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Çà ðåçóëüòàòàìè ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿ íèðêîâèõ êàìåí³â, îòðèìàíèõ ó 59 ïàö³ºíò³â
³ç ñå÷îêàì’ÿíîþ õâîðîáîþ, ó ñêëàä³ çðàçê³â áóëî ³äåíòèô³êîâàíî øèðîêèé ñïåêòð
õ³ì³÷íèõ ñïîëóê. ²ç îñòàíí³õ ó íàéá³ëüø³é ê³ëüêîñò³ ïðåäñòàâëåí³ âåâåë³ò (ìîíîã³äðàò
îêñàëàòó êàëüö³þ), ã³äðîêñèëàïàòèò òà ñå÷îâà êèñëîòà. Ìîíîôàçí³ êàìåí³ ìàëè ì³ñöå
ó 8,4 % õâîðèõ. Äâî-, òðè- òà ÷îòèðèôàçíèé ñêëàä ñå÷îâèõ êàìåí³â âèçíà÷åíî ó 37,2;
42,3 òà 11,8 % ïàö³ºíò³â â³äïîâ³äíî. Ïðîâåäåííÿ àíàë³çó ñå÷îâèõ êàìåí³â, îòðèìàíèõ
ó ðåçóëüòàò³ ñàìîñò³éíîãî â³äõîäæåííÿ àáî øëÿõîì çàñòîñóâàííÿ õ³ðóðã³÷íèõ ìåòîä³â,
çà äîïîìîãîþ ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿ ñïðèÿòèìå ïðàâèëüíîìó âèáîðó ³íäèâ³äó-
àëüíî¿ ïðîãðàìè ìåòàô³ëàêòèêè ñå÷îêàì’ÿíî¿ õâîðîáè â ð³çíèõ ïàö³ºíò³â.
Êëþ÷îâ³ ñëîâà: ñå÷îêàì’ÿíà õâîðîáà, ì³íåðàëüíûé ñêëàä êàìåíþ, ³íôðà÷åðâîíà ñïåê-
òðîñêîï³ÿ.

Âñòóï
Ñå÷îêàì’ÿíà õâîðîáà ïîñ³äàº ïðîâ³äíå

ì³ñöå ó ñòðóêòóð³ óðîëîã³÷íèõ çàõâîðþâàíü.
Ïîøèðåí³ñòü ¿¿ â ñó÷àñí³é ïîïóëÿö³¿, çà äàíè-
ìè ð³çíèõ åï³äåì³îëîã³÷íèõ äîñë³äæåíü, ñòà-
íîâèòü 5–13 % çàëåæíî â³ä ðåã³îíó [1, 2]. Äàíà
ïàòîëîã³ÿ â á³ëüøîñò³ âèïàäê³â ìàº ðåöèäèâ-
íèé õàðàêòåð [3]. Ç îãëÿäó íà îñîáëèâîñò³ ðå-
öèäèâóâàííÿ ð³çíèõ ôîðì óðîë³ò³àçó ïåðøî÷åð-
ãîâèì çàâäàííÿì â àñïåêò³ âèáîðó àäåêâàò-
íî¿ ìåòàô³ëàêòè÷íî¿ ïðîãðàìè º âèçíà÷åííÿ
ì³íåðàëüíîãî ñêëàäó êàìåíþ [4]. Ìåòîäîì,
ÿêèé äîçâîëÿº íàéá³ëüø òî÷íî ³äåíòèô³êóâà-
òè íåîðãàí³÷í³ é îðãàí³÷í³ êîìïîíåíòè ó ñêëàä³
ð³çíèõ ìàòåð³àë³â ³ ñüîãîäí³ øèðîêî âèêîðèñ-
òîâóºòüñÿ ó ô³çè÷íèõ ³ õ³ì³÷íèõ ëàáîðàòîð³ÿõ
ÿê ó íàóêîâèõ, òàê ³ ó ïðàêòè÷íèõ ö³ëÿõ, º ³íôðà-
÷åðâîíà ñïåêòðîñêîï³ÿ [5]. Çàñòîñóâàííÿ äà-
íîãî ìåòîäó â îö³íþâàíí³ ì³íåðàëüíîãî ñêëà-
äó ñå÷îâèõ êàìåí³â º äîö³ëüíèì ³ ðåêîìåí-

äóºòüñÿ íàö³îíàëüíèìè óðîëîã³÷íèìè àñîö³à-
ö³ÿìè [6].

