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Áëèæíåìó èíôðàêðàñíîìó äèàïàçîíó (ÁÈÊ) ýëåêòðîìàãíèòíîãî ñïåêòðà ñîîòâåòñòâóåò

îáëàñòü îò 800 äî 2500 íì — ìåæäó ñðåäíåé ÈÊ-îáëàñòüþ è âèäèìîé îáëàñòüþ. Ìåòîä

ÁÈÊ-ñïåêòðîôîòîìåòðèè îñíîâàí íà ñî÷åòàíèè ñïåêòðîìåòðèè è ñòàòèñòè÷åñêèõ ìåòî-

äîâ àíàëèçà ìíîãîôàêòîðíûõ çàâèñèìîñòåé. Âûÿâëåííûå âîçìîæíîñòè ïðèìåíåíèÿ ìå-

òîäà äëÿ èäåíòèôèêàöèè ËÑ áåç íàðóøåíèÿ óïàêîâêè îòêðûâàþò áîëüøèå ïåðñïåêòèâû

âíåäðåíèÿ åãî â ñèñòåìó êîíòðîëÿ êà÷åñòâà ëåêàðñòâ. Èññëåäîâàíèÿ ñóáñòàíöèè “Öåôà-

çîëèíà íàòðèåâàÿ ñîëü”, äæåíåðèêîâûõ ïðåïàðàòîâ íà îñíîâå ýíàëàïðèëà ìàëåàòà, ïîä-

ëèííîé è ôàëüñèôèöèðîâàííîé ïðîäóêöèè ïðåïàðàòà X ïðîâîäèëè ïî ãðóïïàì “íàèìå-

íîâàíèå”, “ïðîèçâîäèòåëü”, “ôàëüñèôèêàò” íà ïðèáîðàõ ÈÊ-Ôóðüå áëèæíåãî äèàïàçîíà

“MPA” (“Multi Purpose Analyzer”, ôèðìà “Áðóêåð”, Ãåðìàíèÿ) è “Antaris” (ôèðìà “Ther-

mo Electron Corporation”, ÑØÀ). Ðåçóëüòàòû èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î íåîáõîäè-

ìîñòè âíåäðåíèÿ ìåòîäà â ïðàêòèêó êîíòðîëÿ êà÷åñòâà ëåêàðñòâåííûõ ñðåäñòâ è âíåñå-

íèÿ åãî â Ãîñóäàðñòâåííóþ Ôàðìàêîïåþ ÐÔ â êà÷åñòâå îáùåãî ìåòîäà èññëåäîâàíèÿ ëå-

êàðñòâåííûõ ñðåäñòâ.

Áëèæíåìó èíôðàêðàñíîìó äèàïàçîíó (ÁÈÊ) ýëåêò-

ðîìàãíèòíîãî ñïåêòðà ñîîòâåòñòâóåò îáëàñòü îò 800 äî

2500 íì (îò 12500 äî 4000 ñì – 1) — ìåæäó ñðåäíåé

ÈÊ-îáëàñòüþ ñ áîëüøåé äëèíîþ âîëí è âèäèìîé îáëà-

ñòüþ ñ áîëåå êîðîòêèìè äëèíàìè âîëí [1, 2]. Â òî

âðåìÿ êàê ñïåêòðû, ïîëó÷åííûå â ñðåäíåì ÈÊ-äèàïà-

çîíå, îòðàæàþò ãëàâíûì îáðàçîì àòîìíûå êîëåáàíèÿ â

õèìè÷åñêèõ ñâÿçÿõ ìîëåêóë, ñîîòâåòñòâóþùèå ñïåêò-

ðû ÁÈÊ-äèàïàçîíà ïîêàçûâàþò òàê íàçûâàåìûå îáåð-

òîíû è êîìáèíàöèîííûå ïîëîñû. Îñíîâíàÿ èíôîðìà-

öèîííàÿ îáëàñòü íàõîäèòñÿ â äèàïàçîíå îò 1700 äî

2500 íì (îò 6000 äî 4000 ñì – 1). Â ÁÈÊ-ñïåêòðàõ ïðå-

îáëàäàþò C–H, N–H, O–H è S–H ðåçîíàíñíûå îáåðòî-

íà è êîìáèíàöèè îñíîâíûõ âèáðàöèîííûõ ëàäîâ, êî-

òîðûå íåñóò âàæíóþ èíôîðìàöèþ ïðè îáðàáîòêå ñîîò-

âåòñòâóþùåé õåìîìåòðè÷åñêîé àëãîìåòðèåé [3].

