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Óïðîäîâæ îñòàíí³õ ê³ëüêîõ ðîê³â á³ëüø³ñòü
ºâðîïåéñüêèõ êðà¿í ³ Ðîñ³éñüêà Ôåäåðàö³ÿ
ïðèéíÿëè âåëüìè æîðñòê³ îáìåæåííÿ âèêîðè-
ñòàííÿ ñâèíöåâì³ñíèõ ìàòåð³àë³â ó ìåäèöèí³ [1].
Âèðîáíèêè ðåíòãåíîçàõèñíèõ ìàòåð³àë³â ³ ïðî-
äóêö³¿ ìåäè÷íîãî ïðèçíà÷åííÿ ïî÷àëè âèïóñêà-
òè ³íäèâ³äóàëüí³ òà ëîêàëüí³ çàñîáè çàõèñòó â³ä
³êñ-ïðîìåí³â íà îñíîâ³ áåçñâèíöåâèõ íàïîâíþ-
âà÷³â. Ïîÿâà íîâèõ ìàòåð³àë³â âèêëèêàëà ðÿä
ïèòàíü ó ïðàêòèêóþ÷èõ ë³êàð³â ³ ñïåö³àë³ñò³â,
çàéíÿòèõ ó äîçâ³ëüí³é ñèñòåì³ ÌÎÇ Óêðà¿íè.
Ñèòóàö³ÿ óñêëàäíþºòüñÿ â³äñóòí³ñòþ â Óêðà¿í³
íàö³îíàëüíî¿ íîðìàòèâíî¿ áàçè ùîäî çàñîá³â
çàõèñòó â³ä ³êñ-ïðîìåí³â. Â Ðîñ³¿ ç 2001 ð. ââå-
äåí³ â ä³þ òðè ñòàíäàðòè [2�4], ÿê³ º ôàêòè÷-

íî ïåðåêëàäàìè îäíîéìåííèõ ñòàíäàðò³â
Ì³æíàðîäíî¿ åëåêòðîòåõí³÷íî¿ êîì³ñ³¿, îð³ºíòî-
âàíèõ íà ñâèíöåâì³ñí³ çàõèñí³ ìàòåð³àëè.
Â Óêðà¿í³ öå ùå ñïðàâà ìàéáóòíüîãî. Ìåòîþ

íàøî¿ ðîáîòè º ê³ëüê³ñíå ïîð³âíÿííÿ çàõèñíèõ
õàðàêòåðèñòèê ê³ëüêîõ ìàòåð³àë³â ç³ ñâèíöåâèì
³ áåçñâèíöåâèìè íàïîâíþâà÷àìè â øèðîêîìó
ä³àïàçîí³ íàïðóã íà ³êñ-ïðîìåíåâ³é òðóáö³.
Øèðøå ¿¿ ìîæíà ðîçãëÿäàòè ÿê ñïðîáó, ïî-ïåð-
øå, ñôîðìóëþâàòè äåÿê³ ñóòòºâ³ ðèñè ìåòîäè÷-
íîãî ï³äõîäó äî îö³íêè é ïîð³âíÿííÿ çàõèñíèõ
âëàñòèâîñòåé ìàòåð³àë³â ð³çíèõ òèï³â ³, ïî-äðóãå,
íàäàòè âñ³ì çàö³êàâëåíèì îñîáàì ³íôîðìàö³þ,
ÿêà äîçâîëÿëà á îö³íèòè ³íäèâ³äóàëüí³ çàñîáè
çàõèñòó â³ä ³êñ-ïðîì³ííÿ.
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Comparative estimation of x-ray protective
materials based on lead and nonleaded fillers

Öåëü ðàáîòû: Êîëè÷åñòâåííîå ñðàâíåíèå ðåíòãåíîçàùèò-
íûõ õàðàêòåðèñòèê êîìïîçèöèîííûõ ìàòåðèàëîâ ñî ñâèíöîâûì
è áåññâèíöîâûìè íàïîëíèòåëÿìè, ïðèìåíÿåìûõ äëÿ èçãîòîâ-
ëåíèÿ ìåäèöèíñêèõ ðåíòãåíîçàùèòíûõ èçäåëèé.

Ìàòåðèàëû è ìåòîäû: Ñ èñïîëüçîâàíèåì îáðàçöîâ ìàòå-
ðèàëîâ, ðåíòãåíîâñêîé è äîçèìåòðè÷åñêîé àïïàðàòóðû ïðîòå-
ñòèðîâàíà ìåòîäèêà ðàñ÷åòà êîýôôèöèåíòîâ îñëàáëåíèÿ ðåíò-
ãåíîâñêîãî èçëó÷åíèÿ. Äëÿ òðåõ ìàòåðèàëîâ ñ ðàçíûìè òèïàìè
íàïîëíèòåëåé ðàññ÷èòàíû çíà÷åíèÿ êîýôôèöèåíòîâ îñëàáëå-
íèÿ â çàâèñèìîñòè îò íàïðÿæåíèÿ íà ðåíòãåíîâñêîé òðóáêå â
äèàïàçîíå 30�150 êÂ. Â êà÷åñòâå íàïîëíèòåëåé ðàññìàòðèâà-
ëèñü ñâèíåö, ñìåñü îêñèäîâ ðåäêîçåìåëüíûõ ýëåìåíòîâ è ñìåñü
êàðáèäà âîëüôðàìà ñ äèîêñèäîì öèðêîíèÿ. Ïîñòðîåíû ãðàôè-
êè çàâèñèìîñòè êîýôôèöèåíòà îñëàáëåíèÿ è ñâèíöîâîãî ýêâè-
âàëåíòà îò íàïðÿæåíèÿ íà òðóáêå.

