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Глубокоуважаемые члены Национальной Академии Наук Азербайджана, 
дорогие коллеги и друзья, члены семьи Гасана Багировича! 
Во-первых, я сразу сказал, что я приеду на это собрание, которое посвя-

щено 85-летию моего старшего друга и товарища, выдающегося советско-
го, азербайджанского ученого-физика Гасана Багировича Абдуллаева.  
Я рад возможности выступить на торжественном открытии междуна-

родной конференции, посвященной памяти академика Г.Б.Абдуллаева. Мы 
сейчас посмотрели прекрасный фильм  о Гасане Багировиче и очень труд-
но мне начинать свою речь, потому что есть такая вещь: те кого уже нет 
с нами, для близких людей и друзей они не умирают некогда. Они для нас 

всегда живы, особенно Гасана Багирович с его живым, необычайным характером, жизнерадост-
ным, преданным идеалам – таким он был и останется в нашей памяти. 
Мне посчастливилось встретиться с Гасаном Багировичем 50 лет тому назад. Я пришел в 

Физ-Тех, а Гасан Багирович уже второй  год выполнял свою докторскую диссертацию в лабо-
ратории профессора Дмитрия Николаевича Наследова. Мне посчастливилось очень много лет -
50 лет назад познакомиться с ним в старом здании Физ-Теха. Тогда в отделе «Физики полу-
проводников», руководимым Д.Н.Наследовым, существовали два сектора: сектор 
В.М.Тучкевича, в котором ваш покорный слуга начинал свою работу, и сектор Коломийца, где 
уже второй год выполнял свою докторскую диссертацию Гасан Багирович. Тогда, в 1953 году 
наш сектор занимался разработкой, получением и исследованием первых советских транзисто-
ров, р-п переходов. Д.Н.Наследов и Коломиец продолжали старые традиционные исследования 
полупроводников. Одной из активных групп – была группа С.М.Рывкина. Академики Иоффе, 
Регель, Тучкевич, Рывкин, Коломиец, Стильбанс - для многих, сидящих в этом зале, это – род-
ные имена. Гасан Багирович занимался исследованиями селена, старейшего полупроводникового 
материала. Он был предан селену всю жизнь и внес много интересного в исследования селена и 
селеновых приборов, с которых начиналась вся физика полупроводников и полупроводниковых 
приборов. Первый селеновый фотоэлемент был описан еще в трудах британских физиков в 1876 
году. Гасан Багирович был очень любознательным. Однажды, он спросил меня: «Жорес! Вы мне 
объясните, как работает р-п переход?». И вот, гуляя по нашему  коридору от библиотеки и 
дальше вглубь, я рассказывал об р-п переходе, об его электронно-дырочных частях и электриче-
ских свойствах . Выслушав мои объяснения, Гасан Багирович сказал: «Я думаю, что р-п переход 
– это наш коридор, справа – электроны, слева - дырки».    

 Гасан Багирович очень остро и быстро чувствовал новые направления в науке. Он блестяще 
защитил докторскую диссертацию, и после этого он уехал сюда, в Баку. Здесь раскрылся его ор-
ганизационный талант, и он скоро стал директором Института Физики. 

   



 В 1960-году в Баку Гасан Багирович организовал «Всесоюзное совещание по ударной ионизации 
и туннельному эффекту в полупроводниковых приборах» и точно оценил влияние туннелирова-
ния для понимания физики полупроводниковых приборов. Гасан Багирович сразу почувствовал, 
что явление туннелирования будет очень многое определять в полупроводниковых приборах. 
Благодаря его неутомимой энергии физическая наука в АН Азербайджана прогрессировала. 
Гасан Багирович пронес через всю свою жизнь верность первому своему родному научному до-

му. Связь с Физико-Техническим институтом им. А.Ф. Иоффе была постоянна, он хранил 
верность Физ-Тех’у, его традициям. Он был исключительно великодушным ученым и добрым 
человеком. Свои связи с учеными Союза он поставил на служение подготовки научных кадров 
для родной республики. Все свои научные, дружеские связи он широко предоставлял своим учени-
кам. Позже, когда он стал Президентом АН Азербайджана, особенно ярко проявился его та-
лант организатора науки. Открылась возможность продемонстрировать широту своих науч-
ных взглядов. Качества, необходимые Президенту Академии Наук, которыми, несомненно, об-
ладали Президенты Союзной Академии Вавилов, Несмеянов, Келдыш, Александров, были полно-
стью присущи и Гасану  Багировичу. Это способность понять основную идею, видеть перспек-
тиву научного направления, широта научных взглядов. 
Гасан Багировичу была присуще необычно острое чувство юмора. Когда в 1961-году он побы-

вал в первой поездке в Америке, я спросил его о впечатлениях. Он сказал, 
«Жорес, они уже построили материальную базу коммунизма, остается только изменить 

производственные отношения». Или, однажды он мне сказал « Жорес ты знаешь, что такое ге-
теропереход? Это супружеская пара, где муж и жена разной национальности». 
Академик Абдуллаев широко практиковал посылку своих сотрудников на Международные 

конференции, во многие исследовательские центры за рубеж. В АН СССР Гасан Багирович бы-
стро приобрел большой авторитет. К нему прекрасно относились, это я точно знаю, знаю пер-
сонально, президенты АН СССР – Несмеянов, Келдыш, Александров. 
Еще одно замечательное качество Гасана Багировича-это верность дружбе! Когда я приехал в 

первый раз в Баку, я почувствовал еще одно замечательное качество Гасана Багировича – вер-
ность дружбе независимо от того, кто был его другом –будь это профессор и его учитель 
Д.Н.Наследов, или младшие научные сотрудники, без ученых степеней –А.А.Лебедев, 
Ж.И.Алферов, Б.Царенков 
В 1972 г меня выдвинули в гл.-корр. АН СССР. Тогда я был относительно молодым человеком 

и поэтому не знал весь этот избирательный круг. Теперь я это хорошо знаю и могу сказать, 
какие надо предпринимать в данном случае действия. Перед собранием нашего отделения обшей 
физики и астрономии, я приехал сюда, в Баку на одну из защит докторской диссертации. Я жил 
тогда в старом «Интуристе». После защиты мы с Гасан Багировичом, его помощником и  
В.И.Стафеевым поехали в номер, чтобы посидеть, поговорить – тем для разговора было много. 
Весь вечер мы проговорили, и уже был час ночи, когда  Гасан Багирович сказал:  

«Я думаю, мне надо было бы поехать на научное собрание АН.  Я уверен в вас, вы пройдете. Я 
не поехал потому, что очень хотел посидеть с вами». 

 Я сказал: «Вы, знаете, Гасан Багирович, вообще-то ваше присутствие там необходимо. Будет 
лучше, если вы поедете».  

- «Вы так считаете?»  
- «Да, там один голос тоже является решающим. Так что будет лучше, если вы поедете».  
Гасан Багирович обратился к своему помощнику: «Позвони в аэропорт и узнай, когда ближай-

ший рейс». Было уже 2 ч. 10мин. ночи он сказал:  
«Жорес! Зубная паста и щетка у вас найдется?»  



Я сказал: «Да» 
Он тут же заказал билет и мы вместе поехали провожать Гасан Багировича в аэропорт.  
На следуший день, когда мы были на банкете сотрудника, раздался телефонный звонок и по 

телефону он попросил меня и сказал:  
«Жорес, хорошо, что я поехал. Поздравляю тебя с избранием». 
Гасан Багирович поздравил меня. Он сыграл очень большую роль  в моей жизни.  
Гасан Багирович был настоящий ученый – интернационалист. Он понимал, что наука интер-

национальна.  Нет азербайджанской науки, русской и т.д., а есть Мировая наука. В становле-
нии научной общественности в Азербайджане, роль Гасана Багировича, как непревзойденного 
организатора науки, огромная. Он прекрасно понимал роль и значение АН СССР в развитии 
Академий наук всех республик, высоко ценил взаимосвязь между Академиями наук республик. 
Прекрасно понимал роль русской культуры, литературы, языка для прогресса национальной 
науки и культуры. Сегодня, когда молодое поколение имеет тенденцию пренебрегать русским 
языком, оно утрачивает возможность поглощать богатства одной из величайших сокровищ 
мировой культуры. Гасан Багирович глубоко понимал роль физики, физических открытий в 
общем развитии человеческой цивилизации. Гасан Багирович Абдуллаев прекрасно знал азербай-
джанскую литературу, искусство. 

