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TCVN 10758-3:2016

L&i néi dau
TCVN 10758-3:2016 hoan toan twong dwong véi ISO 18589-3:2015.

TCVN 10758-3:2016 do Tiéu ban ky thuat tiéu chuén quéc gia TCVN/TC85/SC2
Bdo vé birc xa bién soan, Tdng cuc Tiéu chudn Po lwérng Chét lweng dé nghi, B
Khoa hoc va Céng nghé cong bb.

B& TCVN 10758 (ISO 18589) Do hoat do phéng xa trong méi tnsdmg — DAt
gdm cb cac tidu chudn sau:’

- TCVN 10758-1:2016 (ISO 18589-1:2005), Phén 1: Hwong dan chung
va djnh nghia;

- TCVN 10758-2:2016 (ISO 18589-2:2015), Phdn 2: Hwéng dan fira
chon chién luge 1y mau, 18y mau va xir Iy so bé méu;

- TCVN 10758-3:2016 (ISO 18589-3:2015), Phdn 3: Phuong phép thir
céc nhén phéng xa phat gamma béng do phé gamma;

- TCVN 10758-4:2016 (ISO 18589-4:2009), Phdn 4: Po céc dbng v
plutoni (plutoni 238 va plutoni 239+240) béng phd alpha;

- TCVN 10758-5:2016 (ISO 18589-5:2009), Phén 5: Do stronti 90;

- TCVN 10758-6:2016 (ISO 18588-6:2009), Phén 6: Do téng hoat dd
alpha va téng hoat d beta;

B3 ISO 18589 ¢dn ¢b tiéu chudn:

~  ISO 18589-7:2013 Measurement of radioactivity in the environment —
Soil - Part 7: in situ measurement of gamma-emitting radionuclides.
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L& gidi thigu

Bo tigu chudn TCVN 10758 dwgc bién soan theo phrong phap chép nhan hoan toan twong dwong véi
bo tiéu chuén 1SO 18589 d& cép Gén céc ndi dung lién quan dén do hoat G phong xa trong méi trwdng
dat.

Cac tidu chuén tir phan 1 dén phin 6 dwgc sir dung cho ngudi chiu tréch nhiém v& x4c dinh hoat d§
phéng xa cb trong d4t. Phan 1 va phan 2 1A cac tiéu chudn v& yéu cdu chung. Phan 3 dén phan 5 dé
cap dén cac phép do nhan phong xa cu thé va phdn 6 dé cap dén phép do thong thudng hoat 46
phéng xa alpha va beta.
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Do hoat dd phéng xa trong méi trwéng - Dat -
Phan 3: Phwong phap thir cac nhan phéng xa phat gamma bang
do phé gamma

Measurement of radioactivity in the environment — Soif —
Part 3: Test method of gamma -emitting radionuclides using gamma-ray spectrometry

1 Phamvi ap dung

Tiéu chudn nay quy dinh viée nhan biét va do hoat o clia mét sb lugng 1én cac nhén phéng xa phat
gamma trong a4t bing phép do phd gamma. Phrong phap do khdng pha hily ndy, ap dyng dugc dbi
véi cac mau co th tich Iém (1én toi khodng 3 000 cm?), bao gdm viéc x4c dinh trong mét 1An do tit ca
cé4c ngudn phat gamma hién dién cé néng lwgng tia gamma trong khoang 5 keV dén 3 MeV.

Tidu chudn ndy cb thé dwrgc (ng dung bdi cac phong thir nghiém thire hién do hoat 36 birc xa thudng
xuyén khi phan Ién nhan phong xa duge d3ic trng bang phét tia gamma trong khodng tir 40 keV dén
2 MeV.

Phuong phap cd thé thyee hign st dung detector germany hodc loai detector khac véi 3 phan gidi lém
Ién SkeV.

Tiéu chuln nay 4p dung cho nhirng chju trach nhiém xac dinh hoat 43 nhan phéng xa phat gamma
hién c6 trong G4t ding cho myc dich bao vé birc xa. Tiéu chudn nay phi hgp véi vige cho viéc gidm
sat mdi trwdng va kidm tra dja didm va trong trrding hep ¢6 sy cb, cho phép danh gia nhanh hoat d¢
gamma. Viéc ndy c6 thé xem xét dén d4t tir cac vurdrn, trang trai khu vigc do thj va cdng nghigp ¢6 thé
chira c4c gach vyn xay dyng, cling nhir @4t khong bj anh hurdng b&i hoat dong ciia con nguwoi.

Khi xac dinh d3c tinh hoat dd phéng xa clia vt liéu chwra qua rdy Ién hon 200 pm hodc Ién hon
250 pm, ban chét thach hoc hodic ngudn gbc do con ngudi nhw vat ligu xay dyng gach vun dugc yéu

cAu, cAc vt liéu nay dugc nghidn @& co dugc mot bot ddng nhét cho thir nghiém nhur dwrgre quy dinh
tai TCVN 10758-2 (ISO 18588-2).
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2 Tailigéu vién dén
Cé4c tai liéu vién din sau I cin thiét cho viéc ap dung tidu chudn nay. Déi vé&i cac tai liéu vién dén ghi

nam cong b thi &p dung phién ban dugc néu. DS véi cac tai lidu vién din khdng ghi nam cong bb thi
4p dung phién ban mé&i nhit bao gdm ca cac ban sira ddi, bd sung (néu cb).

TCVN 6485 (ISO 11074), Chét luong dét — Tir vimg;

TCVN 7175 (ISO 10703), Chét lrong nute — Xéc dinh ndng d6 hoat dé cia cic nhén phong xa bang phb
gamma c6 dj phén gidi cao,

TCVN 7870-10 (ISO 80000-10), Dai rgng va don vj - Phén 10: V4t Iy nguyén t va hat nhén;

TCVN 10758-1 (ISO 18589-1), Do hoat d6 phéng xa trong méi truwdmg — Dét — Phén 1: Huéng dan
chung va djnh nghia;

TCVN 10758-2 (ISO 18589-2), Do hoat d6 phong xa trong mbi trnedng - DAt — Phén 2: Hwbng dén lya
chon chién I 18y mau, idy méu va xir Iy so by méu;

TCVN ISO/IEC 17025, Yéu céu chung vé nang luc phdng thir nghiém va hiéu chuan;

ISO 11928, Determination of characteristic limits (decision threshold, detection limit and limits of the
confidence interval) for measurements of ionizing radiation — Fundamentals and application (X4c djnh
céc gioi han dic trung (ngudng quyét dinh, gi&i han phét hién va gidi han cla khoéng tin céy) cho
phép do bl xa ion héa— Co so va img diung).

IEC 61452, Nuclear instrumentation — Measurement of gamma-ray emission rates of radionuclides —
Calibration and use of germanium spectrometer. (Thiét bj hat nhan — Phép do téc d6 phat gamma clia
nhén phéng xa - Hiéu chuén va str dung méy do phé germani)

3 Thudt ngir, dinh nghia va ky higu
3.1 Thuét ngir va djnh nghia

Tiéu chudn nay st dung céc thust ngl, dinh nghia dwgec néu trong TCVN 7175 (ISO 10703),
TCVN 6495 (1ISO 11074), TCVN 10758-1 (ISO 18589-1) va TCVN 7870-10 (ISO 80000-10).

3.2 Ky hidu

m Khéi lrgng clia phan dugc thir nghiém, tinh bang kilogram

A Hoat 8 cta mdi nhan phéng xa trong ngudn hidu chuln tai thei didm hidu chudn,
tinh bang becquerel

a, a Hoat d8, tinh bing becquerel trén kilogam, trén mot don vi khéi lvgng clia mbi
nhan phéng xa, khi khdng ¢6 va cé hiéu chinh

t Thei gian @ém phd ca mAu, tinh bing gidy
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Théi gian dém phd clia phéng ndn mai tnedng, tinh bang giay

Thei gian d&m phd higu chudn, tinh béng gidy

$& aém thirc clia pic, tai mirc ndng lwgng E, twong (rng trong phd clia miu, trong
phé ctia phéng ndn va trong phd hiéu chudn

S6 dém tdng cdng clia pic, tai mirc n3ng lugng E, twong (ng trong phd clia mau,
trong phé clia phong nén va trong phd hiéu chuén

S6 dém phéng nén clia pic, tai mrc nang lwgng £, twong (ng trong phd clia miu,
trong phé ctia phéng nén, trong phd hiéu chudn

Hiéu sudt clia detector tai mire nding lurgng, E, véi hinh hoc do theec té.