Ðåçóëüòàòû: Ðàñïðåäåëåíèå â ïîðÿäêå óìåíüøåíèÿ çàùèò-
íûõ ñâîéñòâ ñðåäè ðàññìîòðåííûõ ìàòåðèàëîâ çàâèñèò îò íà-
ïðÿæåíèÿ íà ðåíòãåíîâñêîé òðóáêå. Êîýôôèöèåíò îñëàáëåíèÿ
ìàòåðèàëîâ ðåçêî ïàäàåò ïðè ïîâûøåíèè íàïðÿæåíèÿ. Ïðîñòîå
ñðàâíåíèå ðàçíûõ ìàòåðèàëîâ âîçìîæíî òîëüêî íà íåïåðåñåêà-
þùèõñÿ ó÷àñòêàõ çàâèñèìîñòåé óäåëüíîãî êîýôôèöèåíòà
îñëàáëåíèÿ îò íàïðÿæåíèÿ. Ñ ó÷åòîì âòîðè÷íîãî èçëó÷åíèÿ
ïðèìåíåíèå ñðåäñòâ çàùèòû ñ êîýôôèöèåíòîì îñëàáëåíèÿ â
íèçêîýíåðãåòè÷åñêîé îáëàñòè áîëåå ~103 òåõíè÷åñêè íåöåëåñî-
îáðàçíî. Ñðàâíèâàÿ ñâîéñòâà ìàòåðèàëîâ ñ ðàçíûìè òèïàìè íà-
ïîëíèòåëåé ñ öåëüþ âûáîðà ìàòåðèàëà äëÿ çàùèòíûõ èçäåëèé,
ñëåäóåò ó÷èòûâàòü èõ ôóíêöèîíàëüíîñòü.

Âûâîäû: Çíà÷èìûì ïîêàçàòåëåì äëÿ ñðàâíåíèÿ ðåíòãåíîçà-
ùèòíûõ ìàòåðèàëîâ ðàçíûõ òèïîâ ÿâëÿåòñÿ çàâèñèìîñòü óäåëü-
íîãî êîýôôèöèåíòà îñëàáëåíèÿ îò àíîäíîãî íàïðÿæåíèÿ íà
ðåíòãåíîâñêîé òðóáêå. Íåîáõîäèìûì óñëîâèåì ïðèãîäíîñòè
ìàòåðèàëà äëÿ ñðåäñòâ çàùèòû ÿâëÿåòñÿ ìîíîòîííîñòü ãðàôè-
êà ýòîé çàâèñèìîñòè â äèàïàçîíå ðàáî÷èõ íàïðÿæåíèé. Çàäàí-
íûé ñâèíöîâûé ýêâèâàëåíò ìàëîèíôîðìàòèâåí ïðèìåíèòåëü-
íî ê áåññâèíöîâûì ìàòåðèàëàì.

Êëþ÷åâûå ñëîâà: ðåíòãåíîçàùèòíûå êîìïîçèöèîííûå ìà-
òåðèàëû, áåññâèíöîâûå íàïîëíèòåëè, óäåëüíûé êîýôôèöèåíò
îñëàáëåíèÿ, ñâèíöîâûé ýêâèâàëåíò.

Objective: Quantitative comparison of x-ray protective
characteristics for composite materials based on lead and
nonleaded fillers that are used for medical x-ray protective articles
manufacturing.

Material and Methods: Procedure for computation of x-ray
attenuation coefficients was tested with the use of the material
samples, x-ray and dosimetric equipment. Then attenuation
coefficient values depending on the x-ray tube voltage within the
range of 30�150 kV were computed for three materials containing
the fillers of various kind. Lead, mixture of rare-earth oxides and
mixture of tungsten carbide with zirconium oxide were inves-
tigated as fillers. X-ray tube voltage dependence on attenuation
coefficient and lead equivalent were drawn.

Results: Distribution of the places on diminution of protective
properties among the materials depended on x-ray tube voltage.
Attenuation coefficient of the materials fell sharply at voltage
increaså. A simple comparison of various materials was possible
only on noncrossing parts of voltage dependence of specific at-
tenuation coefficient. Taking into account secondary radiation the
use of protective means having in low-energy range attenuation
coefficient more than ~103 was inexpedient. In order to compare
the properties of materials containing fillers of various kind for
the choice of protective material it should attract the reasons of
functional expediency.

Conclusion: X-ray tube anode voltage dependence of specific
attenuation coefficient is a significant index for comparison of x-
ray protective materials of various kinds. Monotony of this depen-
dence graph over the range of operational voltage is the necessary
condition of material convenience for protective means. Indication
of lead equivalent is uninformative as applied to nonleaded ma-
terials.

