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òåõíîëîãèè, ñîâðåìåííûå è óñîâåðøåíñòâîâàííûå 
çóáîòåõíè÷åñêèå ìàòåðèàëû â ðåàáèëèòàöèè áîëüíûõ 
ñ ïàòîëîãèåé çóáî÷åëþñòíîé ñèñòåìû», ¹ ãîñóäàð-
ñòâåííîé ðåãèñòðàöèè 0111U006304. 

Âñòóïëåíèå. Òåîðåòè÷åñêèå îñíîâû àâòîìàòè-
çèðîâàííîãî ïðîåêòèðîâàíèÿ è ïðîèçâîäñòâà (CAD/
CAM) ðàçëè÷íûõ îáúåêòîâ ñôîðìèðîâàëèñü åùå â 
1960-õ – íà÷àëå 70-õ ãîäîâ. Äëÿ îáîçíà÷åíèÿ ñèñòåì 
àâòîìàòèçèðîâàííîãî ïðîåêòèðîâàíèÿ âî âñåì ìèðå 
èñïîëüçóåòñÿ àááðåâèàòóðà CAD (îò àíãë. Computer-
Aided Design), à äëÿ îáîçíà÷åíèÿ ñèñòåì àâòîìàòè-
çàöèè ïðîèçâîäñòâà – CAM (îò àíãë. Computer-Aided 
Manufacturing). Òàêèì îáðàçîì, CAD îïðåäåëÿåò 
îáëàñòü ãåîìåòðè÷åñêîãî ìîäåëèðîâàíèÿ ðàçíîî-
áðàçíûõ îáúåêòîâ ñ èñïîëüçîâàíèåì êîìïüþòåðíûõ 
òåõíîëîãèé. Òåðìèí CAM, ñîîòâåòñòâåííî, îçíà÷à-
åò àâòîìàòèçàöèþ ðåøåíèÿ ãåîìåòðè÷åñêèõ çàäà÷ â 
òåõíîëîãèè ïðîèçâîäñòâà. Â îñíîâíîì ýòî ðàñ÷åò 
òðàåêòîðèè äâèæåíèÿ èíñòðóìåíòà. Ïîñêîëüêó ýòè 
ïðîöåññû äîïîëíÿþò äðóã äðóãà, â ëèòåðàòóðå ÷àñòî 
âñòðå÷àåòñÿ òåðìèí CAD/CAM. Èíòåãðèðîâàííûå 
CAD/CAM ñèñòåìû – ýòî ìàêñèìàëüíî íàóêîåìêèå 
ïðîäóêòû, ïîñòîÿííî ðàçâèâàþùèåñÿ è âêëþ÷àþùèå 
â ñåáÿ íîâåéøèå çíàíèÿ â îáëàñòè ìîäåëèðîâàíèÿ è 
îáðàáîòêè ìàòåðèàëîâ [9]. 

Öåëüþ äàííîé ðàáîòû ÿâèëîñü èçó÷åíèå èçâåñò-
íûõ CAD/CAM – ñèñòåì, èõ òåõíîëîãè÷åñêèõ îñíîâ, 
àíàëèç òåõíè÷åñêèõ âîçìîæíîñòåé, à òàê æå ïðåèìó-
ùåñòâà ïðèìåíåíèÿ ïðè èçãîòîâëåíèè òîãî èëè èíîãî 
âèäà îðòîïåäè÷åñêîé êîíñòðóêöèè. 

Îáúåêò è ìåòîäû èññëåäîâàíèÿ. Èñòî÷íèêè íà-
ó÷íî – ìåäèöèíñêîé ëèòåðàòóðû ïî âîïðîñó àâòîìà-
òèçèðîâàííîãî êîìïüþòåðíîãî ìîäåëèðîâàíèÿ è èç-
ãîòîâëåíèÿ îðòîïåäè÷åñêèõ êîíñòðóêöèé. 