 Азербайджанский народ вправе гордиться своим замечательным сыном. Как бы он чувство-
вал себя, если бы он был жив? Наверно также как Келдыш или Александров. Когда мы вспоми-
наем своих  Великих людей науки, хочется напомнить тем, от кого это зависит, насколько 
важна наука для развития экономики. Науку надо растить, беречь и она  вернет вложенные 
средства сторицей.  
Гасан Багирович понимал, что Наука – это гарант будущего благоденствия. Он жил во имя 

этого и мы не забудем его заветы.     
Гасан Багирович вошел в Науку в Физ-Тех’е. Мы часто его вспоминаем. Значит, он всегда ос-

танется с нами в Физико-техническом институте им.А.Ф.Иоффе. Его портрет будет зани-
мать достойное место в галерее  академиков, выросших в стенах нашего Института. 
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In this work, peculiarities of mechanical bending and deformation rate of silicon wafers under the influence of applied external forces 
have been studied. It has been shown that , for all investigated samples ,there are three characteristic sections with various slopes irrespective 
of the types of operation, orientation and thickness of the wafers. By increasing the applied force (F), the rate of deformation rises, reaches a 
maximum , and then starts to decrease not monotonically , but spasmodically by further increase of the force F.     Experimental results are 
discussed on the base of the creation of dislocations and their corresponding plastic deformation. Furthermore we have shown that , there is a 
very good correlation between the density of dislocations and spasmodic decrease of the deformation rate. The analysis of the obtained 
results confirms the availability of plastic deformation and its inclination to localization during deformation process at room temperature .It 
should be added that , the spasmodic decrease of deformation rate , can be viewed as a self-organized deformable medium. 
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1. INTRODUCTION:   
 
 The bending and warping of large-diameter silicon 

wafers are one of the most difficult problems in 
manufacturing semiconductor devices and integrated circuits 
due to the mechanical and high-temperature treatments. In 
some author’s [1, 2] opinion, the bending of wafers during 
mechanical cutting is created both by cutter displacement and 
occurrence of plastic deformation. According to [1], the 
plastic deformation of wafers during high-temperature 
processing is due to temperature gradient between edge and 
center of the wafers. Besides, it is shown, that under identical 
conditions of thermal processing, the wafer deformation is 
increased both with number of temperature cycles, and also 
with temperature rise. The latter can be qualitatively 
presented as follows: under the influence of thermal 
processing dislocations are created and as a result, relaxation 
of thermal strain occurs within the limits of the given sector. 
During the second thermal processing cycle, the formation of 
dislocations is considerably facilitated, resulting in their 
multiplication. The theoretical works [3-4] consider the 
influence of dislocations on the value of mechanical strength. 
The work by [4] shows the microplastic deformation in the 
crystals which is caused by reversible motion of dislocations. 
Moreover, the plastic deformation is considered to be 
inclined to localization at all stages of the plastic flow, and 
only its form changes at different stages. The works [4] slate 
that the nature of localization of deformation lies in self-
organizing processes in deformable medium in the shapes of 
various sorts of waves. This is possible, because during 
deformation a flow of energy created by the loading device, 
runs through the crystal. The process of dislocations at given 
temperature will depend on: a)value of the applied force, b) 
value and allocation of local strains on the volume, с) 
microstructure of the crystal, availability of impurities of 
other phases etc.   

    Thus, the short analysis of the articles [1-4] shows, that 
the wafers' bending and warping may complicate the 
engineering procedures as photolithography, diffusion 
epitaxy and etc., and also may change the electrical 
characteristics of finished semiconductor devices and chips. 
Therefore, the questions connected with the problem of 
mechanical strength, and improving semiconductor devices 

production technology of devices, still remain topical and    
need to be further investigated.   

The present work deals with study of the peculiarities of 
mechanical bending (W) and bending rate of silicon wafers 
under the applied force (F), and also their structures after 
various manufacturing operations.   

 
2. EXPERIMENTAL TECHNIQUE and SAMPLES  
    FOR INVESTIGATION 
 
The investigations were carried out on both n and p-type 

silicon wafers having diameters of 100 mm and various 
surface orientations (see table 1). It should be note that, there 
are different testing methods for investigation of mechanical 
strength of semiconductor materials such as, torsion's, 
squeezing, tension, bending etc. among which three or four 
point contact and axially-symmetric methods occupy a 
special place.  Because, they do not need takings special 
measures for fastening the samples, and also allow - while 
testing at room temperature - to receive strains of big value. 
However, according to [5], at three or four point contact 
methods of sample testing, the edge effect caused by cutting 
and grinding can greatly influence on the value of mechanical 
strength. To avoid this, the work [5] offered the axially 
symmetric method of plate bending, which is widely used by 
various researches. In the given work, the experimental 
results of mechanical bending and deformation rate of silicon 
wafers were determined by a semi-automatic apparatus 
designed and made on the base bending methods of hard 
plates, having symmetrical axis [6]. This method was chosen 
because it, first, allows to directly test the wafers which are 
used in the semiconductor devices and large scale integrated 
circuits production, second, allows to exclude the influence 
of edge effects on the value of mechanical strength. The 
experiments were conducted at the room temperature. 

 
3. EXPERIMENTAL RESULTS AND DISCUSSIONS  
 
The experimental results of dependency of mechanical 

bending  (W) and rate of deformation V   on the applied force 
(F)  after various  technological operations are  presented in 
fig. 1-4. The figures  1-4 show that for all investigated  
samples, three characteristic sections with various slopes can 
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be observed  irrespective of types of operations, orientation 
and thickness’ of the wafers (dependence W=f(F) for other 
processes given in the table  are observed wears analogous 
character): 

1) the first section (1) – a linear proportionality exists 
between applied force and bending value. As it is apparent 
from the figures, the linear dependency for different samples 
is maintained in the interval of the plate thickness from 0.30 
to 0.50(µm). 

 2) the second section (2) - the increase in bending of 
plates has a monotonic character with increasing of the 
applied force. 3) the third section (3) - by increasing the 
applied force,  the bending value increases up to destruction. 
4) the slopes angles in these section(1,2,3) differ from each 
other. For example, after grinding process; the value of slopes 
are: 1) arctgα1 =25, 2) arctgα2=11 and 3) arctgα3 =26.5 (see 
fig.1). The comparison of these values indicates that the least 
slope is observed in the section of monotonic dependency 
W= f (F (N) (section 2). 5) by increasing the applied  force 
(F), the rate of deformation (V) rises, reaches a maximum, 
and then starts to decrease not monotonically, but 
spasmodically by further increase of the force F.  6) At 
various technological operations, the value of V varied in the 
interval (1.5*10-4-2.2*10-4)m/sec.(see fig.1-4). 

                                    Table 1 
Process  Orientation  Thickness(µm) 

After grinding  100  475 
After P diff. .  111  480 
After  B diff.   111  470 
After   epitax.  100  475 
After  oxidation  111  500 
.After Al contact  111  505 

 
Theoretical dependence of bending value on applied 

external force calculated by the formula (1) is also presented 
on the figures:  

 
   W=3P(1-ν²)r²/(2πEh³)*{a²/r²[1+(1-ν)(a²- 
      - r²)/(2(1+ν)b²)]-(1+Ln(a/r))}         (1)                           
 

where  a -is the radius of fulcrum, b- is the radius of  around 
wafer which is related to the sides of an square wafer with the 
relation b=b'(1+20.5)/2,r,P,h,v, and E are the radius of 
puanson, the applied load, the thickness of the wafer, Poisson 
coefficient and Young modulus, respectively. The 
comparisons of theoretical and experimental values of 
bending presented in figures (1-4) show that in sections (1) 
they agree quite well with each other. However, in the second 
and third sections, strong deviations are observed. From the 
plots, it is seen that the experimental dependencies 
W=f(F(N)) are well-approximated polynomials of 5-th order 
of form W=B0+B1F+B2F2+B3F3 +B4 F4+B5 F5, where, B0, B1, 
B2, B3, B4 and B5 are constants and F is the applied load. 
There deviations can be due to the existence of dislocations 
which are created in the wafers during their bending process 
which have not been taken into account in the theory.  The 
similar regions are found at squeezing of Si and Ge single 
crystals and also at tension of various polycrystalline 
materials [7-9]. In the work by [7], the obtained results are 
explained by the concept of heterogeneous dislocations 
created at squeezing of the samples. 

It is shown in the work [4] that between the rate of 
deformation and density of dislocations created during 
deformation process, these  exists the following dependency:     
V≅σVm (Q/E) (2) where, σ - internal stress of the wafers ,Vm 
is the velocity of testing machine and Q≅σ L b ρ1 (3)  is heat 
scattering energy of mobile dislocations in unite volume, L is 
the average distance between dislocations, b is the Buguer's 
vector and ρ1 is the density of mobile dislocations, E the 
energy of fixed dislocations in  unit volume is given by 
E≅Gb2ρ2  (4). Where, G is the shear modulus, ρ2 is the density 
of fixed dislocations. 

 
Fig.1.  Dependence of the wafer bending and deformation  rate  
           on the applied laod after grinding process   

 
Fig.2. Dependence of the wafer bending and deformation  rate  
           on the applied laod after oxidation process.    
 