Key words: õ-ray protective composite materials, nonleaded
fillers, specific attenuation coefficient, lead equivalent
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Ìåòîäèêà äîñë³äæåííÿ

Äîñë³äæåííÿ ìàëî ðîçðàõóíêîâî-åêñïåðèìåíòàëüíèé
õàðàêòåð. Íà ïåðøîìó åòàï³ òåñòóâàëè ìåòîäèêó îá÷èñ-
ëåííÿ êîåô³ö³ºíò³â îñëàáëåííÿ ìàòåð³àë³â øëÿõîì
ïîð³âíÿííÿ ðåçóëüòàò³â ðîçðàõóíê³â ³ç ðåçóëüòàòàìè
àïàðàòóðíèõ âèì³ðþâàíü. Ìåòîäèêà ðîçðàõóíêó äîçâî-
ëÿº çâàæàòè íà ðåàëüí³ ñïåêòðàëüí³ õàðàêòåðèñòèêè
äæåðåëà ³êñ-ïðîì³ííÿ � â í³é íå âèêîðèñòîâóºòüñÿ
ïîíÿòòÿ åôåêòèâíî¿ åíåðã³¿ ïðîì³ííÿ. Òåñòóâàííÿ ïðî-
âîäèëè íà ìîíîåíåðãåòè÷íèõ ³çîòîïíèõ äæåðåëàõ òà
³êñ-ïðîìåíåâèõ òðóáêàõ ³ç âàð³þâàííÿì íàïðóãè
20�150 êÂ çà äîïîìîãîþ çðàçê³â ìàòåð³àë³â ïðîñòîãî òà
ñêëàäíîãî õåì³÷íîãî ñêëàäó ç â³äîìèìè åëåìåíòíèì
ñêëàäîì ³ ãóñòèíîþ. Äåòàë³ ïðîöåñó òåñòóâàííÿ íå íà-
âîäèìî ÿê íåñóòòºâ³ äëÿ ìåòè ö³º¿ ðîáîòè. Âò³ì âàæëè-
âî, ùî â äîñòóïíîìó äëÿ ðåàëüíèõ âèì³ðþâàíü ä³àïàçîí³
êîåô³ö³ºíò³â îñëàáëåííÿ Ê

îñë.
=1�200 ìàêñèìàëüíà

ðîçá³æí³ñòü ì³æ ¿õ ðîçðàõîâàíèìè é âèì³ðÿíèìè çíà÷åí-
íÿìè äëÿ çðàçê³â ³ç ð³çíèì åëåìåíòíèì ñêëàäîì íå ïå-
ðåâèùóâàëà 10% â óñüîìó ä³àïàçîí³ ðîçãëÿíóòèõ íàïðóã.
Íà äðóãîìó åòàï³ ðîçðàõîâóâàëè êîåô³ö³ºíòè îñëàá-

ëåííÿ ³êñ-ïðîì³ííÿ â ãåîìåòð³¿ âóçüêîãî ñòðóìåíÿ äëÿ
êîìïîçèö³éíèõ ìàòåð³àë³â ç òðüîìà òèïàìè íàïîâíþ-
âà÷³â. ßê íàïîâíþâà÷³ ðîçãëÿäàëè ñâèíåöü ìåòàëåâèé
(ÑÂ); ñóì³ø îêñèä³â ð³äê³ñíîçåìåëüíèõ åëåìåíò³â, öåð³-
ºâó ôðàêö³þ � îêñèäè ëàíòàíó, öåð³þ, íåîäèìó, ïðà-
çåîäèìó (ÐÇÎ); ñóì³ø êàðá³äó âîëüôðàìó é ä³îêñèäó
öèðêîí³þ (ÂÖ). Äîñë³äæóâàâñÿ ä³àïàçîí íàïðóã
30�150 êÂ ÿê íàéâàæëèâ³øèé ³ç ïðàêòè÷íîãî ïîãëÿ-
äó � â³í îõîïëþº ïåðåâàæíó á³ëüø³ñòü ðåíòãåíîä³àãíî-
ñòè÷íèõ ïðîöåäóð, â³ä ñòîìàòîëîã³¿ äî òîìîãðàô³¿. Ùîá
îäåðæàòè ÿê³ñíó êàðòèíó ç³ñòàâëåííÿ çàõèñíèõ âëàñòè-
âîñòåé, áóëî ïðèéíÿòî, ùî 1) âñ³ ìàòåð³àëè âèãîòîâëåí³
íà îñíîâ³ ïîë³â³í³ëõëîðèäíî¿ ìàòðèö³, â ÿêó ââåäåíî
60% ðåíòãåíîïîãëèíàþ÷îãî íàïîâíþâà÷à; 2) âñ³ çðàç-
êè ìàþòü îäíàêîâ³ òîâùèíó (2,7 ìì) ³ ãóñòèíó
(2,1 ã/ñì3), òîáòî îäíàêîâó ìàñîâó òîâùèíó 0,567 ã/ñì3.
Ñïåêòðè âèïðîì³íåííÿ ³êñ-ïðîìåíåâî¿ òðóáêè äëÿ
ð³çíèõ àíîäíèõ íàïðóã áóëè âçÿò³ ç äîâ³äíèêà [5].
Äëÿ çðàçê³â óñ³õ òèï³â íàïîâíþâà÷à çà äîïîìîãîþ îäåð-

æàíèõ çíà÷åíü êîåô³ö³ºíò³â îñëàáëåííÿ ðîçðàõîâóâàëè
ñâèíöåâ³ åêâ³âàëåíòè ïðè â³äïîâ³äí³é íàïðóç³ íà ïðîìå-
íåâ³é òðóáö³. Çà ðåçóëüòàòàìè ðîçðàõóíê³â áóëî ïîáóäî-
âàíî äâà òèïè çàëåæíîñòåé: Ê

îñë.
(U

a
) ³ S

åêâ.
(U

a
), ÿê³ ç ð³çíèõ

áîê³â õàðàêòåðèçóþòü ôóíêö³îíàëüí³ âëàñòèâîñò³ ðåíò-
ãåíîçàõèñíèõ ìàòåð³àë³â. Çàëåæí³ñòü S

