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Èçó÷åíà êîíöåíòðàöèîííàÿ çàâèñèìîñòü èíòåíñèâíîñòè ôëóîðåñöåíöèè ôðàêöèé ãóìèíîâûõ êèñëîò 
(ÃÊ) ñ èçâåñòíîé ìîëåêóëÿðíîé ìàññîé. Îáíàðóæåíî, ÷òî ñ ðîñòîì êîíöåíòðàöèè ÃÊ èíòåíñèâíîñòü ôëóî-
ðåñöåíöèè äëÿ âñåõ ôðàêöèé óìåíüøàåòñÿ. Ýòî óìåíüøåíèå èíòåðïðåòèðîâàíî êàê ïðîÿâëåíèå ñàìîòóøåíèÿ 
ôëóîðåñöåíöèè ÃÊ. Äëÿ âñåõ ôðàêöèé èçìåðåíû êîíñòàíòû ñàìîòóøåíèÿ ôëóîðåñöåíöèè Kñò 
(Kñò > 107 ë/ìîëü), êîòîðûå çàìåòíî ïðåâûøàþò çíà÷åíèÿ êîíñòàíò òóøåíèÿ ôëóîðåñöåíöèè ìàêðîìîëåêóë 
ÃÊ èîíàìè ìåòàëëîâ è îðãàíè÷åñêèìè ìîëåêóëàìè (103–105 ë/ìîëü). Óñòàíîâëåí ðîñò Kñò ñ óâåëè÷åíèåì 
ìîëåêóëÿðíîé ìàññû ôðàêöèé ÃÊ. Èíòåðïðåòàöèÿ ýòîìó ôàêòó äàåòñÿ â ðàìêàõ ìîäåëè ñàìîàññîöèàöèè 
ìàêðîìîëåêóë ÃÊ, â îñíîâå êîòîðîé ëåæàò ïðåäñòàâëåíèÿ î ðåøàþùåé ðîëè ãèäðîôîáíûõ ñèë. 

 

Êëþ÷åâûå ñëîâà: ñàìîòóøåíèå ôëóîðåñöåíöèè, êîíñòàíòà Øòåðíà–Ôîëüìåðà, ôðàêöèè ãóìèíîâûõ 
êèñëîò; self-quenching of fluorescence, the Stern–Volmer constant, fraction of humic acids. 

 

Ââåäåíèå 

Ãóìèíîâûå êèñëîòû (ÃÊ) ÿâëÿþòñÿ âàæíåéøèì 
êîìïîíåíòîì îêðóæàþùåé ñðåäû. Îíè ñîäåðæàòñÿ 
â ïî÷âå, ðå÷íîé è ìîðñêîé âîäå (â ðàñòâîðåííîì 
âèäå), à òàêæå â âîçäóõå (â ñîñòàâå àýðîçîëåé). ÃÊ 
ïî ïðîèñõîæäåíèþ ÿâëÿþòñÿ îðãàíè÷åñêèì ìàòå-
ðèàëîì, êîòîðûé ñèíòåçèðóåòñÿ ïðè îêèñëåíèè 
ñëîæíûõ ïðèðîäíûõ îðãàíè÷åñêèõ ìîëåêóë, òàêèõ 
êàê êàðáîíèëíèòðàòû, áåëêè, ëèãíèíû. Îíè ñîäåð-
æàòñÿ â îñòàòêàõ íåæèâûõ ðàñòåíèé è îðãàíèçìîâ. 
ÃÊ èãðàþò âàæíóþ ðîëü â õèìèè, áèîàêòèâíîñòè, 
òðàíñïîðòå ãèäðîôîáíûõ îðãàíè÷åñêèõ ìîëåêóë  
è ïîääåðæàíèè ðÍ ïîâåðõíîñòíûõ âîäîåìîâ. Ñòðóê-
òóðà ìàêðîìîëåêóë ÃÊ ñîäåðæèò ìíîãî ôóíêöèî-
íàëüíî ðàçíûõ õèìè÷åñêèõ ãðóïï (êàòåõèíû, õèíî-
íû, ôòàëàòû, ôåíîëàìèíû, ñàëèöèëàòû è ò.ä.), ñïî-
ñîáíûõ ê êîìïëåêñîîáðàçîâàíèþ [1]. Áëàãîäàðÿ 
ýòîìó ñâîéñòâó ÃÊ âëèÿþò íà êîíöåíòðàöèþ ðàñòâî-
ðåííûõ ïîëëþòàíòîâ (àìèíû, ôåíîëû, ãåòåðîöèê-
ëè÷åñêèå ñîåäèíåíèÿ, òÿæåëûå ìåòàëëû è ò.ä.) [1].  
 Ñîâîêóïíîñòü ïðîñòåéøèõ ïðîöåññîâ êîìïëåêñî-
îáðàçîâàíèÿ (îáðàçîâàíèå êîìïëåêñîâ 1:1), â êîòîðûõ 
ó÷àñòâóþò ìàêðîìîëåêóëû ÃÊ ñ ðàçëè÷íûìè êîìïî-
íåíòàìè âîäíîé ñðåäû, ìîæíî ïðåäñòàâèòü â âèäå 
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Â (1)–(3) ÃÊ – ìîëåêóëà ãóìèíîâîé êèñëîòû;  
Ìån+ – èîíû ìåòàëëîâ ðàçëè÷íîé âàëåíòíîñòè; ÎÌ – 
îðãàíè÷åñêèå ìîëåêóëû; ÃÊ ⋅ Ìån+, ÃÊ ⋅ OM, ÃÊ ⋅ ÃÊ – 
êîìïëåêñû ãóìèíîâîé êèñëîòû ñ èîíàìè ìåòàëëîâ, 
îðãàíè÷åñêèìè ìîëåêóëàìè è ìîëåêóëàìè ãóìèíî-
âîé êèñëîòû ñîîòâåòñòâåííî. Äëÿ ñîçäàíèÿ ïîëíîé 
(èñ÷åðïûâàþùåé) ìîäåëè ïðîöåññîâ êîìïëåêñîîá-
ðàçîâàíèÿ (ñâÿçûâàíèÿ) ÃÊ â âîäíûõ ðàñòâîðàõ 
íåîáõîäèìî çíàíèå êîíñòàíò ñâÿçûâàíèÿ ÃÊ ñ èî-
íàìè ìåòàëëîâ KMe, îðãàíè÷åñêèìè ìîëåêóëàìè 
KOM, à òàêæå êîíñòàíò ñàìîàññîöèàöèè KÃÊ.  

Èíôîðìàöèÿ î êîíñòàíòàõ ñâÿçûâàíèÿ KMe  
è KOM èçâëåêàåòñÿ èç ðàçëè÷íûõ ôèçèêî-õèìè÷å- 
ñêèõ ìåòîäîâ, â ÷àñòíîñòè ôëóîðåñöåíòíîãî. Â ñèëó 
ñâîåé íåèíâàçèâíîñòè ìåòîä ôëóîðåñöåíöèè â íà-
ñòîÿùåå âðåìÿ ïîëó÷èë øèðîêîå ðàñïðîñòðàíåíèå 
äëÿ ïîëó÷åíèÿ ñâåäåíèé êàê î ñòðóêòóðíûõ ñâîéñò-
âàõ è èäåíòèôèêàöèè ÃÊ, òàê è îá èõ âçàèìîäåéñò-
âèè ñ ïîñòîðîííèìè ìîëåêóëàìè [2–14].  

