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TOM TAT

Nghién civu nay trinh bay co s6 Ii thuyét ciia ki thudt gamma tén xa va ki thudt gamma truyén
qua trong xdc dinh mdt do cua chat long dua trén su tuyén tinh cua cuong do chum photon (tan xa
hodc truyén qua) theo mdt dé chat long. Két qua nghién civu chi ra sw tuyén tinh rdt tot giita cwong dg
chum photon ghi nhdn dwoc véi mdt do chat long cho ca hai ki thudt voi hé 56 R? hiéu chinh ( R’ ) trén
0,987. Tir nhitng dwong chudn nay, ching téi da xdc dinh dwoe mdt do cia bay chat long va thdy rang
hau hét dg léch twong doi gitta mdt do tinh todn va mat do chudn la dwdi 4%. Két qud tir nghién ciu
ciing cho thdy cd hai phwong phdp gamma truyén qua va gamma tdn xa déu cé thé dp dung dé xdac dinh
mat dj chat long voi sai s6 twong doi ciia phép do hdu hét trong khodng tir 4% dén 8%.

Tir khéa: mat do chit long, MCNPS5, Nal(T1), tan xa, truyén qua.

1.  Giéi thiéu

Mat d 12 mot tham sd quan trong cua chét long. Viéc do chinh xac mat dé giup tinh
toan dugc ti trong ctia no6 so voi nudce. Trong linh vuc dau khi, tham sd nay dugc su dung dé
phan loai cac loai dau tho bao gdm dau tho nhe, diu tho trung binh, dau tho ning va dau tho
siéu ning. Trong mot s6 loai thuc phdm dang 1ong, ti trong con gitip chung ta danh gia duoc
ham luong chét hoa tan da st dung.

Trong thyc té, phuong phap cd dién dugc str dung pho bién dé xac dinh dugc mat do
1a do khdi luong ciia chat 1ong va thé tich tuong g ctia n6. Thuc té rang phuong phap nay
cho dg chinh xac kha cao. Tuy nhién, v6i nhiing chét long c6 tinh ddc hai nhu cac loai acid
manh hay benzene, phuong phép nay c6 thé khong an toan néu so suét khi tién hanh thi
nghiém hoic do su bay hoi ciia chat 1ong gdy anh hudng truc tiép dén nguoi 1am thi nghiém.
Trong trudng hop nay, viée str dung ki thuat gamma tan xa hay truyén qua c6 thé xem 1a mot
giai phap li tuong. Didu nay Ia do co thé tién hanh do mat do chét 16ng trong khi éng dung
chat 1ong d6 van dong kin. Trong hai ki thuat gamma tan xa hodc gamma truyén qua, khi
mot chim photon di dén chét 1ong, sau khi bi tan xa trén chat 1ong hodc suy giam khi di qua
chét 1ong, chum photon mang théng tin vé mat do cua cht 10ng s& dén duoc dau do va vi

Cite this article as: Trinh Thi Ngoc Huyen, & Hoang Duc Tam (2019). Comparison of gamma transmission
method and gamma scattering method in determining the density of liquids by Monte Carlo simulation. Ho Chi
Minh City University of Education Journal of Science, 16(9), 477-485.
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thé chung ta c6 thé biét duoc chit 16ng c6 mat do bang bao nhiéu dya trén viéc phan tich phd
ghi nhan duoc.

Trong céac nghién cuu trude day, Priyada va cong su (Priyada, Margret, Ramar, &
Shivaramu, 2012) da st dung ki thudt gamma tan xa dé xac dinh mat do cht long, tuy nhién
loai dau do ma tac gia sir dung 1a HPGe (High Purity Germanium) can lam lanh va vi vay
chi phu hop trong diéu kién phong thi nghiém. Trong khi d6, Tondon va cong sy (Tondon,
Singh, Sandhu, & Singh, 2017) lai st dung dau do Nal(Tl) dé do ndng d6 cua dung dich.
Khac voi hai nghién ctru & trén, nghién ctru ndy sir dung ki thuat gamma tan xa va truyén
qua dé xac dinh mat do cta nhiéu loai chat 1ong khac nhau bang dau do nhap nhay Nal(TI)
dua trén su tuyén tinh cua cuong d6 chum photon ghi nhan dugc theo mat do chét long.
Nghién ciru nay sé& trinh bay chi tiét co so 1i thuyét ciia ca hai phuong phap. Theo d6, chiung
t6i s& phan tich cac yéu té va diéu kién dan dén sy tuyén tinh cia cux‘mg do chum tia theo
mat do cua chat 16ng, dic biét 1a su tuyén tinh trong phuong phap truyen qua—day la phuong
phap chua dugc sir dung trong nghién ciru truée day theo hiéu biét cua chung toi. Mat do
chét 16ng thu duoc tir hai phuong phap sau d6 duge so sanh voi nhau dé danh gia vu diém
clia tirg phuong phap. Céc két qua thu dugc tir nghién ctru nay s& 1a co s dé tién hanh cac
thuc nghiém kiém chimg trong cac nghién ctru tiép theo.

