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íà ýíåðãåòè÷åñêèå õàðàêòåðèñòèêè  

ýêñèëåêñíûõ ëàìï áàðüåðíîãî ðàçðÿäà 
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Ðàáîòà ïîñâÿùåíà âûÿâëåíèþ âëèÿíèÿ äëèòåëüíîñòè èìïóëüñà âîçáóæäåíèÿ íà ýíåðãåòè÷åñêèå õàðàê-

òåðèñòèêè ýêñèïëåêñíûõ ëàìïû áàðüåðíîãî ðàçðÿäà. Ðåçóëüòàòû ïîêàçûâàþò, ÷òî ñ ðîñòîì äëèòåëüíîñòè îò 
0,7 äî 1,5 ìêñ ýôôåêòèâíîñòü è ýíåðãåòè÷åñêàÿ ñâåòèìîñòü èçëó÷åíèÿ ýêñèëàìï ñíèæàþòñÿ íà 10–15%. Íà 
êàæäîì òàêòå âûñâå÷èâàíèå ïðîèñõîäèò íà ôðîíòå è ñïàäå èìïóëüñà íàïðÿæåíèÿ, ïðè ýòîì ñâåòèìîñòü íà 
ôðîíòå è ñïàäå íàïðÿæåíèÿ ïàäàþò ñîãëàñîâàííî. Îáñóæäàþòñÿ âîçìîæíîñòè ïðèìåíåíèÿ ýôôåêòà çàäåðæ-
êè ôîðìèðóåìûõ èìïóëüñîâ â ôîòîõèìè÷åñêèõ ýêñïåðèìåíòàõ. 

 

Êëþ÷åâûå ñëîâà: áàðüåðíûé ðàçðÿä, èìïóëüñ èçëó÷åíèÿ, ýêñèëàìïà; excilamp, KrBr, KrCl, radiation 
pulse duration, XeBr, XeCl. 

 
Ââåäåíèå 

 

Ýêñèëàìïû – èñòî÷íèêè ñïîíòàííîãî óëüòðàôèîëåòîâîãî èçëó÷åíèÿ íà ïåðåõîäàõ ýêñèïëåêñíûõ è ýêñè-
ìåðíûõ ìîëåêóë ‒ ïîëó÷èëè ðàñïðîñòðàíåíèå ïðåæäå âñåãî áëàãîäàðÿ îñîáåííîñòÿì ñâîåãî ñïåêòðàëüíîãî 
ñîñòàâà (ñì. ññûëêè â [1‒4]). Â öåëîì ðÿäå ïðèëîæåíèé íóæíûé ýôôåêò äîñòèãàåòñÿ ïîä âîçäåéñòâèåì îïðå-
äåë¸ííîé äîçû îáëó÷åíèÿ [5‒7]. Ïîýòîìó áîëüøèíñòâî èññëåäîâàíèé ýêñèëàìï áûëî ïîñâÿùåíî âûÿâëåíèþ 
óñëîâèé ïîëó÷åíèÿ íàèáîëüøèõ çíà÷åíèé ñðåäíåé ìîùíîñòè è ýôôåêòèâíîñòè ëþìèíåñöåíöèè. Òî, ÷òî èç-
ëó÷åíèå ýêñèëàìï ÿâëÿåòñÿ èìïóëüñíûì, à äîçà íàáèðàåòñÿ â ÷àñòîòíîì ðåæèìå ñëåäîâàíèÿ èìïóëüñîâ âîç-
áóæäåíèÿ è â ýòèõ ñëó÷àÿõ íå ó÷èòûâàåòñÿ. 

Ìû ïîëàãàåì, ÷òî çíàíèÿ î âðåìåííîì õîäå èìïóëüñîâ èçëó÷åíèÿ ïîòåíöèàëüíî òîæå ïðåäñòàâëÿþò èí-
òåðåñ, äîïîëíÿÿ äàííûå îá ýíåðãåòè÷åñêèõ õàðàêòåðèñòèêàõ. Íàñòîÿùàÿ ðàáîòà ÷àñòè÷íî âîñïîëíÿåò ýòîò 
ïðîáåë. Öåëü èññëåäîâàíèÿ ‒ îïðåäåëèòü âëèÿíèå äëèòåëüíîñòè èìïóëüñà âîçáóæäåíèÿ íà âðåìåííîé õîä 
èçëó÷åíèÿ è ëó÷èñòûé ïîòîê ýêñèëåêñíûõ ëàìï áàðüåðíîãî ðàçðÿäà. 

