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ETU «LETI» TODAY

Saint-Petersburg Electrotechnical University «LETI» (ETU) has 
been founded in 1886 and was the first higher education 

institution in Europe for training engineers in the field of 

Electrical Engineering.
In 1992 LETI was granted the university status and became 

the first Electrotechnical University in Russia. 

Today the University has over 8000 students, post-graduate 

students and trainees, among them more than 1200

foreigners. The University has 3 academicians and 5

corresponding members of RAS, 20 laureates of national and 

international awards, more than 200 professors and doctors 

of Sciences. 

Annually the University has more than 1600 graduates on 

basic education programs. Training of Bachelors, Masters and 
certified specialists is conducted in 23 educational directions 

at seven full-time faculties as well as at the open faculty using 

part-time and correspondence course forms. The number of 
implemented basic educational programs - 124.
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HR training of higher academic qualifications is carried 
out on 41 scientific specialties: 27 technical, 6

scientific and 8 humanitarian ones. Annual number of 

ETU postgraduate course graduates is more than 70. The 

University has nine dissertation councils in 23 academic 

specialties.

The University is a member of the European University 

Network for total quality management.

In 2015 the Federal educational-methodical Association 

on the enlarged group of specialties and training 

directions (11.00.00) «Electronics, radio engineering and 

communication systems» in education area «Engineering, 

technology, and engineering sciences» was created on 

the basis of ETU. The Federal educational-methodical 
Association includes 130 universities in the country.

ETU foreign partners in the field of educational and 
scientific-technical cooperation are more than 90

universities in Europe,  Asia and the United States.

OUR VISION
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The developments of world-class scientists of ETI - LETI - ETU

 The invention of radio. The first public demonstration of radio communication system 

on May 7, 1895

 The world's first phased array with non-mechanical beam scanning

 The world's first radiosonde equipment

 The design of micro-focus x-ray devices which have no world analogues

 The world's first ultrasonic flaw detector

 SiC crystal growth method - «LETI method»

 The world's first laboratory of high-frequency electrothermics

 The world's first laboratory of electric drive

 J.I. Alferov, a graduate of LETI, head of the LETI Department of optoelectronics, was 

awarded the Nobel Prize in Physics for developing semiconductor heterostructures and 

creating fast opto -and microelectronic components

Heterojunction

Semiconnductors

Hydraulic 

power engineeringPAAHF currentsElectrothermics

Acousto-optical 

imagingElectrochemistryRadio



RELEVANT EXPERIENCE

ETU STUDENTS AT THE INTERNATIONAL ARCTICA FORUM



R&D POTENTIAL

1. Determination of the composition of 

liquids by analyzing the emission spectra 

of the electrical discharge maintained in 

its vapor 

Department of the Electronic Equipment

Head of the Research: Prof. Nikolay N. Potrakhov

mob. +7 921 992 81 69

email: kzhamova@gmail.com



Disadvantages:

 Have significant dimensions and weight (up to 90 kg);

 Not suitable for portable analysis;

 High price (starts from 4 000 $)

Existing devices based on the analysis of radiation from the electrical 

discharge

Lambda 25

UNICO 2100 

Methods and equipment for analyzing the composition of liquids 

Common methods to analyze liquids:

 photometric;

 gravimetric;

 titrimetric.

ЭМИС-3
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System with the discharge upon 

boiling in a channel

 

Rб 
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Systems with the electrolytic discharge at the 

cathode

Variants of the discharge systems design
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Жидкость 

Оптоволокно 

Стеклянная трубка с отверстием 

Разряд 

Заостренный 

металлический 

электрод (1) 

Заостренный 

металлический 

электрод (2) 

 

 

Изолированные 

токовые вводы  

 

Оптоволокно 

 

Жидкость 

 
Разрядная ячейка 

 

Оптический 

спектрометр 

 
Высоковольтный 

источник питания 

 