 The following is an explanation of the experimental data 

mentioned above from the standpoint of buildup and motion 
of dislocations under influence of the applied force F.    In the 
first section (1), under the external force F, the wafer bends 
and deforms, resulting in the creation of dislocations. They 
move on various slip planes and then are unorderly situated 
on them. Increasing the value of F further, results in an 
increase in both concentration and density of mobile 
dislocations on these planes. Therefore, according to the 
formula (3), the increase in density of the mobile dislocation 
will give rise to the increase in Q energy scattering into heat, 
and as a result, the wafer will heat up. Heating the wafer, in 
turn, will promote a rise of new dislocations and an increase 
of their density. In this case according to the formula (2) the 
wafer’s deformation rate will also increase. The given idea is 
confirmed by experimental results of dependencies of 
deformation raate on the value of the applied force (see fig. 
1-4). Due to the easy and reversible motion of dislocation at 
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large distances, the observed resilient deformation of wafers 
takes place in order words, the linear proportionality W= f 
(F) is consistent in section (1). In section (2) with a further 
increase of the applied force, the number of dislocations and 
simultaneously, their motions rate will increase in different 
crystallographic directions. For this reason, in certain 
crystallographic directions, an accumulation of dislocations 
occurs. Stored dislocations elastically interact between 
themselves, creating obstacles for the motion of other 
dislocations. The further movement of dislocations is 
impeded and as a result, the density of fixed dislocations is 
enlarged. Thus, the obstacle experience major pressure and 
the wafer is plastically deformed. Apparently, the availability 
of a plastic deformation is the reason for observed monotonic 
enlargement of the wafer’s bending (see fig.1-4). It should be 
underlined, that in accordance with the formula (4), with the 
increase of fixed dislocations density, their energy E also 
increases, and according to the formula (2), the rate of 
wafer’s deformation should also decrease. This statement is 
confirmed by the experimental results shown in fig.(4). As it 
is seen from the figures, despite increasing the value of F, 
both the slope of the second section and the wafer 
deformation decrease. Thus, the decrease in the rate of 
deformation is not monotonous but it is in spurts. The 
saltatory change in deformation rate is apparently, connected 
with the fact that part of dislocations stored at hindrances, 
under certain conditions are able to overcome their barrier 
and move further. As a result, the saltatory motion of 
dislocations takes place resulting in the saltatory change of 
the wafer’s deformation rate. It should be noted that, the 
hindrance to the motion of dislocations and saltatory change 
in deformation rate might be caused by the availability of 
impurities and other defects in the wafer and thereby inhibit 
the motion of dislocations and promote formation of 
dislocation avalanches. In the third region, by increasing the 
external force further, the number of dislocation is increased 
and the process of dislocation accumulation is continued. At 
the same time, part of dislocations having opposite sign may 
annihilate which causes a partial relaxation of the internal 
stresses. Besides a part of dislocations may move from one 
slip plane to the other one, and then, the number of 
dislocations on the latter maybe increased, resulting in the 
hardening of the wafer and increase of its bending and 
consequently in the decrease of deformation rate. The 
increase of accumulation of the dislocations in certain 
crystallographic direction and their interaction through the 
neighboring slip planes may cause stresses in separate 
directions. At values of stress larger than the wafer’s 
breaking point, some cracks may be formed in it. However, 
the process of a crystal fracture will depend on the kinetics of 
the cracks growth. 

 
Fig.3. Dependence of the wafer bending and  deformation  
           rate on the  applied load after epitaxy process 
 
 From the analysis of experimental results are revealed the 

following peculiarities of mechanical bending and rates of 
deformation of silicon wafers after diverse manufacturing 
operations: 

 
Fig.4.  Dependence of the wafer bending and deformation  rate  
           on the applied load after phosphor(P) diffusion    process.   
 
1) Irrespective of the type of operation, orientation and 

tickness of wafers on curves W=f(F) are observed. three 
characteristic section with various slopes, а) the section  (1)-a 
linear proportionality exists  between W and F. б) the 
section(2) of monotonic dependence   W=f(F), с) the third 
section  (3) by increasing the applied force, the bending value 
increases up to destruction. 

By increasing the applied force F, the rate of deformation 
rises, reaches a maximum, and then starts to decrease not 
monotonically, but spasmodically by further increase of the 
force F. 

Experimental results are discussed on the base of the 
creation of dislocations and their corresponding plastic 
deformation. 
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Ш.М. Щясянли, Н.Н. Мурсакулов 
 

СИЛИСИУМ ЛЮВЩЯСИНИН МЕХАНИКИ ЯЙИЛМЯСИ ПРОСЕСИНДЯ ДИСЛОКАСИЙАЛАРЫН ИШТИРАКЫ 
 

Бу мягалядя харижи гцввялярин тясири алтында силисиум лювщясинин механики яйилмя вя яйилмянин деформасийа сцрятинин 
хцсусиййятляри тядгиг едилмишдир. Эюстярилмишдир ки, бцтцн тядгиг едилян нцмуняляр цчцн технолоъи просеслярин нювцндян, 
кристаллографик ориентасийасындан вя лювщялярин галынлыьындан асылы олмайараг мцхтялиф мейилли цч характерик област мцшащидя едилир. 
Тятбиг едилмиш гцввянин (Ф) гиймяти артдыгжа деформасийа сцряти артыр, максимума чатыр вя гцввянин сонракы артмасына мцвафиг 
олараг сычрайышла азалыр.  

Експериментал нятижяляр яйилмя деформасийасы заманы дислокасийаларын йаранмасы иля изащ едилир. Бундан башга 
дислокасийаларын сыхлыьы иля деформасийа сцрятинин сычрайышла азалмасы арасында йахшы коррелйасийа олмасыны эюстярмишдир. Алынмыш 
нятижялярин анализи пластик деформасийанын отаг температурунда мцмкцнлцйцнц вя деформасийа просеси заманы онун 
локаллашмайа мейлли олмасыны тясдиг едир. Бу мцлащизяляря ону ялавя етмяк лазымдыр ки, деформасийа сцрятинин сычрайышла 
азалмасына деформасийайа уьрайан мцщитин юз-юзцнц тянзимлямяси кими бахмаг олар.  

  
Ш. М. Гасанли,  Н.Н.Мурсакулов 

 
РОЛЬ ДИСЛОКАЦИЙ В ПРОЦЕССАХ МЕХАНИЧЕСКОГО 

ИЗГИБА КРЕМНИЕВЫХ ПЛАСТИН  
 

В этой работе изучались особенности механического изгиба и скорости деформации кремниевых пластин под действием 
приложенных внешних сил. Показано, что для всех исследованных образцов, независимо от вида технологических операций,  
кристаллографической ориентации и толщины пластин наблюдаются  три характерных областей.  При увеличении приложенной 
силы (F), скорость деформации растет, достигает максимума, и затем начинает уменьшаться не монотонно, а скачкообразно  с 
дальнейшим увеличением приложенной силы F. Экспериментальные результаты объясняются на основе зарождения дислокаций в 
процессе изгиба. Кроме того, показано, что, имеется хорошая корреляция между плотностью дислокаций и скачкообразным 
уменьшением скорости деформации. Анализ полученных результатов подтверждают возможность при комнатной температуре 
пластической деформации, и стремление ее к локализации в течение процесса деформации, а также скачкообразное уменьшение 
скорости деформации, может рассматриваться как самоорганизация деформируемой среды.  

 
Received: 19.05.03 
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GROUND REMOTE SENSING OF BACKGROUND AIR POLLUTION LAYER ON THE 

CITY OF BAKU BY THE DAY SKY BRIGHTNESS 
 

F.I. ISMAILOV 
Azerbaijan National Aerospace Agency Institute of Ecology 

370106 Baku, Azerbaijan, 159 
 

Remote sounding of air pollution by scattered sun light has proved to be useful for analysis background level in conditions of the city 
smoke. This paper deals with the investigation of the space characteristics of altitude air pollution layer on Baku from the day sky light 
measurements. 

 
Introduction 
  

The background air pollution layer in conditions of Baku 
smoke has been formed during many years. Study of modern 
state of this layer is one of the cardinal problems of 
ecological monitoring of background level of anthropogenic 
impact on all Absheron Peninsula. 

It is known that the intensity of background air pollutions 
is determined by the number of background aerosol particles 
which are very optically active at effective wavelength 
λ=0.55µm of solar radiation [1-3]. Ground remote sensing of 
air pollution by incoming solar radiation is of great interest. 
This method is very informative and technically simple [2, 
3]. 

 The present work includes the information about the 
results of research of space situated and different 
characteristics of background air pollution layer on Baku 
from the day sky light measurements which carried out with 
actinophotometric device [4]. 

 
Methods of the research and results 
 

The day sky light brightness depends on changes of 
optical depth τ and scattering functions f(θ) of background 
aerosol particles; where θ is the scattering angle [2, 3]. The 
determination of these parameters is based on measurements 
of illumination of direct radiation S and the sky brightness 
B(θ) in solar almucantar for any time: 

                      

                      0
0

SS
m
1pnl ==τ                          (1)

        0
0

S)(B
m
1)(f θθ =                             (2) 

where S0 is the solar constant, P is the atmosphere 
transmittance, m0 is the optic mass of atmosphere. 

The scattering angle is determined according to formula 
[2]: 

   

 Φθ socZnisZnisZsocZsocsoc 00 ⋅⋅+=              (3) 
 

where Z0 is the solar zenith angle, Z is the sensing zenith 
angle, φ is the sensing azimuth angle. 

The background level of air pollution can be estimated 
from the following empirical expression [3] 

     

                           συ ⋅⋅= −11102,2                                   (4) 
 

where υ is the volume concentration of background aerosol, 
σ is the scattering coefficient at wavelength მ=0.55µm. 

 Experiment has been carried out on the 
actinophotometer [4] which were constructed specially for 
research of atmospheric transparency. Figure 1 shows the 
medium Bouger curves for the west and east of Baku. These 
curves derived from observations data by Bouger – Lambert 
long method [2] and averaged over the period from the 
sunrise to the afternoon (curve 1) or from the afternoon to the 
sunset (curve 2).  

 
Fig.1. Medium Bouger curves for observed points:  
          1 - Mushvigabad settlement; 2 - Ahmadli settlement.  
          τ - optical thickness in directions to the pollution layer  

          (τ2) and in other directions (τ1) in 
mprsm

w
2 ⋅⋅

. 

 

 
Fig.2 a) medium isophots of day sky (August, 2002) 1 - in  
         region (3) of pollution layer, 2 - out of this region, M –  
         Mushvigabad, A - Ahmadli, Z - zenith, O - center of  
         pollution layer, B - Baku. b) h2 - upper and h1 - low  
         altitude of boundaries of pollution layer. 
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As seen from figure 1 the Bouger curves in the region 
m0=10÷29 have been observed the “anomaly” which 
apparently is connected with the background pollution layer. 
Therefore, dependence of optic thickness from relative air 
mass can apply to study background air pollution on city in 
detail. 

