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Ñóììàðíîå ñîäåðæàíèå (cÓ) òîêñè÷íûõ ôåíîëîâ â âîäàõ îáû÷íî íàõîäÿò ïî ìåòîäèêàì,

âêëþ÷àþùèì ââåäåíèå ãðóïïîâîãî ðåàãåíòà, èçìåðåíèå îáîáùåííîãî ñèãíàëà (AÓ) ïðè âû-

áðàííîé äëèíå âîëíû è îöåíêó cÓ â ïåðåñ÷åòå íà C6H5OH. Ïðèìåíåíèå äèàçîòèðîâàííîé

ñóëüôàíèëîâîé êèñëîòû â êà÷åñòâå ãðóïïîâîãî ðåàãåíòà ïîçâîëÿåò íàõîäèòü cÓ ñ ïîãðåø-

íîñòÿìè, íå ïðåâûøàþùèìè 30 % îòí. Äàëüíåéøåå ñíèæåíèå ïîãðåøíîñòåé âîçìîæíî

ïðè ïåðåõîäå ê ìíîãîâîëíîâûì èçìåðåíèÿì è ìíîãîìåðíûì ãðàäóèðîâêàì, íî äëÿ îïðåäå-

ëåíèÿ ôåíîëüíûõ òîêñèêàíòîâ ýòè ïðèåìû ðàíåå íå èñïîëüçîâàëè. Äëÿ ïðîâåðêè ýòîé âîç-

ìîæíîñòè ãîòîâèëè ìîäåëüíûå ñìåñè (îêðàøåííûå âîäíûå ðàñòâîðû), îäíîâðåìåííî ñî-

äåðæàùèå äî 5 ðàçíûõ ôåíîëîâ ïðè èõ ñóììàðíîé êîíöåíòðàöèè îò 15 äî 70 ìêìîëü/ë.

Îáîáùåííûå ñèãíàëû èçìåðÿëè ïðè m äëèíàõ âîëí â ÓÔ-îáëàñòè ñïåêòðà ÷åðåç 10 ìèíóò

ïîñëå ñìåøèâàíèÿ ðàñòâîðîâ. Îáðàùåííûå ìíîãîìåðíûå ãðàäóèðîâêè ñòðîèëè ïî çíà÷å-

íèÿì AÓ n îäíîòèïíûõ ñìåñåé, îáðàçóþùèõ îáó÷àþùóþ âûáîðêó. Â îïòèìèçèðîâàííûõ

óñëîâèÿõ (m = 7, n = 10) ñèñòåìàòè÷åñêèå ïîãðåøíîñòè (äc) îïðåäåëåíèÿ ñóììû ôåíîëîâ â

ñìåñÿõ èç òåñò-âûáîðêè íå ïðåâûøàëè 13 % îòí., ÷òî âäâîå ìåíüøå, ÷åì ïðè ïåðåñ÷åòå ñèã-

íàëà íà ñòàíäàðòíîå âåùåñòâî. Î÷åâèäíî, ìíîãîìåðíûå ãðàäóèðîâêè öåëåñîîáðàçíî ïðè-

ìåíÿòü äëÿ îáîáùåííîé îöåíêè ôåíîëüíîãî çàãðÿçíåíèÿ âîäîåìîâ âìåñòî âû÷èñëåíèÿ èí-

òåãðàëüíûõ ïîêàçàòåëåé. Îäíàêî â òåõ ñëó÷àÿõ, êîãäà ïðîáû ñîäåðæàëè ôåíîëû, íå ó÷òåí-

íûå ïðè ïîñòðîåíèè ãðàäóèðîâêè, íàáëþäàëñÿ ðîñò ñèñòåìàòè÷åñêèõ ïîãðåøíîñòåé, äîõî-

äèâøèõ äî 80 % îòí. (ïî ìîäóëþ). Ïîýòîìó äëÿ èñïîëüçîâàíèÿ ìíîãîìåðíûõ ãðàäóèðîâîê â

ãèäðîõèìè÷åñêîì àíàëèçå íåîáõîäèìû ïðåäâàðèòåëüíîå èçó÷åíèå êà÷åñòâåííîãî ñîñòàâà

ôåíîëüíûõ ñìåñåé â âîäàõ ðàçíîãî òèïà è ó÷åò îæèäàåìîãî ñîñòàâà ïðîá ïðè ôîðìèðîâà-

íèè îáó÷àþùåé âûáîðêè.
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The total content (c
Ó
) of toxic phenols in water is usually determined using the procedures which include

the introduction of a group reagent, measurement of the generalized signal (A
Ó
) at a selected wavelength,

and assessment of c
Ó

in terms of C
6
H

5
OH. The use of diazotized sulfanilic acid (DSA) as a group reagent

leads to the errors of c
Ó

determination which do not exceed 30% thus ensuring more adequate estimates of

c
Ó

than measuring phenolic index. We suppose that further reduction of errors in group analysis would be

possible with multiwavelength measurements and multivariate calibrations but these promising tech-

niques have not been used yet for the determination of total phenol. To check up this assumption, model

multicomponent colored solutions of the known composition were prepared and analyzed. These model

mixtures contained simultaneously up to 5 different phenols with a total concentration ranged from 15 to

70 ìmol/L. After converting all phenols to corresponding azo-dyes their generalized signals were mea-

sured at m wavelengths in the UV region of the spectrum 10 minutes after mixing the solutions. The re-

sults of group analysis were calculated with the multivariate calibrations; the recalculation of A
Ó

values to

standard substance concentration we used only for comparison. The inverted multivariate calibrations
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were calculated with A
Ó

values of n model mixtures which formed a training set. For optimized conditions

(m = 7, n = 10) the systematic error of c
Ó

prediction is less than 13 % rel., that is half of errors for total in-

dex calculation. Therefore, inverted multivariate calibrations can be rather useful to control the total con-

tent of phenolics in natural and waste waters (instead of the total indices). However, systematic errors

raised sharply when the analyzed sample contained some individual phenols which were absent in sam-

ples of the training set; in such cases the errors can increase up to 80 % rel. To maximize the correctness of

corresponding techniques, it is desirable to elucidate beforehand the qualitative composition of phenol

mixtures in water samples under study and take it into account when the multivariate calibration is used.

Keywords: group analysis; determination of phenols; multiwavelength UV-spectrometry; multivariate

calibrations; systematic errors.

Ââåäåíèå

Ïðèðîäíûå è ñòî÷íûå âîäû ñîäåðæàò ìíî-

æåñòâî ôåíîëüíûõ ñîåäèíåíèé, ìíîãèå èç êîòî-

ðûõ — îïàñíûå òîêñèêàíòû. Ïî îòäåëüíîñòè ôå-

íîëû â âîäàõ îïðåäåëÿþò ðåäêî; âìåñòî ýòîãî

êîíòðîëèðóþò èõ ñóììàðíîå ñîäåðæàíèå (cÓ), âû-

ðàæàÿ åãî â âèäå ôåíîëüíîãî èíäåêñà (ÔÈ)

[1 – 3]. Ê ñîæàëåíèþ, îïðåäåëåíèå ÔÈ ÷àñòî ïðè-

âîäèò ê ñèëüíî (èíîãäà íà ïîðÿäîê) çàíèæåííûì

îöåíêàì cÓ [4 – 7]. Ýòî îáúÿñíÿåòñÿ ïàññèâíîñòüþ

ðÿäà ôåíîëîâ â ðåàêöèè ñ 4-àìèíîàíòèïèðèíîì,

âíóòðèãðóïïîâîé ñåëåêòèâíîñòüþ ñèãíàëîâ è íå-

ïðàâèëüíûì âûáîðîì ñòàíäàðòíîãî âåùåñòâà.

