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Ìåòîäèêà èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ â ëàáîðàòîðíîì ïðàêòèêóìå
ïî ôèçèêå è íàó÷íî-èññëåäîâàòåëüñêîé ðàáîòå ñòóäåíòà

Â êà÷åñòâå îäíîãî èç âàæíåéøèõ àñïåêòîâ îáó÷åíèÿ ñòóäåíòîâ âûñøèõ ó÷åáíûõ çàâåäå-

íèé ïî íàïðàâëåíèÿì èíæåíåðíî-òåõíè÷åñêîãî ïðîôèëÿ àâòîðû âûäåëÿþò ôîðìèðîâàíèå

èññëåäîâàòåëüñêèõ óìåíèé. Â ðàìêàõ ëàáîðàòîðíîãî ïðàêòèêóìà ïî ôèçèêå ñòóäåíòû ïîëó-

÷àþò íàâûêè ïðîôåññèîíàëüíîé äåÿòåëüíîñòè â íàó÷íî-èññëåäîâàòåëüñêîé è òåõíîëîãè÷å-

ñêîé îáëàñòÿõ. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ìåòîäèêà èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ

ðàçëè÷íûõ èñòî÷íèêîâ ñâåòà, êîòîðóþ àâòîðû ïðåäëàãàþò èñïîëüçîâàòü ïðè ïîñòàíîâêå

ëàáîðàòîðíûõ ðàáîò ïî ôèçèêå. Îïèñàíû óñëîâèÿ ïðîâåäåíèÿ ýêñïåðèìåíòà è äàíà ñõå-

ìà ðàáî÷åé óñòàíîâêè. Èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ ïðîâîäÿò ñ ïîìîùüþ ïðåäâàðèòåëü-

íî îòãðàäóèðîâàííûõ ïî ïðîïóñêàíèþ è ñïåêòðàëüíîé ÷óâñòâèòåëüíîñòè ìîíîõðîìàòîðà è

ôîòîïðè¼ìíèêà. Ïðèâåäåíû ïðèìåðû èçìåðåííûõ ïî ðàññìîòðåííîé ìåòîäèêå ñïåêòðîâ èç-

ëó÷åíèÿ çåë¼íîãî ñâåòîäèîäà, êðàñíîãî ïîëóïðîâîäíèêîâîãî ëàçåðà è ëþìèíåñöåíòíîé ëàì-

ïû. Äàíû ðåêîìåíäàöèè ïîäîáíûõ ýêñïåðèìåíòîâ ïðè ïðîâåäåíèè ëàáîðàòîðíûõ ðàáîò è

íàó÷íî-èññëåäîâàòåëüñêîé ðàáîòû ñòóäåíòîâ. Ïðåäëàãàåìàÿ ìåòîäèêà âûïîëíåíèÿ ëàáîðà-

òîðíûõ èññëåäîâàíèé ïîìîæåò ïðèîáðåñòè íàâûêè ðàáîòû ñî ñïåêòðàëüíîé èçìåðèòåëüíîé

àïïàðàòóðîé, íàó÷èò íå òîëüêî èçìåðÿòü è ñòðîèòü ñïåêòðû èçëó÷åíèÿ èñòî÷íèêîâ ñâåòà,

íî è ðàññ÷èòûâàòü ñïåêòðàëüíóþ øèðèíó ùåëè, ïðè êîòîðîé èçìåðÿþòñÿ ñïåêòðû è îöåíè-

âàþòñÿ ïîãðåøíîñòè èçìåðåíèé.
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Òåîðèÿ è ìåòîäèêà îáó÷åíèÿ

Ââåäåíèå. Â ñîîòâåòñòâèè ñ Ôåäåðàëüíûì ãîñóäàðñòâåííûì îáðàçîâàòåëüíûì

ñòàíäàðòîì âûñøåãî ïðîôåññèîíàëüíîãî îáðàçîâàíèÿ (ÔÃÎÑ 3++) ïî íàïðàâëåíèÿì

èíæåíåðíî-òåõíè÷åñêîãî ïðîôèëÿ âûñøèõ ó÷åáíûõ çàâåäåíèé Ðîññèè âûïóñêíèêè

äîëæíû ãîòîâèòüñÿ ê ðåøåíèþ çàäà÷ ïðîôåññèîíàëüíîé äåÿòåëüíîñòè â òîì ÷èñëå â

òåõíîëîãè÷åñêîé, íàó÷íî-èññëåäîâàòåëüñêîé è ïðîåêòíîé îáëàñòÿõ.