åêâ. 
(U

a
) äëÿ ñâèí-

öåâì³ñíîãî ìàòåð³àëó º, êð³ì òîãî, äîäàòêîâèì òåñòîì:
ÿêùî âñ³ ðîçðàõóíêè âèêîíàí³ ïðàâèëüíî, âîíà ãðàô³÷-
íî ìàº áóòè áëèçüêîþ äî ïðÿìî¿ ãîðèçîíòàëüíî¿ ë³í³¿.
Ðîçãëÿíóò³ â ö³é ðîáîò³ çðàçêè º ðåàëüíèìè ìàòåð³à-

ëàìè, â ÿêèõ äëÿ íàî÷íîñò³ ïðèéíÿò³ îäíàêîâ³ ãóñòèíà
òà òîâùèíà. Ôàêòè÷íî ïðè òàêîìó ï³äõîä³ îö³íþþòüñÿ
é ïîð³âíþþòüñÿ ïèòîì³ ìàñîâ³ êîåô³ö³ºíòè îñëàáëåííÿ
³êñ-ïðîì³ííÿ çàçíà÷åíèìè ìàòåð³àëàìè ïðè ð³çí³é íà-
ïðóç³ íà ³êñ-ïðîìåíåâ³é òðóáö³.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Àíàë³ç ðåçóëüòàò³â ðîçðàõóíê³â ñâèíöåâîãî
åêâ³âàëåíòà â 1-ìó é 3-ìó ðÿäêàõ òàáë. 2 äëÿ
çðàçêà ç³ ñâèíöåâèì íàïîâíþâà÷åì ñâ³ä÷èòü,
ùî â³äõèëåííÿ â³ä íîì³íàëüíîãî çíà÷åííÿ
ñâèíöåâîãî åêâ³âàëåíòà ñâ

íîìåêâS
..
 (ìì) íå ïåðå-

âèùóº 1,6%. Îñòàíí³é äëÿ äàíîãî çðàçêà âè-
çíà÷àºòüñÿ, ÿê
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åêâ

ÏÂÕ

åêâ

ñâ

ñâ

íîìåêâ SS
pd

S
....

301.0
100

+=+
⋅

⋅⋅=
ρ

ρ

äå d � òîâùèíà çðàçêà (ìì); r � ãóñòèíà
çðàçêà (ã/ñì3); r

ñâ
 � ãóñòèíà ìåòàëåâîãî ñâèí-

öþ (11,3 ã/ñì3); ð � â³äñîòêîâèé (ùîäî ìàñè)
âì³ñò ñâèíöþ ó çðàçêó; ÏÂÕ

åêâS
.
 (ìì) � ñâèíöå-

âèé åêâ³âàëåíò ïîë³â³í³ëõëîðèäíî¿ ìàòðèö³ â
êîìïîçèö³éíîìó ìàòåð³àë³ (ìàñîâà òîâùèíà
ÏÂÕ d

m
= 0,567 ã/ñì2  ́0,4 = 0,227 ã/ñì2).

Äëÿ íàî÷íîñò³ íà ðèñ. 1 ³ 2 çîáðàæåí³ ãðàô³êè
çàëåæíîñò³ â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é
òðóáö³ â³äïîâ³äíî äî êîåô³ö³ºíòà îñëàáëåííÿ
é ñâèíöåâîãî åêâ³âàëåíòà äëÿ òðüîõ ðîçãëÿíó-
òèõ ìàòåð³àë³â.
ßê ìîæíà ïîáà÷èòè ç òàáëèöü ³ ãðàô³ê³â,

ðîçïîä³ë ó ïîðÿäêó çìåíøåííÿ çàõèñíèõ âëà-
ñòèâîñòåé ì³æ ðîçãëÿíóòèìè ìàòåð³àëàìè çà-
ëåæèòü â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é òðóáö³.
Â ä³àïàçîí³ íàïðóã 30�65 êÂ ìàòåð³àëè ðîç-
òàøîâàí³ òàê: ÑÂ, ÂÖ, ÐÇÎ; â ä³àïàçîí³
65�80 êÂ � ÑÂ, ÐÇÎ, ÂÖ ³ â ä³àïàçîí³
80�150 êÂ � ÐÇÎ, ÑÂ, ÂÖ.
Íàéâàæëèâ³øà ôóíêö³ÿ áóäü-ÿêèõ çàñîá³â

çàõèñòó � çíèæåííÿ åêñïîçèö³éíî¿ ïîòóæ-
íîñò³ äîçè ³êñ-ïðîì³ííÿ, ùî ä³º íà îá�ºêò çà-
õèùåííÿ. Îñê³ëüêè â ö³é ðîáîò³ ïîð³âíþþòü-
ñÿ ð³çí³ ìàòåð³àëè, à íå çàñîáè çàõèñòó ÿê âè-
ðîáè, ïðèïóñêàºòüñÿ, ùî ³íø³ óìîâè, ÿê³ âïëè-
âàþòü íà âåëè÷èíó ïîòóæíîñò³ äîçè çà çàõè-
ñòîì (ïîêð³é ³ âàãà ðåíòãåíîçàõèñíîãî îäÿãó,
êîíñòðóêö³ÿ ³ ìàñîâà òîâùèíà øèðì òà ³í.),
³äåíòè÷í³. Â öüîìó âèïàäêó ÿê³ñòü çàõèñòó
ìîæå áóòè îõàðàêòåðèçîâàíà ºäèíèì ïàðàìåò-
ðîì � êîåô³ö³ºíòîì îñëàáëåííÿ ³êñ-ïðîì³ííÿ.
Êîåô³ö³ºíò îñëàáëåííÿ ³êñ-ïðîì³ííÿ ð³çêî

