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Tém tit: Nhim danh gia chinh x4c théng lugng notron trong qué trinh diéu tri tai
phong may Varian CX st dung muc nang luong 15 MV tai Bénh vién Trung uong
Quan ddi 108, nghién ciru nay dwoc thyc hién dé xac dinh phan bd thong luong
notron tai cic vi tri khac nhau trén ban diéu tri bang phuong phap kich hoat 14 do
vang. Két qua nghién ctru: théng luong notron doc theo ban diéu tri trong khoang
3,97x103 dén 2,33x10° n/cm?/s. Két qua thu duoc tir nghién ciru dugc sir dung 1am
dir liéu tinh toan liéu notron anh hudng t6i bénh nhan gitip ning cao chét luong diéu
tr1.

Tw khéa: xq tri, thong luong notron
L MO PAU

Ngay nay, viéc sit dung cac may gia téc xa tri dé diéu tri cho bénh nhan bing chum tia
electron va photon ngdy cang phd bién. Tuy nhién, khi st dung chum photon ning luong 16n hon
8 MV sé& xdy ra phan tng quang hat nhan (y,n) tao ra chum tia notron thr cap. Hién nay, nhiing
anh hudng cia birc xa notron nay t6i bénh nhan trong qua trinh xa tri van chua duoc danh gia day
du. Trén thé giéi cac nghién ctru duge tién hanh trude ddy cia tic gia (Hong Suk KIM [2]]
Najmeh Mohammadil®!, Seyed Mehdi HASHEMIM, H. Yucel® ...) thu dugc két qua: thong
lwong notron trong khu vire budng diéu tri trong khoang (1,17+0,06)x107n/cm24.

Cac may gia toc y hoc hién dai ¢6 thé diéu tri bang ca photon va electron. Néu diéu tri biang
electron, dong electron so cfip s€ dugc su dung cho diéu tri, néu bénh nhan duoc diéu tri br?mg
photon, dong electron so cip s& dugc bin vao bia dé tao birc xa ham, neutron khong mong mudn
s& duoc tao ra trong qua trinh diéu tri boi phan tng quang hat nhan (y,n) tir cac thanh phan cua
dau may gia toc (bia, bd loc phing va dng chuan truc) va cc cu trac vat liéu khac. O trang thai
diéu tri bang photon, photon v&i ning lwong cao hon ngudng xay ra phan tng (y,n) ciia cac thanh
phan vt liéu W va Pb sir dung trong ddu mday gia tdc xa tri c6 thé twong tac v6i hat nhan cia
nhitng vat liéu c6 dién tich hat nhan 16n va phét ra neutron nhanh. Néu niang lugng photon trong
phan tmg (y,n) 16n hon ning luong lién két cta neutron ngoai cung trong hat nhan nguyén ti,
ngudng nang luong lién két cua neutron E,, cO thé tinh duogc 7.41 MeV véi phan tng
W84 (y,n)W 183 va 7.19 MeV véi phan tung W18 (y,n)W 8> khi bia Tungsten dugc st dung.



Nhu vy rat nhiéu kha ning 1a nhitg neutron nay c6 thé tan xa trong phong diéu trj va t4i
dugc vi tri bénh nhan. Mot dong neutron nhé ciing ¢é thé tic dong nguy hiém téi bénh nhan boi
neutron c6 chi sb gy ra hiéu g sinh hoc cao hon photon rat nhiéu. Khi liéu photon cao hon,
khoang 50 Gy tai isocenter, mot lugng dang ké neutron duoc sinh ra tir phan (mg quang hat nhan.
Neutron nhanh sinh ra ting nhanh theo ning lugng cta photon Iam nhidm ban truong chiéu va
anh huong dén liéu diéu tri cua bénh nhan. Nhu vay viéc xac dinh duogc liéu sinh ra trong phan
mg quang hat nhan anh huéng t6i cac co quan nguy cip trong xa tri 1a viéc quan trong va c6 ¥
nghia trong thiét ké che chin, bao vé bénh nhan trong xa tri.

Hién nay dé tinh toan liéu notron trong phong mdy gia toc xa tri da c6 rat nhiéu nghién ctu
trén thé giéi duoc tién hanh, cac nghién ctru duoc chia theo hai phuong phap. Phuong phap thir
nhat 13 sir dung cac phan mém moé phong véi code tinh todan Monte Carlo dé tinh toan phan b
liéu notron, sau d6 do dac lidu notron tai mot s6 diém dé xac nhan lai két qua mo phong. Hudng
nghién ctru thir hai 14 tryc tiép do phan b lidu notron trong phong may gia toc xa tri ning luong
cao, tir d6 tinh toan phan bd notron tai toan b phong may gia toc xa tri.