Ïîëó÷åíèå êîíñòàíò êîìïëåêñîîáðàçîâàíèÿ 
KÌå è KOM ìåòîäîì ôëóîðåñöåíöèè îñíîâàíî íà 
îïðåäåëåíèè êîíñòàíò òóøåíèÿ èíòåíñèâíîñòè 
ôëóîðåñöåíöèè ÃÊ èîíàìè ìåòàëëîâ èëè îðãàíè÷å-
ñêèìè ìîëåêóëàìè. Ôîðìàëüíî KÌå è KOM îïðåäå-
ëÿþòñÿ èç óðàâíåíèÿ Øòåðíà–Ôîëüìåðà [4, 5, 8, 15]: 

 0 ØÔ/ 1 [ ],K Qϕ ϕ = +  (4) 

ãäå [Q] – êîíöåíòðàöèÿ èîíîâ ìåòàëëà èëè îðãàíè-
÷åñêèõ ìîëåêóë; ϕ0 è ϕ – çíà÷åíèÿ êâàíòîâûõ âû-
õîäîâ ôëóîðåñöåíöèè (èíòåãðàëüíûõ èëè íà îïðå-
äåëåííîé äëèíå âîëíû) ïðè [Q] = 0 è [Q] ≠ 0 ñîîò-
âåòñòâåííî; KØÔ – êîíñòàíòà òóøåíèÿ Øòåðíà–
Ôîëüìåðà, îïðåäåëÿþùàÿ ýôôåêòèâíîñòü òóøåíèÿ. 
Ñëåäóåò ïîä÷åðêíóòü, ÷òî KØÔ ÷èñëåííî ðàâíà 
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êîíñòàíòàì êîìïëåêñîîáðàçîâàíèÿ KÌå è KÎÌ òîëü-
êî â òîì ñëó÷àå, åñëè òóøåíèå èìååò ñòàòè÷åñêóþ 
(êîíöåíòðàöèîííóþ), à íå äèíàìè÷åñêóþ (äèôôó-
çèîííóþ) ïðèðîäó [15], ò.å. òîëüêî â ýòîì ñëó÷àå 
êîíñòàíòû êîìïëåêñîîáðàçîâàíèÿ KÌå è KÎÌ ÿâëÿ-
þòñÿ èçìåðåííûìè êîíñòàíòàìè òóøåíèÿ ôëóîðåñ-
öåíöèè. Ñòàòè÷åñêàÿ ïðèðîäà òóøåíèÿ ôëóîðåñöåí-
öèè ïîäðàçóìåâàåò, ÷òî óìåíüøåíèå èíòåíñèâíîñòè 
ôëóîðåñöåíöèè ïðîèñõîäèò â ðåçóëüòàòå óìåíüøå-
íèÿ êîíöåíòðàöèè èñõîäíîãî ôëóîðîôîðà çà ñ÷åò 
îáðàçîâàíèÿ íå ôëóîðåñöèðóþùåãî êîìïëåêñà ìåæ-
äó ìîëåêóëîé ôëóîðîôîðà è òóøèòåëÿ [15]. Íåîá-
õîäèìûì óñëîâèåì òîãî, ÷òî òóøåíèå èìååò ñòàòè-
÷åñêóþ ïðèðîäó, ñ÷èòàåòñÿ äëÿ âîäíûõ ðàñòâîðîâ 
ïðåâûøåíèå íàáëþäàåìîé êîíñòàíòû ñêîðîñòè òóøå-
íèÿ ôëóîðåñöåíöèè Kq, ðàâíîé 1010 ë/(ìîëü ⋅ ñ) (äèô- 
ôóçèîííàÿ êîíñòàíòà ñêîðîñòè òóøåíèÿ) [8–11, 15]. 
Âåëè÷èíà Kq îïðåäåëÿåòñÿ èç ñîîòíîøåíèÿ 

 ØÔ 0/ ,qK K= τ   (5) 

ãäå τ0 – âðåìÿ æèçíè ôëóîðåñöåíöèè ôëóîðîôîðà 
â îòñóòñòâèå òóøèòåëÿ [15]. Äðóãèì ïðèçíàêîì 
êîíöåíòðàöèîííîãî òóøåíèÿ ÿâëÿåòñÿ íåçàâèñè-
ìîñòü âðåìåíè æèçíè ôëóîðåñöåíöèè îò êîíöåí-
òðàöèè òóøèòåëÿ [15]. 

Ñâåäåíèÿ î êîíñòàíòàõ êîìïëåêñîîáðàçîâàíèÿ 
KÌå è KOM, ïîëó÷åííûõ ñ ïîìîùüþ ìåòîäà òóøå-
íèÿ ôëóîðåñöåíöèè, ñîäåðæàòñÿ â ðàáîòàõ [3–11]. 
Íàïðîòèâ, èíôîðìàöèÿ î êîíñòàíòàõ ñàìîàññîöèàöèè 
ÃÊ KÃÊ âîîáùå îòñóòñòâóåò. Ìåæäó òåì çíàíèå ýòèõ 
êîíñòàíò ïðåäñòàâëÿåòñÿ âåñüìà âàæíûì, ïîñêîëüêó 
äàííûå î KÃÊ íåîáõîäèìû äëÿ ñîçäàíèÿ ïîëíîé 
ìîäåëè âçàèìîäåéñòâèÿ (êîìïëåêñîîáðàçîâàíèÿ) 
ìàêðîìîëåêóë ÃÊ ñ ðàçëè÷íûìè ïîëëþòàíòàìè.  
 Ïåðâûì øàãîì ê âû÷èñëåíèþ êîíñòàíò ñàìîàñ-
ñîöèàöèè KÃÊ ôëóîðåñöåíòíûì ìåòîäîì ìîãëî áû 
áûòü çíàíèå êîíñòàíò ñàìîòóøåíèÿ KÑÒ ôëóîðåñ-
öåíöèè ÃÊ. Ýòà èíôîðìàöèÿ â íàñòîÿùåå âðåìÿ 
îòñóòñòâóåò. Åå ìîæíî ïîïûòàòüñÿ ïîëó÷èòü, èçó-
÷àÿ êîíöåíòðàöèîííóþ çàâèñèìîñòü èíòåíñèâíîñòè 
ôëóîðåñöåíöèè ÃÊ. Ïðè íàëè÷èè óìåíüøåíèÿ èí-
òåíñèâíîñòè ìîæíî ïðåäïîëîæèòü, ÷òî èìååò ìåñòî 
ïðîöåññ ñàìîòóøåíèÿ ôëóîðåñöåíöèè è çàòåì, ïðè-
ìåíÿÿ ôîðìàëèçì Øòåðíà–Ôîëüìåðà, âû÷èñëèòü 
êîíñòàíòû ñàìîòóøåíèÿ KÑÒ ôëóîðåñöåíöèè ÃÊ.  
 Öåëü íàñòîÿùåé ðàáîòû çàêëþ÷àëàñü â èçó÷å-
íèè êîíöåíòðàöèîííîé çàâèñèìîñòè èíòåíñèâíîñòè 
ôëóîðåñöåíöèè õîðîøî îõàðàêòåðèçîâàííûõ ôðàê-
öèé ÃÊ è, ïðè íàëè÷èè ïðîöåññîâ ñàìîòóøåíèÿ, 
ïîëó÷åíèè ñâåäåíèé î êîíñòàíòàõ ñàìîòóøåíèÿ 
ôëóîðåñöåíöèè ôðàêöèé ÃÊ. Âûáîð ôðàêöèé ÃÊ  
ñ èçâåñòíîé ìîëåêóëÿðíîé ìàññîé áûë îáóñëîâëåí 
òåì, ÷òî äëÿ ñîïîñòàâëåíèÿ êîíñòàíò ñàìîòóøåíèÿ 
ÃÊ KÑÒ ñ êîíñòàíòàìè òóøåíèÿ KÌå è KÎÌ íåîáõî-
äèìî, ÷òîáû îíè áûëè âûðàæåíû â îäèíàêîâûõ 
åäèíèöàõ (ë/ìîëü).  

Ñëåäóåò àïðèîðè çàìåòèòü, ÷òî âîïðîñ î ïîëó-
÷åíèè ñîáñòâåííî êîíñòàíò ñàìîàññîöèàöèè ÃÊ KÃÊ 
ñ èñïîëüçîâàíèåì çíàíèÿ KÑÒ â íàñòîÿùåé ñòàòüå íå 
ðàññìàòðèâàëñÿ â ñâÿçè ñ òåì, ÷òî, êàê ïîêàçàëî 
ïðåäâàðèòåëüíîå ðàññìîòðåíèå ýòîãî âîïðîñà, ïðè 

íàëè÷èè ïðîöåññîâ ñàìîòóøåíèÿ KÃÊ ≠ KÑÒ. Ýòî 
îáñòîÿòåëüñòâî îáóñëîâëåíî òåì, ÷òî äëÿ ïîëó÷åíèÿ 
àáñîëþòíûõ çíà÷åíèé KÃÊ êðîìå çíàíèÿ KÑÒ íåîá-
õîäèìî òî÷íîå îïðåäåëåíèå âðåìåí æèçíè ôëóîðåñ-
öåíöèè, êîòîðîå âûõîäèëî çà ðàìêè âîçìîæíîñòåé 
íàñòîÿùåé ðàáîòû. Òàêèì îáðàçîì, ñèòóàöèÿ ñ îï-
ðåäåëåíèåì KÑÒ ïðèíöèïèàëüíî îòëè÷àåòñÿ îò ñè-
òóàöèè îïðåäåëåíèÿ êîíñòàíò êîìïëåêñîîáðàçîâà-
íèÿ KÌå è KÎÌ, êîòîðûå ìîæíî ïîëó÷èòü, èçìåðÿÿ 
òîëüêî êîíñòàíòû òóøåíèÿ ôëóîðåñöåíöèè.  