ÁÈÊ-ïîëîñû ïîãëîùåíèÿ áîëåå ñëàáûå, ÷åì ñîîòâåò-

ñòâóþùèå èì ôóíäàìåíòàëüíûå âèáðàöèè â ñðåäíåì

èíôðàêðàñíîì äèàïàçîíå. Èç-çà òîãî ÷òî ìîëÿðíàÿ àá-

ñîðáöèÿ â ÁÈÊ-äèàïàçîíå íèçêàÿ, èçëó÷åíèå îáû÷íî

ïðîíèêàåò âãëóáü ìàòåðèàëà íà íåñêîëüêî ìèëëèìåò-

ðîâ, âêëþ÷àÿ òâåðäûå ôàçû. Ìíîãèå ìàòåðèàëû (ñòåê-

ëî, ïëåíêà ÏÂÕ, ïîëèýòèëåí), èñïîëüçóåìûå äëÿ óïà-

êîâêè ôàðìàöåâòè÷åñêèõ ïðåïàðàòîâ, ïðîçðà÷íû â

ýòîé îáëàñòè. Ýòî ïîçâîëÿåò ïðîâîäèòü ñíÿòèå

ÁÈÊ-ñïåêòðîâ ëåêàðñòâåííûõ ñðåäñòâ (ËÑ) ÷åðåç óïà-

êîâî÷íûå ìàòåðèàëû. Èñïîëüçóÿ ðàçëè÷íûå ïðèñòàâ-

êè, êîòîðûìè îñíàùåíû ñîâðåìåííûå ïðèáîðû, — îï-

òîâîëîêîííûå (äëÿ òâåðäûõ è æèäêèõ ôàç), èíòåãðèðó-

þùèå ñôåðû (äëÿ òâåðäûõ ôàç è æèäêèõ îêðàøåííûõ

ðàñòâîðîâ) è ïðèñòàâêè äëÿ ñíÿòèÿ ñïåêòðîâ ïðîïóñêà-

íèÿ (äëÿ æèäêèõ ôàç) — ìîæíî èäåíòèôèöèðîâàòü ëå-

êàðñòâåííûå ñóáñòàíöèè è ãîòîâûå ëåêàðñòâåííûå

ôîðìû áåç ðàçðóøåíèÿ óïàêîâêè. Ïðåèìóùåñòâàìè

äàííîãî ìåòîäà ÿâëÿþòñÿ îòñóòñòâèå ñòàäèè ïðîáî-

ïîäãîòîâêè, âûñîêàÿ ñêîðîñòü ïîëó÷åíèÿ ðåçóëüòàòîâ,

âîçìîæíîñòü ñîçäàíèÿ ýëåêòðîííîé áèáëèîòåêè
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Ðèñ. 1. Óñðåäíåííûå ÁÈÊ-ñïåêòðû íåñêîëüêèõ ñåðèé ñóáñòàí-
öèè “Öåôàçîëèíà íàòðèâàÿ ñîëü” 3 ïðîèçâîäèòåëåé (ñïåêòðî-
ìåòð “Antaris”).
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Îðõèä Êåìèêàëç ýíä
Ôàðìàñüþòèêàë, Èíäèÿ

Àóðîáèíäî Ôàðìà,
Èíäèÿ

Ðèñ. 2. Âèçóàëèçèðîâàííàÿ ñòàòèñòè÷åñêàÿ ìîäåëü ÁÈÊ-ñïåê-
òðîâ íåñêîëüêèõ ñåðèé ñóáñòàíöèé “Öåôàçîëèíà íàòðèåâàÿ
ñîëü” ðàçíûõ ïðîèçâîäèòåëåé. Ïî îñè àáñöèññ è ïî îñè îðäèíàò –
ñòàòèñòè÷åñêîå ðàññòîÿíèå, åäèíèöû Ìàõàëîíîáèñà (Mahalono-
bis).



