
51

ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ² ÊË²Í²×ÍÀ ÌÅÄÈÖÈÍÀ. 2020. ¹ 2 (87)

Â²ÉÑÜÊÎÂÀ ÌÅÄÈÖÈÍÀ

© ².Ô. Ìèõàéëîâ, Î.À. Áàòóð³í, Î.ª. Ãàâðèêîâ òà ³í., 2020

https://doi.org/10.35339/ekm.2020.87.02.07

ВІЙСЬКОВА МЕДИЦИНА

ÓÄÊ 539.264:616-008.856.6-001.46

².Ô. Ìèõàéëîâ1, Î.À. Áàòóð³í1, Î.ª. Ãàâðèêîâ3, Â.Â. Íåãîäóéêî2,
Ð.Í. Ìèõàéëóñîâ3, Ò.Ï. ßê³ìîâà3

1Íàö³îíàëüíèé òåõí³÷íèé óí³âåðñèòåò
«Õàðê³âñüêèé ïîë³òåõí³÷íèé ³íñòèòóò», Óêðà¿íà

2Â³éñüêîâî-ìåäè÷íèé êë³í³÷íèé Öåíòð Ï³âí³÷íîãî ðåã³îíó ÌÎ Óêðà¿íè, ì. Õàðê³â
3Õàðê³âñüêà ìåäè÷íà àêàäåì³ÿ ï³ñëÿäèïëîìíî¿ îñâ³òè ÌÎÇ Óêðà¿íè

ÐÅÍÒÃÅÍÎÑÒÐÓÊÒÓÐÍÈÉ ÀÍÀË²Ç ÊÀÏÑÓË ÑÒÎÐÎÍÍ²Õ Ò²Ë
Ì'ßÊÈÕ ÒÊÀÍÈÍ ÂÎÃÍÅÏÀËÜÍÎÃÎ ÏÎÕÎÄÆÅÍÍß Ó ÄÈÍÀÌ²Ö²
Ó ñòàòò³ ïðåäñòàâëåí³ ðåçóëüòàòè ðåíòãåíîñïåêòðàëüíîãî àíàë³çó 36 êàïñóë ñòîðîíí³õ ò³ë
ì'ÿêèõ òêàíèí âîãíåïàëüíîãî ïîõîäæåííÿ, âèäàëåíèõ ç ì'ÿêèõ òêàíèí õ³ðóðã³÷íèì øëÿ-
õîì â ð³çí³ òåðì³íè â³ä 2 ì³ñÿö³â äî 23 ðîê³â ï³ñëÿ âîãíåïàëüíîãî ïîðàíåííÿ. Âèäàëåí³
÷àñòèíè òêàíèí íàâêîëî ñòîðîííüîãî ò³ëà áóëè ïðåäñòàâëåí³ ô³áðîçíîþ, æèðîâîþ òà
ì'ÿçîâîþ òêàíèíàìè ç êàïñóëîþ ð³çíîãî ñòóïåíÿ ñôîðìîâàíîñò³. Âèÿâëåíî äîñòîâ³ðí³
çì³íè ãëèáèííèõ ïðîöåñ³â âçàºìîä³¿ ÷óæîð³äíèõ ò³ë âîãíåïàëüíîãî ïîõîäæåííÿ ç ì'ÿêèìè
òêàíèíàìè ëþäèíè íà ñòðóêòóðíîìó ð³âí³. Ç³ çá³ëüøåííÿì ÷àñó ïåðåáóâàííÿ ñòîðîííüîãî
ò³ëà â ì'ÿêèõ òêàíèíàõ â³äáóâàºòüñÿ ïåðåõ³ä â³ä íèæ÷îãî îêñèäó FeO äî ïðîì³æíîãî
îêñèäó Fe3O4 ³, íàðåøò³, äî âèùîãî îêñèäó Fe2O3. Çàïðîïîíîâàíî òåðì³í «á³îëîã³÷íî¿
àäàïòàö³¿ îðãàí³çìó» â³äíîñíî ñòîðîíí³õ ò³ë ì'ÿêèõ òêàíèí. Ïîêàçàíî îñîáëèâîñò³ çì³íè
ñòðóêòóðíîãî ñêëàäó êàïñóëè ñòîðîííüîãî ò³ëà, ÿê³ äîçâîëÿþòü âèçíà÷èòè ÷àñ ïåðåáó-
âàííÿ ñòîðîííüîãî ò³ëà â ì'ÿêèõ òêàíèíàõ.
Êëþ÷îâ³ ñëîâà: ðåíòãåíîñòðóêòóðíèé àíàë³ç, êàïñóëà ñòîðîííüîãî ò³ëà, âîãíåïàëüíå
ïîðàíåííÿ, ì'ÿê³ òêàíèíè.

Âñòóï
Íàÿâí³ñòü àêòèâíèõ áîéîâèõ ä³é òà çá³ëü-

øåííÿ ê³ëüêîñò³ âîãíåïàëüíèõ ïîðàíåíü ïðî-
òÿãîì îñòàíí³õ ðîê³â [1] íàäàº àêòóàëüíîñò³
ðîçðîáö³ íîâèõ, á³ëüø äîñêîíàëèõ ìåòîä³â
ä³àãíîñòèêè é ë³êóâàííÿ âîãíåïàëüíèõ ïîðàíåíü
òà óäîñêîíàëåííþ õ³ðóðã³÷íî¿ òàêòèêè.