Ýêñïåðèìåíò 

Ìàòåðèàëû 

Èñïîëüçîâàëèñü ôðàêöèè ÃÊ, âûäåëåííûå èç 
îäíîé ïî÷âû (êóðñêèé ÷åðíîçåì, ãîðèçîíò À). Âû-
äåëåíèå ÃÊ è ïîëó÷åíèå ôðàêöèé, óñëîâíî íàçâàí-
íûõ À, Á è Ñ + Ä, îïèñàíû â [16]. Ìîëåêóëÿðíûå 
ìàññû Ì èñïîëüçóåìûõ íàìè ôðàêöèé ñîñòàâëÿëè 
100–300, 60–100 è 5–30 êÄ (Ä – Äàëüòîí) ñîîòâåò-
ñòâåííî. Çà ñðåäíþþ ìîëåêóëÿðíóþ ìàññó ôðàêöèè 
Ìi ïðèíèìàëèñü çíà÷åíèÿ ïîëóñóììû ìàêñèìàëü-
íîé è ìèíèìàëüíîé ìàññû ñîîòâåòñòâóþùåé ôðàêöèè: 
ÌÀ = (100 + 300)/2 = 200, ÌÁ = (60 + 100)/2 = 80 
è ÌÑ+Ä = (5 + 30)/2 = 17,5 êÄ. 

Ïðèãîòîâëåíèå ðàñòâîðîâ ÃÊ 

Ùåëî÷íûå ðàñòâîðû (NaOH, pH = 12,4) ãîòî-
âèëè íà äåèîíèçîâàííîé âîäå. Çíà÷åíèå ðÍ = 12,4 
áûëî âûáðàíî â ñâÿçè ñ íàäåæíîé ðàñòâîðèìîñòüþ 
âñåõ ôðàêöèé ÃÊ. (Â [17] îòìå÷åíà íèçêàÿ ðàñòâîðè-
ìîñòü ôðàêöèè À ïðè ðÍ = 6,5, à ïðè ðÍ = 13 òðóä-
íîñòåé ñ ðàñòâîðåíèåì îáðàçöîâ ÃÊ íå âîçíèêàëî.) 
Èñõîäíûå ðàñòâîðû ÃÊ ãîòîâèëè ðàñòâîðåíèåì íå-
ñêîëüêèõ ìèëëèãðàììîâ îáðàçöà â 5 ìë ùåëî÷íîãî 
ðàñòâîðà. Ðàñòâîðû ìåíüøåé êîíöåíòðàöèè ïîëó÷à-
ëè ðàçáàâëåíèåì ýòîãî ðàñòâîðà. Èñõîäíûå ðàñòâî-
ðû âñòðÿõèâàëè â òå÷åíèå 60 ìèí ïðè êîìíàòíîé 
òåìïåðàòóðå. Êîíòðîëüíûå èçìåðåíèÿ ñïåêòðîâ ïî-
ãëîùåíèÿ ôèëüòðîâàííûõ è íåôèëüòðîâàííûõ èñ-
õîäíûõ ðàñòâîðîâ ÃÊ ïîêàçàëè èõ ñîâïàäåíèå. 
Ñïåêòðû ôëóîðåñöåíöèè çàïèñûâàëè ÷åðåç 24 ÷ 
ïîñëå ïðèãîòîâëåíèÿ ðàñòâîðîâ. Íàâåñêè äëÿ ðàñ-
òâîðîâ âçâåøèâàëèñü íà âåñàõ «Sartorius», ðÍ èç-
ìåðÿëè ñ ïîìîùüþ ðÍ-ìåòðà «Redelkis».  

Ñïåêòðàëüíàÿ àïïàðàòóðà 

Ñïåêòðû ïîãëîùåíèÿ áûëè ïîëó÷åíû íà ñïåê-
òðîìåòðå «Hewlett Packard». Èñïîëüçîâàëèñü êâàð-
öåâûå êþâåòû ñ äëèíîé îïòè÷åñêîãî ïóòè 1 ñì. 
Ñïåêòðû ôëóîðåñöåíöèè áûëè èçìåðåíû íà N2-ëà-
çåðíîì èìïóëüñíîì ôëóîðèìåòðå (λâîçá = 337,1 íì, 
25 Ãö, 80 ìêÄæ, 10 íñ) [18]. Äèàìåòð ëàçåðíîãî 
ëó÷à – 3 ìì. Ðàññòîÿíèå îò öåíòðà ëàçåðíîãî ëó÷à 
äî ñòåíêè ðàáî÷åé êþâåòû, ÷åðåç êîòîðóþ ðåãèñò-
ðèðîâàëàñü ôëóîðåñöåíöèÿ, ñîñòàâëÿëî 0,4 ñì. Ðå-
ãèñòðàöèÿ ôëóîðåñöåíöèè ïðîâîäèëàñü ïîä ïðÿìûì 
óãëîì îòíîñèòåëüíî íàïðàâëåíèÿ âîçáóæäàþùåãî 
ñâåòà. Ýêñïåðèìåíò ïðîâîäèëñÿ ïðè òåìïåðàòóðå 
(24 ± 1) °Ñ. 
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Îáðàáîòêà ýêñïåðèìåíòàëüíûõ äàííûõ 

 Äëÿ ïîëó÷åíèÿ êîíñòàíò ñàìîòóøåíèÿ KÑÒ 
ôëóîðåñöåíöèè ÃÊ èñïîëüçîâàëè óðàâíåíèå Øòåð-
íà–Ôîëüìåðà (4) ñ ó÷åòîì òîãî, ÷òî òóøèòåëåì ïðè 
âîçðàñòàíèè êîíöåíòðàöèè ÃÊ ÿâëÿåòñÿ ñàìà ìîëå-
êóëà ÃÊ, ò.å. âûðàæåíèå (4) ïåðåõîäèò â óðàâíåíèå 
  

 0 CÒ/ 1 [ÃÊ],Kϕ ϕ = +  (6) 

ãäå [ÃÊ] – êîíöåíòðàöèÿ ôðàêöèé ÃÊ, ìã/ë; ϕ0 è ϕ –
îòíîñèòåëüíûå êâàíòîâûå âûõîäû ôëóîðåñöåíöèè 
ðàñòâîðîâ ÃÊ ïðè [ÃÊ] → 0 è [ÃÊ] = [ÃÊ] ñîîòâåò-
ñòâåííî. Íàïèñàíèå âûðàæåíèÿ (6) ïîäðàçóìåâàåò, 
÷òî èçíà÷àëüíî èìååòñÿ áåñêîíå÷íî ðàçáàâëåííûé 
ðàñòâîð ÃÊ (â ïðåäåëå îäíà ìîëåêóëà) è ê ýòîìó 
ðàñòâîðó (ìîëåêóëå) äîáàâëÿþòñÿ ìîëåêóëû-òóøè- 
òåëè, êîòîðûå ìîãóò áûòü ëþáîé ïðèðîäû (âêëþ÷àÿ 
òå æå ñàìûå ìîëåêóëû ÃÊ). Ñëåäóåò çàìåòèòü, ÷òî 
ïðè KÑÒ = 0 ϕ = ϕ0 ïðè ëþáîé êîíöåíòðàöèè ÃÊ, 
ò.å. ïðîöåññ ñàìîòóøåíèÿ îòñóòñòâóåò. Òàêóþ ñè-
òóàöèþ ìîæíî îæèäàòü, íàïðèìåð, â ñëó÷àå ïðîâå-
äåíèÿ ýêñïåðèìåíòîâ ñ ìèöåëëàìè: âåëè÷èíà êâàí-
òîâîãî âûõîäà ôëóîðîôîðîâ, íàõîäÿùèõñÿ âíóòðè 
ìèöåëëû, íå áóäåò ìåíÿòüñÿ ïðè èçìåíåíèè îáùåé 
êîíöåíòðàöèè ôëóîðîôîðîâ, åñëè êîíöåíòðàöèþ 
ôëóîðîôîðîâ âíóòðè ìèöåëëû ïîääåðæèâàòü ïî-
ñòîÿííîé.  