Ìåòà äàíî¿ ðîáîòè ïîëÿãàº ó âèâ÷åíí³
ì³íåðàëüíîãî ñêëàäó íèðêîâèõ êàìåí³â ìåòî-
äîì ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿.

Ìàòåð³àë ³ ìåòîäè
Ì³íåðàëüíèé ñêëàä íèðêîâèõ êàìåí³â áóëî

âèâ÷åíî ó 59 õâîðèõ íà ñå÷îêàì’ÿíó õâîðîáó
(38 ÷îëîâ³ê³â òà 12 æ³íîê) â³êîì â³ä 20 äî 83
ðîê³â, ñåðåäí³é â³ê – (45,59±15,34) ðîêó. Êà-
ìåí³ áóëî îòðèìàíî â ðåçóëüòàò³ ñàìîñò³éíî-
ãî â³äõîäæåííÿ ó 8 (13,5 %) õâîðèõ, à òàêîæ
ï³ñëÿ çàñòîñóâàííÿ ð³çíèõ õ³ðóðã³÷íèõ ìåòîä³â:
åêñòðàêîðïîðàëüíî¿ óäàðíî-õâèëüîâî¿ ë³òî-
òðèïñ³¿ – ó 27 (45,7 %) õâîðèõ, ïåðêóòàííî¿ íå-
ôðîë³òîòðèïñ³¿ – ó 11 (18,6 %) ïàö³ºíò³â, êîí-
òàêòíî¿ óðåòåðîë³òîòðèïñ³¿ – ó 13 (22 %) îá-
ñòåæåíèõ.

²íôðà÷åðâîí³ ñïåêòðè áóëî çàïèñàíî íà
ñïåêòðîôîòîìåòð³ ²ÊÑ-29 (ËÎÌÎ) ó ñïåêò-
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ðàëüíîìó ä³àïàçîí³ 4000–400 ñì-1 (ñåðåäíÿ ³í-
ôðà÷åðâîíà îáëàñòü). Äîñë³äæóâàëè ïîðîøêî-
ïîä³áí³ ïðåïàðàòè, îòðèìàí³ ðîçòèðàííÿì ôðàã-
ìåíò³â ñå÷îâèõ êàìåí³â ó àãàòîâèõ ñòóïêàõ
äî ðîçì³ðó ÷àñòîê ~1–10 ìêì. Çðàçêè ãîòóâà-
ëè ó âèãëÿä³ ïðîçîðèõ ñïðåñîâàíèõ òàáëåòîê
³ç ñóì³ø³ êàë³þ áðîì³äó, ùî áóâ ìàòðèöåþ, ³
äîñë³äæóâàíî¿ ðå÷îâèíè. Ïîðîøîê ðîçòèðàëè
³ çì³øóâàëè ó ñïåö³àëüíîìó çàêðèòîìó áîêñ³.
Ïðåñóâàííÿ ïðîâîäèëè áåçïîñåðåäíüî ïåðåä
ðåºñòðàö³ºþ ñïåêòð³â. Ì³íåðàëüíèé ñêëàä êà-
ìåíþ îö³íþâàëè íà ï³äñòàâ³ ³äåíòèô³êàö³¿ õà-
ðàêòåðíèõ äëÿ ïåâíèõ õ³ì³÷íèõ ñïîëóê ñìóã
ïîãëèíàííÿ â ³íôðà÷åðâîíîìó ä³àïàçîí³ [7–9].