Õîðîøåé àëüòåðíàòèâîé èçìåðåíèþ ÔÈ ÿâëÿåò-

ñÿ íåäàâíî ðàçðàáîòàííàÿ ìåòîäèêà [8], âêëþ-

÷àþùàÿ ïåðåâîä ôåíîëîâ â àçîêðàñèòåëè ïîä

äåéñòâèåì äðóãîãî ðåàãåíòà — äèàçîòèðîâàííîé

ñóëüôàíèëîâîé êèñëîòû (ÄÑÊ). Ïîñëå 10-ìèíóò-

íîé èëè 60-ìèíóòíîé ýêñïîçèöèè èçìåðÿþò îáîá-

ùåííûé ñèãíàë ôåíîëîâ (AÓ) ïðè 360 íì è âûðà-

æàþò AÓ â ïåðåñ÷åòå íà ñòàíäàðòíîå âåùåñòâî

(Xñò), ïðèìåíÿÿ îäíîìåðíóþ ãðàäóèðîâêó. Ýòà ìå-

òîäèêà ïîçâîëÿåò îöåíèòü cÓ íà óðîâíå 10–6 –

10–4 ìîëü/ë; ïîãðåøíîñòè àíàëèçà èìåþò ñèñòå-

ìàòè÷åñêèé õàðàêòåð è ïðè ïðàâèëüíîì âûáîðå

Xñò íå ïðåâûøàþò ïî ìîäóëþ 30 % îòí.

Èçâåñòíî, ÷òî ëþáûå îöåíêè cÓ, ïîëó÷åííûå

ïóòåì ïåðåñ÷åòà AÓ íà ñòàíäàðòíîå âåùåñòâî Xñò,

ìåòðîëîãè÷åñêè íåêîððåêòíû [9, 10]. Èçìåðåíèå

ñóììàðíîãî ñîäåðæàíèÿ îäíîòèïíûõ àíàëèòîâ â

åäèíèöàõ äðóãîé ôèçè÷åñêîé âåëè÷èíû (êîíöåí-

òðàöèè Xñò) íå òîëüêî íàðóøàåò ïðèíöèï åäèíñò-

âà èçìåðåíèé, íî è ïîâûøàåò íåîïðåäåëåííîñòü

ðåçóëüòàòîâ àíàëèçà. Ýòî îòíîñèòñÿ è ê ìåòîäèêå

[8]. Íóæíû áîëåå êîððåêòíûå ñïîñîáû îöåíêè cÓ,

íå òðåáóþùèå ïåðåñ÷åòà íà Xñò. Â ÷àñòíîñòè,

ìîæíî èçìåðÿòü îáîáùåííûå ñèãíàëû ïðè íå-

ñêîëüêèõ äëèíàõ âîëí, à çàòåì íàõîäèòü cÓ ïî

îáðàùåííîé ìíîãîìåðíîé ãðàäóèðîâêå [11, 12].

Â ïîñëåäíèå ãîäû ýòîò ïîäõîä óñïåøíî ïðèìå-

íÿëñÿ ïðè îïðåäåëåíèè ñóììàðíûõ ñîäåðæàíèé

óãëåâîäîâ [13], óãëåâîäîðîäîâ [14], àíòîöèàíè-

íîâ [15] è äðóãèõ ãðóïï îäíîòèïíûõ îðãàíè÷å-

ñêèõ ñîåäèíåíèé. Äëÿ îïðåäåëåíèÿ ñóììàðíîãî

ñîäåðæàíèÿ òîêñè÷íûõ ôåíîëîâ â ïðèðîäíûõ

èëè ñòî÷íûõ âîäàõ ìíîãîìåðíûå ãðàäóèðîâêè

(ÌÃ) ðàíåå íå èñïîëüçîâàëè. Âîçìîæíîñòü òî÷-

íîé îöåíêè cÓ ýòèì ñïîñîáîì òðåáóåò ýêñïåðèìåí-

òàëüíîé ïðîâåðêè, ÷òî è áûëî öåëüþ íàøèõ èñ-

ñëåäîâàíèé. Îáîáùåííûå ñèãíàëû èçìåðÿëè ïî

ìåòîäèêå [8], ðàññ÷èòûâàëè ìíîãîìåðíûå ãðà-

äóèðîâêè è îïòèìèçèðîâàëè èõ, à çàòåì àíàëèçè-

ðîâàëè ìíîãîêîìïîíåíòíûå âîäíûå ðàñòâîðû

ôåíîëîâ ðàçíîãî, íî àïðèîðíî èçâåñòíîãî ñîñòà-

âà. Ïðèìåíåíèå îïòèìèçèðîâàííîé ìåòîäèêè â

àíàëèçå ïðèðîäíûõ è ñòî÷íûõ âîä ðàçíîãî òèïà

áóäåò ðàññìîòðåíî â ñëåäóþùåé ñòàòüå.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Îáúåêòû èññëåäîâàíèÿ. Èñïîëüçîâàëè 8 èí-

äèâèäóàëüíûõ ôåíîëüíûõ ñîåäèíåíèé, ñîäåðæà-

ùèõ îò 1 äî 3 ãèäðîêñèëüíûõ ãðóïï (òàáë. 1).
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Òàáëèöà 1. Èíäèâèäóàëüíûå ôåíîëüíûå ñîåäèíåíèÿ, èñïîëüçîâàííûå â õîäå ýêñïåðèìåíòà

Table 1. Individual phenol compounds used in the experiment

Íàçâàíèå
Îáîçíà-

÷åíèå
Ôîðìóëà ÏÄÊ, ìã/ë [16]

Ôåíîë (Phenol) Ô (Ph) C
6
H

5
OH 0,001

ì-Êðåçîë (m-Cresol) ÌÊ (MC) C
6
H

4
(CH

3
)OH 0,004

Ãâàÿêîë (Guaiacol) ÃÂ (G) C
6
H

4
(OCH

3
)OH 0,05

1-Íàôòîë (1-Naphtol) Í1 (N1) C
10

H
7
OH 0,1

Ïèðîêàòåõèí (Pyrocatechin) ÏÊ (P) C
6
H

4
(OH)

2
0,1

Ðåçîðöèí (Resorcinol) ÐÇ (R) C
6
H

4
(OH)

2
0,1

Ïèðîãàëëîë (Pyrogallol) ÏÃ (PG) C
6
H

3
(OH)

3
0,1

2-Íàôòîë (2-Naphtol) Í2 (N2) C
10

H
7
OH 0,4



Èñõîäíûå âîäíûå èëè âîäíî-ñïèðòîâûå ðàñòâî-

ðû ôåíîëîâ ãîòîâèëè ïî òî÷íûì íàâåñêàì ðåàê-

òèâîâ (õ÷) áåç äîïîëíèòåëüíîé î÷èñòêè. Ðàáî÷èå

ðàñòâîðû ãîòîâèëè â äåíü ýêñïåðèìåíòà, ðàçáàâ-

ëÿÿ èñõîäíûå äèñòèëëèðîâàííîé âîäîé.