Âåëè÷èíà ϕ0 ýêñïåðèìåíòàëüíî íå îïðåäåëÿåò-
ñÿ. Îíà âû÷èñëÿëàñü èç àíàìîðôîçû [19–23]: 

 1 1 1

0 ÑÒ 0( ) ( ) ( ) [ÃÊ].K− − −

ϕ = ϕ + ϕ  (7) 

Èç (7) âèäíî, ÷òî, ñòðîÿ çàâèñèìîñòü (ϕ)–1 îò [ÃÊ], 
ïî îòñå÷åíèþ íà îñè îðäèíàò íàõîäèòñÿ âåëè÷èíà 
(ϕ0)

–1, à èç òàíãåíñà íàêëîíà ýòîé çàâèñèìîñòè îï-
ðåäåëÿåòñÿ çíà÷åíèå óãëà KÑÒ(ϕ0)

–1 è äàëåå KÑÒ.  
Îòíîñèòåëüíûå êâàíòîâûå âûõîäû ôëóîðåñ-

öåíöèè ðàñòâîðîâ ÃÊ ϕ âû÷èñëÿëèñü èç ñîîòíîøåíèÿ 
 

 337 emOD 1 OD

îòí(1 10 ) ( )10 .I d
− − − λϕ = − λ λ∫   (8) 

Çäåñü Iîòí(λ) – îòíîñèòåëüíàÿ èíòåíñèâíîñòü ôëóî-
ðåñöåíöèè ðàñòâîðîâ ÃÊ íà äëèíå âîëíû ôëóîðåñ-
öåíöèè λ; Iîòí(λ) = γIexp(λ); Iexp(λ) – ýêñïåðèìåí-
òàëüíî íàáëþäàåìàÿ èíòåíñèâíîñòü ôëóîðåñöåíöèè 
ðàñòâîðîâ ÃÊ íà äëèíå âîëíû ôëóîðåñöåíöèè λ; γ – 
ïîñòîÿííûé äëÿ êîíêðåòíîãî ýêñïåðèìåíòà êîýô-
ôèöèåíò, ó÷èòûâàþùèé óñëîâèÿ íàáëþäåíèÿ Iexp(λ) 
(èíòåíñèâíîñòü âîçáóæäàþùåãî ñâåòà, íàïðÿæåíèå 
íà ÔÝÓ, øèðèíà ùåëåé ìîíîõðîìàòîðà); ÎD337 – 
âåëè÷èíà îïòè÷åñêîé ïëîòíîñòè ðàñòâîðà ÃÊ íà 
λ = 337,1 íì ïðè äëèíå îïòè÷åñêîãî ïóòè 1 ñì. Ñî-
ìíîæèòåëü (1–10

–ÎD337)–1 â (8) ó÷èòûâàåò èçìåíå-
íèå êîëè÷åñòâà ïîãëîùåííûõ êâàíòîâ ñâåòà ïðè 
èçìåíåíèè êîíöåíòðàöèè ôëóîðîôîðîâ â îáðàçöå 
ÃÊ; ODλem

 – âåëè÷èíà îïòè÷åñêîé ïëîòíîñòè ðàñ-

òâîðà ÃÊ íà äëèíå âîëíû ôëóîðåñöåíöèè λ ïðè 
äëèíå îïòè÷åñêîãî ïóòè 0,4 ñì â ñïåêòðàëüíîì äèà-

ïàçîíå 350–650 íì. Ñîìíîæèòåëü 10
ODλem ÿâëÿåòñÿ 

êîððåêòèðóþùåé ïîïðàâêîé íà ýôôåêò âíóòðåííåãî 
ôèëüòðà ïðè èñïóñêàíèè ôëóîðåñöåíöèè. Íà ïðèí-
öèïèàëüíóþ âàæíîñòü ó÷åòà ýôôåêòîâ âíóòðåííåãî 

ôèëüòðà íà èñïóñêàíèå ïðè ðàáîòå ñ ðàñòâîðàìè 
ãóìèíîâûõ êèñëîò óêàçûâàëîñü ðàíåå [7, 24, 25]. 
Èíòåãðèðîâàíèå (ñóììèðîâàíèå) êîððåêòèðîâàííî-
ãî êîíòóðà ñïåêòðà ôëóîðåñöåíöèè ïðîâîäèëîñü  
â ñïåêòðàëüíîì äèàïàçîíå 350–650 íì (íèæíèé  
è âåðõíèé ïðåäåëû äëÿ çíàêà èíòåãðàëà) ñ ïîìî-
ùüþ ñòàíäàðòíîé ïðîãðàììû èç «Origin 7».  

Â âåëè÷èíó Iîòí(λ) â ôîðìóëå (8) äàåò âêëàä 
ôëóîðåñöåíöèÿ ðàñòâîðèòåëÿ. Äîëÿ ýòîãî âêëàäà  
â èíòåãðàëüíóþ èíòåíñèâíîñòü çàâèñåëà îò êîíöåí-
òðàöèè ÃÊ è íå ïðåâûøàëà 8% (âû÷èñëÿëàñü ïî 
[15, ñ. 216]). Îäíàêî ïðè îïðåäåëåíèè KÑÒ ïî (7) 
êàê ñ ó÷åòîì, òàê è áåç ó÷åòà ýòîãî âêëàäà íå áûëî 
óñòàíîâëåíî ðàçëè÷èé â ïîëó÷åííûõ çíà÷åíèÿõ KÑÒ 
â ïðåäåëàõ ïîãðåøíîñòè åå îïðåäåëåíèÿ (±10%). 

Ðåçóëüòàòû è îáñóæäåíèå  

Íà ðèñ. 1, à, á ïðåäñòàâëåíû ñïåêòðû ïîãëîùå-
íèÿ äëÿ âñåõ ôðàêöèé ÃÊ â ñïåêòðàëüíîì äèàïàçî-
íå 250–700 íì. 
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Ðèñ. 1. Ñïåêòðû ïîãëîùåíèÿ äëÿ ôðàêöèé À (à), Á (á) è 
Ñ + Ä (â). Ñïåêòð ðàñòâîðèòåëÿ (NaOH, ðÍ = 12,4; à – 
A = 0 (êðèâàÿ 1); 1,42; 2,85; 5,7; 11,4 ìã/ë (2–5); á –  
Á = 0 (êðèâàÿ 1); 2,4; 4,6; 6,5; 11,8 ìã/ë (2–5); â – 
Ñ + Ä = 0 (êðèâàÿ 1); 1,25, 2,5, 5,2, 10,4 ìã/ë (2–5) 
 

 

Îáùèé âèä ñïåêòðîâ ïîãëîùåíèÿ àíàëîãè÷åí 
îïóáëèêîâàííûì ðàíåå [11, 17, 26] è ïðåäñòàâëÿåò 
ñîáîé ôóíêöèþ, çíà÷åíèÿ êîòîðîé ìîíîòîííî óìåíü-
øàþòñÿ ñ ðîñòîì äëèíû âîëíû. Äëÿ îäèíàêîâûõ 
êîíöåíòðàöèé ôðàêöèé ÃÊ âåëè÷èíû îïòè÷åñêîé 



836 Ëàâðèê Í.Ë., Ìóëëîåâ Í.Ó. 
 

ïëîòíîñòè áûëè ìàêñèìàëüíû äëÿ ôðàêöèè Ñ+Ä  
è ìèíèìàëüíû äëÿ ôðàêöèè À, ÷òî ñîâïàäàåò ñ äàí-
íûìè [17, 26]. Äëÿ âñåõ ñïåêòðîâ ïîãëîùåíèÿ ÃÊ 
íàáëþäàëàñü ëèíåéíàÿ çàâèñèìîñòü îïòè÷åñêîé 
ïëîòíîñòè îò êîíöåíòðàöèè ôëóîðîôîðà, ò.å. çàêîí 
Áóãåðà–Ëàìáåðòà–Áåðà âûïîëíÿëñÿ.  