Ôîðìèðîâàíèå ó ñòóäåíòîâ íàó÷íîãî ìèðîâîççðåíèÿ åñòü îñíîâíàÿ çàäà÷à âûñøå-

ãî îáðàçîâàíèÿ, âåäóùàÿ ðîëü â ðåøåíèè êîòîðîé ïðèíàäëåæèò ôóíäàìåíòàëüíûì

äèñöèïëèíàì, ê ÷èñëó êîòîðûõ îòíîñèòñÿ ôèçèêà. Ðîëü ôèçèêè â ñòàíîâëåíèè áó-

äóùåãî ñïåöèàëèñòà òåõíè÷åñêîãî íàïðàâëåíèÿ, ñîçäàòåëÿ ñîâðåìåííîé òåõíèêè è

ñîâðåìåííûõ òåõíîëîãèé, ÷ðåçâû÷àéíî âåëèêà.

Ïðè èçó÷åíèè ôèçèêè íåîáõîäèìî ñôîðìèðîâàòü êîìïåòåíöèè, âêëþ÷àþùèå ñïî-

ñîáíîñòü èñïîëüçîâàòü ìåòîäû è çàêîíû åñòåñòâåííûõ íàóê, ñïîñîáíîñòü ñàìîñòîÿ-

òåëüíî ïðîâîäèòü ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, êðèòè÷åñêè àíàëèçèðîâàòü ïî-

ëó÷åííóþ èíôîðìàöèþ. Âûïîëíåíèå ëàáîðàòîðíûõ ðàáîò ïî ôèçèêå ïîçâîëÿåò ñòó-

äåíòàì ñóùåñòâåííî ïðîäâèíóòüñÿ â ôîðìèðîâàíèè óêàçàííûõ êîìïåòåíöèé.

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ìåòîäèêà èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ ðÿäà

ïðèáîðîâ è óñòðîéñòâ â ëàáîðàòîðíûõ ðàáîòàõ, êîòîðûå ìîãóò âûïîëíÿòüñÿ ñòóäåí-

òàìè íà êàôåäðå ôèçèêè [1�6].

Ìåòîäîëîãèÿ è ìåòîäû èññëåäîâàíèÿ. Èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ ïðî-
âîäÿò ñ ïîìîùüþ ïðåäâàðèòåëüíî îòãðàäóèðîâàííûõ ïî ïðîïóñêàíèþ è ñïåêòðàëüíîé

