
I. £ÄÇÆÇÐËÇ
¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ËÐÆËÄËÆÖÂÎßÐÞØ ÔÄâÊÇÌ Ä ÏÑÎÇÍÖÎÇ Ë
àÐÕÂÎßÒËË ÑÃÓÂÊÑÄÂÐËâ ÏÑÎÇÍÖÎÞ Ë ÓÂÆËÍÂÎÂ ì ÄÂÉÐÇÌÛËÇ
àÐÇÓÅÇÕËÚÇÔÍËÇ ØÂÓÂÍÕÇÓËÔÕËÍË àÕËØ ÚÂÔÕËÙ, ÛËÓÑÍÑ ËÔÒÑÎß-
ÊÖÇÏÞÇ Ä ÐÂÖÍÇ Ë ÕÇØÐËÍÇ. ¦ÉÇÅÑÆÐÑ ÒÖÃÎËÍÖáÕÔâ ÆÇÔâÕÍË
ÓÂÃÑÕ, Ä ÍÑÕÑÓÞØ ÒÓÇÆÔÕÂÄÎÇÐÞ ÓÇÊÖÎßÕÂÕÞ ËÊÏÇÓÇÐËâ ÖÍÂ-
ÊÂÐÐÞØ ÄÇÎËÚËÐ. ±ÇÓÄÞÌ ÑÃÊÑÓ, ÔÑÆÇÓÉÂÜËÌ ÔÄÑÆÐÞÇ ÆÂÐÐÞÇ
ÒÑ àÐÇÓÅËâÏ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ Ä ÏÑÎÇÍÖÎÂØ, ÒÑâÄËÎÔâ
ÒÑÎÔÕÑÎÇÕËâ ÕÑÏÖ ÐÂÊÂÆ.1 £ ³³³² ÄÂÉÐÂâ ÓÂÃÑÕÂ ÒÑ ÔÃÑÓÖ,
ÔËÔÕÇÏÂÕËÊÂÙËË Ë ÒÖÃÎËÍÂÙËË ÕÂÍËØ ÆÂÐÐÞØ ÃÞÎÂ ÐÂÚÂÕÂ ÒÑ

ËÐËÙËÂÕËÄÇ ÂÍÂÆÇÏËÍÂ £.¯.¬ÑÐÆÓÂÕßÇÄÂ.2, 3 ¬ÓÖÒÐÞÏ ÐÂÖÚ-
ÐÞÏ ÔÑÃÞÕËÇÏ ÔÕÂÎÑ ËÊÆÂÐËÇ ÏÐÑÅÑÕÑÏÐÑÅÑ ÔÒÓÂÄÑÚÐËÍÂ ÒÑ
ÕÇÓÏÑÆËÐÂÏËÚÇÔÍËÏ ÔÄÑÌÔÕÄÂÏ ÏÑÎÇÍÖÎ Ë ÂÕÑÏÑÄ.4 ¥ÑÔÕÂ-
ÕÑÚÐÑ ÒÑÎÐÞÌ ÏÂÔÔËÄ ÆÂÐÐÞØ ÒÑ àÐÇÓÅËâÏ ÆËÔÔÑÙËÂÙËË
ÔÄâÊÇÌ Ä ÏÐÑÅÑÂÕÑÏÐÞØ ÏÑÎÇÍÖÎÂØ ÒÓÇÆÔÕÂÄÎÇÐ Ä ÐÇÆÂÄÐÑ
ÄÞÛÇÆÛÇÏ ÔÒÓÂÄÑÚÐËÍÇ ­ÖÑ.5

¥Îâ ËÊÏÇÓÇÐËâ àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ ÓÂÊÓÂÃÑÕÂÐ
ÛËÓÑÍËÌ ÐÂÃÑÓ ×ËÊËÍÑ-ØËÏËÚÇÔÍËØ ÏÇÕÑÆÑÄ, ÕÂÍËØ ÍÂÍ ÒËÓÑ-
ÎËÊ ÔÑÇÆËÐÇÐËÌ ÒÓË ÐËÊÍÑÏ ÆÂÄÎÇÐËË, ËÊÖÚÇÐËÇ ÍËÐÇÕËÍË
ÃÓÑÏËÓÑÄÂÐËâ Ë ËÑÆËÓÑÄÂÐËâ ÖÅÎÇÄÑÆÑÓÑÆÑÄ Ä ÅÂÊÑÄÑÌ
×ÂÊÇ, ÔÒÇÍÕÓÂÎßÐÞÇ ÏÇÕÑÆÞ (ÒÓËÏÇÐâáÕÔâ ÆÎâ ÑÙÇÐÍË àÐÇÓ-
ÅËË ÔÄâÊË Ä ÆÄÖØÂÕÑÏÐÞØ ÏÑÎÇÍÖÎÂØ), ÏÂÔÔ-ÔÒÇÍÕÓÑÏÇÕÓËâ
àÎÇÍÕÓÑÐÐÑÅÑ ÖÆÂÓÂ, ×ÑÕÑàÎÇÍÕÓÑÐÐÂâ ÔÒÇÍÕÓÑÔÍÑÒËâ, àÎÇÍÕ-
ÓÑØËÏËÚÇÔÍËÇ ÏÇÕÑÆÞ, ÐÇÆÂÄÐÑ ÔÑÊÆÂÐÐÂâ ×ÑÕÑÂÍÖÔÕËÚÇÔÍÂâ
ÍÂÎÑÓËÏÇÕÓËâ. ¬ÂÉÆÞÌ ËÊ ÐËØ ËÏÇÇÕ ÔÄÑá ÑÃÎÂÔÕß ÒÓËÏÇÐÇ-
ÐËâ, ÔÄÑË ÑÔÑÃÇÐÐÑÔÕË Ë ÑÅÓÂÐËÚÇÐËâ.6 ë 15

£ ÒÑÔÎÇÆÐËÇ ÆÄÂ ÆÇÔâÕËÎÇÕËâ ÔÕÂÎË ÛËÓÑÍÑ ËÔÒÑÎßÊÑ-
ÄÂÕßÔâ ÍËÐÇÕËÚÇÔÍËÇÏÇÕÑÆÞËÊÖÚÇÐËâ Ë ÂÐÂÎËÊÂ ÓÂÆËÍÂÎßÐÞØ
ÓÇÂÍÙËÌ Ä ÉËÆÍÑÌ ×ÂÊÇ. °ÐË ÒÑÊÄÑÎâáÕ ÑÙÇÐËÕß ÒÓÑÚÐÑÔÕß
ËÐÆËÄËÆÖÂÎßÐÑÌ ÔÄâÊË Ä ÏÐÑÅÑÂÕÑÏÐÞØ ÏÑÎÇÍÖÎÂØ Ë ÔÖÜÇÔÕ-
ÄÇÐÐÑ ÓÂÔÛËÓËÕß ÍÓÖÅ ÔÑÇÆËÐÇÐËÌ Ô ËÊÄÇÔÕÐÑÌ ÒÓÑÚÐÑÔÕßá
ÔÄâÊÇÌ. ¬ ÕÂÍËÏ ÏÇÕÑÆÂÏ ÑÕÐÑÔâÕÔâ:

1) ËÔÔÎÇÆÑÄÂÐËÇ ÓÂÄÐÑÄÇÔÐÞØ ÃËÏÑÎÇÍÖÎâÓÐÞØ ÓÇÂÍÙËÌ Ô
ÖÚÂÔÕËÇÏ ÔÕÂÃËÎßÐÞØ ÔÄÑÃÑÆÐÞØ ÓÂÆËÍÂÎÑÄ;

¦.´.¥ÇÐËÔÑÄ. ¥ÑÍÕÑÓ ØËÏËÚÇÔÍËØ ÐÂÖÍ, ÅÎÂÄÐÞÌ ÐÂÖÚÐÞÌ ÔÑÕÓÖÆÐËÍ
ª±·¶ ²¡¯. ´ÇÎÇ×ÑÐ: (096)522 ë 1914, e-mail: edenisov@icp.ac.ru
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ÓÂÆËÍÂÎßÐÞÇ ÓÇÂÍÙËË, ÍËÐÇÕËÍÂ ÙÇÒÐÞØ
ÒÓÑÙÇÔÔÑÄ, ËÐÅËÃËÓÑÄÂÐËÇ ÒÓÑÙÇÔÔÑÄ ÑÍËÔÎÇÐËâ.
£.¦.´ÖÏÂÐÑÄ. ¬ÂÐÆËÆÂÕ ØËÏËÚÇÔÍËØ ÐÂÖÍ, ÔÕÂÓÛËÌ ÐÂÖÚÐÞÌ ÔÑÕÓÖÆ-
ÐËÍ ÕÑÅÑ ÉÇ ËÐÔÕËÕÖÕÂ. ´ÇÎÇ×ÑÐ: (096)522 ë 1366,
e-mail: tve@icp.ac.ru
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ØËÏËÚÇÔÍÂâ ËÐ×ÑÓÏÂÕËÍÂ, ØËÏËÚÇÔÍËÇ
ÃÂÊÞ ÆÂÐÐÞØ, àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ.

¥ÂÕÂ ÒÑÔÕÖÒÎÇÐËâ 24 âÐÄÂÓâ 2005 Å.

µ¥¬ 541.127: 541.128

°ÙÇÐÍÂ àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ ÒÑ ÍËÐÇÕËÚÇÔÍËÏ
ØÂÓÂÍÕÇÓËÔÕËÍÂÏ ÓÂÆËÍÂÎßÐÞØ ÉËÆÍÑ×ÂÊÐÞØ ÓÇÂÍÙËÌ

¦.´.¥ÇÐËÔÑÄ, £.¦.´ÖÏÂÐÑÄ

ªÐÔÕËÕÖÕ ÒÓÑÃÎÇÏ ØËÏËÚÇÔÍÑÌ ×ËÊËÍË ²ÑÔÔËÌÔÍÑÌ ÂÍÂÆÇÏËË ÐÂÖÍ
142432 ¹ÇÓÐÑÅÑÎÑÄÍÂ ®ÑÔÍÑÄÔÍÑÌ ÑÃÎÂÔÕË, ×ÂÍÔ (096)515 ë 5420

°ÒËÔÂÐÞ ÕÓË ÏÇÕÑÆÂ, ËÔÒÑÎßÊÖÇÏÞÇ Ä ÍËÐÇÕËÍÇ ÉËÆÍÑ×ÂÊÐÞØ ÓÂÆËÍÂÎßÐÞØ ÓÇÂÍÙËÌ ÆÎâ ÑÙÇÐÍË àÐÇÓÅËÌ ÆËÔÔÑÙËÂ-
ÙËË ËÐÆËÄËÆÖÂÎßÐÞØ ÔÄâÊÇÌ Ä ÏÐÑÅÑÂÕÑÏÐÞØ ÏÑÎÇÍÖÎÂØ. ±ÇÓÄÞÌ ËÊ ÐËØ ÑÔÐÑÄÂÐ ÐÂ ËÊÖÚÇÐËË ÓÂÄÐÑÄÇÔËâ Ä
ÓÂÆËÍÂÎßÐÞØ ÓÇÂÍÙËâØ ÑÕÓÞÄÂ Ô ÖÚÂÔÕËÇÏ ÔÕÂÃËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ë ËÊÏÇÓÇÐËË ÍÑÐÔÕÂÐÕÞ ÓÂÄÐÑÄÇÔËâ. °ÔÐÑÄÖ
ÄÕÑÓÑÅÑ ÏÇÕÑÆÂ ÔÑÔÕÂÄÎâÇÕ ËÔÔÎÇÆÑÄÂÐËÇ ÍËÐÇÕËÍË ÅÑÏÑÎËÕËÚÇÔÍÑÅÑ ÓÂÔÒÂÆÂ ÏÑÎÇÍÖÎ. ªÊÏÇÓÇÐËÇ àÐÇÓÅËË ÂÍÕËÄÂ-
ÙËË ÕÂÍÑÌ ÓÇÂÍÙËË ÒÑÊÄÑÎâÇÕ ÑÙÇÐËÕß àÐÇÓÅËá ÆËÔÔÑÙËÂÙËË ÐÂËÃÑÎÇÇ ÔÎÂÃÑÌ ÔÄâÊË, ÐÂÒÓËÏÇÓ ÔÄâÊË O7O Ä
ÒÇÓÑÍÔËÆÂØ ÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ. ³ÖÕß ÕÓÇÕßÇÅÑ ÏÇÕÑÆÂ, ÔÑÊÆÂÐÐÑÅÑ Ä ÓÂÏÍÂØ ÏÑÆÇÎË ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ,
ÊÂÍÎáÚÂÇÕÔâ Ä ÓÂÔÚÇÕÇ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË ÒÑ àÐÇÓÅËË ÂÍÕËÄÂÙËË ÓÂÆËÍÂÎßÐÑÌ ÓÇÂÍÙËË Ô ÖÚÂÔÕËÇÏ
ÓÂÔÔÏÂÕÓËÄÂÇÏÞØ ÏÑÎÇÍÖÎ. ¿ÕÑÕ ÏÇÕÑÆ ÒÑÊÄÑÎËÎ ÑÙÇÐËÕß àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H, N7H, O7H Ë S7H
Ä ÃÑÎßÛÑÏ ÚËÔÎÇ ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇÐËÌ. °ÃÔÖÉÆÇÐÞ ÅÓÂÐËÙÞ Ë ÔÒÇÙË×ËÍÂ ÒÓËÏÇÐÇÐËâ ÍÂÉÆÑÅÑ ÏÇÕÑÆÂ Ë
ÒÓËÄÇÆÇÐÞ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ, ÒÑÎÖÚÇÐÐÞÇ Ô ËØ ÒÑÏÑÜßá.
¢ËÃÎËÑÅÓÂ×Ëâ ì 78 ÔÔÞÎÑÍ.
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2) ËÊÖÚÇÐËÇ ÍËÐÇÕËÍË ÏÑÐÑÏÑÎÇÍÖÎâÓÐÑÅÑ ÓÂÔÒÂÆÂ ÔÑÇÆË-
ÐÇÐËÌ Ô ÅÑÏÑÎËÕËÚÇÔÍËÏ ÓÂÊÓÞÄÑÏ ÑÆÐÑÌ, ÐÂËÃÑÎÇÇ ÔÎÂÃÑÌ,
ÔÄâÊË;

3) ËÊÏÇÓÇÐËÇ ÂÃÔÑÎáÕÐÞØ ËÎË ÑÕÐÑÔËÕÇÎßÐÞØ ÍÑÐÔÕÂÐÕ
ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ ÓÂÆËÍÂÎßÐÑÅÑ ÑÕÓÞÄÂ ÎËÃÑ ËØ àÐÇÓÅËÌ
ÂÍÕËÄÂÙËË Ô ÒÑÔÎÇÆÖáÜËÏ ÓÂÔÚÇÕÑÏ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË
ÑÆÐÑÌ ËÊ ÖÚÂÔÕÄÖáÜËØ Ä ÒÇÓÇÔÕÓÑÌÍÇ ÔÄâÊÇÌ.

²ÂÔÔÏÑÕÓÇÐËá àÕËØ ÏÇÕÑÆÑÄ Ë ÒÑÎÖÚÇÐÐÞØ Ô ËØ ÒÑÏÑÜßá
ÊÐÂÚÇÐËÌ ÒÓÑÚÐÑÔÕË ËÐÆËÄËÆÖÂÎßÐÞØ ÔÄâÊÇÌ Ä ÓÂÊÐÑÑÃÓÂÊ-
ÐÞØ ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇÐËâØ Ë ÒÑÔÄâÜÇÐ ÐÂÔÕÑâÜËÌ ÑÃÊÑÓ.
±ÇÓÇÚËÔÎÇÐÐÞÇ ÄÞÛÇ ÏÇÕÑÆÞ ÒÑÊÄÑÎËÎË ÔÖÜÇÔÕÄÇÐÐÑ ÓÂÔ-
ÛËÓËÕß ÍÓÖÅ ÏÐÑÅÑÂÕÑÏÐÞØÏÑÎÇÍÖÎ ÔÑ ÔÎÑÉÐÑÌ ÔÕÓÖÍÕÖÓÑÌ,
ÆÎâ ÍÑÕÑÓÞØ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ ÑÒÓÇÆÇÎÇÐÞ
àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ.

II. ·ËÏËÚÇÔÍÑÇ ÓÂÄÐÑÄÇÔËÇ
X.+HY HX+Y.'

·ËÏËÚÇÔÍÑÇ ÓÂÄÐÑÄÇÔËÇ

X
.
+HY XH+Y

.
,

ÅÆÇ X
.
Ë Y

.
ì ÂÍÕËÄÐÞÇ ÔÄÑÃÑÆÐÞÇ ÓÂÆËÍÂÎÞ, ÐÇ ÖÆÂÇÕÔâ

ÔÑÊÆÂÕß Ä ÓÂÔÕÄÑÓÇ ËÊ-ÊÂ ÑÚÇÐß ÃÞÔÕÓÑÌ ÓÇÍÑÏÃËÐÂÙËË ËÎË
ÆËÔÒÓÑÒÑÓÙËÑÐËÓÑÄÂÐËâ àÕËØ ÚÂÔÕËÙ. ´ÂÍÑÅÑ ÓÂÄÐÑÄÇÔËâ
ÏÑÉÐÑ ÆÑÔÕËÚß, ÕÑÎßÍÑ ÍÑÅÆÂ ÑÃÂ ÓÂÆËÍÂÎÂ (X

.
Ë Y

.
) ÔÕÂ-

ÃËÎßÐÞ Ë ÐÇ ÄÔÕÖÒÂáÕ Ä ÓÇÂÍÙËá ÓÇÍÑÏÃËÐÂÙËË. £ àÕÑÏ
ÔÎÖÚÂÇ ÓÂÄÐÑÄÇÔÐÞÇ ÍÑÐÙÇÐÕÓÂÙËË ÑÃÑËØ ÓÂÆËÍÂÎÑÄ ÏÑÅÖÕ
ÃÞÕß ÐÂÌÆÇÐÞ ÏÇÕÑÆÑÏ ¿±² ËÎË ÔÒÇÍÕÓÑ×ÑÕÑÏÇÕÓËÚÇÔÍË.
¬ÑÐÔÕÂÐÕÖ ÓÂÄÐÑÄÇÔËâ (K) ÄÞÚËÔÎâáÕ ÒÑ ÔÑÑÕÐÑÛÇÐËá ÓÂÄ-
ÐÑÄÇÔÐÞØ ÍÑÐÙÇÐÕÓÂÙËÌ ÏÑÎÇÍÖÎ Ë ÓÂÆËÍÂÎÑÄ:

K � , (1)

Â àÐÕÂÎßÒËá ÓÂÄÐÑÄÇÔËâ (DH) ÓÂÔÔÚËÕÞÄÂáÕ ÒÑ ÕÇÏÒÇÓÂÕÖÓ-
ÐÑÌ ÊÂÄËÔËÏÑÔÕË lnK. ¿ÐÕÂÎßÒËâ ÓÂÄÐÑÄÇÔËâ ÕÂÍÑÌ ÓÇÂÍÙËË,
Ä ÔÄÑá ÑÚÇÓÇÆß, ÓÂÄÐÂ ÓÂÊÐÑÔÕË àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË (D)
ÓÇÂÅËÓÖáÜËØ ÔÄâÊÇÌ

DH=DY7H7DX7H (2)

ÒÓË ÖÔÎÑÄËË, ÚÕÑ ÔÑÎßÄÂÕÂÙËâ ÓÇÂÅÇÐÕÑÄ ÐÇ ÄÐÑÔËÕ ÔÖÜÇÔÕÄÇÐ-
ÐÑÅÑ ÄÍÎÂÆÂ Ä ÓÂÄÐÑÄÇÔËÇ. ±ÑÔÎÇÆÐÇÇ ÆÑÔÕËÅÂÇÕÔâ ÒÓÑÄÇÆÇ-
ÐËÇÏ àÍÔÒÇÓËÏÇÐÕÂ Ä ÐÇÒÑÎâÓÐÞØ ÓÂÔÕÄÑÓËÕÇÎâØ.

¿ÕÑÕ ÏÇÕÑÆ ÃÞÎ ËÔÒÑÎßÊÑÄÂÐ Ä ÓâÆÇ ÓÂÃÑÕ 16 ë 18 ÆÎâ
ÑÙÇÐÍË àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H Ä ×ÇÐÑÎÂØ. ¢ÇÎâÍÑÄ
Ë ÔÑÂÄÕ.16 ËÊÏÇÓâÎË ÓÂÄÐÑÄÇÔËÇ ÕËÒÂ

Ar1O
.
+AriOH Ar1OH+AriO

.
,

ÅÆÇ ÓÇÒÇÓÐÞÏ ×ÇÐÑÍÔËÎßÐÞÏ ÓÂÆËÍÂÎÑÏ Ar1O
.
ÔÎÖÉËÎ ÅÂÎß-

ÄËÐÑÍÔËÎ, Â Ä ÍÂÚÇÔÕÄÇ ÄÕÑÓÑÅÑ ÓÇÂÅÇÐÕÂ AriOH ÃÞÎË ÄÊâÕÞ
2,6-ÆË-ÕÓÇÕ-ÃÖÕËÎ×ÇÐÑÎÞ, ÊÂÏÇÜÇÐÐÞÇ Ä ÒÑÎÑÉÇÐËË 4.
ªÊÏÇÐÇÐËÇ ÍÑÐÙÇÐÕÓÂÙËË ÅÂÎßÄËÐÑÍÔËÎÂ Ë ×ÇÐÑÍÔËÎÂ AriO

.

ÍÑÐÕÓÑÎËÓÑÄÂÎË Ô ÒÑÏÑÜßáÏÇÕÑÆÂ ¿±² (ÃÇÐÊÑÎ, 298K). ±Ñ
ÔÑÑÕÐÑÛÇÐËá ÍÑÐÙÇÐÕÓÂÙËÌ ÓÇÂÅÇÐÕÑÄ ÄÞÚËÔÎâÎË ÍÑÐÔÕÂÐÕÖ
ÓÂÄÐÑÄÇÔËâ

K � , (3)

Â ÊÂÕÇÏ ÓÂÔÔÚËÕÞÄÂÎË ÔÄÑÃÑÆÐÖá àÐÇÓÅËá ÓÂÄÐÑÄÇÔËâ
¤ËÃÃÔÂ (DG):

DG=7RT lnK . (4)

¿ÐÕÂÎßÒËá ÓÂÄÐÑÄÇÔËâ ÐÂØÑÆËÎË ÒÑ ÕÇÏÒÇÓÂÕÖÓÐÑÌ
ÊÂÄËÔËÏÑÔÕË ÍÑÐÔÕÂÐÕÞ ÓÂÄÐÑÄÇÔËâ. ¬ÂÍ ÒÑÍÂÊÂÎ ÑÒÞÕ, Ä
ÕÂÍËØ ÓÇÂÍÙËâØ Ä ÒÓÇÆÇÎÂØ ÒÑÅÓÇÛÐÑÔÕË ËÊÏÇÓÇÐËâ
DH&DG. ¬ ÂÐÂÎÑÅËÚÐÑÏÖ ÄÞÄÑÆÖ ÒÓËÛÎË Ë ÂÄÕÑÓÞ

ÓÂÃÑÕ 17, 18. ²ÇÊÖÎßÕÂÕÞ ËÊÏÇÓÇÐËâ ÕÂÍËÏ ÏÇÕÑÆÑÏ àÐÇÓÅËÌ
ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H Ä ×ÇÐÑÎÂØ ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 1.

¿ÕÑÕ ÒÑÆØÑÆ, ÍÂÍ ÑÍÂÊÂÎÑÔß, ÏÑÉÐÑ ËÔÒÑÎßÊÑÄÂÕß Ë ÆÎâ
ÔËÔÕÇÏ, Ä ÍÑÕÑÓÞØ ÑÃÓÂÊÖáÜËÇÔâ ×ÇÐÑÍÔËÎßÐÞÇ ÓÂÆËÍÂÎÞ
ÄÔÕÖÒÂáÕ Ä ÓÇÂÍÙËá ÓÇÍÑÏÃËÐÂÙËË. ¥Îâ ÕÂÍËØ ÔËÔÕÇÏ ÒÑÆ-
ÃËÓÂáÕ ÖÔÎÑÄËâ, ÍÑÅÆÂ ÏÇÉÆÖ ÓÇÂÅÇÐÕÂÏË ÖÔÕÂÐÂÄÎËÄÂÇÕÔâ
ÓÂÄÐÑÄÇÔËÇ, Â ÓÇÂÍÙËâ ÔÖÏÏÂÓÐÑÅÑ ÓÂÔØÑÆÑÄÂÐËâ ×ÇÐÑÎÑÄ
ÒÓÑÕÇÍÂÇÕ ÆÑÔÕÂÕÑÚÐÑ ÏÇÆÎÇÐÐÑ, ÕÂÍ ÚÕÑ Ä ØÑÆÇ ÇÇ ÏÑÉÐÑ
ÒÓÑÔÎÇÆËÕß ÊÂ ÍÂÉÆÞÏ ËÊ ÓÇÂÅÇÐÕÑÄ Ë ÄÞÚËÔÎËÕß ÍÑÐÔÕÂÐÕÖ
ÓÂÄÐÑÄÇÔËâ.17, 18 ´ÂÍËÏ ÑÃÓÂÊÑÏ ÖÆÂÎÑÔß ÓÂÔÛËÓËÕß ÍÓÖÅ
×ÇÐÑÎÑÄ Ô ËÊÄÇÔÕÐÑÌ àÐÇÓÅËÇÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H.

°ÒÓÇÆÇÎËÄ ÍÑÐÔÕÂÐÕÖ ÓÂÄÐÑÄÇÔËâ, ÏÑÉÐÑ ÑÙÇÐËÕß ÓÂÊ-
ÐËÙÖ Ä ÒÓÑÚÐÑÔÕË ÔÄâÊË O7H ÆÄÖØ ×ÇÐÑÎÑÄ. ¹ÕÑÃÞ ÄÞÚË-
ÔÎËÕß ÂÃÔÑÎáÕÐÑÇ ÊÐÂÚÇÐËÇ DO7H , ÐÇÑÃØÑÆËÏÑ ÊÐÂÕß àÕÖ
ÄÇÎËÚËÐÖ ÆÎâ ÑÆÐÑÅÑ ×ÇÐÑÎÂ. ¥Îâ 2,4,6-ÕÓË-ÕÓÇÕ-ÃÖÕËÎ-
×ÇÐÑÎÂ DO7H=339.7 Í¥É .ÏÑÎß71 (ÔÏ.19), ÚÕÑ ØÑÓÑÛÑ
ÔÑÅÎÂÔÖÇÕÔâ ÔÑ ÊÐÂÚÇÐËÇÏ DO7H=369.0 Í¥É .ÏÑÎß71 ÆÎâ
ÐÇÊÂÏÇÜÇÐÐÑÅÑ ×ÇÐÑÎÂ.5, 21 °ÃÂ àÕËØ ×ÇÐÑÎÂ ÃÞÎË ËÔÒÑÎßÊÑ-
ÄÂÐÞ Ä ÍÂÚÇÔÕÄÇ ÓÇÒÇÓÐÞØ ÔÑÇÆËÐÇÐËÌ ÆÎâ ÄÞÚËÔÎÇÐËâ ÂÃÔÑ-
ÎáÕÐÞØ ÊÐÂÚÇÐËÌ DO7H ÓâÆÂ ÆÓÖÅËØ ×ÇÐÑÎÑÄ (ÔÏ. ÕÂÃÎ. 1).
±ÑÅÓÇÛÐÑÔÕß Ä ÑÙÇÐÍÇ ÄÇÎËÚËÐ DH ÔÑÔÕÂÄÎâÇÕ ÄÔÇÅÑ
�1.1 Í¥É .ÏÑÎß71 (ÔÏ.17).