Îäí³ºþ ç ñåðéîçíèõ ïðîáëåì ïðè äîâãî-
òðèâàëèõ â³éñüêîâèõ êîíôë³êòàõ º õ³ðóðã³÷íà
òàêòèêà ïðè îñòàòî÷íèõ ñòîðîíí³õ ò³ëàõ ì'ÿ-
êèõ òêàíèí âîãíåïàëüíîãî ïîõîäæåííÿ.

Íàéá³ëüø ïîøèðåíèé êîíòèíãåíò ïîðàíå-
íèõ ï³ä ÷àñ âåäåííÿ ëîêàëüíèõ àáî ïîøèðå-
íèõ áîéîâèõ ä³é – öå ëåãêîïîðàíåí³, çíà÷íó ÷à-
ñòèíó ç ÿêèõ ñêëàäàþòü ïîðàíåí³ ó ì'ÿê³ òêà-
íèíè. Â ñòðóêòóð³ áîéîâî¿ õ³ðóðã³÷íî¿ òðàâìè
ëåãêîïîðàíåí³ ñêëàäàþòü 60–70 %, ñåðåä ÿêèõ
ïî ëîêàë³çàö³¿ ïðåâàëþþòü ïîøêîäæåííÿ
ê³íö³âîê – 80–96 %, ïîðàíåííÿ ì'ÿêèõ òêàíèí

ãîëîâè – äî 10%, ³íø³ ïîðàíåííÿ – 10 %. Ïî-
ðàíåííÿ ò³ëüêè ì'ÿêèõ òêàíèí ê³íö³âîê çóñò-
ð³÷àºòüñÿ ó 30–35 % [2].

Îá´ðóíòóâàííÿ äîñë³äæåííÿ
Îäí³ºþ ç äèñêóòàáåëüíèõ ïðîáëåì ñó÷àñ-

íî¿ õ³ðóðã³¿ áîéîâèõ ïîøêîäæåíü º õ³ðóðã³÷íà
òàêòèêà ùîäî ñòîðîíí³õ ò³ë âîãíåïàëüíîãî
ãåíåçó. Äëÿ ðîçðîáêè îá´ðóíòîâàíî¿ ë³êóâàëü-
íî¿ òàêòèêè ïîòð³áíî á³ëüø ïîãëèáëåíå âèâ-
÷åííÿ âçàºìîä³¿ ñòîðîíí³õ ò³ë ç ì'ÿêèìè òêà-
íèíàìè íà òêàíèííîìó, êë³òèííîìó, ñóáêë³òèí-
íîìó ð³âíÿõ. Îäíèì ç òàêèõ ìåòîä³â º ðåíòãå-
íîñòðóêòóðíèé àíàë³ç. Íàéá³ëüø ÷àñòî öå
ìåòàëåâ³ ñòîðîíí³ ò³ëà  ç³ çíà÷íèì âì³ñòîì
çàë³çà.

Îñíîâí³ òðóäíîù³ ñòðóêòóðíî¿ àòåñòàö³¿
äîì³øîê â á³îëîã³÷íèõ îá'ºêòàõ ïîâ'ÿçàíà ç
íàäçâè÷àéíî íèçüêèì ¿õ âì³ñòîì, òîìó äëÿ îò-
ðèìàííÿ ñòðóêòóðíèõ â³äîáðàæåíü, ÿê³ ìîæíà
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âèÿâèòè â ñïåêòð³ äèôðàêö³¿, äîâîäèòüñÿ çà-
ñòîñîâóâàòè äóæå ïîòóæí³ ðåíòãåí³âñüê³ ïó÷êè,
íàïðèêëàä ñèíõðîòðîííå âèïðîì³íþâàííÿ [3–
6]. Çàñòîñóâàííÿ òåõíîëîã³¿ ðåíòãåíîñòðóêòóð-
íîãî àíàë³çó óòâîðåíèõ êàïñóë íàâêîëî ñòî-
ðîíí³õ ò³ë ì'ÿêèõ òêàíèí ìîæå äîïîâíèòè íàó-
êîâ³ äàí³ ùîäî âçàºìîä³¿ ñòîðîíí³õ ò³ë ç ì'ÿ-
êèìè òêàíèíàìè îðãàí³çìó òà ñïðèÿòè ðîçðîáö³
é îá´ðóíòóâàííþ á³ëüø îïòèìàëüíî¿ õ³ðóðã³÷-
íî¿ òàêòèêè â³äíîñíî âèäàëåííÿ ñòîðîíí³õ ò³ë
ì'ÿêèõ òêàíèí (ÑÒÌÒ) âîãíåïàëüíîãî ãåíåçó.

Ìåòîþ ðîáîòè º îòðèìàííÿ òà óçàãàëü-
íåííÿ äàíèõ ùîäî ñòóïåíÿ îêèñíåííÿ çàë³çà
ó êàïñóëàõ íàâêîëî ñòîðîíí³õ ò³ë ì'ÿêèõ òêàíèí
âîãíåïàëüíîãî ïîõîäæåííÿ çà äîïîìîãîþ ìå-
òîäó ðåíòãåíîñòðóêòóðíîãî àíàë³çó íàíîäîì³-
øîê â á³îëîã³÷íèõ òêàíèíàõ äëÿ ìîäåðí³çàö³¿
ìåòîäó ðåíòãåí³âñüêî¿ äèôðàêö³¿.

