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This manual, as well as included product certificate, offers a detailed explanation of Expert-M2 operation, configuration and design. The manual includes basic technical data and characteristics, as well as other data, required for correct operation and usage to the full extent, and check-out method.

During the process of manufacture there might be changes in electric diagram, software and construction, which will not affect technical or metrological characteristics, thus they are not included in the manual.

Dosimeter is a measuring device, used by a wide range of specialists, having to do with constant radiation and dose rate control. Dosimeter could be helpful to anybody concerned with environmental issues at place of residence, work and rest, or to those who could be exposed to ionizing radiation. 
Beware! This device doesn’t measure equivalent dose (ED) or equivalent dose rate (EDR) in medical X-ray devices. Medical X-ray reduces tissue destructive effect with its gamma photon energy field about 20keV, which is beyond Expert-M2’s powers. For medical X-ray radiation measurement please use devices developed for soft ray radiation.

Dosimeter checks radiation security in working areas, dwelling places and territories. It is easy-to-operate and has just two control buttons.

Please check completeness of the device upon purchase, sealing on the back side and operation in all modes.

Keep the devices from mechanical damage, corrosive substances, organic solvents, naked flame, magnet and electric fields. 

1 Device Description and Operation
1.1 Function and Application Range 
Expert-M2 Dosimeter fields of application:

· continuous individual equivalent dose measurement (hereinafter referred to as ED) of outer gamma and X-ray radiation (hereinafter photon);

· continuous ED storage time measurement and ED storage time indication;

· power measurement of ambient equivalent of photon radiation dose (hereinafter – PED) outer photon (X-ray and gamma) radiation; 
· beta particle flux density measuring from beta radiation sources and contaminated surfaces;

· alpha particle flux density indication from beta radiation sources and contaminated surfaces;

· quick search for contaminated items or radioactive sources;

· if measuring cell is included, users can measure volumic activity of water, soil, food, plant and livestock product samples according to beta and gamma radiation; 

· date, time and outside temperature indication;

· with PC connection – ED storage chronology indication, measurement general statistics and device programing;

–
environmental safety;

–
emergency safety;

–
manufacturing supervision according to national industrial safety requirements in hazardous facilities;

–
workplace and occupational safety arrangements;
Dosimeter has bilingual (Russian/English) built-in settings menu.
Dosimeter is powered with built-in lithium polymer battery charged via USB.

1.2 Technical Characteristics
	PED measurement range

	from 0,01 to 100 µSv/h

	ED measurement range

	from 0,01 to 999 Sv

	ED storage time discreteness indication on display:
      PC connected:
	1 h
1 min

	Photon energy range during dose power measurement

	from 0,04 to 3,0 MeV

	Energy dependence during photon radiation dose and dose power measurement referred to Cesium-137 radiation, %                                                     
	( 30 %

	Cesium-137  and Americium-241 sensitivity anisotropy in spatial angle 4(, within %            
	 (40

	Beta particle flux density measurement range in contaminated surfaces (Strontium-90, Yttrium-90), part./(cm2(min)                 
	3 – 104

	Lower limit of  registered beta radiation energy, not exceeding, MeV                                              
	0,05

	Measurement range of dose volumic activity with density from 0,08 to 1,2 g/cm3, Bq/ml (Bq/g):  

Cesium-137                                  

Strontium-90+Yttrium-90      
	1(101  -  2(104
2,5     -  5(103

	Acceptable basic relative error threshold

	(25 %.

	Indication range for alpha radiation flux density in contaminated surfaces (Plutonium-239), part./(cm2(min):

       -measurement      

       -indication                                 
	10 - 104
1(102 - 1(105
1(103 - 1(106
over 1(104

	Lower limit of  registered alpha radiation energy, not exceeding, MeV                                              
	3,0

	Number of predefined PED threshold levels

	3

	Number of predefined ED threshold levels


	3

	Setting range of PED threshold levels 
	within whole range 

	Setting range of ED threshold levels

	within whole range

	Dosimeter data instability within 24 hours of continuous operation

	(10 %.

