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    INTRODUCTION 

Within the last decade significant progress in instrumentation and technology of magnetotelluric sounding is observed: the frequency range and accuracy of measurements have increased, the possibility to make synchronous measurements has appeared, capabilities of 2D and three-dimensional modeling have considerably increased. 
At present an interpreter experiences difficulties at solution of inverse problem. Substantially these difficulties are caused by a combination of complexity of real sections and ambiguity of the solution of inverse problem. Even in the elementary class of one-dimensional models the success depends often on as far as competently and successfully the interpreter will choose a class of models and initial model. 

 A number of approaches, algorithms and programs, allowing to determine those or other parameters of an one-dimensional section do exist. Review of these approaches can be found in [1 - 3], and some algorithms and programs in [http://www.cg. nrcan.gc.ca/mtnet].

The present MT-RES package differs from other known programs of MT inversion by serviceability and a number of original additional opportunities:
1)  convenient editor of the initial data, allowing to estimate quality of the field measurements and to correct the bad data or to exclude them from the further processing and interpretation;
2)  modern set of tools allowing objectively choose an optimum amount of layers in a layered section and to find their parameters;
3) opportunity to include in a model non-conventional parameters, such, as frequency dispersion and anisotropy.

At the output of the program the user receives a file in format convenient for construction of sections by standard tools.

 For maximal convenience and with the purpose of simplification of the process of the program study, the present manual is constructed in the form of training algorithm. Following the description, the user gets acquainted both with the opportunities of algorithms and tricks incorporated in the program and recommendations for optimization of interpretation process.

INSTALLATION OF THE PROGRAM


The Program is developed for Windows 95/98/ME/NT/2000/XP and delivered in the form of executed module TEM-RES.exe together with the electronic key protecting the user from non-authorized distribution of the program. 

Installation of the program is reduced to opening a new directory (for example, TEM-RES) and to copying the TEM-RES.exe and Novex32.dll files in this directory. After connection of an electronic key the program is ready to work. For convenience you may place the icon [image: image95.png][ Microsoft PowerPoint - [pesenTauus2]
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on the DESKTOP - it allows you to start the program faster.


THE ELECTRONIC KEY
1. Connection of the electronic key to the computer.

1) The electronic key can be connected only to parallel port of the computer. If on your computer there are several parallel ports, you may connect an electronic key to any of them.

2) The electronic key is executed on technology Plug-and-Play (connect and work) and it can


be connected to PC even if PC is in ON state.

3) The electronic Key is designed for connection to standard Centronix interface. Computers, which parallel ports work under other standard, will not work correctly with the electronic key. It also means, that such computer is designed for connection to it of the printer with the same non-standard interface. Computers at which interfaces of parallel ports do not approach for use with the electronic key are listed below:

- Series NEC PC-9800

- Series Fujitsu FMR

2. Connection a printer to the electronic key

The electronic key, which is attached to the computer, may be connected with the printer only if the computer and printer are switched off.

1) It is forbidden to connect the included printer to an electronic key.

2) The key can be spoiled if to connect it to a cable of the included printer, not having connected a key to the computer.

4)
When use the printer HP LaserJet with the "clever" Windows-driver problems are possible when detection a key: the driver with the certain periodicity gives out the message that communication with the printer is broken. It is connected to features of work of the driver blocking any extraneous references to parallel port. To avoid this problem, it is necessary to install other version of the Windows-driver, which may be present in Windows, and also it is delivered complete with the printer. Such driver is installed in the Control Panel/Printers/Add. And if you establish the software for printer LaserJet 5L, the program Setup itself will offer you to choose one of two types of drivers. You should choose the driver with support PCL.

3. The general recommendations

1) Preserve the electronic key against mechanical influences (fall, concussion, vibration etc.), and also from influence of high and low temperatures and excited environments; all this may result in breakage of the case, elements of printed circuit wiring and sockets of the electronic key.

2) Do not apply excessive efforts at connection of the electronic key to your computer and the printer - to the electronic key. Connection of sockets should be dense and without skews (failure of electric circuits of the electronic key otherwise is possible.

3) Do not suppose hit on the electronic key (and in particular - on its sockets) a dust, a dirty, a moisture etc. At a contamination of sockets of the electronic key arrange for their clearing before connection to parallel port of your computer.

4) Protect the electronic key, in case of loss you could not use program MT-RES.


