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Abstract :In This Paper, A Description Of The Model Of The Radiation State Of Anuclear Facility Is 

Developed And The Composition Of The Model Is Outlined.The Problems Of The Formation Of The 

Engineering-Radiation Model Of The Nuclear Facility Are Considered On The Basis Of The Engineering 

Model Of Radiation Inspectionand Gamma Radiation Calculations Depending On The Radionuclide 

Composition, The Activity Of Radiation Sources, And Also Their Geometric Sizes And Shapes.Knowing The 

Flux Density Of Gamma Quanta Of All Energies At A Given Point, One Can Obtain The Absorbed Dose Rate 

In The Detector And Calculate The Equivalent Dose Rate At That Point. 
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I. INTRODUCTION 
The World’s Increasing Population And 

Industrialization Requires A Continuous, 

Sustainable Source Of Energy To Sustain Our 

Energy Demands. There Is However The Need To 

Tackle This Problem Without Any Negative Effect 

On Humans And The Environment, And This 

Remains The Greatest Challenge To Scientists, 

Engineers And Politicians Across The Globe. For 

This Reason, Nuclear Energy Appears To Be The 

Best Energy Source Because Of It Little Effect On 

The Environment As Well As It Cheap Cost In 

Terms Of Generation Relative To Most Sources 

Used Today In Most Part Of The World. Most 

Countries Are Now Adding Nuclear Energy To 

Their Energy Mix, There Are A Total Of 442 

Reactors In The World. 

Decommissioning Is The Final Stage In 

The Life Cycle Of The Nuclear Facility, Which Is 

Comparable In Complexity And Duration To A 

Stage In The Life Cycle, Such As Operation. 

Preparation For Decommissioning Of 

The Atomic Nuclear Facility Is A Complex Process 

Involving Several Stages In Which A Local 

Concept And Decommissioning Program 

Isdeveloped, A Comprehensive Engineering And 

Radiation Survey Of The Facility Is Conducted, 

From Operation, Work Is Carried Out To 

Decontaminate And Dismantle The Equipment 

And Structures Of The Facility, To Handle 

Radioactive Waste, And So On. Safety Of The 

Human, Environment And The Future Generation 

Is The Greatest Task In Decommissioning Of A 

Nuclear Facility. For These Reasons, Most 

Enterprises Mainly Perform Direct Measurement 

Monitoring Of Radioactive Contamination Of 

Premises And The Site Of The Atomic Nuclear 

Facility, While Modern Techniques And Methods 

Of Radiation Monitoring Allow For The Conduct 

Of Model Monitoring Of Radioactive Pollution Of 

The Environment On The Basis Of Automation Of 

All Calculations And Measurements. 

Creation Of A Model Of The Radiation 

Condition Of The Nuclear Facility Will Allow To 

Carry Out A Calculation Forecast Of Changes In 

The Radiation Status At The Site, Ensure The 

Fulfillment Of Design Tasks, Forecast The 

Formation Of Radioactive Waste And Dose Loads 

On Staff. It Will Also Select The Optimal Version 

Of The Decommissioning Operation, Visual 

Navigation Through Information And Visualization 

Of Data, Preliminary Refinement Of Equipment 

Dismantling Procedures,Systems, Designs, 

Verification, Testing And Optimization Of 

Solutions Laid Down In The Decommissioning 

Project, Which Ultimately Leads To A Decrease In 

The Economic Costs Of Carrying Out Work On 

Decommissioning Of The Nuclear Facility. 

 

II. RADIATION MODEL OF THE 

TECHNOLOGICAL PIPE 
The Technological Pipe Is An 

Elementary Object Of The Engineering And 

Radiation Model, Which Is Part Of Almost All 

Technological Systems Of The Nuclear Facility. 

Within The Framework Of The Radiation Model, 

The Pipe Is Considered As A Source Of Ionizing 

Radiation Due To Radioactive Contamination Of 
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The Inner Surface.Pollution Was Formed During 

The Operation Of The Technological System, 

Which Includes The Pipe, As A Result Of 

Prolonged Contact With The Radioactive Working 

Medium. 

