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Proton radiotherapy beams produce non-negligible number of secondary
heavy charged particles, which contribute to the dose in a patient. The contribution
of secondary particles with high linear energy transfer (LET) to dosimetric quanti-
ties of proton beam has been experimentally studied.

The method of the LET spectra measurement with a track etch spectrometer
permits to determine the contribution of secondàry particles to the dosimetric
quantities of the therapeutic proton beams, absorbed dose and equivalent dose. A
spectrometer of the LET was used to obtain the spectra of LET in a proton beam
with the primary energy of 200 MeV. The beam of 80 MeV protons has been ob-
tained by the slowing down primary protons in water, it should be therefore more
contaminated by lower energy neutrons.

If the relative contribution of secondary heàvy particles to absorbed dose does
not exceed 1�2%, their contribution to equivalent dose may reàch up to 20% for
proton beams and undoubtedly must be taken into account during beam produc-
tion and using.

The investigation has been performed at the Laboratory of Nuclear Problems,
JINR.
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Èçó÷åíèå âêëàäà âòîðè÷íûõ òÿæåëûõ çàðÿæåííûõ ÷àñòèö
â äîçèìåòðè÷åñêèå õàðàêòåðèñòèêè ðàäèîòåðàïåâòè÷åñêèõ
ïðîòîííûõ ïó÷êîâ ñ ïîìîùüþ òðåêîâûõ äåòåêòîðîâ

Â òåðàïåâòè÷åñêèõ ïðîòîííûõ ïó÷êàõ îáðàçóþòñÿ âòîðè÷íûå òÿæåëûå çà-
ðÿæåííûå ÷àñòèöû, êîòîðûå âíîñÿò âêëàä â äîçó îáëó÷åíèÿ ïàöèåíòà. Â äàí-
íîé ðàáîòå ýêñïåðèìåíòàëüíî èçó÷àëñÿ âêëàä âòîðè÷íûõ ÷àñòèö ñ âûñîêèì
çíà÷åíèåì ëèíåéíîé ïåðåäà÷è ýíåðãèè (ËÏÝ) â äîçèìåòðè÷åñêèå õàðàêòåðèñ-
òèêè ïðîòîííûõ ïó÷êîâ.

Ìåòîä èçìåðåíèÿ ËÏÝ ñ èñïîëüçîâàíèåì òðåêîâûõ ñïåêòðîìåòðè÷åñêèõ
äåòåêòîðîâ ïîçâîëÿåò îïðåäåëèòü âêëàä âòîðè÷íûõ ÷àñòèö â äîçèìåòðè÷åñêèå
õàðàêòåðèñòèêè ïðîòîííûõ ïó÷êîâ � ïîãëîùåííóþ äîçó è ýêâèâàëåíòíóþ
ËÏÝ â ïðîòîííîì ïó÷êå ñ ýíåðãèåé 200 ÌýÂ. Ïó÷îê ïðîòîíîâ ñ ýíåðãèåé
80 ÌýÂ ôîðìèðóåòñÿ â ðåçóëüòàòå çàìåäëåíèÿ ïåðâè÷íîãî ïó÷êà â âîäå, â ðå-
çóëüòàòå ÷åãî ñîäåðæèò áîëüøîå ÷èñëî âòîðè÷íûõ íèçêîýíåðãåòè÷åñêèõ íåé-
òðîíîâ.

Åñëè îòíîñèòåëüíûé âêëàä âòîðè÷íûõ ÷àñòèö â ïîãëîùåííóþ äîçó íå ïðå-
âûøàåò 1�2%, òî èõ âêëàä â ýêâèâàëåíòíóþ äîçó äëÿ ïðîòîííûõ ïó÷êîâ ìî-
æåò äîñòèãàòü 20%, ÷òî íåñîìíåííî äîëæíî ó÷èòûâàòüñÿ ïðè ôîðìèðîâàíèè è
èñïîëüçîâàíèè ïó÷êîâ.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì ÎÈßÈ.
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