¥Îâ ÑÙÇÐÍË àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H Ä ×ÇÐÑÎÂØ
ÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ ®ÂØÑÐË 22 ËÊÏÇÓËÎ ÍÑÐÔÕÂÐÕÖ K= k1/k71

ÓÂÄÐÑÄÇÔËâ

ROO
.
+ArOH ROOH+ArO

.
.

³ àÕÑÌ ÙÇÎßá 9,10-ÆËÅËÆÓÑÂÐÕÓÂÙÇÐ (RH) ÑÍËÔÎâÎË
ÍËÔÎÑÓÑÆÑÏ Ä ÒÓËÔÖÕÔÕÄËË ÇÅÑ ÅËÆÓÑÒÇÓÑÍÔËÆÂ (ROOH) Ë
×ÇÐÑÎÂ (ArOH) Ä ØÎÑÓÃÇÐÊÑÎÇ ÒÓË 333K. ªÐËÙËÂÕÑÓÑÏ
ÓÇÂÍÙËË ÔÎÖÉËÎ 2,2,3,3-ÕÇÕÓÂ×ÇÐËÎÃÖÕÂÐ. µÔÎÑÄËâ àÍÔÒÇÓË-
ÏÇÐÕÂ ÒÑÆÃËÓÂÎË ÕÂÍ, ÚÕÑÃÞ Ä ÔËÔÕÇÏÇ ÖÔÕÂÐÑÄËÎÑÔß ÒÓËÄÇ-
ÆÇÐÐÑÇ ÄÞÛÇ ÓÂÄÐÑÄÇÔËÇ, Â ÑÃÓÞÄ ÙÇÒÇÌ ÎËÏËÕËÓÑÄÂÎÔâ
ÓÇÂÍÙËÇÌ ÓÇÍÑÏÃËÐÂÙËË ÓÂÆËÍÂÎÑÄ ArO

.
Ë ROO

.
. £ àÕÑÏ

ÔÎÖÚÂÇ ÔÍÑÓÑÔÕß ÙÇÒÐÑÅÑ ÒÓÑÙÇÔÔÂ ÑÍËÔÎÇÐËâ (un) ÆÑÔÕÂÕÑÚÐÑ
ØÑÓÑÛÑ ÑÒËÔÞÄÂÇÕÔâ ÖÓÂÄÐÇÐËÇÏ

un � kp�RH�
�����������������������������
kÿ1ui�ROOH�
2k1kt�ArOH�

s
, (5)

ÅÆÇ kp Ë kt ì ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ ROO
.
Ô RH Ë ROO

.

Ô ArO
.
ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ; ui ì ÔÍÑÓÑÔÕß ËÐËÙËËÓÑÄÂÐËâ.21 ±Ñ

ÊÂÄËÔËÏÑÔÕË ÔÍÑÓÑÔÕË ÙÇÒÐÑÅÑ ÑÍËÔÎÇÐËâ un= u7 ui (u ì
ÑÃÜÂâ ÔÍÑÓÑÔÕß ÒÓÑÙÇÔÔÂ) ÑÕ ÍÑÐÙÇÐÕÓÂÙËÌ ROOH Ë ArOH
ÐÂØÑÆËÎË ÑÕÐÑÛÇÐËÇ k2p/(2Kkt) Ë ÒÓË ËÊÄÇÔÕÐÞØ ÄÇÎËÚËÐÂØ kp
Ë 2kt ÄÞÚËÔÎâÎË ÍÑÐÔÕÂÐÕÖ ÓÂÄÐÑÄÇÔËâ K= k1/k71. £ ÒÓÇÆ-
ÒÑÎÑÉÇÐËË, ÚÕÑ DH=DG= 7RT lnK, ÓÂÔÔÚËÕÞÄÂÎË
ÊÐÂÚÇÐËâ DH=DArO7H7DROO7H. £ÇÎËÚËÐÞDArO7H, ÄÞÚË-
ÔÎÇÐÐÞÇ ÑÕÐÑÔËÕÇÎßÐÑ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H Ä
PhOH (369.0 Í¥É .ÏÑÎß71), ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 1. ¬ÂÍ
ÄËÆÐÑ ËÊ ÕÂÃÎ. 1, ÓÂÊÎËÚËâ Ä ÊÐÂÚÇÐËâØ DO7H ÆÎâ ÑÆÐÑÅÑ Ë
ÕÑÅÑ ÉÇ ×ÇÐÑÎÂ, ÒÓËÄÇÆÇÐÐÞÇ ÓÂÊÐÞÏË ÂÄÕÑÓÂÏË, ÐÇÄÇÎËÍË Ë
ÔÑÔÕÂÄÎâáÕ Ä ÔÓÇÆÐÇÏ 1.2� 0.7 Í¥É .ÏÑÎß71.

®ÇÕÑÆÑÏ ËÏÒÖÎßÔÐÑÅÑ ÓÂÆËÑÎËÊÂ ËÊÖÚÇÐÑ 20 ÓÂÄÐÑÄÇÔËÇ

AriO7+ClO2
.

AriO
.
+ClOÿ2 ,

ÒÑ ÍÑÐÔÕÂÐÕÇ ÓÂÄÐÑÄÇÔËâ ÍÑÕÑÓÑÅÑ ÄÞÚËÔÎâÎË ÑÍËÔÎËÕÇÎßÐÑ-
ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÌ ÒÑÕÇÐÙËÂÎ (E0) ÂÓÑÍÔËÎßÐÑÅÑ ÓÂÆËÍÂÎÂ Ä
ÄÑÆÐÑÏ ÓÂÔÕÄÑÓÇ. ¿ÐÇÓÅËá ¤ËÃÃÔÂ (DG�, Ä Í¥É .ÏÑÎß71)
ÓÇÂÍÙËË

AriOH (aq) AriO
.
(aq)+0.5H2 (gas)

ÓÂÔÔÚËÕÞÄÂÎË ÒÑ ×ÑÓÏÖÎÇ

DG�=96.5E0+5.70 pKa (6)

K

(a)

[Y
.
]?[XH]?

[X
.
]?[YH]?

[AriO
.
] [Ar1OH]

[Ar1O
.
] [AriOH]

k1

k71

K

(a)
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PhO7H 369.2 18

360.5 18
361.8 19
360.2 20

356.7 18
361.5 19

355.4 19

346.3 18
351.3 19
345.6 20

365.6 20

366.4 20

368.6 20

367.7 20

376.1 20

375.7 19

377.8 20

353.3 18
355.7 19

362.2 18
363.4 19

350.0 18

362.6 18

345.9 18

334.5 18

331.2 18

342.4 18

388.7 20

394.1 20

X=H 346.2 18
X=Me 342.8 16

337.2 17
338.8 18

X=CH2Ph 335.1 16
X=Ph 337.9 16
X=Cl 344.5 16
X=OMe 325.5 16

324.3 17
327.5 18

X=OBut 330.2 16
X=Ac 352.3 16
X=CN 356.9 16

361.6 19

328.2 16
329.3 17

330.0 17
327.1 18

327.2 18

338.0 17

OMe

H

OBut

H

OPh

H

OMeO

H

OF

H

OCl

H

OBr

H

OI

H

O

H7
O

O

O

H

OEt

O

O

HMe

O

O

H
Me

Me

O

H
But

But

O
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O

H
MeO

MeO

O

H
Me

Me

Me

OMeO

H
OMe

OMe

OMeO

H

Me

Me Me

O

H
Me

Me

MeO

Me

Me

O

H

NC

OO2N

H

OX

H
But

But

O
H

But

But

O HC O

H
But

But

O

Me

O

Me

Me
Y

Me

H

Y=

O

Me

O

Me

Me
Me

Me

H

But

O

But

S

Me

H

2

´ÂÃÎËÙÂ 1. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË °7¯ Ä ×ÇÐÑÎÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄÐÑÄÇÔËâ.

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË

±ÓËÏÇÚÂÐËÇ. ©ÆÇÔß Ë ÆÂÎÇÇ Ä ÕÂÃÎËÙÂØ ÒÑÍÂÊÂÐÞ ÂÕÂÍÖÇÏÞÇ ÔÄâÊË.
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(pKa ØÂÓÂÍÕÇÓËÊÖÇÕ ÍËÔÎÑÕÐÖá ÆËÔÔÑÙËÂÙËá ×ÇÐÑÎÂ) Ë ËÔ-
ÒÑÎßÊÑÄÂÎË ÆÎâ ÄÞÚËÔÎÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊËO7H
×ÇÐÑÎÂ Ä ÄÑÆÐÑÌ ÔÓÇÆÇ. ±Ñ ÑÙÇÐÍÇ ÂÄÕÑÓÑÄ ÓÂÃÑÕÞ 20, ËÊ-ÊÂ
ÔÑÎßÄÂÕÂÙËË àÕÂ àÐÇÓÅËâ ÐÂ 12� 4 Í¥É .ÏÑÎß71 ÄÞÛÇ, ÚÇÏ Ä
ÅÂÊÑÄÑÌ ×ÂÊÇ. £ ÕÂÃÎ. 1 ÒÓËÄÇÆÇÐÞ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË
ÔÄâÊÇÌ O7H ÆÎâ ÏÑÐÑÊÂÏÇÜÇÐÐÞØ ×ÇÐÑÎÑÄ (Ô ÒÑÒÓÂÄÍÑÌ,
ÖÚËÕÞÄÂáÜÇÌ à××ÇÍÕ ÔÑÎßÄÂÕÂÙËË Ä ÄÑÆÇ), ÒÑÎÖÚÇÐÐÞÇ
ËÔØÑÆâ ËÊ ÊÐÂÚÇÐËâ DO7H=369.0 Í¥É .ÏÑÎß71 ÆÎâ ×ÇÐÑÎÂ.

¡ÏËÐËÎßÐÞÇ ÓÂÆËÍÂÎÞ ËÔÍÎáÚËÕÇÎßÐÑ ÃÞÔÕÓÑ ÓÇÂÅË-
ÓÖáÕ Ô ×ÇÐÑÎÂÏË. ¢ÞÔÕÓÑ ÒÓÑØÑÆâÕ Ë ÑÃÓÂÕÐÞÇ ÓÇÂÍÙËË
×ÇÐÑÍÔËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ô ÂÏËÐÂÏË.23 ë 25 £ÊÂËÏÑÆÇÌÔÕÄËÇ
ÔÕÂÃËÎßÐÑÅÑ ×ÇÐÑÍÔËÎßÐÑÅÑ ÓÂÆËÍÂÎÂ ArO

.
Ô ÂÏËÐÑÏ (AmH)

Ä ÒÓËÔÖÕÔÕÄËË ×ÇÐÑÎÂ (ArOH) ÏÑÉÐÑ ÒÓÇÆÔÕÂÄËÕß ÍÂÍ ÆÄÖØ-
ÔÕÂÆËÌÐÞÌ ÒÓÑÙÇÔÔ:23

ArO
.
+AmH ArOH+Am

.
,

Am
.
+Am

.
ÒÓÑÆÖÍÕÞ,

ÔÖÏÏÂÓÐÂâ ÔÍÑÓÑÔÕß ÍÑÕÑÓÑÅÑ ÓÂÄÐÂ

un � k � kK2

� �2

. (7)

ªÊÖÚÇÐÂ 23 ÍËÐÇÕËÍÂ ÓÇÂÍÙËË 2,4,6-ÕÓË-ÕÓÇÕ-ÃÖÕËÎ×ÇÐÑÍ-
ÔËÎßÐÑÅÑ ÓÂÆËÍÂÎÂ Ô 11 ÂÏËÐÂÏË (AmH) Ä ÖÔÎÑÄËâØ, ÍÑÅÆÂ
ÃÞÔÕÓÑ ÖÔÕÂÐÂÄÎËÄÂÇÕÔâ ÓÂÄÐÑÄÇÔËÇ ÏÇÉÆÖ ÄÔÕÖÒÂáÜËÏ Ä
ÓÇÂÍÙËá (ArO

.
) Ë ÑÃÓÂÊÖáÜËÏÔâ (Am

.
) ÓÂÆËÍÂÎÂÏË. ±Ñ

ÔÑÑÕÐÑÛÇÐËá ÍÑÐÙÇÐÕÓÂÙËÌ ÓÇÂÅÇÐÕÑÄ (ÔÏ. ÖÓÂÄÐÇÐËÇ (7))
ÄÞÚËÔÎÇÐÞ ÍÑÐÔÕÂÐÕÞ ÓÂÄÐÑÄÇÔËâ K (Ä CCl4 ÒÓË 298 ë 340K).
±Ñ ÕÇÏÒÇÓÂÕÖÓÐÑÌ ÊÂÄËÔËÏÑÔÕË K ÓÂÔÔÚËÕÂÐÞ àÐÕÂÎßÒËË
ÓÂÄÐÑÄÇÔËâ

DH � ÿR d lnK

d�1=T � . (8)

¬ÂÍ ÑÕÏÇÚÂÎÑÔß ÄÞÛÇ, ÆÎâ ÑÃÏÇÐÐÞØ ÓÂÆËÍÂÎßÐÞØ ÓÇÂÍ-
ÙËÌ àÐÕÓÑÒËâ ÓÂÄÐÑÄÇÔËâ ÏÇÐâÇÕÔâ ÐÇÊÐÂÚËÕÇÎßÐÑ Ë ÇÇ ÏÑÉÐÑ
ÒÓËÐâÕß ÓÂÄÐÑÌ ÐÖÎá; Ä àÕËØ ÔÎÖÚÂâØ DH=DG. ´ÑÅÆÂ àÐ-
ÕÂÎßÒËá ÓÇÂÍÙËË ÏÑÉÐÑ ÄÞÚËÔÎËÕß ÒÑ ÍÑÐÔÕÂÐÕÇ ÓÂÄÐÑÄÇÔËâ
(ÔÏ. ÖÓÂÄÐÇÐËÇ (4)).

©ÐÂÚÇÐËâ DN7H ÓÂÔÔÚËÕÞÄÂÎË ÆÄÖÏâ ÔÒÑÔÑÃÂÏË:23 1) ÒÑ
ÄÇÎËÚËÐÇ ÍÑÐÔÕÂÐÕÞ ÓÂÄÐÑÄÇÔËâ, ËÊÏÇÓÇÐÐÑÌ ÒÓË ÑÆÐÑÌ ÕÇÏ-
ÒÇÓÂÕÖÓÇ (298K),

DN7H=339.77RT lnK (Í¥É .ÏÑÎß71); (9)

2) ÒÑ ÄÇÎËÚËÐÇ àÐÕÂÎßÒËË ÓÂÄÐÑÄÇÔËâ, ÒÑÎÖÚÇÐÐÑÌ ÒÑ ×ÑÓ-
ÏÖÎÇ (8). £ àÕÑÏ ÔÎÖÚÂÇ ÒÓÑÚÐÑÔÕß ÔÄâÊË N7H ÄÞÚËÔÎâÎË ÒÑ
×ÑÓÏÖÎÇ:

DN7H=339.7+DH (Í¥É .ÏÑÎß71). (10)

£ ÖÓÂÄÐÇÐËâØ (9) Ë (10) ÒÇÓÄÑÇ ÔÎÂÅÂÇÏÑÇ ì àÐÇÓÅËâ ÆËÔÔÑ-
ÙËÂÙËË ÔÄâÊË O7H Ä ÑÃÓÂÊÖáÜÇÏÔâ ×ÇÐÑÎÇ. ±ÑÎÖÚÇÐÐÞÇ
ÕÂÍËÏ ÑÃÓÂÊÑÏ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË N7H ÆÎâ ÂÏËÐÑÄ
ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 2. ¿ÕË ÊÐÂÚÇÐËâ DN7H ÔÑÅÎÂÔÖáÕÔâ Ô
ÄÇÎËÚËÐÂÏË DO7H ×ÇÐÑÎÑÄ (ÔÏ. ÕÂÃÎ. 1).

¥ÉÑÐÔÑÐ Ô ÔÑÂÄÕ.26, 27 ÆÎâ ÓâÆÂ ÊÂÏÇÜÇÐÐÞØ ÂÐËÎËÐÑÄ
ËÊÖÚÂÎ ÏÇÕÑÆÑÏ ËÏÒÖÎßÔÐÑÅÑ ÓÂÆËÑÎËÊÂ ÆÄÇ ÓÂÄÐÑÄÇÔÐÞÇ
ÓÇÂÍÙËË

AriNH2+N3
.
(ËÎË Brÿ2

.
) AriNH�2

.
+Nÿ3 (ËÎË 2Br7),

ÊÂ ÎáÃÑÌ ËÊ ÍÑÕÑÓÞØ ÔÎÇÆÖÇÕ ÓÂÄÐÑÄÇÔÐÂâ ÓÇÂÍÙËâ ÆÇÒÓÑÕÑ-
ÐËÓÑÄÂÐËâ

AriNH�2
.

AriNH
.
+H+.

±Ñ ÍÑÐÔÕÂÐÕÇ ÓÂÄÐÑÄÇÔËâ ÑÆÐÑÌ ËÊ ÆÄÖØ ÓÇÂÍÙËÌ ÄÞÚËÔÎâÎË
ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÌ ÒÑÕÇÐÙËÂÎ ¦0 ÂÏËÐËÎß-
ÐÑÅÑ ÓÂÆËÍÂÎÂ Ä ÄÑÆÐÑÏ ÓÂÔÕÄÑÓÇ. ±ÓÑÚÐÑÔÕß ÔÄâÊË N7H (Ä
Í¥É .ÏÑÎß71) Ä ÂÐËÎËÐÇ ÃÞÎÂ ÓÂÔÔÚËÕÂÐÂ ÒÑ ×ÑÓÏÖÎÇ:

DN7H=96.48E0+5.70 pKa+238.5. (11)

±ÑÎÖÚÇÐÐÞÇ ÕÂÍËÏ ÑÃÓÂÊÑÏ ÊÐÂÚÇÐËâ DN7H ÆÎâ 18 ËÊÖ-
ÚÇÐÐÞØ ÂÐËÎËÐÑÄ ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 2. £ àÕÑÌ ÉÇ ÕÂÃÎËÙÇ
ÒÓÇÆÔÕÂÄÎÇÐÞ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ N7H ÊÂÏÇÜÇÐ-
ÐÞØ ÂÐËÎËÐÑÄ, ÑÒÓÇÆÇÎÇÐÐÞÇ ËÔØÑÆâ ËÊ ÓÇÍÑÏÇÐÆÑÄÂÐÐÑÌ Ä
ÔÒÓÂÄÑÚÐËÍÇ 5 ÄÇÎËÚËÐÞDN7H(PhNH2)=375.3 Í¥É .ÏÑÎß71.

®ÇÕÑÆÑÏ ¿±² ËÊÖÚÇÐ 28 ÔÑÔÕÂÄ ÓÂÆËÍÂÎÑÄ, ÄÑÊÐËÍÂáÜËØ
ÒÓË ×ÑÕÑÎËÊÇ ÆË-ÕÓÇÕ-ÃÖÕËÎÒÇÓÑÍÔËÆÂ Ä ÓÂÔÕÄÑÓÇ ÃÇÐÊÑÎÂ,
ÔÑÆÇÓÉÂÜÇÏ ×ÇÐÑÎ Ë ÂÏËÐ. £ ÓÇÊÖÎßÕÂÕÇ ÃÞÔÕÓÑÅÑ ÒÓÑÕÇÍÂ-
ÐËâ ÑÃÏÇÐÐÑÌ ÓÇÂÍÙËË Ä ÔËÔÕÇÏÇ ÖÔÕÂÐÂÄÎËÄÂÇÕÔâ ÔÑÑÕÐÑÛÇ-
ÐËÇ ÓÂÆËÍÂÎÑÄ, ØÂÓÂÍÕÇÓÐÑÇ ÆÎâ ÓÂÄÐÑÄÇÔËâ (a).

®ÇÕÑÆÑÏ ÔÒÇÍÕÓÑÔÍÑÒËË ¿±² ÃÞÎÑ ÐÂÌÆÇÐÑ ÑÕÐÑÛÇÐËÇ
ÍÑÐÙÇÐÕÓÂÙËÌ ×ÇÐÑÍÔËÎßÐÑÅÑ Ë ÂÏËÐËÎßÐÑÅÑ ÓÂÆËÍÂÎÑÄ;
ÄÞÚËÔÎÇÐÂ ÍÑÐÔÕÂÐÕÂ ÓÂÄÐÑÄÇÔËâ àÕÑÌ ÓÇÂÍÙËË:

K � . (12)

£ ÍÂÚÇÔÕÄÇ ÓÇÒÇÓÐÑÅÑ ×ÇÐÑÎÂ ËÔÒÑÎßÊÑÄÂÎË 2,6-ÆË-ÕÓÇÕ-
ÃÖÕËÎ-4-ÏÇÕÑÍÔË×ÇÐÑÎ.±ÑÎÖÚÇÐÐÞÇ ÕÂÍËÏ ÑÃÓÂÊÑÏ ÊÐÂÚÇÐËâ
DN7H ÆÎâ 10 ËÊÖÚÇÐÐÞØ ÂÏËÐÑÄ ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 2.

²ÂÄÐÑÄÇÔËÇ ÏÇÉÆÖ ÔÕÂÃËÎßÐÞÏË ÐËÕÓÑÍÔËÎßÐÞÏË ÓÂÆË-
ÍÂÎÂÏË Ë ÅËÆÓÑÍÔËÎÂÏËÐÂÏË Ë ÑÍÔËÏÂÏË ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ
ÔÕÓÑÇÐËâ ËÔÔÎÇÆÑÄÂÐÑ Ä ÓâÆÇ ÓÂÃÑÕ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÏÇÕÑÆÂ
¿±².29 ë 32 ¬ÂÎÑÓËÏÇÕÓËÚÇÔÍÑÇ ËÊÖÚÇÐËÇ ÓÇÂÍÙËÌ ÕÂÍËØ ÓÂÆË-
ÍÂÎÑÄ Ô 1,2-ÆË×ÇÐËÎÅËÆÓÂÊËÐÑÏ 29

ÒÑÊÄÑÎËÎÑ ÑÒÓÇÆÇÎËÕß ËØ àÐÕÂÎßÒËá ÑÃÓÂÊÑÄÂÐËâ Ë ËÔÒÑÎß-
ÊÑÄÂÕß ÒÑÔÎÇÆÐáá ÆÎâ ÄÞÚËÔÎÇÐËâ ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ O7H
ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÅËÆÓÑÍÔËÎÂÏËÐÑÄ Ë ÑÍÔËÏÑÄ (ÕÂÃÎ. 3).

¡ÐÂÎÑÅËÚÐÑ ÑÒÓÇÆÇÎÇÐÂ ÄÇÎËÚËÐÂ DO7H ÆÎâ 2,4,6-ÕÓË-
ÕÓÇÕ-ÃÖÕËÎ×ÇÐÑÎÂ.19 ´ÂÍËÏÑÃÓÂÊÑÏ, ÑÍÂÊÂÎÑÔß, ÚÕÑ ÐÂÌÆÇÐ-
ÐÂâ ÚÇÓÇÊ ÓÂÄÐÑÄÇÔËÇ ÛÍÂÎÂ DO7H ÆÎâ ÅËÆÓÑÍÔËÎÂÏËÐÑÄ
ÔÑÅÎÂÔÖÇÕÔâ ÔÑ ÛÍÂÎÑÌ DO7H ÆÎâ ×ÇÐÑÎÑÄ Ë DN7H ÆÎâ
ÂÏËÐÑÄ (ÔÏ. ÕÂÃÎ. 1, 2). £ÞÚËÔÎÇÐÐÞÇ ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄÐÑ-
ÄÇÔËâ ÓÇÂÍÙËÌ

ÄÇÎËÚËÐÞ DO7H ÆÎâ ÅËÆÓÑÍÔËÎÂÏËÐÑÄ ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ
ÔÕÓÑÇÐËâ ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 3.

°ÒÓÇÆÇÎÇÐËÇ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÂÕÂÍÖÇÏÑÌ ÔÄâÊË Ä
ÔÇÏËØËÐÑÐÑÄÞØ ÓÂÆËÍÂÎÂØ ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ âÄÎâ-
ÇÕÔâ ÄÇÔßÏÂ ÔÎÑÉÐÑÌ ÊÂÆÂÚÇÌ. ¯ÂÒÓËÏÇÓ, Ä ÓÇÊÖÎßÕÂÕÇ ÓÂÆË-
ÍÂÎßÐÑÌ ÂÕÂÍË ËÊ Ò-ÅËÆÓÑÍÔËÆË×ÇÐËÎÂÏËÐÂ ÑÃÓÂÊÖáÕÔâ ÆÄÂ
ÓÂÆËÍÂÎÂ ì Ò-ÅËÆÓÑÍÔË×ÇÐËÎÂÏËÐËÎßÐÞÌ 1 Ë Ò-(×ÇÐËÎÂÏË-
ÐÑ)×ÇÐÑÍÔËÎßÐÞÌ 2:
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375.3 26

373.3 26

361.3 27

374.3 26

373.3 27

370.3 27

380.3 27

367.3 26

373.3 27

369.3 27

385.3 27

372.3 27

362.3 26

386.3 26

381.3 26

389.3 27

387.3 26

392.3 27

362.5 a 23
364.7 b 23
359.0 28

361.6 a 23
360.0 b 23

353.3 a 23
355.7 b 23
347.9 28

378.8 a 23
372.6 b 23

357.5 a 23
357.2 b 23

355.1 a 23
358.5 b 23

342.5 a 23
348.3 b 23

358.9 a 23
363.9 b 23

352.8 a 23
356.8 b 23

362.3 a 23
362.6 b 23

360.5 a 23
359.9 b 23

344.8 28

323.0 28

336.4 28

331.8 28
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´ÂÃÎËÙÂ 2. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ N7H Ä ÂÓÑÏÂÕËÚÇÔÍËØ ÂÏËÐÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄÐÑÄÇÔËâ.

¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË
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325.1 28

326.8 28

318.8 28

333.9 28

338.9 28
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Me Me

N

H

SBut But
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H

SMeO OMe

N

H

SCl Cl

N

H

SO2N NO2

´ÂÃÎËÙÂ 2 (ÑÍÑÐÚÂÐËÇ).

¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË

a£ÇÎËÚËÐÂ DN7H ÄÞÚËÔÎÇÐÂ ËÔØÑÆâ ËÊ lnK (ÒÓË 298K); b ÄÇÎËÚËÐÂ DN7H ÓÂÔÔÚËÕÂÐÂ ÚÇÓÇÊ àÐÕÂÎßÒËá ÓÂÄÐÑÄÇÔËâ DH.

´ÂÃÎËÙÂ 3. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H Ä ÅËÆÓÑÍÔËÎÂÏËÐÂØ Ë ÑÍÔËÏÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄÐÑÄÇÔËâ.

³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË

352.7 29

338.5 29

334.7 29

322.2 29

318.8 29

287.3 30

297.7 29
292.6 30

295.9 30

302.2 21, 31

300.3 21, 31

300.4 29

307.9 21, 31

303.4 21, 31

295.0 32

308.8 21, 31

290.7 21, 31

295.2 21, 31

294.2 21, 31

296.1 31

296.9 31
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´ÂÃÎËÙÂ 3 (ÒÓÑÆÑÎÉÇÐËÇ).

³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË

297.1 31

310.0 31

309.5 21, 31

297.1 31

304.5 21, 31

303.2 31

306.0 31

306.3 31

305.8 31

305.8 21, 31

305.8 21, 31

311.4 21, 31

309.8 21, 31

306.3 31

306.8 21, 31

293.3 21, 31

294.3 31

294.5 21, 31

293.1 31

293.9 31

289.5 32
291.3 30

292.8 32

295.0 30, 31
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©ÂÆÂÚÂ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊË O7H Ä ÓÂÆËÍÂÎÇ 1 Ë ÔÄâÊË
N7H Ä ÓÂÆËÍÂÎÇ 2 ÃÞÎÂ ÓÇÛÇÐÂ ÐÇÆÂÄÐÑ £ÂÓÎÂÏÑÄÞÏ,33

ÍÑÕÑÓÞÌ ÄÔÇÔÕÑÓÑÐÐÇ ËÔÔÎÇÆÑÄÂÎ ÑÃÓÂÕËÏÖá ÓÇÂÍÙËá
ÑÃÏÇÐÂ ÏÇÉÆÖ N-×ÇÐËÎ-1,4-ÃÇÐÊÑØËÐÑÐËÏËÐÑÏ (3) Ë 2,5-ÆË-
ÕÓÇÕ-ÃÖÕËÎÅËÆÓÑØËÐÑÐÑÏ (4). ´ÂÍÂâ ÓÇÂÍÙËâ ÒÓÑÕÇÍÂÇÕ, ÍÂÍ
ÃÞÎÑ ÒÑÍÂÊÂÐÑ ÓÂÐÇÇ, ÒÑ ÙÇÒÐÑÏÖ ÏÇØÂÐËÊÏÖ.34 ªÐËÙËËÓÑÄÂ-
ÐËÇ ÙÇÒÇÌ ÒÓÑËÔØÑÆËÕ ÒÑ ÔÎÇÆÖáÜËÏ ÆÄÖÏ ÐÂÒÓÂÄÎÇÐËâÏ:

±ÓÑÆÑÎÉÇÐËÇ ÙÇÒÇÌ ÑÔÖÜÇÔÕÄÎâÇÕÔâ ÒÑÔÓÇÆÔÕÄÑÏ ÚÇÕÞ-
ÓÇØ ÑÚÇÐß ÃÞÔÕÓÞØ ÓÇÂÍÙËÌ ÓÂÆËÍÂÎÑÄA ëC Ô ØËÐÑÐËÏËÐÑÏ 3
Ë ØËÐÑÐÑÏ 5.

°ÃÓÞÄ ÙÇÒÇÌ ÒÓÑËÔØÑÆËÕ Ä ÛÇÔÕË ÓÇÂÍÙËâØ ÆËÔÒÓÑÒÑÓ-
ÙËÑÐËÓÑÄÂÐËâ ÕÓÇØ ÓÂÆËÍÂÎÑÄ, ÖÚÂÔÕÄÖáÜËØ Ä ÙÇÒÐÑÌ ÓÇÂÍ-
ÙËË. ¥Îâ ÕÑÅÑ ÚÕÑÃÞ ÔÑÊÆÂÕß ÆÑÒÑÎÐËÕÇÎßÐÑÇ ËÐËÙËËÓÑÄÂÐËÇ
ÙÇÒË, Ä ÔËÔÕÇÏÖ ÄÄÑÆËÎË ÑÆËÐ ËÊ ÆÄÖØ ÂÏËÐÑÄ (AmH) ì ÆË-Ò-
ÕÑÎËÎÂÏËÐ ËÎË 4-ÏÇÕÑÍÔË×ÇÐËÎ-Ò-ÕÑÎËÎÂÏËÐ. ¡ÏËÐ ÄÔÕÖÒÂÎ
Ä ÓÇÂÍÙËË Ô ØËÐÑÐËÏËÐÑÏ, ÚÕÑ ÒÓËÄÑÆËÎÑ Í ÖÔÍÑÓÇÐËá ÒÓÑ-
ÙÇÔÔÂ.35

³ÖÏÏÂÓÐÖá ÔÍÑÓÑÔÕß ÆÑÒÑÎÐËÕÇÎßÐÑÅÑ ËÐËÙËËÓÑÄÂÐËâ
ËÊÏÇÓâÎË ÒÑ ÊÂÄËÔËÏÑÔÕË ÐÂÚÂÎßÐÑÌ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË ÄÑÔ-
ÔÕÂÐÑÄÎÇÐËâ ØËÐÑÐËÏËÐÂ ÑÕ ÔÍÑÓÑÔÕË ËÐËÙËËÓÑÄÂÐËâ (ËÐË-
ÙËÂÕÑÓ ì ÕÇÕÓÂ×ÇÐËÎÅËÆÓÂÊËÐ, ÏÇÕÑÆ ÔÏÇÛÂÐÐÑÅÑ ËÐË-
ÙËËÓÑÄÂÐËâ). ¯Â ÑÔÐÑÄÂÐËË ÍËÐÇÕËÚÇÔÍËØ ÆÂÐÐÞØ ÄÞÚËÔÎâÎË
ÔÖÏÏÂÓÐÞÇ ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ËÐËÙËËÓÑÄÂÐËâ ÒÑ ÓÇÂÍÙËâÏ
Ô ÖÚÂÔÕËÇÏ ÂÏËÐÑÄ. °ÒÞÕÞ ÒÓÑÄÑÆËÎË ÒÓË ÓÂÊÐÞØ ÕÇÏÒÇÓÂ-
ÕÖÓÂØ. ³ ËÔÒÑÎßÊÑÄÂÐËÇÏ ÏÇÕÑÆÂ ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ
(ÔÏ. ÓÂÊÆÇÎ V) ÃÞÎË ÄÞÚËÔÎÇÐÞ ÄÇÎËÚËÐÞ DO7H DN7H ÆÎâ
ÖÍÂÊÂÐÐÞØ ÄÞÛÇ ÓÂÆËÍÂÎÑÄ. ¿ÕËÉÇ ÄÇÎËÚËÐÞ ÓÂÔÔÚËÕÞÄÂÎË Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÊÐÂÚÇÐËÌ àÐÇÓÅËÌ ÂÍÕË-
ÄÂÙËË ËÊÖÚÇÐÐÞØ ÓÇÂÍÙËÌ. ±ÓÑÚÐÑÔÕË ÔÄâÊÇÌ O7H Ë N7H Ä
Ò-ÅËÆÓÑÍÔËÆË×ÇÐËÎÂÏËÐÇ ÃÞÎË ÑÙÇÐÇÐÞ Ô ÒÑÏÑÜßá
ÍÑÓÓÇÎâÙËÑÐÐÞØ ÖÓÂÄÐÇÐËÌ ¤ÂÏÏÇÕÂ. ªØ ÊÐÂÚÇÐËâ (Ä
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´ÂÃÎËÙÂ 3 (ÑÍÑÐÚÂÐËÇ).

³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË ³ÑÇÆËÐÇÐËÇ DO7H, Í¥É .ÏÑÎß71 ³ÔÞÎÍË

286.6 30

290.8 21, 31
288.7 30

292.6 21, 31

282.5 30

312.2 21, 31

296.5 32
303.7 30

304.3 21, 31
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Í¥É .ÏÑÎß71) ÒÓËÄÇÆÇÐÞ ÐËÉÇ 35 (ÆÎâ ÔÓÂÄÐÇÐËâ ÆÂÐÞ ÄÇÎË-
ÚËÐÞ DO7H Ä ÅËÆÓÑØËÐÑÐÇ Ë ÔÇÏËØËÐÑÐÑÄÑÏ ÓÂÆËÍÂÎÇ 21):

³ÑÇÆËÐÇÐËÇ (ÓÂÆËÍÂÎ) DO7H DN7H

339.3 353.4

259.5 7

7 273.6

352.0 7

223.0 7

III. ¬ËÐÇÕËÍÂ ÅÑÏÑÎËÕËÚÇÔÍÑÅÑ ÓÂÔÒÂÆÂ
ÏÑÎÇÍÖÎ
¬ÑÅÆÂ ÏÑÎÇÍÖÎÂ ÓÂÔÒÂÆÂÇÕÔâ ÐÂ ÆÄÂ ÓÂÆËÍÂÎÂ Ô ÓÂÊÓÞÄÑÏ
ÑÆÐÑÌ ÔÄâÊË, ÐÂÒÓËÏÇÓ ÔÄâÊË O7O Ä ÒÇÓÑÍÔËÆÇ

R1OOR2 R1O
.
+R2O

.
(ÔÏ.ç),

àÐÇÓÅËâ ÂÍÕËÄÂÙËË (Ea) ÕÂÍÑÌ ÓÇÂÍÙËË ÑÚÇÐß ÃÎËÊÍÂ Í àÐÇÓÅËË
ÆËÔÔÑÙËÂÙËË ÓÂÊÓÞÄÂÇÏÑÌ ÔÄâÊË. £ ÓÂÏÍÂØ ÕÇÑÓËË ²ÂÌÔÂ ë
²ÂÏÔÒÇÓÅÇÓÂ ë¬ÂÔÔÇÎâ ë®ÂÓÍÖÔÂ (RRKM) ÔÑÅÎÂÔÐÑ ÅÂÓÏÑ-
ÐËÚÇÔÍÑÌ ÏÑÆÇÎË ÏÑÎÇÍÖÎÞ àÐÇÓÅËâ ÂÍÕËÄÂÙËË ÇÇ ÓÂÔÒÂÆÂ
ÑÕÎËÚÂÇÕÔâ ÑÕ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÄÔÇÅÑ ÐÂ ÄÇÎËÚËÐÖ
0.5RT.36

DO7O=Ea7 0.5RT. (13)

¿ÕÑ ÄÞÓÂÉÇÐËÇ ÔÒÓÂÄÇÆÎËÄÑ ÆÎâ ÓÂÔÒÂÆÂ ÄÇÜÇÔÕÄÂ Ä
ÅÂÊÑÄÑÌ×ÂÊÇ ÒÓË ÄÞÔÑÍËØ ÆÂÄÎÇÐËâØ Ë, ÑÚÇÄËÆÐÑ, ÆÎâ ÓÂÔÒÂÆÂ
Ä ÉËÆÍÑÌ ×ÂÊÇ (ÓÂÔÕÄÑÓÇ) Ä ÔÎÖÚÂÇ ÐÇÒÑÎâÓÐÞØ ÓÂÔÕÄÑÓË-
ÕÇÎÇÌ.

±Ñ ÍËÐÇÕËÍÇ ÓÂÔÒÂÆÂ ËÔØÑÆÐÑÅÑ ÄÇÜÇÔÕÄÂ ÑÒÓÇÆÇÎâáÕ
ÍÑÐÔÕÂÐÕÖ ÔÍÑÓÑÔÕË ÓÂÔÒÂÆÂ:

k � ÿd ln�R1OOR2�
dt

, (14)

Â ËÊ ÔÇÓËË ÑÒÞÕÑÄ, ÒÓÑÄÑÆËÏÞØ ÒÓË ÓÂÊÐÞØ ÕÇÏÒÇÓÂÕÖÓÂØ, ÒÑ
ÕÇÏÒÇÓÂÕÖÓÐÑÌ ÊÂÄËÔËÏÑÔÕË k ÐÂØÑÆâÕ àÐÇÓÅËá ÂÍÕËÄÂÙËË:

Ea � ÿ
Rd ln k

d�T ÿ1� . (15)

¬ÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÂÔÒÂÆÂ ÓÂÊÐÑÑÃÓÂÊÐÞØ ÒÑ ÔÕÓÑÇ-
ÐËá ÒÇÓÑÍÔËÆÑÄ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÔÒÓÂÄÑÚÐËÍÇ 37; ÑÐË ÃÞÎË
ËÔÒÑÎßÊÑÄÂÐÞ Ä ÓÂÃÑÕÂØ 38, 39 ÆÎâ ÑÙÇÐÍË ÄÇÎËÚËÐÞ DO7O.
¬ÂÍ ÒÑÍÂÊÞÄÂÇÕ ÂÐÂÎËÊ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÆÂÐÐÞØ ÒÑ ÍËÐÇ-
ÕËÍÇ ÓÂÔÒÂÆÂ ÒÇÓÑÍÔËÆÑÄ, ÒÑÅÓÇÛÐÑÔÕß ÒÓË ËÊÏÇÓÇÐËË àÐÇÓ-
ÅËË ÂÍÕËÄÂÙËË ËØ ÓÂÔÒÂÆÂ ÔÖÜÇÔÕÄÇÐÐÂ.37 ¥Îâ ÒÑÄÞÛÇÐËâ
ÕÑÚÐÑÔÕË Ä ÑÒÓÇÆÇÎÇÐËË àÕÑÌ ØÂÓÂÍÕÇÓËÔÕËÍË ËÔÒÑÎßÊÑÄÂÎË
ÔÎÇÆÖáÜËÌ ÒÓËÇÏ. ±Ñ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ ÆÎâ
ÔÕÓÖÍÕÖÓÐÑ ÒÑÆÑÃÐÑÌ ÅÓÖÒÒÞ ÒÇÓÑÍÔËÆÑÄ ÄÞÚËÔÎâÎË ÔÓÇÆÐÇÇ
ÊÐÂÚÇÐËÇ ÒÓÇÆàÍÔÒÑÐÇÐÙËÂÎßÐÑÅÑ ÏÐÑÉËÕÇÎâ A

lnA=
1

n

X
i

lnAi

Ë ÓÂÔÔÚËÕÞÄÂÎË àÐÇÓÅËá ÂÍÕËÄÂÙËË ÒÑ ÍÑÐÔÕÂÐÕÇ ÔÍÑÓÑÔÕË
ÓÇÂÍÙËË ÒÓË ÍÂÉÆÑÌ ÕÇÏÒÇÓÂÕÖÓÇ ÒÑ ÖÓÂÄÐÇÐËá ¡ÓÓÇÐËÖÔÂ:

Ea=RT ln

�
A

k

�
. (16)

¯ËÉÇ ÒÓËÄÇÆÇÐÞ ÔÓÇÆÐËÇ ÊÐÂÚÇÐËâ ¡ ÆÎâ ÒÇÓÑÍÔËÆÑÄ
ÓÂÊÐÑÌ ÔÕÓÖÍÕÖÓÞ:38, 39

±ÇÓÑÍÔËÆ ROOR PhR1R2COOCR1R2Ph RC(O)OOC(O)R
A . 10715, Ô71 2.4 1.4 0.63

©ÐÂâ àÐÇÓÅËá ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7O Ä ÔÑÚÇÕÂÐËË Ô
àÐÕÂÎßÒËÇÌ ÑÃÓÂÊÑÄÂÐËâ ËÔØÑÆÐÑÌ ÏÑÎÇÍÖÎÞ ROOR, ÏÑÉÐÑ
ÄÞÚËÔÎËÕß ÔÕÂÐÆÂÓÕÐÖá àÐÕÂÎßÒËá ÑÃÓÂÊÑÄÂÐËâ ÓÂÆËÍÂÎÂ
RO

.
:

2DH �f (RO
.
)=DH �f (ROOR)7DO7O. (17)

´ÂÍÑÌ ÓÂÔÚÇÕ ÃÞÎ ÒÓÑÄÇÆÇÐ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ àÍÔÒÇÓË-
ÏÇÐÕÂÎßÐÞØ ÊÐÂÚÇÐËÌ ÔÕÂÐÆÂÓÕÐÞØ àÐÕÂÎßÒËÌ ÑÃÓÂÊÑÄÂÐËâ
ÒÇÓÑÍÔËÆÑÄ Ë àÐÕÂÎßÒËÌ ËØ ËÔÒÂÓÇÐËâ ËÎË ÔÖÃÎËÏÂÙËË
(ÔÏ.37). ¿ÐÕÂÎßÒËâ ÑÃÓÂÊÑÄÂÐËâ ÓÂÆËÍÂÎÂ RO

.
, Ä ÔÄÑá ÑÚÇ-

ÓÇÆß, ÒÑÊÄÑÎâÇÕ ÄÞÚËÔÎËÕß àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ
RO7H, RO7Alk, RO7Acyl Ë Õ.Æ. ¿ÕË ÓÂÔÚÇÕÞ ÃÞÎË ÄÞÒÑÎ-
ÐÇÐÞ ÆÎâ ÔÇÓËË ÂÎÍÑÍÔËÎßÐÞØ Ë ÂÙËÎÑÍÔËÎßÐÞØ ÓÂÆËÍÂÎÑÄ ÐÂ
ÑÔÐÑÄÂÐËË ÍËÐÇÕËÚÇÔÍËØ ØÂÓÂÍÕÇÓËÔÕËÍ ÓÂÔÒÂÆÂ ÔÑÑÕÄÇÕ-
ÔÕÄÖáÜËØ ÒÇÓÑÍÔËÆÑÄ.38, 39 ²ÇÊÖÎßÕÂÕÞ ÓÂÔÚÇÕÂ ÄÇÎËÚËÐ
DO7H ÆÎâ ÔÒËÓÕÑÄ Ë ÑÓÅÂÐËÚÇÔÍËØ ÍËÔÎÑÕ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä
ÕÂÃÎ. 4.

¯ÂÓâÆÖ Ô ÄÇÎËÚËÐÂÏË DO7H, ÄÞÚËÔÎÇÐÐÞÏË ÒÑ ÍËÐÇÕËÍÇ
ÓÂÔÒÂÆÂ ÒÇÓÑÍÔËÆÑÄ, Ä ÕÂÃÎ. 4 Ä ÔÍÑÃÍÂØ ÒÓËÄÇÆÇÐÞ ÎËÕÇÓÂ-
ÕÖÓÐÞÇ ÆÂÐÐÞÇ 5 Ñ ÊÐÂÚÇÐËâØ DO7H Ä ÐÇÍÑÕÑÓÞØ ÔÒËÓÕÂØ Ë
ÍËÔÎÑÕÂØ. ²ÂÔØÑÉÆÇÐËÇ ÏÇÉÆÖ ÐËÏË ÐÂØÑÆËÕÔâ Ä ÆËÂÒÂÊÑÐÇ
ÓÂÊÃÓÑÔÂ ÒÑÆÑÃÐÞØ ÄÇÎËÚËÐ. ¬ÂÍ ÒÓÂÄËÎÑ, ÊÐÂÚÇÐËâ DO7H,
ÄÞÚËÔÎÇÐÐÞÇ ÖÍÂÊÂÐÐÞÏ ÄÞÛÇ ÔÒÑÔÑÃÑÏ, ÏÇÐßÛÇ, ÚÇÏ ÒÑÎÖ-
ÚÇÐÐÞÇ ÆÓÖÅËÏË ÏÇÕÑÆÂÏË.

¥Îâ ÂÎË×ÂÕËÚÇÔÍËØ ÍËÔÎÑÕ ÔÑÔÕÂÄÂ CnH2n+1COOH
ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ O7H ÃÎËÊÍË. ³ÓÇÆÐÇÇ ÊÐÂÚÇÐËÇ DO7H ÆÎâ
ÐËØ ÔÑÔÕÂÄÎâÇÕ 441.0� 3.3 Í¥É .ÏÑÎß71. ¥Îâ ÂÎËÙËÍÎËÚÇÔÍËØ
ÍÂÓÃÑÐÑÄÞØ ÍËÔÎÑÕ cyclo-³nH2n71COOH ÐÂÃÎáÆÂÇÕÔâ ÊÂÄË-
ÔËÏÑÔÕß ÄÇÎËÚËÐÞ DO7H (Ä Í¥É .ÏÑÎß71) ÑÕ àÐÇÓÅËË ÐÂÒÓâ-
ÉÇÐËâ ÙËÍÎÂ (Ersc(n), ÅÆÇ n ì ÚËÔÎÑ ÂÕÑÏÑÄ ÖÅÎÇÓÑÆÂ Ä ÙËÍÎÇ)
(ÓËÔ. 1),38 ÍÑÕÑÓÂâ ÑÒËÔÞÄÂÇÕÔâ ÖÓÂÄÐÇÐËÇÏ

DO7H=(441.9 � 1.0) + (5.0 � 1.2) . 1072Ersc(n). (18)

®ÇÕÑÆ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊË O7O (DO7O) ËÏÇÇÕ ÔÎÇ-
ÆÖáÜËÇ ÑÅÓÂÐËÚÇÐËâ.

1. °Ð ÒÓËÏÇÐËÏ ÕÑÎßÍÑ ÆÎâ ÔÑÇÆËÐÇÐËÌ, ÓÂÔÒÂÆÂáÜËØÔâ
Ä ÓÇÊÖÎßÕÂÕÇ ÅÑÏÑÎËÊÂ ÑÆÐÑÌ, ÐÂËÃÑÎÇÇ ÔÎÂÃÑÌ ÔÄâÊË. ¦ÔÎË
ÓÂÔÒÂÆ ÒÓÑËÔØÑÆËÕ ÍÂÍ ÔÑÅÎÂÔÑÄÂÐÐÞÌ ÓÂÊÓÞÄ ÆÄÖØ ÔÄâÊÇÌ, ÕÑ
àÐÇÓÅËâ ÂÍÕËÄÂÙËË ÐÇ âÄÎâÇÕÔâ ØÂÓÂÍÕÇÓËÔÕËÍÑÌ ÓÂÊÓÞÄÂ
ÑÆÐÑÌ ÔÄâÊË. ´ÂÍÂâ ÔËÕÖÂÙËâ ËÏÇÇÕ ÏÇÔÕÑ, ÐÂÒÓËÏÇÓ, ÒÓË
ÓÂÔÒÂÆÇ ÏÐÑÅËØ à×ËÓÑÄ ÒÇÓÍËÔÎÑÕ.37 ¯ÂÒÓËÏÇÓ, ÒÇÓÑÍÔËà×ËÓ
PhCH2C(O)OOBut ÓÂÔÒÂÆÂÇÕÔâ ÔÓÂÊÖ Ô ÓÂÊÓÞÄÑÏ ÆÄÖØ ÔÄâÊÇÌ:

PhCH2C(O)OOBut PhC
.
H2+CO2+ButO

.
.

£ àÕÑÏ ÔÎÖÚÂÇ, ÍÂÍ ÒÑÍÂÊÂÎ àÍÔÒÇÓËÏÇÐÕ, Ea<DO7O , ÐÑ Ä ÕÑ
ÉÇ ÄÓÇÏâ Ea>DH(r) (DH(r) ì àÐÕÂÎßÒËâ ÓÇÂÍÙËË).

2. ²ÂÆËÍÂÎÞ, ÑÃÓÂÊÖáÜËÇÔâ ËÊ ÓÂÔÕÄÑÓËÕÇÎâ Ë ÔÒÑÔÑÃÐÞÇ
ÂÕÂÍÑÄÂÕß ËÔØÑÆÐÞÌ ÒÇÓÑÍÔËÆ, ÐÇ ÆÑÎÉÐÞ ÄÞÊÞÄÂÕß ÇÅÑ
ÆÑÒÑÎÐËÕÇÎßÐÞÌ ÓÂÔÒÂÆ ÒÑ ÙÇÒÐÑÏÖ ÏÇØÂÐËÊÏÖ. ¯ÂÒÓËÏÇÓ,
ÓÂÔÒÂÆ ÆËÃÇÐÊÑËÎÒÇÓÑÍÔËÆÂ Ä ÔÒËÓÕÇ (RCH2OH) ÒÓËÄÑÆËÕ Í
ÔÎÇÆÖáÜÇÌ ÙÇÒÐÑÌ ÓÇÂÍÙËË:37

PhC(O)OOC(O)Ph 2PhC(O)O
.
,

PhCO2
.
+RCH2OH PhC(O)OH+ RC

.
HOH,

RC
.
HOH+PhC(O)OOC(O)Ph

RC(O)H+PhC(O)OH+PhC(O)O
.
.

HO NHPh

HO NPh
.

.
O NHPh

OHHO

OH
.
O

{ ©ÆÇÔß Ë ÆÂÎÇÇ R (R1, R2) ì ÂÎÍËÎ.

µÔÒÇØË ØËÏËË 74 (9) 2005 913



MeO7H 431.7 (436 ë 439)
EtO7H 432.4 (436 ë 440)
PrnO7H 431.9 (433 ë 443)
PriO7H 431.9 (438 ë 443)
BunO7H 432.3 (426)
ButO7H 434.9 (440 ë 446)
BusO7H 434.8 (441)
EtCMe2O7H 436.0
ButCH2O7H 436.1
Et2³MeO7H 431.1

PrnCMe2O7H 435.4
PriCMe2O7H 434.4
ButCMe2O7H 433.6

434.8

PhCH2CMe2O7H 435.8
F3CO7H 451.3 (456 ë 497)
ClCH2CMe2O7H 445.6

O

H

´ÂÃÎËÙÂ 4. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H Ä ÔÒËÓÕÂØ Ë ÍËÔÎÑÕÂØ, ÓÂÔÔÚËÕÂÐÐÞÇ ËÊ ÍËÐÇÕËÚÇÔÍËØ ÆÂÐÐÞØ ÒÑ ÓÂÔÒÂÆÖ ÒÇÓÑÍÔËÆÑÄ.38, 39

³ÑÇÆËÐÇÐËÇ D°7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ D°7H, Í¥É .ÏÑÎß71

³ÒËÓÕÞ

¡ÎË×ÂÕËÚÇÔÍËÇ ÍËÔÎÑÕÞ

AcO7H 445.8 (443 ë 445)
EtC(O)O7H 439.3 (445)
PrnC(O)O7H 439.8 (443)
BunC(O)O7H 442.1
n-C5H11C(O)O7H 439.3
n-C6H13C(O)O7H 444.4
n-C7H15C(O)O7H 438.5
n-C8H17C(O)O7H 443.0
n-C9H19C(O)O7H 437.8
n-C11H23C(O)O7H 445.8
PriC(O)O7H 435.2
ClCH2C(O)O7H 458.9
PhCH2C(O)O7H 448.0

448.8

448.3

446.2

443.7

447.7

447.7

441.7

441.8

O

O H

O

O
H

O

O H

O

O

H

O
H

O

O

O
H

O

O

H

O

O

H

¢ÇÐÊÑÌÐÞÇ ÍËÔÎÑÕÞ

PhC(O)O7H 438.0 (439.3)

444.2

448.6

451.1

443.5

447.8

447.0

448.2

445.4

445.3

448.9

442.1

445.5

449.6

449.1

448.5

448.3

O

Me

O
H

O

O
HMe

O

O
H

Me

O

OMe

O
H

O

O
HMeO

O

O
H

MeO

O

O
H

But

O

O
H

Me

Me

Me

O

Cl

O
H

O

O
HCl

O

O
H

Cl

O

Br

O
H

O

O
HBr

O

O
H

Br

O

O

H

NO2

O

O

H

O2N

±ÓËÏÇÚÂÐËÇ. £ ÔÍÑÃÍÂØ ÒÓËÄÇÆÇÐÞ ÎËÕÇÓÂÕÖÓÐÞÇ ÊÐÂÚÇÐËâ àÕËØ ÄÇÎËÚËÐ ËÊ ÔÒÓÂÄÑÚÐËÍÂ 5.