ïàäàº ïðè ï³äâèùåíí³ íàïðóãè íà ³êñ-ïðîìå-
íåâ³é òðóáö³. Äëÿ ñâèíöåâì³ñíîãî ìàòåð³àëó â³í
çì³íþºòüñÿ íà ïîíàä 5 ïîðÿäê³â ïðè çá³ëü-
øåíí³ íàïðóãè ç 30 äî 150 êÂ (òàáë. 1 ³ ðèñ. 1),
äëÿ ÐÇÎ-ìàòåð³àëó � ó ïîíàä 60 ðàç³â, äëÿ
ÂÖ-ìàòåð³àëó � ìàéæå íà 4 ïîðÿäêè. Äëÿ
âñ³õ ðîçãëÿíóòèõ ìàòåð³àë³â êîåô³ö³ºíò îñëàá-
ëåííÿ çíèæóºòüñÿ ìîíîòîííî. Âèá³ð âåëè÷è-
íè êîåô³ö³ºíòà îñëàáëåííÿ íà åòàï³ ïðîåêòó-
âàííÿ çàñîá³â çàõèñòó çä³éñíþºòüñÿ äëÿ ìàê-
ñèìàëüíî¿ íàïðóãè íà ³êñ-ïðîìåíåâ³é òðóáö³,
ïðè ÿê³é ïëàíóºòüñÿ ¿õ âèêîðèñòàííÿ
(ÿê ïðàâèëî, 100�125 êÂ). Äëÿ ðîçãëÿíóòèõ
ìàòåð³àë³â òàêèé ï³äõ³ä àâòîìàòè÷íî çàáåçïå-
÷óº çá³ëüøåííÿ êîåô³ö³ºíòà îñëàáëåííÿ,

.

.

.

, ,. . . .
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à îòæå, é «äîäàòêîâå» çíèæåííÿ ïîòóæíîñò³
äîçè ïðè ïåðåì³ùåíí³ ë³â³øå ïî îñ³ íàïðóã.
Ñàìå ìîíîòîíí³ñòü ãðàô³ê³â (ðèñ. 1) çàáåçïå-
÷óº òàêó ìîæëèâ³ñòü.
Ó ìåäè÷í³é ðåíòãåíîëîã³¿ ïðèéíÿòî õàðàêòå-

ðèçóâàòè îñëàáëþâàëüí³ âëàñòèâîñò³ çàõèñíèõ
ìàòåð³àë³â îïîñåðåäêîâàíî, øëÿõîì ïîçíà÷åí-
íÿ ¿õ ñâèíöåâîãî åêâ³âàëåíòà. Ïîêè àáñîëþò-
íà á³ëüø³ñòü ìåäè÷íèõ ðåíòãåíîçàõèñíèõ ìà-
òåð³àë³â âèãîòîâëÿëàñÿ íà îñíîâ³ ñâèíöþ, öå
áóëî âåëüìè çðó÷íèì ³ íå ìîãëî ïðèâîäèòè äî
íåïîðîçóì³íü ï³ä ÷àñ ³íòåðïðåòàö³¿ ðåçóëüòàò³â
âèçíà÷åííÿ çàõèñíèõ âëàñòèâîñòåé ïðè ð³çíèõ
íàïðóãàõ. Ïðîòå äëÿ çàõèñíèõ ìàòåð³àë³â ç
àëüòåðíàòèâíèìè íàïîâíþâà÷àìè îïèñ ó òàêèé
ñïîñ³á ìàº î÷åâèäí³ âàäè. Ãðàô³êè íà ðèñ. 2
íàî÷íî ³ëþñòðóþòü öå: ñâèíöåâèé åêâ³âàëåíò
ìàòåð³àë³â ç àëüòåðíàòèâíèìè íàïîâíþâà÷àìè
³ñòîòíî çì³íþºòüñÿ ïðè âàð³þâàíí³ íàïðóãè,
õî÷à âèìîãà «íåçìåíøåííÿ» çàõèñíèõ âëàñòè-
âîñòåé ïðè çíèæåíí³ íàïðóãè íà ³êñ-ïðîìå-
íåâ³é òðóáö³ íåóõèëüíî âèêîíóºòüñÿ (ðèñ. 1).
Ïîð³âíÿííÿ ÷èñëîâèõ çíà÷åíü êîåô³ö³ºíò³â