Íà ðèñ. 2 ïðåäñòàâëåíû ýêñïåðèìåíòàëüíî íà-
áëþäàåìûå íåêîððåêòèðîâàííûå ñïåêòðû ôëóîðåñ-
öåíöèè èçó÷åííûõ ôðàêöèé ÃÊ. Âèäíî, ÷òî óâåëè-
÷åíèå êîíöåíòðàöèè ÃÊ ïðèâîäèò ê ðîñòó èíòåí-
ñèâíîñòè ôëóîðåñöåíöèè.  
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Ðèñ. 2. Ýêñïåðèìåíòàëüíî íàáëþäàåìûå íåêîððåêòèðî-
âàííûå ñïåêòðû ôëóîðåñöåíöèè äëÿ ôðàêöèè À (à), Á (á) 
è Ñ + Ä (â); à – À = 1,42; 2,85; 5,7; 11,4 ìã/ë (êðèâûå 
1–4); á – Á = 2,4; 4,6; 6,5; 11,8 ìã/ë (1–4); â –  
 Ñ + Ä = 1,25; 2,5; 5,2; 10,4 ìã/ë (1–4) 

 
Ðàíåå â ðàáîòàõ [17, 26] äëÿ íåêîððåêòèðîâàí-

íûõ ñïåêòðîâ ôëóîðåñöåíöèè áûëî óñòàíîâëåíî, 
÷òî ïðè ðÍ = 6,5 èíòåíñèâíîñòè ôëóîðåñöåíöèè 
îáðàçöîâ ôðàêöèé À â 7–8, à ôðàêöèè Á â 5–6 ðàç  
ìåíüøå, ÷åì èíòåíñèâíîñòü ôëóîðåñöåíöèè îáðàçöà 
ôðàêöèè Ñ + Ä. Ê ñîæàëåíèþ, â [17] èìåþòñÿ ñâå-
äåíèÿ îá èíòåíñèâíîñòè ïðè ðÍ = 13 òîëüêî äëÿ 
ôðàêöèè Ñ + Ä, è ïîýòîìó äàæå ãðóáîå ñðàâíåíèå 
èíòåíñèâíîñòåé ôëóîðåñöåíöèè ðàçëè÷íûõ ôðàê-
öèé äëÿ ýòîãî çíà÷åíèÿ ðÍ (íàèáîëåå áëèçêîãî çíà-
÷åíèþ 12,4, èñïîëüçóåìîìó â íàñòîÿùåé ñòàòüå) íå 
ïðåäñòàâëÿåòñÿ âîçìîæíûì. Â óñëîâèÿõ íàøåãî 
ýêñïåðèìåíòà (èìïóëüñíàÿ ëàçåðíî-èíäóöèðîâàííàÿ 
ôëóîðåñöåíöèÿ) çàìåòíîãî ðàçëè÷èÿ ìåæäó èíòåí-
ñèâíîñòÿìè ôëóîðåñöåíöèè òÿæåëûõ è ëåãêèõ 
ôðàêöèé ÃÊ íå âûÿâëåíî. Âîçìîæíûìè ïðè÷èíàìè 
ðàçëè÷èÿ â ñîîòíîøåíèè íåêîððåêòèðîâàííûõ èí-

òåíñèâíîñòåé ôëóîðåñöåíöèè ôðàêöèé À, Á è Ñ + Ä 
ìåæäó äàííûìè íàñòîÿùåé ñòàòüè è ïðèâåäåííûìè 
â [17, 26] ìîãóò áûòü ñëåäóþùèå ôèçèêî-õèìè÷å- 
ñêèå è ìåòîäè÷åñêèå ôàêòîðû. 

1. Íåëèíåéíûå ýôôåêòû âî ôëóîðåñöåíöèè ãó-
ìèíîâûõ âåùåñòâ ïðè ëàçåðíîì âîçáóæäåíèè [27]. 
 2. Ðàçëè÷èÿ â âåëè÷èíå ðÍ. 

3. Íàëè÷èå áóôåðà [17, 26], êîòîðûé îòñóòñò-
âîâàë â íàøèõ ýêñïåðèìåíòàõ. Áóôåð, êàê ïîêàçàëà 
íàøà ïðåäâàðèòåëüíàÿ ðàáîòà, îêàçûâàåò çíà÷è-
òåëüíîå âëèÿíèå íà êîíñòàíòû òóøåíèÿ ôëóîðåñ-
öåíöèè, ÷òî íåóäèâèòåëüíî, ïîñêîëüêó ðàñòâîðû ÃÊ 
ñ áóôåðîì è áåç íåãî ïðåäñòàâëÿþò ñîáîé äâå ðàç-
ëè÷íûå ñóáñòàíöèè. 

4. Âîçìîæíàÿ õèìè÷åñêàÿ íåâîñïðîèçâîäè-
ìîñòü ôðàêöèé ÃÊ ïðè èõ âûäåëåíèè. Ýòî îò÷åòëè-
âî çàìåòíî ïðè ñðàâíåíèè ñïåêòðîâ ïîãëîùåíèÿ äëÿ 
îäèíàêîâûõ êîíöåíòðàöèé îáðàçöîâ ôðàêöèè Ñ + Ä 
è íåôðàêöèîíèðîâàííîé ÃÊ, ïðèâåäåííûõ â ðàáî-
òàõ [17, 26]. Â ðàáîòå [17] èíòåíñèâíîñòü ïîãëîùåíèÿ 
îáðàçöà ôðàêöèè Ñ + Ä áîëüøå, ÷åì íåôðàêöèîíè-
ðîâàííîé, à â ðàáîòå [26], íàïðîòèâ, èíòåíñèâíîñòü 
ïîãëîùåíèÿ îáðàçöà íåôðàêöèîíèðîâàííîé ÃÊ 
áîëüøå, ÷åì ôðàêöèè Ñ + Ä. 

5. Ðàçëè÷èå â ãåîìåòðèè êþâåòíîãî îòäåëåíèÿ, 
÷òî íåèçáåæíî ïðèâîäèò ê ðàçíûì âåëè÷èíàì èñ-
êàæàþùèõ ýôôåêòîâ âíóòðåííåãî ôèëüòðà êàê ïðè 
âîçáóæäåíèè, òàê è ïðè èñïóñêàíèè ôëóîðåñöåíöèè. 
 Íà ðèñ. 3 ïîêàçàíû êîíöåíòðàöèîííûå çàâèñè-
ìîñòè ϕ è ϕ–1 äëÿ èçó÷åííûõ ôðàêöèé ÃÊ.  
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Ðèñ. 3. Çàâèñèìîñòè ϕ (1) è ϕ–1 (2) îò êîíöåíòðàöèè äëÿ  
 ôðàêöèé À (à), Á (á) è Ñ + Ä (â) 
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Êàê âèäíî èç ïðåäñòàâëåííûõ äàííûõ, óâåëè÷åíèå 
êîíöåíòðàöèè äëÿ êîððåêòèðîâàííûõ ñïåêòðîâ 
ïðèâîäèò ê óìåíüøåíèþ êâàíòîâîãî âûõîäà ôëóî-
ðåñöåíöèè äëÿ âñåõ ôðàêöèé ÃÊ. Óìåíüøåíèå ϕ 
ñâèäåòåëüñòâóåò î íàëè÷èè ïðîöåññîâ ñàìîòóøåíèÿ. 
 Çàâèñèìîñòü ϕ–1 îò êîíöåíòðàöèè óäîâëåòâîðè-
òåëüíî îïèñûâàåòñÿ ëèíåéíîé çàâèñèìîñòüþ. Ïîëó-
÷åííûå èç ýòèõ äàííûõ çíà÷åíèÿ KÑÒ ïî (7) äëÿ 
ôðàêöèé À, Á, Ñ + Ä ïðèâåäåíû â òàáëèöå. 
 

Êîíñòàíòû ñàìîòóøåíèÿ KÑÒ è êîíñòàíòû ñêîðîñòè 
òóøåíèÿ ôëóîðåñöåíöèè Kq ôðàêöèé ÃÊ 

Ôðàê-
öèÿ 

Ì, 
êÄ 

KÑÒ, ë/ìã 
KÑÒ ⋅ 10–6, 
ë/ìîëü 

Kq ⋅ 10–15, 
ë/(ìîëü ⋅ ñ) 

ΔM1, íì 
[28]* 

(«êîíöåí-
òðàöèîííûé 

ñäâèã») 

À 200 0,165 ± 0,016 33 ± 3,3 11 ± 1,1 13 ± 1,3 

Á 80 0,115 ± 0,01 9,2 ± 0,9 3,1 ± 0,3 17 ± 1,7 

Ñ + Ä 17,5 0,4 ± 0,04 7 ± 0,7  2,3 ± 0,2 25 ± 2,5 
 

* ΔM1 = M1
50–M1

5; M1
50 è M1

5 – âåëè÷èíû ïåðâûõ 
ìîìåíòîâ (öåíòðîâ òÿæåñòè) ñïåêòðîâ ôëóîðåñöåíöèè 
ôðàêöèé ÃÊ ïðè êîíöåíòðàöèÿõ 50 è 5 ìã/ë ñîîòâåòñò-
âåííî (Ì1 = (ΣIλ ⋅ λ)/ΣIλ). 

