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Íàóêîâî-òåõí³÷íèé ïðîãðåñ ïðèçâ³â äî çì³í
ïàðàìåòð³â íàâêîëèøíüîãî ñåðåäîâèùà òà ïî-
ÿâè íîâèõ ÷èííèê³â, ÿê³ âïëèâàþòü íà îðãàí³çì
ëþäèíè ³ ñïðè÷èíÿþòü ðîçâèòîê çàõâîðþâàíü.
Ñåðåä íèõ çíà÷íå ì³ñöå ïîñ³äàº ðàä³àö³éíå çà-
áðóäíåííÿ, ÿêå â çâ�ÿçêó ç íàñë³äêàìè êàòàñò-
ðîôè íà ×îðíîáèëüñüê³é ÀÅÑ íàáóëî çíà÷åí-
íÿ åêîëîã³÷íî¿ êàòàñòðîôè òà âèêëèêàëî íå-
îáõ³äí³ñòü ÷èñëåííèõ äîñë³äæåíü [1, 2].
Â³äîìî, ùî âèñîê³ äîçè îïðîì³íåííÿ, îòðè-

ìàí³ çà êîðîòêèé òåðì³í, ñòâîðþþòü â³ä÷óòíèé
íåãàòèâíèé âïëèâ íà îðãàí³çì ëþäèíè ³, â òîìó
÷èñë³, çíà÷íî óøêîäæóþòü ëåãåíåâó òêàíèíó,
ùî ïðèçâîäèòü äî ðîçâèòêó âèðàæåíèõ çì³í
ó ôîðì³ ðàä³àö³éíîãî ïíåâìîí³òó [3]. Àëå äîñ³
íå ³ñíóº âèçíà÷åíîñò³ â³äíîñíî åôåêòó íèçü-

êèõ äîç îïðîì³íåííÿ. Êîìïåíñàòîðíî-ïðè-
ñòîñóâàëüí³ ìîæëèâîñò³ îðãàí³çìó çà óìîâ ä³¿
íèçüêèõ ð³âí³â ðàä³àö³¿ º íàéìåíø âèâ÷å-
íèìè ðîçä³ëàìè â ðàä³îá³îëîã³÷íèõ äîñë³-
äæåííÿõ. ²ñíóþ÷³ ïîâ³äîìëåííÿ ñâ³ä÷àòü ïðî
íàÿâí³ñòü ïðÿìî¿ ä³¿ íèçüêèõ äîç ³îí³çóâàëü-
íîãî îïðîì³íåííÿ, ùî çóìîâëþº ïàòîëîã³÷í³
çì³íè ãîìåîñòàçó. Ñòóï³íü ïîðóøåíü, ÿê³ âè-
íèêàþòü â îðãàí³çì³, òà çäàòí³ñòü äî ðîçâèò-
êó êîìïåíñàòîðíî-ïðèñòîñóâàëüíèõ ðåàêö³é
çàëåæàòü â³ä ï³äâèùåííÿ ³íòåíñèâíîñò³ âïëèâó
³ âèõ³äíîãî ñòàíó ñèñòåì ³ îðãàí³â ëþäèíè.
Îäíàê îêðåì³ ðîçðîáêè íå äàþòü ïîâíîãî óÿâ-
ëåííÿ ùîäî ïîðóøåíü áðîíõîëåãåíåâî¿ òêà-
íèíè òà ¿¿ àäàïòàö³éíèõ ìîæëèâîñòåé çà âêà-
çàíèõ óìîâ.
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Öåëü ðàáîòû: Èçó÷åíèå ìîðôîôóíêöèîíàëüíîãî ñîñòîÿíèÿ
êîíäóêòèâíîãî è ðåñïèðàòîðíîãî îòäåëîâ ëåãêèõ êðûñ, ïîäâåðã-
øèõñÿ äëèòåëüíîìó äåéñòâèþ îáëó÷åíèÿ â ñóììàðíîé äîçå
0,25 Ãð.

Ìàòåðèàëû è ìåòîäû: Ïðîâåäåíî êîìïëåêñíîå ìîðôîëî-
ãè÷åñêîå èññëåäîâàíèå 20 áåëûõ êðûñ, ïîäâåðãíóòûõ äîçè-
ðîâàííîìó îáëó÷åíèþ (0,01Ãð/ñóò, ïðè ìîùíîñòè äîçû
1,67 ìÃð/ìèí) â òå÷åíèå 25 ñóòîê ñ èñïîëüçîâàíèåì îáùåãèñ-
òîëîãè÷åñêèõ, ìîðôîìåòðè÷åñêèõ è ýëåêòðîííî-ìèêðîñêîïè-
÷åñêèõ ìåòîäèê. Èññëåäîâàíèÿ ïðîâîäèëè íà 1-å ñóòêè ïîñëå çà-
âåðøåíèÿ îáëó÷åíèÿ. Êîíòðîëüíóþ ãðóïïó ñîñòàâèëè 40 ýêñ-
ïåðèìåíòàëüíûõ æèâîòíûõ.

