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Ñîâðåìåííûå ìàëîãàáàðèòíûå ñïåêòðîìåòðû ïîñòðîåíû â îñíîâíîì ïî ñõåìå ×åðíè – Òåð-

íåðà ñ ïëîñêîé äèôðàêöèîííîé ðåøåòêîé, à äëÿ ïîëó÷åíèÿ ìàêñèìàëüíîé ñâåòîñèëû â

óùåðá ðàçðåøåíèþ — ïî ñõåìå ñ âîãíóòîé äèôðàêöèîííîé ðåøåòêîé ñ ïëîñêèì ïîëåì. Â

òàêèõ ñïåêòðîìåòðàõ ñïåêòð ðåãèñòðèðóåò ëèíåéêà ôîòîäåòåêòîðîâ. Öåëü ðàáîòû — èí-

ôîðìèðîâàíèå ñïåöèàëèñòîâ î õàðàêòåðèñòèêàõ ðàçðàáîòàííûõ àâòîðàìè ìàëîãàáàðèòíûõ

ñïåêòðîìåòðîâ, îòëè÷àþùèõñÿ èñïîëüçîâàíèåì äëÿ ðåãèñòðàöèè ñïåêòðîâ áåñêîðïóñíûõ

ëèíååê ôîòîäåòåêòîðîâ, ÷òî èñêëþ÷àåò ïåðåîòðàæåíèå èçëó÷åíèÿ îò ïîêðîâíîãî ñòåêëà ëè-

íååê è ñíèæàåò óðîâåíü ôîíîâîãî èçëó÷åíèÿ, à òàêæå ãåðìåòè÷íîñòüþ êîðïóñîâ ñïåêòðî-

ìåòðîâ äëÿ ïîâûøåíèÿ ñðîêà èõ ñëóæáû. Ïðèâåäåíû ïàðàìåòðû ìîäèôèêàöèé ñïåêòðî-

ìåòðà, ïîñòðîåííîãî ïî ñõåìå ×åðíè – Òåðíåðà, îñíîâíûå äîñòîèíñòâà êîòîðîãî — íèçêèé

óðîâåíü ðàññåÿííîãî ñâåòà âíóòðè ïðèáîðà è îäèíàêîâîå ñïåêòðàëüíîå ðàçðåøåíèå âî âñåì

ðàáî÷åì äèàïàçîíå. Ðàáî÷åå îòíîñèòåëüíîå îòâåðñòèå â ñõåìå ×åðíè – Òåðíåðà îãðàíè÷åíî

àáåððàöèÿìè çíà÷åíèåì 1/6. Ñ áîëüøèì îòíîñèòåëüíûì îòâåðñòèåì ïîçâîëÿåò ðàáîòàòü

ñõåìà ñ ïëîñêèì ïîëåì. Ïî òàêîé ñõåìå ðàçðàáîòàíû òðè ìîäèôèêàöèè ñïåêòðîìåòðà, äàíî

îïèñàíèå èõ îñíîâíûõ ïàðàìåòðîâ. Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî ñðàâíå-

íèÿ ñâåòîñèëû è ñïåêòðàëüíîãî ðàçðåøåíèÿ ñïåêòðîìåòðîâ ñ ðàçíûìè îïòè÷åñêèìè ñõåìà-

ìè. Ïðåäñòàâëåíû ïðèìåðû èñïîëüçîâàíèÿ ðàçðàáîòàííûõ ñïåêòðîìåòðîâ. Ïðèáîðû, ïî-

ñòðîåííûå ïî ñõåìå ×åðíè – Òåðíåðà, èñïîëüçóþò â àòîìíî-ýìèññèîííîì è àòîìíî-àáñîðá-

öèîííîì ñïåêòðàëüíîì àíàëèçå, à òàêæå â ñïåêòðîôîòîìåòðèè äëÿ ðåãèñòðàöèè ñïåêòðîâ

ïîãëîùåíèÿ êîíäåíñèðîâàííûõ ñðåä. Ñ ïîìîùüþ ñïåêòðîìåòðà ñ ïëîñêèì ïîëåì ðåãèñòðè-

