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Èçâåñòíî, ÷òî ðàáî÷èå ñâîéñòâà ìàñëà îïðåäåëÿþòñÿ äîáàâëåíèåì â íåãî íåêîòîðûõ ýëå-

ìåíòîâ òàáëèöû Ìåíäåëååâà. Ñâîéñòâà ìàñëà ñ òå÷åíèåì âðåìåíè ìîãóò ñóùåñòâåííî ìå-

íÿòüñÿ èç-çà âîçäåéñòâèÿ íà íåãî êàê âûñîêèõ, òàê è êðàéíå íèçêèõ äàâëåíèé è òåìïåðà-

òóð. Äëÿ îáåñïå÷åíèÿ áåñïåðåáîéíîé è ïðîäîëæèòåëüíîé ðàáîòû îáîðóäîâàíèÿ íåîáõîäèìî

ïåðèîäè÷åñêè ïðîâîäèòü êîíòðîëü ðàçëè÷íûõ ïîêàçàòåëåé ìàñëà, â òîì ÷èñëå îïðåäåëåíèå

ìåòàëëîâ èçíîñà. Äëÿ ýòîé öåëè ÷àùå âñåãî èñïîëüçóþò ìåòîä àòîìíî-ýìèññèîííîé ñïåê-

òðîìåòðèè (ÀÝÑ) ñ âîçáóæäåíèåì ñïåêòðà â ýëåêòðè÷åñêîé äóãå ñ âðàùàþùèìñÿ ãðàôèòî-

âûì äèñêîì è èíäóêòèâíî-ñâÿçàííîé ïëàçìå (ÈÑÏ). Öåëü ðàáîòû — îïðåäåëåíèå ìåòàëëîâ

èçíîñà â ìàñëå ñ èñïîëüçîâàíèåì èñòî÷íèêà ìèêðîâîëíîâîé àçîòíîé ïëàçìû è ñïåêòðîìåò-

ðà «Ýêñïðåññ» â ñîîòâåòñòâèè ñ ìåòîäèêîé ASTM D5185–09. Ìèêðîâîëíîâàÿ ïëàçìà ñîçäà-

íà ñ èñïîëüçîâàíèåì ïðîìûøëåííîãî ìàãíåòðîíà ñ ÷àñòîòîé 2,5 ÃÃö è ÑÂ×-ðåçîíàòîðà,

ïîçâîëÿþùåãî ïîëó÷èòü òîðîèäàëüíóþ ôîðìó ïëàçìû. Ïëàçìîîáðàçóþùèì ãàçîì ñëóæèë

àçîò ñ ÷èñòîòîé 99,6 %. Â ñîîòâåòñòâèè ñ ìåòîäèêîé áûëà ïðèãîòîâëåíà ñåðèÿ îáðàçöîâ

ñðàâíåíèÿ ìåòàëëîâ èçíîñà ïóòåì äîáàâëåíèÿ îêñèäîâ ìåòàëëîâ â áàçîâîå ìàñëî. Ïîñëå

ïðèãîòîâëåíèÿ ðàñòâîðû ðàçáàâëÿëè êåðîñèíîì â 10 ðàç ïî ìàññå äëÿ óñòðàíåíèÿ ðàçíîñòè

âÿçêîñòè ïðîá è âîçìîæíîñòè èõ ðàñïûëåíèÿ ñ ïîìîùüþ ïíåâìàòè÷åñêîãî ðàñïûëèòåëÿ.

