔÕÄÇ ÍÑÕÑÓÞØ Ä ÊÂÄËÔËÏÑÔÕË ÑÕ ÍÑÐÔÕÓÖÍ-
ÙËË ÔÇÐÔÑÓÂ Ë ÔÒÑÔÑÃÂ ÒÑÎÖÚÇÐËâ ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ
ËÔÒÑÎßÊÖáÕ ÖÅÎÇÓÑÆÐÞÇ ÏÂÕÇÓËÂÎÞ, ÃÎÂÅÑÓÑÆÐÞÇ ÏÇÕÂÎÎÞ,
ÒÓÑÄÑÆâÜËÇ ÑÍÔËÆÞ Ë ÒÓ. £ ÒÑÔÎÇÆÐÇÇ ÄÓÇÏâ ÆÎâ ÔÑÊÆÂÐËâ
ÐÂËÃÑÎÇÇ à××ÇÍÕËÄÐÞØ àÎÇÍÕÓÑÆÑÄ ÔÕÂÎË ÒÓËÏÇÐâÕß ÐÂÐÑ-
ÔÕÓÖÍÕÖÓËÓÑÄÂÐÐÞÇ ÏÂÕÇÓËÂÎÞ,6, 10 ÍÑÕÑÓÞÇ ËÏÇáÕ ÑÔÑÃÇÐ-
ÐÑÔÕË, ÄÂÉÐÞÇ ÆÎâ ÓÂÃÑÕÞ ÔÇÐÔÑÓÂ, Ä ÚÂÔÕÐÑÔÕË, ÒÑÊÄÑÎâáÕ
ÔÖÜÇÔÕÄÇÐÐÑ ÖÄÇÎËÚËÕß ÂÐÂÎËÕËÚÇÔÍËÌ ÔËÅÐÂÎ ÊÂ ÔÚÇÕ àÎÇÍÕ-
ÓÑÍÂÕÂÎËÊÂ.

¥Îâ ÒÑÎÖÚÇÐËâ Ë ÐÂÐÇÔÇÐËâ ÐÂ ÒÑÄÇÓØÐÑÔÕß àÎÇÍÕÓÑÆÂ
ÕÂÍËØ ÏÂÕÇÓËÂÎÑÄ ËÔÒÑÎßÊÖáÕ ËÊÄÇÔÕÐÞÇ ×ËÊËÚÇÔÍËÇ Ë ØËÏË-
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¯ÑÄÞÇ àÎÇÍÕÓÑØËÏËÚÇÔÍËÇ ÔÇÐÔÑÓÞ Ô àÎÇÍÕÓÑÆÂÏË ÐÂ ÑÔÐÑÄÇ
ÏÖÎßÕËÔÎÑÇÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ ÏÇÕÑÆÑÏ ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ
ÔÃÑÓÍË, Ë ËØ ÂÐÂÎËÕËÚÇÔÍËÇ ÄÑÊÏÑÉÐÑÔÕË

³.³.¦ÓÏÂÍÑÄ, ¬.¤.¯ËÍÑÎÂÇÄ, £.±.´ÑÎÔÕÑÌ

³ÂÐÍÕ-±ÇÕÇÓÃÖÓÅÔÍËÌ ÅÑÔÖÆÂÓÔÕÄÇÐÐÞÌ ÖÐËÄÇÓÔËÕÇÕ
²ÑÔÔËâ, 199034 ³ÂÐÍÕ-±ÇÕÇÓÃÖÓÅ, µÐËÄÇÓÔËÕÇÕÔÍÂâ ÐÂÃ., 7 ë 9

±ÓÑÂÐÂÎËÊËÓÑÄÂÐÞ Ë ÑÃÑÃÜÇÐÞ ÓÇÊÖÎßÕÂÕÞ ËÔÔÎÇÆÑÄÂÐËÌ Ä ÑÃÎÂÔÕË ÒÓËÏÇÐÇÐËâ ÏÇÕÑÆÂ ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ
ÔÃÑÓÍË ÆÎâ ÒÑÎÖÚÇÐËâ ÏÖÎßÕËÔÎÑÇÄ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ Ô ÙÇÎßá ÔÑÊÆÂÐËâ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÆÎâ
ÑÒÓÇÆÇÎÇÐËâ ÍÑÐÙÇÐÕÓÂÙËÌ ÐÇÑÓÅÂÐËÚÇÔÍËØ, ÑÓÅÂÐËÚÇÔÍËØ Ë ÃËÑÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇÐËÌ. ªÊÎÑÉÇÐÂ ÔÖÕß ÏÇÕÑÆÂ Ë
ÑÕÏÇÚÇÐÞ ÇÅÑ ÑÔÐÑÄÐÞÇ ÆÑÔÕÑËÐÔÕÄÂ ì ÄÑÊÏÑÉÐÑÔÕß ÔËÐÕÇÊÂ Ä ÏâÅÍËØ ÖÔÎÑÄËâØ ÑÕÆÇÎßÐÞØ ÔÎÑÇÄ Ô ÊÂÆÂÐÐÞÏË
ÕÑÎÜËÐÑÌ Ë ÔÑÔÕÂÄÑÏ Ë ÒÑÎÖÚÇÐËâ ÐÂ ËØ ÑÔÐÑÄÇ ÏÖÎßÕËÔÎÑÇÄ. ²ÂÔÔÏÑÕÓÇÐÞ ÖÔÎÑÄËâ ÒÇÓÇÐÑÔÂ ÊÂÓâÆÂ Ä ÔÎÑâØ ÐÂ
ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ ÏÇÉÆÖ ÏÑÎÇÍÖÎÂÏË ÂÐÂÎËÕÂ Ë ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÏË ÙÇÐÕÓÂÏË àÎÇÍÕÓÑÆÂ, Â
ÕÂÍÉÇ ÖÔÎÑÄËâ ×ÖÐÍÙËÑÐËÓÑÄÂÐËâ ÑÒÕËÏÂÎßÐÑÅÑ àÎÇÍÕÓÑÆÂ. °ÕÏÇÚÇÐÂ ÓÑÎß àÎÇÍÕÓÑÍÂÕÂÎËÊÂÕÑÓÑÄ Ë ËÐÕÇÓÏÇÆËÂ-
ÕÑÄ Ä àÕËØ ÒÓÑÙÇÔÔÂØ. °ÔÑÃÑÇ ÄÐËÏÂÐËÇ ÖÆÇÎÇÐÑ ÔÒÑÔÑÃÂÏ ÔËÐÕÇÊÂ ÐÂÐÑÚÂÔÕËÙ ÊÑÎÑÕÂ ÓÂÊÐÑÅÑ ÓÂÊÏÇÓÂ. ±ÓËÄÇÆÇÐÞ
ÓÇÊÖÎßÕÂÕÞ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÓÂÃÑÕ Ë ÑÃÔÖÉÆÇÐÞÒÇÓÔÒÇÍÕËÄÞÒÓËÏÇÐÇÐËâÏÇÕÑÆÂ ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ ÔÃÑÓÍË
ÆÎâ ÔÑÊÆÂÐËâ àÎÇÍÕÓÑÆÑÄ ÓÂÊÎËÚÐÞØ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ.
¢ËÃÎËÑÅÓÂ×Ëâ ì 241 ÔÔÞÎÍÂ.
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ÚÇÔÍËÇ ÏÇÕÑÆÞ ì ÐÂÒÞÎÇÐËÇ Ä ÄÂÍÖÖÏÇ, ÏÇÕÑÆ ÊÑÎß ë ÅÇÎß,11

ÑÔÂÉÆÇÐËÇ ËÊ ÓÂÔÕÄÑÓÑÄ, ÏÇÕÑÆ àÐÅÏáÓÂ ë¢ÎÑÆÉÇÕÕ,12

×ËÊËÚÇÔÍÖá ÂÆÔÑÓÃÙËá, ÍÑÄÂÎÇÐÕÐÑÇ ÔÄâÊÞÄÂÐËÇ,13 ÍÂÒÇÎß-
ÐÑÇ ÐÂÐÇÔÇÐËÇ Ô ÒÑÔÎÇÆÖáÜÇÌ ÔÖÛÍÑÌ 14 Ë ÆÓÖÅËÇ. ®ÇÕÑÆ
ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ ÔÃÑÓÍË (±·³) ì ÑÆËÐ ËÊ ËÐÕÇÐÔËÄÐÑ
ÓÂÊÄËÄÂÇÏÞØ Ä ÒÑÔÎÇÆÐËÇ 10 ë 15 ÎÇÕ. °ÒÖÃÎËÍÑÄÂÐÑ ÐÇ-
ÔÍÑÎßÍÑ ÑÃÊÑÓÑÄ, ÒÑÔÄâÜÇÐÐÞØ ÑÔÑÃÇÐÐÑÔÕâÏ ÒÓËÏÇÐÇÐËâ
àÕÑÅÑ ÏÇÕÑÆÂ ÆÎâ ÔÑÊÆÂÐËâ ÔÇÐÔÑÓÑÄ ÐÂ ÑÓÅÂÐËÚÇÔÍËÇ ÄÇÜÇ-
ÔÕÄÂ Ë ÃËÑÎÑÅËÚÇÔÍËÇ ÑÃÝÇÍÕÞ.15 ë 21 °ÆÐÂÍÑ Ä ÐËØ ÐÇ ÆÂÐÂ
(ÊÂ ËÔÍÎáÚÇÐËÇÏ ÑÃÊÑÓÂ 16, ÒÑÔÄâÜÇÐÐÑÅÑ ÑÔÑÃÇÐÐÑÔÕâÏ ÒÓË-
ÏÇÐÇÐËâ ÐÂÐÑÚÂÔÕËÙ ÊÑÎÑÕÂ) ÔÓÂÄÐËÕÇÎßÐÂâ ØÂÓÂÍÕÇÓËÔÕËÍÂ
ÂÐÂÎËÕËÚÇÔÍËØ ÄÑÊÏÑÉÐÑÔÕÇÌ ÕÂÍËØ ÔÇÐÔÑÓÑÄ. ¶ÂÍÕËÚÇÔÍË
ÑÕÔÖÕÔÕÄÖáÕ ÑÃÊÑÓÞ ÒÖÃÎËÍÂÙËÌ ÒÑ ÔÇÐÔÑÓÂÏ ÆÎâ ÑÒÓÇÆÇÎÇ-
ÐËâ ÍÑÐÙÇÐÕÓÂÙËÌ ÐÇÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ.

¸ÇÎß ÐÂÔÕÑâÜÇÌ ÓÂÃÑÕÞ ì ÂÐÂÎËÊ Ë ÑÃÑÃÜÇÐËÇ ËÔÔÎÇÆÑ-
ÄÂÐËÌ ÒÑ ÒÓËÏÇÐÇÐËá ÏÇÕÑÆÂ ±·³ ÆÎâ ÒÑÎÖÚÇÐËâ àÎÇÍÕÓÑ-
ÆÑÄ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ, ÍÑÕÑÓÞÇ ÒÑÊÄÑÎâáÕ ÑÒÓÇ-
ÆÇÎâÕß ÛËÓÑÍËÌ ÍÓÖÅ ÐÇÑÓÅÂÐËÚÇÔÍËØ Ë ÑÓÅÂÐËÚÇÔÍËØ (ÄÍÎá-
ÚÂâ ÃËÑÑÓÅÂÐËÚÇÔÍËÇ) ÂÐÂÎËÕÑÄ, Â ÕÂÍÉÇ ÔÑÒÑÔÕÂÄÎÇÐËÇ ËØ
ÂÐÂÎËÕËÚÇÔÍËØ ØÂÓÂÍÕÇÓËÔÕËÍ Ë ÒÓÑÅÐÑÊ ÆÂÎßÐÇÌÛÇÅÑ ÓÂÊÄË-
ÕËâ ÏÇÕÑÆÂ ±·³.

®ÂÕÇÓËÂÎ ÒÓÇÆÔÕÂÄÎÇÐ ÔÎÇÆÖáÜËÏ ÑÃÓÂÊÑÏ. ±ÑÔÎÇ £ÄÇ-
ÆÇÐËâ Ä ÓÂÊÆÇÎÇ II ÓÂÔÔÏÑÕÓÇÐ ÏÇÕÑÆ ±·³ Ë ËÊÎÑÉÇÐÂ
ÍÓÂÕÍÂâ ËÔÕÑÓËâ ÇÅÑ ÓÂÊÄËÕËâ. £ ÓÂÊÆÇÎÇ III ÓÂÔÔÏÑÕÓÇÐÞ
ÑÔÐÑÄÐÞÇ ÒÓËÐÙËÒÞ ÓÂÃÑÕÞ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ Ë ÂÏÒÇÓÑ-
ÏÇÕÓËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ, Â ÕÂÍÉÇ Ô×ÑÓÏÖÎËÓÑÄÂÐÞ ÅÎÂÄÐÞÇ
ÊÂÆÂÚË, ÍÑÕÑÓÞÇ ÐÇÑÃØÑÆËÏÑ ÓÇÛËÕß ÆÎâ ÔÑÊÆÂÐËâ ÄÞÔÑÍÑà×-
×ÇÍÕËÄÐÞØ { àÎÇÍÕÓÑÆÑÄ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ÔÇÐÔÑÓÂ. £ ÓÂÊ-
ÆÇÎÇ IV ÑÃÔÖÉÆÇÐÞ ÑÔÑÃÇÐÐÑÔÕË ±·³, ÄÂÉÐÞÇ ÒÓË ÔÑÊÆÂÐËË
ÕÂÍËØ àÎÇÍÕÓÑÆÑÄ. £ ÓÂÊÆÇÎÂØ V ëVII ÒÓÑÂÐÂÎËÊËÓÑÄÂÐÞ
ÂÐÂÎËÕËÚÇÔÍËÇ ÄÑÊÏÑÉÐÑÔÕË ÔÇÐÔÑÓÑÄ ÐÂ ÑÔÐÑÄÇ àÎÇÍÕÓÑÆÑÄ
ÔÑ ÔÎÑâÏË, ÔËÐÕÇÊËÓÑÄÂÐÐÞÏË ÏÇÕÑÆÑÏ ±·³, ÒÓË ÑÒÓÇ-
ÆÇÎÇÐËË ÐÇÑÓÅÂÐËÚÇÔÍËØ, ÑÓÅÂÐËÚÇÔÍËØ Ë ÃËÑÎÑÅËÚÇÔÍËØ
ÑÃÝÇÍÕÑÄ.

II. ®ÇÕÑÆ ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ ÔÃÑÓÍË
Ë ÍÓÂÕÍÂâ ËÔÕÑÓËâ ÇÅÑ ÓÂÊÄËÕËâ

±ÑÔÎÑÌÐÂâ ØËÏËÚÇÔÍÂâ ÔÃÑÓÍÂ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ-
ÒÑÆÎÑÉÍË ÔÎÑâ ÕÑÎÜËÐÑÌ ÐÂ ÖÓÑÄÐÇ ÐÇÔÍÑÎßÍËØ ÐÂÐÑÏÇÕÓÑÄ
ÏÑÉÇÕ ÃÞÕß ÄÞÒÑÎÐÇÐÂ ÒÓË ÔÑÃÎáÆÇÐËË ÔÎÇÆÖáÜËØ ÖÔÎÑ-
ÄËÌ: 22

ì ÐÂÎËÚËÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÒÑÆÎÑÉÍË ÐÇÑÃØÑÆËÏÑÅÑ
ÚËÔÎÂ ÂÍÕËÄÐÞØ ÙÇÐÕÓÑÄ; àÕË ÙÇÐÕÓÞ ÆÑÎÉÐÞ ÄÔÕÖÒÂÕß Ä
ÓÇÂÍÙËË Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÔÎÑâ, ÕÑÎÜËÐÂ ÍÑÕÑÓÑÅÑ ÑÅÓÂÐËÚÇÐÂ
ÕÂÍ ÐÂÊÞÄÂÇÏÞÏ à××ÇÍÕÑÏ ÔÂÏÑÐÂÔÞÜÇÐËâ;

ì ÍÂÉÆÞÌ ÐÑÄÞÌ ÔËÐÕÇÊËÓÑÄÂÐÐÞÌ ÔÎÑÌ ÆÑÎÉÇÐ ÒÓÑ-
âÄÎâÕß ÔÄÑÌÔÕÄÂ ÓÇÂÍÙËÑÐÐÑÔÒÑÔÑÃÐÑÌ ÒÑÆÎÑÉÍË ÒÓË ÔËÐÕÇÊÇ
ÒÑÔÎÇÆÖáÜËØ ÔÎÑÇÄ;

ì Ä ÒÓÑÙÇÔÔÇ ÏÐÑÅÑÔÕÂÆËÌÐÑÅÑ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÅÑ ÔËÐ-
ÕÇÊÂ ÐÇÑÃØÑÆËÏÑ ÑÃâÊÂÕÇÎßÐÑ ÖÆÂÎâÕß ËÊÃÞÕÍË ÓÇÂÅÇÐÕÑÄ Ë
ÒÓÑÆÖÍÕÑÄ ÓÇÂÍÙËÌ ÒÑÔÎÇ ÍÂÉÆÑÌ ÔÕÂÆËË ÑÃÓÂÃÑÕÍË ÒÑÆ-
ÎÑÉÍË.

¥ÂÐÐÞÌ ÒÑÆØÑÆ Í ÔËÐÕÇÊÖ ÐÂÐÑÔÕÓÖÍÕÖÓËÓÑÄÂÐÐÞØ ÏÂÕÇ-
ÓËÂÎÑÄ ÃÞÎ ÓÇÂÎËÊÑÄÂÐ Ä ÒÇÓÄÖá ÑÚÇÓÇÆß ÒÓË ÔËÐÕÇÊÇ ËÊ
ÅÂÊÑÄÑÌ ×ÂÊÞ ÔÎÑÇÄ ÑÍÔËÆÑÄ ÏÇÕÂÎÎÑÄ ËÊ ÎÇÅÍÑÎÇÕÖÚËØ ØÎÑ-
ÓËÆÑÄ ÏÇÕÂÎÎÑÄ Ë ÒÑÎÖÚËÎ ÐÂÊÄÂÐËÇ ÏÇÕÑÆÂ ÏÑÎÇÍÖÎâÓÐÑÅÑ
ÐÂÔÎÂËÄÂÐËâ (Atomic Layer Epitaxy (ALE),23 ë 25 ËÎË Atomic
Layer Deposition (ALD) 26). £ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÆÂÐÐÞÌ ÏÇÕÑÆ

ÔËÐÕÇÊÂ ÔÓÂÄÐËÕÇÎßÐÑÛËÓÑÍÑ ÒÓËÏÇÐâÇÕÔâ Ä ÏÂÕÇÓËÂÎÑÄÇÆÇ-
ÐËË. ¥ÑÔÕÂÕÑÚÐÑ ÔÍÂÊÂÕß, ÚÕÑ, ÒÑ ÐÂÛËÏ ÑÙÇÐÍÂÏ, Ä 2013 Å.
ÃÞÎÑ ÑÒÖÃÎËÍÑÄÂÐÑ *1100 ÔÕÂÕÇÌ, ÂÄÕÑÓÞ ÍÑÕÑÓÞØ ËÔÒÑÎß-
ÊÑÄÂÎË ÇÅÑ ÆÎâ ÔÑÊÆÂÐËâ ÐÑÄÞØ ÕÑÐÍÑÔÎÑÌÐÞØ ÏÂÕÇÓËÂÎÑÄ.

£ÂÉÐÑÇ ÏÇÔÕÑ ÒÓË ÒÑÔÎÑÌÐÑÏ ÔËÐÕÇÊÇ ÊÂÐËÏÂáÕ ÏÇÕÑ-
ÆËÍË Ô ÒÓËÏÇÐÇÐËÇÏ ÉËÆÍÑ×ÂÊÐÞØ ÓÇÂÅÇÐÕÑÄ, Í ÍÑÕÑÓÞÏ
ÑÕÐÑÔâÕÔâ ÓÂÔÕÄÑÓÞ ÔÑÎÇÌ ÏÇÕÂÎÎÑÄ, ÍÑÎÎÑËÆÐÞØ ÚÂÔÕËÙ Ë
ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ. ³ÚËÕÂÇÕÔâ, ÚÕÑ ÒÇÓÄÞÇ ÓÂÃÑÕÞ, ÒÑÔÄâÜÇÐ-
ÐÞÇ ±·³, Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÍÑÎÎÑËÆÐÞØ ÓÂÔÕÄÑÓÑÄ ÒÓÑÄÇÎ
ªÎÇÓ,27 Ô ÒÓËÏÇÐÇÐËÇÏ ÓÂÔÕÄÑÓÑÄ ÔÑÎÇÌ ÏÇÕÂÎÎÑÄ ì ¯ËÍÑ-
ÎÂÖ 28 Ë ´ÑÎÔÕÑÌ Ô ÔÑÂÄÕ.29, Â ÓÂÔÕÄÑÓÑÄ ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ ì
¥ÇÍÇÓ Ë ·ÑÐÅ.30 ±ÇÓÄÞÌ ÑÃÊÑÓ 31 ÓÂÃÑÕ ÒÑ àÕÑÌ ÕÇÏÇ ÑÒÖÃÎË-
ÍÑÄÂÐ Ä 1993 Å.

³ÎÑË ÔËÐÕÇÊËÓÖáÕ ÒÑÏÇÕÑÆËÍÂÏ ËÑÐÐÑÅÑ, ÍÑÎÎÑËÆÐÑÅÑ Ë
ËÑÐÐÑ-ÍÑÎÎÑËÆÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ.32, 33 £ ÒÇÓÄÑÌ ÒÓËÏÇÐâáÕ
ÆËÔÔÑÙËËÓÑÄÂÐÐÞÇ Ä ÓÂÔÕÄÑÓÇ ÔÑÎË ÓÇÂÅÇÐÕÑÄ, ÄÑ ÄÕÑÓÑÌ ì
ÍÑÎÎÑËÆÐÞÇ ÓÂÔÕÄÑÓÞ (ÄÍÎáÚÂâ ÔÖÔÒÇÐÊËË, ÏËÙÇÎÎâÓÐÞÇ Ë
ÏÑÎÇÍÖÎâÓÐÞÇ ÓÂÔÕÄÑÓÞ), Ä ÕÓÇÕßÇÌì ÍÑÎÎÑËÆÐÞÇ ÓÂÔÕÄÑÓÞ
Ë ÓÂÔÕÄÑÓÞ ÔÑÎÇÌ. £ ÐÇÍÑÕÑÓÞØ ÓÂÃÑÕÂØ ÆÂÐÐÞÇ ÏÇÕÑÆËÍË
ÔËÐÕÇÊÂ ØÂÓÂÍÕÇÓËÊÖáÕ ÍÂÍ ÒÑÎËËÑÐÐÖá ÔÃÑÓÍÖ,34 ØÑÕâ Ä
ÃÑÎßÛËÐÔÕÄÇ ÔÎÖÚÂÇÄ ÒÓÑÄÑÆâÕ ØËÏËÚÇÔÍÖá ÔÃÑÓÍÖ ÐÇ
ËÑÐÑÄ, Â ÍÑÎÎÑËÆÐÞØ ÚÂÔÕËÙ. ¡ÐÅÎÑâÊÞÚÐÞÏË ÄÂÓËÂÐÕÂÏË
ÕÂÍËØ ÐÂÊÄÂÐËÌ âÄÎâáÕÔâ Layer-by-Layer (LbL) Synthesis 35

ËÎË Successive Ionic Layer Deposition (SILD),36 ë 38 Â ÕÂÍÉÇ
Successive Ionic Layer Adsorption and Reaction (SILAR);39

ÒÓËÚÇÏ, ÍÂÍ ÄËÆÐÑ ËÊ ÆÂÐÐÞØ ÕÇÓÏËÐÑÄ, ÒÓË ØÂÓÂÍÕÇÓËÔÕËÍÇ
ÒÓËÏÇÐâÇÏÞØ ÏÇÕÑÆËÍ ÐÇ ÄÞÆÇÎâáÕ ÓÂÊÎËÚÐÞÇ ÒÑÆØÑÆÞ Í
ÔËÐÕÇÊÖ, ÖÚËÕÞÄÂáÜËÇ ÒÓËÓÑÆÖ ÒÓËÏÇÐâÇÏÞØ ÓÇÂÅÇÐÕÑÄ.

£ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÏÇÕÑÆËÍË ±·³ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ
ÓÂÔÕÄÑÓÑÄ ÓÇÂÅÇÐÕÑÄÛËÓÑÍÑ ÒÓËÏÇÐâáÕÔâ Ä ÐÂÐÑÕÇØÐÑÎÑÅËË
ÒÓË ÔÑÊÆÂÐËË ÐÑÄÞØ ÍÂÒÔÖÎ ÆÎâ ÆÑÔÕÂÄÍË ÎÇÍÂÓÔÕÄ, ÏÇÏÃÓÂÐ,
ÂÐÕËÍÑÓÓÑÊËÑÐÐÞØ ÒÑÍÓÞÕËÌ, àÎÇÍÕÓÑØÓÑÏÐÞØ Ë ÏÂÅÐËÕÐÞØ
ÏÂÕÇÓËÂÎÑÄ, ÍÂÕÂÎËÊÂÕÑÓÑÄ Ë Õ.Æ. ¹ËÔÎÑ ÑÒÖÃÎËÍÑÄÂÐÐÞØ Ä
2014 Å. ÔÕÂÕÇÌ ÐÂ àÕÖ ÕÇÏÖ ÒÓÇÄÞÔËÎÑ 1500.

±ÓËÏÇÐÇÐËÇ ÉËÆÍÑ×ÂÊÐÞØ ÓÇÂÅÇÐÕÑÄ ÑÕÍÓÞÎÑ ÐÑÄÞÇ ÄÑÊ-
ÏÑÉÐÑÔÕË ÆÎâ ÒÑÔÎÑÌÐÑÅÑ ÔËÐÕÇÊÂ, ÒÑÔÍÑÎßÍÖ ÕÂÍËØ ÓÇÂÅÇÐ-
ÕÑÄ ÔÖÜÇÔÕÄÇÐÐÑ ÃÑÎßÛÇ, ÚÇÏ ÔÑÇÆËÐÇÐËÌ, ÎÇÅÍÑÎÇÕÖÚËØ Ä
ÐËÊÍÑÕÇÏÒÇÓÂÕÖÓÐÑÌ ÑÃÎÂÔÕË, Ë, ÍÂÍ ÒÓÂÄËÎÑ, ÔÂÏ ÔËÐÕÇÊ
ÏÑÉÇÕ ÃÞÕß ÒÓÑÄÇÆÇÐ Ä ÏâÅÍËØ ÖÔÎÑÄËâØ (×ÂÍÕËÚÇÔÍË ÒÓË
ÍÑÏÐÂÕÐÑÌ ÕÇÏÒÇÓÂÕÖÓÇ), Â àÕÑ ÆÑÒÑÎÐËÕÇÎßÐÑ ÓÂÔÛËÓâÇÕ
ÍÓÖÅ ËÔÒÑÎßÊÖÇÏÞØ ÓÇÂÅÇÐÕÑÄ Ë ÒÑÆÎÑÉÇÍ, Â ÕÂÍÉÇ ÆÂÇÕ
ÄÑÊÏÑÉÐÑÔÕß ËÔÔÎÇÆÑÄÂÕß ÃËÑÎÑÅËÚÇÔÍËÇ ÑÃÝÇÍÕÞ.

®ÐÑÅÑÑÃÓÂÊËÇ ÖÔÎÑÄËÌ ÒÑÔÎÑÌÐÑÅÑ ÔËÐÕÇÊÂ ÏÇÕÑÆÑÏËÑÐ-
ÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ ÑÕÓÂÉÇÐÑ ÐÂ ÓËÔ. 1, ÐÂ ÍÑÕÑÓÑÏ ÔØÇÏÂÕËÚÐÑ
ÒÑÍÂÊÂÐÂ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÑÃÓÂÃÑÕÍË ÒÑÆÎÑÉÍË ÓÂÔÕÄÑ-
ÓÂÏË ÓÇÂÅÇÐÕÑÄ. °ÃÓÂÃÑÕÍÂ ÒÑÆÎÑÉÍË ÓÇÂÅÇÐÕÂÏË ÑÓÅÂÐËÊÑ-
ÄÂÐÂ ÕÂÍ, ÚÕÑ ÄÞÆÇÎâÇÕÔâ ÑÆËÐ ÙËÍÎ, ÍÑÕÑÓÞÌ ÄÍÎáÚÂÇÕ
ÐÇÔÍÑÎßÍÑ ÔÕÂÆËÌ. ³ÐÂÚÂÎÂ ÒÓÑÄÑÆâÕ ÑÃÓÂÃÑÕÍÖ ÓÂÔÕÄÑÓÑÏ
ÔÑÎË, ÔÑÆÇÓÉÂÜÇÌ ÍÂÕËÑÐ ËÊ ÔÑÔÕÂÄÂ ÓÂÔÕÖÜÇÅÑ ÔÎÑâ, ÊÂÕÇÏ
ÖÆÂÎâáÕ ËÊÃÞÕÑÍ ÓÇÂÅÇÐÕÂ ÒÖÕÇÏ ÒÓÑÏÞÄÍË ÓÂÔÕÄÑÓËÕÇÎÇÏ,
ÆÂÎÇÇ ÑÃÓÂÃÂÕÞÄÂáÕ ÓÂÔÕÄÑÓÑÏ, ÔÑÆÇÓÉÂÜËÏ ÂÐËÑÐ ËÊ
ÔÑÔÕÂÄÂ ÔÎÑâ Ë ÄÐÑÄß ÑÔÖÜÇÔÕÄÎâáÕ ÒÓÑÏÞÄÍÖ. ¹ËÔÎÑ ÕÂÍËØ
ÙËÍÎÑÄ ÒÑÄÕÑÓâáÕ, ËÔØÑÆâ ËÊ ÊÂÆÂÚË ÔËÐÕÇÊÂ.

£ ÔÑÑÕÄÇÕÔÕÄËË Ô ÕÂÍÑÌ ÔØÇÏÑÌ, ÆÎâ ÍÂÉÆÑÅÑ ËÊ ÓÂÔÕÄÑÓÑÄ
ÓÇÂÅÇÐÕÑÄ ÔÎÇÆÖÇÕ ÄÞÃÓÂÕß ÓÂÔÕÄÑÓËÕÇÎß, ÍÑÐÙÇÐÕÓÂÙËá
ÓÇÂÅÇÐÕÂ, ÇÅÑ ÔÑÔÕÂÄ, ×ÑÐÑÄÞÌ àÎÇÍÕÓÑÎËÕ, ÊÐÂÚÇÐËÇ Ó¯ ÓÂÔ-
ÕÄÑÓÂ, ÇÅÑ ÕÇÏÒÇÓÂÕÖÓÖ Ë ÄÓÇÏâ ÑÃÓÂÃÑÕÍË. ¬ÂÍ ÏËÐËÏÖÏ,
ÒÓËÏÇÐâáÕ ÆÄÂ ÓÇÂÅÇÐÕÂ Ë ÆÄÇ ÒÓÑÏÞÄÐÞÇ ÉËÆÍÑÔÕË, ÆÎâ
ÍÑÕÑÓÞØ ÕÂÍÉÇ ÐÖÉÐÑ ÍÑÐÕÓÑÎËÓÑÄÂÕß Ó¯, ÕÇÏÒÇÓÂÕÖÓÖ,
ÐÂÎËÚËÇ Ë ÍÑÐÙÇÐÕÓÂÙËá ×ÑÐÑÄÑÅÑ ÓÂÔÕÄÑÓÂ Ë Õ.Æ. ±ÑàÕÑÏÖ
ÊÂÆÂÚÂ ÄÞÃÑÓÂ ÖÔÎÑÄËÌ ËÑÐÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ ÊÐÂÚËÕÇÎßÐÑ
ÖÔÎÑÉÐâÇÕÔâ. ³ÎÇÆÖÇÕ ÖÚÇÔÕß ÕÂÍÉÇ, ÚÕÑ ÒÇÓÇÆ ÔËÐÕÇÊÑÏ
ÐÇÑÃØÑÆËÏÑ ÐÂÌÕË ÖÔÎÑÄËâ ÔÒÇÙËÂÎßÐÑÌ ÑÃÓÂÃÑÕÍË ÒÑÄÇÓØ-
ÐÑÔÕË ÒÑÆÎÑÉÍË ÆÎâ ÑÃÇÔÒÇÚÇÐËâ ÂÆÔÑÓÃÙËË ÑÆÐÑÅÑ ËÊ
ÓÇÂÅÇÐÕÑÄ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÒÇÓÄÑÅÑ ÔÎÑâ.

{ ±ÑÆ à××ÇÍÕËÄÐÑÔÕßá ÔÇÐÔÑÓÂ ÏÞ ÃÖÆÇÏ ÒÑÐËÏÂÕß ÓÇÉËÏ
ÓÂÃÑÕÞ, ÒÓË ÍÑÕÑÓÑÏ ÒÑÎÖÚÂáÕ ÎÖÚÛËÇ ÂÐÂÎËÕËÚÇÔÍËÇ ØÂÓÂÍÕÇ-
ÓËÔÕËÍË ì ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß, ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ, ÔÕÂÃËÎß-
ÐÑÔÕß, ÎËÐÇÌÐÞÌ ÆËÂÒÂÊÑÐ Ë ÄÓÇÏâ ÑÕÍÎËÍÂ.
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´ÂÍËÏ ÑÃÓÂÊÑÏ, ÓÑÔÕ ÔÎÑâ ÐÂ ÒÑÄÇÓØÐÑÔÕË Ä ÒÓÑÙÇÔÔÇ
±·³ ÃÖÆÇÕ ÐÂÃÎáÆÂÕßÔâ, ÇÔÎË Ä ÒÇÓÄÑÏ ÙËÍÎÇ ÐÂÔÎÂËÄÂÐËâ
ÐÂ ÒÑÆÎÑÉÍÇ ÒÓÑËÊÑÛÎË ÔÎÇÆÖáÜËÇ ÒÓÑÙÇÔÔÞ:

ì ÂÆÔÑÓÃÙËâ ÍÂÕËÑÐ- ËÎË ÂÐËÑÐÔÑÆÇÓÉÂÜÇÅÑ ÓÇÂÅÇÐÕÂ,
ÄØÑÆâÜÇÅÑ Ä ÔÕÓÖÍÕÖÓÖ ÓÂÔÕÖÜÇÅÑ ÔÎÑâ;

ì ÆÂÐÐÞÌ ÂÆÔÑÓÃËÓÑÄÂÐÐÞÌ ÔÎÑÌ ÆÑÎÉÇÐ ÃÞÕß ÖÔÕÑÌÚËÄ
ÒÓË ÖÆÂÎÇÐËË ËÊÃÞÕÍÂ ÓÇÂÅÇÐÕÂ ÒÖÕÇÏ ÒÓÑÏÞÄÍË;

ì ÂÆÔÑÓÃÙËâ ÒÓÑÕËÄÑËÑÐÂ ÒÓË ÑÃÓÂÃÑÕÍÇ ÓÂÔÕÄÑÓÑÏ
ÄÕÑÓÑÅÑ ÓÇÂÅÇÐÕÂ;

ì ÑÃÓÂÊÑÄÂÄÛËÌÔâ ÔÎÑÌ ÕÂÍÉÇ ÆÑÎÉÇÐ ÃÞÕß ÖÔÕÑÌÚËÄ
ÒÓË ÖÆÂÎÇÐËË ËÊÃÞÕÍÂ ÄÕÑÓÑÅÑ ÓÇÂÅÇÐÕÂ ÒÖÕÇÏ ÒÓÑÏÞÄÍË.

£ ÓÇÊÖÎßÕÂÕÇ àÕËØ ÓÇÂÍÙËÌ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÆÑÎÉÇÐ ÑÃÓÂ-
ÊÑÄÂÕßÔâ ÔÎÑÌ, ËÏÇáÜËÌ ÐÑÄÞÇ ÙÇÐÕÓÞ ÆÎâ ÂÆÔÑÓÃÙËË ÒÇÓ-
ÄÑÅÑ ÓÇÂÅÇÐÕÂ ÒÓË ÄÕÑÓÑÏ Ë ÒÑÔÎÇÆÖáÜËØ ÙËÍÎÂØ ÐÂÔÎÂËÄÂ-
ÐËâ. ¥ÓÖÅËÏË ÔÎÑÄÂÏË, ÑÔÐÑÄÐÂâ ÊÂÆÂÚÂ ÒÓË ÔËÐÕÇÊÇ ÔÎÑÇÄ
ÍÂÉÆÑÅÑ ÔÑÔÕÂÄÂ ì ÐÂÌÕË ÓÇÂÅÇÐÕÞ Ë ÖÔÎÑÄËâ ÔËÐÕÇÊÂ, ÖÆÑ-
ÄÎÇÕÄÑÓâáÜËÇ ÖÍÂÊÂÐÐÞÏ ÅÓÂÐËÚÐÞÏ ÖÔÎÑÄËâÏ. °ÚÇÄËÆÐÑ,
ÚÕÑ ÔÓÇÆË ÄÑÊÏÑÉÐÞØ ÓÇÂÅÇÐÕÑÄ ÄÔÇÏ ÖÔÎÑÄËâÏ ÃÖÆÇÕ ÔÑÑÕ-
ÄÇÕÔÕÄÑÄÂÕß ÕÑÎßÍÑ ÚÂÔÕß, Â ÐÂÓÖÛÇÐËÇ ÆÂÉÇ ÑÆÐÑÅÑ ËÊ
ÖÔÎÑÄËÌ ±·³ ÒÓËÄÇÆÇÕ Í ÕÑÏÖ, ÚÕÑ ÒÓË ÏÐÑÅÑÍÓÂÕÐÑÏ ÒÓÑ-
ÄÇÆÇÐËË ÐÂ ÒÑÄÇÓØÐÑÔÕË ÕÂÍËØ ÙËÍÎÑÄ ÔÎÑÌ ÑÃÓÂÊÑÄÞÄÂÕßÔâ
ÐÇ ÃÖÆÇÕ.