	Time response to rapid change of measured figure level1) (over 10 times in natural background level)
	1 s

	Continuous operation with full charged battery (if measured in natural radiation background and without LED light or Bluetooth module) 


	minimum 120 hours.

	Dosimeter is powered with built-in lithium polymer battery with 3,7 V nominal voltage, or via miniUSB with PC or other USB charger connected.


	Archive volume

	Up to 3276 records (time and date, value of measured quantity)

	Battery full charge time 


	Up to 4 h.

	Additional relative error with temperature shift from minus 20 to +50 °С
	±10 %.

	
	

	Additional relative error with humidity change from normal to 98% with 35°С

	±10 %

	Normal operation

	-ambient air temperature from minus 15 to plus 50 оС;

- relative humidity not exceeding 98 % with 35 оС;

- atmosphere pressure from 84 to 106,7 kPa.



	Overall dimensions

	240х78х75 mm.

	Dosimeter weight

	Up to 500 g

	NB
1) When mesurand value is increased, buffer reset threshold of results averaging decreases and tends to 1.3 




1.3 Device and Operation

Dosimeter is equipped with end-on gas-discharge counter which serves as a detector. Gamma quantum, beta or alpha particle flux is transformed by detector into electric signal sequence. These signals are registered by microcontroller, providing data storage and procession, dosimeter mode control, sound indicator and LED display (hereinafter LED).

Measurement processing algorithm adjusts to measurand level, automatically sets minimal measurement time and replies promptly to rapid level shifts.

Dosimeter has volatile internal memory, which saves custom settings at shut down. When switched on, custom settings are recovered.
Dosimeter body (Picture 1):

- display;

- control buttons;
- LED torch;

- mini-USB.
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Picture 1 – General view




Backside (Picture 2):


- easy-to-remove detector screen;


- removable battery compartment cover.


Removable screen is intended for rate adjustment of indication energy dependence during gamma radiation registration of variable energy, as well as for detector screening from beta- and alpha- particles in ( measurement mode.


Screen is fixed with a lock. To remove the screen, pull upwards the lock – as shown in Picture 2. To readjust the screen, pull downwards to the lock.


Removable battery compartment cover provides access to the battery. To remove the cover, pull upwards, in points, indicated in Picture 2, and pull downwards to readjust the screen.
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Picture 2 – Backside

Dosimeter has a graph display showing all required data. There are five main modes: 

· PED measurement;

· ED indication;

· Beta measurement;

· Search mode;

· Alpha search (indication);

· Volumic activity measurement (depends on configuration of the external equipment);

PED mode display shows:

· PED value;
· Measuring unit;

· Result statistic error;

· Current alarm threshold indication when PED is exceeded, µSv/h;
· USB-cable connection indicator;

· Battery power;

· Current time and date;

· BLUETOOTH module (if available);

· Alarm sounder (on/off).
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Picture 3 – Dosimeter display in PED mode (ambient equivalent power measurement of photon dose radiation)
In Beta mode it displays beta particle flux density measuring results from beta radiation sources and additional info (Picture 4).
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Picture 4 – Dosimeter display in Beta mode (beta particle flux density measuring);



	In Alpha and Volumic activity modes data is displayed is same as Beta mode. In Alpha mode you see ALFA on the screen and VA in Volumic activity mode.
In Search mode data display is same as in PED mode and you see SRCH (Search) on the screen.
In ED mode it displays ED stored with dosimeter from the last ED reset, as well as storage time and additional info (Picture. 5).
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Picture 5 – Dosimeter display in ED indication mode;



Dosimeter is controlled with two multifunctional buttons, varying in application, as situation requires. Enter menu to access button icons, helping navigate through menu structure.
2 MEASURING PROCEDURE 
1.4 Operation Restrictions and Safety Measures 
1.4.1 Please read this Manual before getting started.
1.4.2 Keep dosimeter away from mechanical damage, dust or humidity. Keep away from water.
1.4.3 Remember to charge the battery in good time.