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. 
Òåõíîëîãèÿ èçãîòîâëåíèÿ çóáíûõ ïðîòåçîâ ïîñðåä-
ñòâîì êîìïüþòåðíîãî äèçàéíà è êîìïüþòåðíîãî ïðî-
èçâîäñòâà ïðåäñòàâëÿåò ñîáîé ñëèÿíèå íåñêîëüêèõ 
íàóê: ìàòåìàòèêè, îïòèêè, ýëåêòðîíèêè, êîìïüþòåð-
íîãî ðàñïîçíàâàíèÿ èçîáðàæåíèé ñ ïîñëåäóþùèì 
àíàëèçîì, à òàêæå àâòîìàòè÷åñêîãî óïðàâëåíèÿ è àâ-
òîìàòè÷åñêîé îáðàáîòêè. Â íàñòîÿùåå âðåìÿ ñóùå-
ñòâóåò áîëåå äåñÿòè âèäîâ CAD/CAM – ñèñòåì, ñ ïî-
ìîùüþ êîòîðûõ ìîæíî ïðîèçâîäèòü âêëàäêè, âèíèðû, 
êîðîíêè, êàê ïîëíûå, òàê è ÷àñòè÷íûå, ìîñòîâèäíûå 
ïðîòåçû, à òàê ÷åëþñòíî-ëèöåâûå ïðîòåçû [1,2,3,5]. 

Íå çàâèñèìî îò âèäà, âñå CAD/CAM – ñèñòåìû 
èìåþò îáùèå òåõíîëîãè÷åñêèå îñíîâû: 

 – ñáîð äàííûõ;
 – ñèñòåìû àâòîìàòèçèðîâàííîãî 

ïðî  åêòèðî âàíèÿ;
 – ñèñòåìû àâòîìàòèçèðîâàííîãî ïðîèçâîäñòâà. 

Çàäà÷åé ïåðâîãî ýòàïà ÿâëÿåòñÿ ïîëó÷åíèå èñ-
õîäíûõ äàííûõ î çóáàõ, ïîäëåæàùèõ âîññòàíîâëåíèþ, 
îêðóæàþùèõ èõ òêàíÿõ, à òàêæå î ñîñòîÿíèè çóáîâ – 
àíòàãîíèñòîâ. Ýòî îáåñïå÷èò íåîáõîäèìîé èíôîðìà-
öèåé îðòîïåäà – ñòîìàòîëîãà è çóáíîãî òåõíèêà äëÿ 
òî÷íîé äèàãíîñòèêè è âûáîðà òàêòèêè ëå÷åíèÿ. Â íà-
ñòîÿùåå âðåìÿ ñóùåñòâóþò äâå ãëàâíûå òåõíîëîãèè 
ñáîðà äàííûõ: îïòè÷åñêîãî îòðàæåíèÿ è ìåõàíè-
÷åñêîãî ñáîðà. 

Îñíîâíûì ïðèíöèïîì òåõíèêè îïòè÷åñêîãî îò-
ðàæåíèÿ èëè òåõíîëîãèè ëàçåðíîãî ñêàíèðîâàíèÿ 
ÿâëÿåòñÿ ïîëó÷åíèå íåîáõîäèìûõ äàííûõ î ðåñòàâ-
ðèðóåìîé ÷àñòè ëàçåðíûì äåòåêòîðîì, ïîñëåäóþ-
ùåå ïðåîáðàçîâàíèå ñâåòîâîãî ñèãíàëà â öèôðîâîé 
ñ ïîìîùüþ ôîòîðåöåïòîðà, ïîäêëþ÷åííîãî ê êîì-
ïüþòåðó. Â äàëüíåéøåì ïðîèñõîäèò ïðåîáðàçîâàíèå 
öèôðîâîãî ñèãíàëà â èçîáðàæåíèå è îòîáðàæåíèå åãî 
íà ýêðàíå. Áëàãîäàðÿ âûñîêîé òî÷íîñòè èçìåðåíèé è 
ïðîñòîòå òåõíîëîãèè âûïîëíåíèÿ ýòîò ìåòîä ïîëó÷èë 
øèðîêîå ðàñïðîñòðàíåíèå. Ïåðåä èññëåäîâàíèåì 
çóáû ïîêðûâàþòñÿ ñïåöèàëüíûì îòðàæàþùèì ñðåä-
ñòâîì. Èñïîëüçóÿ ïðèíöèï îïòè÷åñêîãî îòðàæåíèÿ, ñ 
ïîìîùüþ îðàëüíîé âèäåîêàìåðû èç èñòî÷íèêà ñâåòà 
ïðîåöèðóþò ñåðèè ðåøåò÷àòûõ ïó÷êîâ íà çóáû. Îòðà-
æåííûé ñâåòîâîé ñèãíàë ôèêñèðóåòñÿ âèäåîêàìåðîé 
è ïðåîáðàçóåòñÿ çàòåì â íàïðÿæåíèå ñèëû êîìïüþòå-
ðîì, ïîäêëþ÷åííûì ê îïòè÷åñêîìó çîíäó. Çíà÷åíèå 
ãëóáèíû ïîëîñòè ïîëó÷àþò ñ ïîìîùüþ A/V ïðåîá-
ðàçîâàíèÿ è 3D – èçîáðàæåíèå âîçíèêàåò íà ýêðàíå 
[4,6,8]. 