Ðåçóëüòàòû: Äëèòåëüíîå âîçäåéñòâèå íèçêèõ äîç ðàäèàöè-
îííîãî îáëó÷åíèÿ ïðèâîäèëî ê ðàçâèòèþ õðîíè÷åñêîãî áðîíõè-
òà ñ óìåðåííûìè âîñïàëèòåëüíûìè ïðîöåññàìè ñëèçèñòîé îáî-
ëî÷êè è àêòèâàöèè àäàïòàöèîííûõ ìåõàíèçìîâ êîíäóêòèâíî-
ãî è ðåñïèðàòîðíîãî îòäåëîâ ëåãêèõ. Â ðåñïèðàòîðíîì îòäåëå
ëåãêèõ ðàçâèâàëàñü õðîíè÷åñêàÿ ïàíàöèíàðíàÿ ýìôèçåìà, äè-
ñòðîôè÷åñêè-äåñòðóêòèâíûå è àòðîôè÷åñêèå èçìåíåíèÿ â àýðî-
ãåìàòè÷åñêîì áàðüåðå.

Âûâîäû: Óêàçàííûå èçìåíåíèÿ íîñÿò íåñïåöèôè÷åñêèé õà-
ðàêòåð è ìîãóò áûòü âûçâàíû êàê äåéñòâèåì íèçêèõ äîç ðàäè-
àöèè, òàê è íàêîïëåíèåì ïðîäóêòîâ ìåòàáîëèçìà âñëåäñòâèå
âûñîêîãî óðîâíÿ ôóíêöèîíèðîâàíèÿ ëåãêèõ.

Êëþ÷åâûå ñëîâà: õðîíè÷åñêîå îáëó÷åíèå, íèçêèå äîçû, õðî-
íè÷åñêèé áðîíõèò, ýìôèçåìà ëåãêèõ.

Pathomorphological changes of the lungs
at continuous low-dose irradiation

Objective: Complex investigation of the morphofunctional state
of conductive and respiratory portions of the lungs in rats after
chronic low dose irradiation.

Material and Methods: Wistar male rats were exposed to total
x-ray irradiation at a dose of 0.25 Gy (0.01 Gy per day at dose rate
of 1.67 mGy/min) for 25 days. After that the rat lungs were
examined morphologically, morphometrically and using electron
microscopy at the 1st day.

Results: Chronic low-dose irradiation caused activation of the
adaptive mechanism of conductive and respiratory portions of the
lungs which was manifested by development of chronic bronchitis
with inflammatory changes. Chronic panacinar emphysema,
degenerative-destructive and compensatory-adaptive changes in
the air-blood barrier developed in the respiratory portions of the
lungs.

Conclusion: Morphological changes of the lungs after chronic
low-dose irradiation have non-specific character and can be caused
by radiation and accumulation of metabolic products followed by
high level of function of the lungs.

Key words: chronic irradiation, low dose, chronic bronchitis,
pulmonary emphysema.
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Ó çâ�ÿçêó ç öèì ìåòîþ íàøîãî äîñë³äæåííÿ
ñòàëî âèâ÷åííÿ ìîðôîôóíêö³îíàëüíîãî ñòàíó
ðåñï³ðàòîðíîãî òà êîíäóêòèâíîãî â³ää³ë³â ëå-
ãåíü çà óìîâ òðèâàëî¿ ä³¿ íèçüêèõ äîç îïðîì³-
íåííÿ. Âèá³ð òàêèõ äîç çóìîâëåíèé äàíèìè
ùîäî ð³âí³â îïðîì³íåííÿ ó÷àñíèê³â ë³êâ³äàö³¿
íàñë³äê³â êàòàñòðîôè íà ×ÀÅÑ [4].