Ìàòåð³àëè òà ìåòîäè
Ïðîàíàë³çîâàíî 36 êàïñóë ñòîðîíí³õ ò³ë

âîãíåïàëüíîãî ïîõîäæåííÿ âèäàëåíèõ ç ì'ÿêèõ
òêàíèí õ³ðóðã³÷íèì øëÿõîì ó ð³çí³ òåðì³íè,
ìåæ³ ÿêèõ áóëè â³ä 2 ì³ñÿö³â äî 23 ðîê³â ï³ñëÿ
âîãíåïàëüíîãî ïîðàíåííÿ. Óñ³ ïîñòðàæäàë³,
ÿêèì áóëî âèäàëåíî ñòîðîíí³ ò³ëà âîãíåïàëü-
íîãî ïîõîäæåííÿ ïðîõîäèëè ë³êóâàííÿ ó Â³é-
ñüêîâî-ìåäè÷íîìó êë³í³÷íîìó öåíòð³ Ï³âí³÷íî-
ãî ðåã³îíó Ì³í³ñòåðñòâà Îáîðîíè Óêðà¿íè ó ïå-
ð³îä ç 2014 ïî 2017 ðîêè òà áóëè âèïèñàí³ ç
îäóæàííÿì. Âîãíåïàëüí³ ïîðàíåííÿ áóëè îò-
ðèìàí³ ï³ä ÷àñ ïðîâåäåííÿ â³éñüêîâèõ òà ìè-
ðîòâîð÷èõ îïåðàö³é, ó òîìó ÷èñë³ ÀÒÎ/ÎÎÑ.
Âèäàëåí³ ÷àñòèíêè òêàíèí íàâêîëî ñòîðîííüî-
ãî ò³ëà áóëè ïðåäñòàâëåí³ ô³áðîçíîþ, æèðîâîþ
òà ì'ÿçîâîþ òêàíèíàìè ç êàïñóëîþ ð³çíîãî
ñòóïåíÿ ñôîðìîâàíîñò³.

Øìàòî÷êè ì'ÿêèõ òêàíèí ô³êñóâàëè ó 40 %
íåéòðàëüíîìó ôîðìàë³í³ òà ï³ääàâàëè ïàðàô³-
íîâ³é ïðîâîäö³ çà ìåòîäèêîþ ïðèéíÿòîþ ó ðî-
áîò³ ïàòîëîãîàíàòîì³÷íèõ ëàáîðàòîð³é [7].
Ï³ñëÿ ïàðàô³íîâî¿ ïðîâîäêè âèãîòîâëÿëè çð³çè
òîâùèíîþ 5–6 ìêì, ÿê³ ôàðáóâàëè ãåìàòîêñè-
ë³íîì ³ åîçèíîì, à òàêîæ çà ìåòîäîì Âàí–Ã³çî-
íà. Îö³íþâàëè ñòàí ì'ÿêèõ òêàíèí ó ñâ³òëîâîìó
ì³êðîñêîï³ («Carl Zeiss Ena», Germany) ïðè äîç-
â³ëüíîìó çá³ëüøåíí³ ì³êðîñêîïà â 56 ³ â 400 ðà-
ç³â. Ó ÿêîñò³ äîñë³äæóâàíîãî ìàòåð³àëó áóëè
êàïñóëè ñòîðîíí³õ ò³ë, âèäàëåí³ ç ì'ÿêèõ òêà-
íèí. Ï³ñëÿ ïîïåðåäíüî¿ ì³êðîñêîï³÷íî¿ îö³íêè
äîñë³äæóâàíèé á³îëîã³÷íèé ìàòåð³àë âèòÿãó-
âàâñÿ ç ïàðàô³íîâèõ áëîê³â, ì³ñòèâñÿ íà ïë³âö³
ULTRALENE òîâùèíîþ 4 ìêì â ðîáî÷ó êà-
ìåðó ñïåêòðîìåòðà. Çéîìêè ñïåêòð³â ðåíòãå-
í³âñüêî¿ ôëóîðåñöåíö³¿ ïðîâîäèëè íà åíåðãî-
äèñïåðñ³éíîìó ñïåêòðîìåòð³ «Ñïðóò» (Óêðà¿íà)

çà îðèã³íàëüíîþ ìåòîäèêîþ [8]. ×àñ íàáîðó
ñïåêòðà 300 àáî 600 ñåêóíä. Íåîáõ³äí³ ðîçì³ðè
ìàòåð³àëó äëÿ äîñë³äæåííÿ â³ä 55 äî 1010 ìì.
Ó á³ëüøîñò³ âèïàäê³â â³ä 5 äî 7 ìì â íàéá³ëü-
øîìó âèì³ð³. Ì³êðîñêîï³ÿ ìàòåð³àëó äîçâîëÿ-
ëà óïåâíèòèñÿ ó äîñë³äæåíí³ íåîáõ³äíèõ òêà-
íèí. Ñïî÷àòêó äîñë³äæóâàëè åòàëîíè îêñèäó
çàë³çà òà çäîðîâ³ ì'ÿê³ òêàíèíè ó ÿêîñò³ êîíò-
ðîëüíî¿ ãðóïè, ïîò³ì – êàïñóëè ñòîðîíí³õ ò³ë.