The angular dependence of the scattered sky light are 
shown on the figure 2. This dependence is represented by day 
sky light measurements in different almucantars and verticals 
on territory o the institute of Ecology. 

The results of measurements were graphed in the form of 
maps of the radiance on sky sphere. Figure 2a show high 
values for the forward scattering directions from zenith to 
horizon, a minimum at the scattering angle about 

)18020Z( ,
oo == Φ  and slightly increasing values towards 

the backscatter azimuth angle of 180°. This behavior is 
typical for background aerosol scattering. 

Angular dependence of diffuse light from the day sky 
contains information about the geometry of distribution of 
background air pollution layer. For estimate space size of this 
layer we determine relative values of the scattered solar 
radiation in different angles region 6,( ii πθθ −  as follows: 

          ∫ ∫
−

=
i

ii 0
i dnis)(fdnis)(f

θ

θ∆θ

π

θθθθθθΓ         (5) 

 
In table 1 there have been presented values of ratio the (5) 

for 6πθ∆ =  and 61i ÷= . 
Values of quantity (5) in per cent (%) 

 
                                                                                                                                                                      Table 1 

iθ in degrees 30 60 90 120 150 180 - 30 - 60 - 90 - 120 - 150 - 180 

iΓ , in % 13 10 9 7 5 4 13 11 10 6 6 4 

 
As it is seen from table 1 isophots have very asymmetric 

structure on direction perpendicular to the solar vertical. 
Figure 2a shows that the center of pollution layer is observed 
at point 0 with the spherical coordinates about 

oo 5,5,22z −== Φ . 
 It was impossible to evaluate altitude propagation of 

air pollution layer. In the following figure 2b it has been 
found altitudes of upper and low boundary of pollution layer 
for angles of view (figure 1) and distances on the earth 
(figure 2a) from observed point M. 

 Values of average parameters of air pollution layer on 
Baku are given in table 2. 

 
Conclusion 
1. The day sky brightness and direct solar radiation 

measurements were carried out with actinophotometric 
device [4] in conditions of Baku smoke. It is found that the 
strongly background air pollution layer on Baku have place. 

2. The results of calculations of mean characteristics of 
background air pollution layer are given. 

3. It is shown that the method of ground remote sensing 
of air pollution layer by the incoming solar radiation may be 

used to receive the most capacious information in conditions 
of the city smoke in view of their regularity. 

 
Characteristics of background air pollution layer on Baku. 

                                                                    Table 2 
Parameter Value 
Thickness 2hhh 12 =−=∆ km 
Radius of cross section 17R=  km 
Space volume 32 108,1hRV ⋅=⋅= ∆π km3 
Optical thickness 2,012 =−= τττ∆  
Optical density (scattering 
coefficient) 1,0

h
==

∆

τ∆
υ  km–1 

Volume concentration 11102,2v −⋅=  
Mass concentration  
(density of particles 

3smg2p=  [3]) 
3m

mg
44VpM =⋅=  

Mass of layer’s pollution  t80vMm =⋅=  
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Ф.И. Исмайылов 
 

БАКЫ ШЯЩЯРИ ЦЗЯРИНДЯ ЩАВАНЫН ФОН ЧИРКЛЯНМЯСИ ГАТЫНЫН СЯМАНЫН ЭЦНДЦЗ ПАРЛАГЛЫЬЫНА 
ЯСАСЯН ЙЕР ЦСТЦ МЯСАФЯДЯН ТЯДГИГИ 

 

Бюйцк сянайе шящяри шяраитиндя фон сявиййясинин анализи цчцн Эцняшин сяпялянян шцаланмасына ясасян щаванын 
чирклянмясинин мясафяли юйрянилмяси файдалы олдуьу ашкар едилир. Ишдя Бакы шящяри цзяриндя сяманын эцндцз ишыьына ясасян 
щаванын чирклянмясинин йцксяк гатынын фяза хцсусиййятляри юйрянилир. 
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Ф.И. Исмаилов 
 

НАЗЕМНОЕ ДИСТАНЦИОННОЕ ИССЛЕДОВАНИЕ ФОНОВОГО СЛОЯ ЗАГРЯЗНЕНИЯ 
 ВОЗДУХА НАД ГОРОДОМ БАКУ ПО ЯРКОСТИ ДНЕВНОГО  НЕБА 

 
Дистанционное зондирование загрязнения воздуха по рассеянному излучению Солнца является важным для анализа фонового 

уровня в условиях крупного промышленного города. В работе исследуется пространственные характеристики высотного слоя 
загрязнения воздуха над городом Баку по измерениям света дневного неба.  

 
Received: 19.05.03 
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PHOTOELEMENT WITH SCHOTTKY BARRIER ON THE BASE  
OF THE MAGNESIUM PHTALOCYANINE ORGANIC SEMICONDUCTOR 

 
M.M. PANAHOV, S.A. SADRADDINOV, J. H. JABBAROV, B.SH. BARKHALOV 

Baku State University,  
Z. Khalilov str.,23, Baku, 370145 

 
In this work the results of the study of the influence of the thermal processing in oxygen atmosphere on photoelectric properties of the  

Al/MgPc Schottky barrier in SnO2 /MgPc/Al thin film structures are presented. 
 
At present the great variety of film structures with the 

Schottky barrier on the base of inorganic semiconductors is 
used in microelectronics [1, 2]. At last years similar 
structures are created and broadly investigated also on the 
base of the organic semiconductors (OS), in particular, on the 
base of phthalocyanine and its complexes with metals [3, 4]. 
Development of the doping technology for OS will enable 
these compounds to form a serious competition to inorganic 
materials used now, and possibly, fabricating the 
semiconductor devices with qualitatively new characteristics.    

By choosing respective electrode material one can form 
ohmic [5, 6], as well as rectifying [3, 6, 7] electrical contacts 
to semiconducting metal-organic compounds of the 
phthalocyanine class. 

The investigation of the current characteristics of 
“sandwiches”, in which OS magnesium phthalocyanine 
(MgPc) layer was equipped by Al or Ag electrodes have been 
conducted elsewhere [7]. Non-symmetrical volt-ampere 
characteristics (VAC) were explained by the formation of the 
p-n-junction in MgPc as the result of substitution of Mg 
atoms by Al ones during the heat treatment. The further study 
of the similar structures have shown the presence of the 
Schottky barrier in the Al/MgPc interface.  

In this work the results of the study of the influence of the 
heat treatment  in oxygen atmosphere on photoelectric 
properties of the Al/MgPc Schottky barrier in SnO2/MgPc/Al 
thin film structures are presented.  

VAC of the Al/MgPc/Al thin film structures studied 
elsewhere [7], were symmetrical, while current in the 
Al/MgPc/Ag structure depended on polarity of the applied 
voltage. The fact that MgPc is a p-type semiconductor [7], 
and forward direction corresponds to the positive potential on 
Al-electrode, evidenced for the presence of the Schottky 
barrier in the Al /MgPc interface.  

MgPc used by us in studies was additionally cleaned by 
the double sublimation in the vacuum.  The SnO2 /MgPc/Al 
thin film structures have been obtained by the thermal 
evaporation in the vacuum (~10-6 Torr) consistently MgPc 
and second Al electrode onto the quartz substrate, on which 
beforehand was deposited the transparent SnO2 electrode. 
The thickness of the layer was 0,2÷2,0µm. The doping by the 
oxygen was produced by endurance of the film in the oxygen 
atmosphere at 390÷420K. All measurements have been 
conducted in the vacuum ~10-5 Torr. 

The presence of the Schottky barrier in Al/MgPc interface 
determines main electrical as well as light characteristics of 
the element, which are described below. 

Study of the dark current characteristics of the "sandwich" 
structures on the base of the SnO2 /MgPc/Al structures shows, 
that the doping by oxygen essentially changes all 
electrophysical characteristics of the system. The height of 

the Schottky barrier, determined from the slope of the 
temperature dependence of the current, for the sample 
processed in the oxygen atmosphere (Ф=0.5eV) in two times 
is less, than for the sample  processed in the high vacuum 
(Ф=1.0eV). 

-2

-1-2-3

1 2 3 4

1

1

2

2
 

     
Fig. 1. Volt-ampere characteristics of the SnO2 /MgPc/Al  

                   structures, annealed in oxygen atmosphere: 1-dark,  
                   2-under constant illumination L=5·104Lx. 

 
On the fig. 1 the dark and light VAC are presented for the 

photoelement on the base of the SnO2 /MgPc/Al, processed in 
the oxygen atmosphere at room temperature. It is seen from 
VAC that the dependence I on U is essentially non-
symmetrical, which is connected with the effect of the 
Schottky barrier. At the illuminating the structure, non-
equilibrium charge carriers form which influence on all 
characteristics of the structure. 

 

       4
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2

3

 
 
      Fig. 2. The dependence of the photo e.m.f. on the illumination.  
                  Insert- short circuited photo-e.m.f.  versus  illumination. 
 

Under the illumination the separation of the charge 
carriers between the Al and MgPc occurs and the photovoltaic 
effect is observed. On the fig. 2 the dependence of the photo-
e.m.f. on illumination intensity L has been shown. As one can 
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see from the fig. 2, at great L the resistance of the barrier 
layer decreases so, that photo-e.m.f. approaches to the 
saturation – limiting value 0.5-0.6eV for the samples with the 
doped MgPc layer. 

 

    2 , 0
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Fig 3. The dependence of the short circuited photo current  
           Ish.c.ph. on the reverse bias voltage U, under illumination:  
           -8·103Lx,  2-104Lx. 