Òåõíîëîãèÿ ìåõàíè÷åñêîãî ñáîðà ïðåäñòàâëÿåò 
ñîáîé âèä êîíòàêòíîãî èçìåðåíèÿ, ïðåäóñìàòðèâà-
þùåãî íåïîñðåäñòâåííîå ïðèêîñíîâåíèå ìåõàíè-
÷åñêîãî çîíäà ê ãèïñîâîé ìîäåëè, âûáîð êëþ÷åâûõ 
òî÷åê è òî÷êè îòñ÷åòà ñîîòâåòñòâóþùåãî ÷èñëà ïî-
âåðõíîñòåé çóáîâ íà ãèïñîâîé ìîäåëè. Äàííûå ââî-
äÿòñÿ â êîìïüþòåð äëÿ îáðàáîòêè èçîáðàæåíèé, à 
çàòåì ïî íèì ìîæåò áûòü çàâåðøåíà 3D – ðåêîíñòðóê-
öèÿ çóáíûõ ðÿäîâ, ÷òîáû âîñïðîèçâåñòè ñòåðåî è ñîç-
äàòü âèðòóàëüíóþ ìîäåëü CAD, êîòîðàÿ ýêâèâàëåíòíà 
ãèïñîâîé ìîäåëè [8,9]. 
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 Â íåêîòîðûõ ñëó÷àÿõ áóäóùóþ âèðòóàëüíóþ ìî-
äåëü ìîæíî ïîëó÷èòü, èñïîëüçóÿ êîìïüþòåðíóþ òî-
ìîãðàììó ïàöèåíòà. 

Àâòîìàòèçèðîâàííîå ïðîåêòèðîâàíèå (CAD) 
èëè êîìïüþòåðíûé äèçàéí èñïîëüçóåòñÿ äëÿ âûïîë-
íåíèÿ öèôðîâîé âîñêîâîé ðåñòàâðàöèè íà âèðòóàëü-
íîé ìîäåëè. Áîëüøèíñòâî ñèñòåì èìåþò áàçó äàííûõ 
î ñðåäíå – àíàòîìè÷åñêîì ñòðîåíèè çóáîâ è ïðîâîäÿò 
ìîäåëèðîâàíèå íàðóæíîé ïîâåðõíîñòè êîíñòðóêöèè 
â ñîîòâåòñòâèè ñ íåé. Äàííûå î âíóòðåííåé ïîâåðõ-
íîñòè ïîëó÷àþò ïóòåì äîáàâëåíèÿ òîëùèíû àäãåçèâ-
íîãî ñëîÿ íà îñíîâó êóëüòè ïðåïàðèðîâàííîãî çóáà. 
Âíóòðåííèå è íàðóæíûå ïîâåðõíîñòè îãðàíè÷åíû â 
îáëàñòè ëèíèè øåéêè îïðåäåëÿåìîé ñèñòåìîé. Íî 
íàèáîëåå ýôôåêòèâíîå ìîäåëèðîâàíèå ïðîèçâîäèò-
ñÿ ñîãëàñíî äàííûì ëàçåðíîãî ñêàíèðîâàíèÿ. Â ýòîì 
ñëó÷àå íàáëþäàåòñÿ ïëàâíîå ñêîëüæåíèå îêêëþçèîí-
íûõ ïîâåðõíîñòåé çóáîâ è îòñóòñòâèå êàêèõ-ëèáî áëî-
êèðóþùèõ ìîìåíòîâ [10,11,13,17]. 