Ñïåêòðîìåòð ïîçâîëÿåò îäíîâðåìåííî ðåãèñòðèðîâàòü ñïåêòð â îáëàñòè 190 – 360 è

390 – 540 íì ñî âðåìåíåì èíòåãðèðîâàíèÿ îò 70 ìñ. Äëÿ ñíèæåíèÿ èíòåíñèâíîñòè ìîëåêó-

ëÿðíûõ ïîëîñ C2 è CN â ïðîìåæóòî÷íûé ïîòîê ãîðåëêè ââîäèëè âîçäóõ. Ïîñòðîåííûå ãðà-

äóèðîâî÷íûå ãðàôèêè äëÿ îïðåäåëåíèÿ Al, Pb, Fe, Cu, Cr, Cn èñïîëüçîâàëè ïðè àíàëèçå

êîíòðîëüíîãî îáðàçöà. Ïîêàçàíà âîçìîæíîñòü îïðåäåëåíèÿ ìåòàëëîâ èçíîñà â ìàñëå ñ èñ-

ïîëüçîâàíèåì ìèêðîâîëíîâîé ïëàçìû â êà÷åñòâå èñòî÷íèêà âîçáóæäåíèÿ ñïåêòðîâ.

Êëþ÷åâûå ñëîâà: àòîìíî-ýìèññèîííûé àíàëèç; àíàëèç ìîòîðíîãî ìàñëà; ìåòàëëû èçíî-

ñà; ASTM; ìèêðîâîëíîâàÿ ïëàçìà; êîíòðîëüíûé îïûò.
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It is known that the working properties of motor oil are determined by the presence of some elements of

the periodic table. The properties of oil can vary significantly over time due to exposure to both high and

extremely low pressures and temperatures. To ensure uninterrupted long-term operation of equipment, it

is necessary to monitor various indicators of oil, including the determination of wear metals on a regular

basis. Two methods of determining wear metals are most widely used: an electric arc with a rotating

graphite disk and inductively coupled plasma. The goal of the work was to determine wear metals in oil us-

ing a microwave nitrogen plasma source and an “Ékspress” spectrometer according to ASTM D5185-09

method. Microwave plasma was produced using an industrial magnetron with a frequency of 2.5 GHz and

a microwave resonator which provided toroidal plasma shape. Nitrogen (purity of 99.6%) was used as a

plasma-forming gas. In accordance with the mentioned procedure, a series of wear metal samples was pre-

pared by adding metal oxides to the base oil for comparison with the control experiment. After that, the

solutions were diluted 1:10 by weight with kerosene to eliminate the difference in viscosity of the samples
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and ensure their spraying using a pneumatic spray. The spectrometer allows simultaneous recording of

spectra in the region of 190 – 360 and 390 – 540 nm with an integration time of 70 msec. The intensity of

C
2

and CN molecular bands was reduced by introducing air into the intermediate flame of the burner. The

constructed calibration graphs for determination of Al, Pb, Fe, Cu, Cr, Cn were used in analysis of the con-

trol sample. It is shown that wear metals in oil can be determined using microwave plasma as a source of

spectrum excitation.

Keywords: atomic emission analysis; analysis of motor oil; wear metals; ASTM; microwave plasma;

blank experiment.

Ìîòîðíûå ìàñëà øèðîêî èñïîëüçóþòñÿ â àâòîìî-

áèëüíûõ, àâèàöèîííûõ, ñóäîâûõ äâèãàòåëÿõ è àã-

ðåãàòàõ è ýêñïëóàòèðóþòñÿ â æåñòêèõ óñëîâèÿõ:

ïðè êðàéíå íèçêèõ è âûñîêèõ òåìïåðàòóðàõ, ïå-

ðåìåííîì äàâëåíèè, â êîíòàêòå ñ ðàçëè÷íûìè

ìåòàëëè÷åñêèìè äåòàëÿìè. Òåõíè÷åñêèå ñâîéñò-

âà ìàñëà ñî âðåìåíåì ìîãóò ìåíÿòüñÿ â çàâèñèìî-

ñòè îò óñëîâèé ýêñïëóàòàöèè, ñîñòîÿíèÿ ìåõàíèç-

ìîâ è óçëîâ, êîíòàêòèðóþùèõ ñ ìàñëîì. Ýëåìåíò-

íûé àíàëèç îòðàáîòàííûõ ìîòîðíûõ ìàñåë ÿâëÿ-

åòñÿ ýôôåêòèâíûì èíñòðóìåíòîì äèàãíîñòèêè

òåêóùåãî ñîñòîÿíèÿ è ïðîãíîçèðîâàíèÿ îñòàòî÷-

íîãî ðåñóðñà òåõíèêè. Êðîìå òîãî, ïîñòîÿííûé

ìîíèòîðèíã ñîäåðæàíèÿ ìåòàëëîâ â ìàñëå âàæåí

äëÿ ïëàíèðîâàíèÿ ïðîôèëàêòè÷åñêîãî îáñëóæè-

âàíèÿ ìàøèí. Ñâîåâðåìåííîå âûÿâëåíèå èçíî-

øåííûõ äåòàëåé ïîçâîëÿåò ìèíèìèçèðîâàòü âðå-

ìÿ ïðîñòîÿ òåõíèêè è óùåðá, âûçâàííûé îòêàçîì

äâèãàòåëÿ, à òàêæå ñíèçèòü ýêñïëóàòàöèîííóþ

ñòîèìîñòü òåõíèêè. Ñïèñîê ýëåìåíòîâ — èíäèêà-

òîðîâ èçíîñà è èõ âîçìîæíûé èñòî÷íèê ïðîèñõî-

æäåíèÿ ïðèâåäåíû äëÿ ïðèìåðà â òàáë. 1, ïðè-

ñàäêè è èõ ôóíêöèîíàëüíûå îñîáåííîñòè — â

òàáë. 2 [1]. Íåêîòîðûå ýëåìåíòû â ñîñòàâå ïðèñà-

äîê âñòðå÷àþòñÿ òàêæå ñðåäè ìåòàëëîâ èçíîñà.

Íåìàëîâàæåí îïåðàòèâíûé êîíòðîëü ñîäåðæà-

íèÿ ýòèõ ýëåìåíòîâ, òàê êàê åãî óâåëè÷åíèå èëè

óìåíüøåíèå òðåáóåò ðàçëè÷íûõ äåéñòâèé.