Xac suét phat bire xa gamma véi ndng lugng, E, cho mdi nhan phéng xa trén mdt
phan ra.

Hé sb suy gidm tuyén tinh tai mic nang lwgng photon, E, teong ng cta miu va
ngudn higu chuén, trén centimet

Hé sé suy gidm khéi legng, tinh bing centimet vudng trén gam, tai mirc nang
lrgng photon, E, clia nguyén té i

Chidu cao clia mdu trong thiing chira, tinh bang centimet
Phdn khéi lrgng chia nguyén té i (khéng ¢6 don vi)

Ti trong khéi clia mdu, tinh béing gam trén centimet khéi
Hang s6 phén ra cla tirng nhan phéng xa, trén gidy

D6 khdng dam bdo chudn clia két qua do, tinh bing becquerel trén kilogram, ¢6 va
khdng cb hiéu chinh

D06 khdng dam bdo mé rong, tinh bang becquere! trén kilogram, dugc tinh bang U
=ku(@vbik=12,...

Nguwdng quyét dinh, tinh bing becquerel trén kilogram, ddi véi méi nhén phdng xa,
frong trng vé&i khdng c6 va cb higu chinh

Giéi han phat hign, tinh bdng becquerel trén kilogram, cho m&i nhan phéng xa,
twong trng véi khdng cd va cb hiéu chinh

Gi&i han duéi va gidi han trén clia khodng tin cdy cho mdi nhan phéng xa, tinh
bang becquerel trén kilogam
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4 Nguyénly
Hoat d9 clia nhan phong xa phat gamma c6 trong cac miu d4t dwgc xac dinh bang cach sir dyng k§

thust do phd gamma diza trén phén tich nang ltgng va céc viing pic clia c4c pic ning lwgng toan phan
cia gamma. Ky thuét nay cho phép phét hién va dinh lwgng nhan phéng xa ¥,

Ban chét va dic didm hinh hoc clia detector va miu cin cé hiéu chudn naing lwgng va hiéu chuln higu
suét pht hop'®, Ca higu (rng tring phling va hiéu (g tdng cdng ngéu nhién can dugc xem xét, dic
bigt voi hop chira mau dst truc tiép trén detector va hop ¢hira méu loai Marinelli, mirc hoat 48 cao
ho&c detector hinh giéng dugc sir dung d& do m&u c6 khéi Irgng nho (xem 8.1.4).

CHU THICH: Tiéu chun nay chi giéi han & viéc do phd gamma béng detector ban dan.

5 Thiét b] do phd gamma

Thiét bj do phd gamma thwdng bao gém:

Detector ban dn c6 bd iam mét (nite 16ng, bd 1am lanh, v.v.);

Mot bd phéan che chén birc xa méi trirdng, 1am bang chi hoic vat ligu khac;

Linh kién dién tir phit hgp [ngudn cp dién cao thé, bd khuéch dai tin higu, bd chuydn ddi twong ty -
sb (analog-digital)];

Thiét bj phén tich bién d§ da kénh;

May tinh c& nhan dé hién thj phd do va xtr Iy dir ligu.

Cac detector ban dén thirdng sir dung dugc 1am tir tinh thé germani (HP Ge) siéu tinh khiét. Loai va
cu hinh clia c4c detector nay quyét dinh pham vi (ng dyng thiét bj. Vi dy, khi phat hién photon c6
nang legng dudi 400 keV, detector tinh thé méng duwgc khuyén cdo s dung nhdm han ché sy gay
nhiéu tir cac photon c6 nang lugng cao. Tuy nhién, tét hon 14 s dung detector c6 thé tich Ién, detector
adng truc logi P @& do photon nang ligng cao (trén 200 keV) hodic detector déng tryc loai N @& do ca
hai loai birc xa ¢ n&ng long thap va cao.

O mure phéng xa ti nhién, nén str dyng thiét bj do mirc cuc thép. 5 nghta 1a mot hé théng c6 vat ligu
duoc lya chon cho detector va budng che chén bio dam mirc phong ndn rét thdp. Thiét bj nay bao
gdm b tidn khuéch dai va b khuéch dai dién tir cb b tap rét thip. Budng che chén nén dl rong dé
bdo dam dil khoang céch tir vach budng t&i bd detector dat gitra budng, khi cac miu 1-L dwoc dwa
vao. Didu nay cho phép sir dung phéng téi vat liéu xay dyng c6 hoat 36 phong xa riéng rét thép va
ndng d6 khi radon trong khdng khi trong phdng ciing rét thép. Tét nhét, nén da thiét bj do & gilra phong
sao cho khodng céch véi tudng bao 14 téi da. Vie thdng gié cudng birc cho phdng do cé thé giap 8n
dinh mtrc phéng nén. Mat khac théng gié curdng birc cho phdng do ¢b thé gy ra nhidu vin a8 néu
khong khi bén ngoai dwgc dura vao lai chira qué nhidu khi radon do két qua cia hién trong @4t 4m lén
(d&c bigt khi @4t tan bang vao mia xuan). Bom khi nitor vao phan bén trong budng che chén luén Ia giai
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phap tét. V&i myc dich nay, kh nito thoat ra tir binh Dewar clia hé théng detector cin dwgc b tri ludn
ludn di vao budng che chin.

Céc dc didm chinh cho phép danh gia tinh nang clia detector la:

a) dd phan gidi nang legng (44 rong tdng cdng tai modt nlra mire ce dai cla pic ndng lwgng toan
phén) cho phép detector phan tach hai pic gamma gén nhau;

b) higu suét tuyat ddi, chi ty 1& phan trdm photon phat hién dwgc tai pic nang lwgng toan phan so voi
sé photon phét ra;

c) ty sb pic —nén Compton.

Tuy theo 9 chinh xac cin c6 va giéi han phat hién mong muén, nén sir dung detector chét ligng cao
c6 A9 phan gidi nng ligng nhd hon 2,2 keV (ddi véi pic ®Co & mirc 1,332 keV) va vai ty sé dinh/nén
Compton tir 50 dén 80 dbi v&i ''Cs (xem IEC 61452).

Mot s nhan phdng xa tw nhién, vi dy nh '°Pb va 2*U qua ?*Th, chi c6 thé do dwgc bing gamma
trong dai nang lwegng 100 keV. Trong tredng hop ndy, viéc sir dung detector loai N 12 dwgre khuyén
nghj. Céc detector nang lwong thdp va mirc thdp do cac nha san xuét cung cdp da dugc t6i vu héa
cho myc dich ndy va cb thé sir dyng trong c4c linh vige khéic clia quan tréc méi treéng khéc, vi dy nhue
d& do '®Iva #'Am trong méu 14y tir khu virc 1an c4n cac co s& hat nhan.

May tinh cing véi phdn cimg va phdn mém trén may phai dugc lya chon c¢in than © @, Két qua phan
tich phd trén may tinh nén dugc kidm tra tnyc quan thirérng xuyén.

Nén so sanh véi vat lisu miu da dwgc chirng nhan d& kiém tra tinh nding hoat ddng cha thiét bj. Viéc
tham gia céac cudc kiém tra vé tinh hiéu qua, kiém tra lién phéng thir nghiém va céac thye hanh so sanh
chéo cling c6 thé gitip xac nhén tinh ndng hoat @dng cua thiét bj va tinh trang clia phan tich 19,

6 Hop chira miu

Do hoat d3 phéng xa gamma trong dét yéu cu phai cé.ht‘)p chira mdu phu hgp véi phurong phéap do
phd gamma. Hop chira miu cAn cb cac d4c tinh sau:

— Bugc 1am bing vat lidu hip thy birc xa gamma thép;

~ Buwoc lam bing vt liéu trong subt dé nhin dwgc bén trong;

— Cé thé tich phil hgp v6i hinh dang clia detector @& bao dam higu suét téi da;
— Khéng bj ngém nwéc va khdng phan (Png vé&i thanh phan clia méu;

~ Cé miéng rdng, kin khi dé thudn lgi cho viéc dwa méu vao;

— Khong dé v&.