Ìåòîäèêà äîñë³äæåííÿ

Ïðîâåäåíî êîìïëåêñíå ìîðôîëîã³÷íå äîñë³äæåííÿ
ðåñï³ðàòîðíîãî â³ää³ëó ëåãåíü çà óìîâ òðèâàëî¿ ä³¿ íèçü-
êèõ äîç îïðîì³íåííÿ â åêñïåðèìåíò³ íà 20 á³ëèõ ùóðàõ
ë³í³¿ Â³ñòàð âàãîþ 150�200 ã ³ç âèêîðèñòàííÿì çàãàëü-
íîã³ñòîëîã³÷íèõ, ìîðôîìåòðè÷íèõ òà åëåêòðîííî-
ì³êðîñêîï³÷íèõ ìåòîäèê.
Òâàðèí ï³ääàâàëè òîòàëüíîìó õðîí³÷íîìó (ôðàêö³îíî-

âàíîìó) ³êñ-îïðîì³íþâàííþ (äîçà 0,25 Ãð) ïðîòÿãîì
25 ä³á ç äîáîâîþ äîçîþ 0,01 Ãð íà ðåíòãåí³âñüê³é óñòà-
íîâö³ ÐÓÌ-17 çà òåõí³÷íèõ óìîâ: íàïðóãà 150 êÂ, ñèëà
ñòðóìó 6 ìÀ, ô³ëüòðè 2,0±0,5 ìì Cu, ïîòóæí³ñòü
1,67 ìÃð/õâ. Ùóð³â êîíòðîëüíî¿ ãðóïè (n=40) ï³ääàâà-
ëè «âäàâàíîìó» îïðîì³íþâàííþ ç âèêîðèñòàííÿì ñâèí-
öåâîãî åêðàíó â òàê³ ñàì³ òåðì³íè, ÿê ³ äîñë³äíó ãðóïó.
Äîñë³äæåííÿ ïðîâîäèëè íà 1-øó äîáó ï³ñëÿ çàâåðøåí-
íÿ îïðîì³íþâàííÿ. Òâàðèí âèâîäèëè ç åêñïåðèìåíòó
ï³ñëÿ ëåãêîãî åô³ðíîãî íàðêîçó øëÿõîì ïåðåòèíàííÿ
÷åðåâíîãî â³ää³ëó àîðòè, ùî çàïîá³ãàëî ðîçâèòêîâ³ øî-
êîâî¿ ðåàêö³¿. Ëåãåí³ ô³êñóâàëè â êàìåð³ ³íòðàòðàõåàëü-
íî 10 %-âèì ðîç÷èíîì íåéòðàëüíîãî ôîðìàë³íó ï³ä òèñ-
êîì 15�20 ìì âîä. ñò. ³ çàëèâàëè ïàðàô³íîì; ã³ñòîëîã³÷-
í³ çð³çè çàáàðâëþâàëè ãåìàòîêñèë³í-åîçèíîì çà Âàí-Ã³-
çîíîì, Ìåëëîð³ â ìîäèô³êàö³¿ Ì.Ç. Ñë³í÷åíêî [5].
Äëÿ åëåêòðîííî-ì³êðîñêîï³÷íîãî äîñë³äæåííÿ øìà-

òî÷êè ëåãåíü ô³êñóâàëè â 2,5 %-âîìó ðîç÷èí³ ãëþòàðî-
âîãî àëüäåã³äó òà OsO4, çàëèâàëè åïîíàðàëäèòíîþ ñìî-
ëîþ [6]. Óëüòðàòîíê³ çð³çè îòðèìóâàëè íà óëüòðàì³êðî-
òîì³ ÓÌÒÏ-6Ì, êîíòðàñòóâàëè öèòðàòîì ñâèíöþ çà
Ðåéíîëüäñîì òà äîñë³äæóâàëè â åëåêòðîííîìó ì³êðî-
ñêîï³ ÏÅÌ-100Ì.
Ìîðôîìåòðè÷í³ äîñë³äæåííÿ çä³éñíþâàëè çà çàãàëü-

íîïðèéíÿòîþ ìåòîäèêîþ [7] çà äîïîìîãîþ ñèñòåìè àíà-
ë³çó çîáðàæåííÿ òà ïðîãðàìè Image-Pro Plus 3.0. Âè-