Äëÿ àíàëèçà ìîòîðíîãî ìàñëà ïðèìåíÿþò äâà

ìåòîäà: ïåðâûé, îïèñàííûé â ÃÎÑÒ 20759–90

(àíàëîã ASTM D6595) [2], — ìåòîä àòîìíî-ýìèñ-

ñèîííîé ñïåêòðîìåòðèè (ÀÝÑ) ñ èñïîëüçîâàíèåì

ýëåêòðè÷åñêîé äóãè ñ âðàùàþùèìñÿ äèñêîâûì

ïîäñòàâíûì ýëåêòðîäîì äëÿ îïðåäåëåíèÿ ñåìè

ýëåìåíòîâ (Pb, Fe, Si, Sn, Cu, Al è Cr), ñîäåðæà-

ùèõñÿ â ìàñëå, â âèäå îêñèäîâ [3]. Äëÿ àíàëèçà

ìàñëà òðåáóåòñÿ èñïîëüçîâàíèå îäíîðàçîâûõ

ãðàôèòîâûõ äèñêîâ è ýëåêòðîäîâ, ÷òî óâåëè÷èâà-

åò ñòîèìîñòü àíàëèçà. Âòîðîé ìåòîä (ASTM

D5185–09) — ÀÝÑ ñ èñïîëüçîâàíèåì àðãîíîâîé

èíäóêòèâíî-ñâÿçàííîé ïëàçìû (ÈÑÏ) — ïðåäïî-

ëàãàåò îïðåäåëåíèå äî 22 ýëåìåíòîâ â äèàïàçîíå

ñîäåðæàíèé îò 0,5 äî 9000 ìã/êã ñ ïðåäâàðèòåëü-

íûì ðàçáàâëåíèåì ïðîáû êåðîñèíîì èëè èíûì

ðàñòâîðèòåëåì äëÿ ïîëó÷åíèÿ îäèíàêîâîé âÿçêî-

ñòè îáðàçöîâ ñðàâíåíèÿ è ïðîáû. ÈÑÏ âîñïðèèì-

÷èâà ê ïîïàäàíèþ â íåå îðãàíè÷åñêèõ âåùåñòâ è

ìîæåò ïîãàñíóòü ïðè ââåäåíèè èõ â ïëàçìó. Äëÿ

ïîâûøåíèÿ ñòàáèëüíîñòè ôàêåëà ïëàçìû ìîù-

íîñòü Â×-ãåíåðàòîðà ïðè àíàëèçå îðãàíè÷åñêèõ

âåùåñòâ óâåëè÷èâàþò äî ìàêñèìàëüíî âîçìîæ-

íûõ çíà÷åíèé, êàê ïðàâèëî, äî 1600 – 1800 Âò.

Äëÿ óñòðàíåíèÿ ìîëåêóëÿðíûõ èíòåðôåðåíöèé

ââîäÿò â ïðîìåæóòî÷íûé ïîòîê ãîðåëêè êèñëîðîä

èëè âîçäóõ.

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû

îïðåäåëåíèÿ Al, Cr, Cu, Fe, Pb, Sn â ìîòîð-

íîì ìàñëå ñ èñïîëüçîâàíèåì àòîìíî-ýìèññèîííî-

ãî ñïåêòðîìåòðà «Ýêñïðåññ» [5] ñ äâóìÿ ñáîðêàìè

ëèíååê ôîòîäåòåêòîðîâ ÁËÏÏ-369-Ì1 è èñòî÷-

íèêà ìèêðîâîëíîâîé (ÑÂ×) ïëàçìû [6]. Â èñòî÷-

íèêå âîçáóæäåíèÿ ñïåêòðîâ äëÿ ïîëó÷åíèÿ ïëàç-

ìû èñïîëüçóåòñÿ ìàãíåòðîí ñ ÷àñòîòîé ãåíåðè-

ðóåìîãî ýëåêòðîìàãíèòíîãî ïîëÿ 2,5 ÃÃö ñ ôîð-

ìèðîâàíèåì ïëàçìû â ìàãíèòíîì ïîëå ÑÂ× ðåçî-

íàòîðà. Äëÿ ïîääåðæàíèÿ ïëàçìû èñïîëüçîâàëè

àçîò ñ ÷èñòîòîé 99,6 %. Ïîäæèã ïëàçìû îñóùå-

ñòâëÿëè âûñîêîâîëüòíîé èñêðîé, ââåäåííîé

â ïðîìåæóòî÷íûé ïîòîê ãàçà ãîðåëêè. Èçâåñòíî,

÷òî ðàñïûëèòåëüíàÿ êàìåðà â ÈÑÏ-ñïåêòðî-
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Òàáëèöà 1. Ìåòàëëû èçíîñà, èñòî÷íèêè ïðîèñõîæäåíèÿ

Ýëåìåíò Âîçìîæíûé èñòî÷íèê ïðîèñõîæäåíèÿ

Al Áëîê öèëèíäðîâ, ïîðøíè, êîìïðåññîð, âòóëêè ìàñëÿíîãî íàñîñà, ïîäøèïíèêè, ìàñëÿíûé ðàäèàòîð

B Óòå÷êè ñèñòåìû îõëàæäåíèÿ, ïðèìåñè â ñìàçêå

Cu Ïîäøèïíèêè, ñåðäå÷íèê ìàñëÿíîãî ðàäèàòîðà

Fe Öèëèíäðû, ïîðøíåâûå êîëüöà, ïðèâîä êëàïàíîâ, áëîê öèëèíäðîâ, ìàñëÿíûé íàñîñ, ïîäøèïíèêè, øåñòåðíè