÷óâñòâèòåëüíîñòè ìîíîõðîìàòîðà è ôîòîïðèåìíèêà. Âõîäíîé ñèãíàë â âèäå èññëåäó-

åìîãî îïòè÷åñêîãî èçëó÷åíèÿ ïîñòóïàåò íà âõîäíóþ ùåëü ìîíîõðîìàòîðà. Îñëàá-

ëåííûé ïî ñðàâíåíèþ ñ ïàäàþùèì ìîíîõðîìàòè÷åñêèé ïîòîê èçëó÷åíèÿ ñîãëàñíî

ñïåêòðàëüíîìó êîýôôèöèåíòó ïðîïóñêàíèÿ îïòè÷åñêîé ñèñòåìû, âûõîäèò ÷åðåç âû-

õîäíóþ ùåëü ìîíîõðîìàòîðà è ïîïàäàåò íà ôîòîïðèåìíèê. Èçìåðåíèÿ ïîòîêà èç-

ëó÷åíèÿ, âûøåäøåãî èç ìîíîõðîìàòîðà, ïðîèçâîäèòñÿ ñ ïîìîùüþ ïðèåìíèêà ñâåòà,

êîòîðûé ïîäáèðàåòñÿ òàê, ÷òîáû ñïåêòðàëüíàÿ îáëàñòü ÷óâñòâèòåëüíîñòè ôîòîïðè-

åìíèêà áûëà øèðå îæèäàåìîãî ñïåêòðà èçëó÷åíèÿ è äîñòàòî÷íîé äëÿ èçìåðåíèÿ

ñïåêòðàëüíîé ïëîòíîñòè èçëó÷åíèÿ â ñïåêòðå.

Íà ðèñóíêå 1 ïðèâåäåíà áëîê-ñõåìà óñòàíîâêè äëÿ èçìåðåíèÿ ñïåêòðîâ èçëó-

÷åíèÿ. Èçìåðåíèÿ ïðîâîäèëèñü íà ó÷åáíîì îáîðóäîâàíèè êàôåäðû ôèçèêè ÇàáÃÓ.

Ïðèíöèï äåéñòâèÿ óñòàíîâêè ñîñòîèò â ñëåäóþùåì [4; 5]. Ñâåò îò èñòî÷íèêà èçëó-

÷åíèÿ (1) ïîñòóïàåò íà âõîäíóþ ìîíîõðîìàòîðà (2). Øèðèíà âõîäíîé è âûõîäíîé

ùåëåé ìîæåò èçìåíÿòüñÿ â èíòåðâàëå îò 0,1 ìì äî 3 ìì. Ìîíîõðîìàòîð ÌÓÌ-01

ðàçëàãàåò èçëó÷åíèå â ñïåêòð ïî äëèíàì âîëí. Èçëó÷åíèå, ñîîòâåòñòâóþùåå óñòàíîâ-

ëåííîé äëèíå âîëíû, ÷åðåç âûõîäíóþ ùåëü ïîïàäàåò íà ôîòîýëåìåíò (3). Áëîê ïè-

òàíèÿ ôîòîýëåìåíòà (4, 5) � èçìåðèòåëüíûé ïðèáîð, èçìåðÿþùèé òîê ôîòîýëåìåíòà.

Ïîêàçàíèÿ ôîòîòîêà ïðîïîðöèîíàëüíû èíòåíñèâíîñòè ñâåòà íà äàííîé äëèíå âîë-

íû. Èñïîëüçóåìûé â äàííîé óñòàíîâêå ôîòîýëåìåíò Ô-25 èìååò ñóðüìÿíî-êàëèåâî-

íàòðèåâî-öåçèåâûé ôîòîêàòîä ñ îáëàñòüþ ñïåêòðàëüíîé ÷óâñòâèòåëüíîñòè îò 300 äî

800 íàíîìåòðîâ. Ôîòîýëåìåíò Ô-25 èìååò êðèâóþ îòíîñèòåëüíîé ñïåêòðàëüíîé ÷óâ-

ñòâèòåëüíîñòè òèïà Ñ-11. Íà ðèñóíêå 2 ïðèâåäåíû çíà÷åíèÿ îòíîñèòåëüíîé ñïåê-

òðàëüíîé ÷óâñòâèòåëüíîñòè.
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Ðèñ. 1. Áëîê-ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èçìåðåíèÿ ñïåêòðîâ èçëó÷åíèÿ

Fig. 1. Block-diagram of a laboratory installation for measuring radiation spectra