ðóþò ëþìèíåñöåíöèþ è ñïåêòðû êîìáèíàöèîííîãî ðàññåÿíèÿ ìèíåðàëîâ. Ðàçðàáîòàííûå

ìàëîãàáàðèòíûå ñïåêòðîìåòðû èìåþò ðàáî÷èé ñïåêòðàëüíûé äèàïàçîí îò 190 äî 1100 íì ñ

âîçìîæíîñòüþ ðåãèñòðàöèè ó÷àñòêîâ ñïåêòðà øèðèíîé îò 70 äî 1000 íì, íàèëó÷øåå ðàçðå-

øåíèå 0,1 íì è óðîâåíü ôîíîâîãî èçëó÷åíèÿ ìåíåå 0,05 %, ïðè ýòîì ìèíèìàëüíàÿ ðåãèñò-

ðèðóåìàÿ îïòè÷åñêàÿ ïëîòíîñòü áîëåå 3. Ñïåêòðîìåòðû ñ ïëîñêèì ïîëåì èìåþò ïîâûøåí-

íóþ ñâåòîñèëó áëàãîäàðÿ áîëüøîìó îòíîñèòåëüíîìó îòâåðñòèþ 1/2,1.
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Modern small-sized spectrometers are designed mainly by Czerny – Turner scheme with a flat diffraction

grating, and with the goal of the maximum aperture at the expense of resolution — by the scheme with a

concave diffraction grating with a flat field. Spectrum registration in such spectrometers is carried out by

linear photodiode array. The aim of the work is to inform professionals about the characteristics of the

compact spectrometers developed by the authors. These spectrometers use unpackaged linear photodiode

arrays for spectrum registration that eliminate the reflection of radiation from the cover glass of the

photodiode array and reduce stray-light. The tightness of the spectrometer housing increases their service
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life. The modification parameters of the spectrometer designed according to Czerny – Turner scheme are

given. The main advantage of the spectrometer is the low stray-light inside the device and the same spec-

tral resolution throughout the spectral range. The working aperture in Czerny – Turner scheme is limited

by aberrations to 1/6. The scheme with a flat field allows operation with a larger working aperture. Three

modifications of the spectrometer are developed according to this scheme (description of their main pa-

rameters is given). The results of experimental comparison of the spectrometers with different optical

schemes in the light intensity and spectral resolution are presented, along with the examples of their ap-

plication. Devices designed according to Czerny – Turner scheme are used in atomic emission, atomic ab-

sorption spectral analysis, and in spectrophotometry for registration of absorption spectra of condensed

media. Luminescence and Raman spectra of minerals are recorded on a flat-field spectrometer. The devel-

oped compact spectrometers have an operating spectral range 190 – 1100 nm with the possibility of regi-

stering spectral regions from 70 to 1000 nm, the best resolution being 0.1 nm and the stray-light level less

than 0.05% with the minimum recorded optical density of more than 3. Flat field spectrometers have an

increased aperture due to the large working aperture 1/2.1.

Keywords: spectrometer; atomic emission analysis; Czerny – Turner scheme; diffraction grating; spec-

tral resolution; aperture; concave diffraction grating with a flat field; linear photodiode array.

Â íàñòîÿùåå âðåìÿ íàèáîëåå ðàñïðîñòðàíåííûì

äèñïåðãèðóþùèì ýëåìåíòîì â ñïåêòðàëüíûõ

ïðèáîðàõ ÿâëÿåòñÿ îòðàæàòåëüíàÿ äèôðàêöè-

îííàÿ ðåøåòêà. Â çàâèñèìîñòè îò òèïà èñïîëü-

çóåìîé ðåøåòêè ñïåêòðàëüíûå ïðèáîðû ìîãóò

áûòü ïîñòðîåíû ïî ðàçíûì îïòè÷åñêèì ñõåìàì.