çíà÷àëè ôðàêö³éí³ îá�ºìè ïàðåíõ³ìàòîçíî¿ òêàíèíè,
ïîâ³òðÿíèõ ïðîñòîð³â ðåñï³ðàòîðíèõ áðîíõ³îë (ÐÁ), àëü-
âåîëÿðíèõ õîä³â (ÀÕ) ³ ì³øå÷ê³â (óõ) òà àëüâåîëÿðíîãî
ïîâ³òðÿ (óà), øèðèíó âõîäó â àëüâåîëó (à) òà ¿¿ ãëèáèíó
(b), ä³àìåòð ÐÕ, ÀÕ ³ ì³øå÷ê³â (d) òà êîåô³ö³ºíòè â³äíî-
øåííÿ àëüâåîëÿðíîãî ïîâ³òðÿ äî ïîâ³òðÿíèõ ïðîñòîð³â
ÐÕ, ÀÕ ³ ì³øå÷ê³â (óà/óõ), øèðèíè âõîäó â àëüâåîëó äî
¿¿ ãëèáèíè (à/b) òà ä³àìåòðà ÐÕ, ÀÕ ³ ì³øå÷ê³â äî ïî-
äâîºíî¿ ãëèáèíè àëüâåîëè (d/2b) (ðèñ.1). Ôóíêö³îíàëü-
íó àêòèâí³ñòü àëüâåîëîöèò³â ²² òèïó âèçíà÷àëè çà äîïî-
ìîãîþ îá÷èñëåííÿ ôðàêö³éíîãî îá�ºìó îñì³îô³ëüíèõ
ïëàñòèí÷àñòèõ ò³ëåöü (ÎÏÒ) â ¿õ öèòîïëàçì³.
Ðåçóëüòàòè äîñë³äæåíü îáðîáëÿëè ç âèêîðèñòàííÿì

ñòàíäàðòíèõ ïðèéîì³â âàð³àö³éíî¿ ñòàòèñòèêè [8].

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Îòðèìàí³ íàìè äàí³ ñâ³ä÷àòü, ùî íàâ³òü çà
óìîâ ä³¿ íèçüêèõ, ³ îñîáëèâî ñóáïîðîãîâèõ, äîç
ðàä³àö³¿ â ëåãåíÿõ ðîçâèâàëèñÿ çì³íè, ÿê³ çíà÷-
íî â³äð³çíÿþòüñÿ â³ä òèõ, ùî âèíèêàþòü ï³ä
âïëèâîì îïðîì³íåííÿ âåëèêî¿ ïîòóæíîñò³, òà
ïðîÿâëÿþòñÿ ðîçâèòêîì ïíåâìîí³òó [3]. Çà
óìîâ íèçüêèõ ð³âí³â îïðîì³íåííÿ íåîäíàêîâè-
ìè áóëè òàêîæ çì³íè êîíäóêòèâíîãî òà ðåñ-
ï³ðàòîðíîãî â³ää³ë³â ëåãåíü.
Ñò³íêè ïåðåâàæíî ñåðåäí³õ áðîíõ³â íåð³âíî-

ì³ðíî ñòîâùóâàëèñÿ, â íèõ âèçíà÷àëàñÿ ïî-
ì³ðíà ë³ìôîã³ñò³îöèòàðíà òà ïëàçìîêë³òèííà
³íô³ëüòðàö³ÿ (ðèñ. 2à). Ñëèçîâà îáîëîíêà áóëà
ñòîíøåíà, âèñòèëàþ÷èé åï³òåë³é ñïëîùåíèé,
íàáðÿêëà ï³äñëèçîâà îáîëîíêà, âèñòåëåíà âè-
ñîêèì â³é÷àñòèì åï³òåë³ºì, â îêðåìèõ ä³ëÿí-
êàõ çáåð³ãàëà ñâîþ ñòðóêòóðó. Ó ïåðèáðîíõ³-
àëüí³é òêàíèí³ ìàëè ì³ñöå îñåðåäêîâ³ åîçè-
íîô³ëüí³ ³íô³ëüòðàòè. Ïîÿâà åîçèíîô³ë³â ó

Ïðèì³òêà. * � ð³çíèöÿ â³ðîã³äíà (ð < 0,05) ì³æ êîíòðîëüíîþ ãðóïîþ òà åêñïåðèìåíòîì.

Òàáëèöÿ 1 � Ïîð³âíÿëüíà ìîðôîìåòðè÷íà õàðàêòåðèñòèêà ðåñï³ðàòîðíîãî â³ää³ëó ëåãåíü ó êîíòðîë³
òà çà óìîâ òðèâàëî¿ ä³¿ íèçüêèõ äîç îïðîì³íåííÿ