2.  Cosé li thuyét

Xét mot chum photon di dén 6ng chat 1ong trong ki thuat gamma tan xa, trudc khi dén
dugc dau do, chum photon phat ra tir ngudn trai qua ba qua trinh sau: dau tién, chung di t6i
diém tan xa nam bén trong chét 16ng, trong qua trinh nay cuong do ctia chim photon téi bi
suy giam. Tiép dén, cac photon s& bi tan xa. Sau d6, cac photon sé& di ra khoi chat long va
dén bé mit dau do. Trong qua trinh thtr ba nay, chim photon di ra ciing bi suy giam cuong
d6. Tong hop ca ba qua trinh nay, cuong do chum photon tan xa dugc xac dinh theo cong
thtrc sau (Sharaf, 2001):

L = IOflf2 PN, Z dGKN (G)S(q,Z)AV (1)

A dQ Z
trong do:
o T va Ii: 14n luot 1a cudng d6 cua chim photon téi va chum photon tan xa,
o fva fy: 1an luot 13 hé s6 suy giam co6 dang liy thira,
e p:matdd ciia chat 1ong (g cm™),

o do, (9) / dQ : tiét dién tan xa vi phan dugc tinh theo cong thirc Klein—Nishina,

) S(q, Z) 1a ham tan xa khong két hop,

e Ava Z:’ 14n luot 1a s6 khéi va nguyén ti s6 cua vat liéu,

e Npla §6 Avogadro,

e AV thé thé ticl; tan xa. ) i o

Trong thyc t€, chum photon khi di vao chat 1éng c6 thé xay ra twong tac nhiéu lan, va
do vay, chum tia tan xa di dén bé mat diu do co thém su dong gop cua thanh phﬁn nay. Khi
d6, cong thirc (1) duge viét lai nhu sau:
=T, PN, Z doyy (9) S (q: Z)
A dQ Z

& day, MS dic trung cho dong gop ciia thanh phan tan xa nhiéu lan.

I AV + MS ()
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Nghién ctru ctia Sharaf (Sharaf, 2001) da chi ra rang: véi nang lugng di 16n S(q, Z) c6
thé xap xi v6i Z, bén canh do6 cac hé sb suy giam gin nhu khong phu thudc vao thanh phan
vat liéu va cudi cung 1a ti s6 Z/A xap xi 12 0,5 (ngoai trir hydrogen). Va nhu vay, mot cach
gan dung c6 thé xem cac hé s fi, £ va Z/A 1a khong ddi. Ngoai ra, bd tri thi nghiém duoc
gitlr ¢ dinh nén cac tham sé bao gém tiét dién Klein—Nishina va thé tich tan xa cling dugc
xem 1a hing sd.

Tir cac phan tich trén, phuong trinh (2) dugc viét lai dudi dang don gian hon nhu sau:

I, =Ap+B 3)
v6i A va B 1a cac hang so.

Phuong trinh (3) 14 co s& dé xac dinh mat do chit 1ong sir dung phuong phap gamma
tan xa. Tinh chét tuyén tinh ctia cuong do chum tia tan xa theo mat d¢ chét long nhu trong
phuong trinh (3) s& dugc kiém chimg bang phuwong phap mé phong Monte Carlo.