1.4.4 Upon contact with radioactive agents background values can go up. Make sure there’s no excessive background upon measuring background indices in various locations or premises. Dosimeter body is deactivated without dipping into decontamination solution.
2.1.5 Keep dosimeter away from high temperature in order to avoid damage of lithium polymer battery.

2.1.6 When working in location, contaminated with radioactive agents, specialists must wear individual means of protection in order to minimize contamination hazard. Keep dosimeter away from contamination. When working with contaminated objects, put dosimeter into a single-use plastic bag.
1.5 Device Setting 
1.5.1 To switch dosimeter on press and hold Button K1 for 5 seconds (Picture 1). If dosimeter doesn’t start, charge the battery as explained in paragraph 2.2.2. After power-on dosimeter starts measuring and first result will come in 2-3 seconds. 
1.5.2 Battery is charged when dosimeter is USB connected to PC or any mini-USB adaptor. Battery charge indicator is on display. Once fully charged, battery icon is filled.
1.6  Parameter and Mode Change 
1.6.1 Measuring mode change
Modes are controlled with short-time pressed К1 button as shown in Picture 8.
	GAMMA->DOSE->BETA->SRCH->ALFA->[VA]->GAMMA


Picture 5 – Measuring mode change sequence 
1.6.2 Menu.

You can enter menu with K1 button. The menu has the following sections:
-  settings (sound, light, language);
-  PED alarm threshold setting установка порога срабатывания сигнала тревоги по;

-  ED alarm threshold setting установка порога срабатывания сигнала тревоги по ЭД;

-  Stored dose reset;

- Temperature indication.
1.6.3 Sound control
This feature sets button sound and alarm threshold crossing. To turn sound alarm on/off press K2 to enter Settings submenu, then press K1 and enter Sound submenu (Picture 6). In sound mode press K1 and then with K2 turn sound alarm on or off. Press K1 to confirm. Dosimeter will automatically return to the main measurement mode. 
	[image: image6.jpg](FZ3755 081013 G

9.5

F0.60 «= 4@
s
‘ SETTINGS | « [SOUND B
=L K
» v » v





Picture 6 – Sound alarm control
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	NB: In search mode sound is always on during photon registration.




1.6.4 Light control
To turn light on/off and choose display light time press K2 button in measuring mode and enter Settings submenu, pressing K1, then press K2 to enter Light settings (Picture 7), press K1 button and with K2 choose display light duration (10, 60 or 180 seconds) or turn it off. You can confirm your choice with K1. After that dosimeter goes back to the main measurement mode. 
	[image: image8.png]



	NB: Light and Bluetooth module reduce battery power and require more frequent recharging.
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Picture 7– Light control


1.6.5 Language selection 

To select language from measuring mode by pressing K2 button and enter Settings submenu, pressing K1, then three times press K2 to enter Language selection (Picture 8), press K1 and then K2 to choose Russian or English menu language. Press K1 to confirm. Dosimeter will go back to the main measurement mode.
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Picture 8– Language selection


1.6.6 PED alarm threshold setting 
Dosimeter has three PED alarm thresholds.
To select PED alarm threshold press twice K2 button from measurement mode and go to Threshold selection submenu, press K1, and then press K2 to select the threshold (Picture 9). Press K1 to confirm. Dosimeter will go back to the main measurement mode. 
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	NB: If threshold is set at zero, it is considered to be unstated and PED comparison is not made. Threshold value in corresponding menu is replaced with three dashes; in PED indication mode threshold is not displayed.


1.6.7  ED alarm threshold setting 
Dosimeter has three ED level alarm thresholds.

To select ED alarm threshold press K2 three times from measurement mode and pass to Threshold menu, press K1, then keep pressing K 2 to select threshold (Picture 10). Press K1 to confirm. Dosimeter will return to the main measurement mode.
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	NB: If threshold is set at zero, it is considered to be unstated and MED comparison is not made. Threshold value in corresponding menu is replaced with three dashes; in MED indication mode threshold is not displayed. You can set threshold value with service software when dosimeter is connected to PC.
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Picture 9– MED alarm response threshold setting 
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	Picture 10 – ED alarm response threshold setting 



1.6.8 Stored dose reset
To reset dose and storage time press K2 four times from measurement mode and pass to Dose reset submenu, press K1, (Picture 11). Then press K1 or K2 select whether to reset dose and time with K1 or not with K2. 