ATTENTION!

For work in Windows NT 2000 system it is necessary to install appropriate driver of parallel port, which is available in directory “Drivers” at applied CD. 
STRATEGY OF 1D ANALYSIS AND INVERSION.
Further, at a choice of strategy of one-dimensional analysis and inversion we follow to [1] recommendations, and AEMR’s experience.


The values of a tensor of impedances 
[image: image2.wmf]Z
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 measured on a terrestrial surface depending on a site’s coordinates (x, y) and the period of fluctuations T are the initial data for analysis and inversion. Using these data one should construct three-dimensional distribution of electrical conductivity (x, y, z) of the section. The first stage on this way is transformation of the data and construction of one-dimensional section. Transformation pursues as the object, three purposes:
- scalarization of the data,
- visualization of the data,
- construction of a map of electrical conductivity distribution.
Let's consider the problem  of the data scalarization. Clearly, that direct consideration of 
[image: image3.wmf]Z
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is inconvenient, as its components depend on a choice of system of coordinates. Therefore as scalar characteristics we take invariant of tensor 
[image: image4.wmf]Z
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. Generally speaking, for determination of scalar function (x, y, z) one should know only one invariant characteristic dependent on three variables (х,y,T) and passing in Tikhonov-Cagniard impedance in one-dimensional case. Such invariants of tensor are:
- mean impedance   Zm =  
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- effective impedance 
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Instead of these invariants, it is possible to take a pair of principal values  of tensor of impedances, referred to its main directions. Principal values of 
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 may be determined from Zm, and 
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Zm  and  Zeff   are the mean and geometric quantities of the principle values  :
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(4).
For one-dimensional model all these impedances are equal to Tikhonov-Cagniard impedance Z, as Zxy = Z, Zyx = -Z, Zxx = Zyy = 0. 
 (5)

In 2D model with an axis of uniformity along x or y direction


Zxy = Z
[image: image11.wmf]^

,   Zyx  = - Z
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Thus, principal values of tensor mean orientation of an electric field across or along geoelectric structure. Therefore, to keep the information on distortions of impedance by geoelectric  inhomegeneities, one should use principal values of the tensor of impedance. In case of application of 1D class of models, we recommend to use effective, or average impedance. If the measuring axes are oriented along or across the main geologic structures, it is possible to use easily the components Zxy, Zyx, Zxx, Zyy of  tensor of impedance. 
Let's go on now to construction of qualitative geoelectric sections. For this purpose the entered scalar impedances should be transformed into a curve reflecting changes of specific resistivity with depth. Standard procedure for such transformations is definition of apparent resistivity via scalar impedance Z:
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    Apparent resistivity determines the ersistivity of uniform half-space which resistsivity is the same as for non-uniform section.  Scalar impedances  Zm ,  Zeff  give the mean apparent resistivity
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and effective apparent resistivity  
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       Apparent resistivity curves 
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 have such property that their changes at decreasing of frequency  (increasing of period T) qualitatively repeat changes of resistivity with depth. At that, maximal 
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 values less than true maximal values, and minimal 
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 are more than true minimal values. In other words, apparent resistivity curve repeats the true one in a smooth form. Now we should bring the depth h to conformity with period T. There are numerous formulas proposed by Bostic,  Niblette,  Schmucker,  Weidelt,  Le-Viette and others to find a depth h. 

We shall define logarithmic derivative of 
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If a period  T is situated on ascending branch of apparent resistivity curve 
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, then 
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. The formulas for ascending and  descending branches of 
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where 
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is effective depth of the field penetration at the period T.  The Sa  value is the total conductivity of the section from the surface to  
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Similarly we have for the impedance:
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The depth value ha  in modified Molochnov-Sekrieru transformation, which is used in the program MT-RES is calculated for period  T as 
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Since an apparent resistivity 
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represents true resistivity in smoothed form, for better approximation it is desirable to correct 
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The transformed resistivities allow to construct smoothed geoelectric section. They are convenient for qualitative visualization of a section and determination of an initial section 
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(

h

r

 for inverse problem. The latter in the program is made by two ways:
1)  the transformed section 
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 is approximated manually by step function, for this purpose the convenient tool is offered to user;
2) the
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curve is transformed to 
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curve and then 
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is approximated by step function.  