Ïî ñõåìå Ïàøåíà – Ðóíãå ñ âîãíóòîé äèôðàêöè-

îííîé ðåøåòêîé èçãîòîâëåíî áîëüøèíñòâî ñïåê-

òðàëüíûõ ïðèáîðîâ ñ ôîêóñíûì ðàññòîÿíèåì îò

500 ìì è áîëüøå [1]. Ìàëîãàáàðèòíûå ïðèáîðû ñ

ôîêóñíûì ðàññòîÿíèåì îêîëî 100 ìì ÷àñòî ïî-

ñòðîåíû ïî ñõåìå ×åðíè – Òåðíåðà ñ ïëîñêîé ðå-

øåòêîé ëèáî ñ èñïîëüçîâàíèåì âîãíóòîé ðåøåòêè

ñ ïëîñêèì ïîëåì, ñòðîÿùåé èçîáðàæåíèå íà ïëî-

ñêîé ïîâåðõíîñòè. Ñõåìó ×åðíè – Òåðíåðà îò-

ëè÷àåò ïðîòÿæåííàÿ ïëîñêàÿ ïîâåðõíîñòü ðåãè-

ñòðàöèè, îáåñïå÷èâàþùàÿ îäèíàêîâîå ñïåêòðàëü-

íîå ðàçðåøåíèå âî âñåì ðàáî÷åì ñïåêòðàëüíîì

äèàïàçîíå [2, 3]. Ïðèáîðû ñ âîãíóòîé ðåøåòêîé

ñ ïëîñêèì ïîëåì èìåþò áîëüøîå îòíîñèòåëüíîå

îòâåðñòèå, äîñòèãàþùåå 1:1,2, îáåñïå÷èâàþùåå

ïîâûøåííóþ ñâåòîñèëó [4 – 6]. Òàêèì îáðàçîì,

ìàëîãàáàðèòíûå ñïåêòðîìåòðû ñ ðàçíûìè îïòè-

÷åñêèìè ñõåìàìè ðàçëè÷àþòñÿ ïî õàðàêòåðèñòè-

êàì, à ïîòîìó è ïî îáëàñòÿì ïðèìåíåíèÿ. Íàìè

áûë ðàçðàáîòàí ðÿä ìàëîãàáàðèòíûõ ñïåêòðîìåò-

ðîâ, ïîñòðîåííûõ êàê ïî ñõåìå ×åðíè – Òåðíåðà,

òàê è ñ èñïîëüçîâàíèåì âîãíóòîé ðåøåòêè ñ ïëî-

ñêèì ïîëåì, îïèñàíèþ õàðàêòåðèñòèê è ïðèìå-

ðàì ïðèìåíåíèÿ êîòîðûõ ïîñâÿùåíà íàñòîÿùàÿ

ðàáîòà.

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû è èõ îá-

ñóæäåíèå. Ñïåêòðîìåòð «Êîëèáðè-2», ïîñòðîåí-

íûé ïî ñõåìå ×åðíè – Òåðíåðà ñ ïëîñêîé äèôðàê-

öèîííîé ðåøåòêîé, ïîçâîëÿåò çàðåãèñòðèðîâàòü

ñïåêòð â èíòåðâàëå äëèí âîëí îò 190 äî 1100 íì

â ëþáîì ñïåêòðàëüíîì äèàïàçîíå, øèðèíà êîòî-

ðîãî ìîæåò ñîñòàâëÿòü îò 70 äî 1000 íì, ñ ðàç-

ðåøåíèåì îò 0,1 äî 1 íì. Îñíîâíûå ïàðàìåòðû

ñïåêòðîìåòðà ïðèâåäåíû â òàáë. 1. Ïðèáîð ãåð-

ìåòè÷åí è çàïîëíåí èíåðòíûì ãàçîì, ÷òî äàëî

âîçìîæíîñòü óñòàíîâèòü ëèíåéíûé äåòåêòîð èç-

ëó÷åíèÿ áåç ïîêðîâíîãî ñòåêëà, èñêëþ÷èâ òåì ñà-

ìûì ïåðåîòðàæåíèå íà ýòîì ñòåêëå.
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Òàáëèöà 1. Îñíîâíûå ïàðàìåòðû ñïåêòðîìåòðà «Êîëèáðè-2»