 

Äëÿ îöåíêè Kq ïî ñîîòíîøåíèþ (5) (òàáëèöà) 
çíà÷åíèå τî ñîñòàâëÿëî 3 íñ [6, 13]. Êàê áûëî óêà-
çàíî âî ââåäåíèè, ïðåâûøåíèå êîíñòàíòû ñêîðîñòè 
òóøåíèÿ Kq, ðàâíîé 1010 ë/(ìîëü ⋅ ñ), ñâèäåòåëüñò-
âóåò î ñòàòè÷åñêîé (êîíöåíòðàöèîííîé) ïðèðîäå 
òóøåíèÿ [15]. Òàêèì îáðàçîì, ïîëó÷åíèå Kq

 áîëåå 
1016 ë/(ìîëü ⋅ ñ) îçíà÷àåò ñòàòè÷åñêóþ ïðèðîäó ìå-
õàíèçìà ñàìîòóøåíèÿ ôëóîðåñöåíöèè ÃÊ [15]. Äî-
ïîëíèòåëüíûì àðãóìåíòîì â ïîëüçó íàëè÷èÿ ñòàòè-
÷åñêîãî òóøåíèÿ ìîæåò ÿâëÿòüñÿ îòñóòñòâèå çàâè-
ñèìîñòè âðåìåíè æèçíè ôëóîðåñöåíöèè ÃÊ îò åå 
êîíöåíòðàöèè [13]. Ñòàòè÷åñêîå òóøåíèå ïðåäïîëà-
ãàåò îáðàçîâàíèå êîìïëåêñîâ â îòñóòñòâèå ñâåòà ïðè 
òóøåíèè ôëóîðåñöèðóþùèõ ìîëåêóë ïîñòîðîííèì 
òóøèòåëåì [15]. Â ñëó÷àå ñàìîòóøåíèÿ ôëóîðåñ-
öåíöèè ñòàòè÷åñêîå òóøåíèå ìîæíî, ïî-âèäèìîìó, 
ñâÿçàòü ñ ïðîöåññîì ñàìîàññîöèàöèè ìîëåêóë. Ýòî 
ïðåäïîëîæåíèå íàì ïðåäñòàâëÿåòñÿ íàèáîëåå åñòå-
ñòâåííûì, è íà òàêóþ âîçìîæíîñòü óêàçûâàëîñü,  
â ÷àñòíîñòè, ðàíåå [13]. 

Ýôôåêòèâíîñòü ïðîöåññà ñàìîàññîöèàöèè ìàê-
ðîìîëåêóë ÃÊ ìîæåò çàâèñåòü îò äèïîëü-äèïîëüíîãî, 
èîí-äèïîëüíîãî è äèñïåðñèîííîãî âçàèìîäåéñòâèé 
(ñèëû Âàí-äåð-Âààëüñà), ýíåðãèè Í-ñâÿçåé ìåæäó 
äàííîé ìàêðîìîëåêóëîé ÃÊ ñ îêðóæåíèåì è ñèëû 
ãèäðîôîáíûõ âçàèìîäåéñòâèé «âîäà–ÃÊ». Êàêîå èç 
ýòèõ âçàèìîäåéñòâèé äàåò â îáðàçîâàíèå ñàìîàññî-
öèàòà íàèáîëüøèé âêëàä, àïðèîðè îïðåäåëèòü çà-
òðóäíèòåëüíî. Äëÿ ýòîãî íóæíî èìåòü èñ÷åðïû-
âàþùóþ èíôîðìàöèþ î õèìè÷åñêîì ñòðîåíèè 
ôëóîðîôîðìíûõ ãðóïï, îá èõ êîíêðåòíîì ðàñïî-
ëîæåíèè â ñòðóêòóðíîì «ñêåëåòå» ìàêðîìîëåêóëû 
ÃÊ, à òàêæå èçìåíåíèè ýòèõ ïàðàìåòðîâ ïðè ñàìî-
àññîöèàöèè. Ýòè äàííûå â íàñòîÿùåå âðåìÿ îòñóò-

ñòâóþò. Òåì íå ìåíåå ìû ìîæåì ñäåëàòü îñòîðîæ-
íîå ïðåäïîëîæåíèå, ÷òî îñíîâíîé äâèæóùåé ñèëîé 
ïðè àññîöèàöèè ÃÊ ÿâëÿþòñÿ ãèäðîôîáíûå è äèñ-
ïåðñèîííûå âçàèìîäåéñòâèÿ. Ýòî ïðåäïîëîæåíèå 
îñíîâûâàåòñÿ íà äàííûõ ðàáîò [12, 29, 30], â êîòî-
ðûõ áûëî ïîêàçàíî, ÷òî áîëåå òÿæåëûå ôðàêöèè 
ñîäåðæàò áóëüøóþ äîëþ àðîìàòè÷åñêèõ ôðàãìåíòîâ 
[29] è àëèôàòè÷åñêèõ ãðóïï [12, 30], ÷åì ëåãêèå, 
ò.å. ÿâëÿþòñÿ áîëåå ãèäðîôîáíûìè.  

Òàêèì îáðàçîì, íàáëþäàåìûå íàìè áîëüøèå 
êîíñòàíòû äëÿ áîëåå òÿæåëûõ ôðàêöèé ìîæíî ñâÿ-
çàòü ñ áîëüøèì ãèäðîôîáíûì ýôôåêòîì äëÿ ýòèõ 
ôðàêöèé. Äîïîëíèòåëüíûì êîñâåííûì àðãóìåíòîì 
â ïîëüçó òîãî, ÷òî äèïîëü-äèïîëüíûå, èîí-äèïîëüíûå 
âçàèìîäåéñòâèÿ è îáðàçîâàíèå Í-ñâÿçåé ìåæäó äàí-
íîé ìàêðîìîëåêóëîé ÃÊ è îêðóæåíèåì èãðàþò, ïî-
âèäèìîìó, ìåíüøóþ ðîëü, ÿâëÿåòñÿ òî, ÷òî êîí-
ñòàíòû òóøåíèÿ (ñâÿçûâàíèÿ) KMe, KOM â ñèñòåìàõ 
ÃÊ + èîíû ìåòàëëîâ (èëè îðãàíè÷åñêèå ìîëåêóëû), 
â êîòîðûõ èìååòñÿ ïîëíûé íàáîð óêàçàííûõ âçàè-
ìîäåéñòâèé, èìåþò ïîðÿäîê âåëè÷èí 103–105 ë/ìîëü 
[4–7], ò.å. çíà÷èòåëüíî ìåíüøå. Ïðè ýòîì ñëåäóåò 
ïðèíÿòü âî âíèìàíèå, ÷òî èîíû ìåòàëëîâ ìîãóò 
îáðàçîâûâàòü ñ ìàêðîìîëåêóëàìè ÃÊ êîîðäèíàöè-
îííûå ñîåäèíåíèÿ [31], êîòîðûå èìåþò áóëüøóþ 
ýíåðãèþ ñâÿçè, ÷åì ïåðå÷èñëåííûå âçàèìîäåéñòâèÿ.  
 Ðàíåå â [28] áûëî óñòàíîâëåíî, ÷òî óâåëè÷åíèå 
êîíöåíòðàöèè ôðàêöèé ÃÊ ïðèâîäèò ê áàòîõðîìíî-
ìó ñäâèãó ñïåêòðà ôëóîðåñöåíöèè ýòèõ ôðàêöèé. 
Ïðè ýòîì âåëè÷èíà ñäâèãà óìåíüøàëàñü ñ óâåëè÷å-
íèåì ñðåäíåé ìàññû ôðàêöèè (ñì. òàáëèöó). Êàê 
ñëåäóåò èç ïðèâåäåííûõ äàííûõ, ìåíüøåìó ñäâèãó 
ñîîòâåòñòâóåò áîëüøàÿ êîíñòàíòà ñàìîòóøåíèÿ, ò.å. 
÷åì áîëüøèé ñïåêòðàëüíûé ñäâèã ïðåòåðïåâàåò 
ñïåêòð ôëóîðîôîðà, òåì ìåíüøå åãî ýôôåêòèâíîñòü 
ñàìîòóøåíèÿ. Âåëè÷èíà ñäâèãà ñïåêòðà ôëóîðåñ-
öåíöèè çàâèñèò îò èçìåíåíèÿ ìåæìîëåêóëÿðíîãî 
îêðóæåíèÿ [15], êîíñòàíòà ñàìîòóøåíèÿ – îò ñïî-
ñîáíîñòè ôðàêöèè ÃÊ ê ñàìîàññîöèàöèè, ò.å., êàê 
ìû è ïðåäïîëîæèëè, îò ñòåïåíè ãèäðîôîáíîñòè 
ôðàêöèè.  

