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Ïðåäñòàâëåíû èññëåäîâàíèÿ ëàçåðíûõ êåðàìèê èç 1Nd
 

:
 

Y2O3 + 6HfO2, 1Nd
 

:
 

Y2O3 + 10HfO2, 3Yb
 

:
 

Y2O3 + 5ZrO2, 
5Yb

 

:
 

Y2O3 + 5HfO2 ñ õàðàêòåðíûìè ïðîÿâëåíèÿìè îïòè÷åñêèõ íåîäíîðîäíîñòåé, íàçâàííûõ «àïåëüñèíîâîé 
êîðêîé». Äèàìåòð è òîëùèíà îáðàçöîâ ñîñòàâëÿëè ñîîòâåòñòâåííî 11 è 1,7–2,0 ìì. Îïðåäåëåíû õàðàêòåð-
íûå ðàçìåðû îïòè÷åñêèõ íåîäíîðîäíîñòåé, âûçûâàþùèõ ýôôåêò «àïåëüñèíîâîé êîðêè», êîòîðûå íàõîäÿòñÿ 
â ïðåäåëàõ 10–300 ìêì. 

 

Êëþ÷åâûå ñëîâà: îïòè÷åñêàÿ êåðàìèêà, ðàññåÿíèå èçëó÷åíèÿ, ïðîôèëîìåòð; optical ceramics, radiation 
scattering, profilometer. 

 

Ââåäåíèå 
 

Èçâåñòíî, ÷òî äîáàâêè ZrO2 è HfO2 â îïòè÷å-
ñêóþ êåðàìèêó ïðèâîäÿò ê óâåëè÷åíèþ åå ïðîçðà÷-
íîñòè è óøèðåíèþ ëèíèé. Óëó÷øåíèå îïòè÷åñêèõ 

ñâîéñòâ îòêðûâàåò øèðîêèå âîçìîæíîñòè ïðèìåíå-
íèÿ êåðàìèê íà îñíîâå Y2O3 ñ äîáàâêàìè èç îêñèäîâ 
öèðêîíèÿ è ãàôíèÿ â êà÷åñòâå àêòèâíûõ ýëåìåíòîâ 
ôåìòîñåêóíäíûõ ëàçåðîâ. Îäíàêî äîïèðîâàíèå îê-
ñèäàìè öèðêîíèÿ è ãàôíèÿ ïðèâîäèò ê ïîÿâëåíèþ  
â êåðàìèêå íà îñíîâå îêñèäà èòòðèÿ îïòè÷åñêîé íå-
îäíîðîäíîñòè â âèäå òàê íàçûâàåìîé «àïåëüñèíîâîé 
êîðêè», êîòîðàÿ âûçûâàåò ñèëüíîå ðàññåÿíèå èçëó-
÷åíèÿ [1]. Ïðèðîäà äàííîãî íåæåëàòåëüíîãî ÿâëåíèÿ 
åùå äî êîíöà íå âûÿñíåíà, òàê êàê â îïòè÷åñêîé êå-
ðàìèêå ïðèñóòñòâóåò ðàññåÿíèå èçëó÷åíèÿ è îò äðó-
ãèõ íåîäíîðîäíîñòåé [2], êîòîðûå óñëîæíÿþò èçó÷å-
íèå äàííîãî ÿâëåíèÿ. 

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå 

õàðàêòåðèñòèê îïòè÷åñêèõ íåîäíîðîäíîñòåé, âûçû-
âàþùèõ ýôôåêò «àïåëüñèíîâîé êîðêè» â êåðàìèêå íà 
îñíîâå îêñèäà èòòðèÿ, äîïèðîâàííîé îêñèäàìè öèð-
êîíèÿ èëè ãàôíèÿ. 

 

1. Ýêñïåðèìåíòàëüíàÿ òåõíèêà  
è ìåòîäèêà èçìåðåíèé 

 

Äëÿ èññëåäîâàíèÿ ïðè÷èí ðàññåÿíèÿ áûë âû-
áðàí ìåòîä ïðîñâå÷èâàíèÿ êåðàìè÷åñêèõ îáðàçöîâ  
 

______________ 
 

* Âëàäèìèð Âàñèëüåâè÷ Îñèïîâ (osipov@iep.uran.ru); 
Àëüáåðò Íèêîëàåâè÷ Îðëîâ (orlov@iep.uran.ru); Âàñèëèé 

Âèêòîðîâè÷ Ëèñåíêîâ (lisenkov@iep.uran.ru); Âëàäèìèð 

ßêîâëåâè÷ Øóð (vladimir.shur@urfu.ru); Ìèõàèë Âëàäè-
ìèðîâè÷ Êîíåâ. 