Tiéu biéu cho mo6 phong phan bd notron trong phong may LINAC 14 nghién ctru ciia Hong
Suk KIM[*lva cong sy dugc thuc hién ¢ trung tdm an toan buc xa Han Quéc nam 2006, nghién
ctru duoc thue hién v6i may gia téc ciia hing Varian v6i hai mirc ning lugng photon dugc nghién
cuau la 10 MV va 15 MV. St dung cong cu m6 phong Monte Carlo MCNPX, nhom nghién ctru
da thu duge két qua: liéu notron dat cuc dai v6i truong chiéu photon 12 20x20 ¢cm 2va ning luong
notron tai isocenter ctia may gia toc 1a 0,38 MeV va 0,45 MeV tuong tmg véi hai mirc ning
lwong photon 1a 10 MV va 15 MV. Két qua tinh théng luong notron ciia nhom nghién ctru 1a
3,5x 10%n.cm™2. Gy~ va 8,7x10%n.cm™2. Gy~ twong Ung v6i hai mirc niang luong 10 MV va
15 MV.

Nam 2014, nhém nghién ctru cua H. Yucell®! va cong su di tién hanh do théng lwong notron
trong mot phantom nudc trén may gia tc Varian, ning luong 18 MeV, nghién ciru dugc thuc
hién tai trung tdm xa trji thudc trudng dai hoc Suleyman Demirel, Thé Nhy Ky. Bing phuong
phap kich hoat 14 do vang, nhom nghién ctru di tién hanh do théng luong notron véi cac truong
chiéu khac 10x10 cm?; 15x15 cm?; 20x20 cm? véi ba mirc ning lwong photon 1a 10 MV, 15 MV
va 18 MV, vi tri do 1a tai isocenter ciia may gia tde xa tri (vi tri cach bia cua may gia tde xa tri
1m). V&i trudng chiéu 20x20 cm?cm théng lugng notron do dwoc 1a (1,17+0,06)x107n/cm? trén
mdi Gy liéu photon. Liéu notron dat cuc dai tai do sdu 5cm va c6 gia tri 0,67 + 0.04 mSv/Gy.

Tai nudc ta, may gia tdc xa tri da bit dau dua vao diéu tri bénh nhan gr:?m 20 nadm, tuy nhién,
hién van chua c6 nghién ctru ndo dugce cong bd vé thong luong notron trong phong may gia toc
xa tri. Ching t61 thyc hién nghién ctu nay véi muc dich xéc dinh phan bd thong lugng notron
trong phong may gia toc xa tri. K&t qua nghién ctru dugc dua vao trong tinh liéu diéu tri va lidu
t6i cac co quan lanh cta bénh nhan, gitip nang cao hidu qua diéu tri va giam cac tac dung phu téi
bénh nhan.



II. NOI DUNG
IL.1. Poi twgng va phwong phap

May gia tdc xa tri duoc khao sat 13 Varian Model CX duoc xuét xuong va dua vao van
hanh ndm 2013 tai Bénh vién TWQD 108. May c6 thé phat 2 murc ning luong photon 6 MV, 15
MYV va 5 muc nang lugng electron 6 MeV, 9 MeV, 12 MeV, 15 MeV, 18 MeV.

Trong nghién ctru nay ching t6i st dung k¥ thuat kich hoat 14 do, day 1a mgt phuong phap
c6 do tin cdy cao dé do dong gdp cua neutron nhiét va trén nhiét trong phong gia toc diéu tri.
Trong pham vi ciia nghién ctru ndy, dong vi duoc theo ddi °”Au duoc st dung dé do théng
luong notron (neutron nhiét va trén nhiét) twong g véi mdi Gy tia X may phat ra & khoang cach
100 cm tinh tir ngudn véi may gia toc str dung nang lugng 15 MV.
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Hinh 1. So do b6 tri cac la do va ky hiéu mau kich hoat

Céc 14 do duoc bd tri doc theo truc déng tam cua ban diéu tri, khoang céch tu nguén dén
mat ban diéu tri (SSD: Source to Surface Distance) 1a 100 cm, tai mdi vi tri chiéu bao gé)m 021a
Au c6 boc va khong boc hop cadmi. B day hop boc Cadmi 1a 0.508 mm. Céc 14 do vang duogc st
dung 1a 14 do ngudng cta hang Shieldwerx (USA), cac ddc tinh phan Gmg va dac trung ky thuat
dugc thé hién ¢ bang 1 va bang 2