Âèâ÷åííÿ ïðîöåñ³â îêèñëåííÿ ñòîðîíí³õ
äîì³øîê â òêàíèíàõ ëþäèíè áóëî ïðîâåäåíî
ìåòîäîì ðåíòãåí³âñüêî¿ äèôðàêòîìåòð³¿ (XRF)
çà äîïîìîãîþ ðåíòãåí³âñüêîãî ôàçîâîãî àíà-
ë³çó. Öåé ìåòîä º çàãàëüíîâèçíàíèì äëÿ ñòðóê-
òóðíî¿ àòåñòàö³¿ çðàçê³â ³ ñïèðàºòüñÿ íà ì³æíà-
ðîäíó áàçó äàíèõ ASTM (American Society of
Testing Materials).

Íà ñïåêòð³ ðåíòãåí³âñüêî¿ äèôðàêö³¿ âèì³-
ðþþòü ïîëîæåííÿ âñ³õ äèôðàêö³éíèõ ï³ê³â ³ ïî
íèì îá÷èñëþþòü â³äïîâ³äí³ ì³æïëîùèíí³ â³ä-
ñòàí³. Îòðèìàíèé íàá³ð çíà÷åíü äîñë³äæóâà-
íîãî çðàçêà ç³ñòàâëÿþòü ç áàçîþ äàíèõ ³ ïðî-
âîäÿòü ³äåíòèô³êàö³þ âñ³õ éîãî ôàç [4, 9, 10].

Îäíàê çàñòîñóâàííÿ ïîòóæíèõ ïó÷ê³â îá-
ìåæåíà ðàä³àö³éíîþ òà òåðì³÷íîþ ñò³éê³ñòþ
äîñë³äæóâàíîãî ìàòåð³àëó ³ çàãðîæóº ðóéíó-
âàííÿì á³îëîã³÷íîãî îá'ºêòà ï³ä ïó÷êîì.

Äëÿ ïðîâåäåííÿ ñòðóêòóðíîãî àíàë³çó íàìè
âèêîðèñòîâóâàëàñü îðèã³íàëüíà ñõåìà [8] ç
âòîðèííèì âèïðîì³íþâà÷åì ç³ ñêàíä³þ, êàë³þ
òà õëîðó.

Â³äïîâ³äíî äî â³äîìèõ äàíèõ ïðè ñêàíó-
âàíí³ çðàçêà íåîêèñëåíîãî -Fe âèÿâëÿºòüñÿ
ïîñèëåííÿ ò³ëüêè ë³í³é K-K òà Sc-K âòîðèí-
íèõ âèïðîì³íþâà÷³â, à âñ³ ³íø³ ë³í³¿ çàëèøàòü-
ñÿ áåç çì³íè.

Çðàçîê íèæ÷îãî îêñèäó FeO íàäàº ïðè ñêà-
íóâàíí³ ïîñèëåííÿ ë³í³é Cl-K òà Cl-K, àëå
íàéá³ëüøå ïîñèëåííÿ ñïîñòåð³ãàºòüñÿ íà ë³í³ÿõ
K-K (I=100) ³ Sc-K (I=63), ïðè öüîìó ë³í³¿
K-K òà Sc-K çàëèøàëèñÿ áåç çì³í.

Çðàçîê âèùîãî îêñèäó Fe2O3 íàäàº ïðè
ñêàíóâàíí³ ïîñèëåííÿ âñ³õ ë³í³é âòîðèííèõ âè-
ïðîì³íþâà÷³â, õî÷à íàéìåíøèé åôåêò ïîâèíåí
ñïîñòåð³ãàòèñÿ íà ë³í³¿ K-K (I=18).

Òàêèì ÷èíîì, àíàë³çóþ÷è ñïåêòðè äè-
ôðàêö³¿ ð³çíèõ ë³í³é âòîðèííèõ âèïðîì³íþâà÷³â
ìîæíà ñïîñòåð³ãàòè ïåðåõ³ä â³ä ÷èñòîãî çàë³çà
äî íèæ÷îãî ³, íàðåøò³, äî âèùîãî îêñèäó.

ßê åòàëîíè íàìè áóëè îáðàí³ ïîðîøêè îê-
ñèä³â FeO òà Fe2O3, à òàêîæ îäíîôàçíèé çðà-
çîê -Fe. Îñê³ëüêè íèæ÷èé îêñèä FeO º íå-
ñòàá³ëüíèì ³ ëåãêî îêèñëþºòüñÿ äî Fe3O4
íàâ³òü ïðè ê³ìíàòí³é òåìïåðàòóð³, ìè ïðîâåëè
éîãî ñòðóêòóðíó àòåñòàö³þ çà ñòàíäàðòíîþ

Â²ÉÑÜÊÎÂÀ ÌÅÄÈÖÈÍÀ
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ìåòîäèêîþ ðåíòãåíîôàçîâîãî àíàë³çó íà ðåíò-
ãåí³âñüêîìó äèôðàêòîìåòð³. Íà ðåíòãåí³âñüê³é
äèôðàêòîãðàì³ åòàëîíà FeO ïîðÿä ³ç â³äáèò-
êàìè â³ä êðèñòàë³÷íî¿ ðåø³òêè FeO ñïîñòåð³-
ãàþòüñÿ äîñèòü ³íòåíñèâí³ â³äîáðàæåííÿ
Fe3O4 (îêèñ-çàêèñ çàë³çà).