Pb Ïîäøèïíèêè, ïðèìåñè â òîïëèâå

Si Áëîê öèëèíäðîâ, ïûëü íà óïëîòíåíèÿõ

Sn Ïîäøèïíèêè, ïîðøíè, ýëåìåíòû ìàñëÿíîãî ðàäèàòîðà, øàòóíû



ìåòðàõ îòñåêàåò ïîïàäàíèå êðóïíîäèñïåðñíîãî

àýðîçîëÿ è, ñëåäîâàòåëüíî, ñíèæàåò íàãðóçêó íà

ïëàçìó. Òàê, ïðè ðàñïûëåíèè âîäíûõ ðàñòâîðîâ

ñ êèñëîòíîñòüþ 1 – 5 % HNO3 â ïëàçìó ïîïàäàåò

1 – 3 % ðàñïûëÿåìîãî ðàñòâîðà. Ïðè ðàñïûëåíèè

îðãàíè÷åñêèõ ðàñòâîðîâ êàðòèíà ñóùåñòâåííî

èíàÿ: â ïëàçìó ïîïàäàåò äî 90 % âñåãî ðàñòâîðà,

÷òî ïðèâîäèò ê ïîÿâëåíèþ íåñòàáèëüíîñòè ïëàç-

ìû è åå çàòóõàíèþ. Äëÿ îãðàíè÷åíèÿ êîëè÷åñòâà

îðãàíè÷åñêîãî ðàñòâîðà èñïîëüçóþò èíæåêòîð ãî-

ðåëêè ñ ìàëåíüêèì âíóòðåííèì äèàìåòðîì 1 –

1,5 ìì è îãðàíè÷èâàþò ñêîðîñòü ïîäà÷è ïðîáû

âðàùåíèåì ïåðèñòàëüòè÷åñêîãî íàñîñà äî ìèíè-

ìàëüíî âîçìîæíîãî çíà÷åíèÿ, ïðè êîòîðîì åùå

íå ïðîÿâëÿåòñÿ äèñêðåòíîñòü ïîñòóïëåíèÿ

ðàñòâîðà, ñâÿçàííàÿ ñ êîíñòðóêöèåé íàñîñà.

Äëÿ àíàëèçà ìàñëà èñïîëüçîâàëè ãîðåëêó ñî

ñìåííûì èíæåêòîðîì äèàìåòðîì 1,4 ìì è ñèñòå-

ìó ââîäà ïðîáû, ñîñòîÿùóþ èç ðàñïûëèòåëüíîé

êàìåðû ML180021, ñïåöèàëüíî ðàçðàáîòàííîãî

äëÿ àíàëèçà ìàñåë ïíåâìàòè÷åñêîãî ðàñïûëèòåëÿ

A21-07-US6 è ïåðèñòàëüòè÷åñêîãî íàñîñà Gilson

Minipulse 2. Â èçìåðåíèÿõ èñïîëüçîâàëè àêñè-

àëüíûé îáçîð ïëàçìû ñ ãîðèçîíòàëüíî ðàñïîëî-

æåííîé ïëàçìåííîé ãîðåëêîé. Îñíîâíûå ïàðà-

ìåòðû ñïåêòðîìåòðà «Ýêñïðåññ» ñ èñòî÷íèêîì

ìèêðîâîëíîâîé ïëàçìû ïðèâåäåíû íèæå:

Ïàðàìåòð Çíà÷åíèå

Ìîùíîñòü ïëàçìû, Âò . . . . . . . . . . . . . . . 1000

Ðàñõîä îõëàæäàþùåãî ïîòîêà àçîòà, ë/ìèí . . . . 12

Ðàñõîä âñïîìîãàòåëüíîãî ïîòîêà âîçäóõà, ë/ìèí . 0,7

Ðàñõîä ðàñïûëèòåëüíîãî ïîòîêà àçîòà, ë/ìèí. . . 0,5

Ðåãèñòðèðóåìûé äèàïàçîí

ñïåêòðîìåòðà, íì . . . . . . . . . . . . 190 – 360

è 390 – 540

Ðåãèñòðàöèÿ ñïåêòðà . . . . . . . . . . Ïàðàëëåëüíî

Ñïåêòðàëüíîå ðàçðåøåíèå, ïì . . . . . . . . . . . 16

Áàçîâàÿ ýêñïîçèöèÿ äåòåêòîðà, ìñ . . . . . . . . . 100

Êîëè÷åñòâî ðåïëèê . . . . . . . . . . . . . . . . . . 3

Âðåìÿ ïðîìûâêè ïîñëå èçìåðåíèÿ, ñ . . . . . . . . 40

Âðåìÿ ðåãèñòðàöèè ñïåêòðà, ñ . . . . . . . . . . . . 15

Ñêîðîñòü âðàùåíèÿ ïåðèñòàëüòè÷åñêîãî

íàñîñà âî âðåìÿ èçìåðåíèé, ìèí–1 . . . . . . . . 5

Âðåìÿ óñïîêîåíèÿ ïëàçìû îò íà÷àëà ïîñòóïëåíèÿ

ïðîáû äî ðåãèñòðàöèè ñïåêòðà, ñ. . . . . . . . 10

Ïðè ââåäåíèè îðãàíè÷åñêèõ âåùåñòâ â ïëàç-

ìó, êàê è â ñëó÷àå ÈÑÏ, â ñïåêòðå ïîÿâëÿþòñÿ

èíòåíñèâíûå ìîëåêóëÿðíûå ïîëîñû CN è C2, êî-

òîðûå ñóùåñòâåííî çàòðóäíÿþò èçìåðåíèå èí-

òåíñèâíîñòè àòîìíûõ è èîííûõ ëèíèé ýëåìåí-

òîâ. Äëÿ ñíèæåíèÿ èíòåíñèâíîñòè ìîëåêóëÿðíûõ

ïîëîñ, à òàêæå äëÿ óñòðàíåíèÿ îñàæäåíèÿ óãëåðî-

äà íà èíæåêòîðå ãîðåëêè â ïðîìåæóòî÷íûé ïîòîê

ãîðåëêè ââîäÿò âîçäóõ. Íà ðèñ. 1 ïîêàçàí îáçîð-

íûé ñïåêòð ýòèëîâîãî ñïèðòà, ïîëó÷åííûé ñ äî-

áàâëåíèåì â ïðîìåæóòî÷íûé ïîòîê ãîðåëêè âîç-

äóõà è áåç íåãî.
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Ðèñ. 1. Ñïåêòðû ýòèëîâîãî ñïèðòà, âîçáóæäàåìûå â èñ-

òî÷íèêå ìèêðîâîëíîâîé ïëàçìû: à — áåç äîáàâêè âîçäóõà

â ïðîìåæóòî÷íûé ïîòîê ãîðåëêè: íàëîæåíèå ìîëåêóëÿð-

íûõ ïîëîñ CN (B2
Ó

+ – X2
Ó

+ â îáëàñòè 421 – 350 íì) è C
2

(d3Ï
g

– a3Ï
u

â îáëàñòè 560 – 440 íì); á — ñ äîáàâëåíèåì

âîçäóõà (1 ë/ìèí)