914 ¦.´.¥ÇÐËÔÑÄ, £.¦.´ÖÏÂÐÑÄ



£ ÓÇÊÖÎßÕÂÕÇ ÒÓÑÕÇÍÂÐËâ ÕÂÍÑÌ ÓÇÂÍÙËË ÔÍÑÓÑÔÕß ÓÂÔØÑ-
ÆÑÄÂÐËâ ÒÇÓÑÍÔËÆÂ ÔÕÂÐÑÄËÕÔâ ÐÂÏÐÑÅÑ ÄÞÛÇ ÔÍÑÓÑÔÕË ÇÅÑ
ÅÑÏÑÎËÊÂ Ë àÐÇÓÅËâ ÂÍÕËÄÂÙËË ÓÂÔÒÂÆÂ ÖÉÇ ÐÇ ØÂÓÂÍÕÇÓËÊÖÇÕ
ÓÇÂÍÙËá ÅÑÏÑÎËÊÂ. ¹ÕÑÃÞ ËÔÍÎáÚËÕß ÙÇÒÐÑÌ ÓÂÔÒÂÆ ÒÇÓ-
ÑÍÔËÆÂ, Ä ÓÂÔÕÄÑÓËÕÇÎß ÄÄÑÆâÕ ÂÍÙÇÒÕÑÓ ÔÄÑÃÑÆÐÞØ ÓÂÆËÍÂ-
ÎÑÄ, ÍÑÕÑÓÞÌ ÐÇ ÄÊÂËÏÑÆÇÌÔÕÄÖáÕ Ô ËÔØÑÆÐÞÏ ÒÇÓÑÍÔËÆÑÏ.

3. ²ÂÔÒÂÆ ÏÑÎÇÍÖÎÞ ÆÑÎÉÇÐ ÃÞÕß ÚËÔÕÑ ÅÑÏÑÎËÕËÚÇÔÍËÏ.
£ÄÇÆÇÐËÇ ÂÍÙÇÒÕÑÓÂ ÓÂÆËÍÂÎÑÄ ËÔÍÎáÚÂÇÕ ÒÂÓÂÎÎÇÎßÐÞÌ
ÅÇÕÇÓÑÎËÕËÚÇÔÍËÌ ÓÂÔÒÂÆ ÒÇÓÑÍÔËÆÂ. ¦ÔÎË ÒÓÑÕÇÍÂÇÕ ÕÑÎßÍÑ
ÅÑÏÑÎËÊ, ÕÑ ÔÍÑÓÑÔÕß ÓÂÔØÑÆÑÄÂÐËâ ÂÍÙÇÒÕÑÓÂ ÓÂÆËÍÂÎÑÄ Ô
ÕÑÚÐÑÔÕßá ÆÑ ÄÇÓÑâÕÐÑÔÕË (Ç) ÄÞØÑÆÂ ÓÂÆËÍÂÎÑÄ Ä ÑÃÝÇÏ ËÊ
ÍÎÇÕÍË (e& 0.3 ë 0.8 ÆÎâ ÑÃÞÚÐÞØ ÓÂÔÕÄÑÓËÕÇÎÇÌ 37) ÓÂÄÐÂ
ÔÍÑÓÑÔÕË ÓÂÔÒÂÆÂ ÒÇÓÑÍÔËÆÂ.

IV. ­ËÐÇÌÐÞÇ ÍÑÓÓÇÎâÙËË
±ÇÓÄÞÏË àÏÒËÓËÚÇÔÍÖá ÎËÐÇÌÐÖá ÍÑÓÓÇÎâÙËá ÏÇÉÆÖ àÐÇÓ-
ÅËÇÌ ÂÍÕËÄÂÙËË Ë àÐÕÂÎßÒËÇÌ ÓÇÂÍÙËË ÑÃÐÂÓÖÉËÎË ¿ÄÂÐÔ Ë
±ÑÎâÐË 40 ÐÂ ÒÓËÏÇÓÇ ÓÇÂÍÙËÌ

RiX+Na Ri .+NaX.

¯.¯.³ÇÏÇÐÑÄ 41 ÓÂÔÒÓÑÔÕÓÂÐËÎ àÕÖ ÍÑÓÓÇÎâÙËá ÐÂ ÓÇÂÍ-
ÙËË ÑÕÓÞÄÂ Ô ÖÚÂÔÕËÇÏ ÓÂÊÐÑÑÃÓÂÊÐÞØ ÏÑÎÇÍÖÎ Ë ÓÂÆËÍÂÎÑÄ.
°Ð ÒÑÎÖÚËÎ ÔÎÇÆÖáÜÇÇ ÖÔÓÇÆÐÇÐÐÑÇ ÄÞÓÂÉÇÐËÇ ÆÎâ ÕÂÍËØ
ÓÇÂÍÙËÌ:

Ea=A0+ a 0DH, (19)

ÅÆÇ a 0=0.25 ËA 0=48 Í¥É .ÏÑÎß71. ±ÑÊÆÐÇÇ ÃÞÎÑ ÒÑÍÂÊÂÐÑ,
ÚÕÑ ÒÑÆÑÃÐÑÇ ÍÑÓÓÇÎâÙËÑÐÐÑÇ ÖÓÂÄÐÇÐËÇ ØÑÓÑÛÑ ÑÒËÔÞÄÂÇÕ
ÖÊÍËÇ ÓÇÂÍÙËÑÐÐÞÇ ÔÇÓËË, ÍÂÉÆÂâ ËÊ ÍÑÕÑÓÞØ ËÏÇÇÕ ÑÆËÐ Ë ÕÑÕ
ÉÇ ÓÇÂÍÙËÑÐÐÞÌ ÙÇÐÕÓ. ¥Îâ ÕÂÍÑÌ ÔÇÓËË ØÂÓÂÍÕÇÓÐÞ ÔÄÑË
ÊÐÂÚÇÐËâ ÍÑà××ËÙËÇÐÕÑÄ a 0 Ë A 0. ¯ËÉÇ ÒÓËÄÇÆÇÐÞ àÐÇÓÅËË
ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ X7H (ÔÏ.5) Ë ÍÑà××ËÙËÇÐÕÞ a 0 Ë A 0 ÆÎâ
ÔÇÓËÌ ÓÇÂÍÙËÌ ÓÂÆËÍÂÎÂ X

.
(ÂÕÑÏÂ X), ÄÔÕÖÒÂáÜÇÅÑ ÄÑ ÄÊÂË-

ÏÑÆÇÌÔÕÄËÇ ÔÑ ÔÄâÊâÏË C7H ÒÂÓÂ×ËÐÑÄÞØ ÖÅÎÇÄÑÆÑÓÑÆÑÄ:42

X
.
+RiH XH+Ri .

X
.
(X) DX7H, Í¥É .ÏÑÎß71 a 0 A 0, Í¥É .ÏÑÎß71

HO
.

499.1 0.25 31.6
H
.

436.0 0.38 46.0
O 427.5 0.52 64.0
H3C

.
440 0.52 62.0

MeO
.

436.2 0.59 49.0
F3C

.
449.4 0.66 60.0

MeC
.
H2 422 0.70 53.0

Cl3C
.

392.5 0.94 67.0
Br

.
366.3 0.86 16.0

I
.

298.4 0.97 9.7

£ËÆÐÑ, ÚÕÑ Ä àÕËØ 10 ÓÇÂÍÙËÑÐÐÞØ ÔÇÓËâØ ÍÑà××ËÙËÇÐÕ a 0

ËÊÏÇÐâÇÕÔâ ÑÕ 0.25 ÆÑ 0.97. ®ÇÉÆÖ ÄÇÎËÚËÐÂÏË a 0 Ë DX7H

ÐÂÃÎáÆÂÇÕÔâ ÂÐÕËÃÂÕÐÂâ ÊÂÄËÔËÏÑÔÕß: ÚÇÏ ÃÑÎßÛÇ DX7H,
ÕÇÏ ÏÇÐßÛÇ a 0. ¥Îâ ËÊÖÚÇÐÐÞØ ÓÇÂÍÙËÌ ÅËÆÓÑÍÔËÎßÐÑÅÑ
ÓÂÆËÍÂÎÂ (D·7H=499.1 Í¥É .ÏÑÎß71) àÐÕÂÎßÒËâ ÏÇÐâÇÕÔâ
Ä ÆËÂÒÂÊÑÐÇ 76077100 Í¥É .ÏÑÎß71 ÒÓË a 0=0.25. ¥Îâ
ÂÕÑÏÑÄ ËÑÆÂ (DI7H=298.4 Í¥É .ÏÑÎß71) àÕË ÓÇÂÍÙËË,
ÐÂÑÃÑÓÑÕ, ÑÚÇÐß àÐÆÑÕÇÓÏËÚÐÞ (DH& 100 ë
140 Í¥É .ÏÑÎß71) Ë ÍÑà××ËÙËÇÐÕ a 0 ÃÎËÊÑÍ Í ÇÆËÐËÙÇ. ¦ÔÕÇ-
ÔÕÄÇÐÐÑ, ÄÑÊÐËÍÂÇÕ ÒÓÇÆÒÑÎÑÉÇÐËÇ, ÚÕÑ ÔÂÏÂ ÊÂÄËÔËÏÑÔÕß Ea

ÑÕ DH ÐÇ âÄÎâÇÕÔâ ÎËÐÇÌÐÑÌ, Ë ÒÑàÕÑÏÖ ÒÂÓÂÏÇÕÓ
a 0=dEa/d(DH) ÊÂÄËÔËÕ ÑÕ ÆËÂÒÂÊÑÐÂ ËÊÏÇÐÇÐËâDH Ä ÍÂÉÆÑÌ
ÓÇÂÍÙËÑÐÐÑÌ ÔÇÓËË. ¿ÕÑÕ ÄÑÒÓÑÔ ÓÂÔÔÏÑÕÓÇÐ Ä ÑÃÊÑÓÇ 43.

­ËÐÇÌÐÂâ ÊÂÄËÔËÏÑÔÕß (19) ÚÂÔÕÑ ËÔÒÑÎßÊÖÇÕÔâ ÆÎâ
ÑÙÇÐÍË àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË. ¥Îâ àÕÑÅÑ ÇÇ ÊÂÒËÔÞÄÂáÕ
Ä ÔÎÇÆÖáÜÇÏ ÄËÆÇ:

Di � D1 �
Eai ÿ Ea1

a 0
(20)

ËÎË

Di � D1 �
RT

a 0
ln

�
nik1
n1ki

�
, (21)

ÅÆÇ k1, Ea1 Ë D1 ì ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ ÍÑÐÔÕÂÐÕÂ ÔÍÑÓÑÔÕË,
àÐÇÓÅËâ ÂÍÕËÄÂÙËË Ë ÒÓÑÚÐÑÔÕß ÔÄâÊË, ÑÕÐÑÔâÜËÇÔâ Í ÓÇÂÍÙËË
ÓÂÆËÍÂÎÂX

.
ÔR1H, Ä ÍÑÕÑÓÑÏÒÓÑÚÐÑÔÕß ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊË

X7H ËÊÄÇÔÕÐÂ, n1 ì ÚËÔÎÑ àÍÄËÓÇÂÍÙËÑÐÐÞØ ÔÄâÊÇÌ Ä ÏÑÎÇ-
ÍÖÎÇ R1H; Â ki, ni, Eai Ë Di ì ÕÇ ÉÇ ÒÂÓÂÏÇÕÓÞ, ÑÕÐÑÔâÜËÇÔâ Í
ÓÇÂÍÙËË ÓÂÆËÍÂÎÂ X

.
Ô RiH. ±ÓË ÒÑÅÓÇÛÐÑÔÕË Ä ÑÒÓÇÆÇÎÇÐËË

àÐÇÓÅËË ÂÍÕËÄÂÙËË, ÓÂÄÐÑÌ 2 Í¥É .ÏÑÎß71, ÓÂÔÚÇÕ ÆÂÇÕ
DDi=�2/a 0 Í¥É .ÏÑÎß71. ´ÑÚÐÑÔÕß ÓÂÔÚÇÕÂ ÏÑÉÐÑ ÒÑÄÞ-
ÔËÕß, ÇÔÎË ÑÒÇÓËÓÑÄÂÕß ÐÇ Ô àÐÇÓÅËÇÌ ÂÍÕËÄÂÙËË, Â Ô ÒÂÓÙËÂÎß-
ÐÑÌ ÍÑÐÔÕÂÐÕÑÌ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË k, ÑÕÐÇÔÇÐÐÑÌ Í ÑÆÐÑÌ
àÍÄËÓÇÂÍÙËÑÐÐÑÌ ÔÄâÊË C7H Ä ÓÇÂÍÙËË ÓÂÆËÍÂÎÂ X

.
Ô RiH.

®ÇÕÑÆ ÒÓËÏÇÐËÏ Í ÎáÃÑÌ ÓÇÂÍÙËË, ÍÑÕÑÓÂâ ÒÓËÐÂÆÎÇÉËÕ Í
ÑÆÐÑÌ ÔÇÓËË, ÑØÂÓÂÍÕÇÓËÊÑÄÂÐÐÑÌ ÍÑà××ËÙËÇÐÕÑÏ a 0, Ë ÐÇ
ÄÞØÑÆËÕ ÊÂ ÒÓÇÆÇÎÞ ÓÂÊÐËÙÞ DHmin7DHmax ÒÓÇÆÔÕÂÄÎÇÐ-
ÐÞØ Ä àÕÑÌ ÔÇÓËË ÒÓÇÄÓÂÜÇÐËÌ.

£ ÍËÐÇÕËÍÇ ÅÇÕÇÓÑÎËÕËÚÇÔÍËØ ÓÇÂÍÙËÌ ÛËÓÑÍÑ ÓÂÔÒÓÑ-
ÔÕÓÂÐÇÐÞ ÎËÐÇÌÐÞÇ ÍÑÓÓÇÎâÙËË ÐÂ ÑÔÐÑÄÇ ÎËÐÇÌÐÞØ ÔÑÑÕÐÑ-
ÛÇÐËÌ ÆÎâ ÔÄÑÃÑÆÐÞØ àÐÇÓÅËÌ.44, 45 ³ÑÑÕÐÑÛÇÐËâ ÕËÒÂ

lg ki=lg k0+ rs, (22)

ÅÆÇ r ì ÍÑà××ËÙËÇÐÕ ÍÑÓÓÇÎâÙËË, s ì ÍÑÐÔÕÂÐÕÂ ¤ÂÏÏÇÕÂ
(ËÎË ÂÐÂÎÑÅËÚÐÞÇ ÍÑÐÔÕÂÐÕÞ ¢ÓÂÖÐÂ (s+) Ë ´Â×ÕÂ (s*)),
ÒÓËÏÇÐâáÕÔâ Ë Ä ÓÂÆËÍÂÎßÐÑÌ ØËÏËË.46, 47 µÓÂÄÐÇÐËÇ (22)
ÏÑÉÐÑ ÔÄÇÔÕË Í ÖÓÂÄÐÇÐËá ±ÑÎâÐË ë³ÇÏÇÐÑÄÂ (19) ÒÓË
ÒÑÔÕÑâÐÐÑÏ ÒÓÇÆàÍÔÒÑÐÇÐÙËÂÎßÐÑÏ ÏÐÑÉËÕÇÎÇ Ä ÒÓÇÆÇÎÂØ
ÑÆÐÑÌ ÓÇÂÍÙËÑÐÐÑÌ ÔÇÓËË. ¬ÂÊÂÎÑÔß ÃÞ, ÖÓÂÄÐÇÐËÇ (22)
ÏÑÉÐÑ ËÔÒÑÎßÊÑÄÂÕß Ë ÆÎâ ÑÙÇÐÍË àÐÇÓÅËË ÔÄâÊË ÒÑ ÍËÐÇÕË-
ÚÇÔÍËÏ ÆÂÐÐÞÏ ÆÎâ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÓâÆÑÄ ÔÑÇÆËÐÇÐËÌ,
ÒÓÇÑÃÓÂÊÑÄÂÄ ÇÅÑ Í ÄËÆÖ

Di=D0+rs, (23)

ÅÆÇ Di=D0 ÆÎâ ÔÑÇÆËÐÇÐËâ Ô s=0. °ÆÐÂÍÑ ÒÓË ËÔÒÑÎßÊÑÄÂ-
ÐËË ÕÂÍËØ ÍÑÓÓÇÎâÙËÌ ÔÎÇÆÖÇÕ ÒÓÑâÄÎâÕß ÑÔÕÑÓÑÉÐÑÔÕß. ¯Â
ÓËÔ. 2 ÒÑÍÂÊÂÐÂ ÊÂÄËÔËÏÑÔÕß ÒÓÑÚÐÑÔÕË ÔÄâÊË °7¯ Ä ÏÑÐÑ-
ÊÂÏÇÜÇÐÐÞØ ×ÇÐÑÎÂØ (ÆÂÐÐÞÇ ÆÎâ 27 ×ÇÐÑÎÑÄ ÄÊâÕÞ ËÊ
ÔÒÓÂÄÑÚÐËÍÂ 21) ÑÕ ÍÑÐÔÕÂÐÕÞ ¤ÂÏÏÇÕÂ. £ËÆÐÑ, ÚÕÑ ØÑÕâ
ÕÇÐÆÇÐÙËâ ÓÑÔÕÂ ÊÐÂÚÇÐËÌ DO7H Ô ÖÄÇÎËÚÇÐËÇÏ ÍÑÐÔÕÂÐÕÞ s
Ë ÐÂÃÎáÆÂÇÕÔâ, ÐÑ ÍÑÓÓÇÎâÙËâ ÑÚÇÐß ÒÎÑØÂâ: ÍÑà××ËÙËÇÐÕ
ÍÑÓÓÇÎâÙËË ÔÑÔÕÂÄÎâÇÕ ÄÔÇÅÑ 0.75. ¬ÑÓÓÇÎâÙËÑÐÐÑÇ ÖÓÂÄÐÇ-
ÐËÇ Ä ÔÑÑÕÄÇÕÔÕÄËË Ô ÒÓâÏÑÌ, ÒÓÇÆÔÕÂÄÎÇÐÐÑÌ ÐÂ ÓËÔ. 2, ËÏÇÇÕ
ÄËÆ

DO7H (Í¥É .ÏÑÎß71)= (364.8� 1.4)+ (19.22� 3.44)s. (24)

¥Îâ ÄÑÔßÏË ×ÇÐÑÎÑÄ ÄÇÎËÚËÐÞ DO7H ÃÑÎÇÇ ÚÇÏ ÐÂ
10 Í¥É .ÏÑÎß71 ÑÕÎËÚÂáÕÔâ ÑÕ ÓÇÊÖÎßÕÂÕÑÄ ÍÑÓÓÇÎâÙËÑÐ-
ÐÑÅÑ ÓÂÔÚÇÕÂ. ±ÓËÚËÐÂ ÒÎÑØÑÌ ÍÑÓÓÇÎâÙËË, ÑÚÇÄËÆÐÑ, ÊÂÍÎá-
ÚÂÇÕÔâ Ä ÒÓËÐÙËÒËÂÎßÐÑ ÓÂÊÐÑÏ ÔÕÂÃËÎËÊËÓÖáÜÇÏ ÄÑÊ-

0 20 40 60 Ersc , Í¥É .ÏÑÎß71

DO7H, Í¥É .ÏÑÎß71

441

443

445

447

449

²ËÔ. 1. ©ÂÄËÔËÏÑÔÕß àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H (DO7H) Ä
ÙËÍÎÑÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÇ CnH2n71C(O)OH ÑÕ àÐÇÓÅËË ÐÂÒÓâÉÇÐËâ
ÙËÍÎÂ (Ersc).
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ÆÇÌÔÕÄËË ÓâÆÂ ÊÂÏÇÔÕËÕÇÎÇÌ Y ÐÂ ÂÐËÑÐ ÍËÔÎÑÕÞ YC6H4CO
ÿ
2

Ë ÂÓÑÍÔËÎßÐÞÌ ÓÂÆËÍÂÎ YC6H4O
.
, Â ÕÂÍÉÇ Ä ÆÑÒÑÎÐËÕÇÎßÐÑÏ

ÔÑÎßÄÂÕÂÙËÑÐÐÑÏ à××ÇÍÕÇ, ÑÍÂÊÞÄÂÇÏÑÏ ÒÑÎâÓÐÞÏ ÓÂÔÕÄÑ-
ÓËÕÇÎÇÏ ÐÂ ÂÐËÑÐ ÃÇÐÊÑÌÐÑÌ ÍËÔÎÑÕÞ, Ä ÕÑ ÄÓÇÏâ ÍÂÍ ×ÇÐ-
ÑÍÔËÎßÐÞÌ ÓÂÆËÍÂÎ ÅÇÐÇÓËÓÖÇÕÔâ Ä ÐÇÒÑÎâÓÐÑÏ ÓÂÔÕÄÑ-
ÓËÕÇÎÇ, ÅÆÇ ÔÑÎßÄÂÕÂÙËâ ÓÇÂÅÇÐÕÑÄ Ë ÒÇÓÇØÑÆÐÑÅÑ ÔÑÔÕÑâÐËâ
ÔÎÂÃÂâ. °ÚÇÄËÆÐÑ, ÚÕÑ ÍÑÓÓÇÎâÙËË ÕÂÍÑÅÑ ÕËÒÂ ÐÇ ÏÑÅÖÕ
ÔÎÖÉËÕß ÐÂÆÇÉÐÞÏ ÔÒÑÔÑÃÑÏ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊË Ä
ÏÑÎÇÍÖÎÂØ.

V. ±ÂÓÂÃÑÎËÚÇÔÍÂâ ÏÑÆÇÎß ÓÂÆËÍÂÎßÐÞØ
ÓÇÂÍÙËÌ
£ ÓÂÏÍÂØ ÏÑÆÇÎË ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ (®±±) ÒÇÓÇØÑÆ-
ÐÑÇ ÔÑÔÕÑâÐËÇ ÓÂÆËÍÂÎßÐÑÌ ÓÇÂÍÙËË

X
.
+RH XH+R

.

ÓÂÔÔÏÂÕÓËÄÂÇÕÔâ ÍÂÍ ÓÇÊÖÎßÕÂÕ ÒÇÓÇÔÇÚÇÐËâ ÆÄÖØ ÍÓËÄÞØ
ÒÑÕÇÐÙËÂÎßÐÑÌ àÐÇÓÅËË.21, 37, 43, 45, 48 °ÆÐÂ ËÊ ÐËØ ØÂÓÂÍÕÇÓË-
ÊÖÇÕ ÒÑÕÇÐÙËÂÎßÐÖá àÐÇÓÅËá ÄÂÎÇÐÕÐÑÅÑ ÍÑÎÇÃÂÐËâ ÂÕÂ-
ÍÖÇÏÑÌ ÔÄâÊË R7H (UR7H) ÍÂÍ ×ÖÐÍÙËá ÂÏÒÎËÕÖÆÞ ÇÇ
ÍÑÎÇÃÂÐËâ, Â ÆÓÖÅÂâ ì ÒÑÕÇÐÙËÂÎßÐÖá àÐÇÓÅËá ÍÑÎÇÃÂÐËâ
ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊË X7H (UX7H). £ÂÎÇÐÕÐÑÇ ÍÑÎÇÃÂÐËÇ
ÔÄâÊÇÌ ÓÂÔÔÏÂÕÓËÄÂÇÕÔâ ÍÂÍ ÅÂÓÏÑÐËÚÇÔÍÑÇ:

U1=2
RÿH = bDrR7H,

U1=2
XÿH = bfDrX7H,

ÅÆÇ DrR7H Ë DrX7H ì ÓÂÔÕâÉÇÐËâ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÔÄâÊÇÌ Ä
ÒÇÓÇØÑÆÐÑÏ ÔÑÔÕÑâÐËË; b Ë bf ì ÍÑà××ËÙËÇÐÕÞ ÒÓÑÒÑÓÙËÑ-
ÐÂÎßÐÑÔÕË (2b2 Ë 2b2f ì ÔËÎÑÄÞÇ ÒÑÔÕÑâÐÐÞÇ ÓÄÖÜÇÌÔâ Ë
ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊÇÌ ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ):

b=2pnR7H m1=2RÿH,

bf=2pnX7H m1=2XÿH,

nR7HË nX7HìÚÂÔÕÑÕÞ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÍÑÎÇÃÂÐËÌ, Â mR7H

Ë mX7H ì ÒÓËÄÇÆÇÐÐÞÇ ÏÂÔÔÞ ÂÕÑÏÑÄ, ÑÃÓÂÊÖáÜËØ ÔÄâÊË
C7H Ë X7H. ¯Â ÓËÔ. 3 ÒÓÇÆÔÕÂÄÎÇÐÂ ÆËÂÅÓÂÏÏÂ ÒÇÓÇØÑÆ-
ÐÑÅÑ ÔÑÔÕÑâÐËâ ÓÇÂÍÙËË ROO

.
+RH Ä ÓÂÏÍÂØ ÏÑÆÇÎË ®±±.

²ÇÂÍÙËâ ÓÂÆËÍÂÎßÐÑÅÑ ÑÕÓÞÄÂ ØÂÓÂÍÕÇÓËÊÖÇÕÔâ ÔÎÇÆÖá-
ÜËÏË ÒÂÓÂÏÇÕÓÂÏË:

1) àÐÕÂÎßÒËÇÌ DHe, ÄÍÎáÚÂáÜÇÌ ÓÂÊÐËÙÖ àÐÇÓÅËÌ ÐÖÎÇ-
ÄÞØ ÍÑÎÇÃÂÐËÌ ÓÄÖÜÇÌÔâ Ë ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊÇÌ;

2) ÍÎÂÔÔËÚÇÔÍËÏ ÒÑÕÇÐÙËÂÎßÐÞÏ ÃÂÓßÇÓÑÏ ÂÍÕËÄÂÙËË Ee,
ÍÑÕÑÓÞÌ ÄÍÎáÚÂÇÕ Ä ÔÇÃâ àÐÇÓÅËá ÐÖÎÇÄÑÅÑ ÍÑÎÇÃÂÐËâ ÓÄÖ-
ÜÇÌÔâ ÔÄâÊË;

3) ÒÂÓÂÏÇÕÓÑÏ re, ÍÑÕÑÓÞÌ ÓÂÄÇÐ ÔÖÏÏÂÓÐÑÏÖ ÓÂÔÕâÉÇ-
ÐËá ÓÄÖÜÇÌÔâ Ë ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊÇÌ Ä ÒÇÓÇØÑÆÐÑÏ ÔÑÔÕÑâ-
ÐËË;

4) ÍÑà××ËÙËÇÐÕÑÏ b;
5) ÒÂÓÂÏÇÕÓÑÏ a (a2 ÓÂÄÇÐ ÑÕÐÑÛÇÐËá ÔËÎÑÄÞØ ÒÑÔÕÑâÐ-

ÐÞØ ÓÄÖÜÇÌÔâ Ë ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊÇÌ);
6) ÒÓÇÆàÍÔÒÑÐÇÐÙËÂÎßÐÞÏ ÏÐÑÉËÕÇÎÇÏ A0 , ÒÇÓÇÔÚËÕÂÐ-

ÐÞÏ ÐÂ ÑÆÐÖ àÍÄËÓÇÂÍÙËÑÐÐÖá ÔÄâÊß Ä ÏÑÎÇÍÖÎÇ.
±ÇÓÇÚËÔÎÇÐÐÞÇ ÄÞÛÇ ÒÂÓÂÏÇÕÓÞ ÔÄâÊÂÐÞ ÆÓÖÅ Ô ÆÓÖÅÑÏ

ÔÑÑÕÐÑÛÇÐËâÏË:48

DHe=DR7H7DX7H+0.5 hNA(nR7H7nX7H), (25a)

bre � a
��������������������
Ee ÿ DHe

p
�

�����
Ee

p
. (25b)

©ÐÂâ ÒÂÓÂÏÇÕÓ bre, ÏÑÉÐÑ ÄÞÚËÔÎËÕß ÍÎÂÔÔËÚÇÔÍËÌ ÒÑÕÇÐ-
ÙËÂÎßÐÞÌ ÃÂÓßÇÓ Ee0 ÕÇÓÏÑÐÇÌÕÓÂÎßÐÑÌ ÓÇÂÍÙËË, ÆÎâ
ÍÑÕÑÓÑÌ DHe=0:

Ee0=
�bre�2
�1� a�2 . (26)

¬ÑÐÔÕÂÐÕÂ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË ÔÄâÊÂÐÂ Ô àÐÇÓÅËÇÌ ÂÍÕËÄÂ-
ÙËË Ea Ë ÒÓÇÆàÍÔÒÑÐÇÐÙËÂÎßÐÞÏ ÏÐÑÉËÕÇÎÇÏ A0 ÔÑÑÕÐÑÛÇ-
ÐËÇÏ ¡ÓÓÇÐËÖÔÂ:

k= nA0 exp

�
ÿ Ea

RT

�
, (27)

ÅÆÇ n ì ÚËÔÎÑ àÍÄËÓÇÂÍÙËÑÐÐÑÔÒÑÔÑÃÐÞØ ÔÄâÊÇÌ Ä ÏÑÎÇÍÖÎÇ
ÓÇÂÅÇÐÕÂ.