Ê³ëüê³ñíèé ôàçîâèé àíàë³ç äàº ñï³ââ³äíî-
øåííÿ 60/40 ì³æ ê³ëüêîñòÿìè öèõ ôàç â ³äåàë³
FeO. ²íø³ çðàçêè -Fe òà Fe2O3 âèÿâèëèñÿ
ïðàêòè÷íî îäíîôàçíèìè.

Ñòàòèñòè÷íà îáðîáêà îòðèìàíèõ äàíèõ
âèêîíóâàëàñü çà ìåòîäîì Ñò'þäåíòà.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ðîçïîä³ë ïîðàíåíèõ çà òåðì³íàìè íàõîä-

æåííÿ ñòîðîíí³õ ò³ë (ÑÒ) ó ì'ÿêèõ òêàíèíàõ
ïîðàíåíèõ áóâ íàñòóïíèì: â³ä 2 äî 6 ì³ñÿö³â – 20;
â³ä 6 ì³ñÿö³â äî ðîêó – 7, â³ä 12 äî 24 ì³ñÿö³â –
6; á³ëüøå 24 ì³ñÿö³â – 3 ñïîñòåðåæåííÿ.

Ôðàãìåíòè åêñïåðèìåíòàëüíèõ ðåíòãåí-
äèôðàêö³éíèõ ñïåêòð³â òðüîõ åòàëîí³â -Fe,
FeO+Fe3O4 òà Fe2O3, ÿê³ áóëè çíÿò³ â âèïðî-
ì³íþâàííÿõ K-K ³ Sc-K ïðåäñòàâëåí³ íà
ðèñ. 1–2.

Íà îáîõ ñïåêòðàõ ÷³òêî âèäíî ñòðóêòóðí³
â³äîáðàæåííÿ, â³äïîâ³äí³ êîæíî¿ ç öèõ ôàç.
Âèäíî, ùî ó âèïðîì³íþâàíí³ K-K íàéá³ëüø
ñèëüíî ïðîÿâëÿºòüñÿ îñíîâíå ñòðóêòóðíå
â³äîáðàæåííÿ (110) -Fe d=2,02    . Ñòðóêòóðí³
â³äîáðàæåííÿ ôàç FeO+Fe3O4 çíà÷íî ñëàáê³-
ø³, à Fe2O3 – âåëüìè ñëàáê³. Ç ³íøîãî áîêó, ó
âèïðîì³íþâàíí³ Sc-K â³äîáðàæåííÿ â³ä ôàçè
-Fe íå âèÿâëÿþòüñÿ, àëå ïðèñóòí³ ï³êè FeO+
Fe3O4 òà Fe2O3. Ïðè÷îìó â³äîáðàæåííÿ â³ä

ôàçè Fe3O4 ò³ëüêè îäíå ç d=1,61  â³ä Fe2O3
ñïîñòåð³ãàºòüñÿ äâà â³äîáðàæåííÿ – d=1,69   òà
d=1,60    ç³ ñï³ââ³äíîøåííÿìè ³íòåíñèâíîñòåé
100/15.

Òàêèì ÷èíîì, îñíîâí³ ôàçè -Fe, FeO+
Fe3O4 òà Fe2O3 äàþòü àáñîëþòíî ð³çí³ äèôðàê-
ö³éí³ êàðòèíè â ðîçãëÿíóòèõ ä³àïàçîíàõ ñïåêò-
ð³â, òîìó ¿õ äèôðàêòîãðàìè ìîæóòü çàñòîñî-
âóâàòèñÿ äëÿ îö³íêè ñï³ââ³äíîøåííÿ öèõ ôàç
ó çð³çàõ á³îëîã³÷íèõ òêàíèí.

Àíàë³çóþ÷è îòðèìàí³ äèôðàêòîãðàìè ìîæ-
íà çðîáèòè âèñíîâîê ïðî òå, ùî ÑÒ ïðè ïîïà-
äàíí³ â á³îëîã³÷íó òêàíèíó âèêëèêàº çì³íè ¿¿
ñòðóêòóðè ç óòâîðåííÿì íîâèõ ôàç (õ³ì³÷íèõ
ñïîëóê). Êîæíà íîâà ôàçà õàðàêòåðèçóºòüñÿ
íàáîðîì ì³æïëîùèííèõ â³äñòàíåé dhkl.

Ó äîñë³äæóâàíèõ ïîðàíåíèõ ìåòàëåâå ÑÒ
ïåðåáóâàëî ð³çíèé ïðîì³æîê ÷àñó â ì'ÿêèõ
òêàíèíàõ ³ îòæå, ï³ääàâàëîñÿ ð³çí³é òðèâàëîñò³
âïëèâó ñåðåäîâèùà îðãàí³çìó. ßê âèäíî ç³
ñïåêòðà, çíÿòîãî â K-K (ðèñ. 3), â çðàçêó ç
íàéá³ëüøîþ âèòðèìêîþ ÑÒ (23 ðîêè) â³äî-
áðàæåííÿ (110) -Fe d = 2,02    íå âèÿâëåíî.