èçëó÷åíèåì ðàçíûõ äëèí âîëí. Â êà÷åñòâå èñòî÷íè-
êîâ èçëó÷åíèÿ èñïîëüçîâàëèñü ãåëèé-íåîíîâûé ëà-
çåð ËÃÍ-223-1 ñ èçëó÷åíèåì íà äëèíå âîëíû 633 íì 
â îäíîìîäîâîì ðåæèìå TEM00 è ïîëóïðîâîäíèêîâûé 
ëàçåð G20-12V-C ñ èçëó÷åíèåì íà äëèíå âîëíû 532 íì. 
Ðàñïðåäåëåíèå èçëó÷åíèÿ äî è ïîñëå ïðîõîæäåíèÿ èì 
ñêâîçü èññëåäóåìûå îáðàçöû ðåãèñòðèðîâàëîñü ïðîôè-
ëîìåòðîì BeamStar FX50 ñî ñïåêòðàëüíûì äèàïàçî-
íîì 350–1320 íì, ðàçìåðîì ìàòðèöû 6,3 × 4,7 ìì. 
Ïðîôèëîìåòð óñòàíàâëèâàëñÿ íà ðàññòîÿíèè 133 ìì 
îò îáðàçöîâ. Ðàñïðåäåëåíèå ìîùíîñòè èçëó÷åíèÿ ïî 

ñå÷åíèþ ïó÷êà ëàçåðíîãî èçëó÷åíèÿ ïðîâîäèëîñü ìå- 
òîäîì ôîêàëüíîãî ïÿòíà ñ èñïîëüçîâàíèåì èçìåðèòå-
ëÿ ýíåðãèè è ìîùíîñòè èçëó÷åíèÿ ÈÌÎ-2Í è êàëèá-
ðîâàííûõ äèàôðàãì. Ñïåêòð ïðîïóñêàíèÿ îáðàçöîâ 

îïòè÷åñêîé êåðàìèêè èçìåðÿëñÿ äâóëó÷åâûì ñïåê-
òðîôîòîìåòðîì Shimadzu UV-1700. 

Áûëè âûáðàíû ñëåäóþùèå îáðàçöû ñ õàðàêòåð-
íûìè ïðîÿâëåíèÿìè îïòè÷åñêèõ íåîäíîðîäíîñòåé, íàç- 
âàííûõ «àïåëüñèíîâîé êîðêîé»: 1Nd

 

:
 

Y2O3 + 6HfO2, 
1Nd

 

:
 

Y2O3 + 10HfO2, 3Yb
 

:
 

Y2O3 + 5ZrO2, 5Yb
 

:
 

Y2O3 + 
+ 5HfO2. Äèàìåòð îáðàçöîâ ñîñòàâëÿë 11 ìì, à òîë-
ùèíà îò îáðàçöà ê îáðàçöó ìåíÿëàñü îò 1,7 äî 2,0 ìì. 
Ìåòîäèêà ïîëó÷åíèÿ íàíîïîðîøêîâ ëàçåðíûì èñ-
ïàðåíèåì, èçãîòîâëåíèå òàáëåòîê, èõ ïðåññîâàíèå  
è ñïåêàíèå ïîäðîáíî îïèñàíû â ðàáîòàõ [3, 4]. 

 

2. Ðåçóëüòàòû è èõ îáñóæäåíèå 
 

Íà ðèñ. 1 ïðèâåäåíû ñïåêòðû ïðîïóñêàíèÿ ÷å-
òûðåõ èññëåäóåìûõ îáðàçöîâ. Âèäíî, ÷òî âñå îáðàç-
öû, íåñìîòðÿ íà èìåþùèåñÿ â íèõ íåîäíîðîäíîñòè, 
ÿâëÿþòñÿ âûñîêîïðîçðà÷íûìè îáðàçöàìè îïòè÷å-
ñêîé êåðàìèêè è êîýôôèöèåíòû ïðîïóñêàíèÿ èõ íà 
äëèíå âîëíû 1060 íì ñîñòàâëÿþò ñîîòâåòñòâåííî 

82,3; 79,2; 79,4 è 79,5%. 