®ÇÕÑÆ ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ ÒÑÊÄÑÎâÇÕ ÒÑ àÍÔÒÇÓË-
ÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ ÓÂÊÆÇÎËÕß ÄÔÇ ÏÐÑÅÑÑÃÓÂÊËÇ ÓÂÆËÍÂÎß-
ÐÞØ ÓÇÂÍÙËÌ ÐÂ ÍÎÂÔÔÞ, ÅÆÇ ÍÂÉÆÞÌ ÍÎÂÔÔ ØÂÓÂÍÕÇÓËÊÖÇÕÔâ
ÑÆËÐÂÍÑÄÞÏ ÐÂÃÑÓÑÏ ÒÂÓÂÏÇÕÓÑÄ: a, bre, 0.5hNAnRH (h ì
ÒÑÔÕÑâÐÐÂâ ±ÎÂÐÍÂ, NA ì ÚËÔÎÑ ¡ÄÑÅÂÆÓÑ) Ë A0, Â ËÐÆËÄË-
ÆÖÂÎßÐÂâ ÓÇÂÍÙËâ ÄÐÖÕÓË ÑÆÐÑÅÑ ÍÎÂÔÔÂ ì àÐÕÂÎßÒËÇÌ DHe Ë
àÐÇÓÅËÇÌ ÂÍÕËÄÂÙËË Ee.

£ ÓÂÏÍÂØ ®±± ÃÞÎ ÓÂÊÓÂÃÑÕÂÐ ÏÇÕÑÆ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË
ÔÄâÊË ÒÑ ÍËÐÇÕËÚÇÔÍËÏ ÆÂÐÐÞÏ, ÄÍÎáÚÂáÜËÌ ÐÇÔÍÑÎßÍÑ
ÄÂÓËÂÐÕÑÄ.43, 49 ë 51

1. ¦ÔÎË ÆÎâ ÑÆÐÑÅÑ ÍÎÂÔÔÂ ÓÇÂÍÙËÌ ÕËÒÂ X
.
+RiH ËÊÏÇ-

ÓÇÐÞ ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ki ËÎË ÑÕÐÑÛÇÐËâ ki/k1, ÕÑ, ÊÐÂâ ËØ
ÊÐÂÚÇÐËâ, ÏÑÉÐÑ ÑÙÇÐËÕß ÓÂÊÐÑÔÕË Ä ÒÓÑÚÐÑÔÕâØ ÔÄâÊÇÌ
ÔÑÇÆËÐÇÐËÌ Ri7H Ë R17H. °ÕÐÑÛÇÐËÇ ÍÑÐÔÕÂÐÕ ÔÍÑÓÑÔÕÇÌ
ki/k1 ÒÑÊÄÑÎâÇÕ ÄÞÚËÔÎËÕß ÓÂÊÐÑÔÕß Ä àÐÇÓÅËâØ ÂÍÕËÄÂÙËË
DEei àÕËØ ÓÇÂÍÙËÌ:

DEei=Eei7Ee1=RT ln

�
nik1
n1ki

�
, (28)

70.8 70.4 0.0 0.4 s
340

360

380

DO7H, Í¥É .ÏÑÎß71

²ËÔ. 2. ©ÂÄËÔËÏÑÔÕß àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË (DO7H) ÔÄâÊË O7H Ä
×ÇÐÑÎÂØ 4-YC6H4OH ÑÕ ÍÑÐÔÕÂÐÕÞ ¤ÂÏÏÇÕÂ (s). re

DHe

DH
Ee

E

R7H H7OOR

²ËÔ. 3. ¥ËÂÅÓÂÏÏÂ äÓÂÔÕâÉÇÐËÇ ÔÄâÊË ë ÒÑÕÇÐÙËÂÎßÐÂâ àÐÇÓÅËâã ÆÎâ
ÓÇÂÍÙËË ROO

.
+HR Ä ÓÂÏÍÂØ ÏÑÆÇÎË ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ.
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ÅÆÇ n1 Ë ni ìÚËÔÎÑ àÍÄËÓÇÂÍÙËÑÐÐÞØ ÔÄâÊÇÌ Ä ÏÑÎÇÍÖÎÂØ R1H
Ë RiH, ÂÕÂÍÖÇÏÞØ ÓÂÆËÍÂÎÑÏ X

.
, ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ. ªÊ ÖÓÂÄÐÇ-

ÐËÌ (25b) Ë (28) ÄÞÕÇÍÂÇÕ ÔÎÇÆÖáÜÂâ ÊÂÄËÔËÏÑÔÕß ÏÇÉÆÖ
ÄÇÎËÚËÐÑÌ DEei Ë ÓÂÊÐÑÔÕßá Ä àÐÕÂÎßÒËâØ D(DHi) àÕËØ ÓÇÂÍ-
ÙËÌ:49

D(DHi)=2brea72 �
������
Eei

p
ÿ

�������
Ee1

p
�7 (a727 1)DEei . (29)

³ ÆÓÖÅÑÌ ÔÕÑÓÑÐÞ, ÓÂÊÐÑÔÕß àÐÕÂÎßÒËÌ D(DHi)=Di7D1

Ë àÐÇÓÅËá ÔÄâÊË Ri7H ÏÑÉÐÑ ÓÂÔÔÚËÕÂÕß ÒÑ ÖÓÂÄÐÇÐËá

Di � D1 � 2brea
ÿ2�

������
Eei

p
ÿ

�������
Ee1

p
� ÿ �aÿ2 ÿ 1�DEei . (30)

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÆÎâ ÄÞÚËÔÎÇÐËâ ÄÇÎËÚËÐÞ Di ÐÂÆÑ ÊÐÂÕß
ÊÐÂÚÇÐËâ D1, Ee1, ÑÕÐÑÛÇÐËÇ k1/ki Ë ÒÂÓÂÏÇÕÓÞ, ØÂÓÂÍÕÇÓË-
ÊÖáÜËÇ ÆÂÐÐÞÌ ÍÎÂÔÔ ÓÇÂÍÙËÌ (bre Ë a). ±ÑÅÓÇÛÐÑÔÕß Ä
ËÊÏÇÓÇÐËË DD ÔÑÔÕÂÄÎâÇÕ, ÍÂÍ ÒÑÍÂÊÂÎ ÑÒÞÕ,
2 ë 3 Í¥É .ÏÑÎß71 (ÔÏ.49). ±ÓË ÐÇÃÑÎßÛËØ ÄÇÎËÚËÐÂØ DEei

(DEei55Ee1) ÖÓÂÄÐÇÐËÇ (30) ÒÓËÑÃÓÇÕÂÇÕ ÃÑÎÇÇ ÒÓÑÔÕÑÌ ÄËÆ:43

Di � D1 �
1� a
a2

� �������
Ee0

Ee1

r
ÿ 1� a

�
DEei . (31)

¿ÕÑÕÏÇÕÑÆ ÃÞÎ ËÔÒÑÎßÊÑÄÂÐ ÆÎâ ÑÙÇÐÍË ÊÐÂÚÇÐËÌD³7H Ä
ÖÅÎÇÄÑÆÑÓÑÆÂØ,49, 50, 52 ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇ-
ÐËâØ,51, 53 ë 55 ÂÏËÐÂØ Ë ÂÏËÆÂØ,56, 57 ÐËÕÓËÎÂØ Ë ÐËÕÓÑÔÑÇÆËÐÇ-
ÐËâØ,58 DO7H Ä ×ÇÐÑÎÂØ 59, 60 Ë ÅËÆÓÑÍÔËÎÂÏËÐÂØ,61 DN7H Ä
ÂÓÑÏÂÕËÚÇÔÍËØ ÂÏËÐÂØ,62 DS7H Ä ÕËÑ×ÇÐÑÎÂØ,63, 64 DSi7H Ä
ÔËÎÂÐÂØ.65

2. ¦ÔÎË Ä ÓâÆÖ ÓÂÆËÍÂÎßÐÞØ ÓÇÂÍÙËÌ X
.
+RH, ÑÕÐÑÔâ-

ÜËØÔâ Í ÑÆÐÑÏÖ ÍÎÂÔÔÖ, ÄÂÓßËÓÑÄÂÕß ÓÂÆËÍÂÎ X
.
(ÐÂÒÓËÏÇÓ,

Xi=RiOO
.
), ÕÑ ÏÇÕÑÆ ÏÑÉÐÑ ËÔÒÑÎßÊÑÄÂÕß Ë ÆÎâ ÑÙÇÐÍË

ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ Xi7H. £ àÕÑÏ ÔÎÖÚÂÇ ÖÓÂÄÐÇÐËÇ (30) ÄÞÅÎâ-
ÆËÕ ÕÂÍ:

Di � D1 � 2brea
ÿ2�

�������
Ee1

p
ÿ

������
Eei

p
� � �aÿ2 ÿ 1�DEei . (32)

£ ÕÂÍÑÏ ÄËÆÇ ÏÇÕÑÆ ËÔÒÑÎßÊÑÄÂÎË ÆÎâ ÑÙÇÐÍË ÄÇÎËÚËÐ
DO7H Ä ÅËÆÓÑÒÇÓÑÍÔËÆÂØ,66 ÔÒËÓÕÂØ Ë ÍËÔÎÑÕÂØ.67

3. ©ÐÂÚÇÐËÇ Di Ä ÓÇÂÍÙËË X
.
+RiH ÏÑÉÐÑ ÑÙÇÐËÕß Ë ÒÑ

ÂÃÔÑÎáÕÐÑÌ ÄÇÎËÚËÐÇ ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË ki. ±Ñ-
ÔÍÑÎßÍÖ, ÔÑÅÎÂÔÐÑ ÖÓÂÄÐÇÐËá ¡ÓÓÇÐËÖÔÂ,

ki= niA0 exp

�
ÿ Eai

RT

�
,

àÐÇÓÅËâ Eei ÓÂÔÔÚËÕÞÄÂÇÕÔâ ÒÑ ÖÓÂÄÐÇÐËá

Eei=RT ln

�
A0ni
ki

�
+0.5hNAnR7H7 0.5RT, (33)

Â DHe ì ÒÑ ÖÓÂÄÐÇÐËá

DHe=Eei7 a72 (bre7
������
Eei

p
)2, (34)

ÑÕÍÖÆÂ ÒÑÔÎÇ ÒÑÆÔÕÂÐÑÄÍË ÄÞÓÂÉÇÐËâ (34) Ä ÖÓÂÄÐÇÐËÇ (25a)
ÐÂØÑÆËÏ:

Di=DH7X+Eei7 a ë 2(bre7
������
Eei

p
)2 7

7 0.5hNA(nR7H7 n·7H). (35)

±ÑÅÓÇÛÐÑÔÕß ÒÓË ÕÂÍÑÏ ÔÒÑÔÑÃÇ ÑÙÇÐÍË ÄÇÎËÚËÐÞDi , ÍÂÍ
ÒÓÂÄËÎÑ, ÄÞÛÇ, ÚÇÏ ÒÓË ÑÙÇÐÍÇ ÒÑ ÖÓÂÄÐÇÐËá (32).

±ÂÓÂÏÇÕÓÞ, ËÔÒÑÎßÊÑÄÂÐÐÞÇ ÆÎâ ÑÙÇÐÍË ÊÐÂÚÇÐËÌ Di Ä
ÓÇÂÍÙËâØ ÓÂÆËÍÂÎßÐÑÅÑ ÑÕÓÞÄÂ, ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5.

®ÇÕÑÆ ËÏÇÇÕ ÑÅÓÂÐËÚÇÐËÇ ÒÑ ÄÇÎËÚËÐÇ àÐÕÂÎßÒËË ÓÇÂÍÙËË
DHe (ÔÏ.43, 49). ¥ÇÎÑ Ä ÕÑÏ, ÚÕÑ ÖÓÂÄÐÇÐËÇ (26) ÔÒÓÂÄÇÆÎËÄÑ ÆÎâ
ÓÇÂÍÙËÌ ÑÆÐÑÅÑ ÍÎÂÔÔÂ, àÐÕÂÎßÒËâ ÍÑÕÑÓÞØ ÐÂØÑÆËÕÔâ Ä
ËÐÕÇÓÄÂÎÇ DHemin<DHe<DHemax. ¬ÑÅÆÂ ÓÇÂÍÙËâ ÑÚÇÐß
àÍÊÑÕÇÓÏËÚÐÂ (DHe<DHemin), ÇÇ àÐÇÓÅËâ ÂÍÕËÄÂÙËË ÃÎËÊÍÂ
Í ÐÖÎá (ÕÑÚÐÇÇ, E=0.5RT ) Ë ÐÇ ÊÂÄËÔËÕ ÑÕ DH. ±ÑàÕÑÏÖ ÆÎâ
ÕÂÍËØ ÓÇÂÍÙËÌ ÑÙÇÐÍÂ DHe ÒÑ ÄÇÎËÚËÐÇ Ee ÐÇÄÑÊÏÑÉÐÂ.
£ÇÎËÚËÐÂ DHemin ÊÂÄËÔËÕ ÑÕ ÒÂÓÂÏÇÕÓÑÄ bre Ë a, Â ÕÂÍÉÇ ÑÕ
ÐÖÎÇÄÑÌ àÐÇÓÅËË ÓÄÖÜÇÌÔâ ÔÄâÊË R7H:

a2DHe min � ÿ�bre�2 � 2bre
��������������������������
0:5hNAnRÿH

p
�

� 0:5hNAnRÿH�a2 ÿ 1�: (36)

£ ÔÎÖÚÂÇ ÑÚÇÐß àÐÆÑÕÇÓÏËÚÐÞØ ÓÇÂÍÙËÌ (DHe>DHemax)
àÐÇÓÅËâ ÂÍÕËÄÂÙËË ÒÓËÃÎËÊËÕÇÎßÐÑ ÓÂÄÐÂ DHe Ë ÕÂÍÉÇ ÐÇ
ÊÂÄËÔËÕ ÑÕ ÒÂÓÂÏÇÕÓÑÄ bre Ë a:

Ee=DHe+0.5RT. (37)

±ÑÓÑÅÑÄÂâ ÄÇÎËÚËÐÂ DHemax ÊÂÄËÔËÕ ÑÕ ÄÇÎËÚËÐ a, bre Ë
ÐÖÎÇÄÑÌ àÐÇÓÅËË ÑÃÓÂÊÖáÜÇÌÔâ ÔÄâÊË Ë ÓÂÄÐÂ

DHe max � �bre�2 ÿ 2bre
��������������������������
0:5hNAnXÿH

p
�

� 0:5hNAnXÿH�a2 ÿ 1�: (38)

¡ÐÂÎÑÅËÚÐÞÌ ÏÇÕÑÆ ÓÂÔÚÇÕÂ ÄÇÎËÚËÐÞ DD ÆÎâ ÆÄÖØ
ÓÇÂÅÇÐÕÑÄ ÒÑ ÍËÐÇÕËÚÇÔÍËÏ ÆÂÐÐÞÏ (DE) ÃÞÎ ÓÂÊÓÂÃÑÕÂÐ Ä
ÓÂÏÍÂØ ÏÑÆÇÎË ÓÇÂÍÙËË ÍÂÍ ÆÄÖØ ÒÇÓÇÔÇÍÂáÜËØÔâ ÍÓËÄÞØ
®ÑÓÊÇ.68, 69 ²ÇÊÖÎßÕÂÕÞ, ÒÑÎÖÚÇÐÐÞÇ àÕËÏ ÏÇÕÑÆÑÏ Ë Ô ËÔ-
ÒÑÎßÊÑÄÂÐËÇÏ ®±±, ÑÚÇÐß ÃÎËÊÍË.

VI. ³ÕÓÖÍÕÖÓÂ ×ÓÂÅÏÇÐÕÂ ÏÑÎÇÍÖÎÞ Ë àÐÇÓÅËâ
ÆËÔÔÑÙËÂÙËË ÔÄâÊË C7H
¥Îâ ÑÙÇÐÍË àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H Ä ÏÑÎÇÍÖÎÂØ
ÖÅÎÇÄÑÆÑÓÑÆÑÄ ÃÞÎË ËÔÒÑÎßÊÑÄÂÐÞ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÍÑÐ-
ÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ ÑÕÓÞÄÂ ÔÎÇÆÖáÜËØ ÓÂÆËÍÂÎÑÄ
(ÒÓÑÚÐÑÔÕË ÔÄâÊË ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12): H3C

.
(DC7H=

440 Í¥É .ÏÑÎß71), RC
.
H2 (DC7H=422 Í¥É .ÏÑÎß71),

Me3C
.

(DC7H=400 Í¥É .ÏÑÎß71), Ph
.

(DC7H=
474 Í¥É .ÏÑÎß71), PhC

.
H2 (DC7H=375 Í¥É .ÏÑÎß71), RO2

.

(DO7H=365.5 Í¥É .ÏÑÎß71 ÆÎâ ÄÕÑÓËÚÐÞØ ÂÎÍËÎÒÇÓÑÍÔË-
ÓÂÆËÍÂÎÑÄ Ë DO7H=358.6 Í¥É .ÏÑÎß71 ÆÎâ ÕÓÇÕËÚÐÞØ).21

±ÂÓÂÏÇÕÓÞ ÆÎâ ÓÂÔÚÇÕÂ àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ Ô ËÔ-
ÒÑÎßÊÑÄÂÐËÇÏ ®±± ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5, Â ÓÇÊÖÎßÕÂÕÞ ÓÂÔ-
ÚÇÕÂ DC7H ì Ä ÕÂÃÎ. 6 ë 8.

´ÂÃÎËÙÂ 5. ±ÂÓÂÏÇÕÓÞ®±±, ËÔÒÑÎßÊÑÄÂÐÐÞÇ ÆÎâ ÄÞÚËÔÎÇÐËâ ÄÇÎËÚËÐ DD ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ.21, 37, 43, 48

²ÇÂÍÙËâ a bre, (Í¥É .ÏÑÎß71)1/2 Ee0, Í¥É .ÏÑÎß71 0.5 hNA(n7 nf), Í¥É .ÏÑÎß71 A, Î .ÏÑÎß71 . Ô71

H
.
+R1H 0.901 14.50 58.2 78.9 1.0 . 1011

H
.
+R2H 0.901 15.80 69.1 78.9 1.0 . 1010

H
.
+R3H 0.901 15.00 62.3 78.9 1.0 . 1010

R1.+R1H 1.00 17.30 74.8 0 1.0 . 109

R1.+R2H 1.00 18.60 86.5 0 1.0 . 108

R1.+R3H 1.00 17.80 79.2 0 1.0 . 108

R2.+R2H 1.00 19.25 92.6 0 1.0 . 108

R2.+R3H 1.00 18.45 85.1 0 1.0 . 108
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´ÂÃÎËÙÂ 5 (ÑÍÑÐÚÂÐËÇ).

²ÇÂÍÙËâ a bre, (Í¥É .ÏÑÎß71)1/2 Ee0, Í¥É .ÏÑÎß71 0.5 hNA(n7 nf), Í¥É .ÏÑÎß71 A, Î .ÏÑÎß71 . Ô71

R3.+R3H 1.00 18.05 81.4 0 1.0 . 108

Ph
.
+R1H 0.945 16.88 75.3 71.0 1.0 . 109

Ph
.
+R2H 0.945 18.15 87.1 71.0 1.0 . 108

Ph
.
+R3H 0.945 17.37 79.7 71.0 1.0 . 108

RO
.
+R1H 0.796 12.73 50.2 74.3 1.0 . 109

RO
.
+R2H 0.796 13.96 60.4 74.3 1.0 . 108

RO
.
+R3H 0.796 13.54 56.8 74.3 1.0 . 108

RO2
.
+R1H 0.814 13.62 56.14 73.8 1.0 . 108

RO2
.
+R2H 0.814 15.20 70.2 73.8 1.0 . 107

RO2
.
+R3H 0.814 14.32 62.3 73.8 1.0 . 107

R1.+HSiR4
3 0.772 13.18 55.3 74.3 1.0 . 109

R1.+HGeR4
3 0.747 13.82 62.6 74.8 1.0 . 109

R1.+HSnR4
3 0.721 13.67 63.1 75.3 1.0 . 109

R1.+HSR4 0.808 11.80 42.6 73.6 2.0 . 107

R1.+Ar1OH 1.246 17.61 61.5 4.1 1.0 . 108

R1.+Ar2OH 1.246 20.58 84.0 4.1 1.0 . 108

R1.+AmOH 1.246 17.82 63.0 4.1 1.0 . 108

R1.+AmH 1.150 18.46 73.7 2.6 1.0 . 109

H
.
+HPR4

2 0.736 12.61 52.8 712.4 2.0 . 1010

RO2
.
+Ar1OH 1.014 13.16 42.7 0.3 3.2 . 107

RO2
.
+Ar2OH 1.014 14.30 50.4 0.3 3.2 . 107

RO2
.
+AmOH 1.014 13.50 44.9 0.3 3.2 . 107

RO2
.
+AmH 0.936 12.12 39.2 71.2 1.0 . 108

Rs
.
+R4CH2CN 0.955 16.29 69.4 70.81 1.0 . 109

R
.
+R4CH2CN 1.000 14.29 51.0 0 1.0 . 109

H
.
+R1CH2CN 0.904 15.16 63.4 72.27 1.0 . 1010

Rs
.
+R1NO2 0.955 16.88 74.5 70.55 1.0 . 109

R1.+R1CH2NO2 1.000 17.65 77.9 0 1.0 . 109

H
.
+R1Cl 0.838 14.98 66.4 712.95 6.0 . 1010

H
.
+R1Br 0.672 11.36 46.2 712.56 4.0 . 109

H
.
+R1I 0.502 9.22 3.7 711.52 1.0 . 1011

R1.+CCl3Br 1.000 10.65 28.4 0 3.0 . 109

H
.
+R3Cl 0.835 14.51 62.5 712.93 6.0 . 109

H
.
+R3Br 0.672 11.56 47.8 712.56 8.0 . 109

H
.
+R1SO2Cl 1.906 27.18 87.5 79.66 1.0 . 109

Rs
.
+R3I 1.000 4.77 5.7 0 4.0 . 109

R
.
+R1I 1.000 10.60 28.1 0 4.0 . 109

R
.
+R1SH 0.808 13.45 55.3 73.6 1.0 . 109

RO
.
+R1SH 0.717 11.82 47.4 76.3 1.0 . 109

RO2
.
+R1SH 0.733 11.82 46.5 75.8 1.0 . 109

R3.+ArSH 0.904 13.45 49.9 72.0 1.0 . 109

±ÓËÏÇÚÂÐËÇ. £ ÆÂÐÐÑÌ ÕÂÃÎËÙÇ R1Hì ÒÂÓÂ×ËÐÑÄÞÌ, R2Hì ÑÎÇ×ËÐÑÄÞÌ, R3Hì ÂÎÍËÎÂÓÑÏÂÕËÚÇÔÍËÌ ÖÅÎÇÄÑÆÑÓÑÆÞ.

´ÂÃÎËÙÂ 6. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌC7H (Ä Í¥É .ÏÑÎß71) Ä ÎËÐÇÌÐÞØ Ë ÙËÍÎËÚÇÔÍËØ ÂÎÍÂÐÂØ, ÓÂÔÔÚËÕÂÐÐÞÇ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ®±±.37, 49, 50

µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H

­ËÐÇÌÐÞÇ ÂÎÍÂÐÞ

Bun(C7H)H2 422.0 a

n-C5H11(C7H)H2 422.0 a

n-C6H13(C7H)H2 422.0 a

Prn(C7H)HMe 413.0 a

Bun(C7H)HMe 413.0 a

n-C5H11(C7H)HMe 413.0 a

n-C6H13(C7H)HMe 413.0 a

Et(C7H)HEt 414.5

Prn(C7H)HEt 414.5
Bun(C7H)HEt 414.5
n-C5H11(C7H)HEt 414.5
Prn(C7H)HPrn 415.7
Bun(C7H)HPrn 415.7
Et(C7H)MeEt 399.7
Prn(C7H)MeEt 397.1

n-C5H11(C7H)MeEt 396.6
Bui(C7H)H2 422.0 a

But(C7H)H2 422.0 a

But(C7H)HMe 410.2
But(C7H)Me2 399.6
But(CH2)2(C7H)Me2 399.1
Me3C7H 400.0 a

Me2(C7H)Et 402.0
Me2(C7H)Prn 399.3
Me2(C7H)Pri 396.4
Me2(C7H)Bui 400.0
Me2(C7H)C5H11-neo 400.0
Me2(C7H)C5H11-sec 405.4
[Me2(C7H)CH2]2 400.0

¸ËÍÎÑÂÎÍÂÐÞ

429.0 392.3

418.5 392.2

408.4 392.8

408.8 407.7

H

H
H

Et

H

H

Et

H

H

H

Me
Me

H

H

H
H

Me

Me
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403.9 393.0

401.9 390.3

402.9 392.0

404.5 396.8

404.7 395.5

410.0 387.6

392.2 400.0

395.5 377.4

390.0 411.7

395.0 412.0

394.8 393.1

392.2 386.3

382.2 391.1

H H
H

Me

Me

H

H

Me

H

Me

H

H

Me

H

Me

H

H

H

Me

Me

H

H

Et

H

H

H

H

Me

H

H

Me

H

Me H

Me

Me

Me H H

Me

H
H

H

Me

H H

Et

H H

H

H

H

CCl3

H

±ÓËÏÇÚÂÐËÇ. ©ÆÇÔß Ë ÆÂÎÇÇ Ä ÔÍÑÃÍÂØ ÑÃÑÊÐÂÚÇÐÂ ÔÄâÊß C7H, ÆÎâ ÍÑÕÑÓÑÌ ÓÂÔÔÚËÕÂÐÂ àÐÇÓÅËâ ÆËÔÔÑÙËÂÙËË. Â ©ÐÂÚÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË
ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12.