The found models then are used in the block of inversion as starting ones.
BASIC MENU

Twice click with the left hand mouse’s button on icon TEM-RES for a call of the basic menu. Window MT-RESEARCHER – Fig. 1 will appear on the screen of the monitor.
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Fig. 1

Using standard tools of the Windows [image: image45.png]_[o]x]



 located in a right top corner of the basic window, it is possible to roll it in an icon or to unroll it on all screen for convenience of work or to delete absolutely. It is possible as well to increase the size of the fonts used in the right part of the menu. For this purpose one should choose Font in window Setting and to set Large Or Large and Bold font – Fig. 2.



INPUT THE DATA
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Fig. 2

Click with the left button of mouse once at File in the left top corner of the basic menu. You also may use keyboard Alt+f (or Alt+e for choice Edit, Alt+s for Setting or Alt+h for Help).
[image: image47.png]|4 MT-RESEARCHER-16 v.2.08 (04 June '01 _[o]x]

Eile Edit Seting Help

W el
Input Mali®l data Res(h) ® 5
Eavelnereinhe esilts © Rezn)
G2 el e 20Ty © nzm
Save Image in MetaFila I Rest)
Print W aps
Print Preview I ler
Page Setup It
Exit ™ orid
- W Line
™ Mode!
CIT I o T W T o o
5 @m Period, = o)
< | >





Fig. 3

From appeared menu choose data input (Input MT-field data) and press the left button of a mouse. On the screen the standard window will appear, in this window you can choose the necessary directory with the data and choose the necessary file with the data containing the components of tensor of impedances and the errors of their determination. All the data should be written in international EDI format. Further, we shall name “Set” the MT data including impedances, apparent resistivity and phases of impedances for the chosen polarization and mode, or invariant of tensor of impedance. 


The window like shown in Fig. 4 will appear on the screen. In this window you may see information containing in the file and choose the data for subsequent analysis. In the left bottom corner there is a copy of an information window. The sets, loaded earlier, have full names, and sets loaded in the given moment have reduced names (only type of an impedance). To remove a set you should double click with the mouse on its name. The button Empty set-box completely clears the buffer with the field data. In total you may choose up to six variants of the data, which will be shown by various color in a framework in the left bottom corner – Fig. 5.
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Fig. 4
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Fig. 5

In the right part of the screen various forms of representation in which it is possible to represent the chosen data are shown. These are Res (T) - apparent resistivity a(T) (in Ohm-m), Phs (T) - phase of an impedance Z (in degrees). The phase data are represented in the first quarter. Also it is possible to display and work with the real and imaginary parts of impedance ReZ (T) and ImZ (T) - Fig. 6.
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Fig. 6

Having pressed button Err, it is possible to display the information on mistakes of determination of transfer functions; repeated pressing removes bars from the screen - Fig. 6. The function Line allows the user to present experimental data as points or to make interpolation as piece-linear curves. At desire it is possible to put more detailed grid on figure, for this purpose one should press the function Grid (Fig. 7).
The symbols [image: image51.bmp],[image: image52.bmp] located in the beginning and the ends of axes of coordinates allow to compress or to stretch experimental and appropriate theoretical curves in horizontal and/or vertical direction so that it was convenient to work with them.
Sometimes some points on experimental curves may leave allowable limits (for example, to change a sign). In these cases outstanding points are not represented on diagrams, however they can be seen with the help of function Abs. 
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Fig. 7

For convenience of the further processing and the analysis, an interpreter may choose one or several curves from a data set, represented on the screen and to remove in the buffer those data which block up the screen. For this purpose it is necessary to cause function Info. 
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Fig. 8

The window SOUNDING INFORMATION will appear on the screen with the names of chosen files – Fig. 8. Click twice with the left button of the mouse that file which you want to hide in the buffer, and it will disappear from the screen. Repeated operation returns a file from the buffer on the screen.
SETTING THE MODEL PARAMETERS

Having pressed the function Model, the interpreter can open the window MODEL, which allows to operate the basic process of the direct and inverse problem solution. By the first call the window always occurs in a right bottom corner. Having taken a window for heading MODEL and holding pressed the left button of mouse, it is possible to move the window to any place convenient for work. It is possible as well to correct location of the curves using arrows [image: image55.bmp] and[image: image56.bmp]for compression, stretching and moving of the curves – Fig. 9. 
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Fig. 9