Ìîäåëüíûå ñìåñè (îêðàøåííûå ìíîãîêîìïî-

íåíòíûå âîäíûå ðàñòâîðû) ãîòîâèëè, ñìåøèâàÿ

ðàññ÷èòàííûå îáúåìû èñõîäíûõ ðàñòâîðîâ ðàç-

íûõ ôåíîëîâ è äèàçîòèðóþùèå ðåàãåíòû. Åäè-

íè÷íûå ñìåñè ñîäåðæàëè îò 2 äî 5 èíäèâèäóàëü-

íûõ ôåíîëîâ, ïðè÷åì ìîëÿðíûå ñîîòíîøåíèÿ

ðàçíûõ ôåíîëîâ â èõ ñìåñè íå ïðåâûøàëè 10:1, à

ñóììàðíûå ñîäåðæàíèÿ ôåíîëîâ (cÓ) íàõîäèëèñü

â èíòåðâàëå îò 15 äî 70 ìêìîëü/ë. Çäåñü è äàëåå

çíà÷åíèÿ cÓ óêàçàíû â êîíå÷íîì ðàçáàâëåíèè,

ò.å. ïîñëå ïåðåâîäà ôåíîëîâ â àçîêðàñèòåëè. Âñå-

ãî áûëî ïðèãîòîâëåíî áîëåå 60 îêðàøåííûõ ðàñ-

òâîðîâ ñ èçâåñòíûìè çíà÷åíèÿìè cÓ. ×àñòü ñìå-

ñåé (îáó÷àþùàÿ âûáîðêà) èñïîëüçîâàëè äëÿ ïî-

ñòðîåíèÿ ìíîãîìåðíûõ ãðàäóèðîâîê. Ýòè ñìåñè

ñîäåðæàëè Ô, Í1, ÃÂ è ÐÇ (òàáë. 2). Òîò æå êà÷å-

ñòâåííûé ñîñòàâ, íî äðóãèå ñîîòíîøåíèÿ êîìïî-

íåíòîâ èìåëè ñìåñè ïåðâîé òåñò-âûáîðêè, êîòî-

ðûå èñïîëüçîâàëè äëÿ ïðîâåðêè è ñðàâíåíèÿ ýô-

ôåêòèâíîñòè ðàçíûõ ãðàäóèðîâîê.

Â ñîñòàâ ñìåñåé äëÿ ôîðìèðîâàíèÿ âòîðîé

òåñò-âûáîðêè âêëþ÷àëè êàê âûøåïåðå÷èñëåí-

íûå, òàê è äðóãèå ôåíîëû, à èìåííî ÌÊ, Í2, ÏÊ

è ÏÃ. Ñìåñè èç òðåòüåé òåñò-âûáîðêè ñîäåðæàëè

òîëüêî ïîñëåäíèå ÷åòûðå ôåíîëà (òàáë. 3). Êàæ-

äàÿ òåñò-âûáîðêà ñîäåðæàëà 7 ñìåñåé èçâåñòíîãî

ñîñòàâà. Òàêèì îáðàçîì, â îòëè÷èå îò ðÿäà àíàëî-

ãè÷íûõ èññëåäîâàíèé, ïðè ïðîâåðêå íîâîé ìåòî-

äèêè ãðóïïîâîãî àíàëèçà ñîçíàòåëüíî èñïîëüçî-

âàëè ñìåñè íå òîëüêî òîãî æå, íî è èíîãî êà÷åñò-

âåííîãî ñîñòàâà, ÷åì ïðè ôîðìèðîâàíèè ìàòåìà-

òè÷åñêîé ìîäåëè.

Ìåòîäèêà ýêñïåðèìåíòà. Äëÿ ïåðåâîäà èí-

äèâèäóàëüíûõ ôåíîëîâ â àçîêðàñèòåëè â ìåðíóþ

êîëáó îáúåìîì 50,00 ñì3 ââîäèëè 5,0 ñì3 0,1 Ì

ðàñòâîðà NaHCO3 (äëÿ ñîçäàíèÿ pH = 7,4), äèñ-

òèëëèðîâàííóþ âîäó äî 2/3 îáúåìà êîëáû è V, ñì3,

ðàáî÷åãî ðàñòâîðà èññëåäóåìîãî ôåíîëà. Äîáàâ-

ëÿëè 1,0 ñì3 ðàñòâîðà ÄÑÊ ñ êîíöåíòðàöèåé

5,0 · 10–3 ìîëü/ë, ïðèãîòîâëåííîãî èç ðåàêòèâà

÷äà ïî ìåòîäèêå [17], äîâîäèëè îáúåì ðàñòâîðà äî

ìåòêè äèñòèëëèðîâàííîé âîäîé è ïåðåìåøèâàëè.

Çíà÷åíèÿ V âûáèðàëè ñ òàêèì ðàñ÷åòîì, ÷òîáû

îïòè÷åñêèå ïëîòíîñòè ôîòîìåòðèðóåìûõ ðàñòâî-

ðîâ (AÓ) â îáëàñòè 350 – 410 íì âõîäèëè â èíòåð-

âàë îò 0,1 äî 1,0 åäèíèö. ×åðåç ô = 10 ìèí ïîñëå

äîáàâëåíèÿ ÄÑÊ ñïåêòð ïîãëîùåíèÿ ïðèãîòîâ-

ëåííûõ ðàñòâîðîâ ðåãèñòðèðîâàëè ñ èñïîëüçîâà-

íèåì ñïåêòðîôîòîìåòðà ÑÔ-2000 â êâàðöåâûõ

êþâåòàõ (l = 1,00 ñì), ðàñòâîðîì ñðàâíåíèÿ ñëó-

æèë õîëîñòîé ðàñòâîð. Çíà÷åíèÿ AÓ èçìåðÿëè

ïðè íåñêîëüêèõ (m) çàðàíåå âûáðàííûõ àíàëè-

òè÷åñêèõ äëèíàõ âîëí (ÀÄÂ). Àíàëîãè÷íûì îá-
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Òàáëèöà 2. Ñîñòàâ íåêîòîðûõ ìîäåëüíûõ ñìåñåé, èñ-