D& kidm tra x4c nhan mat cAch rd rang sl phit hgp ctia hdp chira véi hinh hoc dém tidu chudn, ¢6 thé
chon hdp chira trong subt cé vach do dé kiém tra viéc dwa mau vao.
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7 Quy trinh

7.1 Chuén bj méu dé do

M3u @4t duoc chudn bj & dung trong phép do phd gamma thudng dugc sy khd, nghién nhd va 1am
adng nhat nhie quy dinh trong TCVN 10758-2; (ISO 18589-2).

Quy trinh duge thyre hién nhur sau:
a) Chon hgp chira phis hgp nhét véi thé tich mu & o6 thé do duge nhidu vat ligu nhét. B gidm higu
(rng ty hép thy, chidu cao clia hdp chira nén & mirc téi thidu.

b) Cho méu vao hép chira cho t6i vach do thé tich. Nén diing dung cy co hoc & xép m&u vao hop
chira (vi dy, bang rung) nham tranh bd phi thé tich.

¢) Ghi lai khéi lwgng mAu. Théng tin nay hiru ich khi sir dyng két qua do dé biéu thj két qua nhu hoat
dd riéng va khi higu chinh sy ty hép thy.

d) Kiém tra bing méat mirc trén clia mAu va bdo dam mét trén clia mau 13 ngang béng tnréc khi do.
Trong hop c6 thé, cho thém vét ligu vao méu cho téi khi dat téi vach do mec thé tich va hiéu chinh
lai khéi lvgng mAu a3 ghi.

e) Day kin hdp chira néu nhan phéng xa ty nhién hoac dé bay hoi dang dugc do;
f) Lam sach phia ngoai hdp chira @& loai bd nhim bén do qué trinh cho méu vao hdp chira.

Néu cin do nhanh, co thé bd qua phuong pr{ap xC Iy quy dinh trong TCVN 10758-2 (ISO 18589-2). Khi
@6, cin ghi vao bao cao thir nghiém va két qua khdng thé bidu thj bing becquerel trén kilogam dét khé.

Khi do Ra-226 qua san phidm phan ra séng ngén Rn-222, hdp chira mau bit kin can dwoc luu trong
mét thoi gian AU dai (30 ngay) d& cho phép dat uge mirc cin bdng phéng xa gitra Ra-226 va Rn-222.

7.2 Mirc phong ndn phong thir nghiém

Do mét sé nhan phéng xa trong d4t (xem Phuy lyc B) giéng nhwr trong vat lidu xay dieng nén detector va
mau cin dugc che chén cin than khdi birc xa phong nén tiy nhidn. Thong thudmg chi cAn che chén
detector béing twdmg chi c6 mirc phong nén thap va day 10 cm. Cin gidm khi radon phia trong phin
che chén, Céc théng tin bd sung durgc ndu trong cAc tai liéu tham khdo 1,

Nhan phéng xa ty nhién va c4c san phim phan ra clia ching tdn tai phd bién va vé&i nbng d6 1én trong
san, trdng, trin va khi trong phdng do va trong vat ligu Iam detector va I¢p che chén.

C6 cac ddng v clia chudi phan ra radon khi hiém ma viéc phéat khi hiém nay tlr vat lidu xung quanh
thiét bi do phy thudc vao cac thong sb vat Iy khac nhau. Do vay, c6 thé xay ra sy thang giang Ion vé
néng 6 khi radon va san phdm phan ra trong khéng khi phdng thir nghiém va khéng khi trong budng
che chén detector. Day dac biét 1a van & trong ting ham ctia cAc tda nha cli 6 san bj hdng.

10
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Mirc phéng nén clia thiét bj do phéi dugc gitr & mirc thip nhét c6 thé va dic biét 12 phai git 6n dinh
nhét cé thé bdng cac phuwong phap phi hop. Didu ndy doi hdi phai 1am sach 1&p che chén va loai bd
bui bing phuong phap loc. Viéc do thirdng xuyén mirc phéng nén cho phép kiém tra tinh &n djnh caa
né. Didu nay 1a can thiét do mirc cac pic clia phd clia phdng nén thuéng dugc trir khdi mirc pic cla
mot phd mau.

7.3 Higu chuin
7.3.1 Higu chuln ning lwgng

Hiéu chun nang iwong dugc tién hanh bang cach sir dung cac ngudn clia mot loai nhan phéng xa c6
chc dong phat khac nhau (vi dy nhu 52Eu) hodc cac ngudn hdn hop cla vai nhan phéng xa. Viée hidu
chudn nay cho phép thiét 1ap mdi quan hé gitra s& kénh clia thiét bj phan tich va ning lwgng dugc biét
cla céc photon "2 ' 141 Nhin chung, c8ng viéc ndy dwgc thire hién véi mdt phan mém phis hop cb
thé stz dung phd chuén d& ty dong chuyén thang kénh cua thiét bj phan tich da kénh sang thang ning
legng photon va ghi lai nhirng théng tin ¢in thiét cho viéc phan tich v& sau. Bing cach si¥ dung phd
hiéu chudn ndng lwong, d6 rng toan phan tai mirc mdt nira mirc t&i da clia cac pic ndng lgng toan
phdn ¢6 thé dwgc x4c dinh nhwr Id mdt ham clia ndng lugng gamma. Phdn mé&m phan tich do phé
thudng déi hdi théng tin nay.

Théng tin bd sung dugc néu trong IEC 61452, TCVN 7175 (ISO 10703) va cAc tai lidu tham khao [7] va [8].
7.3.2 Higu chudn higu suit

Hiéu chuén hiéu suét duwgc thire hign thdng qua tinh todn ngay tir ban dau hiéu suét cla detector bang
ly thuyét van chuyén va k¢ thuat Monte Carlo (khéng dugc ban dén trong tiéu chuédn ndy hodc bing
c4ch str dung mét ngudn nhan phéng xa cb cac vach phat khac nhau ho3c ngudn hén hgp cac nhan
phéng xa. Viéc hiéu chuén nay cho phép thiét 1ap hidu suét ghi clia detector nhur 12 mét ham cia nang
lrgrng birc xa.

Khi st dung mot ngudn nhan phéng xa véi cac vach phat khac nhau @& hiéu chudn, cin tinh dén hiéu
(rng tng cong hodc sy mét do triing phlng.

Ho miu cin thire hién trong c4c didu kign do trrong ty nhu didu kign cho viée higu chudn hé théng do phd
gamma, Dic bidt, ché do dit clia bo didn tir (hé s6 khuéch dai va cao thé), didu kién hinh hoc thiét b do, vi
tri nguén so v&i detector, mAu va céc chét ndn chuln phai hoan toan giéng nhau.

Ngudn hiéu chudn cén c6 dic tinh vat Iy va héa hoc twong t nhw méu. Vi dy, ngudn higu chuan cb
thé dwgc tao ra tir thém chudn mau dét ph hop.

V&i cac didu kién nay, hidu suét tai mirc ndng lugng £ dugc tinh theo Cong thirc (1):

=nm.5hs o)

£
£ AP,
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Dbi véi mét pic khong bj x4o trdn tai mire ning lwgng E, sb dém ny.: trong viing pic thye clia phd y
dwgrc tinh theo Cong thire (2):

M E = Ng£ = N E 2

Khi ban chét vat Iy va héa hee clia méu (thanh phdn hda hoc, méat 4 thé tich) khac véi cac didu kién
hiéu chudn hiéu suét thi cn hiéu chinh mee ty hap thy blre xa gamma.

Théng tin bd sung duee néu trong IEC 61452, TCVN 7175 (ISO 10703) va cac Tai liéu tham khio [7] va [8].

7.4 Do va hiéu chinh cho cac nhén phéng xa tw nhién

Néu do hoat d§ cac nhan phéng xa ty nhién trong dét, cAc viing pic nang lwgng toan phin dugc str
dung d& d4nh gia hoat A6 s& phai dugc higu chinh cho sy dong gép tir phdng nén clia chinh cac loai
nh&n phéng xa ndy trong budng che chin detector, cé tinh d&n sy khac biét v& thoi gian do miu va
thei gian do phdng nén.

Hwéng dén dac biét cAn quan tam trong qué trinh do nhan phéng xa trong dét va théng tin vé sir giao
thoa quang phd dugc néu trong Phy lyc B.

Tia gamma clia hhan phéng xa trong phdng nén va/hosc clia cac nhan phéng xa ty nhién trong miu
cling c6 thé 1am nhidu qué trinh do nhan phéng xa nhan tao va cé thé cin hiéu chinh hop 1y.