Comparative morphometric characteristics of the respiratory portion of the lungs
in the controls and at continuous low-dose irradiation
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³íô³ëüòðàò³ îïîñåðåäêîâàíî ñâ³ä÷èòü ïðî àêòè-
âàö³þ ñèñòåìè îïàñèñòèõ êë³òèí, ÿê³ º êë³òèíàìè
øâèäêîãî ðåàãóâàííÿ, ³ ìåä³àòîðè ÿêèõ áåðóòü
ó÷àñòü ó çàïàëüíèõ ïðîöåñàõ [9].
Çàïàëüí³ ïðîöåñè â ðåñï³ðàòîðíîìó â³ää³ë³

ìàëè ëèøå îñåðåäêîâèé õàðàêòåð òà ïðîÿâëÿ-
ëèñÿ ïåðèâàñêóëÿðíèìè ë³ìôîã³ñò³îöèòàðíè-
ìè ³íô³ëüòðàòàìè (ðèñ. 2á) äóæå íåçíà÷íî¿
ê³ëüêîñò³. Âèçíà÷àëèñÿ ïîðóøåííÿ ì³êðîöèð-
êóëÿö³¿ � ïîâíîêð³â�ÿ êàï³ëÿð³â ì³æàëüâåî-
ëÿðíèõ ïåðåãîðîäîê òà ñòàç, à òàêîæ ³íòåðñòè-
ö³éíèé òà âíóòð³àëüâåîëÿðíèé íàáðÿê
(ðèñ. 3à,á). Ì³æàëüâåîëÿðí³ ïåðåãîðîäêè
ñòîíøóâàëèñÿ, â êë³òèíàõ àëüâåîëÿðíîãî åï³-
òåë³þ ðîçâèâàëèñÿ äèñòðîô³÷í³ òà äåñòðóê-
òèâí³ çì³íè. Â ïðîñâ³òêó àëüâåîë âèÿâëÿëèñÿ
äåñêâàìîâàíèé àëüâåîëÿðíèé åï³òåë³é òà ìàê-
ðîôàãè ç³ ñâ³òëîþ ï³íèñòîþ öèòîïëàçìîþ, äå
ì³ñòèëàñÿ âåëèêà ê³ëüê³ñòü ñóäèíîô³ëüíèõ
âêëþ÷åíü, ùî ñâ³ä÷èòü ïðî àêòèâíó ó÷àñòü
ìàêðîôàã³â ó ìåòàáîë³çì³ ë³ï³ä³â.

Ðèñ. 3 � Ñòàí àåðîãåìàòè÷íîãî áàð�ºðà çà óìîâ òðèâàëî¿ ä³¿
íèçüêèõ äîç ðàä³àö³¿: à � äåñêâàìàö³ÿ àëüâåîëÿðíîãî åï³òåë³þ
ç îãîëåííÿì áàçàëüíî¿ ìåìáðàíè (ïîêàçàíî ñòð³ëêîþ), â ÏÀ
ïëàñò³â÷àñòèé ìàòåð³àë, óëàìêè êë³òèí, ïðîñâ³ò êàï³ëÿðà (ÏÊ),
åðèòðîöèò (Åð), ́ 22000; á � ðîçïóøåííÿ ³íòåðñòèö³þ, ́ 20000

Fig. 3 � The state of air-blood barries at continious exposure to
low-dose radiation: a � desquamation of the alveolar epithelium
with opened basal membrane (arrow); in the lumens of the alveoli
there is plate-line material and fragments of cells, capillary lumen
(ÏÊ), erythocyte (Åð), ́ 22000; á � loose interstitium, ́ 20000

Ìîðôîìåòðè÷í³ äîñë³äæåííÿ âèÿâèëè â³ðî-
ã³äíå çìåíøåííÿ ïàðåíõ³ìàòîçíî¿ òêàíèíè (äî
15,95±2,43%) ïîð³âíÿíî ç êîíòðîëåì
(28,59±1,73%), ùî âèäíî ç òàáëèö³. Â³äïî-
â³äíî çá³ëüøóâàëàñÿ ïîâ³òðÿí³ñòü ÐÕ, ÀÕ ³
ì³øå÷ê³â òà àëüâåîëÿðíîãî ïîâ³òðÿ çà õðîí³÷-
íî¿ ä³¿ âèïðîì³íåííÿ. Íàâåäåí³ äàí³ ñâ³ä÷àòü
ïðî ã³ïåðïîâ³òðÿí³ñòü ëåãåíåâî¿ òêàíèíè, òîáòî

Ðèñ.1 � Ñõåìàòè÷íå çîáðàæåííÿ ðåñï³ðàòîðíî¿ áðîíõ³îëè
ëåãåí³: ÐÕ � ðåñï³ðàòîðíèé õ³ä; ÒÁ � òåðì³íàëüíà áðîíõ³îëà;
À � àëüâåîëà; à � øèðèíà âõîäó â àëüâåîëó; b � ãëèáèíà àëü-
âåîëè; d � ä³àìåòð ðåñï³ðàòîðíî¿ áðîíõ³îëè