Déi véi ki thuat truyén qua, co s& dé xac dinh duoc mat do chat long 1a dua trén su
suy giam ciia cuong d6 chum tia khi truyén qua chét 1ong theo dinh luat Beer—Lambert:

o = hsp) (05 @

& day: Io 1a cuong do ctia chum tia t6i, p(E)/p(em? g™") 1a hé s6 suy gidm khéi khi chum

scat.

photon ning luong E truyén qua vat liéu, p 1a mat d6 (g cm=) va d 1a duong kinh cua éng
chét 16ng (cm).
Khai trién biéu thirc (4) dang da thirc va st dung gan ding bac nhat, chung ta duoc:

L 1, {1 —[%(E)de} 5)

Phuong trinh (5) ciing ¢6 thé dugc viét gon lai nhu sau:

I..=Cp+D (6)
v6i C va D 1a cac hing s6. Tuong ty nhu ki thuat gamma tan xa, phuong trinh (6) 14 co s&
dé xac dinh dugc mat do cua cac chit long.

3. Mo phéng Monte Carlo

Trong nghién ciru nay, phuong phap Monte Carlo duoc sir dung dé khao sat qué trinh
tuong tac ctia chum photon véi chat 1ong. Phuong phap nay chinh 1a nén tang ctia chuong trinh
duoc sir dung rat pho bién hién nay trong linh vic vét 1i hat nhan 1a chuong trinh MCNP (Monte
Carlo N-Particle) (X-5 Monte Carlo Team). Uu diém cua chuong trinh nay 1a theo dai duogc
qua trinh bo nang lugng cia photon trong tuong tac voi cac nguyén tir phan ti moi truong vat
chét dya vao nhiing thu vién tiét dién tuong tac dd dugc xdy dung sin trong chuwong trinh. Uu
diém ndi bat ciia chuong trinh nay 13 nguoi str dung chi can khai bao cac thong s6 ki thudt ctua
hé do bao gém dau do, nguén phong xa va vat liu can do.

Trong cic nghién ctru trude ddy, chung t6i da tién hanh khao sat chi tiét tinh chinh xac
cua cac thong s6 ki thuat cua dau do (Hoang, Nguyen, Le, Huynh, & Tran, 2017; Hoang,
Huynh, Tran, & Chau, 2016). Chinh vi vay, viéc st dung cac thong s t6i uu cua dau do
trong nghién ciru ndy 13 hoan toan c6 co so. Bé tri cac thiét bi trong md phong Monte Carlo

trans.
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sir dung chuwong trinh MCNP5 nhu dugc trinh bay trong Hinh 1. Ong chuén tryc ciia nguon
¢6 dudng kinh 1 cm, éng chuén truc cta ddu do co duong kinh 3 cm. D6i vé6i truong hop tan
xa, dau do duoc bd tri tai goc tan xa 120° ¢ ghi nhan phd.

Chuong trinh mé phong MCNP5 cung cip cac tally tily vao muc dich ciia nghién ctru.
Trong s6 d6, tally F8 dung dé khao sat sy phan b ning lugng hay noi cach khac 1a sy hinh
thanh xung trong dau do. Do vdy, dau ra cia chuong trinh I ph6 phan bb d6 cao xung (PHS
— Pulse Height Spectrum). Ciing vi li do nay nén dé phd mé phong gidng véi pho do tir thuc
nghiém, can thiét phai st dung su giin nd Gauss trong phd (GEB — Gauss Energy
Broadening). Pay 1a mot kiéu xir 1i dic biét danh cho tally sao cho phd thu dugc c6 dang
gidng v6i phd thuc nghiém. Dé st dung dugc tally nay, trong MCNP5 cin khai bao thé FT8
d6ng thoi ham gidn né Gauss c6 biéu thire nhu trong phuong trinh:

FWHM(MeV) =a +b+/c+cE’ @)
v6i E 1a nang lugng photon tan xa (MeV); cac hé s6 a, b, ¢ lan lugt ¢ gia tri bang —
0,0137257 MeV, 0,0739501 MeV'2, — 0,152982 MeV~! (Hoang, Huynh, Tran, Vo, Hoang,
& Chau, 2015).

Hinh 1. M6 hinh bé tri thi nghiém cia hai ki thudt sir dung trong nghién ciru

a) gamma tan xa va b) gamma truyén qua trong chirong trinh MCNP5

Trong nghién ctru nay, chiing toi st dung 8 chat 1ong bao gdm ethyl alcohol, methanol,
toluene, aniline, chlorobenzene, glycerol, chloroform va sulfuric acid dé mo phéng phé tan
Xa va truyén qua ctia chum photon ning luong 661,657 keV phat ra tir ngudn *’Cs. Cac phd
nay duoc xu li dé xac dinh dién tich dinh tan xa mot 14n hoic dinh ha‘ip thu nang luong toan
phin bang cach ap dung phwong phap xir li phd trong cong trinh nghién ciru trude day
(Hoang, Huynh, Tran, Vo, Hoang, & Chau, 2015).