 

This value corresponds to the Schottky barrier height, 
obtained from the analysis of the dark volt-ampere 
characteristics. On the insertion of fig.1 the dependence of 
the short circuit photocurrent Isc on the light intensity L is 
shown. It is seen that the short circuit photocurrent Isc 
increases with growing of the light intensity L.  

The height of the Schottky barrier also can be determined 
from the dependence of Iph versus the bias voltage under 
constant illumination. The dependence of the short circuit 
photocurrent on the inverse bias voltage is shown in fig.3. As 
would be expected, at the positive potential on the transparent 
SnO2 electrode  with the increase U the Isc current decreases, 
and at U≈0.6 V for the MgPc layer doped by oxygen 
(U≈0.1V for source, which is determined from the 
dependence I versus 1/T) Isc=0, i.e. at U≈0.6V the short 
circuit current disappears. The determined value 0,6eV 
corresponds to a height of the potential Schottky barrier for 
the SnO2/MgPc/Al structure doped by the oxygen. At the 
positive potential on Al-electrode, with the growing U only 
increase of the current in the structure occurs, what is also 
explained by the influence of U on the Schottky barrier in 
Al/MgPc interface. 
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МАГНЕЗИУМ  ФТАЛОСИАНИН ( MgPc)  ЯСАСЛЫ  ШОТТКИ БАРЙЕРЛИ 
СТРУКТУРЛАРЫН  ДЦЗЛЯНДИРИЖИ  ХАССЯСИНЯ  ОКСИЭЕНИН  ТЯСИРИ 

 
Назик тябягяли SnO2/MgPc/Al структурунда магнезиум фталосианинин оксиэен атмосфериндя истилик емалынын Шоттки чяпяринин 

фотоелектрик хассяляриня тясири тядгиг олунмушдур. Алынан нятижяляр эюстярир ки, MgPc назик тябягясини оксиэенля ашгарламагла 
онун ясасында дцзялдилян структурун хассялярини идаря етмяк олар.  

 
М.М. Панахов, С.А. Садраддинов, Дж.Г. Джаббаров, Б.Ш. Бархалов 

 
ФОТОЭЛЕМЕНТ С БАРЬЕРОМ ШОТТКИ НА ОСНОВЕ ОРГАНИЧЕСКОГО ПОЛУПРОВОДНИКА - 

ФТАЛОЦИАНИНА МАГНИЯ 
 
В настоящей работе приводятся результаты исследования влияния термообработки MgPc в кислородной атмосфере на 

фотоэлектрические свойства барьера Шоттки Al/MgPc в пленочных структурах Al/MgPc. Полученные результаты показывают, что 
легированием пленки MgPc кислородом можно управлять свойствами структур на основе MgPc. 

 
Received: 19.05.03 
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LONGITUDINAL MAGNETORESISTANCE OF SEMICONDUCTIVE FILM WITH THE 

PARABOLIC POTENTIAL IN QUANTIZING MAGNETIC FIELD 
 

Kh.A. GASANOV 
Scientific-technical complex “Informatika” 

 
In this work longitudinal magnetoresistance in semiconductive films with parabolic potential in strong magnetic field are investigated. It 

is shown that longitudinal magnetoresistance is nedative at certain value of the magnetic field. Its magnitude is determined by spin splitting. 
 

The account of quantiation the electron motion in the 
magnetic field unlike the classic theory leads to different 
from zero the longitudinal magnetoresistance. The change of 
the longitudinal magnetoresistance is caused by the fact that 
in the quantum magnetic field the possibility of the charge 
carriers scattering and Fermi level depend essentially on the 
magnetic field [1-3]. The longitudinal magnetoresistance in 
some region of the magnetic field may be negative, it has 
been experimentally observed in the wide range of 
semiconductors [4, 5]. The magnetoresistance sign, its value, 
the nature of the temperature and field dependence have been 
determined by m any factors, the band structure, the 
relaxation mechanism and size of sample. In paper [6] the 
existence of the negative magnetoresistance in the multilinear 
semiconductors in the fixed region of the magnetic field both 
for three and two-dimensional electron gas when has been 
theoretically predicted, the sample thickness has been 
compared with the diffusion length, which is connected with 

the account of the spin-orbit scattering of the current carriers 
on the impurities. It has been also noted, that in the same 
region of the magnetic fields in the non-degenerate case the 
main contribution in to the anomaly magnetoresistance gives 
the quantum correction to the magnetoresistance without the 
account of the electron interaction, caused by the spin-orbit 
interaction. Suggested in the present paper theoretically 
research gives the alternative explanation to the negative 
magnetoresistance of the semiconductive film with the 
parabolic potential in the strong magnetic field, placed in the 
film plane with the account of the spin-orbit interaction. It 
has been established, that in some region of the magnetic 
fields, the magnetoresistance of the non-degenerated electron 
gas has the negative values. Besides the behavior of the 
electron gas depends essentially on the spin splitting. 

The electron energy spectrum of the conductivity in the 
parabolic quantum well in the longitudinal quantizing 
magnetic field has the form [7]: 
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Here Landaus gauge is chosen for the vector-potential 

)0,,0( HxA ⋅ ; ω0 characterizes the parabolic potential of 
the film: 
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is the cyclotron frequency, Вµ  is Bohr magneton,  g is the 

factor of the spin splitting, 
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quantum level. The coordinate wave function, corresponding 
to the energy eigenvalue (1) has the form: 
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Ermitte polynomial. 
The current density in the direction of the magnetic and 

electric fields (H//j) is given by the following expression: 
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where f1(ε) is the non-equilibrium addition to the Fermi 
Derek spreading function, f1(ε) is presented in the form:  
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where τH(ε) is relaxation time in the quantizing magnetic 
field. In the case of the scattering in the short-acting poten-
tial, the relaxation time m ay be present ed in the form [1]: 
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where gH(ε) is the density of states, which for the charge 

carriers in  the parabolic well in  the longitudinal quantizing 
magnetic field has the form: 

 
 

                                                   ( ) )
4
L

()(m
2

LL
g

2
x

,N
,N

,N
0

2
zy

H
β

εεΦεεΦ
ω
ω

π
ε σ

σ
σ ++−−⋅= ∑

h
                           (6) 

 

Here   Hg
2
1N B,N µσωε σ +⎟
⎠
⎞

⎜
⎝
⎛ += h  

)x(Φ is the Heaviside function, 2
2
c

2
0

2
m

ω
ω
ω

β ⋅=  

At the real concentration Fermi levels are located much 

below
4
L2

xβ
, therefore in the case of the weak filling in the 

expression for the density of states (6) 
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Applying formulae (3-6) and passing to the polar: 
 
 

coordinates for the conductivity σzz we obtain 
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In order to calculate zzу we should divide the integration 

region on the energy from the region r
к T0

ωh
to ( )1

T0

+r
к
ωh

 

and then performing the summation over r from 0 to ∞. 
Thus, after the integration on the energy and the summation 
on the spin we obtain: 
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here n is the two-dimensional concentration. 

This formula is true for the arbitrary degree of the 
electron gas degeneracy. 

It is possible to sum N and r for the non-degenerated 
electron gas, and this formula (8) can be presented the form
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From the formula (10) it is possible to show, that the 
region of the magnetic field and temperature exist, where 
ρ(H)<ρ(0), (ρ(0)) is the resistance in the absence of the 
magnetic field, i.e it has been establish negative 
magnetoresistivity, magnitude of which depend on the value 
of the spin splitting, unlike the negative magnetoresistance, 
revealed for the three-dimensional case in the paper [3], 
where the spin splitting can not done into account. It is shown 
that longitudinal magnetoresistance is negative at certain 
value of the magnetic field. 

Supposing a>1, a>b, b<1, for the magnetoresistance 
( ) ( )

( )0
0H

ρ
ρρ
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ρ∆ −
= ,  we receive from (10): 
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Using the above-indicated formulae and numerous 

calculations, it is possible to determine such physical 
characteristics as the factor of the spin split, the parameter of 
the quantum well ω0. 
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Х.А.Щясянов 

 
КВАНТЛАЙЫЪЫ МАГНИТ САЩЯСИНДЯ ПАРАБОЛИК ПОТЕНСИАЛЛЫ ЙАРЫМКЕЧИРИЖИ ТЯБЯГЯНИН УЗУНУНА 

МАГНИТ МЦГАВИМЯТИ 
 
Бу ишдя эцжлц магнит сащясиндя параболик потенсиаллы йарымкечирижи тябягянин узунуна магнит мцгавимяти тядгиг едилмишдир. 

Тяйин едилмишдир ки, магнит сащясинин мцяййян областында магнит мцгавимятинин дяйишмяси мянфи олур вя бу спин парчаланмасы 
иля баьлыдыр. 

 
Х.А. Гасанов 

 
ПРОДОЛЬНОЕ МАГНИТОСОПРОТИВЛЕНИЕ  ПОЛУПРОВОДНИКОВОЙ ПЛЕНКИ С 
ПАРАБОЛИЧЕСКИМ ПОТЕНЦИАЛОМ В КВАНТУЮЩЕМ МАГНИТНОМ ПОЛЕ  

 
В работе исследовано продольное магнитосопротивление полупроводниковой пленки с параболическим потенциалом в 

сильном магнитном поле. Установлено, что сушествует область магнитного поля, где магнитосопротивление отрицательно, причем 
величина магнитосопротивления определяется спиновым расщеплением. 
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THE INFLUENCES OF THE SURFACE EFFECTS ON THE MECHANISMS OF THE 

CURRENT PASSAGE IN THE SILLICON PHOTOELEMENTS WITH OPTICAL COVERINGS 
 

R.S. MADATOV, V,G, GASUMOVA 
Baku State University 

Z. Khalilov st., 23, Baku, 370143 
 

N.A. SAFAROV, G.M. AKHMEDOV 
Institute of Physics, Azerbaijan National Academy of Sciences, 

Baku. Az - 1143, H. Javid av. 33 
 
The influence of two-layer superface coverings of ZnS+Nd2O3 on the volt-ampere characteristic (VAC) of sillicon photoelements is 

investigated. It is established that in a result of the penetration of zinc atoms in the near-surface region of the silicon the compensation 
degree of recombination centres increases. It leads to the bending of the band edges on the semiconductor surface. It, in turn, promotes the 
creation of the fitted electric field of the directed p-n transition. It is supposed that the increase of photocurrent is caused by the decrease of 
the velocity of the surface recombination in the result of the passivation of the surface levels. 

