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, .

: 1)  (SNM), 

,  2)  (RDDs), 

, , , .

 « »

, , .

:

 1.  RPM 

(SNM)

233U, 235U, 237Np, 239Pu,  U,  U,

 U,  Pu,  Pu 
232U, 238U, 238Pu, 240Pu, 241Am

 (NORM) 
40K, 138La, 226Ra , 232Th

, 238U
18F, 51Cr, 67Ga, 75Se, 89Sr, 99Mo, 99mTc, 103Pd, 111In, 123I, 125I, 131I,
131Cs, 153Sm, 201Tl, 133Xe
57Co, 60Co, 133Ba, 137Cs, 192Ir, 226Ra, 204Tl, 241Am, 75Se

,

- , , . , ,

 [2-3].  (SNM) :

 (HEU),  (WGPu),  (Reactor grade Pu).

 2.  (HEU)

E  I  In

 %  % / ·  n/ ·
235U 93,3 185,7 53 4,3·104 ~0,0006 
235U 93,3 185,7 39 

 1001,0 
~100

101
~0,01

234U 1     

other 0,2     

 3.  (WGPu)

E  I  In

 %  % / ·  n/ ·
239Pu 94,0
40Pu 6,0

375,0÷414,0 (ROI) 

640,0 (ROI) 
3,4·104

1020
241Am

237U

 4.  (Reactor grade Pu) 

E  I  In

 %  % / ·  n/ ·
239Pu ~80,0
240Pu ~20,0

375,0÷414,0 (ROI) 

640,0 (ROI) 
3,4·104

1020

,

, , ,

-  n- , , . .

 (

 8 / , .1.).
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, ,  ANSI N42.38 [4] 

 (  5). 

,

,

(MDA)  ( ).

 MDA.  MDA 

 [5]. 

1 1 2 2 1 2( ) ( )
( )

i

N B B N B B
MDA Bq

S

⋅ + + ⋅ +

=  (1) 

 N1 – , N2 – 

, B1 – 

, B2 – 

, Si – 

i ( /( ·Bq)).

 (1),  MDA .

 5. 

( )

(

)

( )

( :

Fe –3 )

( )

( :

)

241Am 47 
133Ba  9 148 
133Ba  14 
57Co  15 
57Co  5 
60Co 7 25 
137Cs 16 85 

DU 4,5 

 46 c 2

67Ga 16  94  

HEU 237 

 6,5 c 2

131I 10  23  
192Ir 6 61 
40K 128 

237Np 90 : 1  Fe 
99mTc 16  127  
201Tl 10  88  
226Ra 8 
232Th 14 

RGPu 1,4 : 1  Fe 

WGPu 15 : 1  Fe 
252Cf 2x104

/

 ± 20% 

 ( , , , . .)

,  [2,3] 

 [4,6-8]. : -

( - )  (3He ).

. 2. 

, ,

 (  – PS  – PVT). 

.1.
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 RPM
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. ,

,
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. ,

,  NaI(Tl). 

 SAIC Exploranium [14] 
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. . ,

 « » .

 Pacific Northwest National Laboratory (PNNL, USA) [15] 
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Large-Area Plastic Scintillator) 

, ,

.

,
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-  (TAL) 

.

, , . , -

, -

. ,  « »

,  [15]. 

 (NE, Bicron, Amcrys .),

,

.

 DoE ( ) The Department of Homeland Security [16] 

( )  « » (ASP), 

. - -

.  2005 .  Nevada Test Site [17]. 
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) .

 « »  « »

.

 ( ),  (
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, .
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,  – .

 (NMIS) [18]  Oak Ridge National 
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,  (  Flash ADC), 

(PSD) , , ,

,

.

 Lawrence Livermore National Laboratory, (LLNL, USA) [19] 

 SNM,  RPM. 

, Argonne National Laboratory, Naval Research Laboratory, 

AMETEC/ORTEC  Ge  CdZnTe (CZT), 

-  « » (

« »,  2D, 3D ).
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- . - ,
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- .
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) - .

,

.

, , ,

 ( ,

 Hammamatsu PSPMT, 

, CZT). 

 2D  3D 

-  (PET, 

SPECT ), .

 Naval Research Laboratory, Brookhaven National Laboratory 

 [21]  RPM 

 ( .3).

: 1)  (Scatter Detector) – 

 (  Z); 2) 

(Analyser Detector)  (  Z); 3) 

; 4) 

. , ,

 (  « »)

- E0 ( . .3):

2

0

0 2

1 1
cos 1 m c

E E
θ = + − , (2)

= L1L2 - E0,
2

0cm -

, E1 E2 – :

E0 = E1 + E2.
(3)

, , ,

.3.

.
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2614 keV (208Tl)

.
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, ,

,

.

.  RPM 

,
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,

 [22]. 

- . -

, -  ( / )

.  – - ,

,  ( ).
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, ,  ( .5)

.

) )
.5. .
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.
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(ROOT5 [24]). ,  ( )
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E0

1÷10 / / 2.

. -  2·

.

 RPM

.

.

 [22]. ,

 Z 

-

 (3). 

,

-

E0 .

 (

) -

,  ( .7).

,

.

.7,

 ( tot),

 ( 1),

 ( 2),

 ( 12).

, ,

,

 30% 

. ,

 (  30 ).

, ,

. :

, – -

E0,

 N(ENORM)/N(E ).

.6.  RPM, .

.7.

E0.
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s

sbNORM

N

NN

EN

EN +
=

)(

)(

γ

,
(4)

 Nb + Ns –  (field-of-view); 

Ns –  ( ) ,

.

, .8,

,  1 

.

,

- , . .