Dién tich dinh tan xa mot 1an hodc dinh hap thu ning lwong toan phan theo mat do cua
chét 16ng ddi véi cac chat trén dugc lam khop voi ham khop dang tuyén tinh nhu trong cac
phuong trinh (3) va (6). Sau do, st dung cac ham khdp, chung t6i tinh todn mat d§ cua bay
chét long bao gém: octane, acetone, benzene, oleic acid, nudc, nitrobenzene, 1,2—
dichlorobenzene. Mat d6 chat 1ong tinh duoc tir hai phuong phép tan xa va truyén qua s&
duogc so sanh va danh gia. Két qua thu duoc tir nghién ciru nay 13 co sé giup chung t6i dinh
huéng thuc nghiém phép do. Ngoai ra dé ting do tin ciy cua két qua, chung toi sir dung hai
loai dng chira chit 16ng c6 dudng kinh khac nhau 12 2 cm va 3 cm.
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4. Két qua va thao luin
4.1. Kithudt gamma tin xa

Két qua khép ham bac nhét dugc trinh bay trén Hinh 2. C6 thé thy rang, trong ca hai
truong hop, su tuyén tinh ciia cudng d6 tan xa mot 1an theo mat do 1a rat tot voi hé s R2 hiéu
chinh dat gia tri lan lugt 14 0,994 va 0,987 cho céac duong kinh 6ng 2 cm va 3 cm. Dua trén cac
cac duong chuén tuyén tinh nay, ching t6i s& tinh toan mat do cua bay chét 1ong.

(x 10%)

4.0

3.0 4

Cuimg do

25+

— * Onglem
2.0+ e e
o = Ong3cm
— hrimg 1am khdap déi vdéi dng 2 cm
Purimy lun khdp d6i vai ong 3 em
1.5 T T T T T T
oe 1.0 1.2 1.4 16 1.8 2.0
Mitdd(gcm ™)

Hinh 2. Ham bdc nhat thé hién sw phu thudc cuong dé gamma tin xa vao mdt do

doi véi hai truong hop ong cé dwong kinh 2 cm va 3 cm

Béng 1 trinh bay két qua tinh todn mat do ctia bay chat 1ong cho hai trudng hop dng

c6 duong kinh 2 cm va 3 cm. B9 1éch 16n nhét gitta mat d¢ do dugc va mat do chuén ¢6 sy

khac nhau & cac truong hop dng da khao sat. Theo d6, v6i truong hop dng co duong kinh 2

cm, d6 1éch 16n nhat nay chi khoang 4,2 %. Trong khi d6, voi dng c¢6 duong kinh 3 cm gia

tri nay la 6,4%.

Bing 1. Két qua tinh todn mdt dj chat léng cho hai trwong hop ong cé dwong kinh 2 cm
hwong phap tdn xq

va 3 cm s dung

; Mat d9 chuan Mit dé tinh toan ; la—b]
Chat 16ng (NIOSH, 2016; NIST, 2013) : '(b) Sai so RD(%) :TXIOO%
(a)

Pwong kinh 6ng 2 cm

Octane 0,703 0,673 0,040 42
Acetone 0,790 0,773 0,042 2,1
Benzene 0,879 0,861 0,043 2,0
Oleic acid 0,895 0,915 0,044 2,3
Nudc 1,000 1,038 0,046 3,8
Nitrobenzene 1,199 1,189 0,049 0,8
1,2-Dichlobenzene 1,305 1,304 0,052 0,0
Pwong kinh 6ng 3cm

Octane 0,703 0,665 0,059 5,3
Acetone 0,790 0,739 0,061 6,4
Benzene 0,879 0,862 0,064 1,9
Oleic acid 0,895 0,892 0,065 0,3
Nudc 1,000 1,029 0,069 2,9
Nitrobenzene 1,199 1,225 0,075 2,2
1,2-Dichlobenzen 1,305 1,319 0,078 1,1