 
Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà è ìåòîäèêè 

 

Ýêñïåðèìåíòû ïðîâîäèëèñü ñ îòïàÿííûìè ýêñèëàìïàìè áàðüåðíîãî ðàçðÿäà íà ìîëåêóëàõ XeCl* 
(308 íì), KrCl* (222 íì), XeBr* (282 íì),  KrBr* (222 íì), èìåþùèõ îäèíàêîâûå ãàáàðèòíûå ðàçìåðû. 
Êîëáû ýêñèëàìï èìåëè êîàêñèàëüíóþ ãåîìåòðèþ è áûëè âûïîëíåíû äâóõ ñîîñíî óñòàíîâëåííûõ èç êâàðöå-
âûõ òðóáîê (ìàðêà êâàðöà ÊÂ-1, ÀÎ «Ãóñåâñêèé ñòåêîëüíûé çàâîä èìåíè Äçåðæèíñêîãî»), èìåþùèõ äèà-
ìåòðû 4,1 è 2,3 ñì, îáðàçóþùèõ ðàçðÿäíûé ïðîìåæóòîê d = 7 ìì. Íà âíóòðåííåé ïîâåðõíîñòè âíóòðåííåé 
òðóáêè ðàçìåùàëñÿ ñïëîøíîé îòðàæàþùèé ýëåêòðîä èç Al–Mg ôîëüãè òîëùèíîé 25 ìêì. Ýòîò ýëåêòðîä áûë 
âûñîêîâîëüòíûì, à íà âíåøíåé òðóáêå ðàçìåùàëñÿ ïåðôîðèðîâàííûé çàçåìëåííûé ýëåêòðîä äëÿ âûâîäà 
èçëó÷åíèÿ íàðóæó. Ïîäà÷à èìïóëüñà íàïðÿæåíèÿ íà ýëåêòðîäû ïîñëåäîâàòåëüíî âåäåò ê çàðÿäêå áàðüåðîâ 
(ñòåíêè òðóáêè) è äàëåå ‒ ê ïðîáîþ ïðîìåæóòêà d, çàïîëíåííîãî ðàáî÷åé ñìåñüþ, ÷òî â ñâîþ î÷åðåäü âûçû-
âàåò ýëåêòðîëþìèíåñöåíöèþ. Ïëîùàäü ñâå÷åíèÿ S ñîñòàâëÿëà 129 ñì2. 

Âî âñåõ ýêñïåðèìåíòàõ äëÿ ïèòàíèÿ èñïîëüçîâàëè èñòî÷íèê, ôîðìèðóþùèé èìïóëüñû íàïðÿæåíèÿ  
ñ àìïëèòóäîé äî ‒6 êÂ è ôèêñèðîâàííîé ÷àñòîòîé ñëåäîâàíèÿ f = 30 êÃö. Äëèòåëüíîñòü èìïóëüñîâ íàïðÿæå-
íèÿ ïî îñíîâàíèþ () â õîäå ýêñïåðèìåíòîâ âàðüèðîâàëè, èçìåíÿÿ îáìîòî÷íûå õàðàêòåðèñòèêè âûõîäíîãî 
òðàíñôîðìàòîðà èñòî÷íèêà. Ïðè ýòîì êàæäûé ðàç äîáèâàëèñü òîãî, ÷òîáû êîýôôèöèåíò òðàíñôîðìàöèè íå 
ìåíÿëñÿ. 
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í Ïîñëå çàæèãàíèÿ ýêñèëàìïû ôîòîïðèåìíèêîì Ñ8026/H8025-222 (Hamamatsu Photonics K.K.) ñ èçâåñò-
íîé ñïåêòðàëüíîé ÷óâñòâèòåëüíîñòüþ, ðàñïîëàãàåìûì âïëîòíóþ ê ïîâåðõíîñòè êîëáû, èçìåðÿëè ýíåðãåòè÷å-
ñêóþ ñâåòèìîñòü ES (ìÂò/ñì2) â öåíòðå êîëáû. Ñ âàêóóìíîãî ôîòîêàòîäà ÔÝÊ-22 ÑÏÓ (Ï/ÿ À-1492) ðåãè-
ñòðèðîâàëè âðåìåííîé õîä ëþìèíåñöåíöèè, à ñ ïîìîùüþ åìêîñòíîãî äåëèòåëÿ íàïðÿæåíèÿ è òîêîâîãî øóí-
òà, ñîáðàííîì íà ëèíåéêå ÷èï-ðåçèñòîðîâ, ðåãèñòðèðîâàëè âðåìåííîé õîä èìïóëüñîâ íàïðÿæåíèÿ è òîêà. 
Ïîëó÷åííûå ñèãíàëû ïîäàâàëè íà îñöèëëîãðàô TDS 224 (Tektronix, Inc.). Çíàÿ âåëè÷èíû I(t) è U(t), ïîë-
íóþ (àêòèâíóþ) ìîùíîñòü ðàçðÿäà W, âêëàäûâàåìóþ â ýêñèëàìïó, ìîæíî îïðåäåëèòü ÷åðåç èíòåãðàë [8]: 

 
0

1
( ) ( ) ,W I t U t d




  t  

ãäå T ‒ ïåðèîä ïîâòîðåíèÿ èìïóëüñîâ. Ñîîòâåòñòâåííî, îöåíåííàÿ ñíèçó ýôôåêòèâíîñòü èçëó÷åíèÿ ýêñèëàì-
ïû îïðåäåëÿåòñÿ êàê  = (Es  S)/W. 