³ÓÂÄÐËÄÂâ ÓÂÊÎËÚÐÞÇ ÏÇÕÑÆËÍË ÒÑÔÎÑÌÐÑÅÑ ÔËÐÕÇÊÂ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ÓÂÔÕÄÑÓÑÄ ÓÇÂÅÇÐÕÑÄ, ÔÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ
ËÑÐÐÑÇ, ËÑÐÐÑ-ÍÑÎÎÑËÆÐÑÇ Ë ÍÑÎÎÑËÆÐÑÇ ÐÂÔÎÂËÄÂÐËâ ÑÕÎË-
ÚÂáÕÔâ ÑÕ ÒÑÔÎÑÌÐÑÅÑ ÔËÐÕÇÊÂ ËÎË ÏÇÕÑÆÂ ÊÑÎß ë ÅÇÎß. ¥ÇÌ-
ÔÕÄËÕÇÎßÐÑ, Ä ÔÎÖÚÂÇ ÆÄÖØ ÒÑÔÎÇÆÐËØ ÏÇÕÑÆÑÄ ÒÑÆÎÑÉÍÖ
ÕÂÍÉÇ ÏÑÉÐÑ ÏÐÑÅÑÍÓÂÕÐÑ ÑÃÓÂÃÂÕÞÄÂÕß ÓÂÔÕÄÑÓÂÏË
ÓÇÂÅÇÐÕÑÄ Ë ×ËÍÔËÓÑÄÂÕß ÑÃÓÂÊÑÄÂÐËÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÔÎÑâ,
ÕÑÎÜËÐÂ ÍÑÕÑÓÑÅÑ ÄÑÊÓÂÔÕÂÇÕ Ô ÖÄÇÎËÚÇÐËÇÏ ÚËÔÎÂ ÙËÍÎÑÄ
ÑÃÓÂÃÑÕÍË. ´ÑÎÜËÐÂ ÕÂÍÑÅÑ ÔÎÑâ ÃÖÆÇÕ ÊÂÄËÔÇÕß ÑÕ ÄÓÇÏÇÐË
ÑÃÓÂÃÑÕÍË ÒÑÆÎÑÉÍË ÓÇÂÅÇÐÕÂÏË Ë ËØ ÍÑÐÙÇÐÕÓÂÙËË, Â
ËÏÇÐÐÑ ÄÔÎÇÆÔÕÄËÇ àÕÑÅÑ ÔÐËÉÂÇÕÔâ ÕÑÚÐÑÔÕß ÊÂÆÂÐÐÑÌ ÕÑÎ-
ÜËÐÞ ÔËÐÕÇÊËÓÖÇÏÞØ ÔÎÑÇÄ.

III. °ÔÐÑÄÐÞÇ ÒÓËÐÙËÒÞ ÓÂÃÑÕÞ
àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ

±ÓËÐÙËÒËÂÎßÐÂâ ÍÑÐÔÕÓÖÍÙËâ ÂÏÒÇÓÑÏÇÕÓËÚÇÔÍÑÅÑ ÔÇÐÔÑÓÂ
ÄÒÇÓÄÞÇ ÒÓÇÆÎÑÉÇÐÂ ¬ÎÂÓÍÑÏ Ô ÔÑÂÄÕ.40 ¢ÞÎ ÔÑÊÆÂÐ ÔÇÐÔÑÓ
ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÍËÔÎÑÓÑÆÂ, Â ÕÂÍÉÇ ÔÍÑÐÔÕÓÖËÓÑÄÂÐ ÒÇÓÄÞÌ
×ÇÓÏÇÐÕÐÞÌ ÃËÑÔÇÐÔÑÓ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÅÎáÍÑÊÞ. ¥ÂÎßÐÇÌ-
ÛÇÇ ÓÂÊÄËÕËÇ ÓÂÃÑÕ Ä àÕÑÌ ÑÃÎÂÔÕË ÒÓËÄÇÎÑ Í ÒÑâÄÎÇÐËá
ÑÚÇÐß ÃÑÎßÛÑÅÑ ÚËÔÎÂ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÆÎâ ÑÒÓÇ-
ÆÇÎÇÐËâ ÐÇÑÓÅÂÐËÚÇÔÍËØ, ÑÓÅÂÐËÚÇÔÍËØ Ë ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄ-
ÐÞØ ÔÑÇÆËÐÇÐËÌ. ¬ÂÍ ÒÓÂÄËÎÑ, ÔÑÄÓÇÏÇÐÐÞÌ àÎÇÍÕÓÑØËÏËÚÇ-
ÔÍËÌ ÔÇÐÔÑÓ 41 ÒÓÇÆÔÕÂÄÎâÇÕ ÔÑÃÑÌ ÖÔÕÓÑÌÔÕÄÑ, ÔÑÆÇÓÉÂÜÇÇ
ÏÇÏÃÓÂÐÖ (ËÐÑÅÆÂ ÅÂÊÑÄÞÌ ÊÂÊÑÓ), ÔÇÎÇÍÕËÄÐÖá ÒÑ ×ËÊËÚÇ-
ÔÍËÏ ØÂÓÂÍÕÇÓËÔÕËÍÂÏ ì ÂÅÓÇÅÂÕÐÑÏÖ ÔÑÔÕÑâÐËá, ÓÂÊÏÇÓÖ
ÚÂÔÕËÙ Ë Õ.Ò. (ÓËÔ. 2). ¥ÂÎÇÇ ËÆÇÕ ÚÖÄÔÕÄËÕÇÎßÐÞÌ ÔÎÑÌ, Ä
ÍÑÕÑÓÑÏ ÒÓÑËÔØÑÆâÕ ØËÏËÚÇÔÍËÇ ËÎË ÃËÑØËÏËÚÇÔÍËÇ ÓÇÂÍ-
ÙËË, ÑÃÇÔÒÇÚËÄÂáÜËÇ ÔÇÎÇÍÕËÄÐÑÔÕß ÑÒÓÇÆÇÎÇÐËâ. ±ÑÔÎÇÆ-
Ðââ ÚÂÔÕß ì ÒÓÇÑÃÓÂÊÑÄÂÕÇÎß (ÒÑÕÇÐÙËÑÔÕÂÕ) ì ÖÔÕÓÑÌÔÕÄÑ,
ÒÓÇÑÃÓÂÊÖáÜÇÇ ÑÕÍÎËÍ ÓÂÔÒÑÊÐÂáÜÇÅÑ àÎÇÏÇÐÕÂ (×ËÊËÚÇ-
ÔÍÑÌ ËÎË ØËÏËÚÇÔÍÑÌ ÒÓËÓÑÆÞ) Ä ËÊÏÇÓâÇÏÞÌ ÔËÅÐÂÎ (ÍÂÍ
ÒÓÂÄËÎÑ, àÎÇÍÕÓËÚÇÔÍËÌ), ÄÇÎËÚËÐÂ ÍÑÕÑÓÑÅÑ ÒÓÑÒÑÓÙËÑ-
ÐÂÎßÐÂ ÍÑÐÙÇÐÕÓÂÙËË ÑÒÓÇÆÇÎâÇÏÑÅÑ ÄÇÜÇÔÕÄÂ ËÎË ÄÇÜÇÔÕÄ.
¹ÂÔÕÑ ÆÑÄÑÎßÐÑ ÔÎÑÉÐÑ ÒÓÑÄÇÔÕË ÚÇÕÍÖá ÅÓÂÐËÙÖ ÏÇÉÆÖ
ÚÖÄÔÕÄËÕÇÎßÐÞÏ ÔÎÑÇÏ Ë ÒÓÇÑÃÓÂÊÑÄÂÕÇÎÇÏ; Ä ÐÇÍÑÕÑÓÞØ
ÔÎÖÚÂâØ ÒÑÔÎÇÆÐËÌ ÏÑÉÇÕ ÄÞÒÑÎÐâÕß ÕÂÍÉÇ ×ÖÐÍÙËá ÚÖÄ-
ÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ.42 °ÃÓÂÊÐÑ ÅÑÄÑÓâ, àÎÇÍÕÓÑØËÏËÚÇÔÍËÌ
ÔÇÐÔÑÓ ÏÑÉÐÑ ÒÓÇÆÔÕÂÄËÕß Ä ÄËÆÇ ÏËÐËÂÕáÓÐÑÅÑ ÂÐÂÎËÕËÚÇ-
ÔÍÑÅÑ ÖÔÕÓÑÌÔÕÄÂ, Ä ÍÑÕÑÓÑÏ ÏÇÏÃÓÂÐÂ ÑÔÖÜÇÔÕÄÎâÇÕ ÔÕÂÆËá
ÒÓÑÃÑÑÕÃÑÓÂ, ÚÖÄÔÕÄËÕÇÎßÐÞÌ ÔÎÑÌ ÑÃÇÔÒÇÚËÄÂÇÕ ÔËÅÐÂÎÑ-
ÑÃÓÂÊÖáÜËÌ ÒÓÑÙÇÔÔ, Â ÒÓÇÑÃÓÂÊÑÄÂÕÇÎß ËÅÓÂÇÕ ÓÑÎß ËÐÔÕÓÖ-
ÏÇÐÕÂ ÒÑÎÖÚÇÐËâ ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ.

£ ÍÂÚÇÔÕÄÇ ËÐÔÕÓÖÏÇÐÕÂÎßÐÞØ ÏÇÕÑÆÑÄ Ä àÎÇÍÕÓÑØËÏËÚÇ-
ÔÍËØ ÔÇÐÔÑÓÂØ ËÔÒÑÎßÊÖáÕ ÒÑÕÇÐÙËÑÏÇÕÓËá, ÂÏÒÇÓÑÏÇÕÓËá
(¡®), ÙËÍÎËÚÇÔÍÖá ÄÑÎßÕÂÏÒÇÓÑÏÇÕÓËá (¸£¡), ÔÒÇÍÕÓÑÔÍÑ-
ÒËá àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ËÏÒÇÆÂÐÔÂ, ÍÖÎÑÐÑÏÇÕÓËá Ë ÍÑÐ-
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²ËÔ. 1. ±ÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÑÃÓÂÃÑÕÍË ÒÑÆÎÑÉÍË ÓÇÂÅÇÐÕÂÏË ÒÓË ±·³.
1, 2ì ÓÂÔÕÄÑÓÞ ÔÑÎÇÌ, ÍÑÕÑÓÞÇ ÒÓË ÄÊÂËÏÑÆÇÌÔÕÄËË ÐÂ ÒÑÄÇÓØÐÑÔÕË ÒÑÆÎÑÉÍË ÆÂáÕ ÔÎÑÌ ÕÓÖÆÐÑÓÂÔÕÄÑÓËÏÑÅÑ ÔÑÇÆËÐÇÐËâ.
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ÆÖÍÕÑÏÇÕÓËá. ¯ÂËÃÑÎÇÇ ÓÂÔÒÓÑÔÕÓÂÐÇÐÞ ÂÏÒÇÓÑÏÇÕÓËÚÇ-
ÔÍËÇ ÔÇÐÔÑÓÞ.

³ ÖÚÇÕÑÏ ÕËÒÂ ÓÇÂÍÙËË, ÒÓÑÕÇÍÂáÜÇÌ Ä ÚÖÄÔÕÄËÕÇÎßÐÑÏ
ÔÎÑÇ, ÔÇÐÔÑÓÞ ÒÑÆÓÂÊÆÇÎâáÕ ÐÂ ØËÏËÚÇÔÍËÇ (ÆÎâ ÆÑÔÕËÉÇÐËâ
ÔÇÎÇÍÕËÄÐÑÔÕË ÑÒÓÇÆÇÎÇÐËâ ËÔÒÑÎßÊÖáÕ ØËÏËÚÇÔÍËÇ ÓÇÂÍÙËË)
Ë ÃËÑÎÑÅËÚÇÔÍËÇ (ËÔÒÑÎßÊÖáÕ ×ÇÓÏÇÐÕÂÕËÄÐÞÇ ÓÇÂÍÙËË ËÎË
ÃËÑÔÇÎÇÍÕÑÓÞ).

°ÃÞÚÐÑ ÄÞÆÇÎâáÕ ÕÓË ÒÑÍÑÎÇÐËâ ÃËÑÔÇÐÔÑÓÑÄ.4 ±ÇÓÄÑÇ
ÒÑÍÑÎÇÐËÇ ÃÂÊËÓÖÇÕÔâ ÐÂ ÑÒÓÇÆÇÎÇÐËË ÍËÔÎÑÓÑÆÂ, ÑÃÓÂÊÖá-
ÜÇÅÑÔâ (ËÎË ÒÑÕÓÇÃÎâÇÏÑÅÑ) Ä ÓÇÊÖÎßÕÂÕÇ ×ÇÓÏÇÐÕÂÕËÄÐÑÌ
ÓÇÂÍÙËË. £ÕÑÓÑÇ ÒÑÍÑÎÇÐËÇ ÔÑÆÇÓÉËÕ ÏÇÆËÂÕÑÓÞ àÎÇÍÕÓÑÐ-
ÐÑÅÑ ÒÇÓÇÐÑÔÂ, ÍÑÕÑÓÞÇ ÒÑÊÄÑÎâáÕ ÔÐËÊËÕß àÐÇÓÅËá ÂÍÕËÄÂ-
ÙËË ÒÇÓÇÐÑÔÂ àÎÇÍÕÓÑÐÂ ÑÕ ×ÇÓÏÇÐÕÂ Í àÎÇÍÕÓÑÆÖ. ´ÓÇÕßÇ
ÒÑÍÑÎÇÐËÇ ÑÔÐÑÄÂÐÑ ÐÂ ÒÓâÏÑÏ ÒÇÓÇÐÑÔÇ àÎÇÍÕÓÑÐÂ Ô àÎÇÍÕ-
ÓÑÆÂ ÐÂ ÂÍÕËÄÐÞÌÙÇÐÕÓ×ÇÓÏÇÐÕÂ ËÎË ÐÂÑÃÑÓÑÕ. £ ÐÂÔÕÑâÜÇÇ
ÄÓÇÏâ ÓÂÊÄËÄÂÇÕÔâ ÐÑÄÑÇ ÐÂÒÓÂÄÎÇÐËÇ ì ÔÑÊÆÂÐËÇ ÃÇÔ×ÇÓ-
ÏÇÐÕÐÞØ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ.42

°ÔÐÑÄÐÂâ ÒÓÑÃÎÇÏÂ, Ô ÍÑÕÑÓÑÌ ÔÕÂÎÍËÄÂáÕÔâ ËÔÔÎÇÆÑÄÂ-
ÕÇÎË ÒÓË ËÔÒÑÎßÊÑÄÂÐËË ÃËÑÔÇÐÔÑÓÑÄ ÄÕÑÓÑÅÑ Ë ÕÓÇÕßÇÅÑ
ÒÑÍÑÎÇÐËÌ, ì ÔÓÂÄÐËÕÇÎßÐÑ ÐËÊÍÂâ àÎÇÍÕÓÑØËÏËÚÇÔÍÂâ
ÂÍÕËÄÐÑÔÕß ÂÐÂÎËÕÑÄ ÃËÑÎÑÅËÚÇÔÍÑÌ ÒÓËÓÑÆÞ. ¿ÕÑ ÔÄâÊÂÐÑ Ô
ÃÑÎßÛËÏË ÓÂÊÏÇÓÂÏË Ë ÉÇÔÕÍÑÌ ÔÕÓÖÍÕÖÓÑÌ ÃËÑÏÑÎÇÍÖÎ.
ÑÍÂÎßÐÑÇ ËÊÏÇÐÇÐËÇ ÊÂÓâÆÂ ÒÓË ÒÇÓÇÐÑÔÇ àÎÇÍÕÓÑÐÂ Ä
ÕÂÍÑÌ ÏÑÎÇÍÖÎÇ ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÔÕÓÖÍÕÖÓÐÑ-ØËÏËÚÇÔÍËÏË
ÒÓÑÙÇÔÔÂÏË, ÆÎâ ÍÑÕÑÓÞØ ÕÓÇÃÖáÕÔâ ÃÑÎßÛËÇ àÐÇÓÅÇÕËÚÇÔÍËÇ
ÊÂÕÓÂÕÞ, ÚÕÑ, ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ, ÒÓËÄÑÆËÕ Í ÄÞÔÑÍÑÌ àÐÇÓÅËË
ÂÍÕËÄÂÙËË àÎÇÍÕÓÑØËÏËÚÇÔÍÑÌ ÔÕÂÆËË. ªÏÇÐÐÑ ÒÑàÕÑÏÖ
ÄÑÒÓÑÔ àÎÇÍÕÓÑÍÂÕÂÎËÊÂ âÄÎâÇÕÔâ ÑÔÐÑÄÐÞÏ ÒÓË ÓÂÊÓÂÃÑÕÍÇ
ÂÏÒÇÓÑÏÇÕÓËÚÇÍËØ ÃËÑÔÇÐÔÑÓÑÄ.

£ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÐÂËÃÑÎÇÇ ÒÇÓÔÒÇÍÕËÄÐÞÏË àÎÇÍÕÓÑÍÂ-
ÕÂÎËÊÂÕÑÓÂÏË âÄÎâáÕÔâ ÐÂÐÑÔÕÓÖÍÕÖÓËÓÑÄÂÐÐÞÇ ÏÂÕÇ-
ÓËÂÎÞ.10, 43 ë 45 ±ÓËÏÇÐÇÐËÇ ÐÂÐÑÚÂÔÕËÙ Ä àÎÇÍÕÓÑØËÏËÚÇÔÍËØ
ÔÇÐÔÑÓÂØ ì ÃÞÔÕÓÑ ÓÂÊÄËÄÂáÜÂâÔâ ÑÃÎÂÔÕß àÎÇÍÕÓÑÂÐÂÎË-
ÕËÚÇÔÍÑÌ ØËÏËË, Ñ ÚÇÏ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ ÊÐÂÚËÕÇÎßÐÑÇ ÚËÔÎÑ
ÑÃÊÑÓÑÄ,15 ë 21, 46 ÒÑÔÄâÜÇÐÐÞØ àÕÑÌ ÕÇÏÇ. ®ÐÑÅÑÑÃÓÂÊËÇ
ÔÄÑÌÔÕÄ àÎÇÍÕÓÑÆÑÄ ÕÂÍËØ ÔÇÐÔÑÓÑÄ ÆÑÔÕËÅÂÇÕÔâ ÃÎÂÅÑÆÂÓâ
ÓÂÊÐÑÑÃÓÂÊËá ÔÒÑÔÑÃÑÄ ÔËÐÕÇÊÂ ÐÂÐÑÚÂÔÕËÙ ÐÂ ÒÑÄÇÓØÐÑÔÕË

àÎÇÍÕÓÑÆÑÄ. ©Â ÔÚÇÕ àÎÇÍÕÓÑÍÂÕÂÎËÊÂ ÖÆÂÇÕÔâ ÔÖÜÇÔÕÄÇÐÐÑ
ÖÄÇÎËÚËÕß ÂÐÂÎËÕËÚÇÔÍËÌ ÔËÅÐÂÎ ÔÇÐÔÑÓÂ Ë, ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ,
ÒÑÄÞÔËÕß ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÑÒÓÇÆÇÎÇÐËâ ÂÐÂÎËÕÂ. ¯ÂÐÑÚÂÔ-
ÕËÙÞ ÏÇÕÂÎÎÑÄ ÑÔÖÜÇÔÕÄÎâáÕ ÔÎÇÆÖáÜËÇ ÄÂÉÐÞÇ ×ÖÐÍÙËË Ä
àÎÇÍÕÓÑÂÐÂÎËÊÇ: 18, 47

ì ÔÖÜÇÔÕÄÇÐÐÑ ÖÄÇÎËÚËÄÂáÕ ÒÓÑÄÑÆâÜÖá ÒÑÄÇÓØÐÑÔÕß;
ì ÒÓÑâÄÎâáÕ ÍÂÕÂÎËÕËÚÇÔÍËÇ ÔÄÑÌÔÕÄÂ, ÑÃÖÔÎÑÄÎÇÐÐÞÇ

ËØ ÏÂÎÞÏË ÓÂÊÏÇÓÂÏË;
ì ÑÔÖÜÇÔÕÄÎâáÕ ÍÑÐÕÂÍÕ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ Ô ÑÍËÔÎËÕÇÎß-

ÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÏË ÙÇÐÕÓÂÏË ×ÇÓÏÇÐÕÑÄ.
³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ àÎÇÍÕÓÑÍÂÕÂÎËÕËÚÇÔÍËÌ à××ÇÍÕ,

ÄÞÓÂÉÂáÜËÌÔâ Ä ÖÄÇÎËÚÇÐËË ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÒÇÓÇÐÑÔÂ
àÎÇÍÕÓÑÐÂ, ÏÑÉÇÕ ÆÑÔÕËÅÂÕß ÛÇÔÕË ÒÑÓâÆÍÑÄ.10, 48

£ ÒÇÓÄÑÏ ÒÓËÃÎËÉÇÐËË ÏÑÉÐÑ ÔÚËÕÂÕß, ÚÕÑ ÐÂËÃÑÎÇÇ
à××ÇÍÕËÄÐÞÏ ÃÖÆÇÕ ÕÓÂÐÔÆßáÔÇÓ, ÍÑÕÑÓÞÌ ÑÃÇÔÒÇÚËÄÂÇÕ
ÐÂËÃÑÎÇÇ ÒÑÎÐÞÌ ÒÇÓÇØÑÆ àÎÇÍÕÓÑÐÑÄ ÑÕ àÎÇÍÕÓÑØËÏËÚÇÔÍË
ÂÍÕËÄÐÞØ ÙÇÐÕÓÑÄ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ Ô ÏÂÍÔËÏÂÎßÐÑÌ
ÍÂÕÂÎËÕËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕßá Í àÎÇÍÕÓÑÆÖ. ¬ÑÐÙÇÐÕÓÂÙËâ
ÕÂÍËØ ÙÇÐÕÓÑÄ ÆÑÎÉÐÂ ÃÞÕß ÑÒÕËÏÂÎßÐÑÌ Ô ÖÚÇÕÑÏ ÍÑÐÇÚÐÑÌ
ÔÍÑÓÑÔÕË ÆË××ÖÊËË ÍÑÏÒÑÐÇÐÕÑÄ ÂÐÂÎËÊËÓÖÇÏÑÅÑ ÄÇÜÇÔÕÄÂ Í
ÒÑÄÇÓØÐÑÔÕË. ±ÑÔÎÇÆÐÇÇ ÖÔÎÑÄËÇ ÔÕÂÐÑÄËÕÔâ ÒÑÐâÕÐÞÏ ÒÓË
ÓÂÔÔÏÑÕÓÇÐËË ÏÑÆÇÎÇÌ ÆË××ÖÊËÑÐÐÞØ ÒÓÑÙÇÔÔÑÄ, ÒÑÔÕÓÑÇÐ-
ÐÞØ Ä ÓÂÃÑÕÂØ 49 ë 51 ÆÎâ ÐÇÔÍÑÎßÍËØ ÕËÒÑÄ àÎÇÍÕÓÑÆÑÄ, ÄÍÎá-
ÚÂâ ÚÂÔÕËÚÐÑ ÃÎÑÍËÓÑÄÂÐÐÞÇ (ÚÂÔÕß ÒÑÄÇÓØÐÑÔÕË ÍÑÕÑÓÞØ
ÒÑÍÓÞÕÂ ÐÇÒÓÑÄÑÆâÜËÏ ÄÇÜÇÔÕÄÑÏ, ÐÂÒÓËÏÇÓ ÑÍÔËÆÑÏ),
àÎÇÍÕÓÑØËÏËÚÇÔÍË ÅÇÕÇÓÑÅÇÐÐÞÇ (ËÏÇáÜËÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË
ÚÂÔÕËÙÞ Ô ÓÂÊÐÑÌ ÒÓÑÄÑÆËÏÑÔÕßá), Â ÕÂÍÉÇ ÒÑÓËÔÕÞÇ àÎÇÍÕ-
ÓÑÆÞ.52 ë 54 ±ÓËÏÇÓÑÏ ÅÇÕÇÓÑÅÇÐÐÞØ àÎÇÍÕÓÑÆÑÄ ÏÑÅÖÕ ÔÎÖ-
ÉËÕß àÎÇÍÕÓÑÆÞ ËÊ ÔÕÇÍÎÑÖÅÎÇÓÑÆÂ ËÎË In ë Sn-ÑÍÔËÆÂ
(ITO),55, 56 ÐÂ ÒÑÄÇÓØÐÑÔÕË ÍÑÕÑÓÞØ ÐÂØÑÆâÕÔâ ÐÂÐÑÚÂÔÕËÙÞ
ÃÎÂÅÑÓÑÆÐÑÅÑ ÏÇÕÂÎÎÂ,53, 54 Â ÒÓËÏÇÓÑÏ ÒÑÓËÔÕÞØ ì àÎÇÍÕ-
ÓÑÆÞ, ÐÂ ÒÑÄÇÓØÐÑÔÕß ÍÑÕÑÓÞØ ÐÂÐÇÔÇÐ ÔÎÑÌ ÖÅÎÇÓÑÆÐÞØ
ÐÂÐÑÕÓÖÃÑÍ ËÎË ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ.57, 58 °ÚÇÄËÆÐÑ, ÚÕÑ ÄÇÎË-
ÚËÐÂ ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ ÃÖÆÇÕ ÊÂÄËÔÇÕß ÑÕ ÔÕÇÒÇÐË
ÛÇÓÑØÑÄÂÕÑÔÕË ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ.

³ ÖÚÇÕÑÏ ÏÐÑÅÑÑÃÓÂÊËâ ÒÂÓÂÏÇÕÓÑÄ, ÄÎËâáÜËØ ÐÂ ÔÕÇ-
ÒÇÐß à××ÇÍÕËÄÐÑÔÕË àÎÇÍÕÓÑÆÑÄ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑ-
ÓÑÄ, ÔÑÊÆÂÐËÇ ÑÒÕËÏÂÎßÐÑÅÑ àÎÇÍÕÓÑÆÂ ì ÔÎÑÉÐÂâ ÏÐÑÅÑÒÂ-
ÓÂÏÇÕÓËÚÇÔÍÂâ ÊÂÆÂÚÂ Ä ÏÂÕÇÓËÂÎÑÄÇÆÇÐËË ÕÑÐÍÑÒÎÇÐÑÚÐÞØ
ÔÕÓÖÍÕÖÓ. ³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÊÂÚÂÔÕÖá ËÊ-ÊÂ ÏÐÑÅÑ-
ÑÃÓÂÊËâ ×ÂÍÕÑÓÑÄ, ÄÎËâáÜËØ ÐÂ ÂÐÂÎËÕËÚÇÔÍËÌ ÔËÅÐÂÎ, ËØ
ÔÎÑÉÐÑ ÖÚÇÔÕß ÒÓË ÂÐÂÎËÊÇ ÓÂÊÐÞØ ÏÑÆÇÎÇÌ Ä ÄÞÚËÔÎËÕÇÎß-
ÐÑÏ àÍÔÒÇÓËÏÇÐÕÇ Ë ÊÂÓÂÐÇÇ ÒÓÇÆÔÍÂÊÂÕß ÔÄÑÌÔÕÄÂ àÎÇÍÕÓÑÆÂ.
±ÑÒÞÕÍË äÐÂÒÓÂÄÎÇÐÐÑÅÑã ÊÂÆÂÐËâ ÔÄÑÌÔÕÄ àÎÇÍÕÓÑØËÏËÚÇ-
ÔÍÑÅÑ ÔÇÐÔÑÓÂ ÒÖÕÇÏ ÔÑÊÆÂÐËâ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÔÎÑÇÄ ÏÇÕÑ-
ÆÂÏË ×ÑÕÑ- ËÎË àÎÇÍÕÓÑÒÑÎËÏÇÓËÊÂÙËË,59, 60 ÇÐÅÏáÓÂ ë
¢ÎÑÆÉÇÕÕ,61 ËÔÒÂÓÇÐËâ ÍÂÒÇÎß 62 ë 66 Ë ÆÓÖÅËØ, ÐÇ ÒÓËÄÇÎË Í
ÖÔÒÇØÖ, ÒÑÔÍÑÎßÍÖ ÐÇ ÒÑÊÄÑÎâáÕ ÐÂ ÕÓÇÃÖÇÏÑÏ ÖÓÑÄÐÇ
ÍÑÐÕÓÑÎËÓÑÄÂÕß ÔÑÔÕÂÄ Ë ÏÑÓ×ÑÎÑÅËá ÕÂÍËØ ÔÎÑÇÄ. £ àÕÑÏ
ÑÕÐÑÛÇÐËË ÑÔÑÃÑÇ ÊÐÂÚÇÐËÇ ÒÓËÑÃÓÇÕÂáÕ ÏÇÕÑÆËÍË ±·³,
ÍÑÕÑÓÞÇ ÆÂáÕ ÄÑÊÏÑÉÐÑÔÕß ÒÓÇÙËÊËÑÐÐÑ ÊÂÆÂÄÂÕß ÕÑÎÜËÐÖ
ÔËÐÕÇÊËÓÖÇÏÑÅÑ ÔÎÑâ Ë ÒÑÎÖÚÂÕß ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ
ÄÔÇ ÐÇÑÃØÑÆËÏÞÇ ÍÑÏÒÑÐÇÐÕÞ, Õ.Ç. ÔËÐÕÇÊËÓÑÄÂÕß ÏÖÎßÕË-
ÔÎÑÌ, ÔÑÆÇÓÉÂÜËÌ, ÐÂÒÓËÏÇÓ, ×ÇÓÏÇÐÕÞ ËÎË ÃËÑÔÇÎÇÍÕÑÓÞ,
ÏÇÆËÂÕÑÓÞ àÎÇÍÕÓÑÐÐÑÅÑ ÒÇÓÇÐÑÔÂ, Â ÕÂÍÉÇ àÎÇÍÕÓÑÍÂÕÂÎË-
ÊÂÕÑÓÞ, ÑÃÇÔÒÇÚËÄÂáÜËÇ ÔÓÂÄÐËÕÇÎßÐÑ ÃÞÔÕÓÞÌ ÒÇÓÇÐÑÔ
àÎÇÍÕÓÑÐÂ ÑÕ ÂÐÂÎËÕÂ ÎËÃÑ ÏÇÆËÂÕÑÓÂ ÐÂ àÎÇÍÕÓÑÆ Ë(ËÎË)
ÏÇÏÃÓÂÐÖ.

¯ÇÑÃØÑÆËÏÑ ÔÒÇÙËÂÎßÐÑ ÒÑÆÚÇÓÍÐÖÕß, ÚÕÑ ÒÓËÏÇÐÇÐËÇ
ÏÇÕÑÆÂ ±·³ ÄÒÇÓÄÞÇ ÑÕÍÓÞÄÂÇÕ ÄÑÊÏÑÉÐÑÔÕß ÒÓÇÙËÊËÑÐÐÑ
ÊÂÆÂÄÂÕß ÕÑÎÜËÐÖ ÍÂÉÆÑÅÑ ËÊ ÔÎÑÇÄ Ä ÏÖÎßÕËÔÎÑÇ Ë ÆÂÎÇÇ
ËÊÖÚÂÕß àÎÇÍÕÓÑØËÏËÚÇÔÍËÌ ÑÕÍÎËÍ ÔÇÐÔÑÓÂ. ´ÂÍËÏ ÑÃÓÂÊÑÏ,
ÔÓÇÆË ÔÇÓËË ÑÆÐÑÕËÒÐÞØ àÎÇÍÕÓÑÆÑÄ ÏÑÉÐÑ ÄÞÃËÓÂÕß ÐÂËÃÑ-
ÎÇÇ à××ÇÍÕËÄÐÞÇ Ô ÕÑÚÍË ÊÓÇÐËâ, ÐÂÒÓËÏÇÓ, ÚÖÄÔÕÄËÕÇÎß-
ÐÑÔÕË. £ ÚÂÔÕÐÑÔÕË, Ä ÓÂÃÑÕÇ 67 ÐÂ àÎÇÍÕÓÑÆ ÃÞÎË ÐÂÐÇÔÇÐÞ

±ÑÕÇÐÙËÑÔÕÂÕ

±¬

±ÓÑÕËÄÑàÎÇÍÕÓÑÆ

±ÑÆÎÑÉÍÂ-àÎÇÍÕÓÑÆ

²ÂÃÑÚËÌ àÎÇÍÕÓÑÆ

±ÑÎËÏÇÓÐÂâ ÏÇÏÃÓÂÐÂ

±ÓÑÄÑÆâÜËÌ ÒÑÎËÏÇÓ

¿ÎÇÍÕÓÑÎËÕ

¿ÎÇÍÕÓÑÆ ÔÓÂÄÐÇÐËâ

¹ÖÄÔÕÄËÕÇÎßÐÞÌ
ÔÎÑÌ

×ÇÓÏÇÐÕ
ÏÇÆËÂÕÑÓ

±ÇÓÔÑÐÂÎßÐÞÌ
ÍÑÏÒßáÕÇÓ

²ËÔ. 2. µÔÕÓÑÌÔÕÄÑ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÌ âÚÇÌÍË Ë ÒÓËÏÇÓ ÒÑÔÎÇ-
ÆÑÄÂÕÇÎßÐÑÔÕË ÓÂÔÒÑÎÑÉÇÐËâ ÔÎÑÇÄ Ä ÏÖÎßÕËÔÎÑÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË
àÎÇÍÕÓÑÆÂ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ÔÇÐÔÑÓÂ.
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ÔÎÑË ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ ì ØÎÑÓËÆÂ ÒÑÎËÆËÂÎÎËÎÆËÏÇÕËÎ-
ÂÏÏÑÐËâ (±¥¥¡) Ë ÒÑÎËÔÕËÓÑÎÔÖÎß×ÑÐÂÕÂ (±³³), ì
Â ÕÂÍÉÇ ÅÎáÍÑÊÑÍÔËÆÂÊÞ. £ àÍÔÒÇÓËÏÇÐÕÂØ ÔÎÑË, ÔËÐÕÇÊËÓÑ-
ÄÂÐÐÞÇ Ä ÓÇÊÖÎßÕÂÕÇ ÕÓÇØ ÙËÍÎÑÄ ±·³, ÒÑÍÂÊÂÎË ÐÂËÃÑÎß-
ÛÖá ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß Ë ÏÂÍÔËÏÂÎßÐÞÌ ÎËÐÇÌÐÞÌ ÆËÂÒÂÊÑÐ
(ÓËÔ. 3). ±Ñ-ÄËÆËÏÑÏÖ, ÒÑÔÎÇ ÒÓÑÄÇÆÇÐËâ ÑÕÏÇÚÇÐÐÑÅÑ ÚËÔÎÂ
ÙËÍÎÑÄ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÑÃÓÂÊÖÇÕÔâ ÚÖÄÔÕÄËÕÇÎßÐÞÌ ÔÎÑÌ Ô
ÏÂÍÔËÏÂÎßÐÑÌ ÍÑÐÙÇÐÕÓÂÙËÇÌ àÎÇÍÕÓÑÂÍÕËÄÐÑÅÑ ÄÇÜÇÔÕÄÂ Ë
ÏËÐËÏÂÎßÐÞÏ àÎÇÍÕÓËÚÇÔÍËÏ ÔÑÒÓÑÕËÄÎÇÐËÇÏ. µØÖÆÛÇÐËÇ
ØÂÓÂÍÕÇÓËÔÕËÍ ÔÇÐÔÑÓÂ Ô àÎÇÍÕÓÑÆÂÏË, ÔËÐÕÇÊËÓÑÄÂÐÐÞÏË
ÒÑÔÎÇ ÚÇÕÞÓÇØ Ë ÒâÕË ÙËÍÎÑÄ, ÄÇÓÑâÕÐÑ, ÔÎÇÆÖÇÕ ÔÄâÊÂÕß Ô
ÄÑÊÓÂÔÕÂÐËÇÏ ÆË××ÖÊËÑÐÐÞØ ÑÅÓÂÐËÚÇÐËÌ Ä ÔÎÑÇ ÐÂËÃÑÎß-
ÛÇÌ ÕÑÎÜËÐÞ Ë ÖÄÇÎËÚÇÐËÇÏ ÇÅÑ ÔÑÒÓÑÕËÄÎÇÐËâ.

´ÂÍËÏ ÑÃÓÂÊÑÏ, Ä ÒÑÔÎÇÆÐÇÇ ÄÓÇÏâ Ä ÏÂÕÇÓËÂÎÑÄÇÆÇÐËË
Ô×ÑÓÏËÓÑÄÂÎÔâ ÐÑÄÞÌ ÏÐÑÅÑÑÃÇÜÂáÜËÌ ÒÑÆØÑÆ Í ÔÑÊÆÂÐËá
àÎÇÍÕÓÑÆÑÄ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ, ÑÔÐÑÄÂÐÐÞÌ ÐÂ ÔËÐ-
ÕÇÊÇ ÏÖÎßÕËÔÎÑÇÄ, ÂÐÂÎËÊÇ ËØ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÄÑÌÔÕÄ Ë
ÄÞÃÑÓÇ ÑÒÕËÏÂÎßÐÞØ Ä ÓâÆÖ ÑÆÐÑÕËÒÐÞØ àÎÇÍÕÓÑÆÑÄ, ÓÂÊÎË-
ÚÂáÜËØÔâ ÚËÔÎÑÏ ÙËÍÎÑÄ ±·³.