CH2=(C7H)H 464.0 a

CH2=CH(C7H)H2 368.0 a

MeCH=(C7H)H 459.0 a

CH2=CH(C7H)HMe 348.8

341.6

CH2=CHCH2(C7H)H2 410.9
CH2=CH(C7H)H(CH2)4CH=CH2 349.8
(Z)-MeCH=CH(C7H)H2 355.8
CH2=CMe(C7H)H2 357.9

(E)-MeCH=CH(C7H)H2 356.8
CH2=CEt(C7H)H2 367.7
CH2=CMe(C7H)HMe 347.2
(Z)-MeCH=CH(C7H)HMe 344.0
MeCH=CMe(C7H)H2 352.4
(E)-MeCH=CH(C7H)HMe 346.2
CH2=CHCHMe(C7H)H2 422.1
MeCH=C=CH(C7H)H2 365.0
CH2=CH(C7H)Me2 339.7
CH2=CH(C7H)HCH=CH2 318.0
Me2C=CH(C7H)HMe 332.0
CH2=CH(C7H)HPrn 348.8

(E)-MeCH=CH(C7H)Me2 333.9
CH2=CH(C7H)HC5H11-n 348.8
CH2=CMe(C7H)Me2 351.1
(Z)-MeCH=CH(C7H)HC5H11-n 344.0
Me2C=CMe(C7H)H2 352.8
CH2=CHCH=CH(C7H)HPrn 331.9
(E)-Me2(C7H)CH=CHPri 336.1
HC:C7H 556.0 a

HC:C(C7H)H2 359.8
MeC:C(C7H)H2 354.7
HC:C(C7H)HMe 346.8
BunC:C(C7H)HPrn 348.2

H(C7H) CH CHMe-(E)

(CH2)3CH CHMe-(E)

´ÂÃÎËÙÂ 7. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H (Ä Í¥É .ÏÑÎß71) Ä ÐÇÒÓÇÆÇÎßÐÞØ ÖÅÎÇÄÑÆÑÓÑÆÂØ, ÓÂÔÔÚËÕÂÐÐÞÇ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ®±±.37, 49, 50

µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H

­ËÐÇÌÐÞÇ ÔÑÇÆËÐÇÐËâ

´ÂÃÎËÙÂ 6 (ÑÍÑÐÚÂÐËÇ).

µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H

¸ËÍÎÑÂÎÍÂÐÞ

¸ËÍÎËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ

381.1

338.9

342.5

332.7

341.5

326.2

346.6

295.6

357.2

347.1

329.3

331.8

288.8

336.4

330.9

H

H

Me

H

H

H

H

Me

H

H

H

H

Me

H

H

Me

H

H

H H

H

H

H

H

Me

H

H

H

H

H

Me

H

H

Me

H

H
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Â ©ÐÂÚÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12.

´ÂÃÎËÙÂ 7 (ÑÍÑÐÚÂÐËÇ).

µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H µÅÎÇÄÑÆÑÓÑÆ DR7H

¸ËÍÎËÚÇÔÍËÇ ÔÑÇÆËÐÇÐËâ

336.5

312.6

341.8

301.0

339.9

H H

H

H

H

CH CH2

H

H

H
H

´ÂÃÎËÙÂ 8. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË (Ä Í¥É .ÏÑÎß71) ÔÄâÊÇÌ C7H Ä ÂÓÑÏÂÕËÚÇÔÍËØ ÖÅÎÇÄÑÆÑÓÑÆÂØ, ÒËÓËÆËÐÂØ Ë ØËÐÑÎËÐÂØ, ÓÂÔÔÚËÕÂÐÐÞÇ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.37, 49, 52

³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H

¡ÓÑÏÂÕËÚÇÔÍËÇ ÖÅÎÇÄÑÆÑÓÑÆÞ

Ph7H 474.0 a

474.8

483.1

490.7

Ph(C7H)H2 375.0 a

374.6

374.3

372.5

363.9

373.0

373.9

374.3

370.9

371.0

373.0

380.1

376.1

375.3

370.9

369.6

375.0

371.4

377.3

371.2

368.0

366.6

363.2

353.0

373.8

378.8

362.5

357.5

353.2

372.7

374.1

364.6

362.0

362.1

380.2

349.3

362.9

367.8

375.3

PhCH2(C7H)HPh 364.1
Ph(C7H)HEt 366.2
Ph(C7H)HMe 364.1
Ph(C7H)Me2 351.6
PhCMe2(C7H)H2 412.6
Ph2(C7H)H 356.8
Ph3C7H 357.3
Ph2(C7H)Me 348.8

357.0

345.6

316.9

368.2

356.4

332.6

HMe

HBr

HO2N

C

H

H

H

Me

C

H

H

H

Me

C

H

H

H

Me

C

H

H

H

Et

C

H

H

H

Me

Me

C

H

H

H

Me

Me

C

H

H

H

Me Me

C

H

H

H

Me Me

Me

Me Me

C

H

H

H

F

C

H

H

H

F

C

H

H

H

Br

C

H

H

H

Cl

C

H

H

H

Cl

C

H

H

H

Cl

Cl

C

H

H

H

Cl

Cl

C

H

H

H

O2N

C

H

H

H

O2N

C

H

H

H

PhO

C

H

H

H

NC

C

H

H

H

NC

C

H

H

H

Pri

C

H

H

H

Pri

C

H

H

H

Pri

C

H

H

H

But

C

H

H

H

MeO

C

H

H

H

MeO

C

H

H

H

MeOCH2

C

H

H

H

MeO

MeO

C

H

H

H

O

EtO

C

H

H

H

EtO

O

C

H

H

Me

Br

C

H

H

Me

Et

C

H

H

Me

But

C

Me

H

H
Et

EtEt

Et

Et

C

Me

H

Me

But

C

Me

H

Me
Me

Me

C

Me

H

Me
Me

Me

Pri

C

Me

H

Me

Pri

Pri

Pri

H
H

H H

H H

H

H

H H

920 ¦.´.¥ÇÐËÔÑÄ, £.¦.´ÖÏÂÐÑÄ



¥ÂÐÐÞÇ, ÒÑÎÖÚÇÐÐÞÇ ÕÂÍËÏ ÏÇÕÑÆÑÏ, ÒÑÊÄÑÎâáÕ ÔÖ-
ÜÇÔÕÄÇÐÐÑ ÓÂÔÛËÓËÕß ÍÓÖÅ ÖÅÎÇÄÑÆÑÓÑÆÑÄ Ô ËÊÄÇÔÕÐÞÏË
ÒÓÑÚÐÑÔÕâÏË ËÐÆËÄËÆÖÂÎßÐÞØ ÔÄâÊÇÌ.5

£ÇÔßÏÂ ÖÔÒÇÛÐÞÏË ÑÍÂÊÂÎËÔß ÑÙÇÐÍË ÄÇÎËÚËÐ DC7H ÆÎâ
ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËÌ ÓÂÊÎËÚÐÑÅÑ ÔÕÓÑÇÐËâ. ¥Îâ
ÕÂÍËØ ÓÇÂÅÇÐÕÑÄ ÒÂÓÂÃÑÎËÚÇÔÍËÌ ÏÇÕÑÆ ËÏÇÇÕ ÔÎÇÆÖáÜÇÇ
ÑÅÓÂÐËÚÇÐËÇ. £ÔÇ ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËÇ ÏÑÎÇÍÖÎÞ ÒÑÎâÓÐÞ,
Â Ä ÓÇÂÍÙËË ÒÑÎâÓÐÑÅÑ ÓÂÆËÍÂÎÂ Ô ÒÑÎâÓÐÑÌ ÏÑÎÇÍÖÎÑÌ
ÒÓÑâÄÎâÇÕÔâ ÒÑÎâÓÐÞÌ à××ÇÍÕ, ÍÑÕÑÓÞÌ ÄÎËâÇÕ ÐÂ àÐÇÓÅËá
ÂÍÕËÄÂÙËË.70 ë 74 ±ÑàÕÑÏÖ ÆÎâ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊË C7H Ä
ÕÂÍËØ ÔÑÇÆËÐÇÐËâØ ÏÑÉÐÑ ËÔÒÑÎßÊÑÄÂÕß ÕÑÎßÍÑ ÍÑÐÔÕÂÐÕÞ
ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ ÐÇÒÑÎâÓÐÞØ ÂÎÍËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ë ÂÕÑÏÂ
ÄÑÆÑÓÑÆÂ. ±ÑÎÖÚÇÐÐÞÇ àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÄÇÎËÚËÐÞ DC7H

ÆÎâ ÔÒËÓÕÑÄ, ÍÇÕÑÐÑÄ Ë ÆÓÖÅËØ ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆË-
ÐÇÐËÌ ÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 9.

£ ÕÂÃÎ. 10 ÊÐÂÚÇÐËâDC7H, ÒÑÎÖÚÇÐÐÞÇ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ
®±±, ÔÑÒÑÔÕÂÄÎÇÐÞ Ô ÎËÕÇÓÂÕÖÓÐÞÏË ÆÂÐÐÞÏË. £ ÙÇÎÑÏ
ÓÇÊÖÎßÕÂÕÞ ÖÆÑÄÎÇÕÄÑÓËÕÇÎßÐÑ ÔÑÅÎÂÔÖáÕÔâ ÆÓÖÅ Ô ÆÓÖÅÑÏ, Â
ÓÂÊÎËÚËÇ Ä ËØ ÊÐÂÚÇÐËâØ ÐÇ ÒÓÇÄÞÛÂÇÕ ÓÂÊÃÓÑÔÂ ÆÂÐÐÞØ,
ØÂÓÂÍÕÇÓÐÞØ Ë ÆÎâ ÆÓÖÅËØ ÏÇÕÑÆÑÄ. ªÊ ÔÓÂÄÐÇÐËâ ÔÒËÔÍÂ
ÔÑÇÆËÐÇÐËÌ, ÒÓËÄÇÆÇÐÐÞØ Ä ÕÂÃÎ. 10, Ô ÕÂÍÑÄÞÏ Ä ÕÂÃÎ. 9
ÄËÆÐÑ, ÐÂÔÍÑÎßÍÑ ÏÇÕÑÆ ÒÇÓÇÔÇÍÂáÜËØÔâ ÒÂÓÂÃÑÎ ÒÑÊÄÑÎËÎ
ÖÄÇÎËÚËÕß ÚËÔÎÑ ÔÑÇÆËÐÇÐËÌ, ÑØÂÓÂÍÕÇÓËÊÑÄÂÐÐÞØ ÄÇÎËÚË-
ÐÂÏË DC7H.

¡ÐÂÎÑÅËÚÐÑ ÃÞÎË ÄÞÚËÔÎÇÐÞ ÒÓÑÚÐÑÔÕË ÐÂËÃÑÎÇÇ ÓÇÂÍ-
ÙËÑÐÐÑÔÒÑÔÑÃÐÞØ ÔÄâÊÇÌ C7H Ä ÂÎË×ÂÕËÚÇÔÍËØ ÂÏËÐÂØ,
ÐËÕÓËÎÂØ, ÐËÕÓÑÔÑÇÆËÐÇÐËâØ Ë ÔÖÎß×ËÆÂØ, ÔÄÇÆÇÐËâ Ñ ÍÑÕÑ-
ÓÞØ Ä ÎËÕÇÓÂÕÖÓÇ ÑÚÇÐß ÏÂÎÑÚËÔÎÇÐÐÞ. ²ÇÊÖÎßÕÂÕÞ ÓÂÔÚÇÕÂ
ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 11.

´ÂÃÎËÙÂ 8 (ÑÍÑÐÚÂÐËÇ).

³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H ³ÑÇÆËÐÇÐËÇ DC7H

¡ÓÑÏÂÕËÚÇÔÍËÇ ÖÅÎÇÄÑÆÑÓÑÆÞ

341.6

341.4

365.1

358.3

363.1

363.2

363.3

366.9

336.4

364.4

338.4

326.7

328.5

332.0

351.3

352.7

352.7

317.0

370.8

358.7

H
H

H H

C
HH

H

C
H

H
H

C
HH

H

Me

C
H

H
H

Me

Me

C
H

H
H

C
HH

H

Me H

C
MeH

H

Me H

Me

Me

Me H

MeH

Me H

H

H

H

C
H

Me
H

C
Me

H
H

H H

C
H

H
H

C
H

H
H

±ËÓËÆËÐÞ, ØËÐÑÎËÐÞ

365.0

378.2

362.1

381.2

366.6

372.1

360.1

366.3

371.0

371.0

377.8

N
C

H

H

H

N
C

H

H

H

N C

H

H

H

N C

H

H

H

Me
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N C
H

H
H

C
H

H
H

N

N

C
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H

C
HH

H

N

N

H
H

H
C
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H

H

H
C

N

H
H H

C
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H7CH2OH 411.0 a

Me(C7H)(OH)H 399.8
Et(C7H)(OH)H 399.5

388.4

Prn(C7H)(OH)H 397.2
H7CH2(OH)CH2OH 401.5
EtMe(C7H)OH 389.7
HO(CH2)3(C7H)(OH)H 404.2
n-C5H11(C7H)(OH)H 391.4
HOCH2CH2(C7H)(OH)Me 387.7
n-C8H17(C7H)(OH)H 395.8

MeCH(OH)(C7H)(OH)Me 383.1
n-C9H19(C7H)(OH)H 395.5
CH2=CH(C7H)(OH)H 356.2

330.7

Me2(C7H)OH 390.5
Ph(C7H)(OH)H 366.9
But(C7H)(OH)H 395.2
Ph(C7H)(OH)Me 366.4
H7CH2(OH)CMe2CH3OH 408.3
H7CH2CMe2OH 417.4

H

OH

H

OH

´ÂÃÎËÙÂ 9. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H Ä ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËâØ, ÓÂÔÔÚËÕÂÐÐÞÇ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.51, 53 ë 55

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

³ÒËÓÕÞ

MeC(O)(C7H)H2 411.8
MeC(O)C(O)(C7H)H2 411.6
MeC(O)(C7H)HMe 392.6
MeC(O)(C7H)HC(O)Me 399.1
MeC(O)(C7H)Me2 383.8
MeC(O)(C7H)HC(O)OEt 396.5
MeC(O)(C7H)HEt 397.2
PhC(O)(C7H)H2 402.8
Me(C7H)HC(O)Et 396.5
PhC(O)(C7H)HMe 394.4
Et(C7H)HC(O)Prn 394.6
PhC(O)(C7H)Me2 385.3
Prn(C7H)HC(O)Bun 395.8
PhC(O)(C7H)HEt 394.3
MeC(O)CH2(C7H)Me2 388.7
PhC(O)CMe2(C7H)H2 413.3

Me2(C7H)C(O)Pri 387.5
PhC(O)CH2(C7H)Me2 385.2

401.2

PhC(O)(C7H)HC8H17-n 394.3

394.1

397.8

O

H
H

H
H

O

N
HN O

H
H

O

O H

¬ÇÕÑÐÞ

¡ÎßÆÇÅËÆÞ

HC(O)7H 377.8 a

H7CH2C(O)H 394.3 a

MeC(O)7H 373.8 a

373.8
PrnC(O)7H 371.2
PriC(O)7H 364.5
BunC(O)7H 372.0
BuiC(O)7H 362.6
BusC(O)7H 360.8
ButC(O)7H 375.1
Et2CHC(O)7H 367.2
n-C9H19C(O)7H 373.3
PhC(O)7H 348.0
PhCH2C(O)7H 362.0
PhCMe2C(O)7H 362.9
H7C(O)CO2H 375.3
HOCH2(CHOH)3C(O)7H 370.0
HOCH2(CHOH)4C(O)7H 371.4

345.8

347.0

337.1

345.4

343.7

340.4

350.9

346.4

347.1

352.3

353.6

353.8

H

O

Me

H

O
Me

H

O

But

H

O
But

O2N

H

O

H

O

O2N

MeO

H

O

H

O

MeO

H

O

PhO

H

O

Cl

H

O
Cl

H

O
Br
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´ÂÃÎËÙÂ 9 (ÒÓÑÆÑÎÉÇÐËÇ).

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

¬ËÔÎÑÕÞ

H7CO2H 392.7
H7CH(CO2H)2 400.1
H7CH2CO2H 414.1
HO2C(C7H)HCH2CO2H 397.8
Me(C7H)HCO2H 398.9
[(C7H)(OH)CO2H]2 392.7
Me2(C7H)CO2H 388.3
NC(C7H)HCO2H 398.4
Et(C7H)HCO2H 398.7
MeC(O)NH(C7H)HCO2H 402.2
H7CH2CMe2CO2H 415.2
MeC(O)NH(C7H)MeCO2H 393.0
Prn(C7H)HCO2H 399.4
Bun(C7H)HCO2H 397.1
H7C(OH)(CO2H)H 397.8
H7C(OH)(CO2H)Me 386.0

n-C5H11(C7H)HCO2H 399.1
Ph(C7H)HCO2H 367.0
n-C8H17(C7H)HCO2H 399.0
Cl(C7H)HCO2H 398.9

399.0

359.8

388.2

370.0

H

CO2H

CO2H

H

H

H

CO2H
H

H

CO2HHO2C

³ÎÑÉÐÞÇ à×ËÓÞ

MeCO2(C7H)H2 404.0 a

MeC(O)(CH2)6(C7H)HCO2Me 392.6
Et(C7H)HCO2Me 394.9
EtO2CCO2(C7H)HMe 396.2
Prn(C7H)HCO2Me 394.9
Bun(C7H)HCO2Me 394.5
PriO2CCO2(C7H)Me2 396.2
PriO2C(CH2)2CO2(C7H)Me2 395.5
PriO2C(CH2)3CO2(C7H)Me2 391.7
PriO2C(CH2)5CO2(C7H)Me2 391.2
PriO2C(CH2)8CO2(C7H)Me2 391.1
BunCO2(C7H)HMe 392.3
BunCO2(C7H)HEt 392.1
BunCO2(C7H)Me2 387.9

BunCO2(C7H)HC7H15-n 391.9
ButCO2CMe2(C7H)H2 415.0
ButO2CCH2(C7H)HCO2H 393.1
ButO2C(CH2)2(C7H)HCO2H 391.0
ButO2C(CH2)3(C7H)HCO2H 391.5
ButO2C(CH2)4(C7H)HCO2H 391.3
ButO2C(CH2)7(C7H)HCO2H 391.3
MeO2C(C7H)HCO2Me 391.7
MeO2CCO2(C7H)H2 403.9
MeO2CCH2(C7H)HCO2Me 404.8
MeO2C(CH2)2(C7H)HCO2Me 393.1
MeO2C(CH2)4(C7H)HCO2Me 393.2
PhCO2(C7H)H2 418.4
PhSiMe2(C7H)H2 410.1

±ÓÑÔÕÞÇ à×ËÓÞ, ÂÙÇÕÂÎË

MeO(C7H)H2 411.9
PhO(C7H)H2 385.0
EtO(C7H)HMe 399.5
ButOCMe2(C7H)H2 402.1
PriO(C7H)Me2 390.8
BunO(C7H)HPrn 392.2
MeO(C7H)HPh 359.0
MeO(³7H)Ph2 354.1
PhCH2O(C7H)HPh 359.0
(MeO)2(C7H)H 391.0
(MeO)2(C7H)Me 381.2
(BunO)2(³7H)H 390.2
(EtO)2(³7H)H 390.1
(MeO)2(³7H)Ph 353.9
(EtO)2(C7H)Me 380.2
(MeO)2(C7H)Pri 381.4
(PrnO)2(³7H)H 391.8
(EtO)2(C7H)Ph 376.5
(PrnO)2(C7H)Me 379.6
(PriO)2(C7H)Prn 379.6
(PriO)2(C7H)H 390.5
(PriO)2(C7H)Me 380.7
(BunO)2(C7H)Me 378.9
(BuiO)2(C7H)Me 380.1
(BuiO)2(C7H)H 389.5
(n-C5H11O)2(C7H)Pri 378.3
(sec-C5H11O)(C7H)Pri 379.6
[i-C5H11O]2(C7H)H 388.4
(BusO)2(C7H)H 391.5
(n-C5H11O)2(C7H)Me 378.3
(sec-C5H11O)2(C7H)H 390.2

(EtO)2(C7H)Pri 380.5
(iso-C5H11O)2(C7H)Me 378.3
(PrnO)2(C7H)Pri 379.5
(PriO)2(C7H)Pri 381.4
(BunO)2(C7H)Pri 379.0
(BusO)2(C7H)Pri 380.5
(PriO)2(C7H)Me 382.9
(BunO)2(C7H)Me 379.0
(MeO)2(C7H)Prn 378.8
(EtO)2(C7H)Prn 378.3

384.3

380.2

359.5

360.9

357.9

357.3

O O

H H

O O

H Me

Cl

OMe

H

H

H

H

OMe

Cl

Br

OMe

H

H

Me

H

H

OMe

µÔÒÇØË ØËÏËË 74 (9) 2005 923



354.5

354.3

354.3

353.2

353.1

355.2

357.7

350.0

342.8

346.6

347.6

350.1

353.5

352.4

MeO

OMe

H

H

Br

OMe

H

OMe

Cl

OMe

H

OMe

MeO

OMe

H

OMe

But

OMe

H

OMe

OMe

H

OMe

O

MeO

Bun O
Me

H H

O
MeO OMe

H

H

MeO OMe

H OMe

Me Me

H OMe

But But

H OMe

OMeH

Br Br

H OMe

O

OMe OMe

O

ClCl

OMeH

´ÂÃÎËÙÂ 9 (ÒÓÑÆÑÎÉÇÐËÇ).

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

±ÓÑÔÕÞÇ à×ËÓÞ Ë ÂÙÇÕÂÎË

¸ËÍÎËÚÇÔÍËÇ ÒÓÑÔÕÞÇ à×ËÓÞ Ë ÂÙÇÕÂÎË

391.6

384.1

387.5

381.4

378.5

374.3

375.3

401.7

386.0

385.0

386.0

381.8

380.5

377.1

383.7

380.5

376.0

389.6

405.7

381.2

O H

H

O H

Me

O H

Me

Me

O

H

OBui

O

H

OC5H11-n

O OC6H11-cyclo

H

O

H

OC8H17-n

O

H

H

O

H

OPrn

O

H

OPri

O

H

OBut

O

H

OC6H11-cyclo

O

H

C6H13-nO

H

C8H17-n

O

H

OO

OO(CH2)2OO

H H

O

H

OCH
Prn

Bun

Me

H

O

OO

Me
Me

H
H

O

O H

H

O

O H

H

924 ¦.´.¥ÇÐËÔÑÄ, £.¦.´ÖÏÂÐÑÄ



373.4

372.5

373.1

372.2

371.3

373.6

371.6

373.2

381.7

388.0

378.0

381.7

377.7

377.0

376.5

378.4

383.6

378.9

396.2

388.7

380.3

379.4

380.1

379.1

378.5

378.1

389.8

389.7

388.4

381.4

390.8

375.5

404.8

377.4

378.1

373.6

385.5

400.9

380.8

379.2

O

O Me

H

O

O H

Prn

O

O H

Pri

O

O H

Bun

O

O H

Bui

O

O H

C5H11-n

O

O H

C6H13-n

O

O H

Ph

O

O Me

Et

H

H

O

O H

H

O

O H

Me

O

O H

Et

O

O H

Prn

O

O H

Bun

O

O H

C6H13-n

O

O H

O

O H

H

Me

O

O H

Me

Me

O

O
H

H

O

O H

H

Me

Me

O

O H

Me

Me

Me

O

O H

Prn

Me

Me

O

O H

Pri

Me

Me

O

O H

Bun

Me

Me

O

O H

Bui

Me

Me

O

O H

C6H13-n

Me

Me

O

O H

H

Me
Me

O

O Et

Me

H
Me

O

O H

H

Me
Me

Me

O

O Et

H

Me
Me

O

O

O

O H

H

O

O

O

O H

Me
Me

O

O Me

Me

H

H

O

O

H

Pri

O

O

Prn

H

O

O

C6H13-n

H

O

O

H

H

O
O

O H

H

O

O

Me

H

O

O

Et

H

´ÂÃÎËÙÂ 9 (ÑÍÑÐÚÂÐËÇ).

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

¸ËÍÎËÚÇÔÍËÇ ÒÓÑÔÕÞÇ à×ËÓÞ Ë ÂÙÇÕÂÎË

Â ©ÐÂÚÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12.
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´ÂÃÎËÙÂ 10. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H Ä ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËâØ, ÓÂÔÔÚËÕÂÐÐÞÇ ÒÂÓÂÃÑÎËÚÇÔÍËÏ ÏÇÕÑÆÑÏ, Ä ÔÓÂÄÐÇÐËË Ô
ÎËÕÇÓÂÕÖÓÐÞÏË ÆÂÐÐÞÏË.

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

®±± ­ËÕÇÓÂÕÖÓÐÞÇ ÆÂÐÐÞÇ

H7CH2OH 411.0 401.9,5 402.1,10 411.0,12 384.9,13 401.8 75

Me(C7H)(OH)H 399.8 401.3,5 389.1,9 384.9,13 389.2,75 392.5 76

Et(C7H)(OH)H 399.5 392.0,12 394.6 76

Me2(C7H)OH 390.5 381.2,5 380.7,9 372.4,13 383.7 76

H7CH2CMe2OH 417.4 418.4,5 414.2,13 383.3 76

388.4 386.6 5

H7CH2(OH)CH2OH 401.5 376.6,13 385.4 76

CH2=CH(C7H)(OH)H 356.2 341.4 5

H7C(O)H 377.8 368.2,10 376.0,12 386.4 75

MeC(O)7H 373.8 372.0,12 373.8 75

H7CH2C(O)H 394.3 394.6,12 394.3 75

MeC(O)(C7H)H2 411.8 389.1,76 411.3 75

MeC(O)(C7H)HMe 392.6 386.2 9

EtO(C7H)HMe 399.5 386.2,9 384.9 13

H

OH

´ÂÃÎËÙÂ 11. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7H Ä N- Ë S-ÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËâØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

¡ÏËÐÞ Ë ÂÏËÆÞ 56, 57

H2N(C7H)H2 400.0
MeNH(C7H)H2 389.0
Me2N(C7H)H2 376.6
H2N(C7H)HMe 389.6
EtNH(C7H)HMe 384.6
Et2N(C7H)HMe 379.5
H2N(C7H)Me2 379.5
PriNH(C7H)Me2 375.0
Pri2N(C7H)Me2 370.0

395.9

388.0

381.0

387.3

385.6

CH2=CH(C7H)HN(CH2CH=CH2)2 345.6
CH2=CH(C7H)HN(CH2CH=CH2)Ph 339.3
H2N(C7H)HPh 368.0
Me2N(C7H)HPh 370.8
(PhCH2)2N(C7H)HPh 372.8
PhMeN(C7H)H2 383.7
PhEtN(C7H)HMe 383.2
Ph2N(C7H)H2 379.5

361.0

401.0

AcNH(C7H)HMe 399.2
AcNH(C7H)Me2 395.5
AcMeN(C7H)H2 386.9

H

NH2

H

NHMe

H

NMe2

N

H

H

NH

H
H

NO

H
H

N
O

H

H

O

¯ËÕÓËÎÞ 58

NC(C7H)H2 401.7 a

NC(C7H)HMe 387.2

NC(C7H)Me2 372.2

NCCMe2(C7H)H2 402.9

[NCCMe(C7H)H2]2 404.4

NCCH2(C7H)HCO2Me 383.8

NCCMePh(C7H)H2 408.7

NCCH=(C7H)H 439.8 a

NCC:C7H 471.3 a

N:C7H 518.0 a
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371.2

369.9

364.8

362.6

370.1

O N

H H

Et

O N

H H

O N

H Pri

O N

H

O N

H H

¯ËÕÓÑÔÑÇÆËÐÇÐËâ 58

H7CH2NO2 415.4
Me2(C7H)NO2 394.0

Me(C7H)HNO2 402.4

O2N7H 327.6 (DN7H)
a

´ËÑ- Ë ÆËÕËÑÂÙÇÕÂÎË 53, 55, 64

(EtS)2(C7H)H 390.2
(EtS)2(C7H)Me 376.1
(EtS)2(C7H)Pri 376.5
(n-C5H11S)2(C7H)Pri 385.6

367.3

369.1

404.0

378.3

370.8

371.1

370.6

367.5

394.7

377.8

374.6

374.1

378.0

373.1

388.8

373.9

371.5

374.2

374.7

374.6

388.0

370.1

384.7

369.4

369.8

S

S

H

Me

S

S

H

Pri

S

S

Me

Me
H

H

S

O

H

H

S

O

H

Et

O

S

H

Prn

S

O

H

Pri

S

S

H

C6H13-n

O

S

Me

Me
H

H

S

O

H

Me

O

H

SEt

O

H

SC5H11-n

O

H

SC8H17-n

S

S H

Prn

S

S
S

H

H

S

S H

Pri
Bun

S

S H

Prn
Bun

S

O H

Prn
Me

S

O H

Pri
Me

S

O H

Prn
n-C5H11

S

S H

Pri

S

S H

Pri

O

S H

Pri

S

S H

Me

S

S H

Prn

Â ©ÐÂÚÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12.