 

 Èññëåäîâàíèå ðàññåÿíèÿ èçëó÷åíèÿ â ëàçåðíûõ êåðàìèêàõ íà îñíîâå îêñèäà èòòðèÿ 145 
8.* 

 
Ðèñ. 1. Ñïåêòðû ïðîïóñêàíèÿ îáðàçöîâ 1Nd

 

:
 

Y2O3 + 6HfO2, 
1Nd

 

:
 

Y2O3 + 10HfO2, 3Yb
 

:
 

Y2O3 + 5ZrO2, 5Yb
 

:
 

Y2O3 + 5HfO2  
  â äèàïàçîíå äëèí âîëí 800–1100 íì 

 
Áûëè èçìåðåíû ðàñïðåäåëåíèÿ èíòåíñèâíîñòè 

èçëó÷åíèÿ ïî ñå÷åíèþ ïó÷êà íà äëèíàõ âîëí 532  
è 633 íì. Ïóòåì ñðàâíåíèÿ ïîëó÷åííûõ äàííûõ óñ-
òàíîâëåíî, ÷òî õàðàêòåð ðàñïðåäåëåíèÿ èíòåíñèâíîñ- 
òè ïó÷êà ïðè ïðîõîæäåíèè èññëåäóåìûõ îáðàçöîâ 
îò äëèíû âîëíû èçëó÷åíèÿ íå çàâèñèò. Ïîýòîìó ìû 
â íàñòîÿùåé ñòàòüå ïðèâîäèì äàííûå â îñíîâíîì äëÿ 

îäíîé äëèíû âîëíû 633 íì. Òàê, íà ðèñ. 2 ïîêàçàíî 

îáúåìíîå ðàñïðåäåëåíèå èíòåíñèâíîñòè èçëó÷åíèÿ 

îáðàçöà èç 1Nd
 

:
 

Y2O3 + 6HfO2. 
 

 
Ðèñ. 2. Ðàñïðåäåëåíèå èíòåíñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ 

ïî ñå÷åíèþ ïó÷êà ïîñëå ïðîõîæäåíèÿ åãî ÷åðåç êåðàìè÷å-
ñêèé îáðàçåö 1Nd

 

:
 

Y2O3 + 6HfO2. Ïî îñè Õ è Y öèôðîâûå 
äàííûå ïðåäñòàâëåíû â ìêì/10. Äëèíà âîëíû èçëó÷åíèÿ 
  λ = 633 íì. Èíòåíñèâíîñòü ïðåäñòàâëåíà â îòí. åä. 

 
Äëÿ ñðàâíåíèÿ íà ðèñ. 3 ïðèâåäåíî òàêîå æå 

îáúåìíîå ðàñïðåäåëåíèå èíòåíñèâíîñòè ëàçåðíîãî 

èçëó÷åíèÿ äî ïðîõîæäåíèÿ åãî ÷åðåç èññëåäóåìûé 
îáðàçåö. 

Íà ðèñ. 2 ÷åòêî âèäíû ðåçêî âûäåëåííûå íåîä-
íîðîäíîñòè ðàçìåðàìè îò 10 äî 250–300 ìêì, à íà 
ðèñ. 3 òàêèå íåîäíîðîäíîñòè îòñóòñòâóþò. Ïîäîáíûå 
îáúåìíûå ãðàôèêè ïîëó÷åíû è äëÿ äðóãèõ îáðàçöîâ 

(ðèñ. 4). Íåîäíîðîäíîñòè â îïòè÷åñêîé êåðàìèêå 
ïðèâîäÿò ê èçìåíåíèþ èíòåíñèâíîñòè ëàçåðíîãî èç-
ëó÷åíèÿ â ñàìîì ïó÷êå è ïîÿâëåíèþ íåîäíîðîäíîãî  
 

 
Ðèñ. 3. Ðàñïðåäåëåíèå èíòåíñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ  
ïî ñå÷åíèþ ïó÷êà äî ïðîõîæäåíèÿ ÷åðåç îïòè÷åñêóþ êå-
ðàìèêó. Ïî îñè Õ è Y öèôðîâûå äàííûå ïðåäñòàâëåíû  
â ìêì/10. Äëèíà âîëíû èçëó÷åíèÿ λ = 633 íì. Èíòåíñèâ- 
  íîñòü ïðåäñòàâëåíà â îòí. åä. 