Window MODEL

Let's consider in detail work with this window - Fig. 10. The window is constructed like a table. In the left column in Fig. 10 the values of resistivity of the first 8 layers of a model in Ohmm and in the right column - thickness of these layers in kilometers are represented. A maximum number of layers is 16. Color rectangulars with squares inside correspond the chosen models and can be made active by pressing the left button of the mouse. Change of a square results in [image: image1.png]e

MT-RES



replacement of the current model on new - made active. Managing elements of a window are described below:

[image: image58.bmp] -  this managing element is used for inserting of a new layer in the model (left button of the mouse), removing of a layer from the model (the right button of the mouse);
[image: image59.bmp] - this managing element is used for increasing (upwards) or decreasing (downwards) values of the model parameters with step  or h (steps are specified in window Setting/Modeling);


[image: image60.bmp] - this managing element is used for alignment of the resistivities beginning from the chosen layer. In Fig. 10 consequences of activation the layer 3 and below are shown. In other words, this
 Fig. 10

[image: image89.png]


function allows to unite all underlaying layers in homogeneous half-space and to consider them at the further processing as the homogeneous basement. Other way of association of underlaying layers is rolling up the bottom part of a window with the left button of the mouse.
                     - These are the buttons in order to run direct (RUN) or inverse (Invers) problem calculation.
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This is the panel for selection of active model

Left hand button activates the chosen model. RUN and Invers buttons start the process of calculations for the chosen model.

Actions: Pressing > keeping > moving >release  the right button of the mouse results in copying all parameters from starting (at pressing the button) model in target (release button) model. 

ATTENTION! 

1. Window MODEL appears on the screen in unfolded form (16 layers). Standard for WINDOWS procedure stretch – gripe allows to change the size of the window and, accordingly number of layers in model. Right (hide at initial loading) parts of the window we’ll consider later. 

2. Number of layers in the models is counted beginning from the bottom layer. The layers are considered as different when the difference in resistivity between i and i-1 layers exceeds 1 % (i-i-1)/ i>0.01.  For example, the model with resistivity (beginning from the surface) of layers: 

10, 20, 20. 000, 1001, 1005, 999.9, 1000 is considered as 4-layered, last 8 layers are ignored. At the same time intermediate layers with resistivity 20 Ohm-m don’t combined and calculated as two independent layers.

3. 
If in the inversion process contrast of the resistivities becomes less than 1%, the program does not cut the number of layers automatically. 

4.   Command Invers start up the calculations for the model presented in the window MODEL. The number of layers in the process of calculations does not change.

5.    If in the process of interpretation the user wants to include or exclude a layer, he can make that with left or right button of the mouse putting the cursor at the place where he wants to include or exclude the layer. At that all underlying layers are shifted, the overlying layers remain invariable. The parameters of added layer differs from neighbor layer at minimal value prescribed in the menu – Fig. 11.
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Fig. 11

6.
User can remove diagrams Res(T),  Res(h) etc, corresponding to model calculations by pressing the buttons “1”, “2”, … “6” if the window MODEL is active (being in the focus).
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Fig. 12

7. The window “SETTING PARAMETERS FOR MODELING” (Fig. 12) does determine:

· activity/inactivity of the models (in real example the models 1-3 are active and  4-6 are passive).  The user can inactivate the model by click the mouse corresponding square in the left column of the window. At that, “model curves” will disappear from all diagrams; 

· name of a model;

· Resistivity step (un) - relative change of resistivity in the window MODEL. Resistivities of the layers are change as · or =1.01(implicitly defined);

· Thickness step (km) specifies minimal change of a layer’s thickness. Thickness is change as h=h+h or h=h-h ,  h=0.1km (implicit).

· Min period and Max period (sec) specify an interval for calculation of apparent resistivity a; 

· Width of pen (pixel) gives a user possibility to choose convenient thickness of lines of lines on diagrams at printing (in screen pixels). 

In order to receive direct problem solution, one should set the parameters of the layers in the windows of MODEL and press the button RUN. The curve coloured according the activated square located in the lower string of the window MODEL will appear in the window. The example is shown in Fig. 13.
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Fig. 13

EDITING OF EXPERIMENTAL DATA

Let's consider now the procedure of the analysis and edition of experimental data. 