ïîëüçîâàííûõ äëÿ ôîðìèðîâàíèÿ îáó÷àþùèõ âûáîðîê

Table 2. The composition of some model mixtures used to

form training sets

Íîìåð

ñìåñè

c
i
, ìêìîëü/ë c

Ó
,

ìêìîëü/ëÔ Í1 ÃÂ ÐÇ

1 15,1 — 5,0 10,0 30,1

2 — 5,0 10,0 — 15,0

3 15,1 — — 10,0 25,1

4 — 20,0 10,0 10,0 40,0

5 15,1 15,1 25,0 — 55,2

6 15,1 10,0 5,0 15,0 45,1

7 30,2 15,0 10,0 10,0 65,2

Òàáëèöà 3. Ðåçóëüòàòû àíàëèçà ìîäåëüíûõ ñìåñåé èç ðàçíûõ òåñò-âûáîðîê

Table 3. Results of analysis of phenol mixtures from various test-sets

Íîìåð

òåñò-

âûáîðêè

Íîìåð

ñìåñè

Êîìïîíåíòû ñìåñè Ââåäåíî

c
Ó
,

ìêìîëü/ë

Íàéäåíî

c
�

* ,

ìêìîëü/ë

äc, %

Ô Í1 ÃÂ ÐÇ ÌÊ Í2 ÏÊ ÏÃ

1 11 – – + + – – – – 15,0 14,6 –2,7

12 + + – – – – – – 25,1 25,4 1,2

13 + + – + – – – – 35,2 31,5 –10,5

2 21 + + + – + – + – 50,7 57,5 13,4

22 – – – + + + – – 45,0 32,5 –27,8

23 + – + – – – – + 45,8 23,5 –48,7

3 28 – – – – + – + + 55,6 13,1 –76,4

29 – – – – + + – + 45,5 18,0 –60,4

30 – – – – – + + + 67,3 16,4 –75,6

Ï ð è ì å ÷ à í è å. Âñå ñìåñè ïðîàíàëèçèðîâàíû ñ ïîìîùüþ îäíîé è òîé æå ìíîãîìåðíîé ãðàäóèðîâêè. Äëÿ êàæäîé ñìåñè

ïðèâåäåíû óñðåäíåííûå ðåçóëüòàòû òðåõ ïàðàëëåëüíûõ îïðåäåëåíèé.



ðàçîì ãîòîâèëè è ôîòîìåòðèðîâàëè ìíîãîêîì-

ïîíåíòíûå îêðàøåííûå ðàñòâîðû. Ñïåêòðû êàæ-

äîãî îêðàøåííîãî ðàñòâîðà ðåãèñòðèðîâàëè òðè-

æäû, ïîëó÷åííûå ïðè îäíîé è òîé æå ÀÄÂ çíà÷å-

íèÿ AÓ óñðåäíÿëè. Îáîáùåííûå ñèãíàëû èìåëè

õîðîøóþ ñõîäèìîñòü: ïðè ïîâòîðíîì èçìåðåíèè

îïòè÷åñêîé ïëîòíîñòè îäíîãî ðàñòâîðà íà ëþáîé

ÀÄÂ Sr < 1 %, ïðè ïîâòîðíîì ïðèãîòîâëåíèè

ðàñòâîðîâ Sr < 3 %. Áîëåå äåòàëüíî ôîðìèðîâà-

íèå è èçìåðåíèå îáîáùåííûõ ñèãíàëîâ îïèñàíû

â ñòàòüå [8]. Ïðîâåðêó àääèòèâíîñòè îáîáùåííûõ

ñèãíàëîâ ïðîâîäèëè ïî 3S-êðèòåðèþ [18].

Ïîñòðîåíèå ìíîãîìåðíûõ ãðàäóèðîâîê. Îá-

ðàùåííûå ìíîãîìåðíûå ãðàäóèðîâêè ñòðîèëè ñ

ïîìîùüþ ïðîãðàììíîãî ïàêåòà Microsoft Excel,

èñïîëüçóÿ ôîðìóëó

c b A
i j ij

j

m

�
�

�

�

1

, (1)

ãäå c
i

�
— ñóììàðíàÿ êîíöåíòðàöèÿ ôåíîëîâ â i-é

ñìåñè; Aij — îïòè÷åñêàÿ ïëîòíîñòü i-é ñìåñè ïðè

j-é ÀÄÂ; bj — ðåãðåññèîííûé êîýôôèöèåíò ïðè

j-é ÀÄÂ. Ñóììèðîâàíèå âåëè ïî âñåì ÀÄÂ, ÷èñëî

êîòîðûõ â õîäå ýêñïåðèìåíòà öåëåíàïðàâëåííî

èçìåíÿëè îò 3 äî 10. Èñïîëüçîâàíèå ýêñïåðèìåí-

òàëüíûõ äàííûõ ïî n ñìåñÿì îáó÷àþùåé âûáîð-

êè ïîçâîëÿëî ñôîðìèðîâàòü ïåðåîïðåäåëåííóþ

ñèñòåìó ëèíåéíûõ óðàâíåíèé, êîòîðóþ ðåøàëè

îòíîñèòåëüíî êîýôôèöèåíòîâ ìåòîäîì ÌÍÊ (àë-

ãîðèòì ÎLS [11]), ïðèìåíÿÿ ïðîãðàììíûé ïàêåò

Microsoft Excel. Íàéäåííûå çíà÷åíèÿ bj ïîäñòàâ-

ëÿëè â ôîðìóëó (1), ïîëó÷àÿ èñêîìóþ ãðàäóèðîâ-

êó. Òàê, ïðè m = 7 è n = 10 ïîëó÷èëè ñëåäó-

þùóþ ðåãðåññèþ:

cÓ = 115,37A350 + 49,13A360 – 12,270A370 –

– 214,2A380 + 114,10A390 –

– 16,476A400 + 39,85A410. (2)

Ïîäñòàíîâêà â ïîëó÷åííûå óðàâíåíèÿ çíà÷å-

íèé Aj, õàðàêòåðèçóþùèõ î÷åðåäíóþ ïðîáó, ïðè-

âîäèëà ê ðåçóëüòàòàì ( ),*c
�

áëèçêèì ê ñóììàðíîìó

ñîäåðæàíèþ ôåíîëîâ â ýòîé ïðîáå ñ ó÷åòîì åå

ðàçáàâëåíèÿ â õîäå àíàëèçà. Åñòåñòâåííî, ïðè èç-

ìåíåíèè m è/èëè n ìû ïîëó÷àëè íåñêîëüêî èíûå

ãðàäóèðîâêè è íåñêîëüêî äðóãèå çíà÷åíèÿ c
�

* äëÿ

òåõ æå ñìåñåé.

Îöåíêà ïîãðåøíîñòåé. Ñòàòèñòè÷åñêóþ îá-

ðàáîòêó ðåçóëüòàòîâ àíàëèçà êàæäîé ñìåñè ïðî-

âîäèëè ïî àëãîðèòìó Ñòüþäåíòà (n = 3; P =

= 0,95). Ïîãðåøíîñòè àíàëèçà åäèíè÷íûõ ñìåñåé

íàõîäèëè ïî ôîðìóëå:

�c
c c

c
(%) .