 

 
Ðèñ. 4. Ðàñïðåäåëåíèå èíòåíñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ 

ïî ñå÷åíèþ ïó÷êà ïîñëå ïðîõîæäåíèÿ åãî ÷åðåç êåðàìè÷å-
ñêèé îáðàçåö 1Nd

 

:
 

Y2O3 + 10HfO2. Ïî îñè Õ è Y öèôðîâûå 
äàííûå ïðåäñòàâëåíû â ìêì/10. Äëèíà âîëíû èçëó÷åíèÿ 
  λ = 633 íì. Èíòåíñèâíîñòü ïðåäñòàâëåíà â îòí. åä. 

 
ðàññåÿííîãî èçëó÷åíèÿ çà åãî ïðåäåëàìè. Ðàçìåðû 
íåîäíîðîäíîñòåé â ýòèõ îáëàñòÿõ òàêæå ñîñòàâëÿþò 
10–300 ìêì. Äàííûé ôàêò ÿâëÿåòñÿ äîïîëíèòåëüíûì 

ïîäòâåðæäåíèåì ïîëîæåíèÿ î íåðýëååâñêîé ïðèðîäå 

ðàññåÿíèÿ, âûçûâàþùåé ýôôåêò «àïåëüñèíîâîé êîð-
êè». Äëÿ ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ ñòåïåíè 

ðàññåÿíèÿ áûëè ïðîâåäåíû èññëåäîâàíèÿ ðàñïðåäå-
ëåíèÿ èçëó÷åíèÿ ïî ñå÷åíèþ ïó÷êà ìåòîäîì ôîêàëü-
íîãî ïÿòíà ñ èñïîëüçîâàíèåì èçìåðèòåëÿ ýíåðãèè  
è ìîùíîñòè èçëó÷åíèÿ ÈÌÎ-2Í è êàëèáðîâàííûõ 

äèàôðàãì. Ðåçóëüòàòû èçìåðåíèé ïðåäñòàâëåíû íà 
ðèñ. 5. 

Ëàçåðíîå èçëó÷åíèå ïî ñå÷åíèþ ïó÷êà äî ïðî-
õîæäåíèÿ ÷åðåç îïòè÷åñêóþ êåðàìèêó êîíöåíòðè-
ðîâàíî â îêðóæíîñòè äèàìåòðîì 3 ìì. Ïîñëå ïðî-
õîæäåíèÿ ëàçåðíîãî ïó÷êà ÷åðåç îáðàçöû õàðàêòåð 
ðàñïðåäåëåíèÿ ìîùíîñòè èçëó÷åíèÿ ïî ñå÷åíèþ ïó÷-
êà çíà÷èòåëüíî ìåíÿåòñÿ. Çàìåòíûå ðàñõîæäåíèÿ  
â ÷èñëåííûõ çíà÷åíèÿõ ìàêñèìàëüíîé ìîùíîñòè 
äëÿ êðèâûõ 1 è 2–5 âûçâàíû òåì, ÷òî êîýôôèöèåí-
òû ïðîïóñêàíèÿ îáðàçöîâ èç 1Nd

 

:
 

Y2O3 + 10HfO2,  
 

8. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 2. 
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Ðèñ. 5. Ìîùíîñòü èçëó÷åíèÿ â çàâèñèìîñòè îò äèàìåòðà 

äèàôðàãìû: 1 – ëàçåðíûé ëó÷ äî ïðîõîæäåíèÿ ÷åðåç îá-
ðàçåö îïòè÷åñêîé êåðàìèêè; 2, 3, 4, 5 – ëàçåðíûé ëó÷ 
ïîñëå ïðîõîæäåíèÿ ÷åðåç îáðàçöû îïòè÷åñêîé êåðàìèêè 
ñîîòâåòñòâåííî èç 1Nd