Ðåçóëüòàòè äîñë³äæåííÿ
Ó ðåçóëüòàò³ àíàë³çó ³íôðà÷åðâîíèõ ñïåêò-

ð³â ïîãëèíàííÿ ó ñêëàä³ ñå÷îâèõ êàìåí³â áóëî
³äåíòèô³êîâàíî øèðîêèé ñïåêòð õ³ì³÷íèõ ñïî-
ëóê. ²ç íèõ ó íàéá³ëüø³é ê³ëüêîñò³ ïðåäñòàâ-
ëåí³ âåâåë³ò (îêñàëàòó êàëüö³þ ìîíîã³äðàò),
ã³äðîêñèëàïàòèò òà ñå÷îâà êèñëîòà, ó îêðå-
ìèõ çðàçêàõ áóëî âèÿâëåíî àðàãîí³ò òà ôòîð-
àïàòèò (òàáëèöÿ).

Ìîíîôàçí³ êàìåí³, ÿê³ ñêëàäàëèñÿ ç îäíîãî
ì³íåðàëó, áóëî âèÿâëåíî ó 5 (8,4 %) õâîðèõ.
Âîíè ïðåäñòàâëåí³ óðàòîì àìîí³þ, êðèñòàëàìè
ñå÷îâî¿ êèñëîòè òà âåâåë³òîì.

Ó á³ëüøîñò³ ïàö³ºíò³â – 54 (91,5 %) – êà-
ìåí³ ìàëè çì³øàíèé ì³íåðàëüíèé ñêëàä, ÿêèé
â ³íôðà÷åðâîíîìó ñïåêòð³ õàðàêòåðèçóâàâñÿ
íàÿâí³ñòþ äâîõ, òðüîõ àáî ÷îòèðüîõ îñíîâíèõ
ôàç, ùî â³äïîâ³äàþòü ð³çíèì ì³íåðàëüíèì êîì-
ïîíåíòàì. Äâîôàçíó ñòðóêòóðó êàìåíþ âè-
çíà÷èëè ó 22 (37,2 %) õâîðèõ, ó âñ³õ çðàçêàõ
ìàâ ì³ñöå âåâåë³ò, ÿêèé çíàõîäèâñÿ â êîìá³-
íàö³¿ ç ã³äðîêñèëàïàòèòîì ó 10 (17 %) âèïàäêàõ,
³ç ôîñôàòîì êàëüö³þ – ó 8 (13,5 %) òà ç ñîëÿìè
ñå÷îâî¿ êèñëîòè – ó 4 (6,7 %). ²íôðà÷åðâîíèé
ñïåêòð äâîôàçíîãî íèðêîâîãî êàìåíþ, ÿêèé

ñêëàäàºòüñÿ ç âåâåë³òó (80 %îá.) òà ã³äðî-
êñèëàïàòèòó (20 %îá.), ïîäàíî íà ðèñ. 1, 2.

Òðèôàçíèé ñêëàä êàìåíþ âèçíà÷èëè ó 25
(42,3 %) õâîðèõ. Ó á³ëüøîñò³ âèïàäê³â ìàëà
ì³ñöå êîìá³íàö³ÿ ã³äðîêñèëàïàòèòó ³ ñå÷îâî¿
êèñëîòè â ïîºäíàíí³ ç âåâåë³òîì – ó 17 (28,8 %)
õâîðèõ àáî âåäåë³òîì – ó 7 (11,8 %) ïàö³ºíò³â.
Ó 1 (1,7 %) çðàçêó ìàëî ì³ñöå ð³äê³ñíå ïîºäíàííÿ
ñå÷îâî¿ êèñëîòè (70 %îá.), àðàãîí³òó (10 %îá.)
òà ôòîðàïàòèòó (20 %îá.), ðèñ. 3, 4.