*

�

�

100
� �

�

(3)

Ïðè ïîâòîðíîì ôîòîìåòðèðîâàíèè îäíîé è

òîé æå ñìåñè ïîëó÷àëè õîðîøî âîñïðîèçâîäèìûå

çíà÷åíèÿ c
�

* (Sr < 2 %). Îáîáùåííóþ ïîãðåø-

íîñòü àíàëèçà ðàçíûõ ñìåñåé, âõîäÿùèõ â íåêî-

òîðóþ òåñò-âûáîðêó è ïðîàíàëèçèðîâàííûõ ñ ïî-

ìîùüþ íåêîòîðîé ãðàäóèðîâêè, õàðàêòåðèçîâàëè

ïàðàìåòðàìè RMSEÑ è RMSEP [11], âûðàæåí-

íûìè â ìêìîëü/ë, à òàêæå â % îò ñðåäíåãî ñîäåð-

æàíèÿ ôåíîëîâ â äàííîé âûáîðêå. Îáà ïàðàìåò-

ðà ðàññ÷èòûâàëè ïî ôîðìóëå:

RMSEP � �

�

�

1
2

1n
c c

i

n

( ) .*
� �

(4)

RMSEC õàðàêòåðèçóåò àäåêâàòíîñòü ìîäåëè

ïðèìåíèòåëüíî ê ñìåñÿì èç îáó÷àþùåé âûáîðêè,

à RMSEP — ê ñìåñÿì èç òåñò-âûáîðêè.

Äëÿ îïòèìèçàöèè ïàðàìåòðîâ m è n ñîïî-

ñòàâëÿëè çíà÷åíèÿ RMSEÑ èëè RMSEP, ïîëó-

÷åííûå ñ ïîìîùüþ ðàçíûõ ìîäåëåé äëÿ ïåðâîé

òåñò-âûáîðêè. Ó÷èòûâàëè òàêæå ìàêñèìàëüíûå

çíà÷åíèÿ ïîãðåøíîñòåé àíàëèçà åäèíè÷íûõ

ñìåñåé.

Îáñóæäåíèå ðåçóëüòàòîâ

Êàê áûëî óñòàíîâëåíî íàøèìè ïðåäøåñòâåí-

íèêàìè è ïîäòâåðæäåíî â õîäå äàííîãî èññëåäî-

âàíèÿ, ôåíîëüíûå òîêñèêàíòû â íåéòðàëüíûõ

âîäíûõ ðàñòâîðàõ ïîä äåéñòâèåì ÄÑÊ îáðàçóþò

óñòîé÷èâûå àçîêðàñèòåëè, õîðîøî ïîãëîùàþùèå

ñâåò â áëèæíåé ÓÔ-îáëàñòè ñïåêòðà. Îïòè÷åñêèå

ïëîòíîñòè ðàñòâîðîâ ýòèõ àçîêðàñèòåëåé â äèà-
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A

c, ìêìîëü/ë

Ðèñ. 1. Îäíîìåðíûå ãðàäóèðîâî÷íûå çàâèñèìîñòè äëÿ

îïðåäåëåíèÿ èíäèâèäóàëüíûõ ôåíîëîâ â âèäå àçîêðàñè-

òåëåé (pH = 7,4, ô = 10 ìèí, ë = 380 íì)

Fig. 1. Univariate calibrations for the determination of

individual phenols as azodyes (pH = 7.4, ô = 10 min, ë =

= 380 nm)



ïàçîíå êîíöåíòðàöèé 10–5 – 10–4 ìîëü/ë ïðÿìî

ïðîïîðöèîíàëüíû êîíöåíòðàöèè èñõîäíûõ ôå-

íîëîâ (ðèñ. 1). Ìîëÿðíûå êîýôôèöèåíòû ïîãëî-

ùåíèÿ ðàçíûõ àçîêðàñèòåëåé (å) ïðè îäîé è òîé

æå äëèíå âîëíû ðàçëè÷àþòñÿ, íî â îáëàñòè

350 – 410 íì ÿâëÿþòñÿ âåëè÷èíàìè îäíîãî ïîðÿä-

êà. Äëÿ èñïîëüçîâàííîãî íàáîðà ôåíîëîâ ñîîòíî-

øåíèå T = åmax/åmin íå ïðåâûøàåò 7 åäèíèö.

Îòêëîíåíèÿ îò àääèòèâíîñòè àíàëèòè÷åñêèõ

ñèãíàëîâ ïðè âûáðàííûõ ÀÄÂ â ïîäàâëÿþùåì

áîëüøèíñòâå ñëó÷àåâ îêàçàëèñü ñòàòèñòè÷åñêè

íåçíà÷èìûìè, à â îñòàëüíûõ — íå ïðåâûøàëè

5 % îòí. Ñðàâíèòåëüíî íåâûñîêèé óðîâåíü âíó-

òðèãðóïïîâîé ñåëåêòèâíîñòè è ïðèáëèçèòåëüíàÿ

àääèòèâíîñòü ñèãíàëîâ îáåñïå÷èâàþò âîçìîæ-

íîñòü ïðàâèëüíîé îöåíêè cÓ â ïåðåñ÷åòå íà ñòàí-

äàðòíîå âåùåñòâî [8]. Ñ äðóãîé ñòîðîíû, óêàçàí-

íûå îñîáåííîñòè ôåíîëîâ è ñîîòâåòñòâóþùèõ èì

àçîêðàñèòåëåé ïîçâîëÿþò áûñòðî ñòðîèòü ìíîãî-

ìåðíûå ëèíåéíûå ìîäåëè è ïðèìåíÿòü èõ äëÿ

îïðåäåëåíèÿ ñóììàðíîãî ñîäåðæàíèÿ ôåíîëîâ ïî

ñïåêòðó ñîîòâåòñòâóþùåé ñìåñè. Ïðèìåðû ñïåê-

òðîâ ïîãëîùåíèÿ ñìåñåé ôåíîëîâ ïîñëå ïåðåâîäà

êîìïîíåíòîâ â àçîêðàñèòåëè ïîêàçàíû íà ðèñ. 2.

Âûáîð îïòèìàëüíîé ìàòåìàòè÷åñêîé ìî-

äåëè. ×òîáû âûáðàòü ìàòåìàòè÷åñêóþ ìîäåëü,

ñâÿçûâàþùóþ ñóììàðíûå êîíöåíòðàöèè ôåíî-

ëîâ è èõ îáîáùåííûå ñèãíàëû, ïðîâåëè äâå ñåðèè

îïûòîâ. Â ïåðâîé ñåðèè ðåãèñòðèðîâàëè ñïåêòðû

ïîãëîùåíèÿ ñåìè ìîäåëüíûõ ñìåñåé èç îáó÷à-

þùåé âûáîðêè â èíòåðâàëå îò 350 äî 410 íì.

Îáîáùåííûå ñèãíàëû èçìåðÿëè ïðè ðàçíûõ

ÀÄÂ, ïîñëåäîâàòåëüíî óâåëè÷èâàÿ èõ ÷èñëî îò

m = 3 äî m = 10. Â ïîëó÷åííûå óðàâíåíèÿ ðåã-

ðåññèè ïîäñòàâëÿëè çíà÷åíèÿ Aij ñìåñåé èç ïåð-

âîé òåñò-âûáîðêè. Äëÿ êàæäîé ñìåñè ðàññ÷èòûâà-

ëè çíà÷åíèÿ c
�

* , íàõîäèëè îòíîñèòåëüíûå ïî-

ãðåøíîñòè ãðóïïîâîãî àíàëèçà (äci), à çàòåì ðàñ-

ñ÷èòûâàëè îáîáùåííóþ ïîãðåøíîñòü àíàëèçà

ýòèõ ñìåñåé (RMSEP). Êàê è ñëåäîâàëî îæèäàòü,

ïðè ôèêñèðîâàííîì îáúåìå îáó÷àþùåé âûáîðêè

åäèíè÷íûå ïîãðåøíîñòè è çíà÷åíèÿ RMSEP

óìåíüøàëèñü ïî ìåðå óâåëè÷åíèÿ ÷èñëà ÀÄÂ.

