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The introduction is written by Ryabov Nikolay Vasilievich – the head of a “SNIIP” department, world famous specialist, who’s worked at Chernobyl Nuclear Power Plant and devoted his life to nuclear industry. His style of writing will be easily recognized by people who had the pleasure to communicate with an easy-going man. The text is not very scientific but it introduces the matter of a question. Take the introduction as a conversation in a smoking-room, more specific information can be easily obtained in reference books. In the following sections we held to modern terminology.     

1. Introduction
Radiation has always existed on Earth and in Space. It is a property of a matter and is a consequence of radioactive elements transformation. In most cases it displays the result of chemical interaction – burning, just as heat radiation and light. Life on Earth appeared as a result of radioactive emanation. Our ansectry ran the risk of radioactive emanation, so do we, and our offsprings will.  
Natural radiation source (irrespective of a man) is caused by radiation comming from Space and by radiation of elements, constituent the objects, the air, the man’s body (radon, thorium, uranium, potassium, radium, etc.). This natural radioactivity background is similar to forces a human body is adjusted to – gravitation, temperature, etc. Moreover, there are fixed data safe for a man, it refers to radiation, light, gravitation, temperature, but there are harmful, even lethal data. Under certain conditions therapeutic action is possible (e.g. to cure cancer, to rise functional activity when taking radon baths).     
The influence of radioactive emanation is defined by its contents, particle energy, flow output. “Equivalent absorbed dose” (the number of energy, absorbed by a mass unit taking into account the danger of this kind of radiation) is used to estimate the influence of radiation on a human body. It is measured in Sievert, Sv. 
“Air dose” is used to characterize the level of gamma rays – the most penetrating kind of radiation which makes an important contribution to body irradiation. It is measured in Roentgen, R. One Sievert is equal to almost 100 Roentgen. These units are rather big therefore one thousandth (mili, m) and one millionth (micro, µ) part of Sievert or Roentgen is usually used.
1 Sv=1000 mSV=1000000 µSv
1 R=1000 mR=1000000 µR
Sievert and Roentgen – are characteristics of total influence. “Dose rate” (the number of energy, absorbed in unit time - second, minute, hour) is used to estimate the speed of dose accumulation. It is measured in Sv/h, µSv/h, R/h, µR/h, etc.
Beta rays (potassium is the natural radiation source) are characterized by the rate of particle flow. It is measured in a number of particles, which pass the area per unit time (1 sm2): part/(min• sm2) or part/(sec• sm2).

“Activity” is used to characterize the rate of radiation source. It is measured in Becquerel (Bq). 1 Bq activity means that there is one radiactive transformation per second. They used to apply Curie (Ci) before. One Curie is the activity of one gram of radium. The connection between Curie and Becquerel is rather complicated:
1 Curie=3.7*1010 Bq (37 billion Bq).

Here are some examples. Usually the ambient background courses radiation at a level of 1…2 mSv within a year, and almost 2/3 of this unit is caused by sources, situated inside a man (internal irradiation). The dose rate of ambient gamma rays is equal to 5…7 µR/h, in mountain regions it’s up to 50…60 µR/h, in the region of Caucasian mineral waters – 20…30 µR/h, in Moscow – 10…20 µR/h. Dose rate may change several times more against the season, day time, weather. So, in 70 years a man gets from 7 till 14 Roentgen, though in mountains it can go up to 35…40 R. Potassium, contained in a human body has the activity of 30 Bq, the activity of meat is 50…60 Bq, 1 litre of milk – 10…20 Bq, 1 kg of dried apricots – till 200 Bq, 1 kg of potash fertilizer – 5…10 thousand Bq.
2. Technical specifications
	Operating conditions: 

            temperature, оС
            pressure, KPa
            humidity, %
	from -5 till +40

from 84 till 106,7 

till 75% at 30 оС

	Range of rate measurement equal to dose of photon radiation, µSv/h (µR/h)
	0,1…500 (10…50000)

	Range of rate registed photon radiation, meV
	0,06…1,25

	Margin of relative error when measuring equivalent dose rate, %
	(30

	Energy dependence1 when measuring equivalent dose rate, %
	(50

	Measurement range of beta rays flux density from dirty surfaces against strontium-90, yttrium-90 or caesium-137, particles /(s• sm2)
	0,3…500

	Inferior rate limit of fixed beta rays, meV
	>0,1563

	Nine-volt battery active time, h
	>100

	Dimensions, mm
	192х64х40

	Weight, g
	300

	
 The same dose rate can be created by backgrounds of different power. The perceptibility of the detector to backgrounds differs, that’s why the rate dependence of the device is of great importance.

2 One can set the device accurate within 5…7 % according to beta rays, it’s impossible to guarantee the accuracy of measurement when the source of beta rays is not known. 

3 In action it means that the device is sensitive to beta rays of carbon-14.


2. General description
2.1   Operating features
All operating items are on the front panel. 
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“Power supply” slide switch has 2 positions.
 «Off» – the device is not activated;

«On» – the device is activated and is ready to measure.