Àâòîìàòèçèðîâàííîå ïðîèçâîäñòâî (CAM) ÿâ-
ëÿåòñÿ íåïîñðåäñòâåííûì ïðåîáðàçîâàíèåì âîñêî-
âîé ìîäåëè â ãîòîâóþ îðòîïåäè÷åñêóþ êîíñòðóêöèþ. 
Ýòî äîñòèãàåòñÿ ñ ïîìîùüþ íåáîëüøîãî òî÷íîãî 
ñòàíêà ñ ÷èñëîâûì ïðîãðàììíûì óïðàâëåíèåì (×ÏÓ) 
èëè ëàçåðíîé ôîðìîâî÷íîé ìàøèíû. Áîëüøàÿ ÷àñòü 
ñóùåñòâóþùèõ CAD/CAM – ñèñòåì èñïîëüçóþò òî÷-
íûå ôðåçåðíûå ñòàíêè ñ ×ÏÓ ñî ñòåïåíüþ ñâîáîäû â 
3,5 – 5, ñïîñîáíûå ôðåçåðîâàòü êåðàìèêó èëè ñïëà-
âû, èçãîòàâëèâàòü êåðàìè÷åñêèå âèíèðû, âêëàäêè, 
êîðîíêè, ìîñòîâèäíûå ïðîòåçû è äðóãèå íåïðÿìûå 
ðåñòàâðàöèè. Ëàçåðíàÿ ôîðìîâî÷íàÿ ìàøèíà ìîæåò 
ñâàðèòü ïîëíûé ñúåìíûé ïðîòåç. Ãðàíèöû ãîòîâîãî 
ïðîòåçà ëàìèíèðóþòñÿ ôîòîïîëèìåðíûì ìàòåðèà-
ëîì [10,11,13,17]. 

Ïåðâûé ïðîòîòèï ñòîìàòîëîãè÷åñêîé CAD/CAM – 
ñèñòåìû ðàçðàáîòàí ãðóïïîé ôðàíöóçñêèõ èññëåäî-
âàòåëåé âî ãëàâå ñ F. Duret â 1983 ãîäó. Àâòîðû ïðåä-
ñòàâèëè åãî íà Ìåæäóíàðîäíîé ñòîìàòîëîãè÷åñêîé 
êîíôåðåíöèè âî Ôðàíöèè â 1985 ãîäó, ãäå íàãëÿäíî 
ïðîäåìîíñòðèðîâàëè óñïåøíîå èçãîòîâëåíèå ïàöè-
åíòó îäèíî÷íîé êîðîíêè, êîòîðàÿ çàòåì çàôèêñèðî-
âàíà â ïîëîñòè ðòà. Ýòîò ïðèìåð ñäåëàë CAD/CAM â 
ñòîìàòîëîãèè ðåàëüíîñòüþ, à ñèñòåìà ïîëó÷èëà íà-
çâàíèå DURET. Ãëàâíûé ïðèíöèï åå ðàáîòû çàêëþ-
÷àåòñÿ â èñïîëüçîâàíèè ýëåêòðîííîãî îïòè÷åñêîãî 
ìåòîäà. ×òîáû ïîëó÷èòü îòîáðàæåíèå çóáà èñïîëü-
çóåòñÿ îïòè÷åñêèé îòòèñê, çàòåì îí ïðåîáðàçóåòñÿ â 
öèôðîâîé ôîðìàò, ââîäèòñÿ â êîìïüþòåð, ãäå ãåíåðè-
ðóåòñÿ òðåõìåðíîå èçîáðàæåíèå è ñîçäàåòñÿ âèðòó-
àëüíàÿ êîíñòðóêöèÿ ïðîòåçà. Íà îêîí÷àòåëüíîì ýòàïå 
ôðåçåðóåòñÿ íåïðÿìàÿ ðåñòàâðàöèÿ. Â ïîñëåäóþùåì 
ñèñòåìà DURET áûëà óñîâåðøåíñòâîâàíà êîìïàíè-
åé Sopha Bioconcept company (Ôðàíöèÿ), ïîñëå ÷åãî 
ñòàëà èçâåñòíà ïîä íàçâàíèåì SOPHA DURET. Âíå-
ñåííûå ìîäèôèêàöèè ïîçâîëÿþò àäàïòèðîâàòü ìåæ-
÷åëþñòíûå ñîîòíîøåíèÿ è óñòàíàâëèâàòü çóáû â öåí-
òðàëüíîé îêêëþçèè. Ñèñòåìà ñïîñîáíà îáðàáàòûâàòü 
êåðàìè÷åñêèå ìàòåðèàëû è òèòàíîâûé ñïëàâ [14]. 