 

:
 

Y2O3 + 10HfO2, 1Nd
 

:
 

Y2O3 + 6HfO2, 
   3Yb

 

:
 

Y2O3 + 5ZrO2, 5Yb
 

:
 

Y2O3 + 5HfO2 
 

1Nd
 

:
 

Y2O3 + 6HfO2, 3Yb
 

:
 

Y2O3 + 5ZrO2, 5Yb
 

:
 

Y2O3 + 
+ 5HfO2 íà äëèíå âîëíû 633 íì ñîñòàâëÿþò ñîîòâåò-
ñòâåííî 76,3; 78,8; 76,5 è 73,8%. Âòîðîé ïðè÷èíîé 
óìåíüøåíèÿ ìîùíîñòè èçëó÷åíèÿ ïîñëå ïðîõîæäå-
íèÿ ÷åðåç îáðàçöû êåðàìèêè ÿâëÿåòñÿ íåçíà÷èòåëü-
íîå ðàññåÿíèå ëàçåðíîãî ëó÷à, ðàñïðîñòðàíÿþùååñÿ 
çà ïðåäåëàìè äèàôðàãìû ìàêñèìàëüíîãî äèàìåòðà. 
  Íàèõóäøåå ðàñïðåäåëåíèå ìîùíîñòè èçëó÷åíèÿ 
ïî ñå÷åíèþ ïó÷êà çàôèêñèðîâàíî äëÿ îáðàçöà èç 
1Nd

 

:
 

Y2O3 + 10HfO2 ñ ìàêñèìàëüíûì ïðîÿâëåíèåì 
ýôôåêòà «àïåëüñèíîâîé êîðêè», ãðàôèê çàâèñèìîñ- 
òè ìîùíîñòè èçëó÷åíèÿ îò äèàìåòðà äèàôðàãìû 
êîòîðîãî ïî÷òè ëèíåéíî ðàñòåò äî 5 ìì. Ó îñòàëüíûõ 

îáðàçöîâ ðîñò îáùåé ìîùíîñòè íàáëþäàåòñÿ, õîòÿ  
è ìåäëåííî, äî äèàôðàãìû äèàìåòðîì 13,5 ìì (íà 

ðèñ. 5 íå ïîêàçàíî). Èñõîäÿ èç ïðèâåäåííûõ äàí-
íûõ, ìîæíî ñäåëàòü ëèøü íåóòåøèòåëüíûé âûâîä: 
ïîëó÷åíèå ëàçåðíîé ãåíåðàöèè íà îáðàçöàõ ñ «àïåëü-
ñèíîâîé êîðêîé» âåñüìà çàòðóäíåíî èç-çà ðàñõîæ-
äåíèÿ ôîðìèðóþùåãî ïó÷êà â ðåçîíàòîðå, ÷òî ïðè-
âåäåò ê çíà÷èòåëüíûì óìåíüøåíèÿì èíòåíñèâíîñòè 
âûõîäíîãî èçëó÷åíèÿ. 

Ðàñïðåäåëåíèå èíòåíñèâíîñòè èçëó÷åíèÿ ëàçåð-
íîãî ïó÷êà ïîñëå ïðîõîæäåíèÿ îáðàçöîâ ñ íåîäíî-
ðîäíîñòÿìè ñèëüíî ìåíÿåòñÿ, ÷òî òàêæå âèäíî íà 
èçìåðåííûõ ïðîôèëÿõ ëó÷åé. 

Íà ðèñ. 6 ïðåäñòàâëåíû ðàñïðåäåëåíèÿ èíòåí-
ñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ ñ äëèíîé âîëíû λ = 
= 532 íì, ïðîøåäøåãî ÷åðåç îáðàçöû, â êîòîðûõ ïî÷-
òè îòñóòñòâóåò (êðèâàÿ 2) è ïðèñóòñòâóåò (êðèâûå 3, 
4, 5) ýôôåêò «àïåëüñèíîâîé êîðêè». Äëÿ ñðàâíåíèÿ 

ïîêàçàíî ñîîòâåòñòâóþùåå ðàñïðåäåëåíèå èñõîäíîãî 

ëó÷à (êðèâàÿ 1). Äàííûå ðàñïðåäåëåíèÿ ïîñòðîåíû 

âäîëü âûäåëåííîãî íàïðàâëåíèÿ íà ïðèåìíîé ïëîñ-
êîñòè ðàññìîòðåííîãî âûøå ïðîôèëîìåòðà. 