8 Biéu thj két qua

8.1 Tinh hoat d§ trén don vj khéi Ivgng
8.1.1 Khai quat

Hoat d trén don vi khéi Ivgng, a, clia m8i nhan phéng xa o6 trong miu thu dwgc tir sb dém thiee, ny s,
tir pic clia mdt vach y khéng bj nhidu, theo Céng thire (3):

mwslg
=t 3
Pogg-m-fp )
Trong 46:
f& 12 hé s higu chinh c6 xét dén t4t ca cac hiéu chinh can thiét theo Céng thirc (4):
fe =ﬁ‘fm.£‘fu,s _f:,g 4

Trong dé:
fy 14 hé s higu chinh déi vé&i phan ré trong ngay tham chiéu;
fuwe 13h& sb higu chinh sy tw hép thy;
fug 1ahé s6 higu chinh sir mét mét do triing phiing;

12
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fis 13 h& 6 hidu chinh hiu tng thém vao do tring phiing.

B3 voi pic khéng bj nhiéu loan véi nang hrgng E, s6 dém g trong khu vy pic thire ctia phd y duoc
tinh bang Céng thirc (5):

By =Pgp — Mg (5)
Nhur vy, Cong thirc (3) ¢6 thé duwgc viét thanh Cang thirc (6):

nN_E;"ts o mp—nyg 1

= = =(n . —n ) wit v6i w=—"r-——— 6
FPgreg-m-fo Ppreg-m-fp o, (e = "oe ¢ Ppreg-m-fg ©

Néu dién tich pic thic, nyg thu duge bing cach mé rdng Cong thire (6) la ding; nhung cén chi ¥ trong
tinh d$ khéng dam béo theo 8.2.

Né&u mat pic bj nhidu do vach nhiéu y ciia nhan phong xa khac va c thé khdng phan gidi dugc bing
phwong phap tach phd do dd phan giai han ché clia detector, va néu sy dong gép clia cac nhan phéng
xa gay nhidu cé thé duge ude tinh tir vach y clia nhan phéng xa gay nhidu khéac, cdn phai ap dyng quy
trinh dwgc néu tai 8.6.

Béi v6i cac nhan dwgc dic tinh bdi nhidu vach, hoat dé ¢6 théd dugce tinh st dung mét vai pic ¢6 tinh
dén ti 6 phan nhanh da biét dugc mo ta bing so dd phén ra va dudng hiéu sudt clia ching.

8.1.2 Hidu chinh phan rda

Tly theo chu ky ban ra clia nhan phong xa cén do, hoat dd trén mdi dom vi khéi lwgng cin dugc hiéu
chinh bng f;. D& tinh phan ri phong xa trong thei gian dém va trong khodng thei gian tir theri diém
chuln (s =0) va thei diém do (1 = 1,), /s dwec tinh bang Céng thire (7):

fd—l = et [ Aty :I ')

=dd
1-¢ ¢

8.1.3 Hiéu chinh tw hdp thy

Po hoat 86 phéng xa trong dat bing phép do phd gamma cb thé phai s dung ngudn @& duoc higu
chudn c6 chit nén khac véi ndn clia miu do. Trong tnréng hop nay, c6 thé ap dung hé sb hiéu chinh
abi véi két qua thu drrge. Nang lugng bire xa cang thép thi hg s6 hidu chinh cang cao.

C6 nhidu k¥ thust khac nhau dé xé4c dinh hé s higu chinh nay:
— Po hé sb suy giam brc xa gamma trong vét ligu mau tai mirc nang lugng xac dinh;
— Tinh toan trong d6 c6 tinh dén thanh phan héa hgc va ti trong khdi clia mau.

D&i v&i hdp chira mau hinh try tai mirc clia detector, gia tr hé s& hidu chinh suy gidm fous ¢6 thé duoc
wéc tinh bang Cang thirc (8):

13
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_ i (B)-(1-eO%)y
fm,z = PI(E).(]__EP,(E}I) (3)

trong @6,
X la d day trung binh m&u thir tinh béing centimet.

Hé sb suy giam tuyén tinh u(E) phy thudc vao nang legng photon, ti trong khéi, thanh phan héa hoc
clia miu va thé hién sy suy gidm ham mi ti trong théng Iwgng cla tia gamma theo khoang cach. C6
thé tinh hé sé nay bing Céng thirc (9):

;x(E)=[Zw‘u,,,-(E}]p ©)

Néu 1y xAp X1 va a6i véi cac loai dAt ciing tinh chét, hé sé suy gidm tuyén tinh x(E) c6 thé dugc tinh
tngc tiép béng cach nhan hé sb suy gidm khéi lugng véi ti trong.

8.1.4 Higu chinh hiéu ing thém vao hodc mét di do tring phing

P&i véi nhan phéng xa lién tuc thay ddi bac nang lugng thi vidc mét mat s6 dém do tring phung s& xay
ra, ddc biét tai mre hiéu suét dém cao.

Céc hidu chinh nay quan trong d8i v&i cac méu ngudn didm va méng dugc do rat gin bé mét detector;
chung @4c tneng cho mdi nhan phéng xa, detector, hinh hoc do va khoang céch tir mau dén detector.

HAu hét phirong phap Iy thuyét @& tinh toan lién quan dén viéc sir dung Iy thuyét van chuyén va ky
thu&t Monte-Carlo (Geant, EGSnrc, MCNP, Penelope,v.v.; xem tai liéu tham khao tlr [13] dén [16)); do
¢b khé khan lign quan trong viéc tao ra cac detector chudn chung, cb thé ap dung mdt s8 quy trinh thir
nghiém cho mdi tinh huéng cy thé.

Mot s6 quy trinh thir nghiém nay sir dung di ligu tir tai ligu chuyén khao. Tuy nhién, do ¢6 nhiéu kha
nang clia cac detector va diéu kién do khac nhau, c6 thé dugc 1am do tryc tiép theo quy dinh tai cac
diém tir a) 3én c) sau day:

a) Chuén bj ngudn chira nhan phéng xa phéat photon nhiéu vach c6 hé sé higu chinh tai mic nang
lvgng E’ E duge tinh cling v&i nhén phéng xa khac phat gamma cé cing nang lwgng va don ning
hay c6 hiéu chinh téng cdng khéng d4ng k& tai mirc nang lwong E. Diéu kién hinh hoc phai giéng
v&i didu kién hinh hoc sir dung cho do ngudn méu.

b} Bo v&i ngudn nay tai khodng cach xa t&i detector, Tinh méi quan hé gilra pic thyc tai mic nang
lvong Eva £,

¢) Do véi miu tai v trf do binh thwéng. Méi quan hé gitra s& dém pic thye tai mirc nang lwong E va E°
twong tu véi gi4 tr tinh toan dwgc & trén va cé thé danh gia durgc sé dém pic thire 1y thuyét ny « tai
mirc ndng Iwgng E.

14
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Quan hé sé dém pic thyc Iy thuyét ny s va s6 dém pic thyrc do dwroc nye ta hé sé hidu chinh cho higu

ng tdng cdng déi v&i nang lweng E clia nhan phéng xa phat photon da vach ¢can dugc ap dyng dé
phéan tich phd hi¢u chudn va phd mau.