“Range” slide switch has 2 positions:

         «х1» – to set time to measure dose rate - Т(, to measure beta rays flux density - Т(;
«х10» – to set time to measure dose rate - Т(/10, to measure beta rays flux density - Т(/10; multiply by 10 at this reading

“Mode” slide switch has 2 positions:
     «(» – measurement mode of photon radiation dose rate, µSv/h;

    «(» – beta rays flux density rate from dirty surfaces /(s• sm2).
Pic.1 Front Panel
2.2   Options
	State
	Description

	Radiation measurement 
	Short time signal is on for each count pulse, which allows to estimate the change of radiation environment by ear

	Battery charge
	Three dots on a screen

	Exceeding the upper limit 
	The upper limit is shown on a screen and a continuous time signal is on



    Pic.2 Measurement mode                            Pic.3 Battery charge 
Pic.4 Exceeding the upper limit
2.3    Screen
A mobile screen is available on the back panel. It is fastened with two latches in extreme positions. The screen is joint, it consists of several stratum of different material which is important. Firstly, the screen corrects or smoothes the energy dependence when measuring the dose rate of photon radiation. Secondly, it cuts off beta rays, which allows to estimate beta rays flux density rate in «(» position with and without a screen. 
3. Getting started
· Set “Power supply” slide switch to “Off” position;

· Open battery compartment;

· Insert batteries following the indications (+/-) inside the compartment;

· Set “Power supply” slide switch to “On” position;
The device is ready to measure. Remove batteries when they are exhausted, time signal will warn you. If you set “Mode” and “Range” slide switches to other positions, the current measurement must be stopped.
4. Maintenance 
4.1   Maintenance
The device is supplied with a butt tube counter. A flow of ionizing radiation is converted into a sequence of electric signals by a counter. The signals are formed in accordance with duration and amplitude, then they go to registration and display circuit. 
The device measures in cycles. At first recorded impulses are accumulated (for about a minute). Then the device passes into operating mode automatically (having finished the accumulation). The current measurement is shown on a screen (in µSv/h or particles/ s• sm2), it changes every 2 seconds.
  Measurement of equal dose of photon radiation rate 
Use «(» position for quick estimation of a level of dose rate or a search of sources. The screen is closed (“Range” switch slide to «х10» position). To measure the equivalent dose do the following:
· Get started (p. 4);

· Slide “Range” switch to «х10» position;

· Slide “Mode” switch to «(» position;

· Close the screen (Рic. 6);

Short time signal is on for each count pulse. The value of equivalent dose rate is shown on a screen. The way of estimation is rather rough and is used only for searching.
Repeat the procedure with “Range” switch slid to «х1» position to get more accurate results.
4.2  Estimation of beta rays flux density 
· Get started (p. 4);

· Slide “Range” switch to «х1» position;

· Slide “Mode” switch to «(» position;

· Close the screen (Рic. 6);

· Place the device above the examined surface (Рic. 5);

· Make 10…15 measurements, calculate the arithmetical mean of N(;

· Open the screen (Рic. 6);

· Place the device above the examined surface (Рic. 5);

· Make 10…15 measurements, calculate the arithmetical mean of N(+(;

· Calculate the estimation of beta rays flux density as a difference (N(+( - N() of particles/ (s• sm2).

Repeat the estimation of beta rays flux density with “Range” switch slid to «х10» position as soon as the upper limit is exceeded and the device gives a signal4. 
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Pic.5  The position of the device to estimate the beta rays flux density rate from surfaces
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          Pic.6 The screen is open
4 The situation is alarming! The origin of beta pollution is man-caused.
5. Service
Protect the device against hits, dirt and humidity.
Put the device into a plastic hood in dusty and humid places. Clean the device with a dry and clean flannel duster or a brush.
Background data may increase when active material is on the body of the device.

The device can be cleaned with decontamination agent which can be made in the following way – dissolve one tea-spoon of washing powder in a litre of water. Body decontamination can be conducted only when batteries are out of the compartment. Moisten a tampon in a grout, squeeze it and clean the body. Then wipe it with a dry flannel duster.
6. Life data
An interesting experiment can be conducted with a help of the device. You will need a pack of fertilizer “Potassium chloride”. Such fertilizers are usually sold in 1 kilo packs. Measure the beta rays flux density rate having put the device on the pack. 
The practice shows that the power of equivalent dose near the pack exceeds residual data by 40%. Beta rays flux density from the pack is equal to 0,6 particles/ (s• sm2).

The presence of potassium-40 radioactive tracer explains the data received. This tracer is both gamma and beta radiator. Beta-particle (electron) is generated in 90% of potassium-40 decomposition, gamma-ray photon – in 10%.
The pack of fertilizer may be used to check the device.
We are citing some important values:
0,15 µSv/h – an approximate data of equivalent dose rate resulting from radiation background, depends on local conditions and may change within big limits (up to 1 µSv/h).
0,3 µSv/h – possible exceeding of equivalent dose indoors over the dose rate outdoors. 