4.2. Kithudt gamma truyén qua
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Dir lidu dién tich dinh hap thy nang luong toan phan ddi voi chum photon nang luong
661,657 keV theo mat do chat 1ong dugc lam khép dang tuyén tinh nhu trinh bay trén Hinh
3. Két qua 1am kh6p nay cho thay rang, phén tich li thuyét dya trén cac gia thiét phu hop dé
dua ra ham tuyén tinh nhu trong phuong trinh (6) dugc xac nhan bang mé phong. Theo do,
6 thé théy vo1 6ng c6 duong kinh 2 cm, hé s6 R2 hiéu chinh dat gia tri 0,988. Vi 6ng cod
duong kinh 3 cm thi gia tri nay 1 0,993. Ca hai gi tri ndy néi 1én rang viéc sir dung bd tri
thi nghiém nhu da thuc hién trong mé phong ctia nghién ctru nay s€ giup thu duoc duong
chuan dang tuyén tinh. Tuy nhién, vn dé rt quan trong & ddy cin chu y ring, sy tuyén tinh
ctia cuong do chum tia truyén qua va tan xa phu thudc rat nhiéu vao cac yéu té cua hé do
bao gdm duong kinh 6ng, dudng kinh dng chuan truc dau do va ca ving mat do khao sat.

x 107
T T T T T T T T T T T
6.4 4 — . - Qng 2 cm i
\\\\ = Ong3cm
\‘{\ Pudng lam khép cho 6ng 2 cm
T~ Pudng lam khép cho 6ng 3 em
6.0 4 e . B
- s
=
\\\\
£ 56+ ey \\‘ i
£ -
=
&)
52 2 i
484 ° ~. 4
o
T T T T T T T T T T T
0.8 1.0 1.2 1.4 1.6 1.8 2.0

Mat do (g cm™)

Hinh 3. Ham béc nhdt thé hién sw phu thugc cuong do gamma truyén qua vao mdt do
cho hai trong hop dwong kinh éng 2 cm va 3 cm

Két qua lam khép tuyén tinh nhu trinh bay trong Hinh 3 dugc sir dung dé tinh toan mat
d6 clia cac chat 1ong. Theo d6, v6i phuong phap truyén qua, hau hét cac mat do tinh toan
déu c6 d6 léch so v6i mat do chuan 1a dudi 3,6% cho c hai truong hop duong kinh ng 2
cm va 3 cm. Hai chét long con lai 1a octane va acetone c6 do léch lan luot so voi mat do
chuan 12 8,3 % va 5,6%. Vi dng 16n hon (duong kinh 3 cm) thi d léch nay c6 giam chit it
nhung khong dang ké. Co thé thay khong chi v4i phuong phép truyén qua, phuong phéap tan
xa ciing cho do léch 16n véi hai chat 1ong nay.
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Bing 3. Mdt do dung dich tinh todn bang ki thudt gamma truyén qua

Matdo chuan | ypae g4 tinn .

Cht long O‘Iggsglig?;f’ todn saisé | RD (%)= 2=lu100%

(b) a

, (a)

Pwong kinh ong 2 cm
Octane 0,703 0,761 0,059 83
Acetone 0,790 0,834 0,061 5,6
Benzene 0,879 0,891 0,062 1,4
Oleic acid 0,895 0,927 0,063 3,6
Nudc 1,000 1,026 0,066 2,6
Nitrobenzene 1,199 1,189 0,071 0,8
1,2-Dichlobenzene 1,305 1,276 0,073 2,2
Pwong kinh ong 3 cm
Octane 0,703 0,756 0,045 7,5
Acetone 0,790 0,832 0,047 53
Benzene 0,879 0,909 0,048 3,5
Oleic acid 0,895 0,925 0,048 34
Nudc 1,000 1,015 0,050 1,5
Nitrobenzene 1,199 1,189 0,054 0,8
1,2-Dichlobenzene 1,305 1,287 0,056 1,3

4.3. So sdnh ki thudt gamma truyén qua va gamma tin xq trong xdc dinh mdt dj ciia
chit long

Tir d6 thi trén Hinh 4 c6 thé thay rang, d6i v6i cac chat mat do cang 16n, sai s6 tuong
d6i cang nho. Pidu nay dung cho ca hai phuong phap gamma truyén qua va gamma tan xa.
Co6 mot diéu dic biét co thé théy duoc tir dd thi réng v6i ki thudt gamma tan xa, khi ting
duong kinh dng, sai sd twong ddi ciia phép do ting 1én trong khi d6 véi ki thuat gamma
truyén qua thi viéc ting dudng kinh 6ng lai gitp giam sai s6 twong dbi. Xu hudng nay 1a rd
rang chit khong phai chi 13 hiéu ung thuan thing giang thong ké. Tuy nhién, dé co thé két
luan cu thé hon vé van dé nay, can thiét phai khao sat nhiéu loai duong kinh 6ng. Tuy vay,
két qua ban dau nay sé giup ching toi dinh huéng cho nghién ctru sau nham tim kiém mo
hinh t6i wu sao cho phép do mat do co sai sé nho nhat khi tmg dung tirng phuong phap.