For an example take a variant of impedance Zyx - Fig. 14 (this curve has been measured by Phoenix’s instrument in Moscow syncline). Apparently from the Fig. 14, this curve was determined without gross errors, the disorder of points is insignificant. 
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Fig. 14

Now turn to the procedure of analysis and edition of experimental data. 
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Fig. 15

As it can be seen from the Fig. 15, the real part of the impedance looks normally. At the same time the imaginary part suffers significant scattering at the periods more than 100 s – Fig. 16.

Different ways are possible in this situation. Let us consider them in series.
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Fig. 16

1. One can ignore at all the imaginary curve and make inversion using only real part or amplitude and/or phase curve. How to do that we’ll discuss later.

2. One can exclude the bad data at some periods. For that you should address to functions Edit-Edit field data. In the window Edit (Fig. 16) choose the curve, which you want to correct (in this example it is the phase curve). To exclude the point, mark it by cursor and simultaneously press the button Ctrl and left button of the mouse. Fig. 17 shows the curve after excluding three points. Concurrently, the corresponding points are corrected in the rest graphs.
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Fig. 17

Other way is correction of the data. This method is convenient if you know correct position of the distorted point. To make correction call Edit/Edit Field data  then:

1. choose the set of field data for editing (in example it is first set, red color), 

2. choose required graph  Res(T), Phs(T), Re(T) or Im(T), put the mouse’s cursor at required point (symbol) and press the left button of the mouse.

3. keeping the button pressed, move the symbol in vertical direction to convenient position then release the button,

4. new value of the transfer function entered in memory of the program and new values are entered in all graphs.

It should be noted that at editing of real or imaginary part of impedance, apparent resistivity and phase are corrected automatically, at editing of resistivity and phase real and imaginary parts of impedance don’t change.

After correction, the window Edit can be deleted from the main window. Fig. 18 demonstrates

phase curve after correction. For sure, this procedure should be fulfilled carefully. We recommend to make that only in those case if you are sure that it is necessary.
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Fig. 18

INVERSION OF EXPERIMENTAL DATA.

This package includes two ways for construction of section using field data: transformation and inversion. Let us consider both ways.

  TRANSFORMATION OF APPARENT RESISTIVITY a=f(T)

  TO SECTION =f(h).
   As it was noted earlier, the modified transformation of Molochnov-Secrieru is realized in MT-RES program. Modification consists of some tricks giving possibility to increase stability of determination of depth h and derivative d1 (11).

WINDOW FOR DATA SMOOTHING - (Smoothing) (Fig. 19)
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  Features:

- this window is useful for application after data editing

· acts only on graphs Res(T). 

Functions:

Ignore errors – in this case the spline approximating the curve does not take into account the error bars determined by 

measurements. 
Fig. 19

Tension – “tension» of spline. When Tension=Max spline makes interpolation instead of approximation, at Tension=Min spline makes strong smoothing. The value Tension should be chosen according the quality of the data to provide acceptable quality of approximation for minimal value of Tension. User can activate simultaneously all data sets. After OK the data will be smoothed – Fig. 20 and transformations Res(h) and S(h) for all curves will be calculated. Here Res(h) and S(h) are resistivity and longitudinal conductance distribution versus depth – Fig. 21. Graphs Res(h) and S(h) are located in the window, which can be activated by function Res(h)  in the main window.
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Fig. 20
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For that activate the function Res(h)  in the main window. You will see the window Resistivity/Conductance vs. depth. Graph (h) can be presented either in half-logarithmic or logarithmic scale. This graph can be printed or saved in a file for further

Analysis and construction of pseudosection using standard tools like Surfer (Golden Software Inc.).



Fig. 21

TRANSFORMATION OF APPARENT RESISTIVITY TO PHASE


Sometimes it is useful to make transformation of experimental apparent resistivity curve a to phase of impedance (curve. Such converting gives user possibility to check quality of the data, to correct outstanding points existence or absence of systematic shift in the data.  The formulas for calculations are well known and can be found  in [1] or [2] :


Arg Z
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To make calculations choose the functions Edit -> Smoothing, then select in submenu Setting the operation Res → Phs, then fit minimal possible value of Tension, which provides correct approximation of the data from one side and their smoothness from other side. Simultaneously with smoothing, experimental data and results of transformation are shown in the window Phs(T) (dash line, Fig. 22).
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Fig. 22

   WRITING DOWN THE RESULTS
   In the main menu of the program there is function Edit/Save Image in MetaFile, assigned for writing graphs Res(T)/Phs(T)/Im(T)/Re(T) or Res(h)/S(h) in standard file OS Windows (*.EMF – Enhanced MetaFile). Havins saved the graphs in this file, a user has possibility to include the pictures in any document in any form. For example, in MS Word program this procedure has form: Insert → Image → from File. At saving in EMF format the program requests size of the picture and color regime (color or black-and-white).