×îòèðèôàçí³ êàìåí³ áóëè ³äåíòèô³êîâàí³ â
7 (11,8 %) âèïàäêàõ. Ìàëè ì³ñöå òàê³ êîìá³-
íàö³¿ ì³íåðàëüíèõ êîìïîíåíò³â: âåâåë³ò, âåäåë³ò,
êàðáîíàò êàëüö³þ, ñå÷îâà êèñëîòà – ó 3 (5 %)
ïàö³ºíò³â; ã³äðîêñèëàïàòèò, öèñòèí, óðàò àìî-
í³þ, ñå÷îâà êèñëîòà – ó 4 (6,8 %) ïàö³ºíò³â.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåííÿ
Â³äïîâ³äíî äî ðåêîìåíäàö³é ªâðîïåéñüêî¿

àñîö³àö³¿ óðîëîã³â àíàë³ç êàìåíþ º ïåðøèì
åòàïîì àëãîðèòìó ïîäàëüøî¿ ïðîô³ëàêòèêè
ðåöèäèâíîãî êàìåíåóòâîðåííÿ [6, 10]. Ñåðåä
âåëèêî¿ ê³ëüêîñò³ ìåòîä³â âèçíà÷åííÿ ì³íå-
ðàëüíîãî ñêëàäó íàéá³ëüø ïðèéíÿòíèìè äëÿ

âèâ÷åííÿ ñå÷îâèõ êàìåí³â º ³íôðà÷åðâîíà
ñïåêòðîñêîï³ÿ ³ ðåíòãåí³âñüêà äèôðàêö³ÿ [11,
12], îäíàê îñòàíí³é ìåòîä íå îòðèìàâ øèðî-
êîãî ðîçïîâñþäæåííÿ ÷åðåç êîøòîâí³ñòü òà
îáìåæåí³ ìîæëèâîñò³ âèçíà÷åííÿ õ³ì³÷íèõ
ñóáñòàíö³é â àìîðôíîìó ñòàí³ [3]. Ó äàíîìó
àñïåêò³ ³íôðà÷åðâîíà ñïåêòðîñêîï³ÿ ìàº ïåðå-
âàãè, à ñàìå õàðàêòåðèçóºòüñÿ ìîæëèâ³ñòþ
ÿê³ñíîãî âèçíà÷åííÿ îðãàí³÷íèõ ³ íåîðãàí³÷íèõ
ñïîëóê ÿê ó êðèñòàë³÷íèõ, òàê ³ â àìîðôíèõ
ôàçàõ çà õàðàêòåðíèì ñïåêòðîì ïîãëèíàííÿ
íèìè ñâ³òëîâî¿ õâèë³ ³íôðà÷åðâîíîãî ä³àïàçî-
íó [3, 13]. Êð³ì òîãî, äëÿ ïðîâåäåííÿ äîñë³ä-
æåíü çà äîïîìîãîþ ³íôðà÷åðâîíî¿ ñïåêòðî-
ñêîï³¿ ïîòð³áíà ìàëà ê³ëüê³ñòü ðå÷îâèíè
(äî 10 ìã).

Âèäè ì³íåðàëüíèõ ñïîëóê òà ÷àñòîòà ¿õíüîãî âèÿâëåííÿ ó ñêëàä³ ñå÷îâèõ êàìåí³â
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²äåíòèô³êàö³ÿ ì³íåðàëüíîãî ñêëàäó ñå÷î-
âîãî êàìåíþ ìàº âàæëèâå çíà÷åííÿ â ïèòàíí³
ðîçóì³ííÿ îñîáëèâîñòåé åò³îïàòîãåíåòè÷íèõ
ìåõàí³çì³â ðîçâèòêó ñå÷îêàì’ÿíî¿ õâîðîáè â
ð³çíèõ ïàö³ºíò³â. ª â³äîìîñò³ ùîäî àñîö³àö³¿

Ðèñ. 1. ²íôðà÷åðâîíèé ñïåêòð äâîôàçíîãî íèðêîâîãî êàìåíþ (âåâåë³ò + ã³äðîêñèëàïàòèò) ó ä³àïàçîí³
÷àñòîò 1400–400 ñì-1 (³íôðà÷åðâîí³ ñìóãè ïîãëèíàííÿ: w – âåâåë³òó; h – ã³äðîêñèëàïàòèòó)