Bang 1. Dac tinh la do Au swr dung

Phan ung Ngudng ning luong | Tiét dién | Thoi  gian | Nang | Xac suit
phan ung phan ung ban ra luong vy | phaty
(eV) Tin (keV) | (%)

97Au(n,y)*®Au | Tat ca cic murc ning | 98.8+0.3 b 2.6943 ngay |411.8 | 95.62
lugng

97 Au(n,y)'”®Au | Cong huéng (>4.906 | 1551+13b 2.6943 ngay | 411.8 95.62
eV)

Bang 2. Ky hiéu va ddc trung ky thudt cua cdc la do Au sw dung trong thi nghiém

Foils Au( | Au(l | Au( | Au( | Au( | Au( |Au( | Au( [Au( |Au( | Au( | Au(
Tham so 2) 13) 92) | 14) | M6) [A) |B) 18) |2M) | 16) |11) |23)

b .Kinh 10 |10 10 10 10 12.7 | 12.7 | 10 10 10 10 10
(mm)
Khoi 0.2 (0.17 |0.11 |0.19 {0.11 {0.12 | 0.12 | 0.21 | O.11 | 0.17 | 0.12 | 0.17

luong(gam) | 04 |1 6 [3 |3 |4 |4 |o |8 |1 1 |4

Théng sé chiéu va thoi gian do:

Thoi gian chiéu dbi v6i cac 14 do 1a 11.6 phat, ning luong photon 15MV, trudng chiéu
30cmx30cm, suat liéu 600 MU/phit, tong lidu phat 7000 MU (70Gy), SAD 100cm.

- Thoi diém bat dau chiéu: 12h50 ngay 23 thang 11 nam 2017.
- Thoi diém nging chiéu: 13h01 ngay 23 thang 11 ndm 2017.

Trong thi nghiém nay chung toi sit dung hé phd ké gamma phén giai cao Detector HPGe
Canberra GC1520 cua Vién Hoa hoc — Mo6i truong quan su/BCHH.




Hinh 2. H¢ phé ké gamma phan gidi cao HPGe Canberra GC1520

I1.2. Két qua

Tir cac phd gamma sau khi xac dinh dién tich dinh phd va ap dung cac cong thirc tinh

thong lugng notron tong va notron nhanh thu duoc két qua thong luong notron nhu sau

Bdng 3. Két qud tinh théng lirong notron theo chiéu doc ciia ban diéu tri

T.gian dién tich ] thong ]
chieu | T.gian | T. gian dinh sai so lwgng sai so
Vi tri Lado (s) ra(s) | do(s) (cnt.) (%) | (m/cm2/s) | (%)
Isocenter | Au(B)Cd | 699,6 82 3600 828 8,19 3,97x10° | 8,76
bo T8 Au(A) 699.6 62,4 |3001,85 1306 5,08 1,19x10° | 5,91
Piém A | Au(11)Cd | 699,6 | 104340 | 7200 4436 2,77 1,49x10* | 4,17
20cm Au(23) 699,6 | 96240 | 7200 40848 0,59 1,46x10° | 3,07
Piém B | Au(B)Cd | 699,6 | 83940 | 3600 5609 1,94 3,45x10* | 3,67
30cm Au(A) 699,6 | 76200 | 3001,85 | 20264 0,87 2,32x10° | 3,14
Piém C | Au(92)Cd | 699,6 | 68700 | 7200 2149 3,9 6,77x10° | 4,99
50cm Au(16) 699,6 | 61380 | 7200 10156 1,37 3,33x10° | 331
Piém D | Au(18)Cd | 699,6 | 43680 | 7200 59414 0,45 9,60x10* | 3,15
80cm Au(13) 699,6 | 36360 | 7200 76498 0,39 2,33x10° | 3,04
PiémE | Au(2)Cd | 699,6 | 21600 | 7200 9955 1,38 1,55x10* | 3,41
120cm | Au(M) | 699,6 | 28920 | 7200 43208 0,55 1,87x10° | 3,07
PiémF | Au(14)Cd | 699,6 | 13860 | 7200 10251 1,44 1,65x10* | 3,43
160cm | Au(M6) | 699,6 | 6300 7200 17447 1,06 7,35x10° | 3,20

Dé thir nghiém che chén liéu notron khong mong mudn dugc tao ra trong qua trinh xa tri
cho bénh nhén, chung t6i thir nghiém cdu hinh che chan 1a meka va hon hop paraphin va Boron
v6i ti 18 Boron/Paraphin 1a Y. Vi tri do 1a diém A cach Isocenter 20cm theo truc y. Két qua phan

tich dugc chi trén bang 4, ti s6 suy giam notron so v&i khéng che chin duoc cho & bang 5 va

biéu do hinh 3.