´ÂÃÎËÙÂ 11 (ÑÍÑÐÚÂÐËÇ).

³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71 ³ÑÇÆËÐÇÐËÇ DC7H, Í¥É .ÏÑÎß71

¸ËÍÎËÚÇÔÍËÇ ÂÏËÐÑà×ËÓÞ 55
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±ÓÇÆÔÕÂÄÎÇÐÐÞÇ Ä ÕÂÃÎ. 6 ë 11 ÆÂÐÐÞÇ ÒÑ ÒÓÑÚÐÑÔÕË ÔÄâ-
ÊÇÌ C7H Ä ÏÑÎÇÍÖÎÂØ ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ ÒÑÊÄÑÎâáÕ
ÔÆÇÎÂÕß ÑÒÇÓÇÆÇÎÇÐÐÞÇ ÄÞÄÑÆÞ ÐÂ ÑÔÐÑÄÇ àÏÒËÓËÚÇÔÍÑÅÑ
ÓÂÔÔÏÑÕÓÇÐËâ ÄÎËâÐËâ ÔÕÓÖÍÕÖÓÞ ×ÓÂÅÏÇÐÕÂ ÏÑÎÇÍÖÎÞ ÐÂ
ÄÇÎËÚËÐÖ D³7¯.

1. ¯ÂÎËÚËÇ ÔÄâÊÇÌ a-C=C ÒÓËÄÑÆËÕ Í ÖÏÇÐßÛÇÐËá ÄÇÎË-
ÚËÐÞD³7¯. ªÊ-ÊÂ ÔÕÂÃËÎËÊÂÙËË ÑÃÓÂÊÖáÜÇÅÑÔâ ÂÎÎËÎßÐÑÅÑ
ÓÂÆËÍÂÎÂ ÔÄâÊß a-C7H Ä ÑÎÇ×ËÐÂØ ÅÑÓÂÊÆÑ ÔÎÂÃÇÇ, ÚÇÏ Ä
ÒÂÓÂ×ËÐÂØ. ¯ËÉÇ ÒÓËÄÇÆÇÐÞ ÒÓËÏÇÓÞ ÄÎËâÐËâ ÐÂ ÂÎÎËÎßÐÖá
ÔÄâÊß C7H ÔÑÔÇÆÐËØ ÏÇÕËÎßÐÞØ ÅÓÖÒÒ (ÔÏ. ÕÂÍÉÇ ÕÂÃÎ. 7;
ÄÇÎËÚËÐÞ D ÆÂÐÞ Ä Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ DC7H DD

MeCH2(C7H)H2 422 0

CH2=CH(C7H)H2 368 754.0

CH2=CH(C7H)HMe 349.8 772.2

CH2=CH(C7H)Me2 339.6 782.4

£ËÆÐÑ, ÚÕÑ ÐÇ ÕÑÎßÍÑ ÆÄÑÌÐÂâ ÔÄâÊß, ÐÑ Ë ÔÑÔÇÆÐËÇ
ÏÇÕËÎßÐÞÇ ÅÓÖÒÒÞ ÔÖÜÇÔÕÄÇÐÐÑ ÄÎËâáÕ ÐÂ ÒÓÑÚÐÑÔÕß ÔÄâÊË
C7H Ä a-ÒÑÎÑÉÇÐËË Í ÆÄÑÌÐÑÌ ÔÄâÊË. ¯Ç ÕÂÍ ÔËÎßÐÑ, ÐÑ
ÄÒÑÎÐÇ ÑÜÖÕËÏÑ ÔÐËÉÂÇÕ ÄÇÎËÚËÐÖ DC7H Ë ÊÂÏÇÐÂ ÂÕÑÏÂ
ÄÑÆÑÓÑÆÂ Ö ÂÕÑÏÂ ÖÅÎÇÓÑÆÂ ÆÄÑÌÐÑÌ ÔÄâÊË ÐÂ ÏÇÕËÎßÐÖá
ÅÓÖÒÒÖ (ÔÏ. ÕÂÃÎ. 4; ÄÇÎËÚËÐÞ DC7H ÆÂÐÞ Ä Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ DC7H DD

CH2=CH(C7H)H2 368.0 0

CH2=CMe(C7H)H2 357.9 710.1

(E)-MeCH=CMe(C7H)H2 356.8 711.2

Me2C=CMe(C7H)H2 350.2 717.8

¥ÄÇ ÆÄÑÌÐÞÇ ÔÄâÊË ÇÜÇ ÔËÎßÐÇÇ ÄÎËâáÕ ÐÂ ÔÄâÊß a-C7H
(ÔÏ. ÕÂÃÎ. 4; ÄÇÎËÚËÐÞ DC7H ÆÂÐÞ Ä Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ DC7H DDC7H

CH2=CH(C7H)H2 368.0 0

CH2=CHCH=CH(C7H)H2 343.0 725.0

(CH2=CH)2(C7H)H 318.0 750.0

(CH2=CH)2(C7H)Me 321.1 746.9

408.4 0

342.5 765.9

329.3 779.1

288.8 7119.6

408.8 0

341.5 767.3

330.9 777.9

312.6 796.2

338.9 769.9

2. ¡ÐÂÎÑÅËÚÐÑÇ ÄÑÊÆÇÌÔÕÄËÇ ÐÂ ÔÄâÊß a-C7H ÑÍÂÊÞÄÂÇÕ
ÃÇÐÊÑÎßÐÑÇ ÍÑÎßÙÑ (ÔÏ. ÕÂÃÎ. 8; ÄÇÎËÚËÐÞ DC7H ÆÂÐÞ Ä
Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ DC7H DDC7H

Me(C7H)H2 422 0

Ph(C7H)H2 375.0 747.0

Ph(C7H)HMe 364.1 757.9

Ph(C7H)Me2 354.2 767.8

Ph2(C7H)H 356.8 765.2

3. ³ÄâÊß C7H ÔÕÂÐÑÄËÕÔâ ÔÎÂÃÇÇ, ÇÔÎË Ä a-ÒÑÎÑÉÇÐËË Í
ÐÇÌ ÐÂØÑÆËÕÔâ ÂÊÑÕÔÑÆÇÓÉÂÜÂâ ×ÖÐÍÙËÑÐÂÎßÐÂâ ÅÓÖÒÒÂ X
(ÔÏ. ÕÂÃÎ. 11; ÄÇÎËÚËÐÞ DC7H ÆÂÐÞ Ä Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ X DC7H DDC7H

X(C7H)H2 Me 422.0 0

NH2 400.0 722.0

NHR 398.0 733.0

CN 401.7 720.3

NO2 415.4 76.6

X(C7H)HMe Me 412.0 0

NH2 389.6 722.4

NHR 384.6 727.4

CN 387.2 724.8

NO2 402.4 79.6

X(C7H)Me2 Me 400.0 0

NH2 379.5 720.5

NHR 375.0 725.0

CN 372.2 727.8

NO2 394.9 75.1

¿ÕÑ ÑÃÖÔÎÑÄÎÇÐÑ ÔÕÂÃËÎËÊÂÙËÇÌ ÔÄÑÃÑÆÐÑÌ ÄÂÎÇÐÕÐÑÔÕË
ÒÑÆ ÄÎËâÐËÇÏ ÔÑÔÇÆÐÇÌ ÅÓÖÒÒÞ, ËÏÇáÜÇÌ p- ËÎË p-àÎÇÍÕ-
ÓÑÐÞ. ±Ñ ÔÒÑÔÑÃÐÑÔÕË ÔÕÂÃËÎËÊËÓÑÄÂÕß ÔÄÑÃÑÆÐÖá ÄÂÎÇÐÕ-
ÐÑÔÕß ÐÂ ÔÑÔÇÆÐÇÏ ÂÕÑÏÇ ÖÅÎÇÓÑÆÂ ÓÂÔÔÏÑÕÓÇÐÐÞÇ ÅÓÖÒÒÞ
ÓÂÔÒÑÎÂÅÂáÕÔâ Ä ÔÎÇÆÖáÜÇÏ ÒÑÓâÆÍÇ: NO2<CN<NH2<
NHR. ©ÂÏÇÐÂÑÆÐÑÅÑ ÂÕÑÏÂ ÄÑÆÑÓÑÆÂÐÂÏÇÕËÎßÐÖá ÅÓÖÒÒÖ ÄÑ
×ÓÂÅÏÇÐÕÇ X(C7H)H2 ÔÐËÉÂÇÕ ÄÇÎËÚËÐÖ DC7H Ä ÔÓÇÆÐÇÏ ÐÂ
10.5� 3.4 Í¥É .ÏÑÎß71, Â ÆÄÖØ ì ÐÂ 19.2� 2.6 Í¥É .ÏÑÎß71.

4. ¡ÐÂÎÑÅËÚÐÑ ÄÎËâáÕ ÐÂ ÔÄâÊß a-C7H Ë ÍËÔÎÑÓÑÆÔÑÆÇÓ-
ÉÂÜËÇ ÅÓÖÒÒÞ X (ÔÏ. ÕÂÃÎ. 9; ÄÇÎËÚËÐÞ DC7H ÆÂÐÞ Ä
Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ X DC7H DDC7H

X(C7H)H2 Me 422.0 0

OH 411.0 711.0

OR 411.9 710.1

C=O 411.8 710.2

C(O)OH 414.1 77.9

X(C7H)HMe Me 412.0 0

OH 399.8 712.2

OR 399.5 712.5

C=O 397.2 714.8

C(O)OH 398.9 713.1

X(C7H)Me2 Me 400.0 0

OH 390.5 79.5

OR 390.8 79.2

C=O 387.6 712.4

C(O)OH 388.3 711.7

±Ñ ÔÒÑÔÑÃÐÑÔÕË ÔÕÂÃËÎËÊËÓÑÄÂÕß ÔÄÑÃÑÆÐÖá ÄÂÎÇÐÕ-
ÐÑÔÕß ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËÇ ÅÓÖÒÒÞ ÓÂÔÒÑÎÂÅÂáÕÔâ Ä ÔÎÇÆÖá-
ÜÇÏ ÒÑÓâÆÍÇ: OH>OR>C=O>CO2H. ªÐÍÓÇÏÇÐÕÞ,
ØÂÓÂÍÕÇÓËÊÖáÜËÇ ÄÎËâÐËÇ ÑÆÐÑÌ Ë ÆÄÖØ ÏÇÕËÎßÐÞØ ÅÓÖÒÒ
ÐÂ ÄÇÎËÚËÐÖ DC7H, ÃÎËÊÍË Í ÕÂÍÑÄÞÏ ÆÎâ ÖÅÎÇÄÑÆÑÓÑÆÑÄ Ë
N-ÔÑÆÇÓÉÂÜËØ ÅÓÖÒÒ:

DC7H(XC7H)H27DC7H(XMeC7H)H=

= 13.3� 1.6 Í¥É .ÏÑÎß71;

H

H
H

H
Me
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H
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DC7H(XC7H)H27DC7H(XMeC7H)H=

=15.9� 3.0 Í¥É .ÏÑÎß71.

5. ¯Â ÒÓÑÚÐÑÔÕß ÔÄâÊÇÌ C7H Ä ÙËÍÎËÚÇÔÍËØ ÂÙÇÕÂÎâØ
ÄÎËâáÕ àÐÇÓÅËË ÐÂÒÓâÉÇÐËâ ÙËÍÎÂ. ¬ÂÍ ÄËÆÐÑ ËÊ ÕÂÃÎ. 9,
àÕÂ ÄÇÎËÚËÐÂ ÕÇÏ ÄÞÛÇ, ÚÇÏ ÏÇÐßÛÇ ÊÐÂÚÇÐËÇ Ersc (ÔÏ.55).

¸ËÍÎËÚÇÔÍËÌ DC7H, Í¥É .ÏÑÎß71 Ersc, Í¥É .ÏÑÎß71

ÂÙÇÕÂÎß (ÔÏ.6, 7)

381.2 29.16

385.5 25.52

388.0 13.09

¿ÐÇÓÅËâ ÆËÔÔÑÙËÂÙËË ÔÄâÊË C7H Ä 1,3-ÆËÑÍÔÑÎÂÐÇ, 1,3-
ÆËÑÍÔÂÐÇ Ë 1,3-ÆËÑÍÔÇÒÂÐÇ ÔÄâÊÂÐÂ Ô àÐÇÓÅËÇÌ ÐÂÒÓâÉÇÐËâ
ÙËÍÎÂ Ersc (Ä Í¥É .ÏÑÎß71) ÔÎÇÆÖáÜËÏ ÍÑÓÓÇÎâÙËÑÐÐÞÏ
ÖÓÂÄÐÇÐËÇÏ:

DC7H=393.177 0.37Ersc . (39)

²ÂÊÐËÙÂ Ä ÒÓÑÚÐÑÔÕâØ ÔÄâÊÇÌ C7H Ä 1,3-ÆËÑÍÔÂÐÇ Ë
ÆËàÕÑÍÔËÏÇÕÂÐÇ ÔÑÔÕÂÄÎâÇÕ 72.4 Í¥É .ÏÑÎß71, Õ.Ç. ÒÓË
ÏËÐËÏÂÎßÐÑÌ àÐÇÓÅËË ÐÂÒÓâÉÇÐËâ ÙËÍÎÂ ÒÓÑÚÐÑÔÕß ÔÄâÊË
C7H Ä 1,3-ÆËÑÍÔÂÐÇ ÃÎËÊÍÂ Í ÕÂÍÑÄÑÌ Ä ÐÇÙËÍÎËÚÇÔÍËØ
ÂÙÇÕÂÎâØ, ÅÆÇ ÑÐÂ ÓÂÄÐÂ 390.4 Í¥É .ÏÑÎß71.

6. ¯ËÉÇ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7HÄÑ ×ÓÂÅÏÇÐÕÂØ
SCHR (R=H, Me, Pri) ÔÑÒÑÔÕÂÄÎÇÐÞ Ô ÒÓÑÚÐÑÔÕâÏË ÔÄâÊÇÌ
C7H Ä ÂÐÂÎÑÅËÚÐÞØ ÖÅÎÇÄÑÆÑÓÑÆÂØ 12 (ÄÇÎËÚËÐÞDC7H ÆÂÐÞ
Ä Í¥É .ÏÑÎß71).

³ÑÇÆËÐÇÐËÇ (EtX)2(C7H)H (EtX)2(C7H)Pri (EtX)2(C7H)Me
DC7H 390 389 376
ÆÎâ X=S

DC7H 412 400 396
ÆÎâ X=CH2

DD 722 711 720

£ËÆÐÑ, ÚÕÑ ÂÕÑÏÞ ÔÇÓÞ ÒÓËÄÑÆâÕ Í ÔÖÜÇÔÕÄÇÐÐÑÏÖ (ÐÂ
11 ë 22 Í¥É .ÏÑÎß71) ÔÐËÉÇÐËá ÒÓÑÚÐÑÔÕË ÔÑÔÇÆÐÇÌ ÔÄâÊË
C7H.

VII. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H
Ä ÔÒËÓÕÂØ, ÍËÔÎÑÕÂØ, ÅËÆÓÑÒÇÓÑÍÔËÆÂØ,
ÅËÆÓÑÍÔËÎÂÏËÐÂØ Ë ×ÇÐÑÎÂØ
±ÓÑÚÐÑÔÕË ÔÄâÊË O7H Ä ÅËÆÓÑÒÇÓÑÍÔËÆÂØ ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ
ÔÕÓÑÇÐËâ ÄÒÇÓÄÞÇ ÃÞÎË ÄÞÚËÔÎÇÐÞ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ
ÆÂÐÐÞÏ (ÒÂÓÂÏÇÕÓÂÏ ÔÑÒÓâÉÇÐÐÑÅÑ ÑÍËÔÎÇÐËâ) ÂÄÕÑÓÂÏË
ÓÂÃÑÕÞ 66. ¥Îâ ÑÙÇÐÍË ÄÇÎËÚËÐ DDO7H ËÔÒÑÎßÊÑÄÂÎË ÑÕÐÑ-
ÛÇÐËÇ ÍÑÐÔÕÂÐÕ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË ÆÄÖØ ÓÂÊÎËÚÐÞØ ÒÇÓÑÍ-
ÔËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ô ÑÆÐËÏ ÖÅÎÇÄÑÆÑÓÑÆÑÏ. ±ÂÓÂÏÇÕÓÞ
®±±, ÒÓËÏÇÐâÇÏÞÇ ÆÎâ ÓÂÔÚÇÕÂ DDO7H, ÒÓËÄÇÆÇÐÞ Ä
ÕÂÃÎ. 5. £ ÍÂÚÇÔÕÄÇ ÓÇÒÇÓÐÑÅÑ ÅËÆÓÑÒÇÓÑÍÔËÆÂ ÃÞÎ ÄÊâÕ
ÆËÏÇÕËÎàÕËÎÅËÆÓÑÒÇÓÑÍÔËÆ (DO7H=358.6 Í¥É .ÏÑÎß71).76

²ÇÊÖÎßÕÂÕÞ ÓÂÔÚÇÕÂ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 12.
ªÊ ÆÂÐÐÞØ ÕÂÃÎ. 12 ÄËÆÐÑ, ÚÕÑ Ä ÊÂÄËÔËÏÑÔÕË ÑÕ ÔÕÓÑÇÐËâ

ÅËÆÓÑÒÇÓÑÍÔËÆÂ ÄÇÎËÚËÐÂ DO7H ËÊÏÇÐâÇÕÔâ Ä ÛËÓÑÍÑÏ
ÆËÂÒÂÊÑÐÇ: ÑÕ 360 ÆÑ 413 Í¥É .ÏÑÎß71. ±Ñ ÒÓÑÚÐÑÔÕË ÔÄâÊË
O7H (DO7H, Í¥É .ÏÑÎß71) ËÊÖÚÇÐÐÞÇ ÅËÆÓÑÒÇÓÑÍÔËÆÞ ÓÂÔ-
ÒÑÎÂÅÂáÕÔâ Ä ÔÎÇÆÖáÜÇÏ ÒÑÓâÆÍÇ: R2CHOC(OO7H)R2

(358.4)<RPhC(OH)OO7H (359.8)<ÙËÍÎÑÅÇÍÔËÎ-1-ÅËÆÓ-
ÑÍÔË-1-ÅËÆÓÑÒÇÓÑÍÔËÆ (362.1)<ROCH(OO7H)R (367.3)<
<2-ÅËÆÓÑÒÇÓÑÍÔËÕÇÕÓÂÅËÆÓÑ×ÖÓÂÐ (367.6)< a-ÍÇÕÑÙËÍÎÑ-
ÅÇÍÔËÎÒÇÓÑÍÔËÆ (369.8)<ROCH(OO7H)Ph (374.8) <
< a-RC(O)OCH(OO7H)Ph (376.4) < ÙËÍÎÑÅÇÍÔËÎÒÇÓÍËÔÎÑ-

ÕÂ (376.9), R3CC(O)(OO7H) (376.9)<RC(O)(OO7H)
(387.1)<PhC(O)(OO7H) (403.9) < Cl2CHCCl2(OO7H)
(411.6) < Cl3CCCl2(OO7H) (413.1). ¯ÂËÃÑÎÇÇ ÄÞÔÑÍËÇ ÊÐÂÚÇ-
ÐËâ DO7H ËÏÇáÕ ÒÇÓÍËÔÎÑÕÞ Ë ØÎÑÓÔÑÆÇÓÉÂÜËÇ ÅËÆÓÑÒÇÓ-
ÑÍÔËÆÞ.

¡ÐÂÎÑÅËÚÐÑ ÃÞÎË ÑÙÇÐÇÐÞ 67 ÄÇÎËÚËÐÞ DO7H ÆÎâ ÔÒËÓ-
ÕÑÄ (ÓÇÒÇÓÐÞÏ ÂÎÍÑÍÔËÎßÐÞÏ ÓÂÆËÍÂÎÑÏ ÔÎÖÉËÎ
ÆËÏÇÕËÎàÕÑÍÔËÎßÐÞÌ ÓÂÆËÍÂÎ, ÆÎâ ÍÑÕÑÓÑÅÑ DO7H=
439.4 Í¥É .ÏÑÎß71) 38 Ë ÍËÔÎÑÕ (ÓÇÒÇÓÐÞÌ ÓÂÆËÍÂÎ ì ÃÇÐ-
ÊÑËÎÑÍÔËÎßÐÞÌ ÓÂÆËÍÂÎ, DO7H= 439.3 Í¥É .ÏÑÎß71).5

²ÇÊÖÎßÕÂÕÞ ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊË O7H ÒÓËÄÇÆÇÐÞ Ä
ÕÂÃÎ. 12. £ËÆÐÑ, ÚÕÑ ÄÇÎËÚËÐÞ DO7H ÔÎÂÃÑ ÏÇÐâáÕÔâ ÒÓË
ÒÇÓÇØÑÆÇ ÑÕ ÑÆÐÑÅÑ ÔÒËÓÕÂ Í ÆÓÖÅÑÏÖ. ¥ÑÔÕÂÕÑÚÐÑ ÃÎËÊÍË Ë
ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ O7H ÆÎâ ÓÂÊÐÞØ ÍËÔÎÑÕ, ÚÕÑ ÃÞÎÑ ÑÕÏÇ-
ÚÇÐÑ ÄÞÛÇ (ÔÏ. ÕÂÃÎ. 4). ±Ñ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊË O7H
(Ä Í¥É .ÏÑÎß71) ÔÑÇÆËÐÇÐËâ EtX ÓÂÔÒÑÎÂÅÂáÕÔâ Ä ÔÎÇÆÖá-
ÜÇÏ ÒÑÓâÆÍÇ: EtOO7H (365.5)<EtO7H
(432.4)<EtC(O)O7H (439.3). ¬ÂÍ ÑÍÂÊÂÎÑÔß, ÒÓÑÚÐÑÔÕß
ÔÄâÊË O7H Ä ÒÂÓÂ-ÊÂÏÇÜÇÐÐÞØ ÃÇÐÊÑÌÐÞØ ÍËÔÎÑÕÂØ
4-YC6H4CO2H ÐÇ ÊÂÄËÔËÕ ÑÕ ÊÂÏÇÔÕËÕÇÎâ Y Ë ÕÑÎßÍÑ ÒÓË
Y=Cl ÊÐÂÚÇÐËÇ DO7H ÐÂ 7 Í¥É .ÏÑÎß71 ÏÇÐßÛÇ, ÚÇÏ Ä
ÐÇÊÂÏÇÜÇÐÐÑÌ ÃÇÐÊÑÌÐÑÌ ÍËÔÎÑÕÇ.

Y s DO7H, Í¥É .ÏÑÎß71

MeO 70.268 438.5
Me 70.170 437.0
H 0.0 439.3
Cl 0.227 432.2

£ÇÎËÚËÐÞ DO7H ÆÎâ ×ÇÐÑÎÑÄ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓË-
ÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ä ÓÂÏÍÂØ ®±±, ÒÓËÄÇÆÇÐÞ Ä
ÕÂÃÎ. 13, 14. ¥Îâ ÑÙÇÐÍË ÊÐÂÚÇÐËÌ DDO7H ËÔÒÑÎßÊÑÄÂÎË
ÑÕÐÑÛÇÐËÇ ÍÑÐÔÕÂÐÕ ÔÍÑÓÑÔÕË ÓÇÂÍÙËË ÑÆÐÑÅÑ ÒÇÓÑÍÔËÎß-
ÐÑÅÑ ÓÂÆËÍÂÎÂ Ô ÆÄÖÏâ ×ÇÐÑÎÂÏË. £ ÍÂÚÇÔÕÄÇ ÓÇÒÇÓÐÑÅÑ
ÔÑÇÆËÐÇÐËâ ÃÞÎË ÄÊâÕÞ ÐÇÊÂÏÇÜÇÐÐÞÌ ×ÇÐÑÎ (DO7H=
369.0 Í¥É .ÏÑÎß71) Ë 2,4,6-ÕÓË-ÕÓÇÕ-ÃÖÕËÎ×ÇÐÑÎ (DO7H=
339.7 Í¥É .ÏÑÎß71).19 ªÔÒÑÎßÊÑÄÂÐÐÞÇ ÆÎâ ÓÂÔÚÇÕÂ ÒÂÓÂ-
ÏÇÕÓÞ ®±± ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5.

±ÓÑÚÐÑÔÕË ÔÄâÊË O7H, ÒÑÎÖÚÇÐÐÞÇ ÕÂÍËÏ ÔÒÑÔÑÃÑÏ, Ä
ÃÑÎßÛËÐÔÕÄÇ ÔÎÖÚÂÇÄ ØÑÓÑÛÑ ÔÑÅÎÂÔÖáÕÔâ ÔÑ ÊÐÂÚÇÐËâÏË
DO7H, ÐÂÌÆÇÐÐÞÏË ËÊ ØËÏËÚÇÔÍÑÅÑ ÓÂÄÐÑÄÇÔËâ Ë ÒÓÇÆÔÕÂÄ-
ÎÇÐÐÞÏË Ä ÕÂÃÎ. 1, ÚÕÑ ÄËÆÐÑ ËÊ ËØ ÔÑÒÑÔÕÂÄÎÇÐËâ. ¯ËÉÇ
ÒÓËÄÇÆÇÐÞ ÄÇÎËÚËÐÞ DO7H (Ä Í¥É .ÏÑÎß71) ÆÎâ ×ÇÐÑÎÑÄ
4-YC6H4OH, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄÐÑÄÇÔËâ Ë ÒÑ
ÍËÐÇÕËÚÇÔÍËÏ ÆÂÐÐÞÏ ÏÇÕÑÆÑÏ®±±.