Ðèñ. 2. ²íôðà÷åðâîíèé ñïåêòð äâîôàçíîãî íèðêîâîãî êàìåíþ (âåâåë³ò + ã³äðîêñèëàïàòèò) ó ä³àïàçîí³
÷àñòîò 4000–1200 ñì-1 (³íôðà÷åðâîí³ ñìóãè ïîãëèíàííÿ: w – âåâåë³òó; h – ã³äðîêñèëàïàòèòó)

îêñàëàòíî-êàëüö³ºâèõ êàìåí³â ³ç õðîí³÷íèì
ä³àðåéíèì ñèíäðîìîì. Ñå÷îâ³ êàìåí³ ç êàëü-
ö³þ àïàòèòó àáî êîìá³íàö³¿ êàëüö³þ àïàòèòó ³
êàëüö³þ îêñàëàòó àñîö³éîâàí³ ç òóáóëÿðíèì
àöèäîçîì ³ ïåðâèííèì ã³ïåðïàðàòèðåîçîì [14].
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Ðèñ. 3. ²íôðà÷åðâîíèé ñïåêòð òðèôàçíîãî íèðêîâîãî êàìåíþ
(ñå÷îâà êèñëîòà + àðàãîí³ò + ôòîðàïàòèò) ó ä³àïàçîí³ ÷àñòîò 1200–400 ñì-1

(³íôðà÷åðâîí³ ñìóãè ïîãëèíàííÿ: U – ñå÷îâî¿ êèñëîòè; A – àðàãîí³òó; F – ôòîðàïàòèòó)

Ðèñ. 4. ²íôðà÷åðâîíèé ñïåêòð íèðêîâîãî êàìåíþ (ñå÷îâà êèñëîòà + àðàãîí³ò + ôòîðàïàòèò)
ó ä³àïàçîí³ ÷àñòîò 4000–1200 ñì-1 (³íôðà÷åðâîí³ ñìóãè ïîãëèíàííÿ:

U – ñå÷îâî¿ êèñëîòè; A – àðàãîí³òó; F – ôòîðàïàòèòó)
Á³ëüø³ñòü íèðêîâèõ êàìåí³â, ÿê³ áóëî âèâ÷åíî
â äàíîìó äîñë³äæåíí³, ìàëè çì³øàíèé ì³íå-
ðàëüíèé ñêëàä. Ó îäíîìó çðàçêó ÷àñòî ñïîñòåð³-
ãàëèñü êîìá³íàö³¿ íåîðãàí³÷íèõ ñóáñòàíö³é, ÿê³

â³äïîâ³äíî äî ñó÷àñíèõ óÿâëåíü ïðî ìåõàí³ç-
ìè ë³òîãåíåçó êðèñòàë³çóþòüñÿ ó ïðîòèëåæíèõ
çíà÷åííÿõ ðÍ ñå÷³, ùî ñâ³ä÷èòü ïðî áàãàòî-
åòàïí³ñòü ïðîöåñó êàìåíåóòâîðåííÿ, êîëè â
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ð³çí³ ÷àñîâ³ ïåð³îäè ôîðìóâàííÿ êàìåíþ êëþ-
÷îâó ðîëü â³ä³ãðàþòü ð³çí³ ïàòîëîã³÷í³ ôàêòîðè.

Âèñíîâêè
Íèðêîâ³ êàìåí³ â ïåðåâàæí³é á³ëüøîñò³

âèïàäê³â ìàþòü çì³øàíèé ì³íåðàëüíèé ñêëàä,
ïðåâàëþþ÷èì êîìïîíåíòîì ÿêîãî º âåâåë³ò
(ìîíîã³äðàò îêñàëàòó êàëüö³þ).