Ñèñòåìà CEREC (Øâåéöàðèÿ) áûëà ñîâìåñòíî 
ðàçðàáîòàíà è ñîçäàíà ñòîìàòîëîãîì Mormann è èí-
æåíåðîì Brandetini, âïåðâûå âûñòàâëåíà â Öþðèõå â 
1986 ãîäó. Ñèñòåìà ñîñòîèò èç òðåõìåðíîé âíóòðè ðî-
òîâîé êàìåðû, äèñïëåÿ, êëàâèàòóðû, òðåêáîëà, ôðå-
çåðíîãî ñòàíêà, à òàêæå ïðîãðàììíîãî îáåñïå÷åíèÿ 

îáðàáîòêè èçîáðàæåíèé è ïðîãðàììíîãî îáåñïå÷å-
íèÿ îáðàáîòêè äàííûõ. Èñïîëüçóåòñÿ â îñíîâíîì äëÿ 
ðàáîòû ñ êåðàìèêîé [12]. 

Ñèñòåìà CEREC 3D, âûïóùåííàÿ â 2003ãîäó, 
óñòðàíèëà ìíîãèå íåäîñòàòêè ïðåäûäóùèõ ìîäåëåé. 
Áëàãîäàðÿ äîïîëíåíèþ ìíîãîìåðíîé òî÷êè çðåíèÿ, 
èíòóèòèâíî ïîíÿòíîãî èíòåðôåéñà ðåøåíû ìíîãèå 
ïðîáëåìû â ïðîöåññå ñîçäàíèÿ íåïðÿìûõ ðåñòàâðà-
öèé. Ïîëüçîâàòåëè ìîãóò íàáëþäàòü è îöåíèâàòü ïðî-
åêòíóþ ðåñòàâðàöèþ ñ ëþáîãî óãëà, ðåäàêòèðîâàòü è 
èçìåíÿòü îòîáðàæàåìûå íà ýêðàíå êîìïüþòåðà îáú-
åêòû ñ ïîìîùüþ âèðòóàëüíûõ èíñòðóìåíòîâ. Óëó÷øå-
íèå â ðàáîòå êîñíóëîñü è ïðèìåíåíèÿ íîâûõ ìàòåðè-
àëîâ, òàêèõ êàê îêñèä öèðêîíèÿ. Ñ ïîìîùüþ ñèñòåìû 
CEREC 3D ñòàëî âîçìîæíûì ïðîèçâîäñòâî âñåõ êåðà-
ìè÷åñêèõ âêëàäîê, âèíèðîâ è ïîëíûõ êîðîíîê [7]. 