Y DO7H (ÓÂÄÐÑÄÇÔËÇ) DO7H (®±±)

MeO 346.3 347.5

Me 360.5 362.2

H 369.2 369.0

But 356.7 360.1

¡ÐÂÎÑÅËÚÐÂâ ÍÂÓÕËÐÂ ÐÂÃÎáÆÂÇÕÔâ Ë ÆÎâ ÒÂÓÂ-ÊÂÏÇÜÇÐ-
ÐÞØ 4-Y-2,6-ÆË-ÕÓÇÕ-ÃÖÕËÎ×ÇÐÑÎÑÄ (ÄÇÎËÚËÐÞ DO7H ÆÂÐÞ Ä
Í¥É .ÏÑÎß71).21

Y DO7H (ÓÂÄÐÑÄÇÔËÇ) DO7H (®±±)

H 346.2 347.4
Me 338.8 339.7
MeO 327.5 331.4
Ph 337.9 338.4
Cl 344.5 345.2
CN 356.9 353.1

±ÓÑÚÐÑÔÕË ÔÄâÊË O7H Ä ÅËÆÓÑÍÔËÎÂÏËÐÂØ ÃÞÎË
ÄÞÚËÔÎÇÐÞ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±± ÒÑ ØÂÓÂÍÕÇÓËÔÕËÍÂÏ
ÓÇÂÍÙËÌ ÓÂÊÎËÚÐÞØ ÐËÕÓÑÍÔËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ô 1,2-ÆË-
×ÇÐËÎÅËÆÓÂÊËÐÑÏ.61 ²ÇÒÇÓÐÞÏ ÅËÆÓÑÍÔËÎÂÏËÐÑÏ ÔÎÖÉËÎ
1-ÅËÆÓÑÍÔË-2,2,6,6-ÕÇÕÓÂÏÇÕËÎÒËÒÇÓËÆËÐ-4-ÑÐ, ÆÎâ ÍÑÕÑÓÑÅÑ
DO7H=300.4 Í¥É .ÏÑÎß71. ²ÇÊÖÎßÕÂÕÞ ÓÂÔÚÇÕÑÄ ÒÓËÄÇÆÇÐÞ
Ä ÕÂÃÎ. 15. £ËÆÐÑ, ÚÕÑ ÑÐË ØÑÓÑÛÑ ÔÑÅÎÂÔÖáÕÔâ Ô ÆÂÐÐÞÏË,
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HOO7H 369.0
RCH2OO7H 365.5
R2CHOO7H 365.5
R3COO7H 358.6
RPhC(OH)OO7H 359.8
R3CC(O)OO7H 376.9
ROCH(OO7H)R 367.3
PhC(O)OO7H 403.9
R2CHOC(OO7H)R2 358.4
RC(O)CH(OO7H)R 369.8
ROCH(OO7H)Ph 374.8
RC(O)OCH(OO7H)Ph 376.4

367.6

362.1

369.8

376.9

Cl2CHCCl2(OO7H) 411.6
Cl3CCCl2(OO7H) 413.1
RC(O)(OO7H) 387.1

O

H

OO H

OO H

OH

O

O O

H

O

OO H

´ÂÃÎËÙÂ 12. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H Ä ÅËÆÓÑÒÇÓÑÍÔËÆÂØ, ÔÒËÓÕÂØ Ë ÍËÔÎÑÕÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.

³ÑÇÆËÐÇÐËÇ DO7H, ³ÑÇÆËÐÇÐËÇ DO7H,
Í¥É .ÏÑÎß71 Í¥É .ÏÑÎß71

¤ËÆÓÑÒÇÓÑÍÔËÆÞ 66 (DO7H(ButOO7H)=358.6 Í¥É .ÏÑÎß71 (ÔÏ.76))

³ÒËÓÕÞ 67 (DO7H(ButO7H)=439.4 Í¥É .ÏÑÎß71 (ÔÏ.5))

EtMe2CO7H 439.7

PhMe2CO7H 438.2

437.6

425.1

438.5
Me

Me

OO2N H

Me

O H

O

H

¬ËÔÎÑÕÞ 67 (DO7H(PhC(O)O7H)=439.3 Í¥É .ÏÑÎß71 (ÔÏ.5))

PrnOC(O)O7H 432.5
BusOC(O)O7H 431.9
PhC:CC(O)O7H 436.9

437.0

438.5

432.2

O

O
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´ÂÃÎËÙÂ 13. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H Ä ×ÇÐÑÎÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±,
(DO7H(PhO7H)=369.0 Í¥É .ÏÑÎß71).59, 60

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71
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´ÂÃÎËÙÂ 13 (ÒÓÑÆÑÎÉÇÐËÇ).

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71

352.0

343.4

347.5

356.8

347.4

351.2

340.5

342.4

340.3

339.5

349.8

344.7

343.8

329.7

326.4

326.0

334.0

343.4
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´ÂÃÎËÙÂ 13 (ÑÍÑÐÚÂÐËÇ).

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71

(ÔÏ.a) 342.8

(ÔÏ.a) 335.1

(ÔÏ.a) 335.6

(ÔÏ.a) 330.0

354.7

367.0

356.2

315.9
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´ÂÃÎËÙÂ 14. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H Ä ÔÕÇÓËÚÇÔÍË ÊÂÕÓÖÆÐÇÐÐÞØ ×ÇÐÑÎÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±± (DO7H(2,4,6-Bu

t
3C6H2O7H)=339.7 Í¥É .ÏÑÎß71).59, 60

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71

R=H 347.4
R=Me 339.7
R=CH2Ph 340.4
R=Ph 338.4
R=Me2PhC 340.8
R=Ph2CH 343.0
R=OMe 331.4
R=OBut 332.0
R=Cl 345.2
R=NO 346.7
R=NO2 358.7
R=CH2NH2 335.5
R=NHAc 327.4
R=HCO 348.5
R=Ac 346.2
R=CN 353.1
R=CO2H 349.5
R=CO2But 348.5
R=CH2CO2H 337.6
R=CH2CO2Me 343.5
R=CH2CH2CO2C18H37-n 340.3
R=SPh 347.1
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a C16H33= [(CH2)3CHMe]3Me.
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´ÂÃÎËÙÂ 14 (ÑÍÑÐÚÂÐËÇ).

¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71 ¶ÇÐÑÎ DO7H, Í¥É .ÏÑÎß71

341.1

335.9

335.3
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´ÂÃÎËÙÂ 15. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ O7H (Ä Í¥É .ÏÑÎß71) Ä ÅËÆÓÑÍÔËÎÂÏËÐÂØ Ë ÑÍÔËÏÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±± (DO7H(1-OH-2,2,6,6-Me4-ÒËÒÇÓËÆËÐ-4-ÑÐ)=300.4 Í¥É .ÏÑÎß71).61

³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H
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ÒÓËÄÇÆÇÐÐÞÏË Ä ÕÂÃÎ. 3 Ë ÒÑÎÖÚÇÐÐÞÏË ÒÑ ÍÑÐÔÕÂÐÕÂÏ ÓÂÄ-
ÐÑÄÇÔËâ (DO7H ÆÂÐÞ Ä Í¥É .ÏÑÎß71).

¤ËÆÓÑÍÔËÎÂÏËÐ DO7H (ÓÂÄÐÑÄÇÔËÇ) DO7H (®±±)

287.3 289.1

293.1 292.6

294.2 294.0

296.1 295.1

³ÓÂÄÐÇÐËÇ ÄÇÎËÚËÐ DO7H Ä ÔÒËÓÕÂØ, ×ÇÐÑÎÂØ, ÅËÆÓÑÒÇÓ-
ÑÍÔËÆÂØ Ë ÅËÆÓÑÍÔËÎÂÏËÐÂØ ÔÄËÆÇÕÇÎßÔÕÄÖÇÕ ÑÃ ÑÚÇÐß ÔËÎß-
ÐÑÏ ÄÎËâÐËË ÐÂ ÒÓÑÚÐÑÔÕß ÔÄâÊË O7H ÔÑÒÓâÉÇÐËâ
ÔÄÑÃÑÆÐÑÌ ÄÂÎÇÐÕÐÑÔÕË ÂÕÑÏÂ ÍËÔÎÑÓÑÆÂ Ô ÔÑÔÇÆÐËÏË p-ÔÄâ-
ÊâÏË Ë p-àÎÇÍÕÓÑÐÂÏË ÅÇÕÇÓÑÂÕÑÏÑÄ (N, O).

³ÄâÊß ³ÑÇÆËÐÇÐËÇ DO7H, DDO7H,
Í¥É .ÏÑÎß71 Í¥É .ÏÑÎß71

AlkO7H ButOH 439.4 0

ArO7H PhOH 369.0 70.4

AlkOO7H EtOOH 365.5 73.9

Alk2NO7H Et2NOH 304.3 135.1

VIII. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ N7H
Ä ÂÏËÐÂØ Ë ÔÄâÊÇÌ S7H Ä ÕËÑÎÂØ
¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ N7H Ä ÂÓÑÏÂÕËÚÇÔÍËØ ÂÏËÐÂØ
ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 16. °ÐË ÄÞÚËÔÎÇÐÞ Ô ÒÑÏÑÜßá ®±±
ËÊ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÊÐÂÚÇÐËÌ ÍÑÐÔÕÂÐÕ ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ
ÒÇÓÑÍÔËÎßÐÞØ ÓÂÆËÍÂÎÑÄ Ô ÂÏËÐÂÏË.62 ²ÇÒÇÓÐÞÏ ÂÏËÐÑÏ
ÔÎÖÉËÎ ÆË×ÇÐËÎÂÏËÐ (DN7H=364.7 Í¥É .ÏÑÎß71).21 ±ÂÓÂ-
ÏÇÕÓÞ, ËÔÒÑÎßÊÑÄÂÐÐÞÇ ÆÎâ ÓÂÔÚÇÕÂ, ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5.

¥Îâ 1-ÐÂ×ÕËÎ×ÇÐËÎÂÏËÐÂ ÄÞÚËÔÎÇÐÐÑÇ Ä ÓÂÏÍÂØ ®±±
ÊÐÂÚÇÐËÇ DN7H=352.5 Í¥É .ÏÑÎß71 ÒÓÂÍÕËÚÇÔÍË ÔÑÄÒÂÆÂÇÕ
Ô ÄÇÎËÚËÐÑÌ, ÒÑÎÖÚÇÐÐÑÌ ÏÇÕÑÆÑÏ ØËÏËÚÇÔÍÑÅÑ ÓÂÄÐÑÄÇÔËâ
(DN7H=352.8 Í¥É .ÏÑÎß71, ÔÏ. ÕÂÃÎ. 2).

¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ S7H Ä ÂÎË×ÂÕËÚÇÔÍËØ Ë
ÂÓÑÏÂÕËÚÇÔÍËØ ÕËÑÎÂØ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 17. ªØ ÊÐÂÚÇÐËâ
ÄÞÚËÔÎÇÐÞ Ä ÓÂÏÍÂØ ®±± Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ àÍÔÒÇÓËÏÇÐ-
ÕÂÎßÐÞØ ÍÑÐÔÕÂÐÕ ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ ÂÎÍËÎßÐÞØ ÓÂÆËÍÂÎÑÄ ÔÑ
ÔÄâÊâÏË S7H ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÔÑÇÆËÐÇÐËÌ.63, 64 £ËÆÐÑ, ÚÕÑ
ÔÕÓÑÇÐËÇ ÖÅÎÇÄÑÆÑÓÑÆÐÑÅÑ ×ÓÂÅÏÇÐÕÂ Ä ÕËÑÎÂØ ÏÂÎÑ ÄÎËâÇÕ
ÐÂ ÄÇÎËÚËÐÖ DS7H.
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´ÂÃÎËÙÂ 15 (ÑÍÑÐÚÂÐËÇ).

³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H ³ÑÇÆËÐÇÐËÇ DO7H
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´ÂÃÎËÙÂ 16. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ N7H Ä ÂÓÑÏÂÕËÚÇÔÍËØ ÂÏËÐÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ
®±± (DN7H(Ph2N7H)=364.7 Í¥É .ÏÑÎß71).62

¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ¡ÏËÐ DN7H, Í¥É .ÏÑÎß71
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´ÂÃÎËÙÂ 16 (ÑÍÑÐÚÂÐËÇ).

¡ÏËÐ DN7H, Í¥É .ÏÑÎß71 ¡ÏËÐ DN7H, Í¥É .ÏÑÎß71

374.7

352.5

352.1
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N
HH

N
H

N
H

But

But

N
H

H

N

H

N

H

OPh

NN

HH

´ÂÃÎËÙÂ 17. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ S7H Ä ÕËÑÎÂØ, ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.63, 64

´ËÑÎ DS7H, Í¥É .ÏÑÎß71 ´ËÑÎ DS7H, Í¥É .ÏÑÎß71

HS7H 382.0 a HSS7H 325.0

¡ÎË×ÂÕËÚÇÔÍËÇ ÕËÑÎÞ

MeS7H 366.0 a

EtS7H 366.0
PrnS7H 367.3
PriS7H 366.9
BunS7H 366.0
PhC(S)S7H 367.9
n-C10H21S7H 368.6
n-C12H25S7H 367.7
ButCH2CMe2CH2CMe2S7H 367.9

360.3

cyclo-[CH(S7H)(CH2)5] 364.4
n-C6H11CHMeS7H 369.3
Me2C(S7H)CH(NH2)CO2H 363.1
H7SCH2CH(NH2)CO2H 360.0
HOCH2C(S)S7H 368.2
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Â ©ÐÂÚÇÐËâ àÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÄÊâÕÞ ËÊ ÓÂÃÑÕÞ 12.
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IX. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËËË ÔÄâÊÇÌ Si7H,
Ge7H, Sn7H, Se7H Ë P7H
¥Îâ ÑÙÇÐÍË àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ Y7H-Ä àÎÇÏÇÐÕÑ-
ÑÓÅÂÐËÚÇÔÍËØ ÔÑÇÆËÐÇÐËâØ Ä ÓÂÏÍÂØ ®±± ÂÄÕÑÓÞ ÓÂÃÑÕÞ 77

ËÔÒÑÎßÊÑÄÂÎË àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÇÂÍ-
ÙËÌ ÑÕÓÞÄÂ ÂÕÑÏÂ ÄÑÆÑÓÑÆÂ ÔÎÇÆÖáÜËÏË ÓÂÆËÍÂÎÂÏË (Ä
ÔÍÑÃÍÂØ ÖÍÂÊÂÐÞ ÒÓÑÚÐÑÔÕË ÔÄâÊË DC7H Ä Í¥É .ÏÑÎß71,
ÄÊâÕÞÇ ËÊ ÓÂÃÑÕÞ 12): RC

.
H2 (422), Me3C

.
(400), PhC

.
H2 (375),

PhC
.
HR (364.1), tert-RO2

.
(356.8), ButO

.
(439.4). ±ÂÓÂÏÇÕÓÞ,

ÒÓËÏÇÐâÇÏÞÇ ÆÎâ ÓÂÔÚÇÕÂ DC7H, ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5. £ ÍÂ-
ÚÇÔÕÄÇ ÓÇÒÇÓÐÞØ ÔÑÇÆËÐÇÐËÌ Ô ËÊÄÇÔÕÐÞÏË ÒÓÑÚÐÑÔÕâÏË ÔÄâ-
ÊÇÌ Y7H ÃÞÎË ÄÊâÕÞ Et3Si7H (398.0), Bun3Ge7H (347.3),
Bun3Sn7H (309.6), n-C8H17PH2 (375.3) (Ä ÔÍÑÃÍÂØ ÒÓËÄÇÆÇÐÞ
ÊÐÂÚÇÐËâ DY7H, Í¥É .ÏÑÎß71). ²ÇÊÖÎßÕÂÕÞ ÓÂÔÚÇÕÑÄ ÒÓÇÆ-
ÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 18.

¬ÂÍ ÒÑÍÂÊÞÄÂÇÕ ÔÓÂÄÐÇÐËÇ, ÚÇÏ ÔÎÂÃÇÇ ÔÄâÊß Y7H, ÕÇÏ ÑÐÂ
ÆÎËÐÐÇÇ Ë ÕÇÏ ÐËÉÇ ÚÂÔÕÑÕÂ (nY7H) ÇÇ ÄÂÎÇÐÕÐÑÅÑ ÍÑÎÇÃÂÐËâ.

³ÑÇÆËÐÇÐËÇ DY7H, Í¥É .ÏÑÎß71 rY7H
. 1010, Ï nY7H, ÔÏ71

H3C7H 440.0 1.093 2914
H3Si7H 384.1 1.480 2200
H3Ge7H 348.9 1.525 2150
H3Sn7H 346.0 1.711 2067

³ÑÇÆËÐÇÐËÇ DY7H, Í¥É .ÏÑÎß71 rY7H
. 1010, Ï nY7H, ÔÏ71

Me3C7H 400 7 7
Et3Si7H 398.0 7 7
Bun3Ge7H 347.3 7 7
Bun3Sn7H 309.6 7 7

X. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËËË ÔÄâÊÇÌ C7Hal
¥Îâ ÑÙÇÐÍË àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ C7ÅÂÎÑÅÇÐ (Hal) Ä
ÅÂÎÑÅÇÐÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËâØ ÏÇÕÑÆÑÏ®±±78 ËÔÒÑÎßÊÑ-
ÄÂÎË àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÍÑÐÔÕÂÐÕÞ ÔÍÑÓÑÔÕË ÓÇÂÍÙËÌ
ÑÕÓÞÄÂ ÂÕÑÏÂ Hal ÂÕÑÏÑÏ ÄÑÆÑÓÑÆÂ, Â ÕÂÍÉÇ ÓÂÆËÍÂÎÂÏË
Ph

.
Ë Me

.
(DC7H=474 Ë 440 Í¥É .ÏÑÎß71 ÔÑÑÕÄÇÕÔÕÄÇÐ-

ÐÑ).12, 13 ¥Îâ ÆÄÖØ ÔÑÇÆËÐÇÐËÌ ÃÞÎÂ ÕÂÍÉÇ ÑÙÇÐÇÐÂ àÐÇÓÅËâ
ÆËÔÔÑÙËÂÙËË ÔÄâÊË S7Cl. £ ÍÂÚÇÔÕÄÇ ÓÇÒÇÓÐÞØ ÔÑÇÆËÐÇÐËÌ Ô
ËÊÄÇÔÕÐÞÏË ÒÓÑÚÐÑÔÕâÏË ÔÄâÊÇÌ C7Hal Ë S7Cl ÃÞÎË ÄÊâÕÞ
ÔÎÇÆÖáÜËÇ ÅÂÎÑÅÇÐËÆÞ (Ä ÔÍÑÃÍÂØ ÖÍÂÊÂÐÞ ÄÇÎËÚËÐÞDC7Hal,
DS7Cl, Í¥É .ÏÑÎß71): BrCH2CO2H (270.9),MeBr (290.0),MeCl
(354.0), MeI (240.0), PhI (281.0), PhCH2Cl (309.7), PhCH2Br
(252.9), MeSO2Cl (292.9).5 ±ÂÓÂÏÇÕÓÞ, ËÔÒÑÎßÊÑÄÂÐÐÞÇ ÆÎâ
ÓÂÔÚÇÕÂ Ä ÓÂÏÍÂØ ®±±, ÒÓËÄÇÆÇÐÞ Ä ÕÂÃÎ. 5. ²ÇÊÖÎßÕÂÕÞ
ÓÂÔÚÇÕÑÄ ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎ. 19.

¡ÐÂÎËÊ ÆÂÐÐÞØ ÕÂÃÎ. 19 ÒÑÍÂÊÞÄÂÇÕ, ÚÕÑ Ä ÔÓÇÆÐÇÏ
ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ ÖÃÞÄÂáÕ Ä ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕË
DC7Cl>DC7Br>DC7I.

´ÂÃÎËÙÂ 18. ¿ÐÇÓÅËË ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ (Ä Í¥É .ÏÑÎß71) X7H (X=Si, Ge, Sn, P), ÄÞÚËÔÎÇÐÐÞÇ ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ ®±±.65, 77

³ÑÇÆËÐÇÐËÇ D ³ÑÇÆËÐÇÐËÇ D ³ÑÇÆËÐÇÐËÇ D ³ÑÇÆËÐÇÐËÇ D

³ËÎÂÐÞ (R3SiH)

Ph3Si7H 371.0
PhMe2Si7H 380.2
Ph2MeSi7H 375.4
PhMeFSi7H 394.6
PhMeClSi7H 385.8
Ph(C6F5)MeSi7H 384.7
Ph(Ph3Si)MeSi7H 356.9
(ButCH2)PhMeSi7H 375.4

373.4

374.2

371.6

379.9

378.4

372.8

378.8

375.4

F3C

SiMe2

H

Si

Me

H

Si

Me

OMe
H

Si

Me

H
CF3

Si

Me

H

F

Si

Me

H

Me

Si

Me

H

CF3

Si

Me

H

OMe

¤ÇÓÏÂÐÞ (R3GeH)

Ph3Ge7H 322.5
(PhCH2)3Ge7H 324.9
Ph(PhCH2)(Ge7H)H 324.9
(Me3Si)3Ge7H 305.2

337.5 336.8 319.9Me Ge

Me

Me

H

H

H

Ge
Me Me

MeMe
Me Me

H H

GeGe

PhPh

Ph Ph

H

H

H

H

³ÕÂÐÐÂÐÞ (R3SnH)

Me3Sn7H 318.5 Ph3Sn7H 296.9 Bu3Sn7H 309.6 H3Sn7H 346.0

¶ÑÔ×ËÐÞ (R2PH)

Et2P7H 377.8
(n-C8H17)2P7H 375.3

Bun2P7H 375.0
[NC(CH2)3]2P7H 369.5

NC(CH2)3(P7H)H 373.4
360.6P

H
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XI. ©ÂÍÎáÚÇÐËÇ
´ÂÍËÏ ÑÃÓÂÊÑÏ, ËÔÒÑÎßÊÑÄÂÐËÇ ÍËÐÇÕËÚÇÔÍËØ ÏÇÕÑÆÑÄ
ÑÙÇÐÍË ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ Y7H (Y=C, O, N, P, Si, Ge, Sn)
ÒÑÊÄÑÎâÇÕ ÔÖÜÇÔÕÄÇÐÐÑ ÓÂÔÛËÓËÕß ÚËÔÎÑ ÔÑÇÆËÐÇÐËÌ, ÆÎâ
ÍÑÕÑÓÞØ ÑÒÓÇÆÇÎÇÐÂ àÕÂ ÄÂÉÐÂâ ØÂÓÂÍÕÇÓËÔÕËÍÂ. ¦ÔÎË ÓÂÐÇÇ
ÄÇÎËÚËÐÞ DO7H ÃÞÎË ËÊÄÇÔÕÐÞ ÄÔÇÅÑ ÆÎâ ÆÄÖØ ÅËÆÓÑÒÇÓ-
ÑÍÔËÆÑÄ, Â ËÏÇÐÐÑH2O2 Ë tert-ROOH, ÕÑ ÒÓÑÄÇÆÇÐËÇ ÓÂÔÚÇÕÑÄ
ÒÑ àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÏ ÆÂÐÐÞÏ ÔÑÑÍËÔÎÇÐËâ ÑÓÅÂÐËÚÇÔÍËØ
ÔÑÇÆËÐÇÐËÌ ÒÑÊÄÑÎËÎÑ ÒÑÎÖÚËÕß ÊÐÂÚÇÐËâ ÒÓÑÚÐÑÔÕË ÔÄâÊÇÌ
O7H ÆÎâ 19 ÅËÆÓÑÒÇÓÑÍÔËÆÑÄ ÓÂÊÐÑÑÃÓÂÊÐÑÅÑ ÔÕÓÑÇÐËâ (ÔÏ.
ÕÂÃÎ. 12). ¡ÐÂÎÑÅËÚÐÑ ÄÑÊÓÑÔÎÑ ÚËÔÎÑ ÔÒËÓÕÑÄ Ë ÍËÔÎÑÕ, ÆÎâ
ÍÑÕÑÓÞØ ÄÞÚËÔÎÇÐÞ ÊÐÂÚÇÐËâ DO7H (ÔÏ. ÕÂÃÎ. 4, 12), Â ÕÂÍÉÇ
ÍËÔÎÑÓÑÆÔÑÆÇÓÉÂÜËØ ÔÑÇÆËÐÇÐËÌ Ô ËÊÄÇÔÕÐÞÏË ÄÇÎËÚËÐÂÏË
DC7H (ÔÏ. ÕÂÃÎ. 9). £ÂÉÐÑÌ ÑÔÑÃÇÐÐÑÔÕßá ÑÒËÔÂÐÐÞØ ÄÞÛÇ
ÏÇÕÑÆÑÄ âÄÎâÇÕÔâ ÕÑ, ÚÕÑ ÑÐË ÒÓËÏÇÐËÏÞ Í ÓÂÊÐÑÑÃÓÂÊÐÞÏ
ÑÓÅÂÐËÚÇÔÍËÏ ÔÑÇÆËÐÇÐËâÏ ÔÎÑÉÐÑÅÑ ÔÕÓÑÇÐËâ. ¿ÕÑ ÑÕÍÓÞ-
ÄÂÇÕ ÒÖÕß Í ÑÙÇÐÍÇ àÐÇÓÅËÌ ÆËÔÔÑÙËÂÙËË ÔÄâÊÇÌ Ä ÅÓÖÒÒÂØ,
ÄØÑÆâÜËØ Ä ÔÑÔÕÂÄ ÒÑÎËÏÇÓÑÄ Ë ÃËÑÒÑÎËÏÇÓÑÄ. ¬ÂÍ ÒÑÍÂÊÂÐÑ
Ä ÐÂÔÕÑâÜÇÏ ÑÃÊÑÓÇ, ÓÇÊÖÎßÕÂÕÞ, ÒÑÎÖÚÇÐÐÞÇ Ô ÒÑÏÑÜßá
ÓÂÊÐÞØ ÍËÐÇÕËÚÇÔÍËØ ÏÇÕÑÆÑÄ, ØÑÓÑÛÑ ÔÑÅÎÂÔÖáÕÔâ ÆÓÖÅ Ô
ÆÓÖÅÑÏ.
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ESTIMATION OF THE BOND DISSOCIATION ENERGY FROM THE KINETIC
CHARACTERISTICS OF RADICAL LIQUID-PHASE REACTIONS

E.T.Denisov, V.E.Tumanov
Institute of Problems of Chemical Physics, Russian Academy of Sciences
142432 Chernogolovka, Moscow Region, Russian Federation, Fax +7(096)515 ë 5420

Three methods used in the kinetics of liquid-phase radical reactions to estimate the dissociation energies
of individual bonds in polyatomicmolecules have been described. The érst one is based on the study of the
equilibrium in radical elimination reactions involving stable radicals andmeasurement of the equilibrium
constant. The second method is underlain by study of the kinetics of the homolytic decomposition of
molecules. Measurement of the activation energy of this reaction allows one to estimate the dissociation
energy of the weakest bond, for example, the O7O bond in various peroxides. The essence of the third
approach developed within the framework of the model of intersecting parabolas is calculation of the
bond dissociation energy from the activation energy of a radical reaction involving the molecules under
consideration. This methodwas used to estimate the dissociation energies of the C7H,N7H,O7Hand
S7H bonds in a large number of organic compounds. The scope and the speciécs of application of each
method are discussed and the bond dissociation energies determined by these methods are given.
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