Fig. 1 � The schemå of respiratory bronchiole: PX � respiratory
passage; ÒÁ � terminal bronchiole; A � alveole; a � the width of
the entrance to the alveole; b � depth of the alveole; d � diameter
of the respiratory bronchiole

Ðèñ. 2 � Çàïàëüí³ çì³íè: à � ó áðîíõàõ; á � ïàðåíõ³ì³ ëåãåíü.
Çàáàðâëåííÿ ãåìàòîêñèë³í-åîçèíîì, ́ 400

Fig. 2 � Inflammatory changes: à � in the bronchi; á � lung
parenchyma. Stained with hematoxylin-eosin, ́ 400
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ïðî íàÿâí³ñòü åìô³çåìè (ðèñ. 4), õî÷ ïàðàëåëü-
íî òðàïëÿëèñü ³ ä³ëÿíêè äèñ- òà àòåëåêòàç³â, ÿê³
íà çàãàëüíîìó ôîí³ íå ìàëè ñóòòºâîãî çíà÷åííÿ
äëÿ ðîçâèòêó ïðîöåñó.
Ïðîâåäåí³ äîäàòêîâ³ ìîðôîìåòðè÷í³ äîñë³-

äæåííÿ äîçâîëèëè âèçíà÷èòè õàðàêòåð åìô³-
çåìè. Ïîâ³òðÿí³ñòü ëåãåíü çá³ëüøóâàëàñÿ ïå-
ðåâàæíî çà ðàõóíîê ðîçøèðåííÿ ïîâ³òðÿíèõ
ïðîñòîð³â ÐÁ, ÀÕ òà ì³øå÷ê³â, îá�ºì ÿêèõ
ñÿãàâ 44,68±1,57% (ó êîíòðîë³ �
24,24±2,16%). Çíà÷íî çá³ëüøóâàâñÿ ³ ¿õí³é
ä³àìåòð. Îäíàê îá�ºì àëüâåîëÿðíîãî ïîâ³òðÿ
çìåíøóâàâñÿ, àëüâåîëè ñïëîùóâàëèñÿ, íàáè-
ðàëè Ï-ïîä³áíî¿ ôîðìè, ð³çêî çðîñòàëà øèðè-
íà âõîäó â àëüâåîëó òà çìåíøóâàëàñü ¿¿ ãëèáè-
íà, ïðî ùî ñâ³ä÷èòü òàêîæ êîåô³ö³ºíò â³äíî-
øåííÿ øèðèíè âõîäó â àëüâåîëó äî ¿¿ ãëèáè-
íè, ÿêèé ñòàíîâèâ 1,55±0,31 (â êîíòðîë³
0,95±0,1). Îòæå, ìîðôîìåòðè÷í³ äàí³ âêàçó-
þòü íà ðîçâèòîê â óìîâàõ òðèâàëîãî îïðîì³-
íþâàííÿ õðîí³÷íî¿ ïàíàöèíàðíî¿ åìô³çåìè ³ç
çáåðåæåííÿì êîíô³ãóðàö³¿ ðåñï³ðàòîðíîãî
â³ää³ëó ëåãåíü, ïåðåâàæíèì ðîçøèðåííÿì ðåñ-
ï³ðàòîðíèõ õîä³â òà ñïëîùåííÿì àëüâåîë.
Íà óëüòðàñòðóêòóðíîìó ð³âí³ â àåðîãåìàòè÷-

íîìó áàð�ºð³ ðîçâèâàëèñÿ ãåìîäèíàì³÷í³ ïîðó-
øåííÿ � ïîâíîêð³â�ÿ òà ñòàç, ùî ïðèçâîäè-
ëè äî ïîñèëåííÿ ñóäèííî¿ ïðîíèêíîñò³ é ðîç-
âèòêó ³íòåðñòèö³éíîãî ³ âíóòð³àëüâåîëÿðíîãî