Ñèñòåìà KaVo Everest, ñîäåðæàùàÿ çóáîòåõíè-
÷åñêèé íàáîð ñèñòåìû CAD/CAM, áûëà ïðåäñòàâëåíà 
íåìåöêîé êîìïàíèåé KaVo Dental â 2003 ãîäó. Îíà ñî-
ñòîèò èç ñêàíåðà äëÿ ñáîðà äàííûõ, ñèñòåìû àâòîìà-
òèçèðîâàííîãî ïðîåêòèðîâàíèÿ, ôðåçåðíîãî ñòàíêà ñ 
×ÏÓ, ñèñòåìû ñïåêàíèÿ, äðóãèõ ñïåöèàëüíûõ ìàòåðè-
àëîâ, ïðèìåíÿåìûõ â çóáîòåõíè÷åñêîé ëàáîðàòîðèè. 
Ñèñòåìà ïîçâîëÿåò ïðîèçâîäèòü âñå âèäû íåñúåìíûõ 
êåðàìè÷åñêèõ êîíñòðóêöèé. Îñîáåííîñòüþ KaVo Ever-
est ÿâëÿåòñÿ âîçìîæíîñòü èçãîòàâëèâàòü êåðàìè÷å-
ñêèå ìîñòîâèäíûå ïðîòåçû ïðîòÿæåííîñòüþ 45 ìèë-
ëèìåòðîâ [15]. 

Ñèñòåìà ProCERA AllCeram (àâòîðû Andersson è 
Oden) áûëà ñîâìåñòíî ðàçðàáîòàíà è èññëåäîâàíà 
êîìïàíèÿìè Nobel Biocare AB è AB Sandivk Hard of Ma-
terials (Øâåöèÿ) è âïåðâûå ïðåäñòàâëåíà â Øâåéöà-
ðèè â 1987 ãîäó. Ñèñòåìà ñîñòîèò èç äâóõ êîìïîíåí-
òîâ CAD/CAM [13,16]. 

Ïîÿâëåíèå íîâûõ ìàòåðèàëîâ ñïîñîáñòâîâàëî 
ðàçðàáîòêå íîâûõ CAD/CAM – ñèñòåì äëÿ èõ îáðàáîò-
êè. Â 2002 ãîäó íà÷àò âûïóñê öèðêîíèåâîé êåðàìèêè 
CERCON ñ ïðî÷íîñòüþ íà èçãèá áîëåå ÷åì 1300 ÌÐà. 
Ýòîò âèä ñòîìàòîëîãè÷åñêîé êåðàìèêè, êàê íàèáîëåå 
êðåïêèé, ïðèìåíÿåòñÿ äëÿ èçãîòîâëåíèÿ ìîñòîâèä-
íûõ ïðîòåçîâ. Äëÿ îáðàáîòêè òàêîãî ñâåðõïðî÷íîãî 
ìàòåðèàëà áûëà ðàçðàáîòàíà CAD/CAM – ñèñòåìà 
Cercon Degudent. Àíàëîãè÷íàÿ CAD/CAM – ñèñòåìà 
LAVA ïðåäíàçíà÷åíà äëÿ èçãîòîâëåíèÿ èç îêñèäà öèð-
êîíèÿ âñåõ âèäîâ êåðàìè÷åñêèõ êîðîíîê, ìîñòîâèä-
íûõ ïðîòåçîâ è àáàòìåíòîâ, ðàçðàáîòàíà è ñîçäàíà 
êîìïàíèåé 3M ESPE. Ñèñòåìà LAVA ñîñòîèò èç âûñî-
êîòî÷íîãî ñêàíåðà, ïðîãðàììíîãî îáåñïå÷åíèÿ CAD, 
ñèñòåìû èçìåëü÷åíèÿ, ïå÷è äëÿ ñïåêàíèÿ è äðóãîãî 
íåîáõîäèìîãî îáîðóäîâàíèÿ [18]. 

CAD/CAM – ñèñòåìà Delcam (Âåëèêîáðèòàíèÿ) 
èìååò øèðîêîå òåõíè÷åñêîå ïðèìåíåíèå. Íî êðîìå 
ýòîãî â åå àðñåíàëå åñòü ìíîæåñòâî ìåäèöèíñêèõ, â 
òîì ÷èñëå è ñòîìàòîëîãè÷åñêèõ, ïðîãðàìì, ïîçâîëÿ-
þùèõ íå òîëüêî ôðåçåðîâàòü êåðàìè÷åñêèå çóáîïðî-
òåçíûå êîíñòðóêöèè, íî òàêæå ïðîåêòèðîâàòü è èçãî-
òàâëèâàòü ÷åëþñòíî-ëèöåâûå ïðîòåçû [3]. 