IV. °ÔÑÃÇÐÐÑÔÕË ÏÇÕÑÆÂ ÒÑÔÎÑÌÐÑÌ ØËÏËÚÇÔÍÑÌ
ÔÃÑÓÍË, ÄÂÉÐÞÇ ÒÓË ÔËÐÕÇÊÇ ÏÖÎßÕËÔÎÑÇÄ ÐÂ
ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ
ÔÇÐÔÑÓÑÄ

£ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÄÑÊÏÑÉÐÑÔÕË ÏÇÕÑÆËÍ ËÑÐÐÑÅÑ, ËÑÐÐÑ-
ÍÑÎÎÑËÆÐÑÅÑ Ë ÍÑÎÎÑËÆÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ ØÑÓÑÛÑ ËÊÄÇÔÕÐÞ.
°ÕÏÇÕËÏ ÕÇ ËÊ ÐËØ, ÍÑÕÑÓÞÇ ÏÑÅÖÕ ÃÞÕß ÓÇÂÎËÊÑÄÂÐÞ ÒÓË
×ÑÓÏËÓÑÄÂÐËË ÏÖÎßÕËÔÎÑÇÄ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ
àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ. ±ÓÇÉÆÇ ÄÔÇÅÑ ÓÂÔÔÏÑÕÓËÏ ÄÑÊ-
ÏÑÉÐÑÔÕß ÔËÐÕÇÊÂ ÔÎÑÇÄ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ ÔÎÑÉÐÑÌ
×ÑÓÏÞ, ÄÍÎáÚÂâ ÏËÍÓÑàÎÇÍÕÓÑÆÞ Ë àÎÇÍÕÓÑÆÞ Ô ÐÇÒÑÎËÓÑ-
ÄÂÐÐÑÌÛÇÓÑØÑÄÂÕÑÌ ÒÑÄÇÓØÐÑÔÕßá. ¿ÕÂ ÑÔÑÃÇÐÐÑÔÕß ÏÇÕÑÆÂ
±·³ ÑÃÖÔÎÑÄÎÇÐÂ ÕÇÏ, ÚÕÑ ÐÂ ÍÂÉÆÑÏ ÙËÍÎÇ ÑÃÓÂÃÑÕÍË
ÓÇÂÅÇÐÕÂÏË ÓÇÂÍÙËË ÑÃÓÂÊÑÄÂÐËâ ÔÎÑâ ÒÓÑÕÇÍÂáÕ Ä ÔÎÑÇ
ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÐÂ ÒÑÄÇÓØÐÑÔÕß ÒÑÆÎÑÉÍË ËÑÐÑÄ ËÎË ÍÑÎ-
ÎÑËÆÐÞØ ÚÂÔÕËÙ, ÓÂÄÐÑÏÇÓÐÑ ÇÇ ÒÑÍÓÞÄÂáÜËØ. £ÞÃÑÓ ÍÑÏ-
ÒÑÐÇÐÕÑÄ ÆÎâ ±·³ ÒÑÊÄÑÎâÇÕ ×ÑÓÏËÓÑÄÂÕß ÐÂ ÒÑÄÇÓØÐÑÔÕË
àÎÇÍÕÓÑÆÂ ÔÎÑË ÓÂÊÐÑÅÑ ÔÑÔÕÂÄÂ Ë ÔÑÊÆÂÄÂÕß ÔÇÐÔÑÓÞ ÒÓÂÍÕË-
ÚÇÔÍË ÐÂ ÄÔÇ ÍÎÂÔÔÞ ÔÑÇÆËÐÇÐËÌ ì ÐÇÑÓÅÂÐËÚÇÔÍËÇ,68 ë 113

ÑÓÅÂÐËÚÇÔÍËÇ,114 ë 128 ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞÇ ÔÑÇÆËÐÇÐËâ Ë
ÅÎáÍÑÊÖ.129 ë 217 ¥ÂÐÐÞÏ ÏÇÕÑÆÑÏ ÏÑÉÐÑ ÔËÐÕÇÊËÓÑÄÂÕß
ÔÎÑË, ÔÑÆÇÓÉÂÜËÇ ÄÔÇ ÐÇÑÃØÑÆËÏÞÇ ÍÑÏÒÑÐÇÐÕÞ, ÄÍÎáÚÂâ

ÏÇÆËÂÕÑÓÞ, ×ÇÓÏÇÐÕÞ Ë ÆÓÖÅËÇ ÄÇÜÇÔÕÄÂ, ÑÕÄÇÕÔÕÄÇÐÐÞÇ ÊÂ
×ÑÓÏËÓÑÄÂÐËÇ ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ.

±ÑÎÖÚÇÐÐÞÇ Ô ÒÓËÏÇÐÇÐËÇÏ ÏÇÕÑÆÂ ±·³ ÔÇÐÔÑÓÞ
ÖÔÎÑÄÐÑ ÏÑÉÐÑ ÓÂÊÆÇÎËÕß ÐÂ ×ÇÓÏÇÐÕÐÞÇ Ë ÃÇÔ×ÇÓÏÇÐÕÐÞÇ.
£ ÔÎÖÚÂÇ ÃÇÔ×ÇÓÏÇÐÕÐÞØ ÔÇÐÔÑÓÑÄ ÂÐÂÎËÕËÚÇÔÍËÌ ÔËÅÐÂÎ
ÒÑÎÖÚÂÇÕÔâ ÃÎÂÅÑÆÂÓâ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË ÂÐÂÎË-
ÕÑÄ. ±ÑÄÞÛÇÐËÇ ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË ÆÑÔÕËÅÂÇÕÔâ ÊÂ ÔÚÇÕ
ËÔÒÑÎßÊÑÄÂÐËâ ÏÇÆËÂÕÑÓÑÄ, ËÏÏÑÃËÎËÊÑÄÂÐÐÞØ ÐÂ ÒÑÄÇÓØ-
ÐÑÔÕË àÎÇÍÕÓÑÆÂ,78, 80, 81, 85, 87, 96, 99 ë 101, 114, 157, 161, 163 ë 165, 171, 174

ËÎË ÍÂÕÂÎËÊÂ ÒÑÄÇÓØÐÑÔÕÐÞÏË ÐÂÐÑÔÕÓÖÍÕÖÓËÓÑÄÂÐÐÞÏË
ÏÂÕÇÓËÂÎÂÏË, ÔÓÇÆË ÍÑÕÑÓÞØ ÔÎÇÆÖÇÕ ÄÞÆÇÎËÕß ÑÆÐÑ- Ë ÏÐÑ-
ÅÑÔÕÇÐÐÞÇ ÖÅÎÇÓÑÆÐÞÇ ÐÂÐÑÕÓÖÃÍË 70, 82, 100, 105, 108, 115, 117

(ÔÏ. ÕÂÍÉÇ 138, 144, 147, 148, 150, 155, 162, 167, 169, 170, 173ë179, 186, 197ë207, 217),
ÅÓÂ×ÇÐ,69, 74, 126,171 ÐÂÐÑÚÂÔÕËÙÞ ÒÎÂÕËÐÞ,135, 166, 177, 178

ÊÑÎÑÕÂ 75, 80, 97, 99 ë 101, 105, 109, 110, 129 ë 132, 138, 143, 145, 149, 171, 185 (ÔÏ.
ÕÂÍÉÇ 189 ë 193, 214), ÔÖÎß×ËÆÂ ÍÂÆÏËâ,84, 165, 194 ÑÍÔËÆÑÄ ÏÇÕÂÎ-
ÎÑÄ.133, 155, 161

³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÒÓË ÔÑÊÆÂÐËË ×ÇÓÏÇÐÕÐÞØ ÔÇÐÔÑ-
ÓÑÄ ±·³ ÏÑÉÐÑ ÄÞÒÑÎÐâÕß Ä ÏâÅÍËØ ÖÔÎÑÄËâØ, ÍÂÍ ÒÓÂÄËÎÑ,
ÒÓË ÍÑÏÐÂÕÐÑÌ ÕÇÏÒÇÓÂÕÖÓÇ. ¿ÕÑ ËÏÇÇÕ ÃÑÎßÛÑÇ ÊÐÂÚÇÐËÇ
ÒÓËÏÑÆË×ËÙËÓÑÄÂÐËË àÎÇÍÕÓÑÆÑÄ ÃËÑÔÇÐÔÑÓÑÄ, ÔÑÆÇÓÉÂÜËØ
×ÇÓÏÇÐÕÞ Ë ÃÇÎÍË: ÒÓÇÆÑÕÄÓÂÜÂÇÕÔâ ÆÇÐÂÕÖÓÂÙËâ ÏÑÎÇÍÖÎ Ë
ÔÑØÓÂÐâÇÕÔâ ËØ ÂÍÕËÄÐÑÔÕß ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ.
£ ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÕÂÍÑÌ ÒÑÆØÑÆ ÛËÓÑÍÑ ÒÓËÏÇÐâáÕ ÒÓË
ÔÑÊÆÂÐËË ÃËÑÔÇÐÔÑÓÑÄ ÐÂ ÅÎáÍÑÊÖ,188 ë 190, 192 ë 198, 208 ë 217

ØÑÎËÐ,139, 140 ÒËÓÑÍÂÕÇØËÐ,125, 147 ×ÇÐÑÎ,119, 128 ÂÏÏËÂÍ 73 Ë ÆÓ.
±ÓÇÆÎÑÉÇÐÑ ËÔÒÑÎßÊÑÄÂÕß ÊÐÂÚËÕÇÎßÐÑÇ ÚËÔÎÑ ×ÇÓÏÇÐÕÑÄ,
ÍÑÕÑÓÞÇ ÏÑÅÖÕ ÃÞÕß ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ÄÍÎáÚÇÐÞ Ä ÏÖÎßÕË-
ÔÎÑÌ Ä ÖÔÎÑÄËâØ ±·³. ¬ ÐËÏ ÑÕÐÑÔâÕÔâ ÅÎáÍÑÊÑÍÔË-
ÆÂÊÂ,125, 126, 181, 188 ë 190, 192 ë 198, 208 ë 217 ÒÇÓÑÍÔËÆÂÊÂ ØÓÇÐÂ,125

×ËÕÂÊÂ,119 ÕËÓÑÊËÐÂÊÂ,128 ØÑÎËÐÑÍÔËÆÂÊÂ.139, 140 ¬ÓÑÏÇ ÕÑÅÑ,
Ä ÔÑÔÕÂÄ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ ÏÇÕÑÆÑÏ ±·³ ÄÄÑÆâÕ ÃÇÎÍË Ë
ÅÇÏËÐÞ,92 ë 95, 103, 104 ÂÐÕËÅÇÐÞ, 142, 144 ë 149, 155, 184, 185 ÂÒÕÂ-
ÏÇÓÞ 173 Ë ÆÓÖÅËÇ ÕÓÂÆËÙËÑÐÐÞÇ ÍÑÏÒÑÐÇÐÕÞ ÃËÑÔÇÐÔÑÓÑÄ.

³ ÖÚÇÕÑÏ ÏÑÓ×ÑÎÑÅËË ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ ÓÂÊÎËÚÂáÕ
ÆÄÂ ÄÂÓËÂÐÕÂ. £ ÒÇÓÄÑÏ ×ÇÓÏÇÐÕ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ËÏÏÑÃË-
ÎËÊÑÄÂÐ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ (ÒÓËÏÇÓÞ ÒÓËÄÇÆÇÐÞ
ÄÞÛÇ), Â ÄÑ ÄÕÑÓÑÏ ì ÐÂ ÒÑÄÇÓØÐÑÔÕË ÐÂÐÑÚÂÔÕËÙ ÏÇÕÂÎÎÑÄ
ËÎË ÑÍÔËÆÑÄ, ÐÂÐÇÔÇÐÐÞØ ÐÂ àÎÇÍÕÓÑÆ. £ ÒÑÔÎÇÆÐÇÏ ÔÎÖÚÂÇ
ÆÑÔÕËÅÂÇÕÔâ ÃÑ'ÎßÛÂâ ÖÆÇÎßÐÂâ ÒÑÄÇÓØÐÑÔÕß ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ
ÔÎÑâ Ë, ÄÑÊÏÑÉÐÑ, ÐÂÃÎáÆÂÇÕÔâ à××ÇÍÕ àÎÇÍÕÓÑÍÂÕÂ-
ÎËÊÂ.81, 205 ªÏÏÑÃËÎËÊÂÙËâ ×ÇÓÏÇÐÕÑÄ ÑÔÖÜÇÔÕÄÎâÇÕÔâ
ÄÔÎÇÆÔÕÄËÇ ËØ ÂÆÔÑÓÃÙËË ÐÂ ÒÑÄÇÓØÐÑÔÕË ÐÂÐÑÚÂÔÕËÙ,
ÍÑÐÕÂÍÕËÓÖáÜËØ Ô àÎÇÍÕÓÑÆÑÏ,71, 102, 170, 178, 192, 201, 202 ËÎË ÐÂ
ÔÎÑË ÒÑÎËàÎÇÍÕÓÑÎËÕÂ, ÒÓÇÆÄÂÓËÕÇÎßÐÑ ÐÂÐÇÔÇÐÐÞÇ ÐÂ ÐÂÐÑ-
ÚÂÔÕËÙÞ ÏÇÕÑÆÑÏ ±·³ 73, 90, 93, 95, 107, 119, 121, 125, 139, 140, 152, 159

(ÔÏ. ÕÂÍÉÇ 168, 180, 182, 183, 201, 208, 210 ë 213, 216).
±ÓË ËÏÏÑÃËÎËÊÂÙËË ÐÂ àÎÇÍÕÓÑÆÇ ÉÇÎÂÕÇÎßÐÑ, ÚÕÑÃÞ

×ÇÓÏÇÐÕ ÐÂØÑÆËÎÔâ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÒÓÑÄÑÆâÜÇÅÑ
ÄÇÜÇÔÕÄÂ Ë ÍÑÐÕÂÍÕËÓÑÄÂÎ Ô ÏÇÆËÂÕÑÓÑÏ, ÑÃÇÔÒÇÚËÄÂáÜËÏ
à××ÇÍÕËÄÐÞÌ ÒÇÓÇÐÑÔ àÎÇÍÕÓÑÐÑÄ ÐÂ àÎÇÍÕÓÑÆ. ³ÇÎÇÍÕËÄ-
ÐÑÔÕß ÕÂÍÑÅÑ ÔÇÐÔÑÓÂ ÓÇÊÍÑ ÒÑÄÞÛÂÇÕÔâ, ÇÔÎË Ô ÄÐÇÛÐÇÌ ÒÑ
ÑÕÐÑÛÇÐËá Í àÎÇÍÕÓÑÆÖ ÔÕÑÓÑÐÞ ÐÂØÑÆËÕÔâ ÔÒÇÙËÂÎßÐÂâ
ÒÑÎÖÒÓÑÐËÙÂÇÏÂâ ÏÇÏÃÓÂÐÂ, ÊÂÜËÜÂáÜÂâ ×ÇÓÏÇÐÕ ÑÕ ÄÑÊ-
ÆÇÌÔÕÄËâ ÐÇÉÇÎÂÕÇÎßÐÞØ ÍÑÏÒÑÐÇÐÕÑÄ ÂÐÂÎËÊËÓÖÇÏÑÅÑ ÓÂÔ-
ÕÄÑÓÂ. ¥Îâ ÔÇÐÔÑÓÂ ÐÂ ÅÎáÍÑÊÖ Ô ×ÇÓÏÇÐÕÑÏ ÅÎáÍÑÊÑÍÔËÆÂ-
ÊÑÌ ÕÂÍËÏË ÍÑÏÒÑÐÇÐÕÂÏË âÄÎâáÕÔâ ÂÔÍÑÓÃËÐÑÄÂâ Ë ÏÑÚÇÄÂâ
ÍËÔÎÑÕÞ, Â ÕÂÍÉÇ ÂÙÇÕÂÏËÐÑ×ÇÐ. ®ÇÏÃÓÂÐÂ ÐÇ ÆÑÎÉÐÂ ÆÑ-
ÒÖÔÍÂÕß ËØ ÄÊÂËÏÑÆÇÌÔÕÄËâ Ô ×ÇÓÏÇÐÕÑÏ, ÐÑ ÆÑÎÉÐÂ ÒÓÑÒÖ-
ÔÍÂÕß ÏÑÎÇÍÖÎÞ ÅÎáÍÑÊÞ, ÍËÔÎÑÓÑÆÂ, ÒÇÓÑÍÔËÆÂ ÄÑÆÑÓÑÆÂ Ë
ÅÎáÍÑÐÑÄÑÌ ÍËÔÎÑÕÞ (ÓËÔ. 4).

²ÂÔÔÏÑÕÓËÏ ÃÑÎÇÇ ÒÑÆÓÑÃÐÑ ÖÔÎÑÄËâ ±·³ àÎÇÍÕÓÑÒÓÑ-
ÄÑÆâÜËØ ÒÑÎËÏÇÓÑÄ Ë ÒÑÎÖÒÓÑÐËÙÂÇÏÞØ ÏÇÏÃÓÂÐ. ´ÂÍÑÌ
ÔËÐÕÇÊ ÄÞÒÑÎÐâáÕ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÓÂÔÕÄÑÓÑÄ ÒÑÎËàÎÇÍÕ-
ÓÑÎËÕÑÄ. ±ÓÑÄÑÆâÜËÇ ÒÑÎËÏÇÓÐÞÇ ÔÎÑË ÏÑÅÖÕ ÃÞÕß ÒÑÎÖ-
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²ËÔ. 3. ªÊÏÇÐÇÐËÇ ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË (1) Ë ÎËÐÇÌÐÑÅÑ ÆËÂÒÂÊÑÐÂ
ÍÑÐÙÇÐÕÓÂÙËË (2) ÑÕ ÚËÔÎÂ ÙËÍÎÑÄ ÑÃÓÂÃÑÕÍË Ä ÒÓÑÙÇÔÔÇ ±·³
àÎÇÍÕÓÑÆÂ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ÔÇÐÔÑÓÂ ÐÂ ÅÎáÍÑÊÖ.67
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ÚÇÐÞ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÓÂÔÕÄÑÓÑÄ ±¥¥¡ Ë ÔÖÎß×ÑÐËÎËÓÑ-
ÄÂÐÐÑÅÑ ÒÑÎËÂÐËÎËÐÂ (³±¡¯), ÒÑÎË(àÕËÎÇÐ-3,4-ÆËÑÍÔËÕËÑ-
×ÇÐÂ) (±¦¥°´) Ë ÒÑÎËàÕËÎÇÐËÏËÐÂ (±¿ª)218 ËÎË ÒÑÎË-
ÂÐËÎËÐÂ (±¡),219 Â ÕÂÍÉÇ ÒÑÎËÃÖÕËÎÇÐÄËÑÎÑÅÇÐÂ (±¢£)
Ë ÒÑÎËÔÕËÓÑÎÔÖÎß×ÑÐÂÕÂ (±³³),220 Â ÒÑÎÖÒÓÑÐËÙÂÇÏÞÇ
ÏÇÏÃÓÂÐÞì Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÓÂÔÕÄÑÓÑÄ ÅÖÏËÐÑÄÞØ ÍËÔÎÑÕ

(HAs) Ë FeCl3, HAs Ë ±¥¥¡, ±³³ Ë±¥¥¡.221 ±ÑÍÂÊÂÐÑ, ÚÕÑ
ÑÒÕËÏËÊËÓÑÄÂÕß ÔÄÑÌÔÕÄÂ ÕÂÍËØ ÏÇÏÃÓÂÐ ÏÑÉÐÑ, ÍÑÐÕÓÑÎË-
ÓÖâ ÚËÔÎÑ ÙËÍÎÑÄ ÒÓË ±·³, Õ.Ç. ËÊÏÇÐââ ÕÑÎÜËÐÖ ÔËÐÕÇÊË-
ÓÖÇÏÞØ ÔÎÑÇÄ.

¥ÓÖÅÂâ ÒÓÑÃÎÇÏÂ, ÍÑÕÑÓÖá ÒÓËØÑÆËÕÔâ ÓÇÛÂÕß ÒÓË
ÔÑÊÆÂÐËË ÄÞÔÑÍÑà××ÇÍÕËÄÐÑÅÑ ÃËÑÔÇÐÔÑÓÂ, ÔÑÆÇÓÉÂÜÇÅÑ
×ÇÓÏÇÐÕ, ÔÄâÊÂÐÂ Ô ÑÒÕËÏËÊÂÙËÇÌ ÒÓÑÙÇÔÔÑÄ ÒÇÓÇØÑÆÂ àÎÇÍÕ-
ÓÑÐÑÄ ÑÕ ÂÍÕËÄÐÑÅÑ ÙÇÐÕÓÂ ×ÇÓÏÇÐÕÂ Í ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕ-
ÓÑÆÂ. °ÐÂ ÄÑÊÐËÍÂÇÕ ËÊ-ÊÂ ÕÑÅÑ, ÚÕÑ ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑ-
ÄËÕÇÎßÐÞÌ ÙÇÐÕÓ ×ÇÓÏÇÐÕÂ ÑÍÓÖÉÇÐ ÒÎÑÕÐÑÌ ÃÇÎÍÑÄÑÌ
ÑÃÑÎÑÚÍÑÌ, ÍÑÕÑÓÂâ ÖÔÎÑÉÐâÇÕ ÒÇÓÇÐÑÔ àÎÇÍÕÓÑÐÑÄ; ÆÎâ
ÑÒÕËÏËÊÂÙËË ÕÂÍËØ ÒÓÑÙÇÔÔÑÄ ËÔÒÑÎßÊÖáÕ ÏÇÆËÂÕÑ-
ÓÞ,81, 107, 140, 169, 182, 195, 197, 206, 210 ÖÚÂÔÕÄÖáÜËÇ Ä ÑÍËÔÎËÕÇÎß-
ÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞØ ÓÇÂÍÙËâØ ÐÂ ÅÓÂÐËÙÇ ÓÂÊÆÇÎÂ ×ÇÓ-
ÏÇÐÕ/àÎÇÍÕÓÑÆ Ë ÔÐËÉÂáÜËÇ ÒÇÓÇÐÂÒÓâÉÇÐËÇ àÎÇÍÕÓÑ-
ØËÏËÚÇÔÍÑÌ ÓÇÂÍÙËË. ¬ ÚËÔÎÖ ÕÂÍËØ ÏÇÆËÂÕÑÓÑÄ ÑÕÐÑÔâÕ
×ÇÓÓÑÙËÂÐËÆÞ ÓÂÊÎËÚÐÞØ ÏÇÕÂÎÎÑÄ,81, 87, 114, 140 ÍÑÏÒÎÇÍÔÞ
ÒÇÓÇØÑÆÐÞØ ÏÇÕÂÎÎÑÄ Ô ÑÓÅÂÐËÚÇÔÍËÏË ÎËÅÂÐ-
ÆÂÏË,83, 85, 149, 157, 201 ÑÓÅÂÐËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ,78, 161, 163, 171

ÃÇÎÍË Ë ÅÇÏËÐÞ.71, 92 ë 95, 101 ë 104, 107 £ÂÉÐÑ, ÚÕÑ ÔÎÑË ÆÂÐÐÞØ
ÔÑÇÆËÐÇÐËÌ ÕÂÍÉÇ ÏÑÅÖÕ ÃÞÕß ÒÑÎÖÚÇÐÞ Ä ÖÔÎÑÄËâØ ±·³.

£ ÒÑÔÎÇÆÐËÇ ÅÑÆÞ ÑÔÑÃÑÇ ÄÐËÏÂÐËÇ ÖÆÇÎâÇÕÔâ àÎÇÍÕÓÑ-
ÍÂÕÂÎËÊÖ ÐÂÐÑÚÂÔÕËÙÂÏË, Ä ÚÂÔÕÐÑÔÕË ÖÅÎÇÓÑÆÂ Ë ÃÎÂÅÑÓÑÆ-
ÐÞØ ÏÇÕÂÎÎÑÄ (Ä ÑÔÐÑÄÐÑÏ ÊÑÎÑÕÂ). £ àÕÑÌ ÔÄâÊË ÃÑÎßÛÑÇ
ÊÐÂÚÇÐËÇ ËÏÇáÕ ÔÒÑÔÑÃÞ ËÏÏÑÃËÎËÊÂÙËË ÕÂÍËØ ÐÂÐÑÚÂÔÕËÙ
ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ. ´ÂÍ, ÆÎâ ÊÂÍÓÇÒÎÇÐËâ ÍÑÎÎÑËÆÐÞØ
ÚÂÔÕËÙ ÊÑÎÑÕÂ 222 ÐÂ ÒÑÄÇÓØÐÑÔÕË ÇÇ ÒÓÇÆÄÂÓËÕÇÎßÐÑ ÑÃÓÂÃÂ-

¶ÇÓÏÇÐÕ (GO)

H2O2

H2O2

O2

O2

GOox

GOred

e

¿
Î
ÇÍ
ÕÓ

Ñ
Æ

³ÎÑÌ ÒÓÑÄÑÆâÜÇÅÑ
ÒÑÎËÏÇÓÂ (ÏÇÆËÂÕÑÓ)

±ÑÎÖÒÓÑÐËÙÂÇÏÂâ
ÒÑÎËÏÇÓÐÂâ ÏÇÏÃÓÂÐÂ

¤ÎáÍÑÊÂ

¤ÎáÍÑÐÑÄÂâ ÍËÔÎÑÕÂ

¡ÔÍÑÓÃËÐÑÄÂâ ËÎË
ÏÑÚÇÄÂâ ÍËÔÎÑÕÞ,
ÂÙÇÕÂÏËÐÑ×ÇÐ

²ËÔ. 4. ³ØÇÏÂ ÓÂÊÎËÚÐÞØ ÆË××ÖÊËÑÐÐÞØ, ØËÏËÚÇÔÍËØ Ë àÎÇÍÕÓÑ-
ØËÏËÚÇÔÍËØ ÒÓÑÙÇÔÔÑÄ Ä ÏÖÎßÕËÔÎÑÇ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ
ÔÇÐÔÑÓÂ ÐÂ ÅÎáÍÑÊÖ.
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²ËÔ. 5. £ÑÊÏÑÉÐÞÇ ÏÂÓÛÓÖÕÞ ÔËÐÕÇÊÂ ÐÂÐÑÚÂÔÕËÙ ÊÑÎÑÕÂ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ.
a ì ËÏÏÑÃËÎËÊÂÙËâ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ ÍÑÎÎÑËÆÐÞØ ÚÂÔÕËÙ Au ÊÂ ÔÚÇÕ ÄÊÂËÏÑÆÇÌÔÕÄËâ Ô ÒÓÇÆÄÂÓËÕÇÎßÐÑ ÂÆÔÑÓÃËÓÑÄÂÐÐÞÏ
ÔÎÑÇÏ ÑÓÅÂÐËÚÇÔÍÑÅÑ ËÎË ÏÇÕÂÎÎÑÑÓÅÂÐËÚÇÔÍÑÅÑ ÔÑÇÆËÐÇÐËâ; b ì ËÏÏÑÃËÎËÊÂÙËâ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ Ô ÒÓÇÆÄÂÓËÕÇÎßÐÑ
ÐÂÐÇÔÇÐÐÞÏ ÏÇÕÑÆÑÏ ±·³ ÔÎÑÇÏ ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ; c Ë d ì ÒÑÔÎÇÆÑÄÂÕÇÎßÐÞÇ ÓÇÂÍÙËË ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÂÐËÑÐÑÄ
[AuCl4]7 ÒÑ ÏÇÕÑÆËÍÇ ËÑÐÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ.
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ÕÞÄÂáÕ ÓÂÔÕÄÑÓÑÏ 3-ÂÏËÐÑÒÓÑÒËÎÕÓËÏÇÕÑÍÔËÔËÎÂÐÂ Ë ×ÑÓ-
ÏËÓÖáÕ ×ÖÐÍÙËÑÐÂÎßÐÞÇ ÅÓÖÒÒÞ, ÍÑÕÑÓÞÇ ÒÓÑâÄÎâáÕ ÒÑ
ÑÕÐÑÛÇÐËá Í Au-ÐÂÐÑÚÂÔÕËÙÂÏ ØÇÎÂÕÐÞÌ à××ÇÍÕ (ÓËÔ. 5,a).
©ÂÍÓÇÒËÕß Au-ÐÂÐÑÚÂÔÕËÙÞ ÏÑÉÐÑ Ë ÐÂ ÒÑÄÇÓØÐÑÔÕË ÔÎÑâ
ÒÑÎËàÎÇÍÕÓÑÎËÕÑÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ ÕÂÍÉÇ Ä ÖÔÎÑÄËâØ
±·³ 223 Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÓÂÔÕÄÑÓÑÄ ±¡ Ë ±³³ (ÓËÔ. 5,b).
°ÆÐÂÍÑ ÆÂÐÐÞÇ ÔÑÇÆËÐÇÐËâ ÔÖÜÇÔÕÄÇÐÐÑ ËÊÏÇÐâáÕ ÖÔÎÑÄËâ
ÒÇÓÇÆÂÚË àÎÇÍÕÓÑÐÑÄ ÑÕ ÐÂÐÑÚÂÔÕËÙ Í àÎÇÍÕÓÑÆÖ Ë ÔÐËÉÂáÕ
ØÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ.

±ÓÇÆÎÑÉÇÐ ÒÑÆØÑÆ Í ÔËÐÕÇÊÖ Au-ÐÂÐÑÚÂÔÕËÙ (ÐÂ ÒÓËÏÇÓÇ
ÒÑÄÇÓØÐÑÔÕË ITO-àÎÇÍÕÓÑÆÂ), ÑÔÐÑÄÂÐÐÞÌ ÐÂ ÒÓÑÄÇÆÇÐËË Ä
ÖÔÎÑÄËâØ ËÑÐÐÑÅÑ ÐÂÔÎÂËÄÂÐËâ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÞØ ÏÐÑÅÑ-
ÍÓÂÕÐÞØ ÓÇÂÍÙËÌ ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÂÆÔÑÓÃËÓÑÄÂÐÐÞØ ÂÐËÑÐÑÄ
[AuCl4]7 (ÓËÔ. 5,c Ë d ).224 £ ÔÑÑÕÄÇÕÔÕÄËË Ô àÕËÏ ÒÑÆØÑÆÑÏ, ÐÂ
ÔÕÂÆËË ÑÃÓÂÃÑÕÍË ÒÑÄÇÓØÐÑÔÕË ÓÂÔÕÄÑÓÑÏ HAuCl4 ÒÓÑËÔØÑ-
ÆËÕ ÂÆÔÑÓÃÙËâ ÂÐËÑÐÑÄ ÐÂ ÇÇ ÒÑÎÑÉËÕÇÎßÐÑ ÊÂÓâÉÇÐÐÞØ
ÙÇÐÕÓÂØ, Â ÊÂÕÇÏ ÐÂ ÔÕÂÆËË ÑÃÓÂÃÑÕÍË ÓÂÔÕÄÑÓÑÏ ÄÑÔÔÕÂÐÑ-
ÄËÕÇÎâ (NaBH4 ËÎË N2H4

.H2O) ÑÃÓÂÊÖáÕÔâ ÐÂÐÑÚÂÔÕËÙÞ
Au0. ±ÑÔÎÇÆÖáÜÂâ ÏÐÑÅÑÍÓÂÕÐÂâ ÑÃÓÂÃÑÕÍÂ àÕËÏË ÓÇÂÅÇÐ-
ÕÂÏË Ô ÐÇÒÓÇÏÇÐÐÞÏ ÖÆÂÎÇÐËÇÏ ËØ ËÊÃÞÕÍÂ ÒÖÕÇÏ ÒÓÑÏÞÄÍË
ÄÑÆÑÌ ÄÇÆÇÕ Í ÖÄÇÎËÚÇÐËá ÓÂÊÏÇÓÑÄ ÐÂÐÑÚÂÔÕËÙ, ÍÑÕÑÓÞÇ
ÏÑÉÐÑ ÍÑÐÕÓÑÎËÓÑÄÂÕß, ÄÂÓßËÓÖâ ÚËÔÎÑ ÙËÍÎÑÄ ËÑÐÐÑÅÑ
ÐÂÔÎÂËÄÂÐËâ. ¦ÔÎË Ä ÍÂÚÇÔÕÄÇ ÄÑÔÔÕÂÐÑÄËÕÇÎâ ËÔÒÑÎßÊÑÄÂÕß
ÓÂÔÕÄÑÓ SnF2, ÕÑ ÐÂ ÒÑÄÇÓØÐÑÔÕË ÑÃÓÂÊÖÇÕÔâ ÔÎÑÌ ÐÂÐÑÍÑÏ-
ÒÑÊËÕÂ Au0x . SnO2

. nH2O,225 ë 227 ÒÑÔÍÑÎßÍÖ Ä ÓÇÊÖÎßÕÂÕÇ ÑÍËÔ-
ÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÑÌ ÓÇÂÍÙËË Ä ÔÎÑÇ ÂÆÔÑÓÃËÓÑÄÂÐ-
ÐÞØ ËÑÐÑÄ ÍÂÕËÑÐÞ Au3+ ÒÓÇÄÂÓÂÜÂáÕÔâ Ä Au0, Â Sn2+ Ä
Sn4+ (ÓËÔ. 5,d ). ±ÓÑÄÇÆÇÐÐÞÇ ÂÄÕÑÓÂÏË ËÔÔÎÇÆÑÄÂÐËâ ÒÑÍÂ-
ÊÂÎË, ÚÕÑ ÔËÐÕÇÊËÓÑÄÂÐÐÞÌ ÔÎÑÌ ÒÓÇÆÔÕÂÄÎâÇÕ ÔÑÃÑÌ ÔÑÄÑ-
ÍÖÒÐÑÔÕß ÐÂÐÑÚÂÔÕËÙ Au0 Ë SnO2

. nH2O.
°ÚÇÄËÆÐÑ, ÑÃÓÂÊÖáÜËÇÔâ Ä ØÑÆÇ ÓÇÂÍÙËÌ ÐÂÐÑÚÂÔÕËÙÞ

Au0 (ÔÏ. ÓËÔ. 5,c Ë d ) ÃÖÆÖÕ ÐÂØÑÆËÕßÔâ Ä ÑÏËÚÇÔÍÑÏ ÍÑÐÕÂÍÕÇ
Ô ÏÂÕÇÓËÂÎÑÏ àÎÇÍÕÓÑÆÂ, Ë àÕÑ, ÒÑ ÐÂÛÇÏÖ ÏÐÇÐËá, ÑÒÓÇÆÇ-
ÎâÇÕ à××ÇÍÕËÄÐÑÔÕß ÓÂÃÑÕÞ ÕÂÍÑÅÑ àÎÇÍÕÓÑÆÂ.

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÔÎÑË, ÔËÐÕÇÊËÓÑÄÂÐÐÞÇ ÏÇÕÑÆÑÏ ±·³,
ÍÑÕÑÓÞÇ ÒÓËÏÇÐâáÕ ÒÓË ÔÑÊÆÂÐËË àÎÇÍÕÓÑÆÑÄ àÎÇÍÕÓÑØËÏË-
ÚÇÔÍËØ ÔÇÐÔÑÓÑÄ, ÏÑÅÖÕ ÃÞÕß ÄÍÎáÚÇÐÞ Ä ÔÕÓÖÍÕÖÓÖ ÏÖÎßÕË-
ÔÎÑâ Ô ÊÂÆÂÐÐÞÏ ÓÂÔÒÑÎÑÉÇÐËÇÏ ÇÅÑ ÑÕÆÇÎßÐÞØ ÍÑÏÒÑÐÇÐ-
ÕÑÄ. ³ÎÇÆÖÇÕ ÒÑÆÚÇÓÍÐÖÕß, ÚÕÑ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÏÇÕÑÆÂ
±·³ÄÑÊÏÑÉÐÑ à××ÇÍÕËÄÐÑÇ ÓÇÛÇÐËÇ ÃÑÎßÛËÐÔÕÄÂ ÒÓÑÃÎÇÏ,
ÄÑÊÐËÍÂáÜËØ ÒÓË ÔÑÊÆÂÐËË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ (ÔÏ.
ÓÂÊÆÇÎ II).

¯ËÉÇ ÑÃÔÖÉÆÇÐÞ ÓÂÃÑÕÞ, Ä ÍÑÕÑÓÞØ ÓÂÔÔÏÑÕÓÇÐÞ ÂÐÂÎË-
ÕËÚÇÔÍËÇ ÄÑÊÏÑÉÐÑÔÕË ÔÇÐÔÑÓÑÄ ÐÂ ÐÇÑÓÅÂÐËÚÇÔÍËÇ, ÑÓÅÂÐË-
ÚÇÔÍËÇ, ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞÇ ÂÐÂÎËÕÞ Ë ÅÎáÍÑÊÖ.{

V. ³ÇÐÔÑÓÞ ÐÂ ÐÇÑÓÅÂÐËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ

¥Îâ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ÆÇÕÇÍÕËÓÑÄÂÐËâ ÐÇÑÓÅÂÐËÚÇÔÍËØ
ÏÑÎÇÍÖÎ ÚÂÜÇ ÄÔÇÅÑ ËÔÒÑÎßÊÖáÕ ÚÖÄÔÕÄËÕÇÎßÐÞÇ ÔÎÑË,
ÔÑÔÕÑâÜËÇ ËÊ ÒÑÎËÑÍÔÑÏÇÕÂÎÎÂÕÑÄ,68, 72, 76, 77 ÓÂÊÎËÚÐÞØ
ÂÎÎÑÕÓÑÒÐÞØ ÏÑÆË×ËÍÂÙËÌ ÖÅÎÇÓÑÆÂ 91 ì ÅÓÂ×ÇÐÂ,69, 74

ÐÂÐÑÍÓËÔÕÂÎÎÑÄ ÂÎÏÂÊÂ,104 ÑÆÐÑ- Ë ÏÐÑÅÑÔÕÇÐÐÞØ
ÖÅÎÇÓÑÆÐÞØ ÐÂÐÑÕÓÖÃÑÍ.70, 82, 85, 98, 100, 105, 106, 179, 204 ±ÓËÏÇ-
ÐâáÕ ÕÂÍÉÇ ÐÂÐÑÚÂÔÕËÙÞ ÃÎÂÅÑÓÑÆÐÞØ ÏÇÕÂÎ-
ÎÑÄ,74, 75, 80, 97 ë 101, 105, 106, 109, 110 ÑÍÔËÆÑÄ Ë ÔÖÎß×ËÆÑÄ ÒÇÓÇØÑÆ-
ÐÞØ ÏÇÕÂÎÎÑÄ.71, 84, 86, 88, 103 ´ÂÍËÇ ÐÂÐÑÚÂÔÕËÙÞ ÑÃÎÂÆÂáÕ
ÆÑÔÕÂÕÑÚÐÑ ÓÂÊÄËÕÑÌ ÒÑÄÇÓØÐÑÔÕßá, ÔÕÇÓËÚÇÔÍË ÆÑÔÕÖÒÐÑÌ

ÆÎâ ÒÑÆÄÑÆÂ Í ÐÇÌ ÏÑÎÇÍÖÎ ÐÇÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ.
£ ÍÂÚÇÔÕÄÇ ÒÑÆÎÑÉÇÍ ËÔÒÑÎßÊÖáÕ ÃÎÂÅÑÓÑÆÐÞÇ ÏÇÕÂÎÎÞ
(Au, Pt), ÔÕÇÍÎÂ, ÔÎÑË ITO, Â ÕÂÍÉÇ ÖÅÎÇÓÑÆÔÑÆÇÓÉÂÜËÇ
ÏÂÕÇÓËÂÎÞ.