Компьютер с 

анализирующим 

обеспечением 

Oscillogram of voltage and current

The proposed variant of the system design

High-voltage discharge power supply

R&D POTENTIAL

Optical fiber

Pointed metal electrode 1

Glass tube with a hole Liquid

Charge

Pointed metal electrode 2

Optical fiber

Liquid

PC with analyzing software 

Optical spectrometer

Discharge cell

High-voltage power supplyIsolated current inputs



Photos of discharge in the system with a channel in the liquid: normal 

operation mode (left); overheating leading to boiling (right)

Photos of discharge in the system with a channel in the tap water: overheating 

with boiling (left); normal mode, water with the addition of sodium salts (right)

Experiments on the ignition of the electric discharge in the 

prototypes of the system
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Processing of the plasma emission spectrum 

in the Aspect 2010 program

Processing of the obtained spectral data

Spectrometer ISM3600

Spectra of radiation of tap water and deionized 

water with indication of chemical elements

R&D POTENTIAL



Within the frames of the research were developed: the basic electrical circuit for excitation of the gas

discharge; the discharge cell with boiling in the channel; also were obtained the spectra of deionized and

tap water.

The discharge occurs directly in the water filling the capillary, what makes a positive effect on the

spectrum, since the glow of the electrodes, air and various substances in the air is not be captured by the

spectrometer.

During the experiments, tap water and deionized water were under the investigation. Both spectra contain

lines corresponding to OH radicals (band in the range 300 ... 320 nm) and hydrogen (656.3 nm). For the tap

water, the intensive lines corresponding to magnesium (279.5, 285.2, 383.8, 518.4 nm), calcium (393.4,

396.8, 422.7 nm) and sodium (589.0 nm) are observed. Even small concentrations of salts lead to the

appearance of sufficiently intense spectral lines corresponding to the dissolved elements. A line of 656.3

nm related to the emission of hydrogen atoms can be used to normalize the obtained spectra.

The research results make it possible to conclude that there is a fundamental possibility of developing a

system for analyzing the composition of liquids according to the radiation spectra of a discharge in the

liquid. In order to minimize the size of the equipment it is required to increase the efficiency of the system.

In particular, it is necessary to study the most effective mechanical parameters of the system, as well as

the electrical parameters of the power source.

Main Results
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The team of scientists together with students and graduate students of the Department of 

Engineering Environmental Protection developed and implemented a set of methods and means of 

instrumental biotest control based on the test-reactions of the infusorians. These microorganisms 

were chosen as test objects because of their high sensitivity to environmental pollutants: their 

behavior reflects the state of water, and their specific reaction to the presence of chemicals of 

various nature is manifested by a variety of physiological and biochemical changes.

For the purpose of instrumental support of biotest methods at the department was developed the 

device BIOTESTER-2, based on the photoregistration of chemotaxis, the specific reaction of the 

infusoria-shoe to the presence of a hazardous chemical. With the device it is possible to carry out 

control of such parameters of the movement of cells as their speed and trajectory by means of 

hardware.

In 2005, the BIOTESTER-2 concentrator (from 2010 - its new modification BIOTESTER-2M) was 

added to the State Register of Measuring Instruments of the Russian Federation, the methods of its 

use were certified by the Gosstandart and included in the Federal Register of Measuring Methods. 

Now the device is implemented in serial production. It is effectively used for the operational control 

of toxicity of surface, fresh, groundwater, drinking water; water extracts from soil and bottom 

sediments; industrial and household wastes.

Research at the Department of Engineering Environmental Protection 
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Research at the Department of Engineering Environmental Protection 

The device "Biotester-2" is intended for realization of biological testing methods used for control 

of contamination by toxic substances of natural, sewage, drinking water, water extracts from 

various materials and food products.

The device allows to determine the concentration (number) of living moving cells of 

microorganisms such as infusorians used as test objects.

"Biotester-2" is a specialized pulsed photometer capable to control in conventional units, the 

concentration of ciliates in the upper part of the cuvette in colored and unclear media, which in 

principle is inaccessible to any of the known measuring means. The optical channel uses a solid-

state semiconductor radiation source and a photodetector fixed in a rigid metal frame.