Thong tin bd sung dwec néu trong cac Tai liéu tham khao [2] va [9].
8.2 D khong ddm bao chuédn

Theo TCVN 9595-1:2013 (ISO/IEC 98-1:2009)"®, 36 khdng ddm bao chuén cla a dugc tinh bang
Cang thire (10):

u(a) = \J(wi 1) [ (ny )+ (my )|+ * 22 (w) (10)
Trong d6 46 khdng dam bao clia théi gian dém 13 khong dang ké.
D3 khdng d3m bao chudn tuong d6i cla w dugc tinh bling Cong thire (11):

uly (W) =y (P +ug (m) +ur () +uy () (1)
Két hop véi Cong thire (1), 36 khong dam bao chudn twong ddi cla esdwrgc tinh béng Céng thirc (12):

ul (6g) =uly(ny g) + () + Ul (Pe) = uly(ng, g — Moy )+l (A) +uly (Pr) (12)

Trong dé: u., (4) bao gdm tét ca cac dd khong dam bao fién quan téi ngudn hiéu chudn: chirng nhan
chuén, chudn bj ngudn higu chudn. '
Dé tinh cAc gi&i han dic treng (xem ISO 11929), cin biét #(@), nghia 1a o khong dam bao chuén cla a

nhir 1a mét ham clia gié trj thye cla n6. Déi voi gia tri thyc &, tie cdng thirc nge = a.tywhnye va VoI
w’(ng=ng c6 CdNg thrc (13):

@)= J v/ 1, [t 1 W)-T+my g+ (my )+ 8 Ul () (13)

Céc dd khdng dim bdo u(my), u(n,) va u(ny cin dwoc tinh theo quy dinh clia GUM, ¢ tinh t&i viéc céac
s& @ém riéng 18, n, trong kénh i clia mot phd da kénh 1a két qué cla qué trinh Poisson va do d6
w(n)=n;, CAC Gia trj my, ng VA my vA @0 khdng dam bdo chuln clia chiing 1a u(my), u(ny) va u(m) cb thé
durgc tinh toan bing chuong trinh may tinh. Do ¢6 rét nhidu phurong phap khac nhau dé trir mie
phdng nén dwdi pic nham tinh sé dém trong ving pic thyre nén khéng cé Céng thirc ndo dwgc ap dung
chung. Mat vi dy cho trirdmg hp don gidn clia viéc trir mire phéng nén dugc néu trong Phuy luc A,

N&u dién tich pic thirc nne thu dugc bing phan mém si dung k¥ thuat tach phd, phdn mém can phai
tinh dwgre nye va A0 khdng d3m bao chudn ciia né. Néu phin mém cung cép ca nye cling voi @3 khdng
dam bao chudn clia né, 46 khéng dam bao cb thé dirgc tinh theo cac Cng thirc tir Cang thirc (10) dén
Céng thire (13). Néu chwong trinh may tinh cho trgc tiép ngudng quyét dinh va gidi han phat hién déi
v&i hoat 9 a, cac gidi han @ic trng ndy ¢an phai dirgc tinh theo ISO 119289, Phy lyc C va C.5. Quy
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trinh néu trong ISO 11929 nay dugc dyra trén Tai liéu tham khao [17] khdng danh cho ngwéi st dung
ma cho ngudi phét trién chwong trinh may tinh.

8.3 Ngwdng quyét djnh

Nguwdng quyét dinh, a’, duge tinh tir Cong thirc (13) trong trwding hop & = 0 (xem I1SO 11929). Tir 46
suy ra Cong thivre (14):

a" =k W(0) = kg - (Wt )y g +147 (1 5) (14)

Trong dé:

a= 0,05 va k. , = 1,65 thwdng dwgce chon méc dinh.

8.4 Giél han phat hién

Gi&i han phat hién, a*, dugc tinh bdng Cong thire (15) (xem ISO 11929):

a" =a + kg 0(@)=a +hy JWl@ I w18 1+ 1 (1 5) 182 [+ 0" il (w) (15)
Trong d6:
B =0,05va k. g= 1,65 thwdrng dugre chon méc dinh.

Gi&i han phat hién cé thé dugc tinh biing cach gidi Céng thirc (15) dbi voi a* hodic don gian hon béng
cach I13p lai, bat dAu véi viec 1y xdp xi a*=2.4".

LAy a = B thi k1. o = k1. g = k va gidi Cong thire (15) dwgc Cong thirc (16):

v _ 2-a" +(k*-w)/t,

1-k*-ul,(w) (18}

8.5 Gi&i han tin cay

Gi6i han dwéi, a*, va gidi han trén, @”, clia khodng tin iy dwgc tinh bang cac Cdng thirc (17) va (18)
trong (rng (xem 1SO 11929).

a*=a-k,-u(a) tong @6 p=w-(1-y/2) (17)
a” =a+k,-u(a) rong 46 g=1-w-y/2 (18)

Trong d6, = ®[y/u(y)], ® 1 ham phan bb ctia phan b binh thwdng tiéu chuin héa.
Néu a > 4.u(a), » c6 thd cho biing 1, tir A6 ¢6 Cong thirc (19):

a* =aztk,_,, u(a) (19)

y = 0,05 va k., = 1,96 thwdng dwgc chon mac dinh.
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8.6 Higu chinh sy déng g6ép tir cac nhan phéng xa khac va phdng nén
8.6.1 Khai quat
Trong phép do phd gamma, thdng thwéng cin phai higu chinh hai logi déng gop.

a) Vach gamma clGa nhén phéng xa dang dwgc xac dinh ¢6 sy dong gop tir birc xa gamma cia nhan
phdng xa khac trong mau. Nhan phong xa déng gép b vach gamma khac ma sy déng gop tir 36
vao vach dwgc phan tich ¢6 thé wdc tinh dwgc cb tinh d8n cac xac suét phat tia clia cac vach
gamma.

b) Vach gamma clia nhan phéng xa dang dwgc x&c dinh cling ¢6 trong phéng nén clia may do phb.
Béng cach do mdt phd clia phong nén khdng ¢ miu trong khodng thai gian dém, f,, sy déng gop
o6 thé dwgc hidu chinh, 6 tinh t61 cac thdi gian dém khac nhau cho hai phé.

Trong ca hai trwdrng hop, hoat do trén mét don vi khdi leong cb thé tinh bing md hinh trong Céng thire
(20):

a, =(ny g/t =X My /1) W (20}
Trong @6, x la thira sé va 1a mot ham cla dang hiéu chinh.

Déi voi ca hai loai déng gop, md hinh ndy cho si hiéu chinh cin thiét.

8.6.2 Sy dbéng gbp tir cdc nhan phéng xa khéc

Vach gamma dwgc hiéu chinh tai ndng Iuo'ng,.Eh c6 dign tich pic thyc, ny ;. . Sy dong gp ciia nhan
phéng xa dwgc tinh bng cach sir dung ty s6 ciia nhan phéng xa déng gép cho nang legng gamma,
E;. Cong thirc (20) dua ra sy higu chinh can thiét véi x =P, -,/ Py, - £,Va t, = t,. Tl d8y suy ra Céng
thive (21):

a==(nu.£, “x'”N,E:;)'W-‘;‘g . (21)

B4 qua s khdng dam bdo tiéu chuln cla x, 4 khéng ddm bdo chuén ciia a. duge tinh theo Cong
thirc (22):

wt(a,)= W/t o, s + 03 (my 2 )+ Bl s, +0(y g) [ a2 u () (22)
va véi gia tri thure @, cda g, 6 thé nit ra Cong thire (23):
wH@)=(wit) {Zi‘rs Iwtny, g +u(ny g ) +x(ng g —ny g )+ x? [MM2 + z.tz(n,m,,_.1 )]}+ @l ul(w) (23)

Tir 66, ngudng quyét dinh, a_, dwgre cho béi Cang thire (24):

a=k_, “(wit,) .anlgi +u2("b,£.) +x(ng g ~ny g, )+x|_ns_£! +f,¢2(1rt.,‘;;1 )J (24)

va gié¢i han phat hién, a.", dugc cho bdi Cang thirc (25)
17
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al=a;+k_ g J(wf 1) {afrs Iwny g +u'(mp )+ X(By e —ny 5 )+ le"s,sz +u’ (e, )—IF" al?ul (w) (25)

Giti han phét hién c6 thé dugc tinh bing cach giai Cong thire (25) 6& tim a! hoic don gian hon, béng

cach I3p fai voi viec 1y xép xi a®* =2-a.
Cho a=pg thi k,_, =k _, =k va gidi Cong thirc (25) sé cho Céng thirc (26):

,,=2-ar;+(ic=-w)ng
1=kt ul(w)

(26)

8.6.3 Dong gép tir phdng nén

Trong treérng hop ndy, Cong thirc (20) dwgce sir dung @& higu chinh béng cach cho x = 1 va u(x) = 0.
o 12 dién tich pic thye clia vach gamma trong phd clia phong nén va t, 1a thdi gian dém clia phé clia
phdng nén. Tir day suy ra Céng thirc (27):

a,=(nyp/ty—mgg/t)-w (27)
P khong dam bao chuén ciia a. dugc tinh theo Cang thirc (28):

ul(@,)=wi(n, g /12 +ny 15+ (my )/ 15 +1 (g £) 1)+ a; -ugy (W) (28)
va véi gia trj thyre @, cla g, thu dwge Cong thike (29):
@) = w T, 11w+ [ s 402 )82 s + 02 g )]/ 5+ (g 5 = ag ) 108 J+ B2 - uly () (29)