Dosimeter will go back to the main measurement mode.
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Picture 11– Dose reset
1.6.9 Time and date setting
To set the time and date connect dosimeter to PC in accordance with paragraph 2.4 and launch Service and information software for Expert-M2. Time setting and correction goes automatically.
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	NB: When off, the clock keeps going. Clock is reset only when battery is switched off.


1.7 PC connection
2.4.1. Dosimeter is PC connected with a standard USB 2.0 – miniUSB cables (as one unit), or via BLUETOOTH channel (if BLUETOOTH module is available). Data is shared with Service and information software for Expert-М2, available at www.betagamma.ru. Software use is not essential. Software is provided by producer as extra service. 

Click to read about MKS-83B Expert-M2 dosimeter:

http://betagamma.ru/product_info.php?products_id=562 

To connect dosimeter to PC please read user’s guide to Expert-M2 software.
When connected to PC dosimeter performs the following functions:

1) Data reading and display:
· Measurement result (depending on chosen mode);

· Measurement errors;

· ED accumulation time;

· Battery power level;

· Temperature;

· Number of measurements since switch on;

· PED alarm threshold;
· ED alarm threshold;

· Dosimeter parameters;

· Measurement archive (3276 records including time and date of measurement, measured value (depending on selected mode), graphical data display and word file data storage for further analysis;

2) Data record:

· Dosimeter parameters;

· PED and ED threshold values;

· Automatic time and date setting.

1.8 Gamma radiation dose power measuring
1.8.1 To measure PED indoors or outdoors:
· Turn dosimeter on;

· Choose GAMMA mode consequently pressing К1;

· Place dosimeter not less than one meter from the ground or any objects;

· In no more than 40 sec dosimeter will define PED value in µSv/h with fault shown on display.
If more precise PED data is required, keep measuring until the data uncertainty is 20% or less.

1.9 Gamma radiation equivalent dose measuring
ED is constantly measured when dosimeter is switched on, over the period before the previous ED value reset (reset is performed according to paragraph 2.3.8). 
If no reset was made, stored ED value includes the overall dose from the first switch on (including the dose, stored during calibration on ionizing radiation sample sources).
To value ED stored over a certain period of time, reset ED to zero according to paragraph 2.3.8, or take ED value in the beginning of measurement period from ED value in the end of period.
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	NB: Dosimeter stops measuring when entering menu and switching off.


1.10 Beta particle flux density measuring
To measure beta flux density (excluding gamma radiation) emitted from the surface of items contaminated with beta emitting radionuclides:


- close the screen on detector working surface;


- switch on;

- set Beta mode;

- place the device at 3-5 mm from the measured object (as shown in Picture 13). After 40 seconds record the data with closed detector Nз( in part./(cm2(min), conditioned by background gamma radiation and gamma radiation of checked item;
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Picture 13

- take detector screen off and place the device in the same control spot at 3-5 mm from measured object;


- 40 seconds later record the value with open detector No, part./(cm2(min), for beta and gamma radiation.


To define N( beta particle flux density in part./(cm2(min) in measured object contaminated with beta radiating nuclides use the following formula





N( = Nо – Nз(
1.11 Alpha particle flux density measuring 
To measure alpha flux density emitted from the surface of items contaminated with alpha emitting radionuclides:


- take off detector screen;


- switch on;

- set Alpha mode;


- place the device at 3-5 mm from the measured object (as shown in Picture 13). After 40 seconds record the data with closed detector Nс in part./(cm2(min) of alpha, beta and gamma radiation;


- place the device at 30-50mm from the object of study (ensuring absorption of alpha radiation by air layer), and record beta and gamma radiation values in part./(cm2(min), going through this air layer - Nс1;


To define alpha particle flux density Nп(, part./cm2(min, from the surface of the measured objet use the following formula




                    Nп( =Nс - Nс1,
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	NB: Alpha particle flux density measurement according to paragraph 2.3.4 is considered to be correctly performed (within the limits of the basic accuracy, indicated in paragraph 1.2), only with gamma and alpha emitting radionuclides (e.g. when checking parameters of alpha radiation sources).