Methods for determining of the toxicity of various media, implemented on devices of the 

"Biotester" series, are based on control of the chemotactic reaction of the infusoria - escape from 

a hazardous chemical.
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P.Caudatum as Protozoa test-organisms. Advantages of P.caudatum

 Safe for people;

 Well-study;

 Cheap growth Medium; (mineral solution 

with K+, Na+Ca2+, Mg2+)

 High sensitivity to heavy metals and 

chlorines  (cilias are similar to mucos

membran, intensive pumping medium across 

vacuole);

 Relatively high speed (мм/s);

 Size for visible (0,1 мм);

 Relatively constant shape (ellipsoid).



R&D POTENTIAL

Infusoria have property of moving up (negative geotaxis), but chemotaxis from 

chemicals in sample direct cells down

P.Caudatum as Protozoa test-organisms. Properties of P.caudatum
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P.Caudatum as Protozoa test-organisms. Testing Principle.

In the lower part of the vertical optical 

cuvette is placed 2 ml of suspension of 

infusoria (500-1500 pieces / ml), and 1.6 

ml are layered on top of the test sample. 

In the pure environment almost all of the 

infusoria emerge in 15-20 minutes. The 

more toxic the environment is, the less 

infusoria appears. The decrease of the 

infusorians that have come to the top of 

the cuvette compared to the "control" 

determines the toxicity index.
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P.Caudatum as Protozoa test-organisms. Devices.

Old method for visual counting

P.caudatum in drops

Optic device for measuring of P.caudatum in  cuvettes



R&D POTENTIAL

Processing of the results

The toxicity of the sample is evaluated by the relative difference in the number of cells in 

the upper zones of the cuvettes in the analyzed sample. The toxicity index is defined as:

Where I ср. контроль, I ср. опыт - average indications of the device for control and 

analyzed samples, respectively.

Toxicity index T is a dimensionless quantity and can take values from 0 to 1 according to 

the degree of toxicity of the sample being analyzed. By the size of the index, the analyzed 

samples are classified according to the degree of their toxicity into 3 groups:

I. Allowable degree of toxicity (0.00 <T <0.40);

II. Moderate toxicity (0.41 <T <0.70);

III. A high degree of toxicity (T> 0.71).
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Processing of the results

 T =[1-(Esample/Econtrol) ]+log2K

 K – number of dilution 2i

 Test for sensitivity – CuSO4 , 0,1 mg/l=LIMIT

Snow of Karelia 36 samples    Snow of Petersburg 31 samples 

- - - Limit                                      - - - Limit     

Scale of toxicity

 T =0…0,4 – No, T=0,41;0,7 –Weak ; T>0,71 -Toxic
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Laboratory of Biotesting
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Research today

Over the following years, were made developments to improve and

modify the described device, 6 PHD dissertations on the problems

of using the method of biotesting and improvement of methods for

monitoring of the state of water were defended.

At present, is carried out work to improve the device and the

methods of conducting the research. It is studied the possibility to

modernize the optical scheme of the device, using a

photosensitive matrix or a CCD-line as a radiation receiver, in order

to obtain the possibility of processing a digital signal. To reduce

the influence of the "human factor" and reduce the time of the

analysis, new ways of introducing the test sample to test objects

are being investigated.
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Research today

Biotesting
Development of the photometric 

device with a CCD line sensor
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Research today

Biotesting

Development of programs for digital processing of 

photo and video images of the motion of the simplest 

with the definition of basic informative parameters



Dissemination

Participation in the Conferences

During 2014-2017 on the topic of the above mentioned Research were made more then 

30 publications.

More then 10 were made in the International Conferences.

IEEE Conferences:

• International Conference on Soft Computing and Measurements SCM

• International Workshop on the Electromagnetic Compatibility of Integrated Circuits

• Conference of the Young Researches  in the field of Electrical Engineering and 

Electronics (ElConRus) 

Other Conferences:

• Russian-Germany Conference on Biomedical Engineering RGC

• Scientific and Practical Forum “Strategic Partnership of HEI and High Tech 

Industrial Enterprises (Science. Education. Innovations.)”
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