¥Îâ ÑÒÓÇÆÇÎÇÐËâ ÃÑÎßÛËÐÔÕÄÂ ÐÇÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ
×ÇÓÏÇÐÕÞ Ä ÔÑÔÕÂÄÇ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ, ÍÂÍ ÒÓÂÄËÎÑ, ÐÇ
ÐÖÉÐÞ, ÕÂÍ ÍÂÍ ÔÇÎÇÍÕËÄÐÑÔÕß ÆÑÔÕËÅÂÇÕÔâ ÊÂ ÔÚÇÕ ÄÞÃÑÓÂ
ÒÑÕÇÐÙËÂÎÂ ÆÇÕÇÍÕËÓÑÄÂÐËâ, Ë ÒÑÎÖÚÇÐËÇ ÂÐÂÎËÕËÚÇÔÍÑÅÑ
ÔËÅÐÂÎÂ ÑÃÖÔÎÑÄÎÇÐÑ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕßá ÂÐÂ-
ÎËÕÑÄ. ªÔÍÎáÚÇÐËÇ ÔÑÔÕÂÄÎâáÕ ÔÎÖÚÂË ÑÒÓÇÆÇÎÇÐËâ àÎÇÍÕÓÑ-
ØËÏËÚÇÔÍË ÐÇ ÂÍÕËÄÐÑÅÑ ÂÏÏËÂÍÂ.73, 90 £ ÍÂÚÇÔÕÄÇ àÎÇÍÕÓÑÍÂ-
ÕÂÎËÊÂÕÑÓÑÄ ËÔÒÑÎßÊÖáÕ ÑÓÅÂÐËÚÇÔÍËÇ 78, 83, 85, 89, 100, 101, 107 Ë
ÐÇÑÓÅÂÐËÚÇÔÍËÇ ÏÇÆËÂÕÑÓÞ,81, 82, 87, 96 ÅÇÏËÐÞ 71, 84, 93 ë 95, 103, 104

Ë ÐÂÐÑÔÕÓÖÍÕÖÓÞ.
ªÊ ÆÑÄÑÎßÐÑ ÛËÓÑÍÑÅÑ ÍÓÖÅÂ ÐÇÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇ-

ÐËÌ, ÍÑÕÑÓÞÇ ÑÒÓÇÆÇÎâáÕ ÒÓË ÒÑÏÑÜË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ
ÔÇÐÔÑÓÑÄ Ô ÏÖÎßÕËÔÎÑâÏË, ÔËÐÕÇÊËÓÑÄÂÐÐÞÏËÏÇÕÑÆÑÏ±·³,
ÒÓÇÑÃÎÂÆÂáÕ ØÂÎßÍÑÅÇÐËÆÞ,72 ÒÐËÍÕÑÅÇÐËÆÞ 68 ë 71, 73, 74 Ë
ÅÂÎÑÅÇÐËÆÞ.72, 76 ¢ÑÎßÛÑÌ ËÐÕÇÓÇÔ ÄÞÊÞÄÂáÕ ÄÞÔÑÍÑÚÖÄÔÕÄË-
ÕÇÎßÐÞÇ ÑÒÓÇÆÇÎÇÐËâ ÒÇÓÑÍÔËÆÂ ÄÑÆÑÓÑÆÂ Ë ÍËÔÎÑÓÑÆÂ ì
àÎÇÏÇÐÕÑÄ, ËÅÓÂáÜËØ ÄÂÉÐÖá ÓÑÎß Ä ÒÓËÓÑÆÇ, Â ÕÂÍÉÇ
ÑÒÓÇÆÇÎÇÐËÇ Ó¯ ÓÂÔÕÄÑÓÑÄ.

®ÇÕÑÆÑÏ ÂÏÒÇÓÑÏÇÕÓËË Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ àÎÇÍÕÓÑÆÂ ÐÂ
ÑÔÐÑÄÇ ÏÖÎßÕËÔÎÑÇÄ ÅÓÂ×ÇÐÂ Ë ×ÕÂÎÑÙËÂÐËÐÑÄÑÅÑ ÍÑÏÒÎÇÍÔÂ
ÍÑÃÂÎßÕÂ(II), ÔÄâÊÂÐÐÞØ ÚÇÓÇÊ ±¥¥¡, ÖÆÂÎÑÔß ÆÑÔÕËÚß ÒÓÇ-
ÆÇÎÂ ÑÃÐÂÓÖÉÇÐËâ ÐËÕÓËÕÑÄ, ÓÂÄÐÑÅÑ 8.4 . 1078 ÏÑÎß . Î71

(ÕÂÃÎ. 1). ´ÂÍÑÇ ÐËÊÍÑÇ ÊÐÂÚÇÐËÇ ÒÑÎÖÚÇÐÑ ÊÂ ÔÚÇÕ ËÔÒÑÎßÊÑ-
ÄÂÐËâ ÔÎÑÇÄ ÅÓÂ×ÇÐÂ, ÍÑÕÑÓÞÌ ÖÄÇÎËÚËÄÂÇÕ ÔÍÑÓÑÔÕß ÒÇÓÇÐÑÔÂ
àÎÇÍÕÓÑÐÑÄ ÑÕ ÓÇÂÍÙËÑÐÐÞØ ÙÇÐÕÓÑÄ Í àÎÇÍÕÓÑÆÖ, Ë CoII-ÍÑÏ-
ÒÎÇÍÔÂ ×ÕÂÎÑÙËÂÐËÐÂ, ÄÞÒÑÎÐâáÜÇÅÑ ×ÖÐÍÙËá ÓÇÂÅÇÐÕÂ ÆÎâ
ÑÍËÔÎÇÐËâ ÐËÕÓËÕÑÄ. ±ÓË ÑÒÓÇÆÇÎÇÐËË ÒÇÓÑÍÔËÆÂ ÄÑÆÑÓÑÆÂ
ÏÇÕÑÆÑÏ ÂÏÒÇÓÑÏÇÕÓËË ÐÂ àÎÇÍÕÓÑÆÇ, ÔÑÔÕÑâÜÇÏ ËÊ ÏÖÎßÕË-
ÔÎÑÇÄ ÐÂÐÑÚÂÔÕËÙ MnO2 Ë ØÑÎËÐÑÍÔËÆÂÊÞ, ÔÛËÕÞØ ±¥¥¡ Ë
±¡³, ÆÑÔÕËÅÐÖÕ ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ 2.2 . 1078 ÏÑÎß . Î71,
ÚÕÑ ÔÄâÊÂÐÑ Ô ÄÞÔÑÍÑÌ ÍÂÕÂÎËÕËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕßá ÐÂÐÑ-
ÚÂÔÕËÙ MnO2. ±ÓË ÑÒÓÇÆÇÎÇÐËË ÍËÔÎÑÓÑÆÂ ÏÇÕÑÆÑÏ ÂÏÒÇÓÑ-
ÏÇÕÓËË Ô ÒÓËÏÇÐÇÐËÇÏ àÎÇÍÕÓÑÆÂ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÅÑ
ÏÖÎßÕËÔÎÑâÏË b-ÙËÍÎÑÆÇÍÔÕÓËÐÂ Ë ÐÂÐÑÚÂÔÕËÙÂÏË ÊÑÎÑÕÂ,
ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÔÐËÊËÎÔâ ÆÑ 0.05 ÏÅ . Î71; ÒÑÄÞÔËÎÂÔß
ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß Í ÐËÕÓËÕÂÏ ÆÑ 4 Ð¡ .ÏÍÏÑÎß71 . Î,
ÒÇÓÑÍÔËÆÖ ÄÑÆÑÓÑÆÂ ì ÆÑ 0.62 ¡ .ÏÑÎß71 . Î . ÔÏ72, ÍËÔÎÑ-
ÓÑÆÖ ì ÆÑ 2.065 . 1075 ¡ . Î . ÔÏ72 .ÏÅ71.

±ÓË ËÔÒÑÎßÊÑÄÂÐËË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ, ÒÑÎÖ-
ÚÇÐÐÞØ ÏÇÕÑÆÑÏ ±·³, ÆÑÔÕËÅÂáÕÔâ ÃÑÎÇÇ ÐËÊÍËÇ ÒÓÇÆÇÎÞ
ÑÃÐÂÓÖÉÇÐËâ, ÚÇÏ ÒÓË ÒÓËÏÇÐÇÐËË ÆÓÖÅËØ àÎÇÍÕÓÑØËÏËÚÇ-
ÔÍËØ ÔÇÐÔÑÓÑÄ. ´ÂÍ, ÒÓË ÑÒÓÇÆÇÎÇÐËË ÐËÕÓËÕ-ËÑÐÑÄ ÐÂ àÎÇÍÕ-
ÓÑÆÇ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÏ ÍÑÏÒÎÇÍÔÑÏ ÏÂÓÅÂÐÇÙ ë×ÇÐÂÐÕÓÑ-
ÎËÐ (ÔÄâÊÂÐÐÞÏË ÚÇÓÇÊ ÍËÔÎÑÓÑÆÐÞÇ ÏÑÔÕËÍË), ÍÑÕÑÓÞÌ
ËÏÏÑÃËÎËÊËÓÑÄÂÐ Ä ÏÂÕÓËÙÇ Naéon, ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ
ÔÑÔÕÂÄËÎ 6.5 . 1076 ÏÑÎß . Î71 (ÔÏ.228). ´ÂÍÂâ ÉÇ ÕÇÐÆÇÐÙËâ
ÐÂÃÎáÆÂÇÕÔâ Ë Ä ÔÎÖÚÂÇ ÑÒÓÇÆÇÎÇÐËâ H2O2 ÐÂ àÎÇÍÕÓÑÆÇ,
ÏÑÆË×ËÙËÓÑÄÂÐÐÑÏ ÑÍÔËÆÑÏ ÅÓÂ×ÇÐÂ Ô ËÏÏÑÃËÎËÊËÓÑÄÂÐ-
ÐÞÏË ÍÂÒÇÎßÐÞÏ ÏÇÕÑÆÑÏ ÐÂÐÑÚÂÔÕËÙÂÏË ÔÇÓÇÃÓÂ. £ àÕÑÏ
ÔÎÖÚÂÇ ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÔÑÔÕÂÄËÎ 1.099 . 1076 ÏÑÎß . Î71

(ÔÏ.229).

VI. ³ÇÐÔÑÓÞ ÐÂ ÑÓÅÂÐËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ

±ÓË ÑÒÓÇÆÇÎÇÐËË ÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ ÚÂÜÇ ÄÔÇÅÑ Ä ÔÑÔÕÂÄ
ÔÎÑâ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ ÄÄÑÆâÕ ÐÂÐÑÚÂÔÕËÙÞ ÓÂÊÎËÚ-
ÐÞØ ÂÎÎÑÕÓÑÒÐÞØ ÏÑÆË×ËÍÂÙËÌ ÖÅÎÇÓÑÆÂ, Ä ÚÂÔÕÐÑÔÕË ÖÅÎÇ-
ÓÑÆÐÞÇ ÐÂÐÑÕÓÖÃÍË,70, 115, 117, 126 ËÎË ÐÂÐÑÚÂÔÕËÙÞ ÅËÆÓÑÍÔË-
ÆÑÄ ÒÇÓÇØÑÆÐÞØ 120, 128 Ë ÒÎÂÕËÐÑÄÞØ ÏÇÕÂÎÎÑÄ (Pt,
Pd).118, 123, 124, 126 ¿ÎÇÍÕÓÑÆÑÏ-ÒÑÆÎÑÉÍÑÌ, ÍÂÍ ÒÓÂÄËÎÑ, ÔÎÖ-
ÉÂÕ ÔÕÇÍÎÂ Ô ÒÎÇÐÍÂÏË ITO, Â ÕÂÍÉÇ ÖÅÎÇÓÑÆÐÞÇ ÏÂÕÇÓËÂÎÞ.

{ ³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÑÆÐËÏ ËÊ ÒÓÑÆÖÍÕÑÄ ÃËÑÎÑÅËÚÇÔÍÑÌ
ÓÇÂÍÙËË ÏÑÉÇÕ ÃÞÕß ÍËÔÎÑÓÑÆ ËÎË ÒÇÓÑÍÔËÆ ÄÑÆÑÓÑÆÂ, ÒÑàÕÑÏÖ
ÔÕÂÕßË, Ä ÍÑÕÑÓÞØ ÐÇ ÖÍÂÊÂÐÞ ÃËÑØËÏËÚÇÔÍËÇ ÓÇÂÍÙËË, ÑÕÐÇÔÇÐÞ Í
ÓÂÃÑÕÂÏ ÒÑ ÔÇÐÔÑÓÂÏ ÐÂ ÐÇÑÓÅÂÐËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ. £ÄËÆÖ ÔÓÂÄ-
ÐËÕÇÎßÐÑ ÃÑÎßÛÑÅÑ ÚËÔÎÂ ÒÖÃÎËÍÂÙËÌ ÑÕÆÇÎßÐÑ ÓÂÔÔÏÑÕÓÇÐÞ
ÓÂÃÑÕÞ ÒÑ ÔÇÐÔÑÓÂÏ ÐÂ ÅÎáÍÑÊÖ.

S.S.Ermakov, K.G.Nikolaev, V.P.Tolstoy
886 Russ. Chem. Rev., 2016, 85 (8) 880 ë 900 [µÔÒÇØË ØËÏËË, 2016, 85 (8) 880 ë 900]



´ÂÃÎËÙÂ 1. ³ÑÔÕÂÄÞ ÏÖÎßÕËÔÎÑÇÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ Ä ÖÔÎÑÄËâØ ±·³ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ, ÏÇÕÑÆÞ ËÊÏÇÓÇÐËâ Ë ØÂÓÂÍÕÇÓËÔÕËÍË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÓâÆÂ
ÐÇÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ.

³ÑÔÕÂÄ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ a ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
ÏÖÎßÕËÔÎÑâ àÎÇÍÕÓÑÆÂ- ÍË

ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î . ÔÏ72 ´°, Ô ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

±°®ë±¥¥¡ ³ NOÿ2 ¸£¡ (70.4 ë 0.4), ¡® (70.22) 4 . 1073 (ÔÏ.b) 46 55 7 7 68
¤ÓÂ×ÇÐ/×ÕÂÎÑÙËÂÐËÐ ³µ¿ NOÿ2 ¸£¡ (0.2 ë 1.4), ¡® (0.8) 7 5 7 (0.1 ë 1) . 1073, (2 ë 36) . 1076 8.4 . 1078 69
ÍÑÃÂÎßÕÂ ë±¥¥¡

°µ¯ë³°±± ³µ¿ NOÿ2 ¸£¡ (70.2 ë 0.5), ¡® (70.77) 7 7 7 7 7 70
¤ÇÏÑÅÎÑÃËÐ ëFe3O4 Pt NOÿ2 ¡® (70.7) 7 7 7 1.5 . 1076 ë 0.12 . 1073 0.29 . 1076 71

H2O2 ¡® (70.4) 7 7 7 0.125 . 1076 ë 0.16 . 1073 3.0 . 1078

±°®ë±¡µë±¡¡ Au NOÿ2 ¸£¡ (70.2 ë 0.4) 5 . 1074 7 7 (0.5 ë 70) . 1073 7 72
ClOÿ3 1.5 . 1074 7 7 (0.9 ë 100) . 1073 7
S2O

2ÿ
8 4.32 . 1072 7 7 (0.05 ë 0.8) . 1073 7

µÓÇÂÊÂ, ÂÓÅËÐÂÊÂ ë Au NH3 ³¿ª 7 7 7 7 7 73
±¥¥¡ë±³³

¯¹ Pdë ÅÓÂ×ÇÐ ë´®¡ Au H2O, NO2, ¸£¡ (70.4 ë 1.4), ¡® (0.066) 7 7 7 7 7 74
H2

¯¹ Auë±¥¥¡ ³µ¿ As(III) ¸£¡ (0.1 ë 0.6) 7 7 7 7 0.48 . 1076 75
±°®ëÒÑÓ×ËÓËÐÞ ITO ClOÿ2 ¸£¡ (0.2 ë 1.2), ¡®(0.95) 1.6 . 1071 (ÔÏ.b) 7 7 7 13.8 . 1076 76
±°®ë±¥¥¡ ³ H2O2 ¸£¡ (0.0 ë 0.4) 7 7 7 7 7 77
¯Â×ÕÑÎ ÊÇÎÇÐÞÌ Bë³¥¤ ³µ¿ H2O2 ¸£¡ (0.2 ë 0.6), ¡®(0.38) 7 7 14 8 . 1076 ë 1.8 . 1074 0.9 . 1076 78
³¥¤ ITO H2O2 ¸£¡ (70.2 ë 0.8) 7 7 20 4.9 . 1077 ë 2.4 . 1074 7 79
¯¹ Auë ÕËÑÐËÐ Au H2O2 ¸£¡ (70.35 ë 0.1), ¡® (70.18) 22.8 . 1073 7 7 6.0 . 1076 ë 1.1 . 1073 5.8 . 1076 80
¤ÇÍÔÂÙËÂÐÑ×ÇÓÓÂÕ ÏÇÆË (F-Sn)-ÑÍÔËÆ H2O2 ¸£¡ (0.0 ë 1.2), ¡® (0.0 £) 3 . 1072 7 7 7 7 81
®µ¯ëÒÑÎËÕËÑÐËÐ ë ³µ¿ H2O2 ¸£¡ (70.6 ë 0.3), ¡® (70.5) 2.74 . 1073 7 7 (0.099 ë 6.54) . 1073 0.0536 . 1073 82
ÑÍÔËÆ ÉÇÎÇÊÂ

Co-¬ÑÏÒÎÇÍÔ ÕÇÕÓÂÔÖÎß- Au H2O2 ¸£¡ (70.2 ë 0.5) 7 7 14 (1 ë 20) . 1076 0.4 . 1076 83
×Ñ×ÕÂÎÑÙËÂÐËÐÂ ë
±¥¥¡

¤ÇÏÑÅÎÑÃËÐ ë¯¹ CdS ë ³µ¿ H2O2 ¸£¡ (70.9 ë 0.3), ¡® (70.4) 7 7 7 0.125 . 1076 ë 1.20 . 1073 0.083 . 1076 84
ØËÕÑÊÂÐ

Fe-¬ÑÏÒÎÇÍÔ ×ÕÂÎÑ- Au H2O2 ¸£¡ (70.1 ë 0.6) 0.87 . 1073 (ÔÏ.b) 7 7 7 5.5 . 1074 85
ÙËÂÐËÐÂ ë±¡¢³ë
®°µ¯

MnO2 ë±¥¥¡ë±¡³ ³µ¿ H2O2 ¡® (0.25; 0.45) 0.377 7 7 4.5 . 1078 ë 1.0 . 1074 2.2 . 1078 86
¯¹ ÃÇÓÎËÐÔÍÑÌ ÎÂÊÖÓË ë ³ÕÇÍÎÑ H2O2 ¡® (0.2) 7 7 7 7 7 87
±¡µ

TiO2 ë±¡µ ±¤¿ H2O2 ¸£¡ (70.2 ë 0.6) 7 7 7 7 7 88
TiN ëÃÓÑÏËÆ 1-(3-ÂÏËÐÑ- ³µ¿ H2O2 ¸£¡ (70.8 ë 0.5), ¡® (70.35) 3.80 . 1071 7 7 1.0 . 1076 ë 2.1 . 1073 7 89
ÒÓÑÒËÎ)-3-ÏÇÕËÎ-
ËÏËÆÂÊÑÎËâ

GOXë±¥¥¡ ³µ¿ H2O2 ¸£¡ (70.05 ë 0.5), ¡® (0.2) 7 7 7 (0.1 ë 0.8) . 1073 7 90
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´ÂÃÎËÙÂ 1 (ÒÓÑÆÑÎÉÇÐËÇ).

³ÑÔÕÂÄ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ a ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
ÏÖÎßÕËÔÎÑâ àÎÇÍÕÓÑÆÂ- ÍË

ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î . ÔÏ72 ´°, Ô ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

®ÇÊÑÒÑÓËÔÕÞÌ ÖÅÎÇÓÑÆ ³µ¿ H2O2 ¸£¡ (71.0 ë 0.3) 7 7 30 (1.2 ë 57) . 1076 0.6 . 1076 91
CMK-3

®ËÑÅÎÑÃËÐ ë±³³ ¤¿ H2O2 ¸£¡ (70.6 ë 0.2) 0.62 7 7 (1 ë 70) . 1076 7 92
®ËÑÅÎÑÃËÐ ë±¥¥¡ ±¤¿ H2O2 ¸£¡ (70.8 ë 0.2), ¡®(70.1) 1.606 . 1073 7 7 (10 ë 130) . 1076 5 . 1076 93

¤ÇÏÑÅÎÑÃËÐ ë±¡µ, ³µ¿ H2O2 ¸£¡ (70.8 ë 0.2) 4.3 . 1071 7 7 2.5 . 1076 ë 1.2 . 1074 2.1 . 1077 94
±³³, ±³

¤ÇÏÑÅÎÑÃËÐ ë±¥¥¡ë ³µ¿ H2O2 ¸£¡ (70.7 ë 0.1), ¡® (70.3) 7 7 15 1.0 . 1076 ë 1.86 . 1074 1077 95
ÏÇÊÑÒÑÓËÔÕÞÌ
ÂÎáÏËÐËÌ

¢ÇÓÎËÐÔÍÂâ ÎÂÊÖÓß ë ITO H2O2 ¸£¡ (70.2 ë 1.0), ¡®(70.1) 7 7 7 (0.5 ë 3.5) . 1073 0.1 . 1073 96
±¥¥¡

¯¹ Au ³µ¿ H2O2 ¸£¡ (70.5 ë 0.8) (6.339� 0.156) . 1072 (ÔÏ.b) 7 7 5.0 . 1076 ë 1.0771 . 1073 7 97
¡® (70.3) (2.452� 0.230) . 1072 (ÔÏ.b) 7 7 1.4745 . 1073 ë 2.5362 . 1072 7

¯¹ Auë ØËÕÑÊÂÐ ë ³µ¿ H2O2 ¡® (70.2) 9.221 . 1072 7 7 1.5 . 1076 ë 5.1 . 1074 9.0 . 1078 98
®µ¯

¯¹ AuëÒÑÎËÄËÑÎÑÅÇÐ Au H2O2 ¸£¡ (70.6770.31) 0.48 7 7 ÆÑ 35 . 1073 1076 99
Cyt c ë¯¹ AuëËÑÐÐÂâ ³µ¿ H2O2 ¡® (70.2) 7 7 7 5.0 . 1075 ë 1.15 . 1073 3.0 . 1076 100
ÉËÆÍÑÔÕß ë®µ¯

Cyt c ë¯¹ Au ITO H2O2 ¡® (70.1) 7 7 7 (0.1 ë 0.4) . 1073 0.5 . 1076 101
HRPëÐÂÐÑÔÎÑË ÑÍÔËÆÑÄ ³µ¿ H2O2 ¸£¡(70.8 ë 0.2) 0.78 7 7 2.1 . 1076 ë 1.85 . 1074 0.7 . 1076 102
ÕËÕÂÐÂ

¤ÇÏÑÅÎÑÃËÐ ëFe3O4 ë ITO H2O2 ¸£¡ (70.9 ë 0.3) 7 7 7 (0.77 ë 160) . 1076 7 103
ØËÕÑÊÂÐ

¤ÇÏÑÅÎÑÃËÐ ë ÐÂÐÑ- ³µ¿ H2O2 ¡® (70.3) 7 7 7 0.5 . 1076 ë 0.25 . 1073 0.4 . 1076 104
ÍÓËÔÕÂÎÎËÚÇÔÍËÇ
ÂÎÏÂÊÞ

¯¹ Auë±¥¥¡ë®µ¯ ³µ¿ O2 ¸£¡ (70.4 ë 1.4) 7 7 7 7 7 105
¯¹ Pt °µ¯ ³O2 ¸£¡ Ô 7 7 7 0 ë 1 7 106
Cyt c ë ÎÂÍÍÂÊÂ ë ÔÖÎß×Â- Au O2 ¸£¡ (70.35 ë 0.3) 7 7 7 7 7 107
ÐËÎÖÐÆÇÍÂÐÑÄÂâ ÍËÔÎÑÕÂ,
ÒÑÎËÂÔÒÂÓÂÅËÐÑÄÂâ
ÍËÔÎÑÕÂ

®µ¯ë±¿ª ³ O2 ¸£¡ (70.5 ë 1.0) 7 7 7 7 7 179
b-¸ËÍÎÑÆÇÍÔÕÓËÐ ë¯¹ Au Au O2 ¡® (70.15) 7 7 60 0.2 ë 6.5 (ÔÏ.d) 0.05 (ÔÏ.d) 109
¯¹ Au ³µ¿ O2 ¸£¡ (70.3 ë 0.6) 7 7 7 7 7 110
FeTsPc ëFeT4MPyP ³µ¿ O2 ¡® (70.15) 2.065 . 1075 (ÔÏ.e) 7 10 f 0.2 ë 6.4 (ÔÏ.d) 0.06 (ÔÏ.d) 111
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´ÂÃÎËÙÂ 1 (ÑÍÑÐÚÂÐËÇ).

³ÑÔÕÂÄ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ a ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
ÏÖÎßÕËÔÎÑâ àÎÇÍÕÓÑÆÂ- ÍË

ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î . ÔÏ72 ´°, Ô ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

±°®ë±¥¥¡ ³ ³Ï.g ±ÑÕÇÐÙËÑÏÇÕÓËâ, 69� 2 (ÔÏ.h) 57 590 7 10714 112
¸£¡ (71 ë 0), ÄÑÔ-
ÒÓÑËÊÄÑÆËÏÑÔÕß, 3Ï£

±°®ë±¥¥¡ ³ ³Ï.g ¸£¡ (71.2 ë 0.2) 72.1� 0.4 (ÔÏ.h) 7 7 7 7 113
°µ¯ë±¥¥¡ Au, Cr ³Ï.g ¬ÑÐÆÖÍÕÑÏÇÕÓËâ (pH) 7 7 0 ë 9 (ÔÏ.i) 7 204

±ÓËÏÇÚÂÐËÇ. ±ÓËÐâÕÞ ÔÎÇÆÖáÜËÇ ÑÃÑÊÐÂÚÇÐËâ: S ì ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß, TO ì ÄÓÇÏâ ÑÕÍÎËÍÂ, ³´¢ ì ÔÕÂÃËÎßÐÑÔÕß, ª ì ÎËÐÇÌÐÞÌ ËÐÕÇÓÄÂÎ, ±° ì ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ, ±°® ì
ÒÑÎËÑÍÔÂÎÂÕÞ, ³µ¿ ì ÔÕÇÍÎÑÖÅÎÇÓÑÆÐÞÌ àÎÇÍÕÓÑÆ, ³¿ª ì ÔÒÇÍÕÓÑÔÍÑÒËâ àÎÇÍÕÓÑØËÏËÚÇÔÍÑÅÑ ËÏÒÇÆÂÐÔÂ, °µ¯ ì ÑÆÐÑÔÎÑÌÐÞÇ ÖÅÎÇÓÑÆÐÞÇ ÐÂÐÑÕÓÖÃÍË, ³°±± ì ÔÄÇÓØÑÍËÔÎÇÐÐÞÌ
ÒÑÎËÒËÓÑÎÎ, ±¡µ ì ÒÑÎËÙËÍÎËÚÇÔÍËÇ ÂÓÑÏÂÕËÚÇÔÍËÇ ÖÅÎÇÄÑÆÑÓÑÆÞ, ±¡¡ ì ÒÑÎËÂÍÓËÎÂÏËÆ, ´®¡ ì ØÎÑÓËÆ 3-ÕÓËÏÇÕÑÍÔËÔËÎËÎÒÓÑÒËÎÕÓËÏÇÕËÎÂÏÏÑÐËâ, ³¥¤ ì ÔÎÑËÔÕÞÌ ÆÄÑÌÐÑÌ
ÅËÆÓÑÍÔËÆ, ®µ¯ ì ÏÐÑÅÑÔÎÑÌÐÞÇ ÖÅÎÇÓÑÆÐÞÇ ÐÂÐÑÕÓÖÃÍË, ±¡¢³ ì ÒÑÎËÂÍÓËÎÑÐËÕÓËÎÃÖÕÂÆËÇÐÔÕËÓÑÎ, ®°µ¯ ì ÔÏÇÔß ÏÐÑÅÑÔÕÇÐÐÞØ Ë ÑÆÐÑÔÕÇÐÐÞØ ÐÂÐÑÕÓÖÃÑÍ, ±¤¿ ì ÒËÓÑÎËÊËÓÑ-
ÄÂÐÐÞÌ ÅÓÂ×ËÕÑÄÞÌ àÎÇÍÕÓÑÆ, ±¡³ì ÒÑÎË(n-ÂÙÇÕÑÍÔËÔÕËÓÑÎ), GOXì ÅÎáÍÑÊÑÍÔËÆÂÊÂ, ³®¬-3 ì ÏÂÓÍÂ ÏÇÊÑÒÑÓËÔÕÑÅÑ ÖÅÎÇÓÑÆÂ, ¤¿ì ÅÓÂ×ËÕÑÄÞÌ àÎÇÍÕÓÑÆ, ±³ì ÒÑÎËÔÕËÓÑÎ, Cyt c ì
ÙËÕÑØÓÑÏ C, HRPì ÒÇÓÑÍÔËÆÂÊÂ ØÓÇÐÂ, FeTs ì ÕÇÕÓÂÔÖÎß×Ñ×ÕÂÎÑÙËÂÐËÐ ÉÇÎÇÊÂ(II), FeT4MPy ì ÕÇÕÓÂÍËÔ(N-ÏÇÕËÎÒËÓËÆËÎ)ÒÑÓ×ËÓËÐ ÉÇÎÇÊÂ(III).
a ©ÆÇÔß Ë Ä ÆÓÖÅËØ ÕÂÃÎËÙÂØ Ä ÔÍÑÃÍÂØ ÖÍÂÊÂÐ ËÐÕÇÓÄÂÎ ËÊÏÇÓÇÐËâ ÒÑÕÇÐÙËÂÎÂ (ÏÇÕÑÆ ¸£¡) Ë ×ËÍÔËÓÑÄÂÐÐÞÌ ÒÑÕÇÐÙËÂÎ (ÏÇÕÑÆ ¡®) Ä ÄÑÎßÕÂØ. b ²ÂÊÏÇÓÐÑÔÕß ¡ .ÏÑÎß71 .Î. c ±ÑÕÇÐÙËÂÎßÐÞÌ
ÑÕÍÎËÍ ÙÇÒË 0.2 £. d ²ÂÊÏÇÓÐÑÔÕß ÏÅ .Î71. e ²ÂÊÏÇÓÐÑÔÕß ¡ .ÏÅ71 . Î . ÔÏ72. f µÍÂÊÂÐÑ ÚËÔÎÑ ËÊÏÇÓÇÐËÌ. g °ÒÓÇÆÇÎÇÐËÇ pH. h ²ÂÊÏÇÓÐÑÔÕß Ï£ . (pH)71. i £ ÇÆËÐËÙÂØ pH.
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´ÂÃÎËÙÂ 2. ³ÑÔÕÂÄÞ ÏÖÎßÕËÔÎÑÇÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ Ä ÖÔÎÑÄËâØ ±·³ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ, ÏÇÕÑÆÞ ËÊÏÇÓÇÐËâ Ë ØÂÓÂÍÕÇÓËÔÕËÍË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÓâÆÂ
ÑÓÅÂÐËÚÇÔÍËØ ÂÐÂÎËÕÑÄ.