Äîñòàòî÷íî ïðàâèëüíûå ðåçóëüòàòû (RMSEP �

� 10 % îò ñðåäíåãî ñîäåðæàíèÿ ôåíîëîâ) ïîëó÷à-

ëè íà÷èíàÿ ñ m = 7. Äàëüíåéøåå óâåëè÷åíèå

÷èñëà ÀÄÂ íå äàåò çàìåòíîãî âûèãðûøà â òî÷íî-

ñòè ðåçóëüòàòîâ, íî óñëîæíÿåò ìåòîäèêó, à ïîýòî-

ìó íåöåëåñîîáðàçíî.

Âî âòîðîé ñåðèè îïûòîâ ÷èñëî è íàáîð èñ-

ïîëüçóåìûõ ÀÄÂ íå ìåíÿëè (m = 7), íî âàðüèðî-

âàëè ïàðàìåòð n îò 5 äî 16. Óâåëè÷åíèå ÷èñëà ìî-

äåëüíûõ ñìåñåé â îáó÷àþùåé âûáîðêå âíà÷àëå

ïðèâîäèëî ê ñíèæåíèþ ïîãðåøíîñòåé ãðóïïîâî-

ãî àíàëèçà, à çàòåì — ê èõ ðîñòó (âåðîÿòíî,

âñëåäñòâèå íàêîïëåíèÿ ñëó÷àéíûõ ïîãðåøíî-

ñòåé). Ìèíèìàëüíîå çíà÷åíèå RMSEP, ðàâíîå

7,8 % îò ñðåäíåãî ñîäåðæàíèÿ ôåíîëîâ â ïåðâîé

òåñò-âûáîðêå, íàáëþäàëîñü ïðè n = 10. Äëÿ äàëü-

íåéøåãî ïðèìåíåíèÿ áûëà âûáðàíà ìíîãîìåðíàÿ

ãðàäóèðîâêà, ïîëó÷åííàÿ ïðè m = 7 è n = 10 (ñì.

ôîðìóëó (2)). Ñóììàðíûå ñîäåðæàíèÿ ôåíîëîâ â

ñìåñÿõ èç òåñò-âûáîðêè ¹ 1 ñ ïîìîùüþ ýòîé ãðà-

äóèðîâêè îïðåäåëÿëè ñ åäèíè÷íûìè ïîãðåøíî-

ñòÿìè, íå ïðåâûøàâøèìè 13 % îòí. (ïî ìîäóëþ).

Äëÿ ñðàâíåíèÿ òå æå ñìåñè àíàëèçèðîâàëè ïî

ìåòîäèêå [8], âûðàæàÿ ðåçóëüòàò â ïåðåñ÷åòå íà

ëó÷øåå ñòàíäàðòíîå âåùåñòâî (1-íàôòîë), ò.å. â

âèäå èíòåãðàëüíîãî ïîêàçàòåëÿ (ÈÏ). Â ýòîì ñëó-

÷àå åäèíè÷íûå ïîãðåøíîñòè äîõîäèëè äî

23 % îòí., à ïàðàìåòð RMSEP ñîñòàâëÿë 12,8 %

îò ñðåäíåãî ñîäåðæàíèÿ ôåíîëîâ (òàáë. 4, âåðõ-

íÿÿ ñòðîêà). Âèäíî, ÷òî, ïðè îäèíàêîâîì êà÷åñò-

âåííîì ñîñòàâå èññëåäóåìûõ ïðîá è ñìåñåé èç

îáó÷àþùåé âûáîðêè ïåðåõîä îò ðàñ÷åòà ÈÏ ê èñ-

ïîëüçîâàíèþ îáðàùåííîé ìíîãîìåðíîé ãðàäóè-

ðîâêè ñíèæàåò ïîãðåøíîñòè îïðåäåëåíèÿ ñóììû

ôåíîëîâ ïðèìåðíî âäâîå. Îòìåòèì, ÷òî ïðè îïðå-

äåëåíèè ñóììû óãëåâîäîðîäîâ èëè ñóììû àðåíîâ

ïåðåõîä îò ÈÏ ê ÌÃ äàåò åùå áîëüøèé âûèãðûø

â òî÷íîñòè [14, 19].

Î÷åâèäíî, çàìåíà ìåòðîëîãè÷åñêè íåêîððåêò-

íîé îïåðàöèè (ðàñ÷åòà ÈÏ) ðàñ÷åòîì ñóììàðíîãî

ñîäåðæàíèÿ ôåíîëîâ ñ ïîìîùüþ îáðàùåííîé ÌÃ

äîëæíà áóäåò ïîâûñèòü è òî÷íîñòü ðåçóëüòàòîâ

àíàëèçà ïðèðîäíûõ è ñòî÷íûõ âîä. Ðàçðàáîòêà

ñîîòâåòñòâóþùèõ ìåòîäèê óæå íà÷àòà. Îñíîâíîé

ïðîáëåìîé ïðè ýòîì ÿâëÿåòñÿ âûáîð îïòèìàëüíî-

ãî ñîñòàâà îáó÷àþùåé âûáîðêè.

Âëèÿíèå êà÷åñòâåííîãî ñîñòàâà ôåíîëüíûõ

ñìåñåé íà òî÷íîñòü àíàëèçà. Èçâåñòíî, ÷òî êà-

÷åñòâåííûé ñîñòàâ ãðàäóèðîâî÷íûõ îáðàçöîâ

äîëæåí îòâå÷àòü ñîñòàâó àíàëèçèðóåìûõ ïðîá.