10 T T T T T T T
= Phuong phip tnuyén qua - dng 2 cm
g = ®  Phuong phip tin xa - ong 2 cm s
4 Phuomg phip truyén qua - ong 3 cm
v ¥  Phuomg phdp tin xa - dng 3 em
o 8] -
T - Vv
5 74 - g
= L] v
=0 -
g
2 6 . H 3
= A
@ - As
‘% 54
A *e
- A A
4 ” .
3 T T T T T T T
0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4

Mar dé (g cm )

Hinh 4. So sanh sai so twong doi ciia phép do mdt dé sir dung phwong phap truyén qua
va phwong phap gamma tan xq voi cac truong hop ong 2 cm va 3 cm
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5.  Kétluan

Trong nghién ctru ndy, chiing t6i da trinh bay co sé 1i thuyét ctia ki thuat gamma truyén
qua va gamma tan xa dé x4c dinh mat d6 chat long dua trén viéc xay dung duong chuin
tuyén tinh ctia cudng d6 chum photon ma dau do ghi nhan dugc theo mat do chat 1ong. Két
qua thu dugc cho thay su phu thudc tuyén tinh rat tot gitra cudng d6 va mat d6 chat 1ong cho
ca hai phuong phap ap dung trong nghién ctru véi hé sb R? hiéu chinh déu 16n hon 0,987.
Trén co sé nay, chiing t61 st dung cac duong chuén tuyén tinh thu duge dé xac dinh mat do
ctia bay chét 1ong. Két qua cho thay, ngoai hai chat 10ng c6 mat do thap 13 octane va acetone
c6 d6 1éch twong dbi con cao (dd 1éch trong khoang tir 5 — 8 %), cac chit long con lai déu co
d6 1éch dudi 4% so v6i mat do chuan. Két qua nay cho thay c6 thé thyc hién thém cac nghién
ctru thyc hién dé tién hanh danh gia hai phuong phap gamma truyén qua va gamma tan xa
trong xac dinh mat do chét long.

Mot két qua dang chu y khac thu duoc tir nghién ctru nay 1 sai s6 twong di ¢6 su khac
nhau giita phwong phap gamma truyén qua va gamma tan xa. Theo do, khi str dung phuong
phap gamma truyén qua, duong kinh 6ng 16n thi sai s6 twong d6i ciia phép do nho trong khi
d6 voi ki thuat gamma tén xa thi sai s6 twong d6i s& 16n khi dudng kinh dng 16n. Can nhiéu
khao sat chi tiét hon lién quan dén duong kinh 6ng, tuy nhién két qua ban dau nay s& gitp
chung t6i dinh hudng dé khao sat cu thé s anh huéng nay trong nghién ctru tiép theo.

% Tuyén b6 vé quyén lgi: Céc tac giad xac nhan hoan toan khéng cé xung dét vé quyén loi.
% Lo&i cam on: Nghién ciru nay duoc tai tro bi Quy Phét trién khoa hoc va céng nghé Quéc
gia (NAFOSTED) trong dé tai ma sé 103.04-2018.24.
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ABSTRACT

This study represents a theoretical description of the methods of gamma scattering and gamma
transmission to determine the density of liquids. The principle of these methods is based on the linear
dependence of the photon beam intensity (scattering or transmission) on the liquid density. The
results show that the intensity of photon beam changes linearly with the density of liquids, where the

adjusted coelfficient of determination R’ was above 0.987 for both methods. Using these linear
standard curves, the density of seven liquids were determined, which the relative deviation between
the calculated density and the standard density is almost below 4%. It can be included that the
gamma scattering and gamma transmission methods can be applied to determine the density of a
liquid with the relative uncertainty of measurements in the range of 4% to 8 %.

Keywords: density of liquid, MCNP5, Nal(T1), scattering, transmission.
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