³ÑÔÕÂÄ ÏÖÎßÕËÔÎÑâ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ, £ ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
àÎÇÍÕÓÑÆÂ- ÍË
ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

¢ÇÓÎËÐÔÍÂâ ÎÂÊÖÓß ëCMCë ¡u ¡ÔÍÑÓÃËÐÑÄÂâ ÍËÔÎÑÕÂ ¸£¡ (0.0 ë 0.5) 7 (0 ë 50) . 1073 1073 114
±¡µë±¡

®µ¯ë±¥¥¡ C ´Ñ ÉÇ ¸£¡ (70.1 ë 0.4), ¡® (0.2) 3 . 1077 5 . 10710 ë 7 . 1078 7 115
¯Â×ÕÑÎ ÊÇÎÇÐÞÌ £ë³¥¤ ITO ã ¸£¡ (0.2 ë 0.8) 7 (1.2 ë 55.2) . 1076 0.51 . 1076 116
°µ¯ë³°ë±± ³µ¿ ã ¸£¡ (ÐËÕÓËÕ, 0.0 ë 1.2), 7 2 . 1075 ë 1073 4.6 . 1076 70

¥Ñ×ÂÏËÐ ¸£¡ (70.2 ë 0.5), 7 1 . 1076 ë 5 . 1075 3.8 . 1077

®ÑÚÇÄÂâ ÍËÔÎÑÕÂ ¡® (ÐËÕÓËÕ, 0.77) 7 2 . 1076 ë 1074 7.4 . 1077

®µ¯ë±¥¥¡ë±³³ ³ ¡ÔÍÑÓÃËÐÑÄÂâ ÍËÔÎÑÕÂ ¸£¡ (70.2 ë 0.5), ¡® (0.1) 2.27 5 . 1075 ë 1073 3 . 1077 117
¥Ñ×ÂÏËÐ ¡® (0.25) 1.237 . 1071 (50 ë 350) . 1076 1.5 . 1077

®ÑÚÇÄÂâ ÍËÔÎÑÕÂ ¡® (0.35) 2.53 (50 ë 800) . 1076 8 . 1077

¯¹ Auë±£ëOs ³µ¿ ¡ÔÍÑÓÃËÐÑÄÂâ ÍËÔÎÑÕÂ ¸£¡ (70.2 ë 0.5) 7 (0.1 ë 4.5) . 1073 7 118
¶ËÕÂÊÂ ë±¡µë ITO (ÔÏ.a) ¶ÕÂÎÇÄÂâ ÍËÔÎÑÕÂÕÂ ¸£¡ (70.1 ë 0.9), ¡® (0.6) 7 (0.5 ë 2) . 1073 0.19 . 1073 119
Ni(OH)2 ëCo(OH)2 ITO ®ÑÚÇÄËÐÂ ¸£¡ (70.2 ë 0.7), ¡® (0.4) 3.2 . 1073 (ÔÏ.b) 7 7 120
µÓÇÂÊÂ ë ØËÕÑÊÂÐ ë ÒÑÎË- ³ pH ±ÑÕÇÐÙËÑÏÇÕÓËâ 53 (ÔÏ.c) 4 ë 8 (ÔÏ.d) 7 121
ÂÐËÎËÐ ®ÑÚÇÄËÐÂ 70 (ÔÏ.e) 1074 ë 1071

®ÇÊÑÒÑÓËÔÕÞÌ SiO2 ë±¥¥¡ ³µ¿ ¯ËÕÓÑÂÓÑÏÂÕËÚÇÔÍËÇ £A (71.0770.1) 7 1079 ë 1077 1079 122
ÔÑÇÆËÐÇÐËâ

¯¹ Pdë±¡ (ÔÏ.a) ³µ¿ ¤ËÆÓÂÊËÐ ¸£¡(70.5 ë 0.5) 7 3.0 . 1077 ë 3.5 . 1074, 5.0 . 1078 123
5.0 . 1074 ë 1.2 . 1072

¯¹ Pdë±¡ ³µ¿ ã ¸£¡ (70.8 ë 0), ¡® (70.32,70.2, 0.2) 5.4 . 1072 40 . 1076 ë 1073 0.42 . 1076 124
GOXëHRPë ±¡µë±³³ ³µ¿ ±ËÓÑÍÂÕÇØËÐ ¡® 76.82 . 1073 (6 ë 60) . 1076 0.9 . 1076 125

Ò-¶ÇÐËÎÇÐÆËÂÏËÐ 1.6 . 1073 (0.6 ë 68.4) . 1076 0.35 . 1076

Ñ-¶ÇÐËÎÇÐÆËÂÏËÐ 1.30 . 1072 (0.8 ë 46.8) . 1076 0.28 . 1076

Ï-¶ÇÐËÎÇÐÆËÂÏËÐ 8.17 . 1072 (8.5 ë 42.5) . 1076 1.76 . 1076

¡ÐËÎËÐ 1.29 . 1072 (10.5 ë 73.5) . 1076 1.97 . 1076

GOXë±¥¥¡ëS/ÑÍÔËÆ ITO OÓÅÂÐËÚÇÔÍËÇ ÂÏËÐÑ- ¸£¡ (0.2 ë 1.3) 7 5.0 . 1077 ë 5.0 . 1074 1079 126
ÅÓÂ×ÇÐÂ ÔÑÇÆËÐÇÐËâ

¯¹ Pt ë±¡®¡® ITO ®ÇÕÂÐÑÎ ¸£¡ (0 ë 1.2) 7 7 7 127
´ËÓÑÊËÐÂÊÂ ë ÐÂÐÑÙÇÑÎËÕ ë ITO ¶ÇÐÑÎ ¡® (70.2) 7 1.0 . 1078 ë 1.8 . 1075 0.5 . 1079 128
ë±¥¥¡

±ÓËÏÇÚÂÐËÇ. ±ÓËÐâÕÞ ÔÎÇÆÖáÜËÇ ÑÃÑÊÐÂÚÇÐËâ: ³®³ ì ÍÂÓÃÑÍÔËÏÇÕËÎÙÇÎÎáÎÑÊÂ, ±£ ì ÒÑÎËÄËÐËÎÑÄÞÌ ÔÒËÓÕ, £¡ ì ÄÑÎßÕÂÏÒÇÓÑÏÇÕÓËâ, ±¡ ì ÒÑÎËÂÐËÎËÐ, ±¡®¡® ì ÆÇÐÆÓËÏÇÓ
4-ÒÑÎËÂÏËÆÑÂÏËÐÂ. a ³´¢ 15 ÔÖÕ. b ²ÂÊÏÇÓÐÑÔÕß ¡ .ÏÑÎß71 . Î . ÔÏ72. c ²ÂÊÏÇÓÐÑÔÕß Ï£ . (pH)71. d £ ÇÆËÐËÙÂØ pH. e ²ÂÊÏÇÓÐÑÔÕß Ï£ . (pU)71; pUì ÒÑÍÂÊÂÕÇÎß ÍÑÐÙÇÐÕÓÂÙËË ÏÑÚÇÄËÐÞ.
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¹ÖÄÔÕÄËÕÇÎßÐÞÇ ÔÎÑË ÕÂÍËØ àÎÇÍÕÓÑÆÑÄ ÔÑÔÕÑâÕ Ä ÑÔÐÑÄÐÑÏ
ËÊ ÐÂÐÑÔÕÓÖÍÕÖÓËÓÑÄÂÐÐÞØ ÏÂÕÇÓËÂÎÑÄ Ë(ËÎË) ÏÇÆËÂÕÑÓÑÄ,
ÕÂÍ ÍÂÍ ÆÎâ ÒÑÎÖÚÇÐËâ ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ ËÔÒÑÎßÊÖáÕ
ÒÓâÏÑÇ ÑÍËÔÎÇÐËÇ ËÎË ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆË-
ÐÇÐËÌ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ. ¬ÂÕÂÎËÊÂÕÑÓÂÏË àÕËØ ÒÓÑ-
ÙÇÔÔÑÄ âÄÎâáÕÔâ ÍÑÏÒÑÐÇÐÕÞ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ, Ë àÕËÏ
ÑÃÖÔÎÑÄÎÇÐÞ ÐËÊÍËÇ ÊÐÂÚÇÐËâ ÒÓÇÆÇÎÑÄ ÑÃÐÂÓÖÉÇÐËâ. £ ÓâÆÇ
ÔÎÖÚÂÇÄ Ä ÔÑÔÕÂÄ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ ÆÎâ ÆÑÔÕËÉÇÐËâ ÔÇÎÇÍ-
ÕËÄÐÑÔÕË ÄÄÑÆâÕ ×ÇÓÏÇÐÕÞ.119, 121, 126, 128

´ÂÍËÇ àÎÇÍÕÓÑÆÞ ËÔÒÑÎßÊÖáÕ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÄÞÔÑÍÑ-
ÕÑÍÔËÚÐÞØ ÔÑÇÆËÐÇÐËÌ (ÅËÆÓÂÊËÐÂ, ÏÇÕÂÐÑÎÂ, ×ÇÐÑÎÂ,230

ÂÓÑÏÂÕËÚÇÔÍËØ, ÂÏËÐÑÔÑÆÇÓÉÂÜËØ ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇ-
ÐËÌ), ÒÓÇÆÔÕÂÄÎâáÜËØ ÖÅÓÑÊÖ àÍÑÎÑÅËÚÇÔÍÑÌ ÃÇÊÑÒÂÔÐÑÔÕË.
¡ÐÂÎËÊ àÕËØ ÂÐÂÎËÕÑÄ Ô ÒÓËÏÇÐÇÐËÇÏ àÎÇÍÕÓÑÆÑÄ ÔÑ ÔÎÑâÏË,
ÒÑÎÖÚÇÐÐÞÏË ÏÇÕÑÆÑÏ ±·³, ÒÑÍÂÊÂÎ ÔÓÂÄÐËÕÇÎßÐÑ ÐËÊÍËÇ
ÒÓÇÆÇÎÞ ÑÃÐÂÓÖÉÇÐËâ (ÕÂÃÎ. 2), ÐÂÒÓËÏÇÓ ÆÎâ ÅËÆÓÂÊËÐÂ ì
ÐÂ ÖÓÑÄÐÇ 5.0 . 1078 ÏÑÎß . Î71, ×ÇÐÑÎÂ ì 0.5 ÐÏÑÎß . Î71,
ÂÏËÐÑÔÑÆÇÓÉÂÜËØ ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇÐËÌ ì
1079 ÏÑÎß . Î71, Ë ÄÞÔÑÍÖá ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ì ÐÂ ÖÓÑÄÐÇ
ÆÑ 1.3 . 1078¡ .ÏÍÏÑÎß71 . Î. ´ÂÍËÇ ÊÐÂÚÇÐËâ ÑÃÝâÔÐâáÕÔâ Ä
ÑÔÐÑÄÐÑÏ ÕÇÏ, ÚÕÑ àÎÇÍÕÓÑÆÞ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÆÂÐÐÞØ ÂÐÂ-
ÎËÕÑÄ ÔÑÆÇÓÉÂÕ ÐÂÐÑÚÂÔÕËÙÞ ÃÎÂÅÑÓÑÆÐÞØ ÏÇÕÂÎÎÑÄ (Pd, Pt)
Ô ÄÞÔÑÍÑÌ ÖÆÇÎßÐÑÌ ÒÑÄÇÓØÐÑÔÕßá, ÚÕÑ ÄÔÎÇÆÔÕÄËÇ ÍÂÕÂÎËÕË-
ÚÇÔÍÑÅÑ à××ÇÍÕÂ Ë ÃÑÎßÛÑÌ àÎÇÍÕÓÑÂÍÕËÄÐÑÌ ÒÑÄÇÓØÐÑÔÕË
ÒÓËÄÑÆËÕ Í ÖÄÇÎËÚÇÐËá ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË Ë ÔÐËÉÇÐËá ÒÓÇ-
ÆÇÎÑÄ ÑÃÐÂÓÖÉÇÐËâ.

±ÓËÏÇÐÇÐËÇ ÏÇÕÑÆÂ ±·³ ÆÂÇÕ ÄÑÊÏÑÉÐÑÔÕß ÖÎÖÚÛËÕß
ÂÐÂÎËÕËÚÇÔÍËÇ ØÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÑÄ. ´ÂÍ, ÒÓË ÃËÑØËÏË-
ÚÇÔÍÑÏ ÂÐÂÎËÊÇ ÍÓÑÄË ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÂÔÍÑÓÃËÐÑÄÑÌ
ÍËÔÎÑÕÞ Ë ÏÑÚÇÄËÐÞ ËÔÒÑÎßÊÖáÕ ÖÅÑÎßÐÞÌ àÎÇÍÕÓÑÆ ÔÑ
ÔÎÑÇÏ ÏÐÑÅÑÔÕÇÐÐÞØ ÖÅÎÇÓÑÆÐÞØ ÐÂÐÑÕÓÖÃÑÍ, ÔÄâÊÂÐÐÞØ
ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ ±¥¥¡ Ë ±¥¥¡ë±³³; ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ
ÂÔÍÑÓÃËÐÑÄÑÌ ÍËÔÎÑÕÞ ÔÑÔÕÂÄËÎ 3 . 1077, Â ÏÑÚÇÄËÐÞ ì
8 . 1077 ÏÑÎß . Î71 ÒÓË ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË ÑÒÓÇÆÇÎÇÐËâ ÐÂ
ÖÓÑÄÐÇ 2.53 . 1076¡ .ÏÍÏÑÎß71 . Î (ÔÏ.117). ±ÓËÏÇÐÇÐËÇ ÆÎâ
ÒÓâÏÑÅÑ ÑÒÓÇÆÇÎÇÐËâ ÂÔÍÑÓÃËÐÑÄÑÌ ÍËÔÎÑÕÞ Ë ÏÑÚÇÄËÐÞ
ÖÅÎÇÓÑÆÐÞØ ÐÂÐÑÕÓÖÃÑÍ ÑÃÝâÔÐâÇÕÔâ ÕÇÏ, ÚÕÑ ÑÐË ÔÎÖÉÂÕ
ÒÓÑÄÑÆÐËÍÂÏË àÎÇÍÕÓÑÐÑÄ ÑÕ ÓÇÂÍÙËÑÐÐÞØ ÙÇÐÕÓÑÄ Í àÎÇÍÕ-
ÓÑÆÖ (ÑÃÇÔÒÇÚËÄÂâ ÐËÊÍËÌ ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ), Â ÕÂÍÉÇ
ÒÑÊÄÑÎâáÕ ÖÄÇÎËÚËÕß àÎÇÍÕÓÑÂÍÕËÄÐÖá ÒÑÄÇÓØÐÑÔÕß, ÚÕÑ
ÒÓËÄÑÆËÕ Í ÄÞÔÑÍËÏ ÊÐÂÚÇÐËâÏ ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË. ¿ÎÇÍÕÓÑ-
ØËÏËÚÇÔÍËÇ ÔÇÐÔÑÓÞ Ô ÏÖÎßÕËÔÎÑâÏË, ÔËÐÕÇÊËÓÑÄÂÐÐÞÏË ÐÂ
ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ ÏÇÕÑÆÑÏ ±·³, ÒÓÇÄÑÔØÑÆâÕ ÆÂÉÇ
ÔÇÐÔÑÓÞ ÐÂ ÑÔÐÑÄÇ ÕÇØ ÉÇ ÏÂÕÇÓËÂÎÑÄ, ÐÑ ÐÂÐÇÔÇÐÐÞØ ÐÂ
àÎÇÍÕÓÑÆ, ÐÂÒÓËÏÇÓ, ÍÂÒÇÎßÐÞÏ ÏÇÕÑÆÑÏ. £ ÒÑÔÎÇÆÐÇÏ ÔÎÖ-
ÚÂÇ ÆÎâ ÖÅÑÎßÐÑÅÑ àÎÇÍÕÓÑÆÂ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÅÑ ÑÍÔËÆÑÏ
ÅÓÂ×ÇÐÂ, ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÂÔÍÑÓÃËÐÑÄÑÌ ÍËÔÎÑÕÞ ÔÑÔÕÂ-
ÄËÎ 6.45 . 1076 ÏÑÎß . Î71 (ÔÏ.231), Â ÒÓË ÑÒÓÇÆÇÎÇÐËË ÏÑÚÇ-
ÄËÐÞ ÐÂ ØËÏËÚÇÔÍË ÔËÐÕÇÊËÓÑÄÂÐÐÞØ ÐÂÐÑÔÕÑÎÃËÍÂØ ZnO,
ÏÑÆË×ËÙËÓÑÄÂÐÐÞØ ÖÓÇÂÊÑÌ, ì 1075 ÏÑÎß . Î71 (ÔÏ.232).

VII. ³ÇÐÔÑÓÞ ÐÂ ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞÇ
ÔÑÇÆËÐÇÐËâ Ë ÅÎáÍÑÊÖ

ªÐÕÇÐÔËÄÐÑÔÕß ÔÑÄÓÇÏÇÐÐÞØ ËÔÔÎÇÆÑÄÂÐËÌ (ÒÓÇÉÆÇ ÄÔÇÅÑ Ä
ÑÃÎÂÔÕË ÏÇÆËÙËÐÔÍÑÌ ÆËÂÅÐÑÔÕËÍË) ÏÇÕÑÆÑÄ ÂÐÂÎËÊÂ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÃËÑÔÇÐÔÑÓÑÄ ÑÃÝâÔ-
ÐâÇÕÔâ ÓâÆÑÏ ËØ ÒÓÇËÏÖÜÇÔÕÄ ÒÇÓÇÆ ÆÓÖÅËÏË ÏÇÕÑÆÂÏË.
¬ àÕËÏ ÒÓÇËÏÖÜÇÔÕÄÂÏ ÑÕÐÑÔâÕÔâ:

ì ÔÓÂÄÐËÕÇÎßÐÑ ÄÞÔÑÍÂâ ÔÇÎÇÍÕËÄÐÑÔÕß, ÍÑÕÑÓÂâ ÆÑÔÕË-
ÅÂÇÕÔâ ÊÂ ÔÚÇÕ äÐÂÔÕÓÂËÄÂÐËâã ÔÑÔÕÂÄÂ ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ
ÒÑÆ ÍÑÐÍÓÇÕÐÞÌ ÂÐÂÎËÕ;

ì ÑÕÔÖÕÔÕÄËÇ ÔÕÂÆËË ÒÓÑÃÑÒÑÆÅÑÕÑÄÍË;

ì ÄÑÊÏÑÉÐÑÔÕß ÓÂÃÑÕÞ Ô ÏËÐËÏÂÎßÐÞÏË ÑÃÝÇÏÂÏË ÃËÑ-
ÎÑÅËÚÇÔÍËØ ÉËÆÍÑÔÕÇÌ;

ì ÐÇÄÞÔÑÍÂâ ÔÕÑËÏÑÔÕß, ÒÑÊÄÑÎâáÜÂâ ËÔÒÑÎßÊÑÄÂÕß
ÃËÑÔÇÐÔÑÓÞ ÆÎâ ÔÍÓËÐËÐÅÂ ÐÂËÃÑÎÇÇ ÓÂÔÒÓÑÔÕÓÂÐÇÐÐÞØ ÊÂÃÑ-
ÎÇÄÂÐËÌ.

±ÓË ÓÂÊÓÂÃÑÕÍÇ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÃËÑÔÇÐÔÑÓÑÄ Í ÐÂÐÑ-
ÏÂÕÇÓËÂÎÂÏ Ä ÔÑÔÕÂÄÇ àÎÇÍÕÓÑÆÑÄ ÒÓÇÆÝâÄÎâáÕ ÆÑÄÑÎßÐÑ
ÉÇÔÕÍËÇ ÕÓÇÃÑÄÂÐËâ, ÑÔÐÑÄÐÞÇ ËÊ ÍÑÕÑÓÞØ ì ÑÕÔÖÕÔÕÄËÇ
ÆÇÐÂÕÖÓÂÙËË ÃËÑÎÑÅËÚÇÔÍËØ ÏÑÎÇÍÖÎ ÒÓË ËØ ËÏÏÑÃËÎËÊÂÙËË
ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÂ, ËÐÇÓÕÐÑÔÕß Ä ÓÇÂÍÙËâØ Ô ÂÐÂÎËÊË-
ÓÖÇÏÞÏ ÄÇÜÇÔÕÄÑÏ Ë ÔÕÂÃËÎßÐÑÔÕß ÄÑ ÄÓÇÏÇÐË. ¬ÂÍ ÒÓÂÄËÎÑ,
Ä ÍÂÚÇÔÕÄÇ ÕÂÍËØ ÏÂÕÇÓËÂÎÑÄ ËÔÒÑÎßÊÖáÕ ÐÂÐÑÚÂÔÕËÙÞ ÃÎÂ-
ÅÑÓÑÆÐÞØ ÏÇÕÂÎÎÑÄ (Au, Pt),129 ë 132, 135, 138, 143, 145, 166, 171, 177, 185

ÖÅÎÇÓÑÆÐÞÇ ÐÂÐÑÕÓÖÃÍË,132, 138, 141, 144, 146 ë 148, 162, 167, 171, 177, 185

ÓÇÉÇ ì ÑÍÔËÆÞ Ë ÔÖÎß×ËÆÞ ÒÇÓÇØÑÆÐÞØ ÏÇÕÂÎÎÑÄ.133

£ ÔÎÖÚÂÇ ÔÇÐÔÑÓÑÄ ÐÂ ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞÇ ÄÇÜÇÔÕÄÂ
ÚÖÄÔÕÄËÕÇÎßÐÞÌ ÔÎÑÌ ÏÑÉÇÕ ÔÑÆÇÓÉÂÕß ÃËÑÔÇÎÇÍÕÑÓÞ,
ÑÒÓÇÆÇÎâÇÏÞÇ ÄËÆÑÏ ÃËÑÎÑÅËÚÇÔÍÑÅÑ ËÎË ÃËÑØËÏËÚÇÔÍÑÅÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâ, ÍÑÕÑÓÑÇ ÒÓËÄÑÆËÕ Í ÒÑÎÖÚÇÐËá
ÂÐÂÎËÕËÚÇÔÍÑÅÑ ÔËÅÐÂÎÂ. ´ÂÍ, ÆÎâ ÂÐÂÎËÊÂ ¥¯¬
ËÔÒÑÎßÊÖáÕ ÍÑÏÒÎÇÏÇÐÕÂÓÐÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ Ô ÑÎËÅÑÐÖ-
ÍÎÇÑÕËÆÂÏË, ÂÒÕÂÏÇÓÂÏË,129, 135 ë 138, 173 ÆÎâ ËÏÏÖÐÑÎÑ-
ÅËÚÇÔÍÑÅÑ ÂÐÂÎËÊÂ ì ÅÇÐ ë ÂÐÕËÅÇÐÐÑÇ ÄÊÂËÏÑÆÇÌÔÕ-
ÄËÇ,142, 144 ë 149, 155, 184, 185 Ä ×ÇÓÏÇÐÕÂÕËÄÐÑÏ ÂÐÂÎËÊÇ ËÔÒÑÎß-
ÊÖáÕ ÍÂÍ ÒÓâÏÖá ÓÇÂÍÙËá, ÕÂÍ Ë ËÐÅËÃËÓÑÄÂÐËÇ ×ÇÓÏÇÐÕÂ-
ÕËÄÐÑÌ ÓÇÂÍÙËË. £ ÎËÕÇÓÂÕÖÓÇ ÑÕÔÖÕÔÕÄÖáÕ ÔÄÇÆÇÐËâ Ñ
ÃÂÍÕÇÓËÂÎßÐÞØ Ë ÕÍÂÐÇÄÞØ ÔÇÐÔÑÓÂØ, ÒÑÎÖÚÂÇÏÞØ ÏÇÕÑÆÑÏ
±·³, ÚÕÑ, ÑÚÇÄËÆÐÑ, ÔÄâÊÂÐÑ Ô ÐÇÆÑÔÕÖÒÐÑÔÕßá àÕËØ ÑÃÝÇÍ-
ÕÑÄ ÆÎâ ÆÂÐÐÑÌ ÏÇÕÑÆËÍË ÔËÐÕÇÊÂ.

¢ËÑÎÑÅËÚÇÔÍËÇ ÂÐÂÎËÊÞ, ÒÓÇÆÔÕÂÄÎÇÐÐÞÇ Ä ÐÂÔÕÑâÜÇÏ
ÑÃÊÑÓÇ, ÒÓÑÄÑÆâÕ Ô ÙÇÎßá ÔÄÑÇÄÓÇÏÇÐÐÑÌ ÆËÂÅÐÑÔÕËÍË
ÓÂÊÎËÚÐÞØ ÊÂÃÑÎÇÄÂÐËÌ, Ä ÕÑÏ ÚËÔÎÇ ÓÂÍÂ, ÄËÓÖÔÐÞØ Ë ËÐ×ÇÍ-
ÙËÑÐÐÞØ ÊÂÃÑÎÇÄÂÐËÌ. ¢ÑÎßÛËÐÔÕÄÑ ÂÐÂÎËÕÑÄ ÑÒÓÇÆÇÎâáÕ Ä
ÔÑÔÕÂÄÇ ÍÓÑÄË. ´ÂÍ, ÔÑÆÇÓÉÂÐËÇ ÆÑ×ÂÏËÐÂ ÍÑÐÕÓÑÎËÓÖÇÕÔâ Ô
ÙÇÎßá ÆËÂÅÐÑÔÕËÍË ÕÂÍËØ ÒÂÕÑÎÑÅËÌ, ÍÂÍ ÛËÊÑ×ÓÇÐËâ Ë
ÃÑÎÇÊÐß ±ÂÓÍËÐÔÑÐÂ. ±ÓË ËÔÒÑÎßÊÑÄÂÐËË ITO-àÎÇÍÕÓÑÆÂ ÔÑ
ÔÎÑÇÏ, ÔÑÔÕÑâÜËÏ ËÊ ÒÑÎËÂÍÓËÎÑÄÑÌ ÍËÔÎÑÕÞ Ë ÐÂÐÑÚÂÔÕËÙ
CeO2, ÖÆÂÎÑÔß ÆÑÔÕËÚß ÒÓÇÆÇÎÂ ÑÃÐÂÓÖÉÇÐËâ ÆÑ×ÂÏËÐÂ
1078 ÏÑÎß . Î71 Ë ÒÑÄÞÔËÕß ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß ÆÑ
2.292 ÏÍ¡ .ÏÍÏÑÎß71 . Î (ÕÂÃÎ. 3). ±ÓË ÑÒÓÇÆÇÎÇÐËË ÆÑ×-
ÂÏËÐÂ Ô ÒÓËÏÇÐÇÐËÇÏ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÐÂ ÑÔÐÑÄÇ
ÐÂÐÑÚÂÔÕËÙ ÔÒÎÂÄÂ AuëPt, ÒÑÎÖÚÇÐÐÞØ ÏÇÕÑÆÑÏ ËÏÒÖÎßÔÐÑÌ
ÎÂÊÇÓÐÑÌ ÂÃÎâÙËË, ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÔÐËÊËÎÔâ ÎËÛß ÆÑ
6 . 1078 ÏÑÎß . Î71. ±ËÓÑÍÂÕÇØËÐ ÑÒÓÇÆÇÎâáÕ ÆÎâ ÆËÂÅÐÑÔÕË-
ÓÑÄÂÐËâ ÔÑÆÇÓÉÂÐËâ ØÑÎÇÔÕÇÓËÐÂ, Â ÕÂÍÉÇ ÍÑÐÕÓÑÎâ ÑÃÓÂÊÑ-
ÄÂÐËâ ÒËÓÑÍÂÕÇØËÐÂÏËÐÑÄ, ÔÒÑÔÑÃÔÕÄÖáÜËØ ÒÓÇÆÑÕÄÓÂÜÇ-
ÐËá ÓÂÊÄËÕËâ ÓÂÊÎËÚÐÞØ ÅÇÐÇÕËÚÇÔÍËØ ÊÂÃÑÎÇÄÂÐËÌ Ë ÐÑÄÑ-
ÑÃÓÂÊÑÄÂÐËÌ. ±ÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÒËÓÑÍÂÕÇØËÐÂ Ä ÃËÑÎÑÅË-
ÚÇÔÍËØ ÑÃÓÂÊÙÂØ ÒÓË ËÔÒÑÎßÊÑÄÂÐËË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ
ÔÇÐÔÑÓÑÄ Ô ITO-àÎÇÍÕÓÑÆÑÏ, ÏÑÆË×ËÙËÓÑÄÂÐÐÞÏ ÔÎÑâÏË
ÃËÔ×ÕÂÎÑÙËÂÐËÐÂ ÎáÕÇÙËâ Ë ÒÑÎËÙËÍÎËÚÇÔÍËÏË ÂÓÑÏÂÕËÚÇ-
ÔÍËÏË ÖÅÎÇÄÑÆÑÓÑÆÂÏË, ÒÑÎÖÚÇÐÐÞÏË Ä ÓÇÊÖÎßÕÂÕÇ ÆÄÖØ
ÙËÍÎÑÄ ±·³, ÆÑÔÕËÅ 3.75 . 1077 ÏÑÎß . Î71 ÒÓË ÚÖÄÔÕÄËÕÇÎß-
ÐÑÔÕË 2.0 . 1078 ¡ .ÏÍÏÑÎß71 . Î. ¿ÎÇÍÕÓÑØËÏËÚÇÔÍËÌ ÔÇÐÔÑÓ,
ËÊÅÑÕÑÄÎÇÐÐÞÌ ÐÂ ÑÔÐÑÄÇ ÐÂÐÑÒÑÓËÔÕÑÅÑ ÊÑÎÑÕÂ ÏÇÕÑÆÑÏ
ÕÓÂÄÎÇÐËâ ÔÒÎÂÄÂ Au ë Si, ËÏÇÇÕ ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ì
5 . 1077 ÏÑÎß . Î71 (ÔÏ.233). ¥ÇÕÇÍÕËÓÑÄÐËÇ ÂÎß×Â-1-×ÇÕÑÒÓÑ-
ÕÇËÐÂ ÒÓÑÄÑÆâÕ Ô ÙÇÎßá ÄÞâÄÎÇÐËâ ÊÂÃÑÎÇÄÂÐËÌ ÒÇÚÇÐË
(ÙËÓÓÑÊÂ, ÅÇÒÂÕËÕÂ) Ë ÆÎâ ÏÑÐËÕÑÓËÐÅÂ ÒÓÑÕÇÍÂÐËâ
ÃÇÓÇÏÇÐÐÑÔÕË Ö ÉÇÐÜËÐ. ®ËÐËÏÂÎßÐÂâ ÑÒÓÇÆÇÎâÇÏÂâ ÍÑÐ-
ÙÇÐÕÓÂÙËâ ÂÎß×Â-1-×ÇÕÑÒÓÑÕÇËÐÂ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÔËÐÕÇÊË-
ÓÑÄÂÐÐÑÅÑ Ä ÓÇÊÖÎßÕÂÕÇ 10 ÙËÍÎÑÄ ±·³ Au-àÎÇÍÕÓÑÆÂ,
ÏÑÆË×ËÙËÓÑÄÂÐÐÑÅÑ ÐÂÐÑÚÂÔÕËÙÂÏË ÒÎÂÕËÐÞ, ÃÇÓÎËÐÔÍÑÌ

S.S.Ermakov, K.G.Nikolaev, V.P.Tolstoy
Russ. Chem. Rev., 2016, 85 (8) 880 ë 900 [µÔÒÇØË ØËÏËË, 2016, 85 (8) 880 ë 900] 891



´ÂÃÎËÙÂ 3. ³ÑÔÕÂÄÞ ÏÖÎßÕËÔÎÑÇÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ Ä ÖÔÎÑÄËâØ ±·³ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ, ÏÇÕÑÆÞ ËÊÏÇÓÇÐËâ Ë ØÂÓÂÍÕÇÓËÔÕËÍË ÓâÆÂ àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÃËÑÔÇÐÔÑÓÑÄ.

³ÑÔÕÂÄ ÏÖÎßÕËÔÎÑâ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ, £ ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
àÎÇÍÕÓÑÆÂ- ÍË
ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

°ÎËÅÑÐÖÍÎÇÑÕËÆÞ ë¯¹ Auë ³µ¿ ¥¯¬ £¡ (0.0 ë 0.7) 7 7 2.2 . 10713 ë2.2 . 1079 3.20 . 10714 129
±¥¥¡

¯¹ Au-ÔÖÎß×ÂÐËÎÒÓÑÒËÑ- Au ¥¯¬ ±® 7 7 7 7 130
ÐÑÄÂâ ÍËÔÎÑÕÂ

¯¹ AuëGSGHs ITO ¥¯¬ ¸£¡ (0.1 ë 0.7) 7 7 10711 ë 5 . 1077 7 131
L-ËÊËÐ ëCyt c ë¯¹ Auë ³µ¿ ¥¯¬ £¡ (70.4 ë 0.0) 132
ØËÕÑÊÂÐ

HRPë¯¹ Fe3O4 ë±¥¥¡ë Au ¥¯¬ ¸£¡ (70.1 ë 1.5), ¡® (70.1 £), 7 7 5 . 10711 ë 5 . 1077 7.1 . 10712 133
±³³ ¬ÖÎÑÐÑÏÇÕÓËâ (70.1)

°ÎËÅÑÐÖÍÎÇÑÕËÆÞ ë¯¹ Pt, Au ¥¯¬ ¡® (70.1) 7 7 10715 ë 10711 0.6 . 10715 135
C ë±¥¥¡

°ÎËÅÑÐÖÍÎÇÑÕËÆÞ ëRuIII ë ³µ¿ ¥¯¬ £¡ (0.6 ë 1.2) 7 7 7 7 136
±¥¥¡

°ÎËÅÑÐÖÍÎÇÑÕËÆÞ ë ÔÖÎß×Â- Au ¥¯¬ ¸£¡ (70.4770.1) 7 7 7 7 137
ÐËÎÒÓÑÒËÑÐÑÄÂâ ÍËÔÎÑÕÂ ë
ÑÍÔËÆ Zr

°ÎËÅÑÐÖÍÎÇÑÕËÆÞ ë®µ¯ Au ¥¯¬ ¸£¡ (70.2770.6) 7 7 5 . 10710 ë 1.0 . 10711 6.2 . 10712 138
Ô ÕËÑÎßÐÞÏË ÅÓÖÒÒÂÏË ë
¯¹ Au

·ÑÎËÐÑÍÔËÆÂÊÂ ëMnO2 ë ³µ¿ ·ÑÎËÐ ¡® (0.25; 0.45) (59� 3) . 1073 (ÔÏ.a) 7 3.0 . 1077 ë 1.0 . 1074 300 . 1079 86
±¥¥¡ë±¡³

·ÑÎËÐÑÍÔËÆÂÊÂ ë±¿ªë Pt ã ¡® (0.6) 3.79 . 1073, 9.04 . 1073 7 5 . 1077 ë 1.0 . 1073 0.5 . 1076 139
±¥¥¡ (ÔÏ.b)

·ÑÎËÐÑÍÔËÆÂÊÂ ë 6-°-àÕÑÍÔË- Pt ã ¡® (0.0) 8.86 . 1072 (ÔÏ.a) 60 5 . 1077 ë 1.0 . 1074 5 . 1077 140
ÕÓËÏÇÕËÎÂÏËÐÑØËÕÑÊÂÐ ë
ÃÇÓÎËÐÔÍÂâ ÎÂÊÖÓß (ÔÏ.c)

®µ¯ë±¥¥¡ ³µ¿ ´ËÑØÑÎËÐ ¡® (0.3) 7 7 1.5 . 1076 ë 7.5 . 1075 7.5 . 1077 141
ªÐÕÇÅÓËÐ b1 (ÂÐÕËÅÇÐ) ë ³µ¿ E. coli ³¿ª 252.1 (ÔÏ.d) 7 1.0 . 104 ë 2.0 . 106 (ÔÏ.e) 3.5 . 103 (ÔÏ.e) 142
ØËÕÑÊÂÐ
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´ÂÃÎËÙÂ 3 (ÒÓÑÆÑÎÉÇÐËÇ).

³ÑÔÕÂÄ ÏÖÎßÕËÔÎÑâ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ, £ ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
àÎÇÍÕÓÑÆÂ- ÍË
ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

´ËÑÐËÐ ë ØËÕÑÊÂÐ ë¯¹ Auë SiO2 E. coli ¸£¡(70.6 ë 0.2) 7 7 7 250 (ÔÏ.e) 148
®µ¯

¯¹ Auë®µ¯ëØËÕÑÊÂÐ ë Au ¬¡ ¸£¡ (70.6 ë 0.2) 7 91 0.5 ë 15.0 (ÔÏ.f); 0.01 (ÔÏ.f) 144
ÕËÑÐËÐ 15.0 ë 200.0 (ÔÏ.f)

¯¹ Auë¯¹ TiO2 ë ÕËÑÐËÐ Au ¬¡ ¸£¡ (70.4 ë 0.2) 7 60 1.0 ë 80.0 (ÔÏ.f); 0.20 (ÔÏ.f); 145
0.2 ë 80.0 (ÔÏ.f) 0.07 (ÔÏ.f)

¡ÐÕËÅÇÐ ë®µ¯ë±¥¥¡ë ³µ¿ ¬¡ ¸£¡ (70.2 ë 0.6) 4.69 . 1076, 30 0.1 ë 2.0 (ÔÏ.f), 0.06 (ÔÏ.f) 146
±³³ 0.51 . 1076 (ÔÏ.g) 2.0 ë 160 (ÔÏ.f)

¡ÐÕËÅÇÐ ëÜÇÎÑÚÐÂâ ×ÑÔ×Â- ³µ¿ ¬¡ ¸£¡ (70.3 ë 0.3) 7 7 (0.1 ë 1000) . 1073 (ÔÏ.f) 0.04 . 1073 (ÔÏ.f) 147
ÕÂÊÂ ë°µ¯ë ±¥¥¡

¡ÐÕËÅÇÐ ë ÃÇÓÎËÐÔÍÂâ ÎÂÊÖÓß ë Au ¬¡ ¸£¡ (70.1 ë 0.4) 7 7 0.5 ë 2.0 (ÔÏ.f) 0.08 (ÔÏ.f) 148
®°µ¯ë±¿ªëØËÕÑÊÂÐ

¡ÐÕËÕÇÎÂ ë¯¹ AuëCoIII Pt ¤ÇÒÂÕËÕ ¢ ¸£¡ (70.3 ë 0.7), ¡® (70.35) 7 7 0.05 ë 4.5 (ÔÏ.h) 0.015 (ÔÏ.h) 149
ÕÓËÔÃËÒËÓËÆËÎ ë¯Â×ËÑÐ

b-¸ËÍÎÑÆÇÍÔÕÓËÐ ë®µ¯ë ³µ¿ ¥Ñ×ÂÏËÐ ¸£¡ (70.1 ë 0.5) 2.313 30 (0.1 ë 25) . 1076 0.06 . 1076 132
ØËÕÑÊÂÐ

¯¹ ³ë (TDA) ë SiCl ITO ã ¸£¡ (70.2 ë 0.7), ¡® (0.45) 2.51 (ÔÏ.a) 10 (0.4 ë 6) . 1076 0.135 . 1076 151
GOXë±¡¥¡ ³µ¿ ã ¸£¡ (70.2 ë 0.6) 2.292, 20 (1 ë 60) . 1076, 0.02 . 1076, 152

8.32 . 1071 (1 ë 120) . 1076 0.27 . 1076

±ÑÎËÂÍÓËÎÑÄÂâ ÍËÔÎÑÕÂ ë ITO ã ¡® (0.585) 7 7 (4 ë 16) . 1076 1078 153
¯¹ CeO2

±ÑÎËÂÐËÎËÐ ë×ÕÂÎÑÙËÂÐËÐ ITO ã ¸£¡ (70.8 ë 0.4) 7 7 7 7 154
(Fe, Ni, Cu)

¡ÐÕËÕÇÎÂ ë®µ¯ë±¥¥¡ Au, Cr ®£ ¸£¡ (70.5 ë 0.5), ª®± 7 7 7 7 155
HRPë ÅÇÏÑÅÎÑÃËÐ ë³¥¤ ITO ±ËÓÑÍÂÕÇØËÐ ¸£¡ (70.8 ë 1.0) 7 7 6.0 . 1076 ë1.7 . 1074 5 . 1076 156
¢ËÔ×ÕÂÎÑÙËÂÐËÐ Lu ë±¡µ ITO ã ¸£¡ (70.5 ë 1.2), ¡® (0.3) 2 . 1072 7 (0 ë 900) . 1076 3.75 . 1077 157
¬ÑÐÍÂÄÂÎËÐ ¡ëHRP Au ã ¡® (70.05) 1.6 7 (6.0 ë 48) . 1076 0.6 . 1076 158
HRPë±¡µ Au ã ¡® (70.05) 4.89 . 1072 7 (6.0 ë 120) . 1076 0.7 . 1076 159
Cl-±ËÓÑÍÂÕÇØËÐ ë±¡®¡® Au ã ³¿ª 7 7 7 7 160
®ÇÕËÎÇÐÑÄÞÌ ÔËÐËÌ ë¯¹ ³µ¿ ·¤ ¸£¡ (70.7 ë 0.2) 7 60 7 0.3 ®¦ .ÏÎ71 161
Au ë ÕËÑÏÑÚÇÄËÐÂ

¯¹ Pt ë ÃÇÓÎËÐÔÍÂâ ÎÂÊÖÓß ë Au ¡Îß×Â-1-×ÇÕÑ- ¸£¡ (70.1 ë 0.6) 1.53 . 1076 (ÔÏ.g), 15 0.1 ë 15 (ÔÏ.f), 0.08 (ÔÏ.f) 162
®µ¯ëØËÕÑÊÂÐ ÒÓÑÕÇËÐ 0.11 . 1076 (ÔÏ.g) 15 ë 200 (ÔÏ.f)

¯¹ CdS ë ÒÑÎË-ÍÑÐÅÑ ³µ¿ ã ¸£¡ (70.7 ë 0.1), ¡®(70.3) 7 30 0.30 ë 250 (ÔÏ.f) 0.12 (ÔÏ.f) 163
ÍÓÂÔÐÞÌ

¶ÇÓÓÑÙÇÐÏÇÕÂÐÑÎ ë±¡ ³ ã ¸£¡ (0.0 ë 0.5) 7 15 5 ë 20 (ÔÏ.f); 2 (ÔÏ.f) 164
¡® (0.025) 20 ë 150 (ÔÏ.f)

¯¹ Auë ÕËÑÐËÐ ëNaéon Au ã ¸£¡ (70.6 ë 0.2) 7 1 ë 250 (ÔÏ.f) 0.56 (ÔÏ.f) 165
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´ÂÃÎËÙÂ 3 (ÑÍÑÐÚÂÐËÇ).