Ïðîâåäåííÿ àíàë³çó ñå÷îâèõ êàìåí³â, îò-
ðèìàíèõ ó ðåçóëüòàò³ ñàìîñò³éíîãî â³äõîäæåí-
íÿ àáî øëÿõîì çàñòîñóâàííÿ õ³ðóðã³÷íèõ ìå-
òîä³â, çà äîïîìîãîþ ³íôðà÷åðâîíî¿ ñïåêòðî-
ñêîï³¿ ñïðèÿòèìå ïðàâèëüíîìó âèáîðó ³íäèâ³-
äóàëüíî¿ ïðîãðàìè ìåòàô³ëàêòèêè ñå÷îêàì’ÿ-
íî¿ õâîðîáè â ð³çíèõ ïàö³ºíò³â.
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Ñ.Ì. Êîëóïàåâ, Â.Í. Ëåñîâîé, Å.Ï. Áåðåçíÿê
ÈÍÔÐÀÊÐÀÑÍÀß ÑÏÅÊÒÐÎÑÊÎÏÈß Â ÎÖÅÍÊÅ ÌÈÍÅÐÀËÜÍÎÃÎ ÑÎÑÒÀÂÀ ÏÎ×Å×ÍÛÕ ÊÀÌÍÅÉ

Ïî ðåçóëüòàòàì èíôðàêðàñíîé ñïåêòðîñêîïèè ïî÷å÷íûõ êàìíåé, ïîëó÷åííûõ ó 59 ïàöèåíòîâ
ñ ìî÷åêàìåííîé áîëåçíüþ, â ñîñòàâå îáðàçöîâ áûë èäåíòèôèöèðîâàí øèðîêèé ñïåêòð õèìè÷åñêèõ
ñîåäèíåíèé. Â ïîñëåäíèõ â íàèáîëüøåì êîëè÷åñòâå ïðåäñòàâëåíû âåâåëëèò (ìîíîãèäðàò îêñàëàòà
êàëüöèÿ), ãèäðîêñèëàïàòèò è ìî÷åâàÿ êèñëîòà. Ìîíîôàçíûå êàìíè èìåëè ìåñòî ó 8,4 % áîëüíûõ.
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Äâóõ-, òðåõ- è ÷åòûðåõôàçíûé ñîñòàâ îáðàçöîâ îïðåäåëåí ó 37,2; 42,3 è 11,8 % ïàöèåíòîâ ñîîòâåò-
ñòâåííî. Ïðîâåäåíèå àíàëèçà ïî÷å÷íûõ êàìíåé, ïîëó÷åííûõ â ðåçóëüòàòå ñàìîñòîÿòåëüíîãî îòõîæ-
äåíèÿ èëè âñëåäñòâèå ïðèìåíåíèÿ õèðóðãè÷åñêèõ ìåòîäîâ, ñ ïîìîùüþ èíôðàêðàñíîé ñïåêòðîñêî-
ïèè áóäåò ñïîñîáñòâîâàòü ïðàâèëüíîìó âûáîðó èíäèâèäóàëüíîé ïðîãðàììû ìåòàôèëàêòèêè ìî÷å-
êàìåííîé áîëåçíè ó ðàçíûõ ïàöèåíòîâ.

Êëþ÷åâûå ñëîâà: ìî÷åêàìåííàÿ áîëåçíü, ìèíåðàëüíûé ñîñòàâ êàìíÿ, èíôðàêðàñíàÿ ñïåêòðî-
ñêîïèÿ.

S.M. Kolupayev, V.N. Lesovoy, E.P. Bereznyak
INFRARED SPECTROSCOPY IN THE ASSESSMENT OF THE MINERAL COMPOSITION OF KIDNEY
STONES

As a result of infrared spectroscopy of kidney stones obtained from 59 patients with urolithiasis, a
wide range of chemical compounds were identified in the samples, in which whevellite (calcium oxalate
monohydrate), hydroxylapatite and uric acid were presented in the largest quantities. Monophasic stones
were found in 8.4 % of patients. The two-phase, three-phase and four-phase composition of the samples
was determined in 37.2 %, 42.3 % and 11.8 % of patients respectively. Carrying out infrared spectroscopy
of kidney stones obtained as a result of self-passage or due to the use of surgical methods will contribute
to the correct choice of an individual program for metaphylaxis of urolithiasis in different patients.

Keywords: urolithiasis, mineral composition of stone, infrared spectroscopy.
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