ÁÈÊ-ñïåêòðîâ, ïðè ñðàâíåíèè ñ êîòîðîé ïðîâîäèòñÿ

èäåíòèôèêàöèÿ ËÑ è âûÿâëåíèå ôàëüñèôèêàòîâ.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäèê èäåí-

òèôèêàöèè ëåêàðñòâåííûõ ñóáñòàíöèé îäíîãî íàèìå-

íîâàíèÿ, ðàçíûõ ñåðèé îäíîãî ïðîèçâîäèòåëÿ, à òàêæå

ñóáñòàíöèé ðàçëè÷íûõ ïðîèçâîäèòåëåé è òàáëåòèðî-

âàííûõ äæåíåðèêîâûõ ëåêàðñòâåííûõ ñðåäñòâ.

Ìàòåðèàëû è ìåòîäû

Â ðàáîòå áûëè èñïîëüçîâàíû 2 ïðèáîðà ÈÊ-Ôóðüå

áëèæíåãî äèàïàçîíà — “MPA” (“Multi Purpose Analy-

zer”, ôèðìû “Áðóêåð”, Ãåðìàíèÿ) è “Antaris” (ôèðìà

“Thermo Electron Corporation”, ÑØÀ). Îñíîâó îáðà-

áîòêè ðåçóëüòàòîâ â ìåòîäå ÁÈÊ-èäåíòèôèêàöèè ñî-

ñòàâëÿåò ñî÷åòàíèå ñïåêòðîñêîïèè è ñòàòèñòè÷åñêèõ

ìåòîäîâ àíàëèçà ìíîãîôàêòîðíûõ çàâèñèìîñòåé. Èñ-

ñëåäîâàíèÿ ïðîâîäèëè íà ñóáñòàíöèè “Öåôàçîëèíà

íàòðèåâàÿ ñîëü” 3 ïðîèçâîäèòåëåé: “Ãëàâíûé ôàðìçà-

âîä Õàðáèíñêîé ôàðìàöåâòè÷åñêîé êîðïîðàöèè”, Êè-

òàé; “Àóðîáèíäî Ôàðìà Ëòä.”, Èíäèÿ) è “Îðõèä Êåìè-

êàëç Ýíä Ôàðìàñüþòèêàë”, Èíäèÿ. Áûëè èññëåäîâàíû

ÁÈÊ-ñïåêòðû íåñêîëüêèõ ñåðèé îò êàæäîãî ïðîèçâî-

äèòåëÿ (âñåãî 15 ñåðèé) â òðåõêðàòíîé ïîâòîðíîñòè

êàæäîãî îáðàçöà. Êðîìå òîãî áûëè èññëåäîâàíû äæå-

íåðèêîâûå ïðåïàðàòû ðàçëè÷íûõ ïðîèçâîäèòåëåé.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Óñðåäíåííûå ÁÈÊ-ñïåêòðû íåñêîëüêèõ ñåðèé ñóá-

ñòàíöèè “Öåôàçîëèíà íàòðèâàÿ ñîëü” îò êàæäîãî ïðî-

èçâîäèòåëÿ, ïîëó÷åííûå íà ïðèáîðå “Antaris”, ïðåä-

ñòàâëåíû íà ðèñ. 1. Â ðåçóëüòàòå õåìîìåòðè÷åñêîé îá-

ðàáîòêè ÁÈÊ-ñïåêòðîâ íåñêîëüêèõ ñåðèé ñóáñòàíöèè

“Öåôàçîëèíà íàòðèâàÿ ñîëü” îò ðàçíûõ ïðîèçâîäèòå-

ëåé áûëà ïîëó÷åíà èõ âèçóàëèçèðîâàííàÿ ñòàòèñòè÷å-

ñêàÿ ìîäåëü. Ïîñëåäíÿÿ ïðåäñòàâëÿåò ñîáîé ðàñïðåäå-

ëåíèå îòäåëüíûõ ñïåêòðîâ, îáîçíà÷åííûõ ãåîìåòðè÷å-

ñêèìè ôèãóðàìè (êðóãàìè, òðåóãîëüíèêàìè è êâàäðà-

òàìè), ãðóïïèðóþùèìèñÿ ñî ñòàòèñòè÷åñêè çíà÷èìû-

ìè ðàññòîÿíèÿìè ïî îòäåëüíûì ïðîèçâîäèòåëÿì

(ðèñ. 2). Âûäåëèâøèåñÿ ãðóïïû îäíîðîäíû, ò. å. íåò

ïåðåõîäîâ ñïåêòðîâ îäíîãî ïðîèçâîäèòåëÿ â ãðóïïó

äðóãîãî.