Ñîïîñòàâëÿÿ ïðåäñòàâëåíèÿ îá èçìåíåíèè ìåæ-
ìîëåêóëÿðíîãî îêðóæåíèÿ ïðè óâåëè÷åíèè êîíöåí-
òðàöèè ÃÊ è áîëüøåé ýôôåêòèâíîñòè ñàìîàññîöèàöèè 
äëÿ áîëåå òÿæåëûõ ìàêðîìîëåêóë ÃÊ, ïðèõîäèì  
ê ñëåäóþùåìó, îäíîìó èç âîçìîæíûõ, çàêëþ÷åíèþ 
î ìåõàíèçìå ñòðóêòóðíûõ ïåðåñòðîåê â ìàêðîìîëå-
êóëå ÃÊ â ïðîöåññå ñàìîàññîöèàöèè. Ïðè óâåëè÷åíèè 
êîíöåíòðàöèè ìàêðîìîëåêóë ÃÊ äëÿ áîëåå ëåãêèõ 
ôðàêöèé èìååò ìåñòî áîëüøåå èçìåíåíèå ìèêðîîêðó-
æåíèÿ ôëóîðîôîðà. À ïîñêîëüêó ñèëà ãèäðîôîáíûõ 
âçàèìîäåéñòâèé äëÿ áîëåå ëåãêèõ ôðàêöèé ìåíüøå, 
÷åì äëÿ òÿæåëûõ, òî ýòîò ïðîöåññ äëÿ áîëåå ëåãêèõ 
ôðàêöèé ïðîõîäèò «íà ôîíå» ìåíüøåé ýôôåêòèâ-

íîñòè ñàìîàññîöèàöèè 

Ñ Ä A
ÑÒÑÒ( ).K K

+

<  «Ñòðóêòóðíî» 

ýòî çàêëþ÷åíèå ìîæíî ïðåäñòàâèòü òàêèì îáðàçîì: 
ó áîëåå òÿæåëîé ôðàêöèè ïî ñðàâíåíèþ ñ áîëåå 
ëåãêîé áëàãîäàðÿ áîëüøåìó îáúåìó ãèäðîôîáíîé 
÷àñòè ñàéòû ñ ôëóîðîôîðàìè ðàñïîëîæåíû â ìåíåå 
äîñòóïíûõ äëÿ òóøåíèÿ ìåñòàõ (íàïðèìåð, â ÿäðå 
ìàêðîìîëåêóëû ÃÊ),  ïîýòîìó ïðè ñàìîàññîöèàöèè 
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èõ îêðóæåíèå ïðåòåðïåâàåò ìåíüøåå èçìåíåíèå, 
÷åì â áîëåå ëåãêèõ, ó êîòîðûõ äîñòóïíîñòü ñàéòîâ 
äëÿ òóøåíèÿ âûøå.  

Çàêëþ÷åíèå 

Èòàê, íàìè èçó÷åíà êîíöåíòðàöèîííàÿ çàâèñè-
ìîñòü îòíîñèòåëüíîãî êâàíòîâîãî âûõîäà ôëóîðåñ-
öåíöèè ðàçëè÷àþùèõñÿ ïî ìàññå ôðàêöèé ÃÊ  
è óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè êîíöåíòðàöèè 
äëÿ âñåõ ôðàêöèé ÃÊ äî ∼ 10 ìã/ë èìååò ìåñòî åãî 
óìåíüøåíèå. Óìåíüøåíèå êâàíòîâîãî âûõîäà 
ôëóîðåñöåíöèè ôðàêöèé ÃÊ áûëî èíòåðïðåòèðîâà-
íî êàê ïðîÿâëåíèå ïðîöåññà ñàìîòóøåíèÿ ôëóîðåñ-
öåíöèè. Äëÿ ýòîãî ïðîöåññà îïðåäåëåíû êîíñòàíòû 
ñàìîòóøåíèÿ ôëóîðåñöåíöèè äëÿ âñåõ ôðàêöèé ÃÊ. 
Ýòè êîíñòàíòû (KÑÒ > 107 ë/ìîëü) çàìåòíî ïðåâû-
øàþò êîíñòàíòû òóøåíèÿ ôëóîðåñöåíöèè ÃÊ èîíà-
ìè ìåòàëëîâ è îðãàíè÷åñêèìè ìîëåêóëàìè, ðàâíûå 
103–105 ë/ìîëü. Óñòàíîâëåíî, ÷òî êîíñòàíòû ñàìî-
òóøåíèÿ ôëóîðåñöåíöèè ôðàêöèé ÃÊ âîçðàñòàþò 
ïðè óâåëè÷åíèè ìîëåêóëÿðíîé ìàññå. Ïðåäëîæåíà 
ìîäåëü ìåõàíèçìà ñàìîàññîöèàöèè ìàêðîìîëåêóë 
ÃÊ, îñíîâàííàÿ íà ïðåîáëàäàþùåì âëèÿíèè ãèäðî-
ôîáíûõ ñèë. Ýòà ìîäåëü íåïðîòèâîðå÷èâî îáúÿñíÿ-
åò ñîâîêóïíîñòü äàííûõ, ïîëó÷åííûõ íàìè ïî êîí-
öåíòðàöèîííîé çàâèñèìîñòè êâàíòîâîãî âûõîäà 
ôëóîðåñöåíöèè ôðàêöèé ÃÊ è ðàíåå ïîëó÷åííûõ 
ðåçóëüòàòîâ ïî êîíöåíòðàöèîííîé çàâèñèìîñòè ïåð-
âîãî ìîìåíòà ñïåêòðîâ ôëóîðåñöåíöèè ôðàêöèé 
ÃÊ. Òàêèì îáðàçîì, íàøè ðåçóëüòàòû ïîçâîëèëè 
ïîääåðæàòü ãèïîòåçó î íàëè÷èè ïðîöåññà ñàìîàññî-
öèàöèè, îáóñëîâëåííîãî ãèäðîôîáíûìè âçàèìîäåé-
ñòâèÿìè, è â ðàìêàõ ýòîé ãèïîòåçû ñäåëàòü çàêëþ-
÷åíèå î áîëüøåé ýôôåêòèâíîñòè ïðîöåññîâ ñàìîàñ-
ñîöèàöèè äëÿ ìàêðîìîëåêóë ÃÊ ñ áîëüøåé ìàññîé.  
 Àâòîðû èñêðåííå ïðèçíàòåëüíû Î.À. Òðóáåö- 
êîìó è Î.Å. Òðóáåöêîé çà ëþáåçíîå ïðåäîñòàâëåíèå 
îáðàçöîâ ôðàêöèé ãóìèíîâûõ êèñëîò è Í.Ì. Áàæè- 
íó çà âíèìàíèå ê ðàáîòå. 

 

1. Stevenson F.J. Humus Chemistry. Genesis, Composi-
tion, Reactions. 2nd Åd. N.Y.: John Wiley and Sons, 
Inc., 1994. 386 p. 

2. Senesi N., Miano T.M., Provenzano M.R., Bru-
netti G. Characterization, differentiation and classifica-
tion of humic substances by fluorescence spectroscopy 
// Soil Sci. 1991. V. 152, N 4. P. 259–271. 

3. Provenzano M.R., D`Orazio V., Jerzykiewicz M., Se-
nesi N. Fluorescence behaviour of Zn and Ni complexes 
of humic acids from different sources // Chemosphere. 
2004. V. 55, N 6. P. 885–892. 

4. Hays M.D., Ryan D.K., Pennel S. Multi-wavelength 
fluorescence-quenching model for determination of Cu2+ 
conditional stability constants and ligand concentrations 
of fulvic acid // Appl. Spectrosc. 2003. V. 57, N 4. 
P. 454–460. 

5. Monteil-Rivera F., Dumonceau G. Fluorescence spectro-
metry for quantitative characterization of cobalt (II) 
comlexation by Leonardite humic acid // J. Anal. 
Bioanal. Chem. 2002. V. 374, N 7. P. 1105–1109. 

6. Chen S., Inskeep W.P., Williams S.A., Callis P.R. 
Fluorescence lifetime measurements of fluoranthene,  
1-naphtol and napropamide in the presence of dissolved 

humic acid // Environ. Sci. Technol. 1994. V. 28, N 9. 
P. 1582–1586. 

7. Gauthler T.D., Seltz W.R., Grant C.L. Effect of 
structural and compositional variations of dissolved hu-
mic materials on pyrene Koc values // Environ. Sci. 
Technol. 1987. V. 21, N 3. P. 243–248. 

8. ßùåíêî Í.Þ., Ïåðìèíîâà È.Â., Ïåòðîñÿí Â.Ñ., 
Ôèëèïïîâà Å.Ì., Ôàäååâ Â.Â. Âçàèìîäåéñòâèå ãóìó-
ñîâûõ êèñëîò ðàçëè÷íîãî ïðîèñõîæäåíèÿ ñ ïîëèàðî-
ìàòè÷åñêèìè óãëåâîäîðîäàìè: âëèÿíèå ðÍ è èîííîé 
ñèëû ðàñòâîðà // Âåñòí. ÌÃÓ. Cåð. 2. 1999. Ò. 40, 
N 2. Ñ. 188–193. 