íàáðÿêó. Â åíäîòåë³àëüíèõ êë³òèíàõ àêòèâ³çó-
âàëèñÿ ãàçîîáì³íí³ ïðîöåñè, ÿê³ ñóïðîâîäæó-
âàëî çá³ëüøåííÿ ê³ëüêîñò³ ì³êðîï³íîöèòîçíèõ
ïóõèðö³â ó êë³òèíí³é öèòîïëàçì³ (ðèñ.5). Ãå-
ìîäèíàì³÷í³ ïîðóøåííÿ òà, ö³ëêîì ìîæëèâî,
áåçïîñåðåäíÿ ä³ÿ îïðîì³íþâàííÿ ñïðè÷èíÿëè
äèñòðîô³÷í³ òà äåñòðóêòèâí³ çì³íè â êë³òèíàõ
àëüâåîëÿðíîãî åï³òåë³þ, ùî ïðèçâîäèëî äî ¿õ
äåñêâàìàö³¿ â ïðîñò³ð àëüâåîë òà îãîëåííÿ áà-
çàëüíî¿ ìåìáðàíè íà çíà÷í³é â³äñòàí³ (äèâ.
ðèñ. 3à). Íàé÷óòëèâ³øèìè äî ãåìîäèíàì³÷íèõ
ïîðóøåíü áóëè àëüâåîëîöèòè ² òèïó. ̄õ öèòî-
ïëàçìà ãîìîãåí³çóâàëàñÿ, íàáóâàëà ï³äâèùåíî¿
ïðîçîðîñò³, ðîçâèâàâñÿ ïåðèíóêëåàðíèé íà-
áðÿê, öèòîïëàçìàòè÷í³ ìåìáðàíè â îêðåìèõ
ì³ñöÿõ íå âèçíà÷àëèñÿ. Áàçàëüíà ìåìáðàíà
ñòîâùóâàëàñü òà ðîçð³äæóâàëàñü.
Íà ôîí³ äåñòðóêòèâíî-äåñêâàìàòèâíèõ çì³í

êë³òèí åï³òåë³þ, ùî çàëèøèëèñü íåóøêîäæå-
íèìè, âèíèêàëè êîìïåíñàòîðí³ îçíàêè. Â
êë³òèíàõ ïîñèëþâàëèñÿ ìåòàáîë³÷í³ ïðîöåñè,
âíóòð³êë³òèíí³ îðãàíåëè çàçíàâàëè ã³ïåðòðîô³¿.
Àëüâåîëîöèòè ² òèïó ì³ñòèëè âåëèêó ê³ëüê³ñòü
ì³êðîï³íîöèòîçíèõ ïóõèðö³â, öèòîïëàçìàòè÷-
íà ìåìáðàíà óòâîðþâàëà â³òðèëîïîä³áí³ âèïèíè,
ùî çá³ëüøóâàëî ïëîùó êîíòàêòó ç ïîâ³òðÿì.
Â àëüâåîëîöèòàõ ²² òèïó, ÿê³ º êë³òèííèì êîì-
ïîíåíòîì ñèñòåìè ñóðôàêòàíòó òà àêòèâíî éîãî
ñèíòåçóþòü [10, 11], çá³ëüøóâàëàñü ê³ëüê³ñòü

Ðèñ. 4 � Õðîí³÷íà ïàíàöèíàðíà åìô³çåìà ç ð³çêèì ñòîíøåí-
íÿì ì³æàëüâåîëÿðíèõ ïåðåãîðîäîê. Çàáàðâëåííÿ ãåìàòîêñèë³í-
åîçèíîì, ́ 400

Fig. 4 � Chronic panacinar emphysema with sharp thinning of
the interalveolar septa. Stained with hematoxól³n-eosin, ́400

Ðèñ. 5 � Óëüòðàñòðóêòóðí³ çì³íè àåðîãåìàòè÷íîãî áàð�ºðà çà
óìîâ òðèâàëî¿ ä³¿ íèçüêèõ äîç ðàä³àö³¿. Â åíäîòåë³îöèòàõ (Å)
âåëèêà ê³ëüê³ñòü ì³êðîï³íîöèòîçíèõ âåçèêóë, ó ïðîñâ³òêó àëü-
âåîë (ÏÀ) ÎÏÒ, ñòðóêòóðè òóáóëÿðíîãî ì³ºë³íó (ÒÌ), ́ 20000