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î âîçìîæ-

íîñòè ïîñëå ðàñøèðåíèÿ áàíêà äàííûõ ïî ñòàòèñòè÷å-

ñêè çíà÷èìûì ãðóïïàì ïî ïðîèçâîäèòåëÿì ïðîâîäèòü

èäåíòèôèêàöèþ ëþáîãî ÁÈÊ-ñïåêòðà ñóáñòàíöèè

“Öåôàçîëèíà íàòðèâàÿ ñîëü” íà ïðèíàäëåæíîñòü òîìó

èëè èíîìó ïðîèçâîäèòåëþ. Ñîîòâåòñòâóþùèå ýëåêò-

ðîííûå áàçû ïîçâîëÿò îïðåäåëèòü “èñòî÷íèê ïðîèñ-

õîæäåíèÿ” ëåêàðñòâåííîãî ñðåäñòâà è îñóùåñòâèòü

êîíòðîëü ðûíêà îáðàùåíèÿ, ÷òî îñîáåííî àêòóàëüíî â

íàñòîÿùåå âðåìÿ.

Èññëåäîâàíèÿ òàáëåòèðîâàííûõ ëåêàðñòâåííûõ

ôîðì ñ îäèíàêîâûì ìåæäóíàðîäíûì íåïàòåíòîâàí-

íûì íàçâàíèåì (ÌÍÍ, International Nonproprietary

Name, INN) ðàçëè÷íûõ ïðîèçâîäèòåëåé ïðîâîäèëè íà

äæåíåðèêîâûõ ïðåïàðàòàõ ýíàëàïðèëà äîçîé 20 ìã

ïðîèçâîäèòåëåé “ÊÐÊÀ”, Ñëîâåíèÿ; “ßêà 80”, Ìàêå-

äîíèÿ è “Õåìîôàðì”, Þãîñëàâèÿ. Áûëè èññëåäîâàíû

íåñêîëüêî ñåðèé ïðåïàðàòà îò êàæäîãî ïðîèçâîäèòåëÿ

(âñåãî 35) íà ÁÈÊ-ñïåêòðîôîòîìåòðå “MPA” (“Multi

Purpose Analyzer”, ôèðìà “Áðóêåð”). Ïîäõîäû ê èäåí-

òèôèêàöèè òàáëåòîê, ñîäåðæàùèõ äåéñòâóþùåå âåùå-

ñòâî — ýíàëàïðèëà ìàëåàò, áûëè àíàëîãè÷íû ìåòîäó

èäåíòèôèêàöèè ñóáñòàíöèé. Â ñâÿçè ñ íåêîòîðûìè

îñîáåííîñòÿìè ïî ñîñòàâó âñïîìîãàòåëüíûõ âåùåñòâ

ÁÈÊ-ñïåêòðû èìåëè çàìåòíûå îòëè÷èÿ, ïðîÿâëÿþùèå-

ñÿ â îñíîâíîì â èíòåíñèâíîñòÿõ îñíîâíûõ ïîëîñ ïî-

ãëîùåíèÿ íà îòäåëüíûõ ó÷àñòêàõ ñïåêòðîâ (ðèñ. 3).

Èñïîëüçóÿ ïðîãðàììíîå îáåñïå÷åíèå “OPUS

IDENT” ñïåêòðîôîòîìåòðà “MPA” (ôèðìà “Áðóêåð”)