îñëàáëåííÿ â òàáë.1 (äèâ. òàêîæ ðèñ. 1) äåìîí-

ñòðóº äåÿêó ïåðåâàãó ÐÇÎ-ìàòåð³àë³â ïðè
íàïðóãàõ íà òðóáö³ ïîíàä 80 êÂ. Êðèâà îñëàá-
ëåííÿ ÂÖ-ìàòåð³àë³â ïîâí³ñòþ çíàõîäèòüñÿ
äåùî íèæ÷å êðèâî¿ äëÿ ñâèíöåâì³ñíèõ ìàòå-
ð³àë³â ³ ìàéæå åêâ³äèñòàíòíà äî íå¿. Ïðè íà-
ïðóç³ íà òðóáö³ ìåíøå 80 êÂ ÑÂ-ìàòåð³àëè
ìàþòü, íà ïåðøèé ïîãëÿä, âåëèêó ïåðåâàãó
ïåðåä ÐÇÎ- ³ ÂÖ-ìàòåð³àëàìè. Íàñïðàâä³ æ
öå íå òàê îäíîçíà÷íî. Ùîá çðîçóì³òè ÷îìó,
çãàäàºìî ïðî çàñîáè çàõèñòó, äëÿ ñòâîðåííÿ
ÿêèõ âëàñíå é ïðèçíà÷åí³ ö³ ìàòåð³àëè, à òàêîæ
ïåâí³ îñîáëèâîñò³ ïðàêòè÷íîãî çàñòîñóâàííÿ.
Ïî-ïåðøå, ðåàëüíèé ðàä³àö³éíèé ñòàí ó ðåíò-
ãåíêàá³íåò³ âèçíà÷àºòüñÿ íå ëèøå ïðÿìèì
ñòðóìåíåì ³êñ-ïðîìåíåâî¿ òðóáêè, à é âòîðèí-
íèì (ðîçñ³ÿíèì ³ â³äáèòèì) ïðîì³ííÿì, ùî
ñòâîðþº óìîâíî-³çîòðîïíèé ôîí, ïîòóæí³ñòü
äîçè ÿêîãî â çàëåæíîñò³ â³ä îáñòàâèí ìîæå
ñêëàäàòè â³ä äåñÿòèõ ÷àñòîê äî 1�2% ïîòóæ-
íîñò³ äîçè ïðÿìîãî ñòðóìåíÿ. Ïî-äðóãå, ñë³ä
ìàòè íà óâàç³, ùî í³ ðåíòãåíîëîãà, í³ ïàö³ºí-
òà, ÿê³ ïåðåáóâàþòü ïîáëèçó ïðàöþþ÷îãî
ðåíòãåíàïàðàòà, íåìîæëèâî «óïàêóâàòè» â
çàõèñíèé ìàòåð³àë ïîâí³ñòþ � ðåàëüí³ çàñîáè

,

Òàáëèöÿ 1 � Çàëåæí³ñòü êîåô³ö³ºíòà îñëàáëåííÿ çðàçê³â ³ç ð³çíèìè íàïîâíþâà÷àìè
â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é òðóáö³

Dependence of attenuation coefficients of samples with different fillers on the voltage of x-ray tube

Òàáëèöÿ 2 � Çàëåæí³ñòü ñâèíöåâîãî åêâ³âàëåíòà (ìì) çðàçêà ç³ ñâèíöåâèì íàïîâíþâà÷åì
â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é òðóáö³

Dependence of lead equivalent (mm) of the sample with lead fillers on the voltage of x-ray tube

Òàáëèöÿ 3 � Çàëåæí³ñòü ñâèíöåâîãî åêâ³âàëåíòà (ìì) çðàçê³â ³ç ð³çíèìè íàïîâíþâà÷àìè
â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é òðóáö³

Dependence of lead equivalent (mm) of the sample with different fillers on the voltage of x-ray tube
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çàõèñòó, áóäü öå îäÿã ÷è åêðàíè, íå çàáåçïå-
÷óþòü ïîâíî¿ ïðîñòîðîâî¿ ³çîëÿö³¿ â³ä íàâêî-
ëèøíüîãî ñåðåäîâèùà îá�ºêòà, ÿêèé ï³äëÿãàº
çàõèñòó.
Çðîáèìî ÷èñëîâó îö³íêó. Â³äîìà íàáëèæåíà

ôîðìóëà äëÿ êîåô³ö³ºíòà îñëàáëåííÿ çàõèñòó
ç îòâîðàìè

Ê
îñë.
 » À / À

î
 ,

äå À � çàãàëüíà ïëîùà çàõèñòó; À
î
 � ïëî-

ùà îòâîð³â, äîçâîëÿº îö³íèòè âíåñîê âòîðèí-
íîãî âèïðîì³íåííÿ äî ïîòóæíîñò³ äîçè çà çà-
õèñòîì. ßê ìîæíà ïîáà÷èòè ç ôîðìóëè, ïðè
À
î
 » (0,1�0,2)À îñëàáëåííÿ ïîòóæíîñò³

äîçè âòîðèííîãî âèïðîì³íåííÿ ñêëàäàº
Ê
îñë.
 » 5�10, ïðè÷îìó íå çàëåæèòü â³ä êîåô³-

ö³ºíòà îñëàáëåííÿ ìàòåð³àëó çàõèñòó. Âðàõî-
âóþ÷è, ùî ïîòóæí³ñòü äîçè âòîðèííîãî âè-
ïðîì³íåííÿ ñêëàäàº áëèçüêî 1% â³ä ïîòóæ-
íîñò³ äîçè ïðÿìîãî ñòðóìåíÿ, â ïåðøîìó
íàáëèæåíí³ ìîæíà ââàæàòè, ùî íåçàëåæíî â³ä
êîåô³ö³ºíòà îñëàáëåííÿ ìàòåð³àëó çàõèñíîãî

îäÿãó àáî åêðàíà, ïîòóæí³ñòü äîçè âòîðèííîãî
âèïðîì³íåííÿ çà çàõèñòîì áóäå ñêëàäàòè
áëèçüêî 0,1% ïîòóæíîñò³ äîçè ïåðâèííîãî
ñòðóìåíÿ.
Ïðàêòè÷íî öå îçíà÷àº íåäîö³ëüí³ñòü âèêî-

ðèñòàííÿ äëÿ çàõèñòó â³ä ïðÿìîãî ñòðóìåíÿ
ïðîì³ííÿ ìàòåð³àë³â ³ç êîåô³ö³ºíòîì îñëàáëåí-
íÿ ïîíàä 1000. Òî÷í³øå, âèêîðèñòîâóâàòè
ìàòåð³àëè ç á³ëüøèì êîåô³ö³ºíòîì îñëàáëåí-
íÿ òåõí³÷íî âèïðàâäàíî ëèøå çà óìîâè ð³çêî-
ãî çá³ëüøåííÿ â³äíîøåííÿ À/À