Ïëîñêàÿ äèôðàêöèîííàÿ ðåøåòêà Íàðåçíàÿ
Ãîëîãðà-

ôè÷åñêàÿ
Íàðåçíàÿ

Íîìåð ìîäèôèêàöèè 1 2 3 4 5 6 7 8

×àñòîòà øòðèõîâ, øòð/ìì 300 400 600 600 1200 1440 1500 1800

Íàïðàâëåíèå óãëà áëåñêà, íì 315 270 300 500 250 240 530 600

Ðàáî÷èé ïîðÿäîê ñïåêòðà Ïåðâûé

Ðàçìåð çàøòðèõîâàííîé îáëàñòè, ìì 15 × 15 12,7 × 12,7 15 × 15

Ðàáî÷èé ñïåêòðàëüíûé äèàïàçîí, íì 190 –

– 1100

190 –

– 940

200 –

– 670

390 –

– 860

190 –

– 430

190 –

– 360

440 –

– 600

470 –

– 590

Ñïåêòðàëüíîå ðàçðåøåíèå, íì 1 0,7 0,4 0,25 0,17 0,2 0,1

Îáðàòíàÿ ëèíåéíàÿ äèñïåðñèÿ, íì/ìì 30,9 24 14,4 7,8 7,2 5,3 4,3

Óðîâåíü ðàññåÿííîãî ñâåòà, % 0,05

Ôîêóñíîå ðàññòîÿíèå, ìì 100

Îòíîñèòåëüíîå îòâåðñòèå 1:6 1:8 1:6

Äèíàìè÷åñêèé äèàïàçîí 104



Êàê âèäíî èç òàáë. 1, îòíîñèòåëüíîå îòâåð-

ñòèå â ñïåêòðîìåòðå äîñòèãàåò çíà÷åíèÿ 1:6. Åãî

äàëüíåéøåå óâåëè÷åíèå ïðèâîäèò ê çíà÷èòåëü-

íîìó óõóäøåíèþ êà÷åñòâà èçîáðàæåíèÿ âõîäíîé

ùåëè êàê â ìåðèäèîíàëüíîé, òàê è â ñàãèòòàëü-

íîé ïëîñêîñòÿõ. Ñïåêòðàëüíîå ðàçðåøåíèå óõóä-

øàåòñÿ èç-çà êîìû è ñôåðè÷åñêîé àáåððàöèè,

à îæèäàåìîãî óâåëè÷åíèÿ ñâåòîñèëû ñïåêòðîìåò-

ðà íå ïðîèñõîäèò èç-çà àñòèãìàòèçìà [7].

Â öåëÿõ ñîçäàíèÿ ñïåêòðîìåòðà ñ áîëüøåé

ñâåòîñèëîé äëÿ ðåøåíèÿ çàäà÷ ëþìèíåñöåíöèè è

êîìáèíàöèîííîãî ðàññåÿíèÿ ìû èñïîëüçîâàëè

ñõåìó ñ âîãíóòîé ðåøåòêîé ñ ïëîñêèì ïîëåì. Êàê

îòìå÷àëîñü âûøå, òàêèå ðåøåòêè ïîçâîëÿþò ðà-

áîòàòü ñ áîëüøèì îòíîñèòåëüíûì îòâåðñòèåì áåç

ïîòåðè êà÷åñòâà èçîáðàæåíèÿ âõîäíîé ùåëè.

Áûëî èçãîòîâëåíî òðè âàðèàíòà ñ ðàçíûìè ðàáî-

÷èìè ñïåêòðàëüíûìè äèàïàçîíàìè. Îñíîâíûå

ïàðàìåòðû ìîäèôèêàöèé ïðèáîðà ïðèâåäåíû â

òàáë. 2.