Âûáðàííûé ôîòîïðè¼ìíèê ïîçâîëÿåò, êàê âèäíî èç ðèñóíêà 2, ïðîâîäèòü èçìå-

ðåíèÿ èçëó÷åíèÿ âî âñ¼ì âèäèìîì äèàïàçîíå, à òàêæå ÷àñòè÷íî çàõâàòûâàåò óëüòðà-

ôèîëåòîâóþ è èíôðàêðàñíóþ îáëàñòè. Êðèâàÿ èìååò êîëîêîëîîáðàçíûé âèä ñ ìàê-

ñèìóìîì íà äëèíå âîëíû 430 íì, ïðèíèìàåìûì çà åäèíèöó. Íà äëèíå âîëíû 300 íì

åãî ÷óâñòâèòåëüíîñòü â îòíîñèòåëüíûõ åäèíèöàõ ñîñòàâëÿåò 0,2, à íà äëèíå âîëíû

750 íì îíà ðàâíà ïðèìåðíî 0,05. Äëÿ ïîñòðîåíèÿ ïðàâèëüíîãî ãðàôèêà ñïåêòðà èçëó-

÷åíèÿ íåîáõîäèìî çíà÷åíèÿ èíòåíñèâíîñòè ñâåòà, èçìåðåííûå íà äàííîé äëèíå âîëíû,

ðàçäåëèòü íà ñîîòâåòñòâóþùèå çíà÷åíèÿ îòíîñèòåëüíîé ÷óâñòâèòåëüíîñòè ôîòîýëå-

ìåíòà.

Ðèñ. 2. Îòíîñèòåëüíàÿ ñïåêòðàëüíàÿ ÷óâñòâèòåëüíîñòü ôîòîýëåìåíòà Ô-25

(ñïåêòðàëüíàÿ õàðàêòåðèñòèêà ôîòîêàòîäà)

Fig. 2. Relative spectral sensitivity of the F-25 photocell

(spectral characteristic of the photocathode)

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå. Íà ðèñóíêàõ 3 è 4 â êà÷åñòâå

ïðèìåðà ïðèâåäåíû èçìåðåííûå ïî ðàññìîòðåííîé ìåòîäèêå ñïåêòðû èçëó÷åíèÿ çå-

ë¼íîãî ñâåòîäèîäà è êðàñíîãî ïîëóïðîâîäíèêîâîãî ëàçåðà [3; 4]. Øèðèíà ñïåêòðà
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èçëó÷åíèÿ äëÿ çåëåíîãî ñâåòîäèîäà ñîñòàâëÿåò 28 íì, à ìàêñèìóì ñïåêòðàëüíîãî

ðàñïðåäåëåíèÿ ïðèõîäèòñÿ íà äëèíó âîëíû λmax= 525 íì. Èç ðèñóíêà 4 âèäíî, ÷òî

ìàêñèìóì ñïåêòðà èçëó÷åíèÿ êðàñíîãî ëàçåðà ñîñòàâëÿåò λmax = 653 íì, ïðè ïîëó-

øèðèíå ñïåêòðà îêîëî 0,9 íì.

Ðèñ. 3. Ñïåêòðàëüíûé ñîñòàâ èçëó÷åíèÿ çåë¼íîãî ñâåòîäèîäà

Fig. 3. The Spectral composition of the green LED radiation

Ðèñ. 4. Ñïåêòðàëüíûé ñîñòàâ èçëó÷åíèÿ êðàñíîãî ëàçåðà

Fig. 4. Spectral composition of the red laser radiation

Äàííûå èçìåðåíèÿ äëÿ ïîäîáíîãî âèäà óñòðîéñòâ ìîæíî ïðîâîäèòü â ëàáîðàòîð-

íûõ ðàáîòàõ ïî ôèçèêå. Äàëåå ðåêîìåíäóåòñÿ ïðîâåñòè âû÷èñëåíèÿ øèðèíû çàïðå-

ùåííîé çîíû ïîëóïðîâîäíèêà íà îñíîâàíèè âûðàæåíèÿ ∆E = hc/λ, ãäå h � ïîñòî-

ÿííàÿ Ïëàíêà, c � ñêîðîñòü ñâåòà, è îöåíèòü ïîãðåøíîñòè èçìåðåíèé.
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Íà ýòîé æå óñòàíîâêå ìîæíî èçìåðÿòü è áîëåå ñëîæíûå ñïåêòðû èçëó÷åíèÿ, íà-

ïðèìåð ñïåêòð òëåþùåãî ðàçðÿäà â íåîíå èëè ñïåêòð ëþìèíåñöåíòíîé ëàìïû [5; 6].