Radiation Model Of The Pipedesigned For 

Calculation Of Gamma Ray Flux Density And The 

Equivalent Dose (Hereinafter Radiation 

Characteristics) Caused By Radioactive 

Contamination Of The Inner Surface At Any Given 

Point In Three-Dimensional Space Outside The 

Tube. 

Unambiguous Coordinate Position Of The 

Pipe End And A Constant Diameter Dimensions In 

Three-Dimensional Space Relative To A Given 

Coordinate System Is Defined By: 

a. The Radius Vector𝒓0(𝑥0 , 𝑦0 , 𝑧0)Is The Starting 

Point Of The Pipe Axis (Cm) 

b. Radius Vector 𝒓1(𝑥1, 𝑦1 , 𝑧1)End Point Of The 

Pipe Axis(Cm) 

c. External Diameter 𝑑𝑜𝑢𝑡 . Or Outer Radius 𝑟𝑜𝑢𝑡 . 

Of Pipe (Cm) 

The Geometric And Physical Parameters Of The 

Tube, Necessary For Calculating The Radiation 

Characteristics Within The Framework Of The 

Approximations Made, Included The Following: 

a. Internal Diameter 𝑑𝑖𝑛 .  And Inner Radius 𝑟𝑖𝑛 . 

Pipe (Cm) 

b. Length Of Pipe 

𝐿 =  (𝑥1 − 𝑥0)2 + (𝑦1 − 𝑦0)2 + (𝑧1 − 𝑧0)2 

(Cm) 

c. Thickness 𝑡Ст. Of Wall Of Pipe (Cm) 

d. Density 𝜌 Of Wall Materials (G/Cm
3
) 

e. Mass Coefficient Of Attenuation Of Gamma 

Radiation 𝜇𝑚 (𝐸𝛾) 

f. Linear Coefficient Of Attenuation Of Gamma 

Radiation 𝜇(𝐸𝛾 ) Of Material Tube Wall (Cm
-1

) 

g. Weight Of Tube 𝑚 (G) Was Specified As The 

Design Parameter 𝑚 = 𝜋(𝑟𝑜𝑢𝑡 .
2 − 𝑟𝑖𝑛 .

2 )𝐿𝜚; 

h. Specificper Unit Mass Activity 𝑎𝑚  (Bq/G) 

The Coordinates Of The Point At Which 

The Radiation Characteristics Are Calculated 

(Detector) Given By The Radius – 

Vector𝒓𝐷(𝑥𝐷 , 𝑦𝐷 , 𝑧𝐷). 

 Calculation Of Radiation Characteristics 

Is Conveniently Carried Out In A Coordinate 

System Associated With A Hollow Cylinder 

Approximating A Pipe Of Finite Size.In The 

Radiation Model, All Coordinate Parameters Of 

The Problem Were Transformed Into A New 

Coordinate System, In Which: 

a. The Origin Coincides With The Initial Point 

Of The Pipe Axis; 

b. Axis 𝑂𝑧′Is Directed Along The Axis Of The 

Tube; 

The Principle Of Transformation Of The 

Coordinate System Is Shown In The Figure. 
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Figure 1 - Principle Of Transformation Of The 

Coordinate System 

 

In The New Coordinate System, The 

Radius Vector Of The Initial Point Of The Pipe 

Axis Is Defined As 𝑥0 = 0, 𝑦0 = 0, 𝑧0 = 0. The 

Radius Vector Of The End Point Of The Tube Axis 

Has The Coordinates 𝑥1 = 0, 𝑦1 = 0, 𝑧1 = 𝐿. The 

Coordinates Of The Detector Are Defined As The 

Coordinates 𝑥𝐷 = 𝑥`,  𝑦𝐷 = 0, 𝑧𝐷 = 𝐿 ∗ 0,5. 
The Geometric Parameters Of The Pipe 

Do Not Change During The Transformation Of The 

Coordinate System. 