Îäíàê ïðè çíàõîäæåíí³ ìåòàëåâîãî ÑÒ 2 ðî-
êè òà 10 ì³ñÿö³â ñëàáêå â³ääçåðêàëåííÿ -Fe
ñïîñòåð³ãàºòüñÿ. Öå îçíà÷àº, ùî íàâ³òü ïðè
ì³í³ìàëüíîìó ÷àñ³ çíàõîäæåííÿ çàë³çíîãî ÑÒ
â îðãàí³çì³ ëþäèíè âîíî çíà÷íîþ ì³ðîþ ïåðå-
òâîðþºòüñÿ ï³ä âïëèâîì ñåðåäîâèùà îðãàí³ç-
ìó, à ïðè á³ëüø òðèâàëîìó çíàõîäæåíí³ óïðî-
äîâæ 23 ðîê³â, çíèêàº ïîâí³ñòþ.

Íàéá³ëüø ïîâíó ³íôîðìàö³þ ïðî îêèñëåí-
íÿ çàë³çà â îðãàí³çì³ ìîæíà îòðèìàòè ç åêñ-

Ðèñ. 1 Ôðàãìåíò ðåíòãåí-äèôðàêö³éíîãî ñïåêòðà åòàëîííèõ ñóì³øåé â âèïðîì³íþâàíí³ Ê-Ê.
Øòðèõàìè âêàçàí³ ïîëîæåííÿ äèôðàêö³éíèõ ï³ê³â çà äàíèìè ASTM

°A

°A
°A

°A

°A
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ïåðèìåíòàëüíèõ äèôðàêòîãðàì çíÿòèõ ó âè-
ïðîì³íþâàíí³ Sc-K (ðèñ. 4).

Â ñïåêòðàõ çðàçê³â êàïñóëè ì'ÿêèõ òêàíèí
ç íàéá³ëüøèìè òåðì³íàìè ïåðåáóâàííÿ ìåòà-
ëåâèõ ÑÒ â ì'ÿêèõ òêàíèíàõ ëþäèíè (â³ä 18
äî 23 ðîê³â) â îñíîâíîìó âèÿâëÿþòüñÿ ñòðóê-
òóðí³ â³äîáðàæåííÿ âèùîãî îêñèäó çàë³çà
Fe2O3, à â³äîáðàæåííÿ íèæ÷îãî îêñèäó Fe3O4
ïðàêòè÷íî â³äñóòí³. Ïðè ìåíø³é òðèâàëîñò³
(â³ä 3 ì³ñ äî 2 ðîê³â) çíàõîäæåííÿ ÑÒ â ì'ÿ-
êèõ òêàíèíàõ â ñïåêòð³ âèÿâëÿþòüñÿ ñòðóê-
òóðí³ â³äîáðàæåííÿ íèæ÷îãî îêñèäó FeO, à
òàêîæ Fe3O4.

Âèÿâëåíå îêèñëåííÿ ñòîðîíí³õ ò³ë íà îñ-
íîâ³ àíàë³çó ìåòàëåâèõ îñêîëê³â, ÿê³ ì³ñòÿòü
-Fe â ì'ÿêèõ òêàíèíàõ ïîðàíåíîãî äî óòâî-
ðåííÿ íèæ÷îãî îêñèäó FeO â³äáóâàºòüñÿ ïðî-
òÿãîì (2,4±1,3) ì³ñÿöÿ, òîìó çàëèøêîâå íåîêèñ-
ëåíå çàë³çî ïî ñòðóêòóðíèì â³äîáðàæåííÿì
ïðàêòè÷íî íå âèÿâëÿºòüñÿ. Ç³ çá³ëüøåííÿì
÷àñó ïåðåáóâàííÿ ÑÒ â ì'ÿêèõ òêàíèíàõ â³ä (2,4±
2,3) äî (12,6±6,3) ì³ñÿöÿ â³äáóâàºòüñÿ ïåðåõ³ä
äî ïðîì³æíîãî îêñèäó Fe3O4 ³, íàðåøò³, ÷åðåç
(25,4±1,6) ì³ñÿöÿ – äî âèùîãî îêñèäó Fe2O3.

Íàÿâí³ñòü ÑÒÌÒ âîãíåïàëüíîãî ïîõîäæåí-
íÿ ïðè ð³çíèõ ð³âíÿõ âèâ÷åííÿ ìàº ñâî¿ â³ä-

Ðèñ. 2. Ôðàãìåíò ðåíòãåí-äèôðàêö³éíîãî ñïåêòðà åòàëîííèõ ñóì³øåé â âèïðîì³íþâàíí³ Sc-Ê

Ðèñ. 3. Ôðàãìåíò äèôðàêòîãðàìè òêàíèí ç ð³çíèì ÷àñîì çíàõîäæåííÿ ÑÒ
â îðãàí³çì³ ëþäèíè. Âèïðîì³íþâàííÿ K-Ê
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ì³ííîñò³, ÿê³ ìè âèä³ëèëè òà ñèñòåìàòèçóâàëè
ó òðè ôàçè íîñ³éñòâà ÑÒÌÒ: àêòèâíèõ äèíà-
ì³÷íèõ çì³í; ïåðåõ³äíà; íåñòàá³ëüíî¿ ð³âíî-
âàãè.