ATTENTION!

1. Saving of Res(h)/S(h) is possible only at active window Res(h)!

2. Legend to pictures (only names of the field sets) will be saved only in case of active function Info in main window.

Location of legend on the picture may be in:

· left upper corner,

· left lower corner,

· right upper corner,

· right lower corner.

3.  Location of legend coincides with the location of the window concerning corners of the main window

S(h) TRANSFORMATION AND CONSTRUCTION OF A START MODEL

The function (h) may be transformed to function S(h) using integral S(h) = 
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. In addition to independent value, this function is convenient for construction of start model for inverse problem solution. How to do that?

Call in series the functions S(h) ( Log(h) ( Design, then using mouse’s cursor approximate S(h) curve by piece-linear function – Fig. 23.
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 For convenience of a user the tool for correction of the curve is provided in the program. To
every segment of constructed line corresponds a layer in horizontally layered model. 

Рис. 21

Thickness of the layer is equal to difference of ordinates, corresponding two neighbor nodes, and resistivity of this layer is =h/S, where S is the value of conductance between these nodes.
Fig. 23

узлами. One more segment is added to the rest segments, namely first one: from the earth  surface to the first node. To 
Fig. 23

provide more accurate drawing of the line, one can stretch or suppress graph S(h) using manipulators [image: image76.bmp][image: image77.bmp].  Sometimes it is useful to apply both scales: linear in the beginning of curve (near the earth surface) and logarithmic at large periods. After

fragmentation of the curve into segments, one can press the button Set model ( ОК to receive start layered model which is loaded in the MODEL window automatically.


INVERSION
First of all one should install parameters needed for the inversion’s process. 
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Window  “Attach field data to models” is intended for setting correspondence between sets of experimental data (Field data) and models, which will be calculated in the “MODEL” window after run the inversion (Invers) procedure. This setting inform the program for which set of field data an inversion is fulfilled at activation of a model. In example Fig. 24a the default regime is ON and 

color and number of model correspond to color and number of field data set. Thus, at run Invers with active model N 4, (brown color) the procedure will

be fulfilled for corresponding set N 4.

However, there is possibility to set a model with other way, as it is shown in Fig. 24b.
Fig. 24a
     
Fig. 24a

In this example the inversion procedure at
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activation the models 1-3 will be active only for

field data set N 1, and at activation models 4-6, for

set N 2. Non-standard setting in this case is useful when user wants to compare the results of inversion the same field data at different inversion parameters (start model, existing of dispersion  etc) and 

construction of inversion procedures (window Setting/Inversion/Main Setting).

Usually we recommend to use standard regime “Set default”.
Fig. 24b
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MAIN SETTING (inversion) window – Fig. 25
Amount of iteration – (1-30) – number of iteration of inversion procedure after which the result is shown on the screen. Experience shows that in majority of cases 30 iterations are enough in case when start model is chosen 

good enough. If necessary, one can repeat the process of

computations as many times as necessary for receiving acceptable result. In addition, the program gives the user 
Fig. 25

wide possibilities to regulate the process of inversion manually.

The table  Inversion’s target includes tuning of inversion procedure: various constructions of  “functional of misfit”, minimization of this functional provides determination of a model adequate to field data. The functional can be constructed using Res & Phase  - apparent resistivity and phase of impedance:
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where wk and wk are the weights  inversely proportional to errors of experimental data. Constant of proportionality P is chosen in such a way, that equalize parts of amplitudes and phases in functional, namely: 
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.  А constant is regulated in the virtual window in the range 0 - 1 depend on weight which we want to give to amplitude and phase in the process of fitting experimental and model data.

   In case the function Ignore Error-bars is active, the inversion procedure makes fitting of experimental and model data without errors accounting, else the weights in functional are smaller for data with large errors (default regime).

RE & IM impedance are real and imaginary parts of impedance. 