Consider An Arbitrary Point Source In 

Accordance With Figure 2, Located On The Inner 

Surface Of The Pipe. In The New Coordinate 

System (Here And Below, The Dashes In The 

Coordinate Notations In The New System Are 

Omitted), The Point Source Is Determined By The 

Radius Vector 𝒓𝑠(𝑥𝑠 , 𝑦𝑠 , 𝑧𝑠).  
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Figure 2 - A Point Source On The Inner 

Surface Of The Tube 

 

The Point Sources Are Distributed 

Uniformly Along The Cylindrical Surface (The 

Inner Surface Of The Tube) At The Nodes Of A 

Uniform Grid, The Parameters Of Which Are 

Conveniently Specified In Cylindrical Coordinates. 

Defining The Grid Steps As Δ𝜑 = 2𝜋 𝐼𝑚  And 

Δ𝑧 = 𝐿 𝐽𝑚  (Where Im And Jm- Are The Number Of 

Nodes In Coordinates 𝜑 ∈  0,2𝜋  And 𝑧 ∈  0, 𝐿  
Respectively), We Obtain The Radius Vector Of 

The Point Source In Cylindrical Coordinates. 
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1.0 Behavior Of Gamma Quanta Generated From A Point Source 

The Point Source Is Isotropic, That Is, It Emits 

Gamma Rays Equally In All Directions Of The 

Total Solid Angle 4π. If The Intensity Of The Point 

Source Is 𝑄 (C
-1

),Then The Gamma-Quantum Flux 

Density At A Distance 𝑟 Determines The Uniform 

Distribution Of Gamma Quanta Over A Spherical 

Surface With A Radius 𝑟. 

q=Q/(4πr^2 ),     (1/(〖См〗^2∙С)) 

Gamma Quanta Generated In A Point 

Source And Moving In The Direction Of The 

Detector Move Along A Rectilinear Trajectory 

Connecting Points 𝑠 And 𝐷. Generally, Gamma 

Quanta Are Partially Absorbed From The 

Beginning In The Air In The Cavity Of The Tube, 

Then In The Material Of The Pipe Wall, Air 

Outside The Pipe. Accordingly, In Order To 

Account For The Absorption Of Gamma Quanta In 

Different Media, It Is Necessary To Determine The 

Lengths Of𝑠𝑝1, 𝑝1𝑝2 And 𝑝2𝐷segments In 

Accordance With Fig. 3. Consider The Projection 

Of The Geometry Of The Problem Onto The𝑥𝑂𝑦 
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Figure 4 - Projection Of A Pipe On A Plane 

 

The Flow Of Monoenergetic Gamma 

Quanta, Passing Through A Layer Of Matter Of 

Linear Dimension, 𝑙where 𝑙  Is The Total Length 

Of The Gamma-Ray Trajectory,Loses Part Of The 

Gamma Quanta Due To Absorption In The 

Direction Of Flow. The Change In The Flux 

Density Is Determined By The Thickness Of The 

Layer And By The Absorbing Properties Of The 

Medium 

𝑞 𝑙 = 𝑞0 Exp −𝜇𝑙 , 
(

2) 

Where 𝑞0Is The Initial Flux Density, Μ 

Is The Linear Coefficient Of Attenuation Of 

Gamma Quanta With Energy E. 

 

III. CONCLUSION 
Radioactive Contamination Of The Inner Surface 

Of The Pipe Is Approximated By Superposition Of 

Point Sources Distributed Along The Cylindrical 

Surface At The Nodes Of A Uniform Grid. To 

Determine The Gamma-Ray Flux Density At 

Point 𝐷, It Is Necessary To Sum The Gamma-Ray 

Flux Densities Of All Energies Entering The 

Detector From Each Point Source Describing The 

Radioactive Contamination. It Is Obvious That For 

Each Point Source We Will Have Our Own Local 

Geometric Parameters That Absorb The Properties 

Of The Medium And The Partial Energy 

Coefficients Of Gamma Quanta Of Which Do Not 

Depend On The Coordinates Of The Point Sources. 

Knowing The Flux Density Of Gamma Quanta Of 

All Energies At A Given Point D, One Can Obtain 

The Absorbed Dose Rate In The Detector And 

Calculate The Equivalent Dose Rate At Point D. 
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