, ,

, .

 RPM 

50% . ( .8).

:

MDAe  ( ) = MDA( )•N(E0)/N(ENORM)   (5) 

 MDA(Bq) -

; N(E0)- ;

N(ENORM)-

.

 ( )

 DAQ  ROOT5 [24]. 

-

 (D1) .  (  1 )

.

-

-  ( .3.),  (2). ,

L1 L2:

θcos2121 ⋅⋅=⋅ LLLL (6)

:

cos  = cos 1 · cos 2 + cos 1 · cos 2 + cos 1 · cos 2, (7) 

cos 1 = (x1 – x2)/| L1 |,

cos 1 = (y1 – y2)/| L1 |,

cos 1 =  (z1 – z2)/| L1 |,

(8)

L1 ,

cos 2 = (x3 – x1)/| L2 |,

cos 2 = (y3 – y1)/| L2 |,

cos 2  = (z3 – z1)/| L2 |,

(9)

L2.

:

| L1 |2 = (x1 – x2)
2 + (y1 – y2)

2 + (z1 – z2)
2,

| L2 |2 = (x3 – x1)
2 + (y3 – y1)

2 + (z3 – z1)
2.

(10)

 cos , -  D1  D2, 

- (x3,y3,z3) :

F(x3,y3,z3,E0) =  cos  – (cos 1 · cos 2 + cos 1 · cos 2 + cos 1 · cos 2) (11) 

 F(x3,y3,z3,E0) .

,

, , ,  RPM.  [25÷28] 

.8.  RPM 

 L .
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H5783 (  R5600 HAMAMATSU),  CDF II (Fermilab). 

 [29].

-  RPM 

, , , E0.

.

, E0 . ,

 RPM , , ,

 [13].

N  – [Ei, i=1÷N]. ,

, ,  ( . .2, . 1,2,3,4, 

[30,31]). i  « ».

Ei E0, , . .

.

Ei  E0 « », . .

, .

.9,

- .  D1  D2 ( . 9- ,- ) – 

.  ( ) ,

 0.8 .

, , , -

,

.  – « » .

) ) )

.9.

) –  D1, ) -  D2, ) - ) ).

,

 (bulk attenuation length) .

 MCNP [33] ,

 (GEM), :

)()( 2
EcEbaEFWHM ⋅+⋅+= , (12)

 (a,b,c) 

 (0, 0.407,0).  FWHM(E) = 50%  E0=0.662

keV,  NaJ(Tl) – 8%. , ,

- .

.10  « ».

 ROOT5 [24].  Ni = constant exp(-(xi-

Mean)**2/(2 ) , 2= (Ni – N(i))**2/ i**2 ,  n  ndf = n-3. 
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a) )

.10. (X3,Y3,Z3, E0)
2.

a) x  121  Z3 = 1200 ; ) x  324  Z3 = 2000 .

, ,

 (Sigma) ( x, y) ,

(X3,Y3,Z3) E0 .6.
2/ndf  1 , .

.10 x  Z3 = 1200 mm ( )  Z3 = 2000 mm 

(b). x ( ,  X3)

 Z3 = 1000 mm. , ,

.

-  RPM

- .

, .

-

 [32]. 

, ,

,

.

,

.

-

.

.11

 ( ).

,  D1  D2 ( .6.)

, - .

 ( ).

.

- .

.11.

.

1,2 – ; 1,2 – -

;  – ,  – 

,  – 

,  – 

( ).

1

2

1

2
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.

 DAQ. 

) )

. 12.  ( x, y) .

) s=5 mm; ) s=50 mm.

,  ( .12), ,

, ,  (" ")

 (4). 

, ,

 4.1.  6. 

 ( . .

 X  Y).  NGEANT4 = 108

 2000 2000 . -

 ( .13), .

 2 106  3 105. : 40 40  400 400

( .12). , .

 (« » )

. ,  ~50÷200 

, .

) )

. 13. ,

 50 

) – ,  1000 1000 ;

) –  (x = – 500 mm, y = 200 mm) .
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 ( ),

, DAQ , ,

(« »

),

NGEANT4 Ns Nb + Ns (Nb + Ns)/ Ns /
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THE CONCEPT OF RADIATION PORTAL MONITOR OF NEW GENERATION

V.N. Dubina, V. . Kovtun
Kharkov Karazin national university 

Ukraine,61077, Kharkov, Svoboda sq., 4 

kovtun@pht.univer.kharkov.ua

Radiation Portal Monitors based on plastic scintillator are wide used kind of passive detector. These relatively cheap detectors are 

very need under nuclear and radioactive materials check at such a checkpoints as airports, state boards, railway crossing et all.

Modern monitors have a high enough sensibility to gamma-channel. But a main problem is a false signal due to radiation background

fluctuation and cargo. It doesn’t allow to certainly identifying the masked radiation source in cargo. The main proposed idea of this 

article is electron collimation method with plastic scintillators detectors using for radiation source placement definition that means 

essential background suppression. Due to background suppression and source identification we can to enlarge detector square and

achieve registration under very small levels of minimum detectible activity (MDA). Using a plastic of big square and possibility to 

suppressed background essentially makes high efficensy radiation portal monitor as new generation detector indeed. There is 

discussion of principle construction and data acquisition system (DAQ). The previous experience that we have got under muon 

system construction for CDF II (FERMILAB) has taken to account. Monte-Carlo calculation results (by means Geant4 and ROOT5 

work up) are presented too. 

KEY WORDS: nuclear terrorizm, special nuclear materials, radiation portal monitor, electronical collimation method, time of fligth 

method, background suppression, coincidence method, plastic scintillator
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