Òàáëèöà 2. Ïðèñàäêè è èõ ôóíêöèîíàëüíûå îñîáåííî-

ñòè

Ïðè-

ñàäêà

Ïîëåçíîå êà÷åñòâî

B Èíãèáèòîð êîððîçèè, ïðåïÿòñòâóåò èçíîñó,

àíòèîêñèäàíò

Ba Èíãèáèòîð êîððîçèè, ìîþùåå ñðåäñòâî

Mg/Ca Ìîþùàÿ ïðèñàäêà/äèñïåðãåíò

Mn Óëó÷øàåò ñãîðàíèå, äûìîïîäàâèòåëü

P Ïðåïÿòñòâóåò èçíîñó, èíãèáèòîð êîððîçèè,

àíòèîêñèäàíò

S Ìíîãîôóíêöèîíàëüíûé êîìïîíåíò

Si Ïåíîãàñèòåëü

Zn Ïðåïÿòñòâóåò èçíîñó, èíãèáèòîð êîððîçèè,

àíòèîêñèäàíò

Òàáëèöà 3. Ðåçóëüòàòû àíàëèçà êîíòðîëüíûõ îáðàçöîâ

Ýëåìåíò/äëèíà

âîëíû, íì

C, ìã/êã

Äèàïàçîí

ñîäåðæàíèé

ïî ASTM

D5185–09

Â êîíòðîëüíîì

îáðàçöå
Íàéäåíî

Al/396,15 6 – 40 30 30,9

Cr/284,98 1 – 40 5 4,8

Cu/324,75 2 – 160 50 49

Fe/302,06 2 – 140 10 9,8

Pb/283,31 10 – 160 10 10,3

Sn/286,33 10 – 40 30 28,6



Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòà èñïîëüçîâàëè

êåðîñèí îñ÷, áàçîâîå ìàñëî è ìíîãîýëåìåíòíûå

îáðàçöû ñðàâíåíèÿ (ÎÑ) ìàñëà, ïðåäîñòàâëåííûå

àíàëèòè÷åñêîé ëàáîðàòîðèåé Çàïàäíî-Ñèáèð-

ñêîé æåëåçíîé äîðîãè — ôèëèàëà ÎÀÎ «ÐÆÄ»

(ã. Íîâîñèáèðñê), ñîäåðæàùèå îò 5 äî 600 ìã/êã

ìåòàëëà, êîòîðûå áûëè ïðèãîòîâëåíû ïóòåì äî-

áàâëåíèÿ ìåëêîäèñïåðñíûõ èñòåðòûõ ïîðîøêîâ

îêñèäîâ ìåòàëëîâ Al2O3, Cr2O3, CuO, Fe2O3, PbO,

SnO2 â áàçîâîå ìàñëî. Áàçîâîå ìàñëî èñïîëüçîâà-

ëè äëÿ ïðèãîòîâëåíèÿ õîëîñòîãî êàëèáðîâî÷íîãî

ðàñòâîðà è äëÿ óñòðàíåíèÿ ðàçëè÷èé ïî âÿçêîñòè

ìåæäó îáðàçöàìè. Ïåðåä èñïîëüçîâàíèåì ÎÑ èõ

ïåðåìåøèâàëè â òå÷åíèå 4 ÷. Äëÿ ïîäãîòîâêè õî-

ëîñòîãî ðàñòâîðà âçâåøèâàëè 5 ã áàçîâîãî ìàñëà

è ðàçáàâëÿëè êåðîñèíîì â 10 ðàç, ÎÑ òàêæå ðàç-

áàâëÿëè êåðîñèíîì (1:10). Â êà÷åñòâå êîíòðîëü-

íîãî îáðàçöà èñïîëüçîâàëè ÎÑ èç äðóãîé ïàðòèè

ïðåäîñòàâëåííûõ îáðàçöîâ. Àíàëèòè÷åñêèå ëè-

íèè âûáèðàëè â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè

ASTM D5185–09 ëèáî èñïîëüçîâàëè â êà÷åñòâå

àíàëèòè÷åñêèõ èíòåíñèâíûå ëèíèè, õàðàêòåð-

íûå äëÿ èñòî÷íèêà ìèêðîâîëíîâîé ïëàçìû, ñâî-

áîäíûå îò ñïåêòðàëüíûõ íàëîæåíèé. Ãðàäóèðî-

âî÷íûå ãðàôèêè, ïîñòðîåííûå ñ èñïîëüçîâàíèåì

îïèñàííûõ ÎÑ, ïðåäñòàâëåíû íà ðèñ. 2. Êîí-

òðîëüíûå îáðàçöû àíàëèçèðîâàëè â ýòîé æå ñå-

ðèè èçìåðåíèé, ïîëó÷åííîå ñîäåðæàíèå êàæäîãî

ýëåìåíòà ñðàâíèâàëè ñ îæèäàåìûì çíà÷åíèåì

(òàáë. 3).