Áûëî ïðîâåäåíî ýêñïåðèìåíòàëüíîå ñðàâ-

íåíèå ñâåòîñèëû è ñïåêòðàëüíîãî ðàçðåøåíèÿ

«Êîëèáðè-2» è ñïåêòðîìåòðîâ ñ âîãíóòûìè ðå-

øåòêàìè. Äëÿ ýòîãî ðåãèñòðèðîâàëè ëèíåé÷àòûé

ñïåêòð ëàìïû ñ ïîëûì êàòîäîì ËÑÏ-6Ý, âêëþ-

÷àþùèé ëèíèè ìåäè, öèíêà è íåîíà. Èçëó÷åíèå

ïîñòóïàëî â ñïåêòðîìåòðû ïî âîëîêîííî-îïòè÷å-

ñêîìó êàáåëþ ñ êâàðöåâûì ñâåòîâîäîì äèàìåò-

ðîì 1 ìì. Ñïåêòðû íîðìèðîâàëè íà êîýôôèöè-

åíò, ó÷èòûâàþùèé ðàçíóþ øèðèíó âõîäíûõ ùå-

ëåé. Äëÿ îïðåäåëåíèÿ ñâåòîñèëû ñïåêòðîìåòðîâ

èçìåðÿëè èíòåíñèâíîñòü îòäåëüíûõ ñïåêòðàëü-

íûõ ëèíèé â äèàïàçîíå 200 – 1000 íì. Íà ðèñ. 1

ïðèâåäåíî ñîîòíîøåíèå èíòåíñèâíîñòåé ñïåê-

òðàëüíûõ ëèíèé, çàðåãèñòðèðîâàííûõ ñïåêòðî-

ìåòðàìè ñ âîãíóòûìè ðåøåòêàìè è ñïåêòðîìåò-

ðîì «Êîëèáðè-2».

Èç ðèñ. 1 âèäíî, ÷òî â ñëó÷àå ñïåêòðîìåòðîâ

ñ âîãíóòûìè ðåøåòêàìè èíòåíñèâíîñòü çàðåãè-

ñòðèðîâàííîãî ñïåêòðà çíà÷èòåëüíî âûøå. Îæè-

äàåìîå óâåëè÷åíèå ñîñòàâëÿëî ïðèìåðíî ïîðÿäîê

âåëè÷èíû, òàê êàê îòíîñèòåëüíîå îòâåðñòèå â òðè

ðàçà áîëüøå. Ìåíüøåå óâåëè÷åíèå, âåðîÿòíî,

ñâÿçàíî ñ ìåíüøåé äèôðàêöèîííîé ýôôåêòèâ-

íîñòüþ èñïîëüçóåìûõ âîãíóòûõ ðåøåòîê, à â ñëó-

÷àå ñïåêòðîìåòðà ¹ 2 òàêæå ñ òåì, ÷òî â íåì

áûëà çàêðûòà ïîëîâèíà ïëîùàäè ðåøåòêè äëÿ

ïîëó÷åíèÿ ïðèåìëåìîãî ñïåêòðàëüíîãî ðàçðå-

øåíèÿ. Ïðè èñïîëüçîâàíèè ïîëíîé àïåðòóðû

ýòîé ðåøåòêè ñâåòîñèëà ñïåêòðîìåòðà âîçðàñòà-

åò, îäíàêî ñïåêòðàëüíûå ëèíèè ñóùåñòâåííî

óøèðÿþòñÿ.

Äëÿ ñðàâíåíèÿ ñïåêòðàëüíîãî ðàçðåøåíèÿ

áûëà ïîñòðîåíà çàâèñèìîñòü øèðèíû çàðåãè-

ñòðèðîâàííûõ ñïåêòðàëüíûõ ëèíèé íà ïîëóâûñî-

òå îò äëèíû âîëíû, êîòîðàÿ ïîêàçàíà íà ðèñ. 2.
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Òàáëèöà 2. Îñíîâíûå ïàðàìåòðû ìàëîãàáàðèòíûõ ñïåêòðîìåòðîâ ñ âîãíóòûìè ðåøåòêàìè ñ ïëîñêèì ïîëåì