Âèäíî, ÷òî ëó÷ ïðîõîäèò ñ âèäèìûìè èñêàæå-
íèÿìè ÷åðåç âñå îáðàçöû. Îäíàêî âåëè÷èíà ýòèõ 
èñêàæåíèé ñèëüíî ðàçëè÷àåòñÿ. Åñëè â îáðàçöå ñî 
ñëàáîâûðàæåííîé «àïåëüñèíîâîé êîðêîé» ýòè èñêà- 
 

 

Ðèñ. 6. Ïðîôèëè èíòåíñèâíîñòè ïÿòíà èçëó÷åíèÿ ëàçåðà  
íà äëèíå âîëíû λ = 532 íì: 1 – èñõîäíûé ëó÷; 2 – ëó÷, 
ïðîøåäøèé ÷åðåç îáðàçåö îïòè÷åñêîé êåðàìèêè ñî ñëàáî-
âûðàæåííîé «àïåëüñèíîâîé êîðêîé» èç 3Yb

 

:
 

Y2O3 + 5ZrO2; 
3–5 – ëó÷, ïðîøåäøèé ÷åðåç îáðàçöû îïòè÷åñêîé êåðàìè-
êè ñ «àïåëüñèíîâîé êîðêîé» ñîîòâåòñòâåííî èç 1Nd

 

:
 

Y2O3 + 
  + 6HfO2, 1Nd

 

:
 

Y2O3 + 10HfO2, 5Yb
 

:
 

Y2O3 + 5HfO2 

 

æåíèÿ íå î÷åíü áîëüøèå è ôîðìà ðàñïðåäåëåíèÿ 
èíòåíñèâíîñòè ïî ñå÷åíèþ ëó÷à èçìåíÿåòñÿ íåçíà-
÷èòåëüíî, òî â îáðàçöàõ ñ «àïåëüñèíîâîé êîðêîé» 
ôîðìà ðàñïðåäåëåíèÿ èçìåíÿåòñÿ ñóùåñòâåííî è ïî-
ÿâëÿþòñÿ äîïîëíèòåëüíûå ïèêè. 

Ïî íàøåìó ìíåíèþ, èçìåíåíèå ïðîôèëÿ ëàçåð-
íîãî èçëó÷åíèÿ â îáîèõ ñëó÷àÿõ îáúÿñíÿåòñÿ ðàñ-
ñåÿíèåì íà ìàêðîñêîïè÷åñêèõ íåîäíîðîäíîñòÿõ êðè-
ñòàëëè÷åñêîé ñòðóêòóðû. Âñå îáðàçöû ÿâëÿþòñÿ  

ïîëèêðèñòàëëàìè ñ õàðàêòåðíûì ðàçìåðîì êðèñòàë-
ëèòîâ ïîðÿäêà 10 ìêì. Â íèõ ìîãóò ïðèñóòñòâîâàòü 
ðàçëè÷íûå äåôåêòû, òàêèå êàê ïîðû, âòîðûå ôàçû 
è ò.ï. Êðîìå òîãî, âñëåäñòâèå íåîäíîðîäíîãî ðàñ-
ïðåäåëåíèÿ ïðèìåñíûõ èîíîâ ìîãóò áûòü ðàçíûìè 
îïòè÷åñêèå ñâîéñòâà îòäåëüíûõ êðèñòàëëèòîâ, íà-
ïðèìåð èõ ïîêàçàòåëü ïðåëîìëåíèÿ. Ïî íàøåìó ìíå-
íèþ, êîìáèíàöèÿ ðàçëè÷èé îïòè÷åñêèõ ñâîéñòâ êðè-
ñòàëëèòîâ è äåôåêòîâ ìîæåò ïðèâåñòè ê âèäèìûì 
èñêàæåíèÿì ïðîôèëÿ ëàçåðíîãî èçëó÷åíèÿ, êîòîðûå 
áûëè çàôèêñèðîâàíû ïðîôèëîìåòðîì (ðèñ. 6, êðè-
âûå 3, 4, 5). Âèçóàëüíî òàêèå èñêàæåíèÿ äàþò ýô-
ôåêò «àïåëüñèíîâîé êîðêè». Åñëè îïòè÷åñêèå ñâîé-
ñòâà êðèñòàëëèòîâ îäèíàêîâû, òî ðàññåÿíèå ïðîèñ-
õîäèò òîëüêî íà äåôåêòàõ è íå ÿâëÿåòñÿ ñòîëü 
çíà÷èòåëüíûì, ÷òîáû ñóùåñòâåííî èñêàçèòü ôîðìó 
ëàçåðíîãî èçëó÷åíèÿ (ðèñ. 6, êðèâàÿ 2). Ó òàêèõ 
îáðàçöîâ ýôôåêò «àïåëüñèíîâîé êîðêè» íàáëþäàåò-
ñÿ íåçíà÷èòåëüíî. 