Ôàçà àêòèâíèõ äèíàì³÷íèõ çì³í ïî÷èíàºòü-
ñÿ ç ê³íöÿ 1-ãî òèæíÿ ï³ñëÿ ïîðàíåííÿ ïðè íà-
ÿâíîñò³ ÑÒÌÒ òà òðèâàº äî 10–12 ì³ñÿö³â,
êîëè â³äì³÷àþòüñÿ àêòèâí³ çì³íè íà åëåìåíò-
íîìó, ñòðóêòóðíîìó, êë³òèííîìó òà òêàíèííî-
ìó ð³âíÿõ ó êàïñóë³ ÑÒ, ÿê³ êë³í³÷íî ìîæóòü
ìàòè ïðîÿâè ó âèãëÿä³ óñêëàäíåíü (ì³ãðàö³¿, íà-
ãíîºííÿ, íîðèöü) òà íàÿâíîñò³ áîëüîâîãî ñèíä-
ðîìó àáî áåç êë³í³÷íèõ ïðîÿâ³â. Òåðì³í 10–12 ì³-
ñÿö³â ìàº íàçâó «ï³ê ìàêñèìàëüíèõ çì³í». Âè-
äàëåííÿ ÑÒÌÒ ç êàïñóëîþ ï³ä ÷àñ óñêëàä-
íåííÿ ïðèâîäèòü äî îäóæàííÿ.

Ïåðåõ³äíà ôàçà òðèâàº â³ä 1 ðîêó äî 2 ðî-
ê³â. Çì³íè â êàïñóë³ íàâêîëî ÑÒÌÒ ðåãðåñó-
þòü, ùî ìàº â³äîáðàæåííÿ íà åëåìåíòíîìó,
ñòðóêòóðíîìó, êë³òèííîìó òà òêàíèííîìó ð³â-
íÿõ, çìåíøóºòüñÿ ê³ëüê³ñòü óñêëàäíåíü. Òåð-
ì³í 2 ðîêè âèñòóïàº ó ðîë³ «á³îëîã³÷íî¿ àäàï-
òàö³¿ îðãàí³çìó».

Ðèñ. 4. Ôðàãìåíò äèôðàêòîãðàìè òêàíèí ç ð³çíèì ÷àñîì çíàõîäæåííÿ ÑÒ â îðãàí³çì³ ëþäèíè.
Âèïðîì³íþâàííÿ Sc-Ê

Ôàçà íåñòàá³ëüíî¿ ð³âíîâàãè òðèâàº â³ä 2 ðî-
ê³â òà á³ëüøå ³ õàðàêòåðèçóºòüñÿ ì³í³ìàëüíè-
ìè çì³íàìè íà åëåìåíòíîìó, ñòðóêòóðíîìó,
êë³òèííîìó, òêàíèííîìó ð³âíÿõ ó êàïñóë³ ÑÒ
òà êë³í³÷íèìè ïðîÿâàìè íîñ³éñòâà ÑÒ, ùî ïî-
â'ÿçàíî ç ïðîöåñàìè âçàºìîä³¿ ñòðóêòóðíèõ
åëåìåíò³â ÑÒ ç îòî÷óþ÷èìè òêàíèíàìè â êàï-
ñóë³, ÿêà ³çîëþº ÑÒ â³ä íåçì³íåíèõ òêàíèí.

Âèñíîâêè
1. Ìåòîä ðåíòãåíîñòðóêòóðíîãî àíàë³çó º

ïåðñïåêòèâíèì òà ïðàâäèâèì äëÿ âèâ÷åííÿ
ãëèáèííèõ ïðîöåñ³â âçàºìîä³¿ ñòîðîíí³õ ò³ë
âîãíåïàëüíîãî ïîõîäæåííÿ ç ì'ÿêèìè òêàíè-
íàìè ëþäèíè íà ñòðóêòóðíîìó ð³âí³.

2. Ç³ çá³ëüøåííÿì ÷àñó ïåðåáóâàííÿ ñòîðîí-
íüîãî ò³ëà â ì'ÿêèõ òêàíèíàõ â³äáóâàºòüñÿ ïå-
ðåõ³ä â³ä íèæ÷îãî îêñèäó FeO äî ïðîì³æíîãî
îêñèäó Fe3O4 ³, íàðåøò³, äî âèùîãî îêñèäó Fe2O3.