In this case the functional is constructed as in previous case, however, the weight P is equal to 1.
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Manipulating with left and right buttons of mouse permits user to choose way of fitting on-the-fly amplitude and/or phase curves and/or real and imaginary parts of impedance. In extreme positions of scroll bar (only red or only blue color) the misfits for separate components z, Re Z, Jm Z) are miminized.

     As amplitude and phase have, in general, different scale, joint fitting of real and amplitude curves of impedance are more preferable than apparent resisstivity and phase of impedance. If one wish it is possible to show in the screen the value of functional F (show fitting result в меню main setting) and estimate an accuracy of fitting.

The window for setting of gates for parameters of model in inversion procedure.
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This window is shown in Fig. 26. If the columns Fix fix some parameters, these parameters can not be changed during the inversion process. In example resistivity of second and thickness of first layer in model N 1 (red color) are fixed. The values of these parameters are shown in Model window. The panel 

gives possibility to choose necessary 

model for setting parameters.

Columns Min and Max show minimal and 

maximal values bounded the parameters

 of model during process of inversion.

Reset button cancels the fixing of parameters

and button Cancel close the window.


Рис. 26
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Fig. 27

   
Invers function

After determination of a start model and setting all necessary parameters, run the process of inverse problem solution - Invers. Sometimes it is useful at first to drive RUN in order to see how good is the start model.

If the quality of the start model does not suit you, you can go back to function S(h) and make segmentation of the section with another way or to correct some parameters of the section manually: change the number of layers, and their parameters, include or exclude some layers etc. Sometimes it is useful to extend the gates for the parameters or to fix some of them. Perhaps, that it is impossible to fit well both curves - real and imaginary or apparent resistivity and phase simultaneously. In such a case you can exclude most inaccurate points or to correct them or limit yourself to one curve.  
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In the cases when interpretation of profile data should be made, it is expediently to make processing of adjoining sites taking as start section the previous one. For that one can use the panel of active model                                         . Left button of the mouse activate the model. RUN and Invers give command to start the computations for active model.

Actions pressing →keeping pressed→moving→releasing of right button produces copying of all parameters from start model (at press button) to a target (release button) (отпускание кнопки) model. 

          
EXTENSIONS OF THE WINDOW “MODEL”


Fig. 28

   This window has rolled and unrolled modes. In rolled mode (default), only six left columns are accessible. This regime is used for modeling of frequency-independent class of sections and absence of anisotropy (these parameters are ignored).

    Using standard Windows procedure, one can extend window. In addition, the user can reduce the vertical size of the window, in this case he can lose some layers.

 Extended part of the window intended for modeling of  induced polarization IP (frequency dispersion) effects and anisotropy of media. The column IP activates calculation of induced polarization. Setting of parameters of polarization is possible only for active layers. For example, three active layers are shown in Fig.  29 (first, second and third). Underlying layers have the same resistivity and are ignored at calculations. IP and anisotropy can not be activated for those layers. 

The model of frequency dispersion one can select in the window [image: image87.png]


  and tohave a help press           .

 Fig. 29


  The column ANZ activates the process of direct problem solution for MT model with anisotropic layers. 1 and 2 (Ohm-m) are resistivities of a layer in two orthogonal directions, is angle(in degrees) counted clockwise from north in eastern direction. 

The button                                   calls the window for type of impedance choice.


In case Fig. 30, the models N 1,2,4 are calculated with anisotropic layers and user can select one of four impedances: Z_XY, Z_YX, Z_MEAN or Z_EFF for analysis

Fig. 30

  TEM-RES gives possibility to right the results of interest to a file or to print them. To do that one can use standard Windows functions: Print, Print Preview, and Page Setup. Current pictures may be saved using function Save Image in MetaFile. 

Window for saving model data in ASCII format 

This window activate commands 

File→Save Model data Z(T).

If the field data have been loadеd 

and attached to models, in windows for

editing of the model names there are

names of corresponding field sets.


Fig. 31
Parameters Periоd min and Period max (in seconds) are determine the interval of periods for calculation of model data.

ATTENTION!

1. Al the data (impedances 
[image: image88.wmf]yy

yx

xy

Zxx

,

,

,

, apparent resistivities and phases) for every model are saved in separate files in standard МТ-format (EDI).

2. All inaccuracies putted to zero.

The written data can be used for construction of section using graph mode of MT-RES program or such an instrument as Surfer (Golden Software).
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