Tl @6, ngudng quyét dinh, a_ dwgc cho bdi Cong thirc (30):

a) =k g wellage 02 )12+l 57 (M0 )15 + (g =) 1, (30)

va gi&i han phat hign a!b&i Cong thire (31):

af =a +k.ﬂp‘Jw2{a: ”;W'*l"u +u2(n,,_5)}: +ln,1,,_£ +u’(nwj)]ft§ +(ng z =y p)/ 1ot }+ alul (w)

(31)

Gi¢ri han phat hién c6 thd dwgce tinh bing cach gidi Cong thir (25) dé tim 4 hodic, don gidn hon, bang

cach 1ap lai voi viéc 14y x&p xiban ddu a! =2-4a;.
Khildy a =B thi k_, =k,_,= kva giai Cong thirc (31) durgc Cang thirc (32):

v _2ra +(k*-wye,

. 1—k? ul (w)

(32)

Cac gi¢i han clia khodng tin cay dugc tinh theo cac Cong thire (17) va (18):

18
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9 Bao cdo thtr nghiém

Béo céo thir nghiém phdi tuln theo cic quy dinh clia TCVN ISO/IEC 17025 va phdi bao gdm céc thong tin
sau:

a) Vién dan tiéu chun nay;

b) Nhan dang miu;

c) Don vjthé hién két qua;

d) Két qua thir nghiém, @ tu hodc a + U v&i gia tr k lién ddi;

Cé6 thé duwa cac théng tin bd sung nhw:

- Xacsubt o, fva (1-7);

- Ngudng quyét dinh va jidri Han phét hién;

- Tuy thudc vao yéu clu clia khach hang ma c6 ba cach thé hién két qua:

- Néu hoat d trén mot don vi khéi lugng, a, dugc so sanh véi ngudng quyét dinh (xem
ISO 11929) thi két qua clia phép do cAn phai thé hién 1a < a* néu két qua thdp hon ngudng
quyét dinh;

- Néu hoat d trén mdt don vi khdi lwgng, a, dwgc so sanh véi gidi han phéat hién thi két qua
do s& dwoc thé hign I3 < a* néu két qua thip han gidi han phat hién. Néu gidi han phat hién
virgt qué gia tri hudng dan thi phai 14p thanh tai liéu vé& phurong phap do khdng phi hgp cho
muc dich cda phép do.

— D& cap dén tit ca cac thdng tin lién quan c6 thé anh hwdng dén két qua.
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Phu luc A
(Tham khao)

Tinh hoat d3 trén don vj khéi Iwgng tir mot phd gamma ¢6 sir dung
phép trir phdng nén tuyén tinh

Théng thiréng, dién tich pic thyc dwge tinh bng cach trir phdng nén tuyén tinh. Trong tredng hop
nay, ba viing kénh dwoc xac dinh trong phd: mot viing, P, dbi xirng quanh pic cao nhit véi cac kénh p
va hai viing B1 va B2, m&i viing gdm cAc ké&nh b & hai bén clia P; xem Hinh A.1. Véi chidu rong day du
tai chidu cao béng mét nira pic, 4, chidu dai cla ving pic p=2,5k va p= p/2thwdng dwge chon. Khi
@6, ny c6 thé dugc tinh theo Cong thirc (5), nhir dwec néu trong Céng thikc (A.1):

n, =§n, Mg = M, Mgy = O, VAR, =§p3-(nm +15,) (A1)

ie8l ieB2

Céc a9 khéng dam bao chudn duwoc cho trong Cong thire (A.2):

u(ny) =Jn_, u(n,) = %-Jﬂm +ng, VA u(ny)= Jng +[-2—‘%-) -(ng, +ny,) (A2)

CHU DAN

X sbkénh, i

sb dém, n;

ving B1, véi chidu dai b
viing P, véi chidu dai p
ving B2, véi chibu dai b

W N = =

Hinh A.1 - So d3 trir phéng nén tuyén tinh trong phép do phé gamma
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P khéng dam bao chudn cho hoat d riéng theo Cong thirc (10) dwgc cho bdi Cang thire (A.3);

2
u’(a)= w2-|:1r1s +[%J (ny, +n32)]ffi +a*-ul (w) {A.3)

Trong treéng hep ndy, #°(@)dwgc tinh theo Cong thirc (A.4):

B @) =W/t ) o, Iw+[(p/28) + (p125Y*) (ny + my)}+ @ -u (w) (A4)
Trong dé:
g (w) = 2 (AS)

Ngudng quyét dinh dugce tinh theo Cong thire (A.6):

a' =k, -#(0)=k,_, -(w!rs)-J%-(nm +ng,) +(%J (g, +715,) (A.6)

va gi¢i han phat hién duwgece tinh theo Cong thire (A7)

a*=a +k_,-i(a")

: (A7)
=a +k_, -J(w}'ts)z la® -, 1wy + (p126) - (ng, +1g,) + (91 26) - (ngy +1py) |+ 0™ a2 (W)
Néu a=p thi k,_, = k,_5 =k va Cong thirc (A.4) dwgc Qiéi ra thanh Cong thirc (A.8):
v _ 2-a +(k*-w)/t, A8)

1-k* -ul, (w)

Céc gi&i han cla khoang tin cay dwec tinh theo cac Céng thiec (17) va (18).

21



TCVN 10758-3:2016
Phuluc B
(Tham khao)

Phan tich nhan phéng xa tw nhién trong cac méu dat sir dung phép do phd gamma

B.1 Giéi thiéu
Trong sb cac nhan phong xa iy nhién, ngoai K-40, thudc mét chui phan ra ty nhién o6 thé do dwgc
bing phép do phd gamma bao gdbm U-238, Ra-226; Pb-210 ciia chudi phén ra uranifradi; U-235 va

Th-227 cha chubi phéan ra urani/actini; cling nhir Th-232, Ra-228 va Th-228 clia chudi phan ra thori;
xem Hinh B.1.

Mbt s6 nhéan phéng xa clia ¢ac chudi phan ra ty nhién (vi dy U-238, Ra-228, Th-228) khong nhitng cb
thé durge x4c dinh tryc tiép biing phép do phd gamma ma cdn bing cach do nhan phéng xa con chau
clia ching. Trong nhirng tredng hep ndy, cAn dam bao cb sy can bing gitra nhan phdng xa me va cac
nhan phéng xa con chau dang duoc do. Sy can bing phéng xa cb thé bj pha v trong mai trwdmg
dang duoce kiém tra do tac ddng héa hoc hay hoa sinh khac nhau clia cac nguyén t6 twong tng. Vi dy,
st can bang phong xa ¢ thé thay d8i manh mé do tac dong dich chuyén khac nhau ctia nhan phéng
xa me va ¢Ac nhan phéng xa con chau trong chudi dt — thire vat - dong vat - stra.

Trong nhing tredng hep ndy, cdn phai gitr cac miu trong khoang thevi gian A dai trwde khi do. Mat
khac, sir nhidu loan can béng phéng xa trong miu do c6 thé gay ra bdi radon bi thoat ra ngoai. Trong
trrérng hop do cac sdn phdm phan rd sdng ngén clia Rn-222, vét liéu miu phai d3t trong hdp thly tinh
kin khi v&i khodng thé tich ¢b dijnh trong thiing thiy tinh gitra miu va ndp 12 it nhit c6 thé va mau duoc
gilr cho Gén khi dat duwgc can béng phéng xa. Thdng thuwéng, do khang biét mirc @ nhidu loan sy can
béng nén @& an toan, khi wéc tinh khodng thi gian chd, cin gia dinh ring khdng ¢6 nhan phéng xa
con chéu. Trwéng hep nhan phéng xa me c6 d&i séng dai va san phim phan ra séng ngén, didu nay
c6 nghia rang khoang thdi gian chd phai it nhét bing sau IAn khoang thoi gian ban ra ciia san pham
phén ré,

Cac gia tr hoat @§ do dwgc cho cac nhén phong xa clia chudi phan ra t nhién khong can bing phéng
xa véi nhan phéng xa me sdng ngén thi phai dugc tinh nguee vé ngay tham chidu; trong hau hét cac
trwdng hop, ngay d6 1a ngay &y méu. Phéan ra phéng xa clia ¢a nhan phéng xa riéng ré va cac san
pham phan r4 clia né tir nhan phong xa me ciia né phai dwrgec xem xét. Vi dy cac cédp nhan phéng xa
nay la Th-232/Ra-228, Ra-228/Th-228, Ra-226/Pb-210.