Íà îñíîâàíèè äàííûõ òàáë. 3 ìîæíî ñäåëàòü

âûâîä î ïðàâèëüíîñòè ðåçóëüòàòîâ àíàëèçà è

âîçìîæíîñòè ðåøåíèÿ çàäà÷è àíàëèçà ìîòîðíûõ

ìàñåë ñ ïîìîùüþ ñïåêòðîìåòðà «Ýêñïðåññ» è èñ-

òî÷íèêà ìèêðîâîëíîâîé ïëàçìû. Äîñòîâåðíîñòü

àíàëèçà, ñóäÿ ïî çíà÷åíèÿì ïðàâèëüíîñòè, âûñî-

êàÿ è â ïðåäåëàõ ñòàòèñòè÷åñêè çíà÷èìûõ îòêëî-

íåíèé ïðèáëèæàåòñÿ ê 100 % (îòêëîíåíèÿ îò

îæèäàåìîãî çíà÷åíèÿ êîíöåíòðàöèè ìåíåå 5 %).

Â çàêëþ÷åíèå õîòåëîñü áû îòìåòèòü ïåðñïåê-

òèâíîñòü àíàëèçà îðãàíè÷åñêèõ âåùåñòâ ñ âîç-

áóæäåíèåì èõ â ìèêðîâîëíîâîé ïëàçìå, òàê êàê

äëÿ åå ïîääåðæàíèÿ èñïîëüçóåòñÿ àçîò, ñòîèìîñòü

êîòîðîãî ñóùåñòâåííî íèæå ñòîèìîñòè àðãîíà.

Ìèêðîâîëíîâàÿ ïëàçìà óñòîé÷èâà ê ââåäåíèþ

â íåå îðãàíè÷åñêèõ âåùåñòâ ïî ñðàâíåíèþ ñ ÈÑÏ

è íå òåðÿåò ñòàáèëüíîñòè äàæå ïðè îòíîñèòåëüíî

íåáîëüøîì óðîâíå ìîùíîñòè — 1 êÂò. Äîáàâ-

ëåíèå âîçäóõà â ïðîìåæóòî÷íûé ïîòîê ãîðåëêè è

âûáîð èíæåêòîðà ñ äèàìåòðîì âíóòðåííåãî îò-

âåðñòèÿ 1,4 ìì ñíèæàþò ñïåêòðàëüíûå èíòåð-

ôåðåíöèè ìîëåêóëÿðíûõ ïîëîñ è ïðåäîòâðàùà-

þò îñàæäåíèå óãëåðîäà íà èíæåêòîðå ãîðåëêè.

Îäíîâðåìåííàÿ ðåãèñòðàöèÿ âñåé îáëàñòè ñïåê-

òðà ïîçâîëÿåò ïîäîáðàòü äëèíó âîëíû îïðåäåëÿ-

åìîãî ýëåìåíòà, ñâîáîäíîãî îò ñïåêòðàëüíûõ íà-

ëîæåíèé, äàæå ïîñëå ïðîâåäåíèÿ ýêñïåðèìåíòà.

Äëÿ èñòî÷íèêà ìèêðîâîëíîâîé ïëàçìû âûáîð

àíàëèòè÷åñêîé ëèíèè íå âñåãäà ñîîòâåòñòâóåò ðå-

êîìåíäàöèÿì ASTM D5185–09, òàê êàê òåìïåðà-

òóðà è ýíåðãèÿ âîçáóæäåíèÿ â ÈÑÏ âûøå, âñëåä-

ñòâèå ÷åãî ïðè îïðåäåëåíèè íèçêèõ ñîäåðæàíèé

ýëåìåíòîâ ðåêîìåíäóåòñÿ èñïîëüçîâàòü àòîìíûå

ëèíèè, à íå èîííûå.

Â äàëüíåéøåì ïëàíèðóåòñÿ ïðîâåñòè îïðåäå-

ëåíèå âñåõ 22 ýëåìåíòîâ â ìàñëàõ ñ âîçáóæäåíèåì

â èñòî÷íèêå ìèêðîâîëíîâîé ïëàçìû â ñîîòâåòñò-

âèè ñ ìåòîäèêîé ASTM D5185–09.
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