î
. Òîìó ïåðå-

âàãà ñâèíöåâì³ñíèõ ìàòåð³àë³â ïðè íèçüêèõ
íàïðóãàõ, ùî âèäàºòüñÿ äóæå âåëèêîþ (êîå-
ô³ö³ºíò îñëàáëåííÿ äî ~106 ïðîòè ~104 äëÿ
ÂÖ-ìàòåð³àë³â ³ ~300 äëÿ ÐÇÎ-ìàòåð³àë³â ó
íàøîìó âèïàäêó), º ôîðìàëüíîþ àáî, â óñÿ-
êîìó ðàç³, òàêîþ, ùî ïðèíöèïîâî íåìîæëèâî
ðåàë³çóâàòè ïðè ïðîåêòóâàíí³ ðåàëüíèõ çðàçê³â
³íäèâ³äóàëüíèõ ³ ëîêàëüíèõ çàñîá³â çàõèñòó.
Àíàë³ç ê³ëüê³ñíèõ õàðàêòåðèñòèê îñëàáëåííÿ

³êñ-ïðîì³ííÿ ðîçãëÿíóòèìè ìàòåð³àëàìè ç óðà-

Ðèñ. 1 � Ãðàô³êè çàëåæíîñò³ êîåô³ö³ºíòà îñëàáëåííÿ ³êñ-ïðî-
ì³ííÿ ð³çíèìè ìàòåð³àëàìè â³ä íàïðóãè íà àíîä³ ³êñ-ïðîìåíå-
âî¿ òðóáêè (ÑÂ � ìåòàëåâèé ñâèíåöü, ÐÇÎ � ñóì³ø îêñèä³â
ð³äê³ñíîçåìåëüíèõ åëåìåíò³â, ÂÖ � ñóì³ø êàðá³äó âîëüôðàìó
òà ä³îêñèäó öèðêîí³þ)

Fig. 1 � Dependence of x-ray attention coefficients with dif-
ferent materials and anode voltage of x-ray tube(ÑÂ � metal lead,
ÐÇÎ � mixture of oxides of rare earth elements, ÂÖ � mixture
of tungsten carbide and circonium dioxide)

Ðèñ. 2 � Ãðàô³êè çàëåæíîñò³ ñâèíöåâîãî åêâ³âàëåíòà ð³çíèõ
ìàòåð³àë³â â³ä íàïðóãè íà àíîä³ ³êñ-ïðîìåíåâî¿ òðóáêè (ïîçíà÷-
êè ò³ æ, ùî íà ðèñ. 1)

Fig. 2 � Dependence of lead equivalent of different materials
and anode voltage of x-ray tube (figure captions: see Fig. 1)
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õóâàííÿì âèùåíàâåäåíèõ ì³ðêóâàíü äåìîí-
ñòðóº â³äì³ííîñò³ ìåòîäè÷íèõ ï³äõîä³â äî ïî-
ð³âíÿííÿ ìàòåð³àë³â íà îñíîâ³ îäíîãî íàïîâíþ-
âà÷à ³ ïîð³âíÿííÿ ìàòåð³àë³â ³ç ð³çíèìè òèïà-
ìè íàïîâíþâà÷³â. Ó äðóãîìó âèïàäêó äëÿ
îäåðæàííÿ ïîð³âíÿëüíèõ ðåçóëüòàò³â äîâî-
äèòüñÿ çàñòîñîâóâàòè êðèòåð³é ïîð³âíÿííÿ, ùî
ñïèðàºòüñÿ íà óÿâëåííÿ ïðî ìåòó ôóíêö³îíó-
âàííÿ ìàéáóòíüîãî âèðîáó ç òîãî ÷è ³íøîãî
ìàòåð³àëó ³ âèõîäèòü çà ìåæ³ ñóòî ìàòåð³àëî-
çíàâ÷èõ õàðàêòåðèñòèê. Ôàêòè÷íî, êîëè ðå-
çóëüòàòîì ïîð³âíÿííÿ ìàº áóòè âèá³ð îäíîãî
ç ê³ëüêîõ ìàòåð³àë³â, äîâîäèòüñÿ áàëàíñóâàòè
ì³æ ïðèíöèïàìè âèïðàâäàíîñò³ é îïòèì³çàö³¿
[6], âðàõîâóþ÷è âîäíî÷àñ ì³í³ì³çàö³þ ïîòóæ-
íîñò³ äîçè, ùî ä³º íà îá�ºêò çàõèñòó, ñàí³òàð-
íî-ã³ã³ºí³÷í³, âàãîâ³ òà âàðò³ñí³ õàðàêòåðèñòèêè
çàñîá³â çàõèñòó äëÿ äîñÿãíåííÿ ïðèéíÿòíîãî
êîìïðîì³ñó.
Â³äçíà÷èìî, ùî äëÿ âèïàäêó çàñòîñóâàííÿ