 

Çàêëþ÷åíèå 
 

Îáíàðóæåíî, ÷òî âíóòðè îáðàçöîâ ñ äîáàâêàìè 
öèðêîíèÿ èëè ãàôíèÿ îáðàçóþòñÿ íåîäíîðîäíîñòè  
ñ õàðàêòåðíûìè ðàçìåðàìè îò äåñÿòè äî íåñêîëüêèõ 
ñîòåí ìèêðîìåòðîâ. Â ïðåäåëàõ ÷óâñòâèòåëüíîñòè 
ïðîôèëîìåòðà è ìåòîäèêè èçìåðåíèé ðýëååâñêîå 
ðàññåÿíèå íå âûÿâëåíî. Âñëåäñòâèå íàëè÷èÿ ìàêðî-
îïòè÷åñêèõ íåîäíîðîäíîñòåé ëàçåðíàÿ ãåíåðàöèÿ  



 

 Èññëåäîâàíèå ðàññåÿíèÿ èçëó÷åíèÿ â ëàçåðíûõ êåðàìèêàõ íà îñíîâå îêñèäà èòòðèÿ 147 
8.* 

íà îáðàçöàõ ñ äîáàâêàìè èç îêñèäîâ öèðêîíèÿ è ãàô-
íèÿ âåñüìà çàòðóäíèòåëüíà èç-çà ðàñøèðåíèÿ ëà-
çåðíîãî ëó÷à ïðè ïðîõîæäåíèè ÷åðåç îáðàçåö. 

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñóäàðñòâåííîãî 
çàäàíèÿ ¹ 0389-2014-003, à òàêæå ïðè ïîääåðæêå 
ïðîåêòîâ ÐÔÔÈ ¹ 13-00-00001, 14-08-00181 è ïðî-
åêòà Ïðåçèäèóìà ÓðÎ ÐÀÍ ¹ 15-17-2-19. Èçìåðåíèÿ 

ðàñïðåäåëåíèÿ èíòåíñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ 

ïî ñå÷åíèþ ïó÷êà áûëè ïðîâåäåíû ñ èñïîëüçîâàíèåì 

îáîðóäîâàíèÿ ÓÖÊÏ «Ñîâðåìåííûå íàíîòåõíîëîãèè» 
ÓðÔÓ ïðè ôèíàíñîâîé ïîääåðæêå Ïðàâèòåëüñòâà 
Ðîññèéñêîé ôåäåðàöèè (ïîñòàíîâëåíèå ¹ 211, êîí-
òðàêò ¹ 02.A03.21.0006). 
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Investigations of 1Nd
 

:
 

Y2O3 + 6HfO2, 1Nd
 

:
 

Y2O3 + 10HfO2, 3Yb
 

:
 

Y2O3 + 5ZrO2, and 5Yb
 

:
 

Y2O3 + 5HfO2 
laser ceramics with typical optical inhomogeneities called "orange peel" are presented. The diameter and thick-
ness of samples were, respectively, 11 and 1.7–2.0 mm. Characteristic sizes of optical inhomogeneities causing 
the effect of "orange peel" were in a range from 10 to 300 μm. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