 
Ðåçóëüòàòû è èõ îáñóæäåíèå 

 

Íà ðèñ. 1 ïðåäñòàâëåí òèïè÷íûé âðåìåííîé õîä òîêà è íàïðÿæåíèÿ íà ýêñèëàìïå. Ïî òîêîâîé ÷àñòè 
âèäíî, ÷òî ýíåðãèÿ âêëàäûâàåòñÿ â ãàçîâóþ ñðåäó íà ôðîíòå è ñïàäå èìïóëüñà íàïðÿæåíèÿ. Â ðåçóëüòàòå 
ôîðìèðóþòñÿ äâà èìïóëüñà èçëó÷åíèÿ, ÷òî ïîêàçàíî íà ðèñ. 2. 

 

 
Ðèñ. 1. Îñöèëëîãðàììû íàïðÿæåíèÿ è òîêà. XeCl-ýêñèëàìïà,  = 0,7 ìêñ 

 
Ðèñ. 2. Âðåìåííîé õîä èçëó÷åíèÿ XeCl-ýêñèëàìïû äëÿ äâóõ çíà÷åíèé äëèòåëüíîñòè èìïóëüñà íàïðÿæåíèÿ  

 
Èçìåíåíèå äëèòåëüíîñòè èìïóëüñà îò 0,7 äî 1,5 ìêñ (ñ ñîõðàíåíèåì êîýôôèöèåíòà òðàíñôîðìàöèè èñ-

òî÷íèêà) ïðèâîäèò ê ïðîïîðöèîíàëüíîìó (ëèíåéíîìó) ðîñòó çàäåðæêè âòîðîãî èìïóëüñà ïî îòíîøåíèþ  
ê ïåðâîìó. Ïðè ýòîì â çàâèñèìîñòè îò òèïà ýêñèëàìïû íà 10–15% ïàäàåò ýôôåêòèâíîñòü èçëó÷åíèÿ. Ìîæíî 
áûëî áû ïðåäïîëîæèòü, ÷òî ýòî ñâÿçàíî ñ òåì, ÷òî îñòàòî÷íàÿ ïðåäûîíèçàöèÿ ïîñëå ïåðâîãî èìïóëüñà, ôîð-
ìèðóåìîãî íà ôðîíòå ïðè óâåëè÷åíèè τ âñ¸ ìåíüøå è ìåíüøå îáëåã÷àåò ïðîáîé íà ñïàäå. Îäíàêî ðàñ÷åòû 
äëÿ ýíåðãåòè÷åñêîé ñâåòèìîñòè ïåðâîãî è âòîðîãî èìïóëüñîâ èçëó÷åíèÿ (ðèñ. 3, E1, E2) ïîêàçûâàþò, ÷òî ýòè 
âåëè÷èíû ñíèæàþòñÿ ñîãëàñîâàííî. Ýòîãî íå íàáëþäàëîñü áû, åñëè áû ïðåäèîíèçàöèÿ íà ôðîíòå âëèÿëà íà 
èçëó÷åíèå íà ñïàäå. 
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Ðèñ. 3. Ýíåðãåòè÷åñêàÿ ñâåòèìîñòü: ïîëíàÿ (Es), ïåðâîãî è âòîðîãî ïèêà èçëó÷åíèÿ (E1, E2). XeCl-ýêñèëàìïà,  = 0,7 ìêñ 

 
Àíàëîãè÷íûå çàêîíîìåðíîñòè ïðîÿâëÿþòñÿ íà âñåõ èññëåäîâàííûõ òèïàõ ýêñèëàìï. Òàáëèöà ñóììèðóåò 

äàííûå îá ýíåðãåòè÷åñêèõ ïàðàìåòðàõ 4-õ òèïîâ ýêñèëàìï äëÿ äâóõ êðàéíèõ ñëó÷àåâ ‒ ìàêñèìàëüíîé è ìè-
íèìàëüíîé âåëè÷èíû , âûñòàâëÿåìîé â õîäå ýêñïåðèìåíòîâ. 