äëÿ òðåõìåðíîé ìîäåëè ñòàòèñòè÷åñêîé îáðàáîòêè

ñïåêòðîâ, òàê íàçûâàåìûé “êëàñòåðíûé àíàëèç”, íàìè

áûëî ïîëó÷åíî ðàñïðåäåëåíèå ÁÈÊ-ñïåêòðîâ äæåíå-

ðèêîâ ýíàëàïðèëà êëàñòåðíîé ôîðìû (ðèñ. 4). Âèäíî,

÷òî ïîñëå õåìîìåòðè÷åñêîé îáðàáîòêè ñïåêòðîâ ëå-

êàðñòâåííûõ ñðåäñòâ 3 ïðîèçâîäèòåëåé îíè çàíèìàþò

îïðåäåëåííûå îáëàñòè â ôîðìå êëàñòåðíûõ ýëëèïñîè-

äîâ èëè ñôåð. Ïðè äîïîëíèòåëüíîé èäåíòèôèêàöèè
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Ðèñ. 3. Óñðåäíåííûå ÁÈÊ-ñïåêòðû äæåíåðèêîâûõ ïðåïàðàòîâ
ýíàëàïðèëà ðàçíûõ ïðîèçâîäèòåëåé “ÊÐÊÀ”, “ßêà 80” è “Õåìî-
ôàðì”.

0,4
0,5 0,0 –0,5 0,5 0,6

–0,25

0

0,25

0,50

0,75

PC2

PC1

Ýíàëàïðèë 20 ìã,
ôèðìû ßêà 80

Ýíàëàïðèë 20 ìã,
ôèðìû ÊÐÊÀ

Ýíàëàïðèë 20 ìã,
ôèðìû Õåìîôàðì

Ðèñ. 4. ÁÈÊ-ñïåêòðû äæåíåðèêîâûõ ïðåïàðàòîâ Ýíàëàïðèëà
ðàçëè÷íûõ ïðîèçâîäèòåëåé ïîñëå õåìîìåòðè÷åñêîé îáðàáîòêè.
Çäåñü è íà ðèñ. 5: ïî îñÿì x, y è z – êîýôôèöèåíò êà÷åñòâà ñîâïà-
äåíèÿ (Hit Quality).



ïðåïàðàòîâ ýíàëàïðèëà-20 ìã îäíîãî èç èññëåäóåìûõ

ïðîèçâîäèòåëåé åãî ñïåêòð íåïðåìåííî ïîïàäàë â îá-

ëàñòü ñîîòâåòñòâóþùåãî êëàñòåðà. Âñå äðóãèå ïðåïà-

ðàòû òàêæå çàíèìàëè êëàñòåðíûé ýëëèïñîèä, ñîîòâåò-

ñòâóþùèé êîíêðåòíîìó ïðîèçâîäèòåëþ.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ïî èäåíòè-

ôèêàöèè ëåêàðñòâåííûõ âåùåñòâ è èõ ïðîèçâîäèòåëåé

ìåòîäîì ÁÈÊ-ñïåêòðîìåòðèè íàì óäàëîñü ïîëó÷èòü

îðèãèíàëüíûå ðåçóëüòàòû ïî âûÿâëåíèþ êîíòðàôàêò-

íîé ïðîäóêöèè äëÿ ïðåïàðàòà ñ óñëîâíûì íàçâàíèåì

“X”. ÁÈÊ-ñïåêòðû 3 ðàçíûõ ñåðèé êîíòðàôàêòíîãî

ïðåïàðàòà “X”, âûÿâëåííûõ â ðàçíîå âðåìÿ è ïðåäî-

ñòàâëåííûõ íàì äëÿ èññëåäîâàíèé, ñðàâíèâàëèñü ñ íå-

ñêîëüêèìè ñåðèÿìè ïîäëèííîãî, ò. å. îðèãèíàëüíîãî

ïðåïàðàòà. Ïðè ýòîì ñïåêòðû ðàçíûõ ñåðèé êîíòðà-

ôàêòíîãî ïðåïàðàòà ïîñëå õåìîìåòðè÷åñêîé îáðàáîò-

êè îáðàçîâûâàëè îòäåëüíûå êëàñòåðíûå îáëàñòè, íå

ïåðåêðûâàþùèåñÿ êàê ñ îðèãèíàëüíûì ïðåïàðàòîì,

òàê è ìåæäó ñîáîé (ðèñ. 5). Ñåðèè îðèãèíàëüíîãî ïðå-

ïàðàòà, íàîáîðîò, îáðàçîâûâàëè åäèíûé, îäíîðîäíûé

êëàñòåð, ÷òî ïîäòâåðæäàåò ñåðèéíûé âûïóñê îðèãèíàëü-

íîãî ïðåïàðàòà íà îäíîì îáîðóäîâàíèè ïî îäèíàêîâîé

òåõíîëîãèè.