Ñïåêòð èçëó÷åíèÿ ëþìèíåñöåíòíîé ëàìïû ïðèâåä¼í íà ðèñ. 5, îí ñîñòîèò èç 16 ìàêñè-

ìóìîâ ðàçëè÷íîé èíòåíñèâíîñòè â âèäèìîé è óëüòðàôèîëåòîâîé îáëàñòÿõ ñâÿçàííûõ

ñ èçëó÷åíèåì àòîìîâ ðòóòè è âòîðè÷íûì èçëó÷åíèåì ëþìèíîôîðà. Èçìåðåíèÿ ïîäîá-

íûõ ñïåêòðîâ òðåáóþò äîñòàòî÷íî êðîïîòëèâîé ýêñïåðèìåíòàëüíîé ðàáîòû, à òàêæå

òùàòåëüíîãî àíàëèçà ïðèðîäû ñïåêòðàëüíûõ ìàêñèìóìîâ íà îñíîâàíèè èçó÷åíèÿ

ëèòåðàòóðíûõ äàííûõ. Òàêèå èññëåäîâàíèÿ ìîæíî ðåêîìåíäîâàòü äëÿ áàêàëàâðîâ è

ìàãèñòðîâ â ïðîãðàììàõ ÍÈÐÑ.

Ðèñ. 5. Ñïåêòð èçëó÷åíèÿ ëþìèíåñöåíòíîé ëàìïû

Fig. 5. Emission spectrum of a �uorescent lamp

Çàêëþ÷åíèå. Â ðàìêàõ âûïîëíåíèÿ ïðåäëîæåííûõ èññëåäîâàíèé ñòóäåíòû ñìî-

ãóò îçíàêîìèòüñÿ ñ ìåòîäèêîé ñïåêòðàëüíûõ èçìåðåíèé [8�12], ïðèîáðåñòè íàâûêè

ðàáîòû ñî ñïåêòðàëüíîé èçìåðèòåëüíîé àïïàðàòóðîé, íàó÷àòñÿ íå òîëüêî èçìåðÿòü

è ñòðîèòü ñïåêòðû èçëó÷åíèÿ èñòî÷íèêîâ ñâåòà, óêàçàííûõ ïðåïîäàâàòåëåì, íî è

ðàññ÷èòûâàòü ñïåêòðàëüíóþ øèðèíó ùåëè, ïðè êîòîðîé èçìåðÿëèñü ñïåêòðû è îöå-

íèâàòü ïîãðåøíîñòè èçìåðåíèé.
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Methods of Measuring Radiation Spectra in a Laboratory Workshop
on Physics and Research

The authors single out the formation of research skills as one of the most important aspects

of teaching students of higher educational institutions in the areas of engineering and technical

pro�le. As part of a laboratory workshop in physics, students acquire professional skills in

research and technological �elds. In this paper, we consider the method of measuring the

radiation spectra of various light sources, which the authors propose to use when setting up

laboratory work in physics. The conditions of the experiment are described and the scheme

of the working installation is given. Measurements of the radiation spectra are carried out

using a monochromator and a photodetector pre-graded in terms of transmission and spectral

sensitivity.Examples of the emission spectra of a green LED, a red semiconductor laser and

a �uorescent lamp measured by the considered method are given. Recommendations of such

experiments are given when conducting laboratory work and research work of students. The

proposed method of performing laboratory research will help students acquire skills in working

with spectral measuring equipment, teach them not only to measure and build the emission

spectra of light sources, but also to calculate the spectral width of the gap at which the spectra

were measured and to estimate measurement errors.

Keywords: emission spectrum, LED, laser, �uorescent lamp, laboratory work
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