9. Ryan D.K., Weber J.H. Copper (II) comlexing capaci- 
ties of natural waters by fluorescence quenching //  
Environ.  Sci.  Technol.  1982.  V. 16,  N 12.  P. 866–872. 

10. Piana M.J., Zahir K.O. Investigation of metal ions 
binding of humic substances using fluorescence emission 
and synchronous-scan spectroscopy // Environ. Sci. 
Health. 2002. V. 35, N 1. P. 87–102. 

11. Ëàâðèê Í.Ë., Ìóëëîåâ Í.Ó. Èçó÷åíèå âëèÿíèÿ àññî-
öèàöèè íà ñòðóêòóðó ãóìèíîâûõ êèñëîò ïî òóøåíèþ 
ôëóîðåñöåíöèè // Æ. ïðèêë. ñïåêòðîñêîïèè. 2010. 
Ò. 77, ¹ 4. Ñ. 627–632.  

12. Shin H.S., Monsallier J.M., Choppin G.R. Spectro-
scopic and chemical characterizations of molecular size 
fractionated humic acid // Talanta. 1999. T. 50, N 5. 
P. 641–647. 

13. Lochmuller C.H., Saavedra S.S. Conformational chan- 
ges in a soil fulvic acid measured by time-dependent 
fluorescence depolarization // Anal. Chem. 1986. 
V. 58, N 9. P. 1978–1981. 

14. Ñîêîëîâà È.Â., ×àéêîâñêàÿ Î.Í., Áåãèíèíà À.À. 
Ñïåêòðàëüíî-ëþìèíåñöåíòíûå ñâîéñòâà ãóìèíîâûõ êè-
ñëîò // Îïòèêà àòìîñô. è îêåàíà. 2004. Ò. 17,  
¹ 2–3. Ñ. 241–244. 

15. Ïàðêåð Ñ. Ôîòîëþìèíåñöåíöèÿ ðàñòâîðîâ / Ïåð.  
ñ àíãë. Ì.: Ìèð, 1972. 510 ñ. 

16. Trubetskoj O.A., Trubetskaya O.E., Afanas`eva G.V., 
Reznikova O.I., Saiz-Jimenez C. Polyamide gel elec-
trophoresis of soil humic acid fractionated by size exclu-
sion chromatography and ultrafiltration // J. Chroma-
tography A. 1997. V. 767, N 2. P. 285–288. 

17. Trubetskaya O., Trubetskoj O., Giyot G., Andreux F., 
Richard C. Fluorescence of soil humic acids and their 
fractions obtained by tandem size exclusion chromatog-
raphy – polyacrylamide gel electrophoresis // Organic 
Geochemistry. 2002. V. 33, N 2. P. 213–220. 

18. Ëàâðèê Í.Ë., Àâãóñòèíîâè÷ È.À. Ïðîñòîé íàíîñå-
êóíäíûé ôëóîðèìåòð íà áàçå ñïåêòðîìåòðà ÄÔÑ-12 
// Æ. ôèç. õèì. 1986. Ò. 54, ¹ 12. Ñ. 1216–1218. 

19. Khoe S., Memarian H.R. Fluorescence self-quenchimg 
of substituted N,α-diphenylnitrones in various solvents 
// J. Photochem. Photobiol. A. 2006. V. 177, N 2. 
P. 276–285. 

20. MacDonald R.I. Characteristics of self-quenching of 
the fluorescence of lipid-conjugated rhodamine in mem-
branes // J. Biol. Chem. 1990. V. 265, N 23. 
P. 13533–13539. 

21. Phillips D., Gray D., Khalid-Al-Ani. On the self-
quenching of the first excited Singlet States of aromatic 
molecules in gas phase // J. Chem. Soc. (A). 1971. 
V. 3, N 6. P. 905–908.  

22. Sorokin N.I., Lavrik N.L., Skubnevskaya G.I., Baz-
hin N.M., Molin Yu.N. Magnetic field effects on the 
fluorescence of formaldehyde-h2 and formaldehyde-d2 // 
Noveau  Journal  de  Chimie.  1980.  V. 4,  N 2.  P. 395–401. 

23. Weisshaar J.C., Baronavski A.P., Cabello A., Mo- 
ore C.B. Collisionless decay, vibrational relaxation, and 



 Êîíöåíòðàöèîííàÿ çàâèñèìîñòü èíòåíñèâíîñòè ôëóîðåñöåíöèè ãóìèíîâûõ êèñëîò 839 
 

intermediate case quenching of S1 formaldehyde // J. 
Chem. Phys. 1978. V. 69, N 13. P. 4720–4731.  

24. Mobed J.J., Hemmingsen S.L., Autry J.L., McGown L.B. 
Fluorescence characterizartion of IHSS humic substan-
cies: total luminescence spectra with absorption correc-
tion // Environ. Sci. Technol. 1996. V. 30, N 15. 
P. 3061–3065. 

25. Ëàâðèê Í.Ë., Åôèìîâ Þ.ß., Ìóëëîåâ Í.Ó. Çàâèñè-
ìîñòü ýôôåêòà âíóòðåííåãî ôèëüòðà îò äèàìåòðà âîç-
áóæäàþùåãî ëó÷à â ñïåêòðàõ èñïóñêàíèÿ ôëóîðåñöåí-
öèè // Îïòèêà àòìîñô. è îêåàíà. 2008. Ò. 21, ¹ 5. 
Ñ. 381–385. 

26. Ðèøàð Ê., Ãèéî Æ., Àãóåð Æ.-Ï., òåð-Õàëå À., 
Òðóáåöêàÿ Î.Å., Òðóáåöêîé Î.À. Ðîëü ôðàêöèîíèðî-
âàíèÿ ïðè èçó÷åíèè ôîòîõèìè÷åñêèõ ñâîéñòâ ãóìóñî-
âûõ âåùåñòâ // Ðîñ. õèì. æ. 2008. Ò. 11, ¹ 1. 
Ñ. 107–113. 

27. Ïàöàåâà Ñ.Â., Ôàäååâ Â.Â., Ôèëèïïîâà Å.Ì., ×ó-
áàðîâ Â.Â., Þæàêîâ Â.È. Ýôôåêò íàñûùåíèÿ ôëóî-
ðåñöåíöèè ðàñòâîðåííûõ íàòóðàëüíûõ, îðãàíè÷åñêèõ  
 

âåùåñòâ // Âåñò. ÌÃÓ. Ñåð. 3. 1992. Ò. 33, ¹ 5. 
Ñ. 38–42. 

28. Ëàâðèê Í.Ë., Ìóëëîåâ Í.Ó. Âëèÿíèå êîíöåíòðàöèè 
ãóìèíîâûõ êèñëîò â âîäíûõ ðàñòâîðàõ íà ñòðóêòóðó 
èõ ìàêðîìîëåêóë // Õèìèÿ â èíòåðåñàõ óñòîé÷èâîãî 
ðàçâèòèÿ. 2006. Ò. 14, ¹ 2. Ñ. 379–390. 

29. Christl I., Knicker H., Kogel-Knaber I., Kretzsch-
mar R. Chemical heterogeneity of humic substances: 
characterization of size fractions obtained by hollow vi-
bre ultrafiltration // European J. Soil Sci. 2002. V. 51, 
N 4. P. 617–621. 

30. Swift R.S., Leonard R.I., Newman R.H., Theng B.K.G. 
Changes in humic acid composition with molecular 
weight as detected by C-13 nuclear magnetic-resonance 
spectroscopy // Science of the Total Environ. 1992. 
V. 118, N 1. P. 53–61. 

31. Korshin G.V., Frenkel A.I., Stern E.A. EXAVS study 
of the inner shell structure in copper (II) complexes 
with humic substances // Environ. Sci. Technol. 1998. 
V. 32, N 18. P. 2699–2705. 

 
M.L. Lavrik, N.U. Mulloev. Concentration dependence of the humic acid fluorescence intensity. 
The concentration dependence of the fluorescence intensity of humic acid fractions of HA with known 

molecular weight is studied. It was found that with increasing concentration of HA fluorescence intensity for 
all fractions decreased. This decrease is interpreted as a manifestation of self-quenching of fluorescence of HA. 
For all the fractions fluorescence self-quenching constant KSQ are measured. The resulting self-quenching 
constant (KSQ > 107 l/mol) is considerably higher than the constants of fluorescence quenching by metal ions 
HA macromolecules and organic molecules (103–105 l/mole). It is found that KSQ increases in the values with 
increasing molecular weight fractions of HA. The interpretation of this fact is given in the framework of the 
self-assembly of HA macromolecules, based on ideas about the crucial role of hydrophobic forces. 

13. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 9. 