³ÑÔÕÂÄ ÏÖÎßÕËÔÎÑâ ®ÂÕÇÓËÂÎ ¡ÐÂÎËÕ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ, £ ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎ-
àÎÇÍÕÓÑÆÂ- ÍË
ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

¤ÎÖÕÂÏÂÕÆÇÅËÆÓÑÅÇÐÂÊÂ ë¯¹ Pt ë ³µ¿ ¤¬ ¸£¡ (70.6 ë 0.6) 7 28 (0.2 ë 250) . 1076 1078 166
±¡®¡® (ÔÏ.i ) ¡® (0.2)

®µ¯ë ÔÖÎß×ÑÐËÎËÓÑÄÂÐÐÞÇ ±¥¥¡ ³µ¿ ¸ËÔÕÇËÐ ¸£¡ (0 ë 1.1), 2.78 . 1079 10 20 . 1076 ë 1.3 . 1073 7 167
(ÔÏ.i ) ¡® (0.8) 1.38 . 1078 7 230 . 1076 0.3 . 1076

HRP ë±³³, ±¡µ Au ã ¸£¡ (70.4 ë 0.6) 7 60 (0.1 ë 23.5) . 1076 0.02 . 1076 168
¡® (70.15)

b-ÂÍÕÂÏÂÊÂ ë ÅÇÏÂÕÇËÐ ë®µ¯ë ³µ¿ ±ÇÐËÙËÎÎËÐ ¸£¡ (70.4 ë 0.6) 7 7 9.3 . 1076 ë 1.0 . 1073 50 . 1079 169
ØËÕÑÊÂÐ ¡® (0.2) (1.0 ë 2.6) . 1073

¡ÒÕÂÏÇÓ ¥¯¬ë®µ¯ ITO ´ÓÑÏÃËÐ ¸£¡ (0.0 ë 0.7) 7 24 0.3 ë 165 (ÔÏ.f) 0.14 (ÔÏ.f) 170
ËÊÑÙËÏ 21 0.2 ë 1.66 . 1073 0.17 (ÔÏ.f)

´ÑÎÖËÆËÐ ÔËÐËÌ ë ÅÓÂ×ÇÐ ë¯¹ Au ³µ¿ ´ÓÑÏÃËÐ ¸£¡ (70.6 ë 0.2) 7 7 (0.001 ë 80) . 1079 0.33 . 10712 171
¡ÒÕÂÏÇÓ ÕÓÑÏÃËÐÂ ë¯¹ Auë Au ã ¸£¡ (70.5 ë 0.0) 7 7 (0.12 ë 0.48) . 1079 0.04 . 1079 172
ÕËÑÐËÐ ëNaéon

¡ÙÇÕËÎØÑÎËÐàÔÕÇÓÂÊÂ ë°µ¯ë±¥¥¡ ³µ¿ ¬ÂÓÃÂÓËÎ ¸£¡ (70.2 ë 1) 7 7 ÑÕ 1077 (ÔÏ.k) 1079 (ÔÏ.k) 173
¤ÇÏËÐ ë®µ¯ë±¡¥¡ (ÔÏ.j ) ³µ¿ L-´ËÓÑÊËÐ ¸£¡ (0.0 ë 1.0), ¡® (0.8) 3.1 . 1071 (ÔÏ.a) 7 (0.1 ë 28.8) . 1076 0.01 . 1076 174
®µ¯ë±¥¥¡ë±³³ ³ ¡ÙÇÕÂÏËÐÑ×ÇÐ ¸£¡ (70.1 ë 0.7), 3.35 . 1076 21 7 5.0 . 1077 175

¡® (0.3)
·ÑÎÇÔÕÇÓËÐàÔÕÇÓÂÊÂ ë®µ¯ë ³ ·ÑÎÇÔÕÇÓËÐ ¸£¡ (70.8 ë 0.2) 1.365 . 1074 21 (0.2 ë 1) . 1073 30 . 1076 176
±¥¥¡ ¡® (70.4)

·ÑÎÇÔÕÇÓËÐàÔÕÇÓÂÊÂ ë®µ¯ë Au ã ¡® (0.1) 7 7 (0.001 ë 3) . 1073 5 . 1076 177
¯¹ Pt ë ØËÕÑÊÂÐ ë±³³

·ÑÎÇÔÕÇÓËÐàÔÕÇÓÂÊÂ ë¯¹ Pt ë®µ¯ ITO ã ¡® (0.7) 8.7 . 1073 (ÔÏ.a) 7 (0.005 ë 10) . 1073 0.0028 . 1073 178
¡ÙÇÕËÎØÑÎËÐàÔÕÇÓÂÊÂ ë®µ¯ë ³µ¿ ¬ÂÓÃÑ×ÖÓÂÐ ¸£¡ (70.2 ë 0.8) 7 21 4.8 . 1079 ë 0.9 . 1077 4.0 . 1079 179
±¡¥¡ë±¡®¡®ëAu

GOXë±¥¥¡ ³µ¿ ³ËÎÆÇÐÂ×ËÎ ¸£¡ (70.2 ë 0.5) 7 20 2.0 . 1078 ë 5.0 . 1077, 7 180
5.0 . 1077 ë 5.0 . 1075

GOX Pt ¬ÂÓÃÂÏÂÊÇÒËÐ ¸£¡ (1.0 ë 1.5) 7 7 1075 ë 5 . 1074 2.75 . 1075 181
¤ÎÖÕÂÕËÑÐÓÇÆÖÍÕÂÊÞ, ÅÎáÍÑÊÂ-6- ³µ¿ ¯¡¥¶ ¡® (0.5) 7 7 (0 ë 0.2) . 1073 7 182
×ÑÔ×ÂÕÆÇÅËÆÓÑÅÇÐÂÊÂ ë±¿ªë ¤ÎáÍÑÊÑ-6-×ÑÔ×ÂÕ (0 ë 0.16) . 1073 7
×ÇÓÓÑÙÇÐ

ÂÍÍÂÊÂ ë±¿ª ³µ¿, Pt Ò-¶ÇÐËÎÇÐÆËÂÏËÐ ¸£¡ (0.0 ë 1.0) 7 7 7 7 183
¡ÐÕËÃËÑÕËÐ ËÏÏÖÐÑÅÎÑÃÖÎËÐÂ Au ¢ËÑÕËÐ ÒÇÓÑÍÔË- ¸£¡ (0.0 ë 0.5) 7 7 7 7 184
ÍÎÂÔÔÂ GëOs ë±¡µ ÆÂÊÞ ØÓÇÐÂ

¡ÐÕËÂÎßÃÖÏËÐ ë¯¹ Auë Au ¡ÎßÃÖÏËÐ ³¿ª 7 7 6.8 . 10712 ë 6.8 . 1073 6.8 . 10712 (ÔÏ.k) 185
ÒÑÎËÕËÓÂÏËÐ (ÔÏ.k)

®°µ¯ ©µ®¿ ¿ÔÕÓÂÆËÑÎ ¸£¡ (0.0 ë 0.8) 7 7 2.0 . 1078 ë 2.0 . 1076 (ÔÏ.k) 1.0. 1078 (ÔÏ.k) 186

±ÓËÏÇÚÂÐËÇ. ±ÓËÐâÕÞ ÔÎÇÆÖáÜËÇ ÑÃÑÊÐÂÚÇÐËâ: GSGHsìÏÇÊÑÒÑÓËÔÕÞÌ ÅÓÂ×ÇÐ/ÍÓÇÏÐËÌ (ÐÂÐÑÎËÔÕÞ), (TDA)SiCl ì ØÎÑÓËÆÕÇÕÓÂÆÇÙËÎÆËÏÇÕËÎ[3-(ÕÓËÏÇÕÑÍÔËÔËÎËÎ)ÒÓÑÒËÎÂÏÏÑÐËâ, ¬¡ì
ÍÂÓÙËÐÑàÏÃÓËÑÐÐÞÌ ÂÐÕËÅÇÐ, ®£ ì ÏÇÕÂÒÐÇÄÏÑÄËÓÖÔ, ·¤ ì ØÑÓËÑÐËÚÇÔÍËÌ ÅÑÐÂÆÑÕÓÑÒËÐ, ¤¬ ì ÅÎÖÕÂÏËÐÑÄÂ ÍËÔÎÑÕÂ, ©µ®¿ ì ÊÑÎÑÕÑÌ ÖÎßÕÓÂÏËÍÓÑàÎÇÍÕÓÑÆ, ®¦ ì ÏÇÉÆÖÐÂÓÑÆÐÂâ
ÇÆËÐËÙÂ ËÊÏÇÓÇÐËâ ÆÑÊÞ ÄÇÜÇÔÕÄÂ, ÑÔÐÑÄÂÐÐÂâ ÐÂ ÇÅÑ ÃËÑÎÑÅËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË. a ²ÂÊÏÇÓÐÑÔÕß ¡ .ÏÑÎß71 . Î . ÔÏ72. b ´°=15 Ô. c ´°=10 Ô. d ²ÂÊÏÇÓÐÑÔÕß °Ï . (ÚËÔÎÑ ÍÎÇÕÑÍ)71 .ÏÎ. e ¹ËÔÎÑ
ÍÎÇÕÑÍ Ä ÑÆÐÑÏ ÏËÎÎËÎËÕÓÇ. f ²ÂÊÏÇÓÐÑÔÕß ÐÅ .ÏÎ71. g ²ÂÊÏÇÓÐÑÔÕß ¡ . ÐÅ71 .ÏÎ. h ²ÂÊÏÇÓÐÑÔÕß ÏÍÅ .ÏÎ71. i ´°=3 Ô. j ´°=5 Ô. k ²ÂÊÏÇÓÐÑÔÕß ÏÅ .Î71.
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´ÂÃÎËÙÂ 4. ³ÑÔÕÂÄÞ ÏÖÎßÕËÔÎÑÇÄ, ÔËÐÕÇÊËÓÑÄÂÐÐÞØ Ä ÖÔÎÑÄËâØ ±·³ ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ, ÏÇÕÑÆÞ ËÊÏÇÓÇÐËâ Ë ØÂÓÂÍÕÇÓËÔÕËÍË àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÅÎáÍÑÊÞ.

³ÑÔÕÂÄ ÏÖÎßÕËÔÎÑâ ®ÂÕÇÓËÂÎ ®ÇÕÑÆ ËÊÏÇÓÇÐËâ, ·ÂÓÂÍÕÇÓËÔÕËÍË ÔÇÐÔÑÓÂ ³ÔÞÎÍË
àÎÇÍÕÓÑÆÂ- £
ÒÑÆÎÑÉÍË S, ¡ .ÏÑÎß71 . Î . ÔÏ72 ´°, Ô ³´¢, ÔÖÕ ª, ÏÑÎß . Î71 ±°, ÏÑÎß . Î71

GOXë¯¹ Auë ØËÕÑÊÂÐ Au ¸£¡ (70.1 ë 0.7), ¡® (0.7) 5.55 . 1074 (ÔÏ.a) 7 7 7 7 187
GOXë¯¹ Auë±¡®¡®ë±£³b ITO ¸£¡ (0.0 ë 1.0) (3.36� 0.02) . 1075 7 7 7 17 . 1076 188
GOXë¯¹ Auë±¡®¡®ë±£³ b ITO ¸£¡ (70.5 ë 0.1), ¡® (0.0) 1.11 . 1077 7 7 7 1.9 . 1076 189, 190
¯¹ Au Au ¸£¡ (70.05 ë 0.55) 7 7 7 7 7 191
GOXë¯¹ Au Au ¡® (0.4) 7 7 7 7 7 192
GOXë¯¹ AuëÒÑÎËàÎÇÍÕÓÑÎËÕÞ Au ¸£¡ (70.2 ë 0.8), ¡® (0.3) (1.927� 0.05) . 1072 7 7 7 2.3 . 1076 193
¯¹ Auë ÕËÑÐËÐ Au ¸£¡ (70.35 ë 0.1), ¡® (70.18) 7 7 7 ÆÑ 3 . 1073 3.5 . 1075 80
¤ÇÍÔÂÙËÂÐÑ×ÇÓÓÂÕ ÏÇÆË (F-Sn)-ÑÍÔËÆ ¸£¡ (0.0 ë 1.2), ¡® (0.0) 0.33 . 1076 7 7 ÆÑ 5 . 1076 81
GOXë¯¹ CdS ë±¡®¡® Pt ¸£¡ (71.0 ë 1.0), ¡® (0.5) 1.83 . 1073 7 7 1076 ë 2.5 . 1073 1076 194
GOXëOs ë±¡µ Au ¸£¡ (0.1 ë 0.5) 7 7 7 7 7 195
GOXë¯¹ Pt ë ØËÕÑÊÂÐ ³µ¿ ¸£¡ (70.6770.2), ¡® (0.3) 7 7 30 1.2 . 1076 ë 2.0 . 1073 4.0 . 1077 196
GOXëHRPë ÍÑÐÍÂÐÂÄÂÎËÐ ¡ë Au ¸£¡ (70.4 ë 0.6), ¡® (70.15) 7 7 8 2.0 . 1076 ë 1.7 . 1074 2.5 . 1077 197
®µ¯ë ÒÇÍÕËÐ

GOXë®µ¯ëÒÑÎËÅËÔÕËÆËÐ ³µ¿ ¡® (0.7) (1.94� 0.03) . 1073 (ÔÏ.a) 12 15 2.5 . 1074 ë 5.0 . 1073 2.2 . 1076 198
±ÑÎËÎËÊËÐ ë ÎÂÍÍÂÊÂ ë®µ¯ ITO ¸£¡ (0.05 ë 0.75) 7 7 7 ÆÑ 30 . 1073 7 199
GOXë®µ¯ë±¿ª ³µ¿ ¸£¡ (70.7 ë 0.0) 1.07 . 1071 7 7 ÆÑ 0.3 . 1076 7 200
GOXë°µ¯ë±£ëOs ³ ¸£¡ (70.1 ë 0.5), ¡® (0.3) 1.6 . 1072 7 30 (0.5 ë 6.0) . 1073 0.1 . 1073 201
°µ¯ë±£ëOs ³ ¸£¡ (70.1 ë 0.5), ¡® (0.3) 3.2 . 1072 7 7 (0.3 ë 10) . 1073 0.3 . 1073 241
GOXë®µ¯ ³ ¡® (0.6) 3.82 . 1072 (ÔÏ.a) 7 7 5 . 1074 ë 1.5 . 1072 0.9 . 1074 202
GOXë®µ¯ë±¡ ITO ¸£¡ (0.0 ë 0.5), ¡® (0.4) 3.97 . 1073 (ÔÏ.a) 7 21 (1 ë 9) . 1073 0.06 . 1076 203
°µ¯ë±¥¥¡ Au, Cr ¬ÑÐÆÖÍÕÑÏÇÕÓËâ (pH), 2.84 . 1072 (ÔÏ.a) 7 7 (2 ë 10) . 1073 7 204

¡® (ÅÎáÍÑÊÂ,71.0; 71.5)
®µ¯ë±¥¥¡ ³µ¿ ¸£¡ (70.5 ë 0.5) 7 7 21 ë 28 15 . 1076 ë 6 . 1073 7.0 . 1076 205

¡® (70.1) 7 7 7 (15 ë 120) . 1076

GOXëNH2 ë®µ¯ëÂÏËÐÑ- Au ¸£¡ (70.8 ë 0.2), ¡® (70.3) 7.46 . 1073 7 21 1 ë 7 . 1076 8 . 1076 206
ÙËÔÕÇÂÏËÐ

GOXë°µ¯ë±¥¥¡ Pt ¸£¡ (0.0 ë 0.6), ¡® (0.6) 6.38 . 1072 7 30 50 . 1076 ë 12 . 1073 4 . 1076 207
GOXëHRPë±¡µ ITO 208
GOXëHRPë ÕËÑÏÑÚÇÄËÐÂ ³µ¿ ¸£¡ (70.65770.3), ¡® (0.3) 5.73 . 1073 7 7 (50 ë 600) . 1076 6 . 1076 209
GOXëHRPëÙËÔÕÇÂÏËÐ Au ¸£¡ (0.0 ë 0.5), ¡® (0.28) 5.11 . 1073 4 28 (1 ë 8) . 1073 9 . 1076 210
GOXë±¥¥¡ëNaéon ³µ¿, Pt, C ¡® (0.6) 9.6 . 1073 7 28 (0.05 ë 7) . 1073 20 . 1076 211
GOXë±¥¥¡ ³µ¿ ¸£¡ (70.05 ë 0.5) 7 7 7 7 7 212
GOXëÆÑÆÇÙËÎÃÇÐÊËÎÔÖÎß×Ñ- Ag ¡® (70.1) 7.2 . 1074 7 7 (1 ë 8) . 1073 1.55 . 1074 213
ÐÑÄÂâ ÍËÔÎÑÕÂ

GOXë¯¹ Auë ØËÕÑÊÂÐ ë±¡ Pt ¡® (0.6) 5.55 . 1074 (ÔÏ.a) 7 7 (0.5 ë 16) . 1073 7 . 1076 214
GOXë¯¹ ZnO ITO ¡® (70.2) 7 7 7 (0.1 ë 9) . 1073 1.94 . 1076 215
GOXë±¿ª ±¤¿ ¸£¡ (70.8 ë 0) 7.6 . 1071 (ÔÏ.a) 7 7 (0.5 ë 8.9) . 1073 50 . 1076 216
GOXë ÔÖÎß×ÂÐËÎÒÓÑÒËÑÐÑÄÂâ Au ¡® (70.2) 7 7 7 ÆÑ 5 . 1073 58 . 1076 217
ÍËÔÎÑÕÂ ë±¥¥¡ë±³³ë®µ¯

a ²ÂÊÏÇÓÐÑÔÕß ¡ .ÏÑÎß71 . Î. b ±£³ì ÒÑÎËÄËÐËÎÔÖÎß×ÑÐÑÄÂâ ÍËÎÑÔÕÂ.
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ÎÂÊÖÓË, ØËÕÑÊÂÐÂ Ë ÏÐÑÅÑÔÕÇÐÐÞÏË ÖÅÎÇÓÑÆÐÞÏË ÐÂÐÑÕÓÖÃ-
ÍÂÏË, ÔÑÔÕÂÄËÎÂ *0.08 ÐÅ .ÏÎ71 ÒÓË ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË
1.53 ÏÍ¡ . ÐÅ71 .ÏÎ. °ÒÓÇÆÇÎÇÐËÇ ÂÎß×Â-1-×ÇÕÑÒÓÑÕÇËÐÂ ÐÂ
àÎÇÍÕÓÑÆÂØ, ÍÑÕÑÓÞÇ ÏÑÆË×ËÙËÓÑÄÂÐÞ ÅÇÕÇÓÑÔÕÓÖÍÕÖÓÂÏË
Au ëFe3O4, ÒÑÎÖÚÇÐÐÞÏË ÏÇÕÑÆÑÏ ÕÇÓÏËÚÇÔÍÑÌ ÆÇÔÕÓÖÍÙËË,
ÒÓËÄÇÎÑ Í ÔÐËÉÇÐËá ÒÓÇÆÇÎÂ ÑÃÐÂÓÖÉÇÐËâ ÆÑ 2.3 ÒÅ .ÏÎ71

(ÔÏ.234).
£ ÒÑÔÎÇÆÐËÇ ÆÇÔâÕËÎÇÕËâ ÑÐÍÑÎÑÅËÚÇÔÍËÇ ÊÂÃÑÎÇÄÂÐËâ

ÔÕÂÎË ÑÆÐÑÌ ËÊ ÒÓËÚËÐ ÖÄÇÎËÚÇÐËâ ÔÏÇÓÕÐÑÔÕË ÎáÆÇÌ ÄÑ
ÄÔÇÏ ÏËÓÇ: ÇÉÇÅÑÆÐÑÇ ÚËÔÎÑ ÔÏÇÓÕÇÌ ÑÕ ÓÂÍÂ ÒÓÇÄÞÛÂÇÕ
ÒÑÎÑÄËÐÖ ÑÕ ÚËÔÎÂ ÄÐÑÄß ÄÞâÄÎÇÐÐÞØ ÔÎÖÚÂÇÄ ÊÂÃÑÎÇÄÂÐËâ.235

¹ÂÔÕÑÕÂ ÊÂÃÑÎÇÄÂÐËÌ ÓÂÍÑÏ Ä ÒÇÓËÑÆ Ô 1975 ÒÑ 2000 ÅÅ.
ÖÆÄÑËÎÂÔß, Â Ä 2000 Å. 12% ÔÎÖÚÂÇÄ ÄÔÇØ ÎÇÕÂÎßÐÞØ ËÔØÑÆÑÄ
ÑÃÖÔÎÑÄÎÇÐÞ ÑÐÍÑÎÑÅËÇÌ. ¹ÂÔÕÑ ÄÑÊÏÑÉÐÑÔÕË ÔÒÇÙËÂÎËÔÕÑÄ
ÆÎâ ÂÆÇÍÄÂÕÐÑÌ ÓÂÐÐÇÌ ÆËÂÅÐÑÔÕËÍË, ÑÒÇÓÂÕËÄÐÑÅÑ ÎÂÃÑÓÂ-
ÕÑÓÐÑÅÑ ÍÑÐÕÓÑÎâ à××ÇÍÕËÄÐÑÔÕË ÎÇÚÇÐËâ Ë ÒÓÑÅÐÑÊÂ ÓÂÊÄË-
ÕËâ ÊÂÃÑÎÇÄÂÐËâ, ÑÔÐÑÄÂÐÐÑÅÑ ÐÂ ÍÑÎËÚÇÔÕÄÇÐÐÞØ ÎÂÃÑÓÂÕÑÓ-
ÐÞØ ÒÑÍÂÊÂÕÇÎâØ, ÑÅÓÂÐËÚÇÐÞ. ¯ÇÔÏÑÕÓâ ÐÂ ÃÑÎßÛÑÇ ÚËÔÎÑ
ËÔÔÎÇÆÑÄÂÐËÌ Ä àÕÑÌ ÑÃÎÂÔÕË, ÒÓÑÅÓÇÔÔ Ä ÐÇÌ ÄÔÇ ÇÜÇ ÐÇÆÑ-
ÔÕÂÕÑÚÇÐ, Ä ÚÂÔÕÐÑÔÕË ÐÇÕ ÛËÓÑÍÑÅÑ ËÔÒÑÎßÊÑÄÂÐËâ ÃËÑÏÂÓ-
ÍÇÓÑÄ ÐÂ ÓÂÊÎËÚÐÞÇ ÄËÆÞ ÓÂÍÂ.236, 237 °ÆÐÂ ËÊ ÆËÂÅÐÑÔÕËÚÇ-
ÔÍËØ ÒÇÓÔÒÇÍÕËÄ ÔÄâÊÂÐÂ Ô ÒÓËÏÇÐÇÐËÇÏ Ä ÍÂÚÇÔÕÄÇ ÃËÑÏÂÓ-
ÍÇÓÂ ÙËÓÍÖÎËÓÖáÜÇÌ ¥¯¬, ÍÑÕÑÓÂâ ÏÑÉÇÕ ÃÞÕß ÑÃÐÂÓÖÉÇÐÂ
Ä ÒÎÂÊÏÇ (ÔÞÄÑÓÑÕÍÇ) ÍÓÑÄË ÚÇÎÑÄÇÍÂ. ¡ÐÂÎËÊ ¥¯¬ ÒÓÑÄÑÆâÕ
Ô ÙÇÎßá ÄÞâÄÎÇÐËâ ÓÂÊÎËÚÐÞØ ÄËÓÖÔÑÄ, ÑÐÍÑÎÑÅËÚÇÔÍËØ Ë
ÅÇÐÇÕËÚÇÔÍËØ ÊÂÃÑÎÇÄÂÐËÌ. ±ÓÇÆÇÎÞ ÑÃÐÂÓÖÉÇÐËâ ¥¯¬
ÏÑÅÖÕ ÔÑÔÕÂÄÎâÕß ÆÑ 0.6 ×ÏÑÎß . Î71. ³ÕÑËÕ ÑÕÏÇÕËÕß, ÚÕÑ
ÆÎâ ÄÔÇØ ÔÇÐÔÑÓÑÄ ÐÂ ÃËÑÎÑÅËÚÇÔÍËÇ ÂÐÂÎËÕÞ ØÂÓÂÍÕÇÓÐÞ
ÐÇÃÑÎßÛÑÌ ÔÓÑÍ ÔÕÂÃËÎßÐÑÔÕË Ë àÍÔÒÓÇÔÔÐÑÔÕß ÂÐÂÎËÊÂ.

¥Îâ ÆËÂÅÐÑÔÕËÓÑÄÂÐËâ ÑÐÍÑÎÑÅËÚÇÔÍËØ ÊÂÃÑÎÇÄÂÐËÌ ÒÓË-
ÏÇÐâáÕ àÎÇÍÕÓÑØËÏËÚÇÔÍËÇ ÔÇÐÔÑÓÞ, ÂÐÂÎËÕËÚÇÔÍËÌ ÔËÅÐÂÎ
ÍÑÕÑÓÞØ ÑÔÐÑÄÂÐ ÐÂ ÄÊÂËÏÑÆÇÌÔÕÄËË ÂÐÕËÕÇÎÑ ë ÂÐÕËÅÇÐ. ´ÂÍ,
ÍÂÓÙËÐÑàÏÃÓËÑÐÐÞÌ ÂÐÕËÅÇÐ ÑÒÓÇÆÇÎâáÕ ÆÎâ ÄÞâÄÎÇÐËâ
ÓÂÍÂ ÎÇÅÍËØ Ë ÆÓÖÅËØ ÄÐÖÕÓÇÐÐËØ ÑÓÅÂÐÑÄ. ±ÓË àÕÑÏ ÒÓÇÆÇÎ
ÑÃÐÂÓÖÉÇÐËâ ÐÂ ÒÓËÏÇÓÇ Au-àÎÇÍÕÓÑÆÂ, ÏÑÆË×ËÙËÓÑÄÂÐÐÑÅÑ
ÔÎÑâÏË ÐÂÐÑÚÂÔÕËÙ ÊÑÎÑÕÂ, ÏÐÑÅÑÔÕÇÐÐÞØ ÖÅÎÇÓÑÆÐÞØ
ÐÂÐÑÕÓÖÃÑÍ, ØËÕÑÊÂÐÂ Ë ÕËÑÐËÐÂ, ÔÑÔÕÂÄËÎ 0.01 ÐÅ .ÏÎ71,
Â ÚÖÄÔÕÄËÕÇÎßÐÑÔÕß *4.69 ÏÍ¡ . ÐÅ71 .ÏÎ. ¥ÂÐÐÞÌ àÎÇÍÕÓÑ-
ØËÏËÚÇÔÍËÌ ÔÇÐÔÑÓ ÖÔÕÖÒÂÇÕ ÔÇÐÔÑÓÖ, ËÊÅÑÕÑÄÎÇÐÐÑÏÖ ÐÂ
ÑÔÐÑÄÇ ÐÂÐÑÒÑÓËÔÕÞØ ÔÕÓÖÍÕÖÓ ÊÑÎÑÕÂ Ë ÅÓÂ×ÇÐÂ, ÆÎâ ÍÑÕÑ-
ÓÑÅÑ ÒÓÇÆÇÎ ÑÃÐÂÓÖÉÇÐËâ ÔÑÔÕÂÄËÎ 3.5 . 10713 ÏÑÎß . Î71

(ÔÏ.238).
³ÇÐÔÑÓÞ ÆÎâ ÑÒÓÇÆÇÎÇÐËâ ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞØ ÔÑÇÆË-

ÐÇÐËÌ, ÒÑÎÖÚÇÐÐÞÇ ÆÓÖÅËÏË ÔÒÑÔÑÃÂÏË, ÐÇ ÖÔÕÖÒÂáÕ ÒÑ ÂÐÂ-
ÎËÕËÚÇÔÍËÏ ØÂÓÂÍÕÇÓËÔÕËÍÂÏ ÔÇÐÔÑÓÂÏ, ÒÑÎÖÚÇÐÐÞÏ ÏÇÕÑ-
ÆÑÏ ±·³. ¿ÕÑ ÏÑÉÐÑ ÑÃÝâÔÐËÕß ÔÎÑÉÐÑÔÕßá ÒÑÔÎÑÌÐÑÌ
ËÏÏÑÃËÎËÊÂÙËË ÃËÑÔÇÎÇÍÕÑÓÑÄ. ¡ÄÕÑÓÞ ÃÑÎßÛËÐÔÕÄÂ ÓÂÔ-
ÔÏÑÕÓÇÐÐÞØ ÐËÉÇ ÓÂÃÑÕ ÏÇÕÑÆÑÏ ±·³ ÐÂÐÑÔËÎË Ä ÑÔÐÑÄÐÑÏ
ÔÎÑË ÐÂÐÑÔÕÓÖÍÕÖÓ Ë ÔÄâÊÞÄÂáÜËØ ÓÇÂÅÇÐÕÑÄ, ÚÖÄÔÕÄËÕÇÎß-
ÐÞÌ ÔÎÑÌ ÐÂÐÑÔËÎË ÎËÛß ÑÆËÐ.

ºËÓÑÍÑÇ ÒÓÂÍÕËÚÇÔÍÑÇ ÒÓËÏÇÐÇÐËÇ ÔÇÐÔÑÓÑÄ ÐÂ ÅÎáÍÑÊÖ
ÑÃÖÔÎÑÄÎÇÐÑ ÕÇÏ, ÚÕÑ Ä ÒÑÔÎÇÆÐËÇ ÅÑÆÞ ÔÂØÂÓÐÞÌ ÆËÂÃÇÕ ÔÕÂÎ
ÒÓÑÅÓÇÔÔËÓÖáÜËÏ ÊÂÃÑÎÇÄÂÐËÇÏ. ³ÑÅÎÂÔÐÑ ÆÂÐÐÞÏ £ÔÇÏËÓ-
ÐÑÌ ÑÓÅÂÐËÊÂÙËË ÊÆÓÂÄÑÑØÓÂÐÇÐËâ, *350 ÏÎÐ ÚÇÎÑÄÇÍ ÄÑ
ÄÔÇÏ ÏËÓÇ ÃÑÎßÐÞ ÆËÂÃÇÕÑÏ, Ë, ÒÑ ÒÓÑÅÐÑÊÂÏ, Ä 2030 Å.
ÆËÂÃÇÕ ÃÖÆÇÕ ÔÇÆßÏÞÏ Ä ÔÒËÔÍÇ ÃÑÎÇÊÐÇÌ, ÒÓËÄÑÆâÜËØ Í
ÔÏÇÓÕË.239 ´ÑÚÐÞÇ ËÊÏÇÓÇÐËâ Ë ÕÜÂÕÇÎßÐÞÌ ÍÑÐÕÓÑÎß ÖÓÑÄÐâ
ÅÎáÍÑÊÞ Ä ÍÓÑÄË ËÏÇáÕ ÄÂÉÐÑÇ ÊÐÂÚÇÐËÇ ÆÎâ ÒÓÂÄËÎßÐÑÌ
ÆËÂÅÐÑÔÕËÍË Ë ÎÇÚÇÐËâ ÔÂØÂÓÐÑÅÑ ÆËÂÃÇÕÂ. ´ËÒËÚÐÞÌ ÂÐÂÎËÊ
ÍÓÑÄË Ä ÅÎáÍÑÏÇÕÓÂØ ÒÓÑÄÑÆâÕ Ô ÐÇÃÑÎßÛËÏ ÑÃÝÇÏÑÏ ÍÓÑÄË,
ÍÑÕÑÓÞÌ ÑÃÞÚÐÑ ÃÇÓÖÕ ËÊ ÒÂÎßÙÂ. ¬ÓÑÄß ÒÑÆÄÑÆËÕÔâ Í ÑÆÐÑ-
ÓÂÊÑÄÑÌ ÕÇÔÕ-ÒÑÎÑÔÍÇ ÒÑÆ ÆÇÌÔÕÄËÇÏ ÍÂÒËÎÎâÓÐÞØ ÔËÎ. ¢ÑÎß-
ÛËÐÔÕÄÑ ÕÇÔÕ-ÒÑÎÑÔÑÍ ÔÑÔÕÑâÕ ËÊ ÆÇÅËÆÓÑÅÇÐÂÊÞ ÅÎáÍÑÊÞ

ËÎË ÅÎáÍÑÊÑÍÔËÆÂÊÞ, ËÏÏÑÃËÎËÊÑÄÂÐÐÞØ ÐÂ ÒÇÚÂÕÐÑÏ àÎÇÍÕ-
ÓÑÆÇ, Ë ËØ ÆÇÌÔÕÄËÇ ÑÔÐÑÄÂÐÑ ÐÂ ×ÇÓÏÇÐÕÂÕËÄÐÞØ ÓÇÂÍÙËâØ.

£ ÒÑÔÎÇÆÐËÇ ÆÇÔâÕËÎÇÕËâ ÒÓÑÄÑÆâÕÔâ ÓÂÃÑÕÞÒÑ ÔÑÊÆÂÐËá
ÃÑÎÇÇ à××ÇÍÕËÄÐÞØ ÐÇÒÓÇÓÞÄÐÞØ ÏÇÕÑÆÑÄ ËÊÏÇÓÇÐËâ ÅÎá-
ÍÑÊÞ, ÍÂÍ ËÐÄÂÊËÄÐÞØ, ÕÂÍ Ë ÐÇËÐÄÂÊËÄÐÞØ.240 ¶ÇÓÏÇÐÕÐÞÌ Ë
ÃÇÔ×ÇÓÏÇÐÕÐÞÌ ÏÇÕÑÆÞ ÑÒÓÇÆÇÎÇÐËâ ÅÎáÍÑÊÞ Ô ÒÓËÏÇÐÇ-
ÐËÇÏ àÎÇÍÕÓÑÆÑÄ, ÐÂ ÒÑÄÇÓØÐÑÔÕË ÍÑÕÑÓÞØ ÒÓËÔÖÕÔÕÄÖáÕ
ÏÖÎßÕËÔÎÑË (ÍÂÍ ÒÓÂÄËÎÑ, ÃÎÂÅÑÓÑÆÐÞØ ÏÇÕÂÎÎÑÄ Ë ÂÎÎÑ-
ÕÓÑÒÐÞØ ÏÑÆË×ËÍÂÙËÌ ÖÅÎÇÓÑÆÂ), ÐË Ä ÚÇÏ ÐÇ ÖÔÕÖÒÂáÕ ÆÓÖÅ
ÆÓÖÅÖ, ÑÆÐÂÍÑ ÃÇÔ×ÇÓÏÇÐÕÐÞÇ ÔÇÐÔÑÓÞ ÑÃÎÂÆÂáÕ ÃÑÎßÛÇÌ
ÔÕÂÃËÎßÐÑÔÕß, ÚÇÏ ÔÇÐÔÑÓÞ ÐÂ ÑÔÐÑÄÇ ÑÍÔËÆÂÊ. ±ÓËÏÇÐÇÐËÇ
àÎÇÍÕÓÑÆÑÄ ÔÑ ÔÎÑâÏË, ÔÑÔÕÑâÜËÏË ËÊ ÅÎáÍÑÊÑÍÔËÆÂÊÞ,
ÒÇÓÑÍÔËÆÂÊÞ ØÓÇÐÂ, ÍÑÐÍÑÄÂÎËÐÂ ¡ Ë ÏÐÑÅÑÔÕÇÐÐÞØ ÖÅÎÇÓÑÆ-
ÐÞØ ÐÂÐÑÕÓÖÃÑÍ, ÔËÐÕÇÊËÓÑÄÂÐÐÞÏË Ä ÓÇÊÖÎßÕÂÕÇ 10 ÙËÍÎÑÄ
±·³, ÒÓËÄÇÎÑ Í ÔÐËÉÇÐËá ÒÓÇÆÇÎÂ ÑÃÐÂÓÖÉÇÐËâ ÆÑ
2.5 . 1077 ÏÑÎß . Î71 Ë ÖÄÇÎËÚÇÐËá ÚÖÄÔÕÄËÕÇÎßÐÑÔÕË ÆÑ
*0.1 ¡ .ÏÑÎß71 . Î . ÔÏ72 (ÕÂÃÎ. 4).

VIII. ©ÂÍÎáÚÇÐËÇ

®ÐÑÅÑÚËÔÎÇÐÐÞÇ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÆÂÐÐÞÇ, ÑÃÔÖÉÆÇÐÐÞÇ Ä
ÆÂÐÐÑÏÑÃÊÑÓÇ, ÔÄËÆÇÕÇÎßÔÕÄÖáÕ Ñ ÕÑÏ, ÚÕÑ ÆÎâ ÔËÐÕÇÊÂ ÔÎÑÇÄ
ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ ÏÑÅÖÕ à××ÇÍÕËÄÐÑ ÒÓËÏÇÐâÕßÔâ
ÏÇÕÑÆËÍË ±·³ ì ËÑÐÐÑÇ, ËÑÐÐÑ-ÍÑÎÎÑËÆÐÑÇ Ë ÍÑÎÎÑËÆÐÑÇ
ÐÂÔÎÂËÄÂÐËÇ. ´ÂÍËÇ ÏÇÕÑÆËÍË ÔÓÂÄÐËÕÇÎßÐÑ ÒÓÑÔÕÞ,
ÐÂÆÇÉÐÞ Ë àÍÑÐÑÏËÚÇÔÍË à××ÇÍÕËÄÐÞ. °ÐË ÒÑÊÄÑÎâáÕ ÔÑÊÆÂ-
ÄÂÕß ÐÂ ÒÑÄÇÓØÐÑÔÕË àÎÇÍÕÓÑÆÑÄ (Ä ÕÑÏ ÚËÔÎÇ ÏËÍÓÑàÎÇÍÕÓÑ-
ÆÑÄ) ÏÖÎßÕËÔÎÑË, ÍÑÕÑÓÞÇ ÆÓÖÅËÏËÏÇÕÑÆÂÏË ÒÑÎÖÚÇÐÞ ÃÞÕß
ÐÇ ÏÑÅÖÕ. ®ÖÎßÕËÔÎÑË ÏÑÅÖÕ ÄÍÎáÚÂÕß ÔÎÑË ÕÂÍ ÐÂÊÞÄÂÇÏÞØ
ÅËÃÓËÆÐÞØ ÔÑÇÆËÐÇÐËÌ, ÔÑÆÇÓÉÂÜËØ, ÐÂÒÓËÏÇÓ, ÖÅÎÇÓÑÆÐÞÇ
ÐÂÐÑÕÓÖÃÍË, ÅÓÂ×ÇÐ ËÎË ÐÂÐÑÚÂÔÕËÙÞ ÓÂÊÎËÚÐÞØ ÃÎÂÅÑÓÑÆ-
ÐÞØ ÏÇÕÂÎÎÑÄ. £ÂÉÐÞÏ ÏÑÏÇÐÕÑÏ ÒÓË ÔÑÊÆÂÐËË ÏÖÎßÕË-
ÔÎÑÇÄ âÄÎâÇÕÔâ ÄÑÊÏÑÉÐÑÔÕß äÍÑÓÓÇÍÕËÓÑÄÍËã ËØ ÔÑÔÕÂÄÂ Ë
ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕË ÓÂÔÒÑÎÑÉÇÐËâ ÑÕÆÇÎßÐÞØ ÔÎÑÇÄ ÒÖÕÇÏ
ËÊÏÇÐÇÐËâ ÒÓÑÅÓÂÏÏÞ ÔËÐÕÇÊÂ Ô ÖÚÇÕÑÏ ÓÇÍÑÏÇÐÆÂÙËÌ, ÒÑÎÖ-
ÚÇÐÐÞØ ÒÑÔÎÇ ÂÐÂÎËÊÂ ÓÇÊÖÎßÕÂÕÑÄ ËÔÒÞÕÂÐËâ ÍÑÐÕÓÑÎßÐÞØ
ÑÃÓÂÊÙÑÄ.