Âûâîäû. Ñîâðåìåííûå òåõíîëîãèè ôîòîîïòèêè, 

êîìïüþòåðíîãî àíàëèçà èçîáðàæåíèé, ïîñëåäóþùåãî 
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ïðîèçâîäñòâà è îáðàáîòêè èìåþò ðÿä ïðåèìóùåñòâ 

ïåðåä êëàññè÷åñêèìè òåõíîëîãèÿìè èçãîòîâëåíèÿ 

çóáíûõ ïðîòåçîâ. Â ÷àñòíîñòè, ñîêðàùåíèå äî 1 êîëè-

÷åñòâà ïîñåùåíèé äëÿ ïàöèåíòà, ñíèæåíèå íàãðóçêè 

íà âðà÷à, íå òðåáóåòñÿ ó÷àñòèÿ çóáíîãî òåõíèêà, íå 
îñóùåñòâëÿåòñÿ ïðîöåññ ëèòüÿ, ýêîíîìÿòñÿ ìàòåðèà-
ëû, òðóä è âðåìÿ. Îðòîïåäè÷åñêèå êîíñòðóêöèè óäîâ-
ëåòâîðÿþò âûñîêèå ýñòåòè÷åñêèå òðåáîâàíèÿ, èìåþò 
ïîâûøåííóþ ïðî÷íîñòü. Ïðåöåçèîííàÿ òî÷íîñòü èçãî-
òîâëåíèÿ êîíñòðóêöèé, âîçìîæíîñòü ìîäåëèðîâàíèÿ 

ïîâåðõíîñòè âûñîêîé ñëîæíîñòè, à òàêæå îáðàáîòêà 

ëþáûõ ìàòåðèàëîâ, ïîçâîëèëè èñïîëüçîâàòü CAD/

CAM òåõíîëîãèè â îðòîïåäè÷åñêîé ñòîìàòîëîãè. 

Ïåðñïåêòèâû äàëüíåéøèõ èññëåäîâà-

íèé. Óñîâåðøåíñòâîâàíèå èçãîòîâëåíèÿ çóáíûõ è 

÷åëþñòíî-ëèöåâûõ ïðîòåçîâ â íàïðàâëåíèè îò ðó÷íî-

ãî óïðàâëåíèÿ òåõíîëîãè÷åñêèì ïðîöåññîì äî àâòî-

ìàòèçèðîâàííîãî ïðîåêòèðîâàíèÿ è àâòîìàòèçàöèè 

ïðîèçâîäñòâà. 
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Ö³íü Ë³íôåí, Õå ×æèöÿí
Ðåçþìå. Â ñòàòò³ ïðåäñòàâëåíà õàðàêòåðèñòèêà ³ñíóþ÷èõ ñòîìàòîëîã³÷íèõ CAD/CAM ñèñòåì: DURET, SOPHA 

DURET, CEREC, CEREC 3D, KaVo Everest, ProCERA AllCeram, Cercon Degudent, LAVA, Delcam, âêàçàíî çàñòîñóâàí-
íÿ äëÿ âèãîòîâëåííÿ òîãî ÷è ³íøîãî âèäó îðòîïåäè÷íî¿ êîíñòðóêö³¿. Çä³éñíåíèé àíàë³ç ¿õ òåõíîëîã³÷íèõ îñíîâ òà 
òåõí³÷íèõ ìîæëèâîñòåé, ïîêàçàí³ ïåðåâàãè ïåðåä êëàñè÷íèìè ìåòîäàìè âèãîòîâëåííÿì ïðîòåç³â. 