Õàðàêòåðèñòèêà

Ìîäèôèêàöèÿ ñïåêòðîìåòðà

¹ 1 ¹ 2 ¹ 3

Âîãíóòàÿ äèôðàêöèîííàÿ ðåøåòêà Ãîëîãðàôè÷åñêàÿ

×àñòîòà øòðèõîâ, øòð/ìì 385 436 1300

Ðàáî÷èé ïîðÿäîê ñïåêòðà Ïåðâûé

Ðàçìåð çàøòðèõîâàííîé îáëàñòè, ìì �18 �47 �38

Ðàäèóñ êðèâèçíû, ìì 40 112 100

Ðàáî÷èé ñïåêòðàëüíûé äèàïàçîí, íì 300 – 900 190 – 400 530 – 700

Ñïåêòðàëüíîå ðàçðåøåíèå (ïðè âõîäíîé ùåëè 50 ìêì), íì 4 0,8 0,5

Îáðàòíàÿ ëèíåéíàÿ äèñïåðñèÿ, íì/ìì 64 20 8,4

Îòíîñèòåëüíîå îòâåðñòèå 1:2,1 1:2,3 1:2,9

Äèíàìè÷åñêèé äèàïàçîí 6 · 103

Èíòåðôåéñ Ethernet èëè USB Ethernet

Ãàáàðèòû, ìì3 63 × 68 × 44 170 × 130 × 90

Âåñ, êã 0,4 1

Ðèñ. 1. Ñîîòíîøåíèå èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëè-

íèé, çàðåãèñòðèðîâàííûõ ñïåêòðîìåòðàìè ñ âîãíóòîé

ðåøåòêîé ¹ 1, 2, 3 (ñì. òàáë. 2) è ñïåêòðîìåòðîì «Êî-

ëèáðè-2»



Ñïåêòðàëüíîå ðàçðåøåíèå «Êîëèáðè-2» ïðèâåäå-

íî äëÿ ðåøåòêè 300 øòð/ìì. Ðèñ. 2 ïîäòâåðæäàåò

îñíîâíîå äîñòîèíñòâî ñïåêòðîìåòðîâ, ïîñòðîåí-

íûõ ïî ñõåìå ×åðíè – Òåðíåðà, à èìåííî, îäèíà-

êîâîå ñïåêòðàëüíîå ðàçðåøåíèå âî âñåì ðàáî÷åì

äèàïàçîíå.

Ïðèìåíåíèå ñïåêòðîìåòðîâ. Ñ ïîìîùüþ

ïðåäñòàâëåííûõ ìàëîãàáàðèòíûõ ñïåêòðîìåòðîâ

ìîæíî ðåãèñòðèðîâàòü ñïåêòðû ýìèññèè è àá-

ñîðáöèè (ïîãëîùåíèÿ). Íàïðèìåð, ñïåêòðîìåòð

«Êîëèáðè-2» íàèáîëåå ÷àñòî èñïîëüçóþò â àòîì-

íî-ýìèññèîííîì àíàëèçå [3, 8]. Ñ åãî ïîìîùüþ

ðàñøèðÿþò ñïåêòðàëüíûé äèàïàçîí ñóùåñòâóþ-

ùèõ ñïåêòðàëüíûõ êîìïëåêñîâ, óâåëè÷èâàÿ êî-

ëè÷åñòâî îïðåäåëÿåìûõ ýëåìåíòîâ è ðàñøèðÿÿ

äèàïàçîí èõ îïðåäåëÿåìûõ êîíöåíòðàöèé. Äëÿ

ïðèìåðà íà ðèñ. 3, à ïðèâåäåíà ãðàäóèðîâî÷íàÿ

çàâèñèìîñòü äëÿ îïðåäåëåíèÿ ñåðåáðà: íèçêèå

êîíöåíòðàöèè îïðåäåëÿþò ïî àíàëèòè÷åñêîé

ëèíèè Ag 328,068 íì, à âûñîêèå — ïî ìåíåå ÷óâ-

ñòâèòåëüíîé ëèíèè Ag 546,55 íì, ðåãèñòðèðóå-

ìîé «Êîëèáðè-2». Òàêèì îáðàçîì, êàê âèäíî èç

ðèñ. 3, à, äèàïàçîí îïðåäåëÿåìûõ êîíöåíòðàöèé

ñåðåáðà ñîñòàâëÿåò øåñòü ïîðÿäêîâ âåëè÷èíû [9].

Ñïåêòðîìåòðû ñ âîãíóòîé ðåøåòêîé, îáëàäàÿ

áîëüøåé ñâåòîñèëîé, íàõîäÿò ïðèìåíåíèå â îá-

ëàñòÿõ, ãäå èíòåíñèâíîñòü èçëó÷åíèÿ íèçêàÿ —

ëþìèíåñöåíöèÿ è êîìáèíàöèîííîå ðàññåÿíèå.