Bdng 4. Két qua che chén thir nghiém notron véi meka, hon hop paraphin + Boron tai vi tri cdch
isocenter 20cm.
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e il v O B
0,5cm meka&
lecm P B Au-18 699,6 | 65530 | 5000 3853 2,84 | 1,49x10° | 4,14
0,5cm meka&
lcm P_B boc
Cd Au-16 699,6 | 22150 | 5000 2900 | 3,39| 7,74x10° 4,6
1,5cm meka&
1,5cm P B Au-23 699,6 | 32771 | 5000 3941 2,58 | 1,68x10° | 397
1,5cm meka&
1,5cm P B Au-14 699,6 | 45324 | 5000 2576 | 3,73 | 6,53x10° | 4,86

Bdng 5. Ti s6 suy gidm notron khi cé che chdn so véi khéng che chdn tai vi tri cach Isocenter 20cm.

Hg so suy giam

CAu hinh che Loai notron Thong lwong I=® che chin/ Proche chin
Notron tong 1,46x10° -

Khong che chin Notron trén nhiét 1,49x10* -

0,5cm meka&

IcmP B Notron tong 1,49x10° 0,102

0,5cm meka&

Icm P B boc Cd Notron trén nhiét 7,74x10° 0,53

1,5cm meka&

1.5cm P B Notron tong 1,68x10° 0,115

1,5cm meka&

1,5cm P B boc Cd Notron trén nhiét 6,53x10° 0,447




I Thong luong notron tong
- Thong lugng notron trén nhiét

-
o
=)

-
o
O

-
o
S

-
o
w

Thong lugng notron (n/cm2/s)

-
o
)

—
A

—_
o
©
|

Khong che chin 0.5cmmeka & IemP_B  1.5cm meka &1.5cm P B

Hinh 3. So sanh suw suy giam théng heong notron khi ¢é che chdn so véi khéng che chdn tai vi tri

cach Isocenter 20cm.

Céc két qua trén cho thiy rang su suy giam thong luong notron trén nhiét tré nén dang ké

so v6i thong luong notron tong theo chidu day cua 16p vat lidu che chan.
I1.3. Ban luan

Két qua thu duoc tir nghién ctru cho thay thong luong notron tai phong may gia toc diéu
tri 12 dang ké va can duoc tinh dén trong qua trinh tinh toan liéu diéu trj va liéu an toan véi cac co

quan lanh cua bénh nhan.

Két qua thu dugc cua mot s6 hé che chin cho théy viéc gidm liéu notron cho bénh nhén 1a

kha thi, tuy nhién hé che chin c6 kich thudc 16n va chua phu hop cho sir dung thuong quy.

Huéng nghién ctru tiép theo cua dé tai 1a thiét ké nhitng hé che chin notron tét hon dé van
dam bao kha ning giam lidu notron dong thoi kich thudce nho gon va khong 1am anh huong dén

lieu diéu tri cua bénh nhan.

1. KET LUAN



Trén thé giéi dang co nhitng nghién ctru vé truong notron ¢ khu vuc méy gia toc xa tri.
Do truong notron nay la mang tinh cu thé véi timg phong xa tri nén nghién ctru ndy can dugc
trién khai & Viét Nam cho timg phong may gia toc xa tri. Két qua thu dwoc tir nghién ciru cho
thiy thong luong birc xa notron trong phong diéu tri 13 dang ké va can dugc tinh dén trong qué
trinh diéu tri. Két qua suy giam notron thu dugc tir mot s6 hé che chin thir nghiém cho thay tinh

kha thi trong giam liéu notron cho bénh nhan trong qua trinh diéu tri.
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EXPERIMENTAL DETERMINATION OF THE NEUTRON FLUX
DISTRIBUTION IN VARIAN CX LINAC AT 108 MILITARY CENTRAL
HOSPITAL

Abstract: This study was performed to determine the neutron flux distribution at different
positions on the treatment table with gold foil activation method at the Varian CX treatment
room, using an energy level of 15 MV at 108 Military Central Hospital. Research results:
neutron flux along the treatment table is about 3,97x103 to 2,33x10° n/cm?/s. The results
are used as data to calculate the dose of neutrons affecting the patient to improve the quality
of treatment.

Keywords: radiation therapy, neutron flux