Ó÷èòûâàÿ òîò ôàêò, ÷òî êîíòðàôàêòíûé ïðåïàðàò

ïîëíîñòüþ âîñïðîèçâîäèë âñå ïîêàçàòåëè êà÷åñòâà â

ñîîòâåòñòâèè ñ íîðìàòèâíîé äîêóìåíòàöèåé (ÍÄ), â

òîì ÷èñëå è êîëè÷åñòâåííîå ñîäåðæàíèå äåéñòâóþùå-

ãî âåùåñòâà, õåìîìåòðè÷åñêèé àíàëèç ÁÈÊ-ñïåêòðîâ

ñòàòèñòè÷åñêè äîñòîâåðíî ïîäòâåðäèë åãî îòëè÷èå îò

îðèãèíàëüíîãî ïðåïàðàòà. Ïîëó÷åííûå ðåçóëüòàòû

áûëè ïîäòâåðæäåíû è õàðàêòåðíûìè îñîáåííîñòÿìè

ãðàôè÷åñêèõ îòëè÷èé âî âòîðè÷íîé è ïåðâè÷íîé óïà-

êîâêàõ îðèãèíàëüíîãî è êîíòðàôàêòíîãî ïðåïàðàòîâ,

ïðåäîñòàâëåííûõ ïðîèçâîäèòåëåì.

Òàêèì îáðàçîì, èçó÷åíèå îáëàñòè ïðèìåíåíèÿ

ÁÈÊ-ñïåêòðîôîòîìåðèè êàê äîïîëíèòåëüíîãî (íà íà-

ñòîÿùèé äåíü) ìåòîäà êîíòðîëÿ êà÷åñòâà ËÑ äåìîíñò-

ðèðóåò åãî îðèãèíàëüíûå âîçìîæíîñòè ïðè èäåíòèôè-

êàöèè ëåêàðñòâåííûõ ñóáñòàíöèé ïî ãðóïïàì “íàèìå-

íîâàíèå” è “ïðîèçâîäèòåëü”. Âîçìîæíîñòè ïðèìåíå-

íèÿ ìåòîäà äëÿ âûÿâëåíèÿ ôàëüñèôèöèðîâàííûõ ËÑ

áåç íàðóøåíèÿ óïàêîâêè îòêðûâàåò áîëüøèå ïåðñïåê-

òèâû âíåäðåíèÿ åãî â ñèñòåìó êîíòðîëÿ êà÷åñòâà. Ìå-

òîä äîëæåí áûòü ðåêîìåíäîâàí äëÿ âíåñåíèÿ â Ãîñó-

äàðñòâåííóþ Ôàðìàêîïåþ ÐÔ â êà÷åñòâå îáùåãî ìåòî-

äà èññëåäîâàíèÿ ëåêàðñòâåííûõ ñðåäñòâ.
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USING NEAR-INFRARED SPECTROPHOTOMETRY FOR THE IDENTIFICATION
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The near infrared range (NIR) of electromagnetic spectrum extends from 800 to 2500 nm, being confined between the middle IR and visible spectral regions.
The method of NIR spectroscopy is based on the combination of spectrophotometry and statistical methods of multifactor analysis, which provides excellent
possibilities of drug identification and quality control even without opening the package. We have studied a series of drugs including cefazolin sodium and
generic drugs based on enalapril maleate. True and falsified variants of a given drug X were classified into groups according to “drug name”, “drug manufac-
turer”, “falsified product” by means of NIR spectroscopic analyses performed using the NIR Fourier-transform instruments Multi Purpose Analyzer (Bruker,
Germasny) and Antaris (Thermo Electron Corporation, USA). The potential of this method for the identification of drugs without violation of their packing
shows good prospects for introducing it into the drug quality control system. This method should be recommended for introduction into the future Russian
State Pharmacopoeia as à general method of drug analysis.
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Ðèñ. 5. ÁÈÊ-ñïåêòðû îðèãèíàëüíîãî ïðåïàðàòà X è åãî êîíòðà-
ôàêòíûõ îáðàçöîâ ïîñëå õåìîìåòðè÷åñêîé îáðàáîòêè