Äëÿ ïðèìåðà íà ðèñ. 3, á ïðèâåäåí ñïåêòð êîì-

áèíàöèîííîãî ðàññåÿíèÿ ìèíåðàëà öåëåñòèíà

SrSO4, âîçáóæäåííûé ëàçåðíûì èçëó÷åíèåì ñ

äëèíîé âîëíû 532 íì è çàðåãèñòðèðîâàííûé

ñïåêòðîìåòðîì ¹ 3. Ñðàâíåíèå ïîëó÷åííîãî

ñïåêòðà ñî ñïåêòðîì öåëåñòèíà èç áàçû äàííûõ

RRUFF [10] ïîêàçûâàåò âîçìîæíîñòü èñïîëü-

çîâàíèÿ ýòîãî ñïåêòðîìåòðà äëÿ àíàëèçà ìè-

íåðàëîâ.

Êàê èçâåñòíî, ñïåêòðû ïîãëîùåíèÿ ïðåä-

ñòàâëÿþò ñîáîé çàâèñèìîñòü îïòè÷åñêîé ïëîòíî-

ñòè îò äëèíû âîëíû, ÿâëÿþòñÿ èíäèâèäóàëüíû-

ìè õàðàêòåðèñòèêàìè ðàñòâîðîâ âåùåñòâ. Áëàãî-

äàðÿ ýòîìó, èñïîëüçóÿ çàêîí Áóãåðà – Ëàìáåðòà –

Áåðà, ïî äàííûì ñïåêòðàì îïðåäåëÿþò êîíöåí-

òðàöèþ ïîãëîùàþùåãî âåùåñòâà. Ïðîãðàììà

«Àòîì» ïîçâîëÿåò ñòðîèòü ãðàäóèðîâî÷íûå çàâè-

ñèìîñòè îïòè÷åñêîé ïëîòíîñòè îò êîíöåíòðàöèè

ëèáî ïðîâîäèòü ñïåêòðîôîòîìåòðè÷åñêèé àíàëèç

ñìåñè îêðàøåííûõ âåùåñòâ, õèìè÷åñêè íå âçàè-

ìîäåéñòâóþùèõ äðóã ñ äðóãîì. Ïðè ýòîì â ïî-

ñëåäíåì ñëó÷àå íåîáõîäèìî äîïîëíèòåëüíî çàðå-

ãèñòðèðîâàòü ñïåêòðû ïîãëîùåíèÿ ÷èñòûõ êîì-

ïîíåíòîâ, ñîñòàâëÿþùèõ ñìåñü, äëÿ îïðåäåëåíèÿ
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Ðàìàíîâñêèé ñäâèã, ñì–1

Ðèñ. 3. Ïðèìåíåíèå ìàëîãàáàðèòíûõ ñïåêòðîìåòðîâ:

à — ãðàäóèðîâî÷íàÿ çàâèñèìîñòü äëÿ îïðåäåëåíèÿ ñåðåá-

ðà ïî äâóì ëèíèÿì; á — ñïåêòð êîìáèíàöèîííîãî ðàññåÿ-

íèÿ ìèíåðàëà öåëåñòèíà

A

ë, íì

ë, íì

D

à

á

Ðèñ. 4. Ñïåêòðû ïîãëîùåíèÿ: à — àòîìíî-àáñîðáöèîí-

íûé ñïåêòð ìíîãîýëåìåíòíîãî ðàñòâîðà MECS-3 ICP-MS

Perkin Elmer; á — êîìáèíàöèè öâåòíûõ ñòåêîë ÏÑ8 è

ÑÇÑ20



êîýôôèöèåíòîâ ïîãëîùåíèÿ ýòèõ êîìïîíåíòîâ.