Vén @8 khéc trong viéc xac dinh cAc nhan phéng xa tw nhién bing phép do phd gamma Ia mot sé nhan
phéng xa cho vach gamma giéng nhau hozic gin giéng nhau nén khdng thd phan tach chiing bang cac
phén cirng hay phan mém. Trong nhing tnedng hop nay, cin phai hiéu chinh bing cach st dung cac
vach gamma khac; xem 8.6.1 a).
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Néu quy trinh khdng thé thyc hién dwgc thi viéc higu chinh chi c6 thé thye hién bing cach do cac nhan

phong xa véi cac phuong phap khéc (vi dy phép do phd alpha hodc do xa khi). Can sir dung céc
phwong phap nhay hon khi cac gi¢i han phét hién can c6 khong thé dat dugc qua phép do phd gamma
(vi dy do khéng @t lrgng mau).

Tir B.2 dén B.10 dwra ra gidi thich thém vé viéc xéac dinh cac nhan phéng xa ty nhién trong dét cb st
dyng phép do phd gamma. B6i v&i mdt sé nhan phéng xa, yéu cdu higu chinh st ty hép thy va mét
mét do triing phiing dugc dé cép. Bang B.1 néu danh sach c4c nang lvgng photon, E,, va cac xac

suét phat brc xa, p,, clia cac nhén phéng xa dwoc lra chon 1,

Khi chudi phan ra & trang thai can biing, xac suét phat birc xa dwgc liét ké chi s phan r& clia nhan
phdéng xa me. Vi dy, khi xac dinh lurgng Th-228 théng qua TI-208 thi khéng ¢n phai tinh dén viéc hé
s6 phan nhé&nh phan ra Bi-212 thanh TI-208 chi la 36,2 %; xem Hinh B.1 ¢). Biéu nay dwgc xem xét khi
trinh bay x4c suét phat brc xa trong Bang B.1.

Th-234 U-238
244d | a—— | 45 10%y
.
lPa-234
1.2 man 87
et
Pb-214 Po-218 Rn222 Ra-226 Th-230 - U234
268Mn | g | 3.06min | =2 | 3.8d —— OOy | == B0y | g 2510%y
_ - RN prestx
T-210 Bi-214 At-218
13min | = _ j1o8min | 2 |-25
%
[ 3 [ )
Hg-206 Pb-210 Po-214
8.1 min .?-'Lw,; 22y - | 182ps
r T00%
TH208 Bi-210
4.3mn -~ 5.0d
L %
Pb-206 Po-210
stable — | 1384d

a} Uraniradi (A=4n+2)

Hinh B.1 — Chudi phan ra tw nhién
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[ Th-231 U235
i 256h | d—— | 7-40%y
” r
Bi-215 At-219 Fr-223 Ac-227 Pa-231
7.4 min S5 | 08 min s | 2Min -T"‘ 2y — | 3310y
[ 3 s F-ims rass
Pb-211 Po-215 Rn-219 Ra-223 .| Th=e7
361min | e [ 188 | e | 398 — | 11.4d e | 187 d
-3 s
TI-207 Bi-211 Ar-215
4.8 min 4—“‘ 215mn | ———— | —100ma
r [ k-4 )
Pb-207 Po-211
shubi —= |os52s
b) Urani/actinl (A=4n+3)
Re-228 Th-232
57y — | 1.410%y '
r '
Ac-228
613h
F
Pb-212 Po-218 Rn-220 Ra-224 Th-228
106h | g {0158 | g=_|558s -— 3840 | |19y
b
Th208 Bi-212
3.1 min e | 80,6 N
-3 bkl PPN
Ph-208 Po-212
dable s— |03 s

c) Thori (A=4n)
Hinh B.1 (két thiic)

B.2 Xac dinh urani-238

U-238 v6i thori gian ban ra 4,468.10° ndm 1a nhan phéng xa me trong chudi phan ra urani/radi. U-238
6 thé do dugc khdng nhirng bang phép do phd gamma ma con qua nhén phén ra ctia n6, Th-234 va
Pa-234m. Thong thudng, vach c6 nang Iwgng 63,28 keV clia Th-234 dugc sir dung. Tuy nhién, tai
mrc nang Itgng thip ndy, si thay ddi chéat nén gitba mAu hiéu chudn va méu thir nghiém c6 thé c6
anh hudng dang k& dén két qua do sy tw hap thy va do d6 cin phai xem xét 3én nhirng thay dbi nay.
Vach ¢6 n&ng lwgng 63,28 keV cdn bj 1am nhidu béi tia 63,81 keV clia Th-232 véi xac suét phat 0,263
%. Khong nén sl dung cac nang luong tia doi 92,37 keV va 92,79 keV clia Th-234 v&i x&c sudt phat
4,81 % (2,42 % + 2,39 %) Gé dinh lugng U-238.
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Céc tia ca Pa-234m tai 1001,03 keV va 766,37 keV phll hep hon do nang lirgng clia chiing cao hom médc

di x&c suét phat clia ching thap va phai tinh dén tring phiing tdng. Khi danh gi4 tia 1001,03 keV, cin phai
Iwu ¥ réing xac suét phat |a 0,839 %. Cac vach phil hep cho viec danh gid duge néu trong Bang B.1.

Théng tin bd sung cho viéc xac dinh U-238 14 ty 18 hoat d5 U-238/U-235 ti nhién gan nhu khéng dbi 1a
21,7 trong cac méu cb ngudn géc ti nhién.

B.3 Xaéc dinh radi-226

Ra-226 1a mdt nhan phéng xa séng dai trong chudi phan ra uranifradi v6i thoi gian ban rs 1 600 nam.
Déi v6i phép do phd gamma @& x4c dinh Ra-226 trong cac miu d4t, c6 hai kha néng. Hodc Ra-226
dwgc danh gi4 tai tia 186,1 keV hodc cac nhan phéng xa phan ra c6 doi séng ngén Pb-2144 va B9-214
clia Rn-222 dwece do sau khi trang thai can béng phong xa gitra Ra-226, Rn-222, Pb-214 va Bi-214 dat
duvgc,

Néu tia tai nang lugng 186,1 keV dugc sir dung thi ¢an phai tinh dén sy déng gop cla tia tring tai
nang lwong 185,72 keV cia U-235. Sy déng gop cua tia tring ndy cé thd dwee hidu chinh theo 8.6 a)
néu ndng Ao hoat A9 clia U-235 duoc biét. Néng dd hoat 4o cla urani trong mot méu c6 thé dugce rat
ra bing cac sir dung céc két qua tir cac cach xac dinh urani khac, vi dy xac dinh ham lugng flo, xéc
dinh ham lwgng phospho, do huynh quang tia X, phd ké khéi lgng. Néu sy ¢an bing phéng xa c6 thé
dwgc khéng dinh trong chudi urani/radi thi ndng d& hoat d& clia U-238 bing vé&i ndng dd hoat dd cla
Ra-226, va trong trirdng hop urani ty nhign, ndng dd hoat d6 cta U-235 c6 thé tinh duwgc do hoat do
riéng clia U-235 x4p xi bing 1/22 hoat 33 riéng cua U-238.

Néu trang thai can béng phéng xa hodc hn hep ty nhién khong thé chdp nhéan dwec thi sy dong gép
clia U-235 chi ¢ thé dwgc higu chinh néu néng dd hoat dd clia no dugc xac dinh théng qua céc tia
khac clia U-235.

Déi v&i viéc xac dinh hoat 3 clia san phadm phan ra séng ngén cin phéi ¢ cac thiing kin khi vi néu
khdng cac gia tri dwgc xac dinh cho Pb-214 va Bi-214 ¢6 thé qua thdp do thét thoat Rn-222. Khoang
thei gian gitra viéc cho mu vao trong thing kin khi va bat d4u do dwrgc x4c dinh bdi thdi gian ban ra
cla Rn-222 (2,8 ngay) va phai it nh4t 23 ngay. Viéc sir dung than hoat tinh loai d3c biét c6 thé hiu ich
trong viéc ngan ngira thét thoat radon. Can phai higu chinh gia tri tng cong néu tit cd cic tia gamma
phét hién dwgc clia Pb-214 va Bi-214 dwrgc siv dung dé xac dinh Ra-226. Néu tia gamma clia Pb-214
tai 351,93 keV dugc st dung, hiéu (rng tdng cdng s& khéng dang ké.