If case of presence of beta emitting radionuclides on the checked surface there is a chance of additional measuring inaccuracy in alpha particle flux density measurement owing to partial beta radiation absorption with a sheet of paper (or air layer). This additional measuring inaccuracy depends on correlation of alpha and beta emitting radionuclides activity and beta particles power.

Thus, for high-level beta radiation Strontium-90+Yttrium-90 a sheet of paper (or 3-5mm air layer) absorbs about 6 % of beta particle flux. For soft beta radiation Carbon-14 it is about 80 % of beta particle flux.


1.12 Sample volumetric activity measuring
To measure sample volumic activity in optimal geometry, the device can be equipped with a measuring cell. Instead of measuring cell you can use a Petri glass or plastic dish, with 80 (100) ml or 50 (75) ml nominal (maximum) volume.

It is calibrated according to 80 ml Petri glass cup for samples with the density of 1 g/cm3 (water) and nuclide Cesium-137 (prevailing in contaminated territories after Chernobyl accident). Upon additional agreement with customer, producer provides calibration with regard to various radionuclides and samples with diverse density, placed into measuring cell selected by customer.

 
When measuring volumic activity of aquatic solutions Cesium-137 or 

Strontium-90+Yttrium-90

- release detector screen;

- switch on;

- select VA mode for sample volumic activity measurement;

- place detector not less than 1 m from radioactive sample. 40 seconds later register background AF, in Becquerel per milliliter or Becquerel per gram, due to background radiation;

- fill measuring cell i.e. Petri glass cup with radioactive sample with the volume of 80 ml, cover it with a thin polyethylene terephthalate film (10-40 μm is recommended) in order to avoid the detector body contamination from Petri cup, and place it on the table;

- place the device at the lip of Petri cup, focusing the center of detector window (Picture 2) right above the center of the cup;

- 40 seconds later register totalized indication of А0 device in Becquerel per milliliter or Becquerel per gram.

Define Cesium volumic activity value in sample АCs, Bq/ml (Bq/g) with the following formula
                                               АCs = А0 - АF                                                                       
Define Strontium volumic activity value in sample АSr, Bq/ml (Bq/g) with the following formula

                                               АSr = 0,25 (А0 - АF )                                                     

1.13 Search for sources of radioactive contamination and radionuclide contaminated items or samples. 

Search for radioactive anomalies is normally performed with removed screen in Search mode. It is considered to be the best way. Move the device smoothly along the surface of the object under control. It is required to keep the device in constant distance of 3-5mm from the object surface to ensure maximum delicacy.

At the same time it is necessary to keep observing the sound alarm frequency shift and device responses on the display.

In case of sensible increase in device response (1,5-2 times or more), stop moving the device and within 30-40 sec make sure that the response in constantly going up.

After that, by placing the device in various directions, define the limits of radioactive contamination and its highest point or find nuclide contaminated objects within these limits.

Using different measuring modes as said in paragraphs 2.5, 2.7 and 2.8 you can define the strongest radiation type and value photon dose power level at appropriate distance from the radiation source as stated in paragraph 2.5.

When necessary, you can take a sample of agent in question and measure volumic sample activity as of 2.9. 
Detailed study and sample or object radionuclide contamination control is subject to the paragraph 2.11.

1.14 Research and control of items and samples contaminated with radioactive nuclides
Study and control of objects and samples for radionuclide contamination are aimed at finding single objects (e.g. construction materials, bank notes, etc.) or samples (soil, food, agricultural products, etc.), contaminated with radionuclides. The key target of this study is separation of controlled items and products according to appropriate regulatory levels of radionuclide contamination. Pollution standards for gamma-emitting radionuclides are given in paragraph 2.6.1.2523-09 of Sanitary regulations and standards (click for more info http://betagamma.ru/img/nrb.doc):
0,15 µSv/h (15 µR/hr) – approximate value of equivalent (exposure) dose, based on natural background radiation, depending on local conditions can alter in rather wide range (up to 1 µSv/h). It is considered to be normal radiation background.