®ÇÕÑÆ ±·³ ÒÑÊÄÑÎâÇÕ ×ÑÓÏËÓÑÄÂÕß ÚÖÄÔÕÄËÕÇÎßÐÞÇ
ÔÎÑË ÆÎâ ÔÇÐÔÑÓÑÄ ÒÓÂÍÕËÚÇÔÍË ÐÂ ÄÔÇ ÍÎÂÔÔÞ ÂÐÂÎËÕÑÄ.
°ÚÇÄËÆÐÑ, ÚÕÑ ÆÂÎßÐÇÌÛÇÇ ÓÂÊÄËÕËÇ àÕÑÅÑ ÏÇÕÑÆÂ (Ä ÚÂÔÕ-
ÐÑÔÕË, ÑÒÓÇÆÇÎÇÐËÇ ÖÔÎÑÄËÌ ÔËÐÕÇÊÂ ÔÎÑÇÄ ÐÑÄÞØ ÔÑÇÆËÐÇÐËÌ
Ë ËØ ÏÖÎßÕËÔÎÑÇÄ, ÓÂÊÄËÕËÇ ËÊÄÇÔÕÐÞØ ÏÇÕÑÆËÍ ÔËÐÕÇÊÂ Ë ËØ
ÂÆÂÒÕÂÙËâ, ÐÂÒÓËÏÇÓ, ÆÎâ ×ÑÓÏËÓÑÄÂÐËâ ÔÎÑÇÄ ÐÂ ÎÑÍÂÎßÐÑÌ
ÒÑÄÇÓØÐÑÔÕË ÏËÍÓÑàÎÇÍÕÓÑÆÑÄ) ÑÕÍÓÑÇÕ ÄÑÊÏÑÉÐÑÔÕß ÆÎâ
ÔÑÊÆÂÐËâ ÐÑÄÞØ ÄÞÔÑÍÑÚÖÄÔÕÄËÕÇÎßÐÞØ Ë ÔÇÎÇÍÕËÄÐÞØ àÎÇÍÕ-
ÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ ÐÂÛËÓÑÍËÌ ÍÓÖÅ ÂÐÂÎËÕÑÄ. ¯ÂËÃÑÎÇÇ
ÄÂÉÐÑÌ ÒÇÓÔÒÇÍÕËÄÑÌ ÒÓËÏÇÐÇÐËâ ÏÇÕÑÆÂ ±·³, ÒÑ-ÄËÆË-
ÏÑÏÖ, âÄÎâÇÕÔâ ÒÇÓÇØÑÆ Í ÔÑÊÆÂÐËá ÒÑÎÐÑÔÕßá ÅÑÕÑÄÞØ Í
ËÔÒÑÎßÊÑÄÂÐËá àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÔÇÐÔÑÓÑÄ Ô àÎÇÍÕÓÑÆÂÏË,
ÍÑÕÑÓÞÇ ÄÍÎáÚÂáÕ ÏÖÎßÕËÔÎÑÌ, ÔÑÔÕÑâÜËÌ, ÐÂÒÓËÏÇÓ, ËÊ
ÚÖÄÔÕÄËÕÇÎßÐÑÅÑ ÔÎÑâ, ÏÇÆËÂÕÑÓÂ, ÒÓÇÑÃÓÂÊÑÄÂÕÇÎâ ÔËÅÐÂÎÂ
Ë ÏÇÏÃÓÂÐÞ Ô ÊÂÆÂÐÐÑÌ (Ô ÖÚÇÕÑÏ ÏÂÍÔËÏÂÎßÐÑÅÑ ÑÕÍÎËÍÂ
ÔÇÐÔÑÓÂ) ÕÑÎÜËÐÑÌ. ¿ÕÑ ÒÑÊÄÑÎËÕ ÒÇÓÇÌÕË Ä ÓÂÏÍÂØ ÑÆÐÑÅÑ
ÏÇÕÑÆÂ ÔËÐÕÇÊÂ ÑÕ ÔÕÂÆËË ËÔÔÎÇÆÑÄÂÐËÌ Í ÓÂÊÓÂÃÑÕÍÇ ÕÇØÐÑ-
ÎÑÅËË ÔÑÊÆÂÐËâ ÄÞÔÑÍÑà××ÇÍÕËÄÐÞØ ÔÇÐÔÑÓÑÄ.

³ÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ ÒÓË ÔÑÊÆÂÐËË ÐÑÄÞØ ÕÇØÐÑÎÑÅËÚÇ-
ÔÍËØ ÒÓÑÙÇÔÔÑÄ ÔËÐÕÇÊÂ ÕÂÍËØ àÎÇÍÕÓÑÆÑÄ ÓÇÛÂáÜÇÌ ÏÑÉÇÕ
ÔÕÂÕß ÄÂÉÐÂâ ÑÔÑÃÇÐÐÑÔÕß ÏÇÕÑÆÂ ±·³, ÊÂÍÎáÚÂáÜÂâÔâ Ä
ÕÑÏ, ÚÕÑ ÔËÐÕÇÊ ÏÑÉÐÑ ÑÆÐÑÄÓÇÏÇÐÐÑ ÒÓÑÄÑÆËÕß ÐÂ ÒÑÄÇÓØ-
ÐÑÔÕË ÃÑÎßÛÑÅÑ ÚËÔÎÂ àÎÇÍÕÓÑÆÑÄ-ÒÑÆÎÑÉÇÍ, Ë àÕÑ, ÐÇÔÑÏ-
ÐÇÐÐÑ, ÃÖÆÇÕ ÔÒÑÔÑÃÔÕÄÑÄÂÕß ÔÐËÉÇÐËá ÔÕÑËÏÑÔÕË ÍÑÐÇÚÐÑÅÑ
ÒÓÑÆÖÍÕÂ.

²ÂÃÑÕÂ ÄÞÒÑÎÐÇÐÂ ÒÓË ×ËÐÂÐÔÑÄÑÌ ÒÑÆÆÇÓÉÍÇ ³±Ã¤µ
(ÒÓÑÇÍÕ å12.38.259.2014).
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Biological organisms have built-in repair mechanisms 
to prevent them from losing their functions. The repair 
processes in mammals and plants occur in entirely dif-
ferent chemical and morphological environments, yet 
— in a general sense — the outcomes are similar. For 
example, DNA damage is a fairly common event in a 
cell’s life that may lead to DNA mutation, uncontrollable 
growth (cancer) or cell death. In mammals, the key com-
ponents are pro-inflammatory cytokines, transforming 
growth factors and angiogenic factors1,2. Human skin 
self-heals via an inflammatory response of cells below 
the dermis by increasing collagen production, which 
regenerates epithelial cells and tissue. In plants, oligo-
peptides, oligosaccharides or other molecules induce 
changes that signal damage and initiate a sequence 
of chemical events leading to macroscopic repair3,4. 
Regardless of the individual steps in any of these pro-
cesses, self-healing in living systems involves a cascade 
of reactions, the exact chemistries of which are far from 
understood.

The main approaches to self-healable polymers 
involve either physical or chemical events at the molec-
ular level, although there is overlap between the two 
approaches (Fig. 1). Examples of physical self-healing 
processes are interchain diffusion5, phase-separated 
morphologies6,7, shape-memory effects8 and the intro-
duction of superparamagnetic nanoparticles9. By con-
trast, predominantly chemical processes include the 
incorporation of covalent10–12, free-radical13,14 or supra-
molecular7,15–17 dynamic bonds. Many self-healing 
processes involve a combination of physical and chem-
ical events, such as taking advantage of enhanced  
van der Waals forces18, resulting in interdigitated copoly-
mer morphologies — embedded, reactive, encapsulated 
fluids that burst open upon damage to fill up a wound 
and trigger chemical reactions of reactive agents to 

repair damage19 — and cardiovascular networks20, which 
use the same concept.

In this Review, we outline the physical, chemical and 
physico-chemical processes of self-healable polymers. 
We discuss how leveraging advances in synthetic mate-
rials and biological systems, while using feedback and 
feedforward from physico-chemical analysis and predic-
tive computational algorithms, will lead to discoveries 
and technological advances. Taking self-healing materi-
als to the next level, we discuss how exchangeable bonds 
triggered by thermal, chemical or other stimuli result in 
the development of tunable rigid or soft vitrimers.

Interchain diffusion
Early approaches for crack healing in thermoplastic poly-
mers can be broken into five stages: segmental surface 
rearrangements, surface approach, wetting, diffusion 
and randomization5,21. During surface rearrangements, 
factors such as topography and roughness of the sur-
faces, chain-end distribution and molecular-weight dis-
tribution come into play. As two surfaces come together 
to enable subsequent molecular-level physical and/or 
chemical self-healing21, they form an interface and wet 
each other before diffusion occurs. Various chemical 
rebonding techniques in thermosetting and thermoplas-
tic self-repairing polymers have supplemented the dif-
fusion phase22, but differentiation between the physical 
and chemical processes involved is not trivial.

Mechanical damage creates interfacial regions. Local 
mobility and diffusion rates in damaged areas (especially 
in interfacial regions) are important in the self-healing 
process23. Interfacial macromolecular interpenetration 
was proposed in the 1960s (reF.24) and typical diffusion 
rates in solid-state polymers are 10−5 m min−1 (reF.25). 
Furthermore, full recovery of mechanical strength is 
approximately 0.4–0.8 times the radius of gyration26–28, 
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and the average interdiffusion depth is expressed as a 
function of time X(t) by

X t X t T( ) = ( / ) (1)∞ r
1/4

where Tr is the reptation time, which is proportional 
to the chain molecular weight to the third power21,28,29. 
Accordingly, more flexible and shorter chains are more 
mobile and facilitate recovery more easily22. In contrast 
to the bulk, surface macromolecules exhibit high mobil-
ity, reflected in a lower glass-transition temperature 
(Tg), owing to their high degrees of freedom21,30–32, thus 
facilitating enhanced diffusion. This is supported by the 
observation that the Tg inside a fresh cut is lower than 
that in an undamaged surface33.

Fickian diffusion is enhanced above the Tg, owing 
to the excess free volume, driven by entanglement 
coupling and reptation34–36. However, crack healing in 
poly(methyl methacrylate) (pMMA) was achieved by 
heating above the Tg under pressure, which facilitates 
a recovery of the fracture stresses proportional to t¼, 
where t is the heating time25,37. In general, lowering the 
Tg enhances segmental chain mobility (which can also 
be achieved through the use of plasticizing solvents25,38), 
thus promoting diffusion and inducing conformational 
changes, but does not assure self-healing. When liquid is 
dispersed in a solid matrix, diffusion favours the repair 
process, which will be enhanced for lower-Tg networks, 

owing to the excess free volume. Because newly formed 
surfaces or interfaces resulting from damage exhibit 
liquid-like attributes, relatively slow diffusion rates 
(~10−3 m min−1) are anticipated39. Under these con-
ditions, the reptation model (that is, a polymer chain 
migrating through a tube; Eq. 1) could serve to predict 
topological constraints imposed on a polymer back-
bone by the surrounding polymer chains37 in the bulk. 
However, this model may not be applicable in the sur-
face and/or interfacial regions, where interfacial energy 
may dominate chain mobility.

van der Waals interactions
van der Waals interactions have been of interest for 
over two centuries, and the presence of van der Waals 
interchain forces in polymers was established dec-
ades ago. An illustrative biological system that uses 
van der Waals forces to adhere to any surface is gecko 
setae40. However, only recently have such interac-
tions been recognized for their potential in designing 
self-healing commodity copolymers18. If perturbation 
of van der Waals forces upon mechanical damage is 
energetically unfavourable, interdigitated alternating 
or random copolymer motifs will self-heal to an ener-
getically more favourable state. Molecular dynamics 
simulations showed that the formation of helix-like 
conformations depends on the copolymer composition 
and creates a viscoelastic response that energetically 
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Fig. 1 | Self-healing mechanisms. a | Physical processes to realize self-healing include interdiffusion of polymer chains, 
the introduction of phase-separated morphologies, shape-memory effects and the introduction of active nanoparticles 
into a polymer matrix. b | Chemical processes to facilitate self-healing involve either introducing reactive chain ends or 
supramolecular chemistries. c | Physical and chemical processes can be combined to realize self-healing. Self-healing  
is achieved by incorporating enhanced van der Waals interactions, or encapsulating nanocapsules or microcapsules 
containing reactive liquids to heal a wound, or by mimicking cardiovascular architectures composed of hollow fibres filled 
with reactive chemicals to heal a polymer matrix.
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favours self-recovery upon chain separation, owing 
to ‘key-and-lock’ associations of the neighbouring 
chains. In essence, van der Waals forces stabilize neigh-
bouring copolymers, which is reflected in enhanced 
cohesive-energy density (CED) values. Figure 2a illus-
trates how induced dipole interactions for alternating 
or random poly(methyl methacrylate-alt-ran-n-butyl 
acrylate) (p(MMA-alt-ran-nBA)) copolymers owing to 
directional van der Waals forces may enhance the CED 
at equilibrium (CEDeq) of entangled and side-by-side 
copolymer chains. It is a challenge to measure van der 
Waals forces, and molecular-dynamics simulations are 
valuable for understanding and quantifying their role in 
self-healing. For that reason, various force fields for small 
molecules41,42 and polymers43,44 are useful. Although 
over the years they have been modified to predict  
polymer–polymer45 and polymer–inorganic interac-
tions46, there is a need for more precise dynamic modelling  
of damage–repair cycles in polymers.

Shape memory
Shape-memory-assisted self-healing is commonly 
observed in biological systems. An example of this is 
wound closure in leaves, whereby, after a transversal 
incision, the entire leaf bends until the wound is closed. 

Recent studies suggest that this is governed by a combi-
nation of hydraulic shrinking and swelling, which are 
the main driving forces and growth-induced mechanical 
prestresses in plant tissues47.

In synthetic polymers, the shape-memory effect was 
discovered in the 1940s and first used in dental materials 
(methacrylic ester resin)48. In the 1960s, this discovery 
was followed by the development of heat-shrinkable 
polyethylene in films, tubing and other applications49,50. 
The response of shape-memory materials to external 
stimuli was largely neglected as part of self-healing 
processes. However, if designed properly, polymers can 
‘memorize’ a permanent shape that can be manipulated 
to create a temporary form, and, under suitable condi-
tions triggered by external or internal stimuli (for exam-
ple, heat, light or deformation), transform back to the 
memorized permanent shape. Such responses manifest 
in conformational changes and/or chain contractions, 
which are typically entropy-driven, resulting in mass 
flow and self-healing51. One example is light-activated 
shape-memory polymers, which use one wavelength of 
light for photocrosslinking, while a second wavelength 
cleaves the photocrosslinked bonds to enable reversible 
switching between elastomers52. Another example is 
pretensioned shape-memory alloy wires53 or fibres54 in 
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a polymer matrix. Upon activation at elevated temper-
ature, self-healing occurs owing to forces pulling crack 
surfaces towards each other.

Incorporating soft and hard segments into one 
copoly mer can lead to phase-separated morphologies. 
For example, a material that combines rubber elasticity 
and thermoplastic stiffness will expand the applications 
of copolymers owing to enhanced mechanical properties 
represented by enhanced storage and loss moduli. If stiff 
and tough polymers are combined with dynamic and 
flexible macromolecular assemblies facilitating mobility, 
self-healing can be achieved7. Such materials have been 
made that respond to external stimuli, including temper-
ature, electrical or magnetic fields55, solution concentra-
tion56 or light57. Notably, the action of the shape-memory 
effect during self-healing restores entropic energy upon 
the release of the force creating damage to fill an open 
wound in the material.

The shape-memory effect can be determined quan-
titatively in a single dynamic mechanical analysis that 
enables determination of stored conformational entropy 
in polymers that exhibit a Tg and a rubbery plateau58. 
Although the majority of polymers exhibit some kind  
of shape-memory effect, they do not necessarily self- 
heal. An attempt was made to relate shape memory  
to self-healing by copolymerizing ethylene and anisyl- 
substituted propylenes using a sterically demanding 
half-sandwich scandium catalyst59. This study showed 
nanodomain phase separation and self-healability for 
copolymers with Tg below room temperature, in parti-
cular, in aqueous environments (Fig. 2b); however, when 
the Tg was tuned near or above room temperature, the 
shape-memory effect was observed. This raises several 
questions, including the extent to which viscoelasticity 
above the Tg contributes to self-healing; how enhanced 
chain mobility near Tg affects self-healing locally and 
globally; how far from the damage area polymer chains 
‘feel’ conformational changes; and the role of interfacial 
energy in self-healing near the damaged regions60. In 
attempts to address these questions, two mechanisms 
of self-healing were identified: first, viscoelastic shape 
memory driven by stored conformational entropy upon 
damage, which is recovered to facilitate self-healing,  
and, second, surface-energy-driven or surface-tension- 
driven processes that reduce newly generated surface 
areas created upon damage by shallowing and widening 
wounds until healed61.

Heterogeneous self-healing systems
Although interest in homogeneous self-healing polymers 
via interchain diffusion dates back to the early 1980s, 
heterogeneous systems were not conceptualized and 
developed until the 2000s. The encapsulation of reac-
tive fluids that are released upon damage and, hence, fill 
and repair the damaged area is one of the first examples 
of self-healing heterogeneous systems19 (Fig. 1c). Initial 
studies involved catalysed reactions of ring-opening 
metathesis polymerization of dicyclopentadiene in the 
presence of a ruthenium catalyst19. This approach has 
been reviewed elsewhere62,63. The presence of nanocap-
sules and microcapsules with reactive ingredients that, 
upon cracking, fill in the damaged area resembles blood 

clotting in a wound, but a technological challenge is 
achieving high stability of the capsules during processing 
and overcoming the limitation of one-time self-repair.  
A somewhat analogous concept to develop fibre- 
reinforced composites that retard failure is based on 
cardiovascular networks in which hollow fibres filled 
with reactive ingredients serve as delivery systems of 
chemicals to the wounded area. For this application, 
self-healing microfibres with core–shell geometry con-
taining encapsulated binary epoxies are promising mate-
rials64. These fibres can be formed by coaxial nozzles 
that encapsulate epoxy resin and crosslinker in separate 
cores. Upon damage, epoxy and crosslinker are released 
from the cores of damaged fibres and self-heal. This 
approach is conceptually exciting if ‘used’ self-healing 
agents could be replenished after damage.

Polymers in a molten state — owing to their low 
viscosity and flow — may also serve as glue to repair 
mechanical damage. Because of interfacial diffusion 
in the molten state, incorporating superparamagnetic 
γ-Fe2O3 nanoparticles into a polymer matrix facilitates 
repair under the application of an oscillating magnetic 
field9. As a result, the polymer matrix–nanoparticle 
interfacial regions melt, facilitating polymer flow and 
the permanent repair of physically separated polymer 
surfaces. Embedding physically responsive nanoparticles 
or microparticles has several technological advantages,  
particularly in materials where damage repair does not 
permit the use of electromagnetic radiation, heat or other 
stimuli. It may also be advantageous in fibre-reinforced 
composites, where damage may not be easily detectable 
and accessible, such as fibre–matrix interfaces.

Long-range sensing and signalling are intrig uing  
properties of biological systems, but challenging to 
achieve in synthetic materials. One approach to address 
this challenge is to fabricate a Diels–Alder bond- 
containing polyurethane backbone with electrically con-
ductive carbon nanotubes (CNTs), where the dynamics 
of Diels–Alder bond reformation enables self-healing 
and the CNTs confer electrical conductivity65. In this 
case, when electric potential is applied to a damaged 
specimen, the difference in electrical resistance between 
the damaged and undamaged areas results in temper-
ature differentials reflected in infrared spectroscopy 
thermal images, thus providing crack diagnostics. This 
type of composite material can also be equipped with 
strain-sensing capability and has potential technological 
applications in electronic strain sensors as an alternative 
to ceramic piezoelectric devices. Based on these studies, 
we envision that electrically, thermally or optically con-
ductive fibres embedded into a polymer matrix may lead 
to a new generation of self-healing materials. An early 
example is CNTs dispersed in vitrimer-based epoxy, 
which can facilitate self-healing using photothermal 
energy to activate transesterification reactions66.

Multiphase heterogeneous polymeric materials 
can be produced by copolymerizations. Similar to 
phase-separated polyurethane containing a combi-
nation of soft and hard segments, self-healing can be 
achieved in copolymers by combining hard polysty-
rene backbones with soft polyacrylate amide (PAAm) 
pendant groups carrying multiple H-bonding sites7.  
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This approach relies on localized variations in Tg intro-
duced by phase-separated high-Tg polystyrene and 
low-Tg PAAm segments, which facilitates network 
remodelling through hydrophobic and hydrophilic 
interactions. Taking this concept further, triblock copoly-
mers can be prepared, benefiting from the elastomeric 
properties of microphase-separated thermoplastic 
block copolymers with the reversible H-bonding67. This 
is an example of how localized compositional hetero-
geneities can be used in designing self-healing polymer 

networks. It is worth noting, however, that commercial 
styrene and acrylic copolymers are non-self-healable. 
To achieve self-healing, the chemical make-up of the 
copolymer, control of the copolymer topologies and the 
processing conditions are crucial. For example, it was 
shown for PAAm that phase separation may induce 
gel–glass-like transitions using a combination of good 
and poor solvents68. In addition, phase-separated supra-
molecular architectures can also facilitate self-healing, 
as demonstrated for acrylic or styrene-based triblock 
copolymers69.

H-bonding can also be used to achieve self-healing 
in heterogeneous systems. For example, bio-derived 
carboxyl cellulose nanocrystals can be used to construct 
H-bonding interactions with chitosan-decorated epoxy 
natural rubber latex, where carboxyl cellulose nano-
crystal molecular chains comprise rich carboxylic and 
hydroxyl groups. Moreover, chitosan molecular chains 
provide abundant amino, acetamide and hydroxyl 
groups, interacting with each other via H-bonding70. 
Using condensation polymerization, elastomers com-
posed of polytetraethylene and tetraethylene gly-
col have been prepared that are highly stretchable, 
tough and capable of self-healing71. The key interac-
tion responsible for these properties is quadrupole  
H-bonding.

Covalent-bond reforming
Free-radical recoupling can reform covalent bonds in 
polyurethanes and polycarbonates cleaved by mechani-
cal damage (Fig. 3a,b). The number of free radicals formed 
in these processes may vary depending upon their stabil-
ity; for example, in polyurethanes modified by oxetanes 
or oxolanes, the C–O cleavage results in fairly stable 
free radicals. In such cases, kinetic factors are important 
in self-healing: if free radicals or other reactive groups 
remain reactive for sufficient time after bond cleavage, 
the chain ends terminated with free radicals will react 
before they are quenched by oxidative processes. Thus, 
stability and reactivity are important considerations. 
Mechanical damage resulted in cleavage of a constrained 
four-membered ring oxetane generating stable free rad-
icals33, and self-healing upon mechanical damage of 
a crosslinked polyurethane network can be achieved 
by exposing the damaged area to 302-nm ultraviolet 
(UV) radiation13 (Fig. 3a). Although mechanistically 
and kinetically different, self-healing was also realized 
with oxolane–chitosan macromonomers introduced to 
poly urethane networks72. In polycarbonates produced 
by heat-induced reactions and diisocyanate-terminated 
poly(propylene glycol)14, mechanical damage generates 
the arylbenzofuranone radicals produced upon the dis-
sociation of tetrahydroxy-functionalized diarylbibenzo-
furanone (DABBF). For these radicals to facilitate the 
rebonding of polycarbonate radical (Fig. 3b), the radicals 
must have low or no sensitivity to oxygen to avoid radi-
cal quenching via free-radical reactions with molecular 
oxygen73, which impede self-healing. A similar approach 
was developed for the reformation of poly carbonate 
networks by adding a base (Na2CO3) to introduce 
additional ester reactions74. Subsequent substitutions 
between phenoxide and phenyl–carbonyl chain ends 
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along with CO2 recombination facilitates the repair of  
polycarbonate network.

Adduct (exo or endo) formation between furan 
(diene) and maleimide (dienophile) groups can also 
facilitate self-healing, owing to covalent rebonding75,76. In 
these studies, mechanical activation of a DABBF-based 
scissile using dynamic covalent mechanophores was 
covalently attached to the surface of cellulosic nanocrys-
tals. The mechanically activated radicals recombined 
much more slowly than those formed by DABBF mono-
mers and DABBF-containing polymers in the other envi-
ronments, such as solutions, bulk and gels77. Free-radical 
stability and self-healing has also been explored in 
self-healable alkoxyamines prepared by click chemistry, 
in which UV irradiation cleaved polymer crosslinks, fol-
lowed by recombination of radical species78. Similarly, 
multifold nitroxide-exchange reactions between tri-
alkoxyamines and trinitroxide monomers form cova-
lently crosslinked dynamic self-healable network with a 
tunable degree of crosslinking79. The uniqueness of this 
approach is the reversibility driven by concentration 
changes of 2,2,6,6-tetramethylpiperidinyloxyl (TEMPO) 
radicals.

The Calvin cycle — a biological process that con-
verts light energy into sugars — is a sequence of reac-
tions that includes the fixation of carbon dioxide and 
various enzymatic reactions80. This sequence of reactions 
is driven by forming and reforming reactive groups. 
Achieving the fixation of carbon dioxide using synthetic 
materials has also been realized and, similarly, enables 
the reformation of bonds and the renewal of materi-
als10. These materials are capable of self-repair in the 
presence of atmospheric carbon dioxide and water by 

generating reactive amine functionalities that react to 
reform urethane and carbonate linkages. More specif-
ically, methyl-α-d-glucopyranoside (MGP) reacts with 
hexamethylene diisocyanate trimer and polyethylene 
glycol (PEG) to form crosslinked MGP–polyurethane 
networks10 (Fig. 3c).

As described earlier, thermal energy and electro-
magnetic radiation are commonly used to initiate  
self-healing. It is often difficult to determine if electro-
magnetic radiation alone causes self-healing or if 
energy absorption results in temperature changes, 
thus leading to the same net effect — network repair. 
This energy conversion influences the reversibility 
and efficiency of self-healing reactions in reversible 
crosslinking via Diels–Alder reactions (for example, 
in epoxies12,81–83, bismaleimides84,85, polyurethanes86,87, 
anthracene–maleimide-based polymers88,89, caprolac-
tones90,91, poly(ethylene oxide)92, polyesters93, crosslinked 
poly lactic acid94 and acrylics95,96). Retro-Diels–Alder 
reactions offer a disconnection between diene and dieno-
phile, but elevated temperatures reconstruct the covalent 
bonds to repair the crack12 (Fig. 4a). The photochemical  
[2+2] cycloaddition of a 1,1,1-tris-(cinnamoyloxy-methyl) 
ethane (TCE) monomer can be used for self-healing 
reactions to form cyclobutane structures via the reversi-
bility of cyclobutene to C=C bond conversion97 (Fig. 4b). 
In this example, the cycloaddition reaction98 capitalizes 
on the C–C bond cleavage of cyclobutane rings between 
TCE monomers induced by mechanical damage, result-
ing in the formation of the original cinnamoyl groups; 
however, healing occurs because of the reversibility of 
cyclobutane crosslinks of TCE via [2+2] photocycload-
dition upon UV exposure. A low-temperature reversible 
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system using acid-activated dithioesters as dienophiles 
in hetero-Diels–Alder reactions with cyclopentadiene99 
has slow self-healing kinetics in the absence of a catalyst, 
but when hetero-Diels–Alder contains cyanodithioester, 
a catalyst is not required100. Using cyanodithioester and 
cyclopentadiene building blocks, healing can be accel-
erated at 120 °C (reF.101)). It is also well established that 
Diels–Alder reactions can be catalysed by antibod-
ies and RNA102, which offers the possibility of using 
these reactions in chemical biology. The dynamics of  
Diels–Alder bonds for self-healing in polyurethane and 
CNT composites was also used in electrically conductive 
networks65.

Sulfur and selenium chemistry, which is vital in bio-
logical systems, also enables self-healing. Particularly, 
the robust nature of thiol–ene chemistry has led to 
many synthetic opportunities103,104. For example, fea-
tures of reversible reshuffling reactions of S–H and S–S 
bonds have been used in trithiocarbonates, in which 
copolymerization of n-butyl acrylate and a trithiocar-
bonate crosslinker resulted in high mobility of poly-
mer segments, triggering homolysis of C–S bonds105.
The reversible nature of S–S bonds, that is, reduction to 
form two thiol (S–H) groups, and oxidation to restore 
the disulfide (S–S) linkages, can be effectively used in 
self-healing106 (Fig. 4c). Introducing reversible disulfide 
(S–S) crosslinks into covalently crosslinked networks 
can be achieved by poly(n-butyl acrylate)-grafted star 
polymers107. In this example, the polymer networks 
originate from crosslinked cores composed of poly(eth-
ylene glycol diacrylate) and macroinitiators for the 
consecutive chain extension of bis(2-methacryloyl)
oxyethyl disulfide. In another example, photoinduced 
thiol–ene click-type radical addition, which generates 
lightly sulfide-crosslinked polysulfide-based networks 
with an excess of thiols, and the subsequent oxidation of 
these thiols enables the formation of dynamic disulfide 
crosslinks to yield dual sulfide–disulfide crosslinked net-
works with fast self-healing rates108. Triblock copolymers 
with a centre poly(ethylene oxide) block and dithiolane 
blocks crosslinked with dithiol also enable self-healing 
by reversible ring opening of the pendent 1,2-dithiolanes 
via disulfide exchange between 1,2-dithiolanes and 
dithiols109. Bis(4-aminophenyl) disulfide can also be 
effectively used as a dynamic crosslinker in self-healing 
poly(urea–urethane) elastomers without the use of a  
catalyst110. Disulfide chemistry was also used in self- 
healable polyurethanes111. An advantage of disulfide- 
exchange reactions is that S–S bonds are capable of  
dynamic rearrangements upon heat, UV light and redox  
conditions, and, when incorporated into low-Tg gel 
networks, temperature-reversible self-healing can be 
achieved. The concept of disulfide links incorporated in 
a rubber network resulted in the restoration of mecha-
nical properties at moderate temperatures (~60 °C)112,  
but the main challenge is to achieve self-healing in 
higher-Tg networks. Applying the same exchange  
concept, a series of diselenide bond-containing poly-
urethane elastomers was prepared113. Aromatic diselenides  
have also been incorporated into polyurethane networks 
using a para-substituted amine diphenyl diselenide, 
resulting in faster self-healing than the corresponding 

disulfide-based materials and reprocessability at  
temperatures as low as 100 °C (reF.114). Reversible thiol– 
ene click reactions have also been used in a Michael- 
addition reaction, in which trithiol was reacted with 
a bisbenzylcyanoacetamide derivative to generate a 
self-healable dynamic polymer network above 60 °C 
(reF.115) (Fig. 4d).

Silicone-based polymers — owing to their dynamic  
network rearrangements — are perhaps the most tech-
nologically promising, yet least explored, self-healing  
materials116. For example, tetramethylammonium- 
silanolate-initiated ring-opening copolymerization of 
octamethylcyclotetrasiloxane and bis(heptamethylcyclo- 
tetrasiloxanyl)ethane produced a polymer that could 
self-heal, owing to its ethylene bridges and active 
silanolate end groups117. Perhaps one of the most 
attractive features of silicone-based materials with 
self-healing properties are energy118,119 and biomedi-
cal120 applications. Of particular interest are self-healing 
dielectric-silicone-based elastomers that exhibit 
high dielectric permittivity. These properties can be 
achieved using an interpenetrating polymer network of 
silicone elastomer and ionic silicone polymers121. The 
latter are crosslinked through proton exchange between 
amines and acids, and are able to self-heal after electrical 
breakdown or mechanical damage. The self-healing is 
attributed to the reassembly of the ionic bonds during 
damage. Self-healing in silicone-based polymers was 
also accomplished using thiol-functionalized silicone 
oils containing silver122 and magnetic Fe3O4 nanopar-
ticles containing mussel-inspired metal-coordination 
bonds with dopamine molecules123,124.

Taking self-healing further, latexes synthesized via a 
simple colloidal process undergo not only self-healing 
but also colour changes in the damaged area125. The syn-
thesis of these materials was accomplished by emulsion 
copolymerization of a small fraction of photochromic 
monomer (spirooxazine) into methyl methacrylate and 
n-butyl acrylate copolymers. Upon mechanical dam-
age, colourless damaged areas become red and, upon 
exposure to electromagnetic radiation, not only does 
self-healing occur but also the red colour in the damaged 
area reverts to its original colourless appearance. During 
repair, which is initiated by visible light, the spirooxazine 
rings close; however, the neighbouring copolymer seg-
ments form intermolecular H-bonding that forces the 
copolymer backbone to remain in an extended confor-
mation. This network is an example of how combining 
covalent bonding and supramolecular chemistry may 
lead to self-healing and sensing.

Dynamic covalent-bond reformation
The interest in covalently bonded self-healable hydro-
gels is driven by its biomedical applications, which range 
from regenerative medicine to drug and protein deliv-
ery systems or tissue–material barriers. Self-healing in 
hydrogels can be achieved using reversible Schiff-base 
linkages126. For example, such hydrogels can be formed 
from the reaction of OH-PEG with 4-formylbenzoic 
acid and, subsequently, glycol chitosan127 (Fig. 5a). In 
this case, a large dynamic strain (300%) can change the 
elastic modulus from approximately 1.5 kPa to 10 Pa and 
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induce gel–sol transitions. When implanted into the cen-
tral nervous system, neurosphere-like progenitors prolif-
erate in the hydrogel and differentiate into neuron-like 
cells, causing neural repair. Schiff-base networks can 
also be integrated with dynamic reversible acylhydra-
zone via acylhydrazines and aldehyde functionalities 
into Diels–Alder crosslinked networks128. A hybrid 
self-healing hydrogel system combining Schiff-base and 
amine reactions with micelles exhibits rapid self-healing, 
extensibility and compressibility for wound-dressing 
applications129.

Hydrozenes (C=N-X)108,130 (Fig. 5b) and oximes131 
(Fig. 5c) are commonly used conjugates labile to hydro-
lysis. Keto-functional copolymers can be prepared  
by conventional radical polymerization of N,N- 
dimethylacrylamide (DMAA) and diacetone acryl-
amide (DAA)131. The resulting water-soluble copolymers 
(p(DMAA-stat-DAA)) can be chemically crosslinked 
with difunctional alkoxyamines to obtain hydrogels 
via oxime formation and sol–gel transitions induced  
by the addition of excess monofunctional alkoxy-
amines to promote competitive oxime exchange under 
acidic conditions at 25 °C. The dynamic nature of 
oxime functionalities facilitates reversible self-healing. 
Similarly, polyurethane-like dynamic covalent polymers 
(poly(oxime-urethanes)) with self-healing at 120 °C can 
be prepared132.

Boronic acids form a variety of dynamic covalent 
bonds133. This can be achieved, for example, through 
dehydration of boronic acids to form boroxines by 
reversible hydrolysis134. The boroxine–boronic acid equi-
librium can be shifted by adjusting the temperature, add-
ing a Lewis base or changing the water concentration. 

However, the property that makes boronic acids 
unique in the context of self-healing is their ability to 
form reversible dynamic covalent bonds with diols  
to form cyclic boronate esters. For example, photoini-
tiated radical thiol–ene click chemistry was used to 
form hydrogels capable of repeated healing under 
ambient conditions135 (Fig. 5d). In another approach, 
combining reversible and dynamic boronate ester and 
disulfide chemistries facilitated the development of 
pH-responsive, glucose-responsive, redox-responsive 
and self-healable properties in hydrogels136. Self-healable 
hydrogels can also be prepared by covalent transester-
ification reactions of boronic acid with diols137. These 
boronate-ester-crosslinked hydrogels are capable of 
self-healing under neutral and acidic conditions, owing 
to the presence of an intramolecular coordinating 
boronic-acid monomer, 2-acrylamidophenylboronic 
acid138. Synthetic hydrogels functionalized with 
boronic acid can also be used as matrices for 3D cell 
culture139, and those generated by boronic-ester and 
disulfide-exchange chemistry can self-heal in response 
to several stimuli136.