Ïðèìåðû ñïåêòðîâ ïîãëîùåíèÿ, çàðåãèñòðèðî-

âàííûõ «Êîëèáðè-2», ïðèâåäåíû íà ðèñ. 4: íà

ðèñ. 4, à — ñïåêòð àòîìíîé àáñîðáöèè ïðîáû ìíî-

ãîýëåìåíòíîãî ðàñòâîðà MECS-3 ICP-MS Perkin

Elmer, ïîëó÷åííûé ïðè ïðîïóñêàíèè èçëó÷åíèÿ ñ

íåïðåðûâíûì ñïåêòðîì ÷åðåç âíóòðåííþþ ïî-

ëîñòü ãðàôèòîâîé ïå÷è ýëåêòðîòåðìè÷åñêîãî àòî-

ìèçàòîðà, à íà ðèñ. 4, á — ñïåêòð ïîãëîùåíèÿ

êîìáèíàöèè öâåòíûõ ñòåêîë ÑÇÑ20 è ÏÑ8.

Òàêèì îáðàçîì, øèðîêàÿ íîìåíêëàòóðà äîñ-

òóïíûõ äèôðàêöèîííûõ ðåøåòîê ïîçâîëÿåò èçãî-

òàâëèâàòü ìàëîãàáàðèòíûå ñïåêòðîìåòðû ñî çíà-

÷èòåëüíî ðàçëè÷àþùèìèñÿ õàðàêòåðèñòèêàìè.

Ðàçëè÷èå ïî ñâåòîñèëå è ñïåêòðàëüíîìó ðàç-

ðåøåíèþ äîñòèãàåò ïîðÿäêà âåëè÷èíû è áîëåå.

Îäíîâðåìåííî ðåãèñòðèðóåìûé äèàïàçîí ñîñòàâ-

ëÿåò îò 70 äî 1000 íì â èíòåðâàëå äëèí âîëí

190 – 1100 íì. Îäíîâðåìåííî îáåñïå÷èòü âûñî-

êèå ñâåòîñèëó è ðàçðåøåíèå â ñïåêòðîìåòðàõ íå

ïîçâîëÿþò ýëåìåíòû îïòè÷åñêîé ñõåìû, ïîýòîìó

ñõåìà ×åðíè – Òåðíåðà è ñõåìà ñ âîãíóòîé ðåøåò-

êîé ñ ïëîñêèì ïîëåì îäèíàêîâî âîñòðåáîâàíû.

Åñëè âàæíî èìåòü õîðîøåå ñïåêòðàëüíîå ðàçðå-

øåíèå â øèðîêîì äèàïàçîíå, íàïðèìåð, â àòîì-

íî-ýìèññèîííîì àíàëèçå, êîãäà àíàëèòè÷åñêèå

ëèíèè ìîãóò áûòü ðàâíîìåðíî ðàñïðåäåëåíû ïî

ðàáî÷åìó äèàïàçîíó ñïåêòðîìåòðà è íóæíî çàðå-

ãèñòðèðîâàòü êàæäóþ, îïòèìàëüíîé ÿâëÿåòñÿ

ñõåìà ×åðíè – Òåðíåðà. Äëÿ ñïåêòðîâ ëþìèíåñ-

öåíöèè èëè êîìáèíàöèîííîãî ðàññåÿíèÿ íà ïåð-

âûé ïëàí âûõîäèò âîçìîæíîñòü çàðåãèñòðèðî-

âàòü èçëó÷åíèå íèçêîé èíòåíñèâíîñòè: â ýòîì

ñëó÷àå ïðåäïî÷òèòåëüíåå ñïåêòðîìåòð ñ âîãíóòîé

ðåøåòêîé ñ ïëîñêèì ïîëåì. Ïðè ðåãèñòðàöèè

ñïåêòðîâ ïîãëîùåíèÿ ÷àñòî âîçíèêàåò íåîáõîäè-

ìîñòü èçìåðåíèÿ îïòè÷åñêîé ïëîòíîñòè ðàñòâî-

ðîâ D > 3: äëÿ ðåøåíèÿ ýòîé çàäà÷è öåëåñîîáðàç-

íî èñïîëüçîâàòü ñïåêòðîìåòð ñî ñõåìîé ×åðíè –

Òåðíåðà, â êîòîðîì óðîâåíü ôîíîâîãî èçëó÷åíèÿ

ìèíèìàëåí è ñîñòàâëÿåò ìåíåå 0,05 %.
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