 
The number of works [1-4] of the investigation of the 

influence of the surface coverings on the collection 
coefficient and efficiency of the sun elements is considered 
in the ref (1-4). The results of these works allow to make 
some preliminary conclusions on the effectivity of the 
application of the optical coverings with the different indexes 
of reflaction. However, the choice of the materials for the 
optical layers is so limited that it is possible to solve the 
given problem so that to obtain the minimum value of the 
reflection coefficient. Among perspective materials for using 
by the way of the antireflection coverings in the silicon sun 
elements are SiO2, Ti2O5, ZnS and e.t.c., which have the high 
transparency in the operating region of the spectrum. 
Indisputably that the optimal optical characteristics should go 
with the light resistance and ability to save unchangeable the 
initial characteristics of the sun element. But, analogous way 
of the decrease of the reflection coefficient has the some 
disadvantages: the textured surface, obtained after the 
treatment, is the absorbing for the absorption edge, in the 
result of that the non-photoactive part of the sun light 
increases; the presence of the high-speed surface states, 
which are the recombination centers [4]. The given 
disadvantages lead to the worsening of the volt-ampere and 
spectral characteristic forms of the sun elements. In this 
regard the investigation of the influence of the optical 
coverings on the ascilation-recombination, and the surface 
channels also in the sillicon p-n transitions can give the 
information on the nature of the mechanisms of current 
passage. In this paper the influences of the surface covering 
on the volt-ampere characteristics of the sillicon sun elements 
with the optical coverings ZnS+Nd2O3, relieved at the 
different temperatures are studied. 

 
The experiment methodology 
 
The p-n transition have been prepared by the diffusion of 

the phosphor in the p- type sillicon with the specific 
resistance 2Om⋅cm. The depth of the deposition of p-n 
transition, the thickness of the sample and surface 
concentration are 0.2mkm, 350mk and 1020cm-3 
correspondingly. The obtained elements have the short circuit 
current is 0,52V and efficiency is 11%. 

  The antireflection coverings of ZnS and Nd2O3 were 
heated up after the purification by the plasma etching of the 
top layer of the doped area of the element. The first layer of 
the covering was the film of ZnS with thickness 70Å, heated 
up by the thermal way in the vacuum, the second layer is film 
of Nd2O3, obtained by the ion-plasma evaporation with the 
following thermal relieving at 400-450°C. The surface layer 
resistance of the obtained films for the double-layer covering 
(120Å) was from 70 to 100Om/m2. 

 
The results and discussion 

 
The spectral curves of the reflection from the element 

surfaces with double-layer covering ZnS+Nd2O3 after the 
stickness of the protective glass plate are presented on the fig1.  

 
Fig.1. Spectral dependences of light reflection coefficient from  
          the surface of silicon photoelements with coverings: 
          1. SiO2 (1); 2. Nd2O3 (2); 3. ZnS+Nd2O3. 

 
The reflection curves from pure silicon (1) and the sillicon 
with single-layer covering Nd2O3, SiO2 for comparison of the 
experimental curves shows that the more wide area of low 
reflection can be obtained with the help of double-layer 
covering of ZnS+Nd2O3 in the visible region of spectrum. 
This result well agrees with experiment dates on the 
measured values of the short circuit photocurrent. As it is 
shown from fig.2 the photocurrent increase for the elements 
with the covering ZnS+Nd2O3 (curve2) is the 60% 
approximately. The output power of 1cm2 of the sun element 
and the filling factor VAC for the double-layer covering are 
1.62mVt and 0.62, and for SiO2 10.1mVt and 0.65. The 
values I(0), A andRn calculated from load VAC by the 
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method (5), are 10-9A/cm2, 1.2 and 0.2 correspondingly for 
the covering of ZnS+Nd2O3 and 10-7A/cm2, 1.7 and 0.5 for 
SiO2.  
 

 
Fig.2. The load volt-ampere characteristics of silicon  
           photoelements with coverings:1. . SiO2; 2. ZnS+Nd2O3 
 
It followes to note that the character pecularity of the 

obtained results is that ih them the nonload 
photoelectromotive force doesn’t depend on the covering 
nature, although можно было бы ожидать the increaseof 
photoelectromotive force after heating up the covering of the 
surface by the layer ZnS+Nd2O3 because of photocurrent 
increase. However, this isn’t observed. It means that in the 
real elements the photocurrent is defined by the mechanism 
of the inverse current through the p-n transition (3). The 
more essential contribution, besides of the warm generation 
and recombination, leading to the increase of the diffusion 
current, give the generations and recombinations in the 
quazineutral parts of the p-n transition, and the leakages 
trough the surface channels also.  

For the calculation of the diode parameters I0, A, Rn 
(where A is the recombination coefficient in the p-n transition 
region, I is the diffusion saturation current, Rn is the shunt 
resistance) the experimental VAC measured in the darkness 
in the diode mode and the nonload mode are used (fig 3). The 
calculation of VAC is made by the following formulae (1).  
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−=       (1)   

 
This calculation allows to present visually the influence 

of the consequetive and shunt resistances on the sun elements 
propertie. This generation (1) is applied in the calculations in 
case of the big currents only (Jd>J0, where Jd~10-7A/cm2, 
J0=10-9A/cm2, and of the recombination mechanism of the 
inverse saturation current passage through the p-n transition 
also [5]. The calculation VAC of the sillicon photoelement 
with coverings SiO2 (1) and ZnS+Nd2O3 (2) are shown in the 
fig. 3. 

It was revealed that the plating of the surface layer 
resistance 75 Om/m2 leads to the decrease Rn from 0,6Om to 
0.2Om and the improvement of the form VAC of the p-n 
transition. In addition, the shunt resistance of the elements 
changes insignificantly.  

Thus, the plating the optical covering of ZnS+Nd2O3 on 
the surface of the sillicon photoelement decreases the 
consequative resistance value and expresses the appreciable 

influence on the coefficients J0 and A. In addition, J0 and A 
are 10A/cm2 and 1.3 correspondingly.  

 

 
Fig.3. Calculated volt-ampere characteristics of silicon  
           photoelements with coverings, light – 1. . SiO2; 2.  
            ZnS+Nd2O3 ; dark- 3. 
 
The calculation on the light volt-ampere characteristics 

allows to define the values of parameters J0 and A, for those 
values namelt, which are the character for the sun elements in 
the operating mode. The calculation is made with the linear 
dependence Jsc~f(Uxx), where tgα~(q/AKT), and the value 
lgJ0 is cutted on the axis of ordinates (fig4).  

 
Fig.4. Dark (1) and light (2.3) Characteristics of silicon  
          photoelements with coverings: 1. . SiO2; 2.3. ZnS+Nd2O3  
 
As it is seen from the fig 4 and dependence  ? 
The calculated values J and A for the samples at the low 

voltages are 10-6A/cm2 and 2.5, 10-5A/cm2 and 2.5; and at the 
high voltages are 10-9A/cm2 (and 1.2, 10-6A/cm2 and 2 
correspondingly. The comparison of the values J0, A and Rn 
shows that plating the optical double-layer covering of 
ZnS+Nd2O3 leads to the decrease of J0, Rn and A, which 
mainlydepend on properties of the interface metal-
semiconductor [1]. It is need to take into consideration that 
volt-ampere characteristics of the photoelement with the wide 
transition is true only for the definite voltage value (i.e. near 
the operating point of the photoelement). However, the 
influences of the surface recombination on the 
photoelements’ characteristics don’t take into consideration 
in it. The comparison of the values J0, A and Rn for the 
photoelements with the optical coverings SiO2 and 
ZnS+Nd2O3 shows that the dark VAC differ insignificantly at 
the low voltages, (Jin...J0), but light characteristics differ 
strongly at the high levels of lightening. The such significant 
change of VAC structure at the plating of the layer 
ZnS+Nd2O3 can show that atoms of the zinc, ionized by the 
lightening action diffuse intensively into the sillicon near 
lighted surface.  

Aaaaathe combination of the obtained dates on the base 
of the electric, photoelectric and optical measurements bear 
on that in the sillicon photoelements with the optical 
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coverings ZnS+Nd2O3 the creation of the electro-
compensated layer in the surface area of the sillicon is the 
one of the possible reason of the observed changes of the 
recombination parameters of p-n transition. At the lightening 
the balance brakes and the photostimulated diffusion of the 
zinc occures, in the result of which the compensation degree 
of the recombination centres increases that in turn leads to 
the bend of the edges of the band on the semiconductor 
surface. In addition, the surface recombination velocity 
increases from 105 to 103cm/c [6]. 