3. Äàí³ ðåíòãåíîñòðóêòóðíîãî àíàë³çó â ñó-
êóïíîñò³ ç ìîðôîëîã³÷íèìè äîñë³äæåííÿìè
âàæëèâ³ äëÿ âèçíà÷åííÿ òåðì³íó ïåðåáóâàííÿ
ñòîðîííüîãî ò³ëà ó ì'ÿêèõ òêàíèíàõ, ùî ìîæëè-
âî çàñòîñîâóâàòè ó ñóäîâî-ìåäè÷í³é åêñïåðòèç³.
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ÐÅÍÒÃÅÍÎÑÒÐÓÊÒÓÐÍÛÉ ÀÍÀËÈÇ ÊÀÏÑÓË ÈÍÎÐÎÄÍÛÕ ÒÅË ÌßÃÊÈÕ ÒÊÀÍÅÉ
ÎÃÍÅÑÒÐÅËÜÍÎÃÎ ÏÐÎÈÑÕÎÆÄÅÍÈß Â ÄÈÍÀÌÈÊÅ

Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû ðåíòãåíîñïåêòðàëüíîãî àíàëèçà 36 êàïñóë èíîðîäíûõ òåë ìÿã-
êèõ òêàíåé îãíåñòðåëüíîãî ïðîèñõîæäåíèÿ, óäàë¸ííûõ èç ìÿãêèõ òêàíåé õèðóðãè÷åñêèì ïóò¸ì â
ðàçíûå ñðîêè îò 2 ìåñÿöåâ äî 23 ëåò ïîñëå îãíåñòðåëüíîãî ðàíåíèÿ. Óäàë¸ííûå ÷àñòè òêàíåé âîêðóã
èíîðîäíîãî òåëà áûëè ïðåäñòàâëåíû ôèáðîçíîé, æèðîâîé è ìûøå÷íîé òêàíÿìè ñ êàïñóëîé ðàçíîé
ñòåïåíè ñôîðìèðîâàííîñòè. Âûÿâëåíû äîñòîâåðíûå èçìåíåíèÿ ãëóáèííûõ ïðîöåññîâ âçàèìîäåé-
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ñòâèÿ èíîðîäíûõ òåë îãíåñòðåëüíîãî ïðîèñõîæäåíèÿ ñ ìÿãêèìè òêàíÿìè ÷åëîâåêà íà ñòðóêòóðíîì
óðîâíå. Ñ óâåëè÷åíèåì âðåìåíè ïðåáûâàíèÿ èíîðîäíîãî òåëà â ìÿãêèõ òêàíÿõ ïðîèñõîäèò ïåðåõîä
îò íèçøåãî îêñèäà FeO ê ïðîìåæóòî÷íîìó îêñèäó Fe3O4 è, íàêîíåö, ê âûñøåìó îêñèäó Fe2O3.
Ïðåäëîæåí òåðìèí «áèîëîãè÷åñêîé àäàïòàöèè îðãàíèçìà» ïðèìåíèòåëüíî ê èíîðîäíûì òåëàì ìÿã-
êèõ òêàíåé. Ïîêàçàíû îñîáåííîñòè èçìåíåíèÿ ñòðóêòóðíîãî ñîñòàâà êàïñóëû èíîðîäíîãî òåëà, êîòî-
ðûå ïîçâîëÿþò îïðåäåëèòü âðåìÿ ïðåáûâàíèÿ èíîðîäíîãî òåëà â ìÿãêèõ òêàíÿõ.

Êëþ÷åâûå ñëîâà: ðåíòãåíîñòðóêòóðíûé àíàëèç, êàïñóëà èíîðîäíîãî òåëà, îãíåñòðåëüíîå ðà-
íåíèå, ìÿãêèå òêàíè.

I.F. Mikhailov, A.A. Baturin, A.E. Gavrikov, V.V. Negoduyko, R.N. Mikhailusov, T.P. Yakimova
X-RAY STRUCTURAL ANALYSIS OF CAPSULES OF FOREIGN BODIES OF SOFT TISSUES
OF FIRE ORIGIN IN DYNAMICS

One of the debatable problems of modern combat injury surgery is surgical tactics against foreign
bodies of firearms genesis. Most often it is metal foreign bodies with a significant content of iron. To
develop a sound treatment tactic, a more in-depth study of the interaction of foreign bodies with soft
tissues at the tissue, cellular, subcellular level is needed. One such method may be X-ray diffraction
analysis. The aim of the work is to modernize the X-ray diffraction method to enable structural analysis
of nano impurities in biological tissues, to obtain and generalize data on the degree of iron oxidation in
capsules around foreign bodies of soft tissues of fire origin. The article presents the results of X-ray
spectral analysis of 36 capsules of foreign bodies of soft tissues of firearms origin, removed from soft
tissues by surgery within 2 months to 23 years after the gunshot wound. The removed parts of the tissues
around the foreign body were represented by fibrous, adipose and muscle tissues with a capsule of
varying degrees of formation. The detected oxidation of foreign bodies based on the analysis of metal
fragments that contain -Fe in the soft tissues of the wounded leads to the formation of lower FeO oxide,
which occurs within 2.4±1.3 months, so that residual unoxidized iron on structural maps is almost
undetectable. With an increase in the residence time of a foreign body in soft tissues from 2.4±2.3 months
to 12.6±6.3, there is a transition to the intermediate Fe3O4 oxide and, finally, after 25.4±1.6 months to the
higher Fe2O3 oxide. Removal of foreign bodies of soft tissues with a capsule during complication leads to
recovery. The term «biological adaptation of the organism» is proposed in relation to foreign bodies of
soft tissues. Features of change of structural structure of a capsule of a foreign body which allow to
define time of stay of a foreign body in soft tissues are shown.

Keywords: X-ray diffraction analysis, foreign body capsule, gunshot wound, soft tissues.
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