0,2 µSv/h – exceeding of equivalent dose rate in residential places over the dose rate outdoors, precautionary measure must be carried out.
Research level – from 0,01 till 0,3 µSv/year, level depends the source research.

Interference level – exceeding 0,3 µSv/year, requires precautionary measures.

1 µSv/year – interference level in locations, polluted after radiation accident. In case of an exceeded level the location is zoned. 

0,67 particles/ (s• sm2) – possible level of skin pollution by beta-radioactive nuclides Sr-90 and Y-90.

7. Warranty
The manufacturer guarantees normal use of the device provided the maintenance rules are observed as described in this manual. 

We offer 12 months of warranty on devices.

Warranty and post-warranty repair is done only by the manufacturer. Send the dosimeter for repair at the address given in warranty service coupon.

The time of warranty repair is not included into the time of warranty period.
Seller's warranty does not apply to i) the usage exceeding manufacture’s published specifications, ii) the absence of warranty service coupon or the absence of the date of purchase and the seller’s stamp, iii) the seals are removed or broken.  
8. Warranty service coupon
Valid after filling the form
Filled by the manufacturer
МС-04Б device №____________________________

Corresponds to АБЛК.412152.003 standard and found disposable for service.

Issue Date ________________________

Quality department representative________________________






(Quality department stamp)

Manufacture’s address:

LLC “Axelbant”
125367, Moscow, Gabrichevskogo str., 10-4-396
www.betagamma.ru       32239@mail.ru

Filled by mercantile business
Issue Data ____________________________

Seller________________________________

Stamp 

The maintenance of МС-04Б ("Expert")

to estimate the pollution of water, soil, foodstuff and farming  samples

The device was calibrated in accordance with caesium-137 isotope which is radioactive nuclide and can be detected in polluted locations, foodstuff and air.
1. Measurement of small polluted samples: 
- prepare the sample. Pour a test specimen or reduce it to fragments and fill the container so that the surface of the detector is coved, the layer of the test specimen must exceed 2 sm. Even surface of a peace of meat or bread, etc. may be test specimens.  

-make measurements (see p.5.2): the first measurement without a test specimen to identify mean value of NγФ  background, the second measurement with a test specimen to identify the accumulative value of radiation background from the specimen NγП;

 - multiply the difference of normal data (NγП - NγФ) by 50. Numerical value will correspond to sample specific activity in kilobecquerel per kilo. For granular and liquid matters with 1 gr/sm3 consistence - in kilobecquerel per litre. Specific activity of a sample from 1-2 kBq/kilo can be detected after you have increased the number of measurements up to 10-20.
2. Gamma radiation setting will help you to estimate specific activity in big samples (e.g. herbs, mushrooms picked up for storage). Beta radiation – to detect the most radioactive objects.  
Examine herbs, mushrooms, foodstuff clean from grass and soil. It is advised to examine specific activity of herbs and mushrooms before they are dry. Follow the instructions given in points 5.2 and 5.3 of the manual. 
2.1. Gamma radiation setting to estimate specific activity. 

Gamma radiation setting to estimate specific activity should be carried out with foodstuff packed up in a basket, car body, sack, plastic bag, etc. The device is brought close to a packing. If the packing is big (e.g. you have a long sack) – make 2-3 measurements in different places.
Cover either the packing or the device by polyethylene film before maintenance to keep the device clean. 
Specific activity is estimated in kilobecquerels according to the formula:
 A = 150•( NγП - NγФ)•C,

   
NγП -  mean value after 10-20 measurements; 

   NγФ -  mean value after 10-20 background measurements, made without test specimens;

  C    -   coefficient, which depends on the weight of foodstuff (see Table 1).

Table 1
	Weight,

kg
	0,5
	1
	2
	3
	4
	5
	7
	10
	20

	C
	1,25
	1
	0,8
	0,7
	0,6
	0,5
	0,4
	0,3
	0,2


Notice. If the pollution of foodstuff and forage exceeds 3.7 KBq/kg, litre (1.10-7 Ci/kg,l), their consumption should be stopped. The official statement must be received from sanitary-hygienic laboratory. 

2.2. Beta radiation setting to estimate pollution and to detect polluted objects. 

Make sure a layer of a foodstuff is even and thin (see p.1), because a thicker one (more than 1 mm) absorb beta rays. Cover the device with an open detector (without a cover) by polyethylene film (0,05-0,06 mm) and move it next to the sample. 

Move the device above the sample to detect the place where the data are the highest. Put aside the most polluted parts of a sample and repeat the measurement according to point 1 of the manual.
Detect background data Nγ+βФ  and make measurements with a sample to get an accumulative value of a background and sample radiation Nγ+βП.
Beta rays flux density is equal to Nγ+βП - Nγ+βФ.
One should be aware that beta rays background from radioactive nuclide potassium-40, which can be in mushrooms and be equal to 1-1.5 µBq/kg.
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