 
Ñðåäíÿÿ ìîùíîñòü, Âò Ýôôåêòèâíîñòü, % 

Òèï ýêñèëàìïû 
0,7 ìêñ 1,5 ìêñ 0,7 ìêñ 1,5 ìêñ 

XeCl* 2,76 2,38 9,18 8,32 
KrCl* 1,06 1 3,5 3 
XeBr* 2,74 2,33 8,52 6,54 
KrBr* 0,75 0,58 2,15 1,57 

 
Ïîëó÷åííûå äàííûå ïîòåíöèàëüíî èíòåðåñíû äëÿ ïðîâåäåíèÿ íîâûõ ýêñïåðèìåíòîâ â îáëàñòè ôîòîõè-

ìèè. Íàïðèìåð, â ðàáîòå [9], ãäå îöåíèâàëàñü ýôôåêòèâíîñòü ôîòîïðåâðàùåíèé â íåéòðàëüíûõ âîäíûõ ðàñ-
òâîðàõ ôåíîëà (10–3 ìîëü/ë) â çàâèñèìîñòè îò äëèòåëüíîñòè èìïóëüñà èçëó÷åíèÿ, áûëî ïîêàçàíî, ÷òî ïðè 
îäèíàêîâûõ äîçàõ îáëó÷åíèÿ (îò 0,01 äî 0,1 Äæ/ñì2) ôîòîïðåâðàùåíèÿ ïðè îáëó÷åíèè KrCl-ýêñèëàìïîé  
ñ äëèòåëüíîñòüþ èìïóëüñà îêîëî 1 ìêñ èäóò ýôôåêòèâíåå, ÷åì ïðè îáëó÷åíèè KrCl-ëàçåðîì ñ äëèòåëüíîñòüþ 
èìïóëüñà îêîëî 10 íñ è ïëîòíîñòüþ èìïóëüñíîé ìîùíîñòè 2 ÌÂò/ñì2. Âîçìîæíî, çíà÷åíèå çàäåðæêè ìåæäó 
èìïóëüñàìè íà ôðîíòå è ñïàäå òîæå èìåþò çíà÷åíèå, ÷òî ïðåäñòîèò ïðîâåðèòü ýêñïåðèìåíòàëüíî. 

 
Çàêëþ÷åíèå 

 

Ïðîâåäåííûå ýêñïåðèìåíòû ïîçâîëèëè ïîëó÷èòü óòî÷íåííûå äàííûå î âëèÿíèè äëèòåëüíîñòè èìïóëüñà 
íàïðÿæåíèÿ  íà âðåìåííîé õîä ëþìèíåñöåíöèè è ýíåðãåòè÷åñêèå õàðàêòåðèñòèêè ýêñèëàìï. Â èçó÷åííîì 
äèàïàçîíå âåëè÷èí  îïðîâåðãíóòà ãèïîòåçà î òîì, ÷òî èìïóëüñ èçëó÷åíèÿ, ôîðìèðóåìûé íà ôðîíòå íàïðÿ-
æåíèÿ çà ñ÷åò ïðåäûîíèçàöèè îáëåã÷àåò ýíåðãîâêëàä íà ñïàäå íàïðÿæåíèÿ. Ïîëó÷åííûå äàííûå ïðåäëîæåíî 
èñïîëüçîâàòü äëÿ ïðîâåäåíèÿ íîâûõ ôîòîõèìè÷åñêèõ ýêñïåðèìåíòîâ. 

 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèå âûïîëíåíî â ðàìêàõ Ãîñóäàðñòâåííîãî çàäàíèÿ ÈÑÝ ÑÎ ÐÀÍ, ïðîåêò 
¹ FWRM-2021-0014.  
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S.M. Avdeev, D.S. Pechenitsin, E.A. Sosnin. Effect of the excitation pulse duration on energy charac-

teristics of barrier discharge XeCl excilamps. 
Excilamps are gas–discharge sources of spontaneous ultraviolet radiation based on exciplex and excimer 

molecules. One of their most important parameters determining the power and efficiency of the excilamp radia-
tion, along with the composition and partial pressure of the working mixture, the size of the gas discharge gap, 
are the characteristics of the excilamp excitation pulse: shape and amplitude. It was previously shown that the 
optimal form of the excitation pulse for excilamps of a barrier discharge on exciplex molecules is a unipolar 
voltage pulse, similar in shape to a meander, with a front and fall duration of tens to hundreds of ns. However, 
the effect of the excitation pulse duration on the energy characteristics of the excilamps has not been specifi-
cally investigated. In this study of barrier discharge XeCl-excilamp, it is shown that reducing the excitation 
pulse duration of the XeCl-excilamp from 1.5 to 0.7 microseconds increases the radiant exitance of the excilamp 
by 14%. At the same time, the power consumption of the excilamp increases to 7%. During each time step the 
luminescence pulses occurs at the leading and trailing edges of the voltage pulses. The delay between the first 
and second pulses of radiation can be varied. Possible applications of this effect are discussed. 
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