Fig. 5 � Ultrastructure changes of air-blood barrier at exposure
to low-dose radiation. In the endotheliocytes (E) there are
numerous micropinocytic ves³cules, in the lumens of the alveoli
there are osmiophilic plate-like bodies, tubular myelin structures,
´ 20000
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ð³çíèõ çà ðîçì³ðàìè ÎÏÒ, ¿õ ôðàêö³éíèé îá�ºì
â³ðîã³äíî çðîñòàâ (òàáë. 1); ÎÏÒ ðîçì³ùóâà-
ëèñü ïåðåâàæíî â àï³êàëüí³é ÷àñòèí³ êë³òèí,
äåÿê³ ç íèõ ñåêðåòóâàëè â ïðîñâ³ò àëüâåîë çà
ìåðîêðèíîâèì òèïîì. Ó öèòîïëàçì³ êë³òèí
ç�ÿâëÿëèñü ìóëüòèâåçèêóëÿðí³ ò³ëüöÿ, ùî òàêîæ
ñâ³ä÷èëî ïðî âèñîêó ñèíòåòè÷íó àêòèâí³ñòü àëü-
âåîëîöèò³â ²² òèïó. Ñêëåðîòè÷í³ ïðîöåñè â
³íòåðñòèö³¿ áóëè ïîì³ðíèìè. Íà àëüâåîëÿðí³é
ïîâåðõí³, êð³ì ìàêðîôàã³â òà äåñêâàìîâàíèõ
êë³òèí àëüâåîëÿðíîãî åï³òåë³þ, çíàõîäèëèñü
ÎÏÒ òà ñòðóêòóðè òàê çâàíîãî òóáóëÿðíîãî
ì³ºë³íó, ÿêèé º îäí³ºþ ç ôàç ñóðôàêòàíòó íà
øëÿõó â³ä éîãî ñèíòåçó àëüâåîëîöèòàìè ²² òèïó
äî ôîðìóâàííÿ ïîâåðõíåâî-àêòèâíî¿ ë³ïîïðî-
òå¿äíî¿ ñóáñòàíö³¿ [10].
Òàêèì ÷èíîì, òðèâàëà ä³ÿ íèçüêèõ äîç ðàä³-

àö³éíîãî îïðîì³íåííÿ â ëåãåíÿõ ïðîÿâëÿºòüñÿ
êîìïëåêñîì ìîðôîëîã³÷íèõ çì³í, ÿê³ õàðàêòåðè-
çóþòü õðîí³÷íèé áðîíõ³ò ç ïîì³ðíîþ çàïàëüíîþ
³íô³ëüòðàö³ºþ áðîíõ³â òà õðîí³÷íó ïàíàöèíàðíó
åìô³çåìó ç ðîçøèðåííÿì ïîâ³òðÿíîãî ïðîñòî-
ðó ðåñï³ðàòîðíî¿ áðîíõ³îëè é äèñòðîô³÷íî-
äåñòðóêòèâíèìè çì³íàìè àåðîãåìàòè÷íîãî
áàð�ºðà. Â îñíîâ³ ðîçâèòêó ïàòîëîã³÷íèõ çì³í
ëåæàòü ÿê ñïåöèô³÷í³ ìåõàí³çìè, çóìîâëåí³ áåç-
ïîñåðåäíüîþ ä³ºþ îïðîì³íåííÿ íà îêðåì³ ëàíêè
ïàòîãåíåçó, çîêðåìà, àêòèâàö³ºþ â³ëüíîðàäè-
êàëüíèõ ìåõàí³çì³â òà ïåðåêèñíîãî îêèñíåí-
íÿ ë³ï³ä³â [12], òàê ³ íåñïåöèô³÷í³ ìåõàí³çìè,
îñíîâó ÿêèõ ñêëàäàþòü ïîðóøåííÿ îêèñíî-
â³äíîâíèõ ïðîöåñ³â ³ç íàêîïè÷åííÿì øê³äëèâèõ
äëÿ îðãàí³çìó ïðîäóêò³â, íàïðèêëàä, ë³çîñïîëóê
óíàñë³äîê ïîñèëåííÿ ìåõàí³çì³â êàòàáîë³çìó
ñèñòåìè ñóðôàêòàíòà [13], ùî ìîæóòü ñïðè÷è-
íÿòè óøêîäæåííÿ ëåãåíåâî¿ òêàíèíè.
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áðîíõ³òîì ç ïîì³ðíî âèðàæåíèìè ïðîöåñàìè
³íô³ëüòðàö³¿ ³ ñêëåðîçó é õðîí³÷íîþ ïàíàöèíàð-
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2. Âèÿâëåí³ çì³íè â áðîíõîëåãåíåâ³é òêàíèí³
çóìîâëåí³ ïîºäíàííÿì íåñïåöèô³÷íèõ àäàïòà-
ö³éíèõ ðåàêö³é ëåãåí³ ÿê ñèñòåìè íà ä³þ ïàòî-
ãåííîãî ÷èííèêà òà ñïåöèô³÷íèõ ðåàêö³é îêðå-
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