Îäíàêî ñôîðìèðîâàòü îáó÷àþùóþ âûáîðêó,
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Ðèñ. 2. Ñïåêòðû ïîãëîùåíèÿ ïðîäóêòîâ âçàèìîäåéñòâèÿ

ñìåñåé ôåíîëîâ ñ ÄÑÊ (C
ÄÑÊ

= 100 ìêìîëü/ë, pH = 7,4,

ô = 10 ìèí): 41 — Í1 + Í2 + ÐÇ + ÃÂ, 59,8 ìêìîëü/ë;

42 — ÐÇ + ÃÂ, 15,3 ìêìîëü/ë; 43 — Ô + Í1 + ÐÇ,

34,9 ìêìîëü/ë; 44 — Ô + ÐÇ + ÃÂ, 45,4 ìêìîëü/ë)

Fig. 2. Absorption spectra of phenol mixtures after their

interaction with DSA (C
DSA

= 100 ìM/L, pH = 7.4, ô =

= 10 min): 41 — N1 + N2 + R + G, 59.8 ìM/L; 42 — R +

G, 15.3 ìmol/L; 43 — Ph + N1 + R, 34.9 ìM/L; 44 — Ph +

+ R + G, 45.4 ìM/L)



âêëþ÷àþùóþ âñå êîìïîíåíòû áóäóùèõ ïðîá,

óäàåòñÿ äàëåêî íå âñåãäà. Ýòî âîçìîæíî, íàïðè-

ìåð, â êîëè÷åñòâåííîì àíàëèçå ñèíòåòè÷åñêèõ

ëåêàðñòâåííûõ ïðåïàðàòîâ, ñîäåðæàùèõ èçâåñò-

íûå íàáîðû êîìïîíåíòîâ, íî íåâîçìîæíî â àíà-

ëèçå òÿæåëûõ íåôòåïðîäóêòîâ [11]. Ïðè ðàçäåëü-

íîì îïðåäåëåíèè êîìïîíåíòîâ ñ ïîìîùüþ ìíîãî-

ìåðíîé ãðàäóèðîâêè íàëè÷èå â ïðîáå ïîñòîðîí-

íèõ âåùåñòâ, îòíîñÿùèõñÿ ê òîé æå ãðóïïå àíà-

ëèòîâ, íî íå ó÷òåííûõ ïðè ïîñòðîåíèè ýòîé

ãðàäóèðîâêè, ïðèâîäèò ê ïîÿâëåíèþ ñèñòåìàòè-

÷åñêèõ ïîãðåøíîñòåé [20]. Âëèÿíèå òîãî æå ôàê-

òîðà íà ðåçóëüòàòû ãðóïïîâîãî àíàëèçà òðóäíî

ïðåäñêàçóåìî è ìàëî èçó÷åíî [19, 21]. Ïîäîáðàòü

ñîñòàâ îáó÷àþùåé âûáîðêè äëÿ îïðåäåëåíèÿ ñóì-

ìû ôåíîëîâ â ïðèðîäíûõ è ñòî÷íûõ âîäàõ òðóä-

íî, òàê êàê êà÷åñòâåííûé ñîñòàâ ôåíîëüíûõ ñìå-

ñåé â òàêèõ âîäàõ ñèëüíî çàâèñèò îò òèïà âîäû è

èñòî÷íèêà åå çàãðÿçíåíèÿ ôåíîëàìè [22, 23].

Â õîäå íàñòîÿùåãî èññëåäîâàíèÿ ñëåäîâàëî

óñòàíîâèòü, â êàêîé ñòåïåíè áóäóò èñêàæàòüñÿ

ðåçóëüòàòû ãðóïïîâîãî àíàëèçà ïðè íåñîâïàäå-

íèè ñîñòàâà èññëåäóåìûõ ïðîá è ñìåñåé, èñïîëü-

çóåìûõ äëÿ ïîñòðîåíèÿ óïðîùåííîé ìíîãîìåð-

íîé ãðàäóèðîâêè. Ñðàâíåíèå ðåçóëüòàòîâ àíàëè-

çà ðàçíûõ òåñò-âûáîðîê ïîêàçûâàåò (ñì. òàáë. 4),

÷òî ïðèñóòñòâèå «ïîñòîðîííèõ» ôåíîëîâ ñóùåñò-

âåííî ïîâûøàåò àáñîëþòíûå çíà÷åíèÿ ñèñòåìà-

òè÷åñêèõ ïîãðåøíîñòåé ãðóïïîâîãî àíàëèçà. Ýòî

ïðîèñõîäèò êàê ïðè ðàñ÷åòå ÈÏ, òàê è ïðè èñ-

ïîëüçîâàíèè óïðîùåííûõ ÌÃ, ïðè÷åì â òàêèõ

ñëó÷àÿõ èñïîëüçîâàíèå ÌÃ ìîæåò ïðèâåñòè ê

äàæå áîëüøèì (ïî ìîäóëþ) ïîãðåøíîñòÿì, ÷åì

ðàñ÷åò ÈÏ. Àíàëîãè÷íûé âûâîä ðàíåå áûë ñäå-

ëàí ïðè èçó÷åíèè âëèÿíèÿ ïîñòîðîííèõ ñîåäèíå-

íèé íà ðåçóëüòàòû îïðåäåëåíèÿ ñóììû àðåíîâ

[19].

Âëèÿíèå «ïîñòîðîííèõ» ôåíîëîâ íà ðåçóëü-

òàòû ãðóïïîâîãî àíàëèçà îáúÿñíÿåòñÿ ðàçëè÷èÿ-

ìè â êîýôôèöèåíòàõ ÷óâñòâèòåëüíîñòè ïðè îïðå-

äåëåíèè ðàçíûõ ôåíîëîâ â ôîðìå àçîêðàñèòåëåé

(cì. ðèñ. 1). Òàê, ÌÊ â îáëàñòè 360 – 410 íì îïðå-

äåëÿåòñÿ ñ òàêîé æå èëè ÷óòü áîëüøåé ÷óâñòâè-

òåëüíîñòüþ, ÷åì ôåíîëû, âõîäèâøèå â ñîñòàâ

îáó÷àþùåé âûáîðêè. Ïîýòîìó íàëè÷èå ÌÊ â ñìå-

ñÿõ èç òåñò-âûáîðîê 2 è 3 ïðèâîäèëî ê íåáîëü-

øèì ïî ìîäóëþ ïîëîæèòåëüíûì ïîãðåøíîñòÿì.

Íàïðîòèâ, ôåíîëû, ìåäëåííî ðåàãèðóþùèå ñ

ÄÑÊ (Í2, ÏÃ è ÏÊ), ïðè 10-ìèíóòíîé ýêñïîçè-

öèè îïðåäåëÿëè ñ ìåíüøåé ÷óâñòâèòåëüíîñòüþ,

÷åì êîìïîíåíòû îáó÷àþùåé âûáîðêè, ïîýòîìó

íàëè÷èå ýòèõ ôåíîëîâ â ïðîáàõ äîëæíî ïðèâî-

äèòü ê ïîëó÷åíèþ ñèëüíî çàíèæåííûõ ðåçóëüòà-

òîâ, ÷òî è íàáëþäàëîñü â õîäå ïðîâåäåííîãî ýêñ-

ïåðèìåíòà.

Çàêëþ÷åíèå

Ïî èòîãàì ïðîâåäåííîãî ýêñïåðèìåíòà ìîæíî

ñôîðìóëèðîâàòü ñëåäóþùèå âûâîäû è ïðàêòè÷å-

ñêèå ðåêîìåíäàöèè.

1. Ïîäòâåðæäåíà âîçìîæíîñòü îïðåäåëåíèÿ

ñóììàðíîãî ñîäåðæàíèÿ ôåíîëîâ â âèäå àçîêðà-

ñèòåëåé. Óñòàíîâëåíî, ÷òî àíàëèç ìíîãîêîìïî-

íåíòíûõ âîäíûõ ðàñòâîðîâ, ñîäåðæàùèõ ôåíîëû

íà óðîâíå 10–5 ìîëü/ë, ìîæåò áûòü ïðîâåäåí ìåò-

ðîëîãè÷åñêè êîððåêòíûì ñïîñîáîì, îñíîâàííûì

íà ïîñòðîåíèè îáðàùåííûõ ìíîãîìåðíûõ ãðà-

äóèðîâîê.