In addition to boronic acid and boronate ester, 
self-healing gels with dynamic covalent bonds can be 
formed from a range of other reactive groups. For exam-
ple, alkoxyamines with dynamic covalent bonds can 
facilitate self-healing, although the sensitivity of atmos-
pheric oxygen at elevated temperatures (90–130 °C) 
leads to C–ON bond dissociations140. Another approach 
is the photoinduced [2+2] cycloaddition of cinnamoyl 
groups to reversibly form cyclobutene-derivative poly-
mer gels97. This mechanism is driven by trithiocarbonate 
units that undergo reshuffling reactions; these units are 
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particularly attractive as photoinitiators in reversible 
addition–fragmentation chain transfer (RAFT) poly-
merization105. This concept was expanded to self-healing 
networks using trithiocarbonate as photoresponsive 
units to achieve remarkable self-healing properties141. 
The latter is an excellent example of how covalently 
crosslinked polymers, through light stimulation and 
macroscopic fusion of separate pieces, synchronize 
self-healing events. Moreover, polyrotaxanes crosslinked 
by reversible bond reformation between ring molecules 
and vinyl polymers using boronic linkages are another 
example of rapid self-recovery upon damage142 (Fig. 5e). 
Hydrogels with double networks were also developed 
to achieve toughness comparable to that of rubber143, 
but many applications require the material to withstand 
repeated loading–unloading cycles in a short time, along 
with self-healing upon injury. To tackle this challenge, 
polyurethane-based hydrogels with enhanced dipole–
dipole and H-bonding interactions were prepared144. 
These materials have superior mechanical properties 
to conventional double-network hydrogels and are also 
capable of self-healing.

Supramolecular dynamic chemistry
Supramolecular chemistry is non-covalent bonding 
represented by hydrogen bonding, metal–ligand coor-
dination, π–π, ionic, guest–host and van der Waals inter-
actions145,146. Although these interactions are relatively 
weak compared with covalent bonding, collectively, they 
form mechanically strong and very dynamic systems. 
Many biological assemblies are based on the principles 
of supramolecular chemistry. Accordingly, supramo-
lecular processes are typically bottom-up and involve 
non-equilibrium states.

The field of supramolecular chemistry has been 
around for several decades147,148 and is attractive for 
development of self-healing materials because of its 
reversibility, directionality and sensitivity. In contrast 
to covalent bonding, networks held together with 
non-covalent bonds can be remodelled reversibly — 
from fluid-like, low-density and high-free-volume 
states to solid-like, low-free-volume, elastic and plastic 
networks. Supramolecular polymers usually exhibit low 
Tg, which results in soft polymers, making them popular 
in the development of hydrogels. Hydrogels based on 
supramolecular chemistry have been used in applica-
tions such as injectable bioimplants, printable biological 
compounds and artificial skin.

In this section, we cover the different supramolecular 
interactions and chemistries used to produce self-healing 
materials, namely, those based on H-bonding, metal–ligand, 
ionic, host–guest and π–π interactions.

Designs based on H-bonding. H-bonding is typically 
among the strongest of non-covalent interactions and 
its directionality and high per-volume concentra-
tion confers acceptable mechanical strength. Owing 
to these attributes and reversibility, it can be used in 
self-healing of thermoplastic polymers149,150. For exam-
ple, high-segmental-mobility polyisobutylenes func-
tionalized with thymine and 2,6-diaminotriaine end 
groups assemble into strong rubber-like materials by 

forming triple hydrogen bonds (Fig. 6a). When supra-
molecular polyisobutylene networks are equipped with 
directional associative end groups, tunable dynamic 
behaviour, including self-healing, can be achieved151. 
Combining four hydrogen bonds offers high associa-
tion constants152,153. An example of this is a functional 
unit of urea isopyrimidone with enhanced association 
strength between units when incorporated in poly-
siloxanes, polyethers and polyesters154–156. In contrast 
to bis-urea H-bonding, which leads to crystallization 
or clustering, resulting in brittle materials, applying 
thiourea moieties leads to zigzag H-bonded arrays, 
which eliminate unfavourable crystallization157. The 
dense H-bonds between thiourea appear to be ideal to 
crosslink low-molecular-weight polymers to achieve 
tough, room-temperature self-healable materials. In 
another example, dual-amide H-bonds doped with 
poly(3,4-ethylenedioxythiophene)–poly(styrene sul-
fonate) (PEDOT–PSS) offer another venue for fabri-
cation of self-healing hydrogels158, whereas integrating 
DNA-grafted polypeptides and DNA linkers provides 
reversible DNA recognition for self-healing159. Also, 
sacrificial H-bonding was introduced by incorporation 
of secondary amide side chains into olefin-containing 
networks to achieve self-healing160.

As a consequence of dynamic association–dissociation,  
H-bonding plays a role in tuning mechanical proper-
ties. Supramolecular polymers based on bifunctional 
ureidopyrimidinone derivatives behave like mechani-
cally stable, high-molecular-weight thermoplastic poly-
mers; however, their mechanical properties, such as 
Young’s modulus and tensile strength, exhibit a strong 
temperature dependence, owing to H-bonding dissoci-
ations161. Along the same lines, polysiloxane elastomers 
containing a mixture of strong and weak H-bonding 
(Fig. 6b) offer tunable mechanical properties, including 
stretchability, toughness and autonomous self-healing 
ability, even under water162. Owing to the presence of 
H-bonding of different strengths, these self-healable 
elastomers can distinguish external signals of different 
strength, thus opening the possibilities for applications 
in human–machine interactions.

Fatty diacids and triacids from renewable resources 
have been used in a two-step synthetic route (Fig. 6c) 
to form self-healing networks by bringing together 
two cut ends at room temperature, without external 
heat15. Condensation polymerization of acid groups 
with an access diethylenetriamine and subsequent 
reactions with urea involving amidoethyl imidazoli-
done, diamidoethyl urea and diamido tetraethyltriurea 
groups resulted in an oligomer mixture with excessive 
H-bonding. In another example, which took advantage 
of variable-strength H-bonding and segmental mobil-
ity of hydrogels, self-healing could be switched on or off 
by adjusting temperature or pH163.

Using the crosslinker 2-ureido-4-pyrimidone- 
4-hydroxybutyl acrylate (UPyHCBA), which consists 
of an acrylic head, a hydrophobic alkyl spacer con-
nected by carbamate and a 2-ureido-4-pyrimidone 
tail, both hydrophobic association and H-bonding can 
be achieved. Sodium dodecyl sulfate micelles can pro-
vide a hydrophobic environment for the UPyHCBA 
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prepared by micellar polymerization of UPyHCBA and 
acrylamide164. Another useful self-healing mechanism 
is the formation of urea–water clusters in urea-based  
polyurethanes in the presence of moisture165.

Metal–ligand interactions. When metal ions and appro-
priate ligands — either at the end of a polymer chain or 
as a pendent group — are brought together, they form 
a coordination complex, linking the polymer chains 
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together. Metal–ligand complexes have advantages asso-
ciated with their ability to coordinate different metal ions 
and ligand substitutes, thus leading to different associa-
tion strengths. When mechanical forces are applied, such 
complexes dissociate, and their reformation results in 
self-healing. Another appealing feature is minimal 
or no side reactions during repeated damage–repair 
cycles. Reversibility upon mechanical damage is facili-
tated by metal-ion–ligand dissociations, with reforming 
triggered by exposure to electromagnetic radiation or 
elevated temperatures.

Exemplifying a temperature-responsive system, when  
hydroxyl ethylene diamine triacetic acid is used to con-
trol the molecular weight and crosslinker density in 
the presence of terpyridine–Ru, temperature changes 
decouple Ru metal from the ligand, resulting in bonding 
and debonding166. In a metallosupramolecular system, 
the terpyridine–Fe2+ complexation pair with poly(alkyl 
methacrylate) accomplishes self-healing at elevated 
temperature167, although, in this case, the elevated tem-
peratures may lead to adverse effects, such as polymer 
degradation. In a chemically different, photoresponsive 
metallosupramolecular system, polymers comprising 
an amorphous poly(ethylene-co-butylene) core with 
2,6-bis(1-methylbenzimidazolyl)pyridine ligands can 
form metal–ion binding, which, upon mechanical dam-
age, can be mended through exposure to light16 (Fig. 7a). 
Because exposure to UV light causes the metal–ligand 
coordination to be electronically excited via the absorp-
tion process, the desorption of energy may lead to heat 
dissipation and temporary cleavage of the metal–ligand 
linkages. Other examples of the formation of self-healing 
complexes are N-heterocyclic carbenes and transition 
metals168. However, a drawback of these examples is the 
substantial external energy input required.

It is important to match the electronic network prop-
erties and excitation sources when designing self-healing 
polymer networks using metal–ligand coordination 
chemistry. An example of this is polyethylenimine– 
copper supramolecular polymer networks with revers-
ible UV-induced self-healing by the reformation of 
Cu–N coordination bonds169. This system experiences 
virtually no temperature change during exposure to 
electromagnetic radiation, providing high photon effi-
ciency without side reactions. The network undergoes 
square-planar-to-tetrahedral (D4h → Td) symmetry 
changes at the C2H5N–Cu coordination complex cen-
tre without side reactions facilitated by charge trans-
fer between σ(N) bonding and dx2-y2(Cu) antibonding 
orbitals. Combining the properties of polyurethane and 
polydimethylsiloxane (PDMS) networks into one supra-
molecular and covalently crosslinked system catalysed 
by CuCl2, this system reforms both coordination and 
covalent bonds170.

Other pathways to self-healing in metal–ligand 
coordination systems are shown in Fig. 7b,c. For exam-
ple, a self-healing dielectric elastomer has been synthe-
sized using 2ʹ-bipyridine-5,5ʹ-dicarboxylic amide as 
ligand and Fe2+ and Zn2+ with various counter anions 
in which metal–ligand coordination serve as crosslink-
ing sites in non-polar PDMS171 (Fig. 7b). The kineti-
cally labile coordination between Zn2+ and bipyridine 

endows fast self-healing under ambient conditions. In 
the second example, the coordination between Fe3+ and 
catechol ligands resulted in a pH-induced crosslinked 
self-healing polymer with near-covalent elastic mod-
uli172 (Fig. 7c). The uniqueness of this approach is the 
ability of mono-catechol–Fe3+, bis-catechol–Fe3+ or 
tris-catechol–Fe3+ formation at different pH values, thus 
providing control of crosslinking without Fe3+ precip-
itation173. Incorporating Eu–iminodiacetate coordina-
tion with hydrophilic poly(N,N-dimethylacrylamide)174 
and dynamic ionic interactions between carboxylic acid 
groups of poly(acrylic acid) (PAA) and ferric ions175 or 
polyelectrolytes176 are other examples of self-healable 
hydrogels177,178.

Nature offers opportunities for designing self-healing 
systems. Inspired by catechol-containing biopolymers 
that mimic sea-mussel adhesives, crosslinked hydro-
gels were prepared by the complexation of branched 
catechol-derivatized PEG with 1,3-benzenediboric 
acid. This material exhibits tunable, covalently bonded 
gel behaviour under alkaline pH, but dissociates into a 
viscous liquid under neutral and acidic conditions168,179. 
It has been used in surface modifications of synthetic 
polyacrylate and polymethacrylate materials with 
mussel-inspired catechols, which resulted in self-healing 
initiated and accelerated by H-bonding between  
interfacial catechol moieties180.

Finally, tuning the strength of metal–ligand interac-
tions has implications for the dynamic mechanical prop-
erties of supramolecular elastomers. For example, when 
2,6-pyridinedicarboxamide ligands are incorporated 
along PDMS backbones, complexation of the polymer 
with Fe(III) (Fig. 7d) results in an elastic material that 
self-heals at room temperature. This behaviour is attrib-
uted to the bonding energies of Fe(III)–Npyridyl, Fe(III)–
Namido and Fe(III)–Oamido, which may range from strong 
to weak. The weaker bonds are responsible for energy 
dissipation on stretching and on-demand self-healing, 
whereas the metal ions maintain their location near the 
ligands, thus resulting in stronger interactions and rapid 
bond reformation181.

Host–guest interactions. Guest–host chemistry is com-
monly used in fabricating hydrogels. For example, 
hydrophobic cavities in β-cyclodextrin can accommo-
date a variety of guest moieties182–185. If one surface con-
tains a cyclodextrin host and the other guest molecules, 
host–guest interactions will result in bonding17. The 
supramolecular polymers shown in Fig. 8a are equipped 
with multipoint molecular recognition sites achieved 
by various water-soluble polymer backbones modified 
with β-cyclodextrin hosts and hydrophobic adaman-
tine as the guest at the side chain. This simple method 
produces a transparent, flexible and tough hydrogel 
that self-heals in both wet and dry states186. Because of 
their amenability to chemical modifications and bio-
compatibility, supramolecular hydrogels composed of 
modified hyaluronic acid with either adamantane or 
β-cyclodextrin are able to rapidly form intermolecular 
host–guest bonds187,188. The mechanical properties of this 
system can be tuned by changing the concentration and 
ratio of the guest-to-host moieties.
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Another well-known host is cucurbit[8]uril (Fig. 8b), 
which has high molecular weight and sufficient chain 
entanglement for physical crosslinking, and can accept 
two guests, naphthyl and viologen189. Some seminal 
studies using self-assembled peptides have demonstrated 
the potential of these interactions in biomedical appli-
cations190,191. At low concentration (2.5 mol%), dynamic 
cucurbit[8]uril-mediated non-covalent crosslinking 
yields extremely stretchable and tough supramolecular 
polymer networks, exhibiting remarkable self-healing 
capability at room temperature. These ionically 

conductive and transparent networks can be stretched 
to 100 times their original length and hold objects 
2,000 times their own weight192. Although this example 
and those above are remotely related to self-healing, 
if applied in the host–guest environments, potential  
applications in self-healing of materials are feasible.

Ionic interactions. Ions have a key role in many bio-
logical processes. For example, molecular motors are 
powered by chemical processes that result in the swell-
ing and shrinkage of macromolecular segments, thus 
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causing motion. These processes are often attributed 
to the imbalance between osmotic and entropic forces 
resulting from stored energy between electrostatic 
repulsions and negatively charged filaments. Ionic 
interactions also influence polymer networks and are 
primarily manifested by the formation of ionomers193; 
however, only some ionomers self-heal. For example, 
poly(ethylene-co-methacrylic acid) (pEMAA) and 
polyethylene-g-poly(hexylmethacrylate)194 (pEHMA) 
self-repair (Fig. 9a) under ambient conditions and at ele-
vated temperatures upon projectile puncture testing195. 
Moreover, a ballistic puncture in low-density polyethy-
lene does not heal, whereas a puncture in pEMAA 
does194. This is a two-stage process whereby projectile 
impact disrupts the ionomeric network and the heat 
generated by friction during damage is transferred to 
polymer matrix surroundings, resulting in a localized 
melt state. The molten polymer surfaces fuse via interdif-
fusion to seal the puncture, followed by rearrangement 
of the ionic clustered regions and long-term network 
relaxation.

As a consequence of electrostatic interactions, mac-
romolecules carrying opposite charges form neutrally 
charged polyelectrolyte complexes. Stiff and self-healing 
gels can be fabricated with the polyelectrolyte compl-
exation of polyamines with phosphate-bearing multi-
valent anions196 (Fig. 9b). Self-healing is also exhibited in 
poly electrolyte complexes synthesized from (PAA)/poly 
(allylamine hydrochloride) (PAH) pairs and NaCl, with 
the self-healing efficiency increasing with NaCl con-
centration197 (Fig. 9c). In this case, self-healing originates 
from the disturbance of ionic interactions by adding salt, 
resulting in enhanced chain mobility.

Although ionic bonds may be more difficult to break 
than covalent bonds, they can be disrupted by introduc-
ing strong electrostatic interactions (for example, disso-
ciations upon addition of water or adding strong polar 
salts or solvent). Therefore, the addition of water, salt 
or polar solvents will influence self-healing. In the pres-
ence of water, polyelectrolyte multilayered assemblies 
also exhibit self-healing upon mechanical damage. An 
example of this is polyampholyte self-healing hydrogels 
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(90% healing efficiency) and tougher hydrogels (0.2 MPa 
stress at break)198 (Fig. 9d). In this system, high density of 
weak bonds facilitates bond reforming, but the softness 
enhances contact across the interface, thereby increas-
ing the self-healing efficiency. In another example, 
star-shaped PEG chains functionalized with alendronate 

form reversible crosslinked networks when triggered by 
Ca ions199. Mechanically and electrically self-healing 
hydrogels can be obtained using dynamic ionic inter-
actions between carboxylic groups of PAA and ferric 
ions178. Moreover, stretchable, transparent, self-healable 
ionic conductors can be formed based on ion–dipole 
interactions200 (Fig. 9e). In these systems, the polar poly-
mer network is usually composed of poly-(vinylidene 
fluoride-co-hexafluoropropylene) (PVDF-co-HFP). 
This copolymer, which contains two building units, 
VDF (crystalline and less polar) and HFP (amorphous 
and highly polar), is capable of room-temperature 
self-healing without external stimulus.

Moving towards commodity self-healable polymers, 
ionic interactions may be important in the optimization 
and modification of commercial rubber. Commercially 
popular and inexpensive butyl rubber can be modified 
into a self-healing product by ionic modifications with-
out the addition of conventional curatives or vulcanizing 
agents. For example, the mechanical properties of bro-
mobutyl rubber (which is conventionally sulfur-cured) 
can be improved by transforming its bromine function-
alities into ionic imidazolium bromide groups (Fig. 9f), 
resulting in reversible ionic associations that exhibit 
physical crosslinking201. In summary, ionic interactions 
in polymers may provide a unique opportunity for the 
development self-healable commodity materials.

π–π interactions. π–π interactions are often viewed as 
an extension of coordination chemistry. As the name 
implies, these interactions are facilitated by π orbitals, 
which are strongly dependent on chemical structure and 
stereochemistry. π–π interactions are well-documented 
in many biological studies of peptides, interactions of 
aromatic side groups in proteins, and nucleic acids or 
DNA. Using a combination of π–π, metal-coordination 
chemistry and/or H-bonding, several self-healing elas-
tomers have been developed. For example, combining 
Pt···Pt and π–π interactions between a cyclometalated 
platinum(II) complex and a PDMS backbone enables 
high stretchability and self-healing202. Composites with 
metal nanoparticles can also be commonly applied. For 
example, the blend of pyrene-functionalized poly amide 
(π-electron donor), polydiimide (π-electron accep-
tor) and pyrene-functionalized gold nanoparticles can 
produce thermally induced π–π stacking interactions 
between functionalized gold nanoparticles and the poly-
mer matrix, resulting in self-healing203. Combining π–π 
and H-bonding interactions can lead to thermally trig-
gered, self-healable, tweezer-shaped structures consist-
ing of bis-pyrenyl end groups and naphthalene-diimide 
chains, along with a non-tweezer combination of 
naphthalene-diimide end groups and mono-pyrenyl 
groups204. Incorporating an ionic moiety into the same 
π–π stacking system may provide technological oppor-
tunities for the development of conductive self-healing 
polymers, such as a cathode in lithium–sulfur batteries205.

Regardless of the chemical reactions involved in the 
self-healing of polymers, the main challenge is the ability 
of the network to rearrange upon mechanical damage. 
With a few exceptions — such as some heterogeneous 
networks206 — recent studies have focused on low-Tg 
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polymers. Another challenge is to achieve self-healing 
in higher-Tg polymers, in which the limited free volume 
diminishes the segmental mobility of macromolecular 
chains and diffusion is unfavourable. Thus, the pres-
ence of localized low-Tg and high-Tg components may 
be necessary for achieving self-healing in functional 
materials.

Vitrimers
Vitrimers are a relatively new class of synthetic material 
that resemble enzymatic cleavage of linkers in biologi-
cal systems. Their characteristic feature is exchangeable 
covalent bonds, which, upon cleavage, can reshuffle207,208. 
The exchange may be triggered by thermal, chemical or 
other stimuli, and rigidity and plasticity are tunable209. 
Vitrimers form covalent networks capable of changing 
their topology through thermoactivated bond-exchange 
reactions (Fig. 10a). At high temperatures, they flow and 
behave like viscoelastic liquids; however, at low temper-
atures, slow exchange reactions result in thermoset-like 

properties. The network rearrangements impart high 
mechanical recyclability and the ability to undergo ther-
mal healing, as well as rapid stress relaxations, which are 
not found in conventional crosslinked thermoset poly-
mers. These networks can also exhibit shape-memory 
properties, allowing for autonomous arrangement 
into complex shapes through dynamic crosslinks by 
the introduction of exchangeable chemical bonds.  
A unique property of epoxy-based vitrimers is that their 
Tg can be controlled by tuning the rates of transester-
ification210 (Fig. 10b). An alternative to transesterifica-
tion is catalyst-free transamidation exchange reactions. 
Because amide groups are thermodynamically more 
stable than esters, the resulting vitrimer networks are 
less susceptible to hydrolysis208 (Fig. 10c).

Another attractive class of vitrimers is based on  
bis(cyclic carbonate)s, which can react with triamines or 
hydroxyl groups211 (Fig. 10d). Using transamination reac-
tions (Fig. 10e), vinylogous urethane networks can be pro-
duced via the condensation reaction between acetoacetates 
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and amines208. The bisacetoacetate monomers can be 
prepared from readily available diol monomers and their 
combination with commercially available polyamine 
monomers allows tunability of the mechanical proper-
ties of the poly(vinylogous urethane) polymers. Another 
example of a vitrimer system is the reaction of bis(cyclic 
carbonate) and diols212 (Fig. 10f). The problem, however, 
with the aforementioned examples is their need for a 
catalyst. By contrast, polyhydroxyurethane vitrimers can 
be formed without a catalyst211, as can those formed via 
metathesis reactions of dioxaborolanes213 (Fig. 10g).

Vitrimers can either be introduced to other poly mer 
networks or have additives added to them to improve 
their properties. For example, vitrimer-based liquid- 
crystalline elastomers exhibit processability owing to 
monodomain alignments, thus allowing robust con-
struction of actuators with complex 3D structures; 
however, the stability of these elastomers needs to be 
improved214. Introducing oligoaniline into vitrimer 
networks resulted in a covalently crosslinked material 
that can respond to heat, light, pH, voltage, metal ions 
and redox chemicals215. This material exhibited shape 
memory, self-healing, recyclability, electrochromism and 
adsorption of metal ions. As mentioned earlier, CNTs 
embedded in common vitrimers are able to remotely 
trigger localized transesterification66 and, more inter-
estingly, induce fast exchange reactions in crosslinked 
liquid-crystalline elastomers, thus allowing spatial con-
trol of the alignment and fabrication of dynamic 3D 
constructs in a short time216.

The main challenge is designing self-healable poly-
mers with high thermal resistance. These materials typ-
ically exhibit high Tgs. However, in the design of vitrimer 
polymers, two transitions should be taken into account: 
Tg (glassy to rubbery state) and topology-freezing 

transition (Tv) (viscoelastic solid to viscoelastic liquid), 
both controlled by crosslink density, monomer rigidity, 
the kinetics of exchange reactions and the concentra-
tion of exchangeable bonds217. The presence of the two 
transitions is an opportunity for developing self-healable 
polymers using the exchange-reactions concept. One can 
envision that, if localized damage generates a sufficient 
amount of heat to reach a Tv, thus triggering exchange 
reactions, self-healing may occur for high-Tg polymers, 
as long as local damage generates sufficient segmental 
chain mobility to facilitate, for example, wound closure.

Energetic considerations
During the damage–repair cycle, a polymer’s response  
is in non-equilibrium state. One example is phase- 
separated morphologies, where each phase responds 
at different rates to damage, thus resulting in gradients 
of local volume expansion and different rates of filling 
the empty space. To understand these processes, knowl-
edge of the rates of response for each phase is required. 
Assuming that mechanical damage causes chain cleavage 
or slippage near newly created surfaces, loose chain ends 
may or may not reform. A Gibbs free energy (∆G) < 0 
will favour recombination if the entropy (∆S) > 0. 
Assuming that the damage–repair cycle is a transi-
tion from a non-equilibrium to an equilibrium state 
achieved by a series of infinitely small equilibrated steps 
described by the recoupling lattice model22,218, chain 
flexibility — macroscopically reflected by the Tg — will 
influence the number of chain configurations. To pre-
dict self-healing, a recoupling lattice model (Fig. 11a) can 
be used. This relates Flory’s flexibility parameter to the 
number of repeating units needed for a given ∆G (reF.219). 
Self-repair is favourable when the enthalpy (∆H) < 0, 
implying that exothermic processes are dominated 
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by macromolecular miscibility and favourable inter-
molecular and intramolecular chains (defined by the  
Flory–Huggins parameter218).

In copolymers, the composition determines the CED 
— the minimal amount of energy required to remove 
(or add) a macromolecular chain from a surrounding 
network. CED values plotted as a function of the copoly-
mer composition predict a linear dependence in the 
non-equilibrated state (Fig. 11b). These predictions show 
that when the molar fraction of A in the p(A/B) copoly-
mer (A with higher Tg and B with lower Tg) increases, the 
CED values gradually increase, owing to the larger con-
tent of B units in the chain. However, when the system is 
equilibrated, taking into account composition-dependent 
conformations, a maximum CED value is reached in the 
vicinity of the self-healing composition18. The maxi-
mum molar ratio corresponds to copolymer conforma-
tions that preferentially exhibit helical configurations 
(self-healing is typically not observed for other copoly-
mer compositions or for homopolymer blends of the 
same compositions). One can envision a copolymer 
backbone with a helical topology as a spring, which, 
upon compression, is distorted. When an external force is 
released, the ‘spring’ decompresses, bringing the cleaved 
ends together to self-heal. If low Tg was the only driv-
ing force for self-healing, compositions with the higher 
B content would also exhibit self-healing characteris-
tics; however, they do not and, instead, they may form 
sticky, flowing films. These materials are commercially  
known as pressure-sensitive adhesives.

Polymer-chain separation or rupture — an outcome  
of physical damage — creates isolated chain ends, 
which can be in a form of loose chain ends, free radicals  
(depending on the polymer) or other reactive groups. 
The repair process begins longitudinally along the bot-
tom of a scratch owing to energetically favourable inter-
actions, manifested by lower near-surface Tg. During 
this process, a percolation transition (that is, the min-
imum threshold of reconnected ends or recombined 
chains) occurs after a given number of macromolecules 
are connected longitudinally. The driving force is high 
interfacial energy in the smaller-curvature areas at the 
bottom of a scratch220, which leads to close physical 
proximity, high segmental mobility and entropic energy 
storage during damage. If the interfacial energy and 
entropy can be recovered during repair, the material will  
autonomously self-heal.

If polymer chains are in extended conformations, 
mechanical damage may lead to their compression. 
Upon release of an applied force, decompression driven 
by stored entropic and interfacial energies of spring-like 
copolymer segments will restore their initial state. The 
spring model of the shape-memory effect resulting 
from entropy storage during mechanical damage may 
also explain the driving force for self-healing behav-
iour; however, validation requires quantitative analy-
sis. In fact, the maximum storable strain (and, thus, 
shape-memory storage capacity) can be accurately pre-
dicted using the junction density (that is, chemical or 
physical crosslinks) and shape-memory factor221.

We anticipate that high-junction-density polymers 
(that is, those with a high number of entanglements and 

high molecular weight) will self-heal via shape-memory 
effects owing to their ability to store entropic energy, but 
that low-junction-density polymers will self-heal as a 
consequence of surface-tension effects. For example, in 
thermoresponsive polyurethanes formed via the Diels–
Alder reaction between furan and maleimide moieties, 
the shape-memory effect facilitated self-healing with-
out the need for an external force (in contrast to other 
self-healing polymers)86. Expanding the application tem-
perature range to 130 °C and thermal stability to 250 °C 
(compared with 60 °C for more common self-healing 
polymers based on polycaprolactone222) makes these 
materials particularly attractive.

Self-healing is a local phenomenon with macroscopic 
consequences. If polymer components exhibit local-
ized, endothermic, stimuli-responsive transitions223,224 
below the Tg at or near the damaged surface, macro-
molecular flow will occur225,226 and repair may occur. 
In the presence of localized heterogeneities, such as in 
elastomers, concurrent H-bonding and covalent-like 
bonded polyvalent clusters introduce balance between 
the steady state and non-equilibrium states15. The term 
autonomous self-healing is often used to emphasize 
self-healing under ambient conditions, which implies 
a bulk phenomenon. However, the local dynamics of 
macromolecular segments, reactivity of reactive compo-
nents (such as catalysts or reactive groups) and/or stere-
ospecificity are responsible for temperature-dependent 
entropic and enthalpic contributions to the Gibbs free 
energy, leading to self-healing.

From molecular to microrepair
Self-healing in biological systems occurs across all length 
scales. At the molecular level, biological systems use met-
abolic processes, such as in autophagy, to self-heal227. 
Self-healing materials can have similar metabolic charac-
ter if ‘outdated’ or degradation products are replaced by 
new components, eliminating undesirable by-products. 
A problem is that side reactions may lead to undesirable 
products and are not easily controllable. However, com-
bining the attributes of two or more self-healing motives in 
synthetic materials may lead to autonomous self-healing 
with a metabolic character. The future of self-healing poly-
mer networks may comprise controllable supramolecular 
networks or van der Waals interactions, which do not  
generate side reactions or involve covalent rebonding.

At the atomic scale of the covalent bond length in 
synthetic and natural materials, cleavage of aliphatic 
chains leads to the formation of CH or CH2 free radi-
cals, or slippage of polymer chains. For chain cleavage, 
simple geometrical considerations indicate that, relative 
to terminal −CH3 represented by sp3 hybridization, CH 
and CH2 free radicals adopt more directional sp and 
sp2 hybridizations. The distances between the free rad-
icals to initiate coupling are roughly 2.35–3.44 Å, and 
an energy of ~20 kcal mol−1 is typically required. When 
radical coupling occurs, the bonding distances decrease 
to 0.95–1.60 Å and the energy required decreases to 
~10 kcal mol−1. For radical recoupling to occur, inter-
chain diffusion should occur, which is often driven 
by the access of interfacial energy in the damaged area 
and the Tg-dependent kinetics of interdiffusion (Eq. 1).
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At the nanometre scale of skeletal muscle fibres, 
mesogenic precursors are activated in the site of an 
injured fibre, leading to the proliferation of myoblasts, 
which repair damage by differentiating into multi-
nucleated myocytes2. By analogy with supramolecular 
self-healing chemistry, satellite and myelomonocytic 
cells also contribute to repair processes, in which dys-
ferlin acts as a Ca2+ sensor of the muscle membrane dam-
age, triggering vesicle fusion and directing Ca2+ along 
the membrane to seal the lesion by sending messages to 
neutrophils for repair3,4.

An example of cascading processes at the micrometre 
and millimetre scales are skin-injury wounds, which 
penetrate into the dermis layer of skin, to which the red 
blood cells transfer as a result of rupture of blood ves-
sels. Platelets and inflammatory cells or cytokines rush 
to the site of the injury and receptors signal the event by 
activating fibroblasts and other connective-tissue cells 
to deposit collagen. As a result, new tissue at the injury 
site and wound healing occurs5. The cascading processes 
leading to such self-healing (not just in mammals but 
also in plants) brings a different perspective to designing 
self-healing in synthetic materials. However, it is neces-
sary to answer fundamental questions of how localized 
individual reactions are capable of generating cascading 
microscale responses leading to macroscale self-healing. 
This requires the measurement of the molecular-level 
events — usually inside a scratch — responsible for 
self-healing of materials.

Tools for studying self-healing
Self-healing is typically measured by bulk mechanical 
analysis, in which properties before and after damage 
are assessed (ideally, these should match). Although use-
ful, this analysis does not reveal the molecular processes 
responsible for self-healing. To identify mass transport 
during the damage–repair cycle, atomic force micros-
copy may be useful if acquisition times are fast enough 
to capture self-healing. The same is applicable to optical 
microscopy.

Many self-healing mechanisms are not trivial to study 
experimentally. For detecting local molecular events, 
the most sensitive spectroscopic tools are infrared228 
and Raman spectroscopy229, which provide satisfactory 
spatial resolution. By contrast, electron paramagnetic 
resonance230 and NMR spectroscopy231,232, in particular, 
nuclear Overhauser effect spectroscopy (NOESY) and 
correlated spectroscopy (COSY) 2D 1H NMR exhibit 
decent sensitivity but insufficient spatial resolution. A 
promising approach for monitoring self-healing events 
in polymers is dynamic nuclear polarization (DNP) 
NMR spectroscopy, if it were applied to assess confor-
mational changes of dangling chain ends at the interfa-
cial regions generated during damage. In fact, the DNP 
approach has the potential to improve the sensitivity of 
1H NMR spectroscopy up to ~660-fold. Solid-state DNP 
13C spectroscopy has been used in microporous organic 
polymers233 but requires an external bis-nitroxide 
radical-polarizing agent. Other intrinsic radicals as 
polarizing agents can also be used234,235.

Computational research is increasingly important  
to predict or explain observed self-healing behaviour.  

For example, the rolling motion of microcapsules 
was modelled using Brownian dynamics on an 
adhesive-coated substrate to design particle-filled 
microcapsules that heal cracks in the substrate236. To 
model fracture and self-healing, most models adopt 
continuum-damage approaches in which cracking and 
healing are considered as the degradation and recov-
ery of materials properties. By contrast, cohesive-zone 
approaches treat damage as a discrete event, allowing 
explicit modelling of crack evolution237, including simu-
lation of property recovery over repeated healing events. 
Looking forwards, there are opportunities for using and 
developing computational models that could tackle 3D 
self-healing in heterogeneous systems. Collectively, com-
puter simulations and modelling are useful for answer-
ing many of the puzzling questions that are not easily 
experimentally measured, particularly for predicting 
dynamic materials properties238–240.

Outlook
The past couple of decades have brought remarkable 
advances in the controllable synthesis of self-healing 
polymers and the development of ‘living-like’ program-
mable polymeric materials. The synthetic capabilities 
afforded by continuously improving polymerizations 
provide access to new, controlled-architecture macro-
molecules with precision placement of the functional-
ity needed for self-healing. New strategies for installing 
self-healable moieties into existing commodity polymers 
have further expanded the preparation toolbox. Further 
manipulation of molecular weight and molecular-weight 
distribution, molecular architecture, functional-group 
placement and precise copolymer compositions will 
yield self-healing polymers with new properties. 
However, the technological success of self-healing poly-
mers will depend on how commodity (co)polymers can 
be cost-effectively converted into their self-healable 
counterparts via precisely controllable and affordable 
polymerization processes, and how the structural under-
standing can be translated into specific functionalities 
and applications.

In addition to one-time and repeated-cycle self- 
healing, there are opportunities and challenges in the 
development of sequential and parallel reactions that 
may lead to physical remodelling at macroscopic scales. 
Localized heterogeneous macromolecular networks 
capable of transient communication and signalling of 
damage that enable synchronous macroscopic rear-
rangements will become increasingly important in the 
development of self-healing materials. Localized Tg 
gradients and associated local stimuli-responsive tran-
sitions241,242 will become crucial for achieving reasonable 
self-healing kinetics. It is interesting to note that some 
of the observations and questions from the late 1970s 
and early 1980s remain unanswered. For example, for 
pMMA slightly above Tg, a diffusional interpenetra-
tion of chain segments occurs, but after short pene-
tration times (~5 min), fracture toughness is regained 
in short-term experiments, but long-term properties  
cannot be restored243.

The ultimate challenge will be to produce polymer 
networks with metabolic and anabolic characteristics, 
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whereby synchronized events between sequential or 
concurrent self-healing paths occur. An approach in this 
direction is combining phase-separated supramolecular 
and covalent bonding with hydrophilic and hydrophobic 
interactions. For example, learning from nature, when a 
protein composed of a hydrophobic packed interior and 
hydrophilic exterior is placed in an aqueous environment 
and exposed to hydrostatic pressure (or cutting), water 
molecules are forced into the protein interior by filling 
cavities and breaking up the hydrophobic structure244,245. 
When the forces are removed, hydrophobic inter actions 
prevail and the protein regains its structural and func-
tional features. There are opportunities for further 
advances when hydrophobic and hydrophilic interactions 
in synthetic polymers compete during the damage–repair 
cycle. Similar to biological systems, the key to controlling 
these macromolecular interactions is precise molecular 
DNA-like sequencing. From a macroscopic view, the for-
mation of self-knotted polymer-chain topologies promises  
the ability of self-healing of fibres in composites.

Applications of self-healing polymers are likely to 
be found in agriculture, the food industry, medicine, 
transportation, recycling and upcycling. All these sec-
tors face challenges to meet new requirements and reg-
ulations, and polymers with upcycling and self-healing 
attributes may become a new standard for many indus-
tries. Despite the urgency of agricultural needs, our 
understanding of how plants and other species trans-
port nutrients to their destinations in vivo is still largely 
unanswered. Similarly, there are many unanswered or 
unasked questions in self-healing polymers. One such 
question is how the shape and symmetry of a struc-
ture will determine the arrangements of the building 
blocks enabling self-healing through internal actuation 

mechanisms leading to macroscopic reconfiguration of 
the materials. The challenge is how to implement inter-
nal directional actuation mechanisms while retaining 
physical and chemical stability. If answered, technolog-
ical advances may enable new strategies for materials 
developments. It is not hard to envision that hip or other 
body part replacements may have extended lifetimes 
when self-healing materials are used. Biological sens-
ing and signalling pathways are mediated by interfacial 
processes linked to biological growth and development. 
One can envision that self-healing will be crucial for 
interactions between synthetic and biological systems. 
To achieve this, we need to better understand the molec-
ular processes that govern biosynthetic signalling and 
decision-making processes in synthetic materials. Using 
the analogy of metabolic processes in cells, we envision 
that, if repeating units of a copolymer represent a her-
itable genetic identity derived during its growth, differ-
ent interfacial interactions (the ‘genotype’) will lead to  
different materials ‘phenotypes’.

Overall, the outcomes will be less energy used and less 
waste generated. Self-healable polymers with more tun-
able time-sensitive properties are needed; a grocery bag 
does not have to last more than a day or two, but paint 
on a bridge or vehicle needs to last much longer. An ulti-
mate goal of future studies should lead to the develop-
ment of organism-like materials with encoded molecular 
features that dictate their growth and structural assembly 
in response to the environment. Organism-like materials 
will consist of elements responsible for autonomous and 
adaptive properties enabling the creation of synthetic 
integrated systems and devices.
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