0,3 µSv/h (30 µR/hr) – indoors acceptable value of equivalent (exposure) dose power. Certain construction materials e.g. granite or crashed granite as part of concrete can cause a significant level increase.
With all relevant operations, users should take into account peculiarities and physical properties of objects under control, as well as other related issues. 
3 TECHNICAL MAINTENANCE
1.15 Safety measures
1.15.1 Read user manual carefully before starting.

1.15.2 Customers or staff operating the dosimeter is not allowed to open or repair it due to high voltage counter supply (about 400 V). For repair, please contact the manufacturer. 

1.16  Technical maintenance procedure
1.16.1 Technical maintenance should be held to ensure operating efficiency and is subject to compliance with safety measures as of paragraph 3.1.

1.16.2 Scheduled maintenance held as part of technical support include configuration test, exterior inspection and function check.

1.16.3 Configuration test is held according to paragraph 4.1.

1.16.4 In exterior inspection make sure there are no fractures or breaks at the body. Control labels should be clear, switch fixed, shield grid and fine entrance window should be entire as of 2.1.1 and Picture 7.

1.16.5 Visually check if shield grid and fine entrance window are safe.

4 Troubleshooting
Troubleshooting methods are as follows
	Failures
	Possible reasons
	Remedies

	Dosimeter doesn’t switch on when K1 is pressed continuously
	Low battery
	Charge the battery as of 2.2.2

	Dosimeter doesn’t switch on when connected to PC or charging unit
	Dosimeter is out of service
	Contact manufacturer


6. Safekeeping
6.1 Dosimeter should be stored in package with ambient temperature from +5 to +40 ºС and 80% relative humidity.
6.2 If stored without package, make sure ambient temperature is from +10 to +35 ºС and relative humidity is 80 %.

6.3 Keep dosimeter away from dust, acid and alkaline fumes, corrosive gas and other hazardous agents.

7. Transportation
7.1 Dosimeter can be shipped in package by all means of enclosed transport at any distance with temperature range 25 to + 50 ºС.

7.2 When shipped overseas dosimeters should be put in tight polyethylene package with silica gel according to National standard 3956-76.
7.3 When shipped by air, packed dosimeters should be placed in pressurized compartment. 

NB! WHEN SHIPPED BY POST, DOSIMETER SHOULD BE SWITCHED OFF.
8. Technical certificate data
8.1.Package contents
Contents is as follows
	Item
	Quantity

	Dosimeter MKS-83B Expert-М2
	1

	USB cable
	1

	CD with software and user guide
	1


8.2. Warranty
Average lifetime before capital repair is not less than 6 years.
Manufacturer ensures working efficiency while users follow the before-mentioned requirements of this operational manual.
You can see manufacturer’s address in acceptance certificate.
Dosimeter guarantee period is 24 months from the purchase date (when sold via retail chain). Warranty, post-warranty and complete repair is provided by manufacturer. 
Repair time is not counted as part of warranty period. No claims admitted and no warranty repair provided in case of careless handling, physical or chemical damage to body or internal components, display, connector or control components, electric damage of USB input circuit, feed circuit, seal absence or damage.

9. Acceptance certificate
Dosimeter MKS-83B Expert-M2 serial No ______________ compliant with Technical Specifications 4362.002.69745044.2013 and is approved for operational use.

Manufacture date(__________________
Packer_____________________

Dosimeter MKS-83B Expert-M2, serial № __________ passed initial verification as operating measuring means.

Verification officer ___________

Test date ___  _________ 20__ 

Verification officer’s seal
Manufacturer’s address:

Akselbant Ltd Research and Production Enterprise 
143444 Moscow region, Krasnogorsk, 9-79 Dezhneva Str.
Tel.: +7 495 5066869, 

32239@mail.ru

www.betagamma.ru
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