2. Ñ ïîìîùüþ îáðàùåííûõ ìíîãîìåðíûõ

ãðàäóèðîâîê ìîæíî ïîëó÷èòü çíà÷èòåëüíî áîëåå

ïðàâèëüíûå îöåíêè ñóììàðíîãî ñîäåðæàíèÿ ôå-

íîëîâ, ÷åì ïóòåì ðàñ÷åòà ñîîòâåòñòâóþùåãî

èíòåãðàëüíîãî ïîêàçàòåëÿ. Ïîñëå îïòèìèçàöèè

÷èñëà àíàëèòè÷åñêèõ äëèí âîëí è îáúåìà îáó-

÷àþùåé âûáîðêè åäèíè÷íûå ïîãðåøíîñòè ãðóï-

ïîâîãî àíàëèçà ñìåñåé èç òåñò-âûáîðêè ïî ñîîò-

âåòñòâóþùåé ìíîãîìåðíîé ãðàäóèðîâêå íå ïðå-

âûøàëè 13 % îòí., à îáîáùåííàÿ ïîãðåøíîñòü

àíàëèçà (RMSEP) ñîñòàâëÿëà 7,8 % îò ñðåäíåãî

ñîäåðæàíèÿ ôåíîëîâ. Ïðè ýòîì ÷óâñòâèòåëü-

íîñòü, ïðåöèçèîííîñòü è ïðîäîëæèòåëüíîñòü

àíàëèçà ïî íîâîé ìåòîäèêå áëèçêè ê õàðàêòåðè-

ñòèêàì òðàäèöèîííûõ ìåòîäèê îöåíêè ñóììàðíî-

ãî ñîäåðæàíèÿ ôåíîëîâ.

3. Îñíîâíîé íåäîñòàòîê íîâîé ìåòîäèêè —

÷óâñòâèòåëüíîñòü ðåçóëüòàòà àíàëèçà ê èíäèâè-

äóàëüíîìó ñîñòàâó èññëåäóåìûõ ïðîá. Ïðè íàëè-

÷èè â ïðîáå ôåíîëîâ, íå ó÷òåííûõ ïðè ïîñòðîå-

íèè óïðîùåííîé ìíîãîìåðíîé ãðàäóèðîâêè, ñèñ-

òåìàòè÷åñêèå ïîãðåøíîñòè ãðóïïîâîãî àíàëèçà

ðåçêî âîçðàñòàþò. Â òàêèõ ñëó÷àÿõ ïðèìåíåíèå

ÈÏ ìîæåò îêàçàòüñÿ ïðåäïî÷òèòåëüíûì. Îñîáåí-

íî îïàñíî ïðèñóòñòâèå â ïðîáå ôåíîëîâ, îïðå-

äåëÿåìûõ ñ íàìíîãî áîëüøåé èëè íàìíîãî

ìåíüøåé ÷óâñòâèòåëüíîñòüþ, ÷åì ôåíîëû, èñ-

ïîëüçîâàííûå äëÿ ïîñòðîåíèÿ ÌÃ. Ïîýòîìó â ñî-

ñòàâ îáó÷àþùåé âûáîðêè ñëåäóåò âêëþ÷àòü êàê

ìîæíî áîëåå øèðîêèå íàáîðû ôåíîëîâ, â òîì

÷èñëå ñîåäèíåíèÿ, îïðåäåëÿåìûå ñ îñîáî âûñîêîé

è îñîáî íèçêîé ÷óâñòâèòåëüíîñòüþ. Ýòà ðåêîìåí-
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Òàáëèöà 4. Ìàêñèìàëüíûå (ïî ìîäóëþ) è îáîáùåííûå

ïîãðåøíîñòè ãðóïïîâîãî àíàëèçà ôåíîëüíûõ ñìåñåé ðàç-

íîãî ñîñòàâà

Table 4. Maximum (in modulo) and generalized errors of

group analysis for phenol mixtures of different compositions

Íîìåð

òåñò-

âûáîðêè

Ìàêñèìàëüíûå

çíà÷åíèÿ åäèíè÷íûõ

ïîãðåøíîñòåé

RMSEP, â % îò c
ñð

ÌÃ ÈÏ ÌÃ ÈÏ

1 13,0 22,7 7,8 12,8

2 69,7 44,2 37,1 22,5

3 80,7 60,4 78,7 55,4



äàöèÿ ïîäòâåðæäåíà ýêñïåðèìåíòàëüíî ñ ïî-

ìîùüþ ìíîãîìåðíîé ãðàäóèðîâêè, ïîñòðîåííîé

ïî 10 ìîäåëüíûì ñìåñÿì, âêëþ÷àþùèì âñå 8

èñïîëüçîâàííûõ íàìè ôåíîëîâ: ñóììàðíûå ñî-

äåðæàíèÿ ôåíîëîâ â ìîäåëüíûõ ñìåñÿõ èç âñåõ

òðåõ òåñò-âûáîðîê áûëè îïðåäåëåíû äîâîëüíî

òî÷íî (åäèíè÷íûå ïîãðåøíîñòè ñîñòàâëÿëè ìå-

íåå 15 % îòí., RMSEP = 8,5 %).

4. Ïðèìåíåíèå ìíîãîìåðíûõ ãðàäóèðîâîê

äëÿ îïðåäåëåíèÿ ñóììàðíîãî ñîäåðæàíèÿ ôåíî-

ëîâ â ñòî÷íûõ, à òàêæå ñèëüíî çàãðÿçíåííûõ ïðè-

ðîäíûõ âîäàõ âîçìîæíî è öåëåñîîáðàçíî. Ñëåäó-

åò ëèøü ôîðìèðîâàòü ìíîãîìåðíûå ãðàäóèðîâêè

â ñîîòâåòñòâèè ñ îæèäàåìûì ñîñòàâîì ôåíîëü-

íûõ ñìåñåé â ñîîòâåòñòâóþùèõ âîäàõ, âûÿâëÿÿ

ìåòîäîì ÂÝÆÕ èõ îñíîâíûå êîìïîíåíòû, à çà-

òåì âêëþ÷àòü ýòè ôåíîëû â ñîñòàâ îáó÷àþùåé

âûáîðêè. Òàêèì îáðàçîì, äëÿ àíàëèçà âîä ðàçíî-

ãî òèïà ïîòðåáóþòñÿ ðàçíûå ìíîãîìåðíûå ãðà-

äóèðîâêè. Àëüòåðíàòèâíûì íàïðàâëåíèåì ìåòî-

äè÷åñêèõ èññëåäîâàíèé ÿâëÿåòñÿ óñòðàíåíèå

âíóòðèãðóïïîâîé ñåëåêòèâíîñòè àíàëèòè÷åñêèõ

ñèãíàëîâ, ÷òî ìîæåò ïðèâåñòè ê ñîçäàíèþ åäèíîé

ãðàäóèðîâêè.
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íèè èòîãîâ ðàáîòû.
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