Judging by the investigations of VAC and effect of the 
field also, carried out in [4], the increase of the efficiency 
with the covering ZnS+Nd2O3 is caused by the decrease of J0 
and A in the area of the average voltages, where the sun 
element works. Thus, at the plating of ZnS+Nd2O3 on the 
sillicon sun element surface in distinction of SiO2 the thin 

isolating layer occures with the polarized states on the Si 
surface accordingly. This layer, in turn, can promote to the 
acceleration of the zinc ions migration in the Si volune and 
the creation of the fitted electric field of the directed p-n 
transition. 

In the result of the made investigation it can make the 
following conclusions: 
1) The efficiency can be increased from 10 to 15% because 

of the decrease of the reflection in the spectrum region 
0.4-0.8mkm at the plating of the double-layer covering 
ZnS+Nd2O3 on the surface of the sillicon photoelements. 

2) The experimental photoelements have the low consequent 
resistance and the well volt-ampere characteristics in 
comparison with the photoelements with SiO2 coverings, 
having the same depth of the deposition of p-n transition.
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Р.С. Мядятов, В.Г. Гасымова, Н.А. Сяфяров, Г.М. Ящмядов 

 
ОПТИК ЮРТЦКЛЦ СИЛИСИУМ ЭЦНЯШ ЕЛЕМЕНТЛЯРИНДЯ ЖЯРЯЙАНКЕЧМЯ  

МЕХАНИЗМИНЯ СЯТЩ ЕФФЕКТЛЯРИНИН ТЯСИРИ  
 
Силисиум фотоелементи цзяриня чякилмиш   ZnS + Nd2O3  сятщ юртцйцнцн ВАХ-на тясири юйрянилмишдир. Мцяййян едилмишдир ки, синк 

атомларынын силисиумун сятщиня диффузийасы нятижясиндя рекомбинасийа мяркязляринин компенсасийа дяряжяси артыр. Бу ися, 
йарымкечирижинин сятщиндя зонанын яйилмясиня вя кечидя доьру йюнялмиш електрик сащясинин йаранмасына сябяб олур. Фярз едилир ки, 
фотожяряйанын артмасына сябяб, сятщ сявиййяляринин  пассивляшмяси нятижясиндя рекомбинасийа сцрятинин азалмасыдыр.    

 
Р.С. Мадатов, В.Г. Гасумова, Н.А. Сафаров, Г.М. Ахмедов 

 
ВЛИЯНИЯ ПОВЕРХНОСТНЫХ ЭФФЕКТОВ НА МЕХАНИЗМЫ  
ТОКОПРОХОЖДЕНИЯ В КРЕМНИЕВЫХ ФОТОЭЛЕМЕНТАХ 

 С ОПТИЧЕСКИМИ ПОКРЫТИЯМИ 
 

Исследовано влияние двухслойных поверхностных  покрытий из  ZnS+Nd2O3  на  вольт-амперную характеристику  (ВАХ)  
кремниевых фотоэлементов. Установлено, что  в результате проникновения  атомов цинка в приповерхностную область кремния  
возрастает степень компенсации рекомбинационных центров, что приводит к изгибу краев  зоны на поверхности  полупроводника. 
Это, в свою очередь способствует созданию встроенного  электрического поля направленного р-n перехода. Предпологается, что 
рост фототока обусловлена уменьшением скорости поверхностной рекомбинации в результате пассивизации поверхностных 
уровней. 
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ABOUT DOMAIN WALL MOTION IN A SURFACE STABILIZED FERROELECTRIC 
LIQUID CRYSTAL 

 
H. F. ABBASOV 

Baku State University  
370145, Baku, Z. Khalilov str, 23. 

 
The domain wall motion was investigated in «the semiconductor – ferroelectric liquid crystal – metal» structure, occurring under action 

of an electrical field in the surface stabilized ferroelectric liquid crystal. 
 
Due to unique properties the ferroelectric liquid crystals 

[1] are widely applied in engineering that, in turn, has caused 
wide research of these materials. Such properties are the best 
threshold and time characteristics of the surface stabilized 
ferroelectric liquid crystal (SSFLC), which strongly depend 
on surface conditions of electrodes, with which the liquid 
crystal contacts. 

In the given work the domain wall motion was 
investigated in «the semiconductor – ferroelectric liquid 
crystal - metal» structure occurring under an electrical field in 
SSFLC. 

As a liquid crystal the mixture having the ferroelectric 
phase in a wide temperature interval, consisting of: 

 

 
 

and with the following phase transition temperatures: 
 

IChSSС C70C66
A

C62
C

С30 0000

⎯⎯ →←⎯⎯ →←⎯⎯ →←⎯⎯ →←  
 has been used. 

In structure as the semiconductor was used p-type Si, and 
as the metal electrode was used SnO2. 

 
Fig.1. Light transmittance in an arbitrary units as a function of an  
           applied voltage for  the switching process under a bipolar  
           rectangular voltage wave at the  frequency ν = 0.01 Hz and  
           amplitude U0=10 V.  

 
To obtain a homogeneous orientation of SSFLC the 

surface of electrodes was preliminary treated by polyimide 

lacquer and subsequently rubbed in one direction [2]. It must 
be noted that the semiconductor essentially improves the 
quality of orientation. The cell thickness is about 4,8 µm, an 
effective area is 152mm2. The tilt angle of molecules 
measured at temperature 39°C by polarizing microscope is 
18°. The spontaneous polarization has been measured by the 
triangular pulse method [3] and at above mentioned 

temperature it is 0.5 2sm
nCl

. 

The experiment was carried out in the set up on the basis 
of polarizing microscope. The light transmittance of the cell 
was measured by the photo multiplier, the signal from which 
was registrated by the oscilloscope. Under an electrical field 
action the Clark-Lagerwall transition takes place [4]. As well 
as known, the electrooptic effect occurs in two stages: at first 
at low voltage the bulk switching (I) takes place, and then at 
high voltage the surface switching – the domain wall motion 
(II) takes place (fig.1). From this oscillograms, which are 
received at different values of the applied voltage, the 
switching time was determined (fig. 2). 

 
Fig.2. The dependence of the switching time on the applied  
           voltage. 

 
 As seen from figure 2, the switching time decreases with 

increasing of the applied voltage. By drawing this 
dependence in logarithmic scale we have established, that the 
dependence τ(U) has the form τ~U-2 

In order to explain the obtained results, we propose the 
following model. Let S0 is an effective area, where we 
observe the domain wall motion, n(t)  is a number of domains 
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in this area and S(t)  is the area which is occupied by domains 
at the given moment, dS  is the increment of the area of all 
domains. It is clearly that dS is proportional to the domains’ 
free area (S0-S), to the total increment of the all domains area 
ndS’ and inversely proportional to the already occupied by 
domains area S, i.e. 
 

                        Snd
S

SScdS 0 ′−
=                                  (1) 

 
where c  is a coefficient of proportionality. 

Let's take into account, that the area increment of the 
domain having the circular form of radius r looks as 

 
tdt2dtt2rdr2Sd 2υπυυππ =⋅==′  

 
The domain wall velocity depends on a direction. 

Therefore the averaged domain wall velocity determined as 

⊥⋅= υυυ || is used at the calculations, where the signs ||  

and ⊥   belong to the case of motion in the direction parallel 
and perpendicular to the smectic layers, accordingly.  

  It is obviously also, that the number of domains is 
inversely proportional to the time, as they covered each other: 

t

c
n

'

≈ . After the integrating of (1) we obtain: 
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where, C’=c⋅c’. 

The expanding   of the expression ⎟⎟
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⎞
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S1ln  in a 

series at S=0 and neglecting of the high order members gives: 
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At complete switching, when the domains occupy all 

effective area, i.e. S=S0 and  t=τ, we obtain  
 

                      2'
0 1
C4

S
υπ

τ ⋅=                                        (5) 

 
The theoretically predicted dependence of the domain 

wall velocity on the applied voltage U is linear [5-7]: 
 

                      U
N
P2

η
υ =                                               (6) 

 
where, P  is the spontaneous polarization, η is the rotational 
viscosity, N is the parameter that  describe the surface. 

Then we obtain the following expression for switching 
time 

                          2

2

U
C ητ =                                                  (7) 

where, '

2
0

C16
NSC
π

=  is a coefficient  which depends on the 

surface state. 
Thus, the proposed model correctly explains the 

dependence τ(U) obtained experimentally.  
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Щ.Ф. Аббасов  
  

СЯТЩЛЯ СТАБИЛЛЯШМИШ СЕГНЕТОЕЛЕКТРИК МАЙЕ КРИСТАЛДА ДОМЕН 
СЯРЩЯДЛЯРИНИН ЩЯРЯКЯТИ ЩАГГЫНДА 

 
«Йарымкечирижи-сегнетоелектрик майе кристал-метал» структурунда сятщля стабилляшмиш сегнетоелектрик майе кристалда електрик 

сащясинин тясири алтында Кларк-Лаэервол еффекти баш вердикдя мушащидя олунан домен сярщядляринин щярякяти юйрянилмишдир. 
 

Х.Ф. Аббасов 
 

О ДВИЖЕНИИ ДОМЕННЫХ ГРАНИЦ В ПОВЕРХНОСТНО СТАБИЛИЗИРОВАННОМ  
СЕГНЕТОЭЛЕКТРИЧЕСКОМ ЖИДКОМ КРИСТАЛЛЕ 

 
В работе было изучено движение доменных границ в структуре «полупроводник-сегнетоэлектрический жидкий кристал-

метал», происходящее под действием электрического поля в поверхностно стабилизированном состоянии сегнетоэлектрического 
жидкого кристалла при осуществлении в нем эффекта Кларка-Лагервола. 
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OPTICAL MODEL ANALYSIS OF NEUTRON ELASTIC  

SCATTERING ON CARBON 
 

Kh.Sh. ABDULLAYEV, M.Sh. MAMEDOV 
Baku State University, Baku 370145, Z. Khalilov st., 23 

 
The calculation of the optical model of neutron scattering for C12 nucleus in the energy region of 4-14MeV has been carried out. To 

estimate a compound elastic scattering at low energies, the Hauser-Feschbach formalism has been used. A good agreement is obtained at 
higher energies. 