B.4 Xic dinh chi-210

Pb-210 |a nhan phéng xa clia chudi phan ra uranifradi véi theéri gian bén ra 22,3 nam va tia néng krgng
gamma 46,54 keV. Tia gamma nang hwgng thurding dwge do bdi phép do phd gamma st dung detector
germani siéu tinh khiét déng truc loai N. H8n hop vat liéu khac nhau cilia cac ngudn hiéu chudn va céc

25



TCVN 10758-3:2016
mAu thir nghiém d6ng vai trd quan trong vi tc ddng tw hép thu khac nhau. Can phai xem xét hdn hop
vét liéu phi hgp cho viéc higu chinh céc tAc dng nay; xem 8.1.3.

B.5 Xéc dinh urani-235

U-235 13 nh&n phéng xa me cla chudi phan rd urani/actini v&i thei gian ban ra 7,037.10° nam. U-235
¢ thé do duoc théng qua cAc tia tai 143,8 kevV, 163,3 keV, 185,7 keV va 205,3 keV. Tia véi xac suét
phé4t cao nhét tai 185,7 keV khong phi hep néu hoat 46 Ra-226 khéng dugc biét. Tia véi xac suét phat
cao thir hai tai 143,8 keV tring véi tia 144,2 keV cla Ra-223. Hai tia khac ¢b x4c suét phat thap hon,
khéng dii G& do miu véi ndng 6 hoat ad U-235 thap. Cac ky thuat do khac nhw phép do phé alpha
ho&c phép do phd khéi legng co thé dugc st dung.

B.6 Xac dinh actini-227

Ac-227 |1a nhan phéng xa clia chudi phan rd urani/actini v&i thdi gian ban ra 21,8 ndm. Ac-227 ¢ thé
dugc xéc dinh bang phép do phd gamma théng qua céc nhan phong xa séng ngén cla né 1a Th-227,
Ra-223 va Rn-219. Nhin chung, tia 239 keV clia Th-227 dugc wu fién hon do cac tia khac hodic cd xac
suét phét thdp hodc trung v&i vach clia cac nhan phéng xa khac.

B.7 Xac dinh thori-232

Th-232 v&i thei gian ban ra 1,41 nam |2 nhan phéng xa me cla chudi phan r3 thori. Th-232 c6 tia 63,81
keV véi xac suit phat rét thap 12 0,263 %, tring v&i tia clia Th-234 tai 63,28 keV voi x&c suét phét cao
hon 14 4,1 %, nén Th-232 khéng thé xac dinh tnec tiép béng phép do phd gamma trong cac miu dét.
Viéc xac dinh thdng qua cac nhén phong xa cla né Ac-228, Pb-212 va TI-208 c6 thé duerc thue hién
chi khi gid dinh rdng cac nhan phéng xa nay & trang théi can bé&ng phéng xa véi nhau va véi Th-232.

Gia dinh nay khong ludn ludn ding trong cac miu dét do sy tdn tai Ra-228 véi thoi gian ban ra 5,7
nam trong day chuyén phan ra giba Th-232 va Ac-228 (thei gian ban ré 6,3 h), cd thé géy ra s méat
can bing phéng xa khac v&i sy mét can béng clia thori do tinh hoa tan clia né.

B.8 Xac djnh radi-228

Ra-228 la nhan phéng xa cta chudi phan ré thori véi thei gian ban rd 5,75 ndm. Ra-228 dwoc xac dinh
théng qua viéc do nhan phéng xa phan ra clia né Ac-228 cb s&n trong trang thai c&n bang phong xa
v&i Ra-228 do thoi gian ban ra ngén 14 6,15 h. Phy thugc vao hinh hoc do dugc lya chon, cé thé co
mét mat dang k& sé dém do hiéu (rng tbng cdng va can phai c6 sy hiéu chinh.

Néu ndng @ hoat @5 tinh ra cho Ra-214, Pb-212, va TI-208 khdng khéc véi Ac-228 thi ching c6 thé
dugc str dung dé danh gié ndng dd hoat dp Ra-228.
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B.9 XA&c dinh thori-228

Thori-228 12 nhan phéng xa cla chudi phan ra thori véi thdi gian ban rd 1,91 nam. Th-228 ¢6 thé dugc
xac dinh théng qua viéc do cac nhan phéng xa sbng ngén Ra-224, Pb-212, va TI-208 néu cb sy c4n
béng phéng xa. St can bing dugc thiét 18p trong vong khodng 22 ngay gitra Th-228 va c4c con chéu
s6ng ngdn clia né.

Cac tia Pb-212 bj 1am nhidu va khong nén sir dung dé xac dinh Th-228. Tét hon 1a s dyng tia 727.4
keV tir Bi-212 va tia 583 keV tir TI-208 vi ching khdng bj lam nhiéu.

Khi do Ra-224 tai 240 keV, cin phai xem xét sy déng gop cla tia Pb-214 tai nang lugng 242,00 keV.
Do th&i gian bén ra cia Ra-224 I3 3,66 ngdy nén can bing phéng xa véi Pb-212 trong miu @4t c6 thé
durgre chip nhan va do @6, két qua do duge cho Ra-224 cling 4p dyng cho Th-228.

Pidu kién clia viéc do Pb-212 va TI-208 1a Rn-220 phai & lai trong méu thir nghiém. Didu kién nay nhin
chung & do Rn-220 o6 thdi gian ban ra ngén 54 s. Tét nhét 12 tia 238,63 keV clia Pb-212 dugc sir
dung d& danh gia. Tuy nhién, do két qua clia hidu (ng tdng cong, cin phdi tinh t&i sy mét mat sé aém.

B.10 Xac dinh kali-40

K-40 dwgre ndm trong hén hop ddng vi kali ty nhién (K-39, K40, K-41) v&i ham lwong ddng vi 0,019 % va
phan r4 véi thdi gian ban ra 1a 1,29 x 10° ndm thanh Ca-40 (phén ra g) hoéc Ar-40 (bét electron).

K-40 xac dinh dwec bing phép do phd gamma cb st dyng vach 1460,83 kev cia né.
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Bang B.1 - Cac vach gamma dworc Iwa chon (trén 25 keV) dé xac dinh
nhén phéng xa tw nhién va sy nhidu ciia chung

Nhan phéng xa Nhén Ning lwong | Xéac suét Nhén phéng xa gdy nhiéu
dwee xac dinh | phéng xa phét
dwge do
Ey Pe (Ey,Pe)
keV %
U-238 Th-234 63,30 3,75 Th-232 (63,811 keV; 0,258 %)
92,38 2,18 Th-Ka1(93,35 keV; 5,6 %)
92,80 2,15 -
U-238 Pa-234m 766,361 0,323 -
1001,026 0,847
Ra-226 Ra-226 186,211 3,555 U-235 (185,720 keV; 57,0 %)
Ra-226 Pb-214 295,224 18,414 Bi-211 (351,03 KeV; 13,00 %)
351,932 35,60 -
Ra-226 Pb-214 609,312 44,49 -
1120,287 14, 91 -
1764,494 15,31 -
Pb-210 Pb-210 46,539 4,252 -
U-235 U-235 143,767 10,94 Ra-223 (144,27 keV,; 3,36 %)
163,356 5,08 -
185,720 57,0 Ra-226 (186,211 keV; 3,555 %)
205,316 5,02
Ac-227 Th-227 235,97 12,3 =
Th-232 Ac-228 xem Th-228 -
Th-228 =
TI-208 =
Ra-228 Ac-228 209,248 3,97 -
338,320 11,40 Ra-223 (338,282 keV; 2,85 %)
911,196 26,20 -
968,96 15,90 -
Th-228 Ra-224 240,986 4,12 Pb-214 (241,997 keV; 7,268 %)
Th-228 Pb-212 238,632 436 -
300,088 3,18 Th-227 (300,00 keV; 2,70 %)
Pa-231 (300,07 keV; 2,47 %)
Th-228 TI-208 277,37 6,6 Ac-228 (278,80 keV; 0,204 %)
583,187 85,0 Ac-228 (583,391 keV; 0,120 %)
860,53 124 -
2614.,511 99,755 - ]
K-40 K-40 1460,822 10,55 Ac-228 (1459,131 keV; 0,87 %)
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