Êëþ÷îâ³ ñëîâà: àâòîìàòèçîâàíå ïðîåêòóâàííÿ, àâòîìàòèçîâàíå âèðîáíèöòâî. 
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óêàçàíî ïðèìåíåíèå äëÿ èçãîòîâëåíèÿ òîãî èëè èíîãî âèäà îðòîïåäè÷åñêîé êîíñòðóêöèè. Ïðîâåäåí àíàëèç èõ 
òåõíîëîãè÷åñêèõ îñíîâ è òåõíè÷åñêèõ âîçìîæíîñòåé, ïîêàçàíû ïðåèìóùåñòâà ïåðåä êëàññè÷åñêèìè ìåòîäàìè 
èçãîòîâëåíèåì ïðîòåçîâ. 

Êëþ÷åâûå ñëîâà: àâòîìàòèçèðîâàííîå ïðîåêòèðîâàíèå, àâòîìàòèçèðîâàííîå ïðîèçâîäñòâî. 

UDC 616. 31: 614. 255. 6. 28. 004
Identify, Analyze and Benefits of Dental CAD / CAM Systems
Qin Lingfeng, He Zhiqiang 
Abstract. Theoretical foundations of computer-aided design and manufacturing (CAD/CAM) of various objects 

were formed back in 1960 – the beginning of the 70s. To refer to computer-aided design worldwide abbreviated CAD 
(Computer-Aided Design), and to refer to automation systems – CAM (Computer-Aided Manufacturing). 

The aim of our work was to study according to the sources of literature known CAD / CAM – systems and technological 
bases, analysis of the technical possibilities, advantages of the use in the manufacture of a particular type of prosthesis. 

The technology of manufacture of dentures by computer-aided design and computer aided manufacturing 
represents a fusion of several sciences: mathematics, optics, electronics, computer image recognition with subsequent 
analysis, as well as automatic control and automatic processing. Currently, there are more than ten kinds of CAD/CAM 
– systems that can be used to produce inlays, veneers, crowns both complete and partial, bridges, and maxillofacial 
prostheses. Regardless of type, all CAD/CAM – systems have common technological basis: The collection of data; The 
computer-aided design; The computer-aided manufacturing. 

The first prototype of the dental CAD / CAM – system developed by a group of French researchers led by F. Duret 
in 1983. The main principle of her work is the use of electronic optical method. To obtain an image of the tooth using 
an optical impression, then it is converted into a digital format, entered into the computer, where generated three-
dimensional image and creates a virtual design of the prosthesis. In the final step is milled indirect restoration. 
Subsequently, the system was improved by DURET Sopha Bioconcept company (France), after which she became 
known as SOPHA DURET. System CEREC (Switzerland) was jointly designed and developed a dentist and an engineer 
Mormann Brandetini, first exhibited in Zurich in 1986. System CEREC 3D, released In 2003, eliminated many of the 
shortcomings of previous models. With the help of CEREC 3D is made possible the production of ceramic inlays, 
veneers and full crowns. System KaVo Everest, containing a set of dental CAD / CAM, was presented by the German 
company KaVo Dental in 2003. The system allows all kinds of fixed ceramic constructions. To deal with this heavy-duty 
material was developed CAD / CAM – system Cercon Degudent. A similar CAD / CAM – LAVA system is designed for 
the manufacture of zirconium oxide all ceramic crowns, bridges and abutments designed and developed by 3M ESPE. 
CAD / CAM – system Delcam (UK) has a broad technical application. But other than that its arsenal is a set of medical, 
including dental, programs that not only milled ceramic denture design, but also design and manufacture maxillofacial 
prostheses. 

Conclusions. Modern technology photo optics, computer image analysis, subsequent production and processing 
have several advantages over the classical technology of manufacturing dentures. In particular, the reduction in the 
number of visits to 1 for the patient, reducing the burden on the physician does not require the participation of the 
dental technician, not the process of casting, saving materials, labor and time. Orthopedic design meets high aesthetic 
demands have increased strength. High precision manufacturing structures, the ability to model the surface of high 
complexity, as well as treatment of any materials allowed the use of CAD / CAM technology in prosthetic dentistry. 

Keywords: Computer-Aided Design, Computer-Aided Manufacturing. 
Ðåöåíçåíò – ïðîô. Äâîðíèê Â. Ì. 
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