ð³çíèõ ìàòåð³àë³â íà îñíîâ³ îäíîãî íàïîâíþ-
âà÷à ï³äõ³ä äî ¿õ ïîð³âíÿííÿ, ïî ñóò³, îäíàêî-
âèé, ïðîòå ÷åðåç ÿê³ñíó íåçì³íí³ñòü çàëåæíîñò³
Ê
îñë. 
(U

a
) êðèòåð³é ïîð³âíÿííÿ ³ñòîòíî ñïðî-

ùóºòüñÿ äî ñóòî ìàòåð³àëîçíàâ÷î¿ õàðàêòåðè-
ñòèêè � ê³ëüê³ñíîãî çíà÷åííÿ ïèòîìîãî êîå-
ô³ö³ºíòà îñëàáëåííÿ (àáî ñâèíöåâîãî åêâ³âà-
ëåíòà) ïðè çàäàí³é íàïðóç³. Â äåÿêèõ âèïàä-
êàõ òà äëÿ ìàòåð³àë³â íà áàç³ ð³çíèõ íàïîâíþ-
âà÷³â ìîæíà âèêîðèñòîâóâàòè ëèøå öþ õàðàê-
òåðèñòèêó. Àëå äëÿ öüîãî ïîòð³áíî, ùîá ä³à-
ïàçîí íàïðóã åêñïëóàòàö³¿ âèðîá³â äàíîãî êëà-
ñó çá³ãàâñÿ ç ðîçòàøîâàíèìè ïîðÿä ä³ëÿíêà-
ìè çàëåæíîñòåé Ê

îñë. 
(U

a
) äëÿ ïîð³âíþâàíèõ

ìàòåð³àë³â.

Âèñíîâêè

1. Ðîçïîä³ë ó ïîðÿäêó çìåíøåííÿ çàõèñíèõ
âëàñòèâîñòåé ñåðåä ðîçãëÿíóòèõ ìàòåð³àë³â
çàëåæèòü â³ä íàïðóãè íà ³êñ-ïðîìåíåâ³é
òðóáö³. Ó ä³àïàçîí³ íàïðóã 30�65 êÂ ìàòåð³-
àëè ðîçòàøîâàí³ òàê: ÑÂ, ÂÖ, ÐÇÎ; â ä³àïà-
çîí³ 65�80 êÂ � ÑÂ, ÐÇÎ, ÂÖ; â ä³àïàçîí³
80�150 êÂ � ÐÇÎ, ÑÂ, ÂÖ.
2. Çíà÷óùèì ïîêàçíèêîì äëÿ ïîð³âíÿííÿ

ðåíòãåíîçàõèñíèõ ìàòåð³àë³â ð³çíèõ òèï³â º çà-
ëåæí³ñòü ïèòîìîãî êîåô³ö³ºíòà îñëàáëåííÿ
(â³äíîøåííÿ êîåô³ö³ºíòà îñëàáëåííÿ ìàòåð³-
àëó â ãåîìåòð³¿ âóçüêîãî ñòðóìåíÿ äî éîãî ìà-
ñîâî¿ òîâùèíè) â³ä àíîäíî¿ íàïðóãè íà ³êñ-

ïðîìåíåâ³é òðóáö³. Òðàäèö³éíèé ñïîñ³á îïè-
ñó çàõèñíèõ ìàòåð³àë³â çà äîïîìîãîþ ¿õ ñâèí-
öåâîãî åêâ³âàëåíòà ìàëî³íôîðìàòèâíèé ñòî-
ñîâíî áåçñâèíöåâèõ ìàòåð³àë³â. ßêùî âèêîðè-
ñòàííÿ ïîíÿòòÿ ñâèíöåâîãî åêâ³âàëåíòà çà ÿêè-
õîñü îáñòàâèí íåìèíó÷å, îáîâ�ÿçêîâî ïî-
òð³áíî, êð³ì íüîãî, çàçíà÷èòè é àíîäíó íàïðó-
ãó, ïðè ÿê³é âèçíà÷àâñÿ ñâèíöåâèé åêâ³âàëåíò.
3. Íîðìóâàííÿ çàõèñíèõ õàðàêòåðèñòèê

ðåíòãåíîçàõèñíèõ ìàòåð³àë³â ïðè ìàêñèìàëüí³é
åêñïëóàòàö³éí³é íàïðóç³ âèïðàâäàíå çà óìîâè
òàêîãî âèáîðó ìàòåð³àëó, ïðè ÿêîìó àâòîìà-
òè÷íî çàáåçïå÷óºòüñÿ çá³ëüøåííÿ êîåô³ö³ºí-
òà îñëàáëåííÿ ìàòåð³àëó ïðè çíèæåíí³ íàïðóãè
íà ³êñ-ïðîìåíåâ³é òðóáö³.
4. Äëÿ ïîð³âíÿííÿ ìàòåð³àë³â íà îñíîâ³

ð³çíèõ òèï³â íàïîâíþâà÷³â ó çàãàëüíîìó âèïàä-
êó ïîòð³áíèé êîìïëåêñíèé êðèòåð³é, ùî â³äáè-
âàº â òîìó ÷èñë³ ôóíêö³îíàëüíå ïðèçíà÷åííÿ
³, éìîâ³ðíî, äåÿê³ êîíñòðóêòèâí³ îñîáëèâîñò³
âèðîá³â, äëÿ âèãîòîâëåííÿ ÿêèõ âîíè ïðèçíà-
÷åí³. Â îêðåìèõ âèïàäêàõ àáî çà ïåâíèõ óìîâ
ÿê êðèòåð³é äëÿ ïîð³âíÿííÿ ìîæíà âèêîðèñ-
òîâóâàòè ìàòåð³àëîçíàâ÷ó õàðàêòåðèñòèêó �
ïèòîìèé êîåô³ö³ºíò îñëàáëåííÿ ïðè çàäàí³é
àíîäí³é íàïðóç³ íà ³êñ-ïðîìåíåâ³é òðóáö³.
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