 
In the present paper in order to explain the neutron 

scattering on the C12 nuclei, the prediction of optical model of 
nucleus has been investigated more thoroughly. The obtained 
results are in a good agreement with the experimental data in the 
neutron energy region of 6.5-14MeV.  

Recently the estimation of sections of neutron interactions 
with nuclei by different model predictions is of great interest. 
For average neutron energies and for medium and heavy 
nuclei, the use of the nucleus optical model gives rather 
reasonable results [1, 2]. However, to estimate the neutron 
data for relatively light nuclei, the use of such a model needs 
additional investigations. This is attributed to different 
experimental data for supporting points on the one hand, and 
also to necessity for improvement of the optical potential on 
the other hand. In the present paper to determine the neutron 
energy region and to obtain the appropriate optical 
parameters, the estimation of the data on C12 by the nucleus 
optical model has been carried out. 

For neutron energies lower than 4MeV, the optical 
parameters account the experimental data on light nuclei 
insufficiently indicating a low energy limit for the optical 
model. A good data agreement at neutron energies of 6.5-
14MeV can be used to compensate for missing experimental 
data as the optical parameters in this energy region smoothly 
vary with energy. However, the obtained optical parameters 
are somewhat inaccurate due to a lack of the experimental 
data in the energy region considered. 

The optical potential has been used in the following form [3]: 
 

)e.)(r(vV)r(viV)r(vV)r(V soSOimIMcrCR
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where A is the mass number of the target nucleus. 
In the present paper ror  and roi are equal to the value of r0. 

The R=r0A1/3 is equated to the nuclear radius. Using the 
above potential (1), a following set of optical parameters i.e. 
VCR, VIM, VSO, a, b and r0, has been obtained. 

The slight parameters changes are explained by different 
values of experimental cross-sections. However, to reveal the 
dependence of optical parameters on neutron energy is 
difficult due to interrelation between the optical parameters 
themselves. Moreover, at different neutron energies the 
change of optical parameters is not the same. 

For calculation, a special computer programme was used. 
In this programme the search of parameters was realized by 
minimization of the following function:   
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where ∆σ is the experimental error of the σ  value. 

The given programme also contains the Hauser-Feschbach 
formalism where the cross-section data are assumption of 
compound neutron elastic scattering.   

The fitting process for obtaining the optical parameters 
was carried out at neutron energies of 4.50; 7 and 13MeV. 
The data for the other energies were obtained at linear 
interpolation. The fact that for the carbon nuclei the 
experimental data on the total cross-section strongly vary at 
the neutron energies of 4.8; 5.3 and 8MeV indicates that the 
corresponding optical parameters should not be considered as 
absolute. 

For neutron energies lower than 7MeV the Hauser-
Feschbach formalism with the following energy levels for C12 
was used [4]. 

 
E (MeV) Jπ MeV Jπ 

0 0+ -6.134 3- 

6.052 0+ 6.916 2+ 
6.047 1+ 7.121 1- 

  
The calculated cross-section values and the experimental 

data are shown in Table 1. It is seen from the Table 1 that 
there is a good agreement for values at neutron energies more 
or equal to 6MeV. 

A significant variation of near 8MeV indicated that the 
optical model prediction for this energy cannot be considered 
sufficient. However, as seen in table 1, the given data are in a 
good agreement.  
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     Table 1. 
En,  

MeV δσ ,exp
T  δσ ,cal

T  δσ ,exp
el  δσ ,cal

el  

4,50 1,43 ± 0,05 1,43 1,55 1,42 
5,00 1,45 ± 0,07 1,45 1,12±015 1,18 
5,50 1,50 ± 0,07 1,50 0,97 1,25 
6,00 1,41 1,41 1,35 1,33 
7,00 1,39 ±0,04 1,39 0,97 0,86 
8,00 1,37 ±0,06 1,37 0,95 0,84 
9,00 1,45 ±0.04 1,45 1,05 0,93 
10,00 1,42 ±0,06 1,42 1,03 0,89 
11,00 1,46 ±0,03 1,46 1,01 0,87 
12,00 1,47 ± 0,05 1,47 0,97 0,83 
13,00 1,51 ±0,07 1,51 0,89 0,87 

 

For the purpose of calculation, the experimental data on 
inelastic cross-sections were obtained in the following form:  

 

∫−= Ωθσσσ d)(elTnonel , 
    

These data, as compared to tσ , are inaccurate due 

inaccuracy of the elσ  values.  
The optical parameters obtained for different neutron 

energies are tabulated in table 2. 
In calculation the interpretation of R=r0A1/3 as the nuclear 

radius is somewhat inaccurate the as r0 value slightly changes 
for different neutron energies. It should be noted that if roi 
slightly differs from r0, the obtained parameters values are 
practically unchangeable. 

                                                                                                         Table 2. 
En, MeV VCR, MeV Vim, MeV VSO, MeV a, f B, f r0, f 

4,5 32,2 1,9 8,3 0,72 0,90 1,10 
5,0 34,5 2,0 7,6 0,50 0,98 1,27 
5,5 35,3 2,2 8,5 0,51 0,97 1,35 
6 38,1 2,2 8,1 0,53 0,99 1,41 
7 41,0 2,1 7,3 0,52 0,95 1,38 
8 40,3 2,2 8,0 0,53 0,91 1,37 
9 42,1 2,1 4,8 0,55 0,86 1,28 
10 43,2 2,2 4,4 0,61 0,83 1,25 
14 50,4 7,4 5,1 0,65 0,78 1,20 

 
The neutron size as compared to that of nucleus can be 

neglected in the case of heavy nucleus  nuclei,  while  for  the 
light C12 nucleus it is unreasonable. Probably, this fact can 
explain the energy dependence of VCR and r0 parameters 
(table 2). It has been found that with increase of neutron size 

relative to the target nucleus the r0 value also increases, while 
the value of VCR decreases. 

The increase of VIM with neutron energy conforms with 
theoretical predictions, on the base of the exclusion principle. 
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Х.Ш.Абдуллайев, М.Ш.Мяммядов 

 
КАРБОН НЦВЯСИНДЯН НЕЙТРОНЛАРЫН СЯПИЛМЯСИНИН ОПТИК МОДЕЛЯ ЭЮРЯ ТЯЩЛИЛИ 

  
C12 нцвяси цчцн нейtронларын сяпилmясинин опtик mоделя эюря щесабланмасы йериня йетирилмишдир. 4-14 МеВ енерэи интервалы 

эютцрцлмцшдцр. Ашаьы енержиляр цчцн компаунд еластики сяпилмяни гиймятляндирмяк мягсядиля Щаузер-Фешбащ формализминдян 
истифадя олунмушдур. Йахшы уйьунлуг щаллары йцксяк енержиляр цчцн алыныр. 

 
Х.Ш. Абдуллаев, М.Ш. Мамедов 

 
АНАЛИЗ УПРУГОГО РАССЕЯНИЯ НЕЙТРОНОВ НА АТОМАХ УГЛЕРОДА ПРИ ПОМОЩИ  

ОПТИЧЕСКОЙ МОДЕЛИ 
                                                               
Проведено вычисление по оптической модели рассеяния нейтронов для ядра С12. Рассматривался энергетический интервал 

4-14МеВ. При низких энергиях для оценки компаундного упругого рассеяния применялся формализм Хаузера-Фешбаха. 
Хорошее согласование получается при высоких энергиях. 
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TlInS2 <Mn> - NEW RELAXOR FERROELECTRIC 

 
O.A. SAMEDOV 

Institute of Radiation Problems of Azerbaijan National Academy of Sciences 
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It was shown TlInS2 doped 0,1at.% Mn displays all idiosyncrasies of relaxor ferroelectric. The temperature range of a steady relaxor 

(nanodomain) state and temperature of phase transition in a ferroelectric (makrodomain) state attended by anomalies of polarization and 
pyroelectric properties was defined.  

 
1. Introduction 

 
The analysis of the dielectric constant temperature 

dependence ε(T) in the phase transitions region of TlInS2 
crystal shows that this dependence has different forms for the 
samples taken from various technological batches. It is found 
in [1] that the different forms of ε(T) result from the fact that 
TlInS2 crystals relate to the berthollide class, i.e. the 
compounds with composition rearrangement occurring during 
the growth process. However, this peculiarity does not lead to 
smearing of the phase transitions, and the dependence ε-1(T) 
obeys the Curie-Weis law [2, 3] with a constant of ≈10-3 in 
the large frequency range going from kilohertz to 
submillimeter lengths. The neutron-diffraction research has 
also established [4] that TlInS2 compound is an improper 
ferroelectric with incommensurate phase. 

The temperature region, where instability of TlInS2 
crystal lattice is observed, is very sensitive to the trivalent 
cationic impurities of different ionic radius and coordination 
numbers. Moreover, for some impurities one observes the 
increase of phase transition temperatures while for others one 
obtains the decrease of them (the results of this comparative 
research have now been submitted for publication). It is also 
interesting to investigate the nature of these phase transitions 
in TlInS2 crystals. The transition metals of iron group are the 
multicharged impurity ions and can form the deep centers of 
strong localization that are capable to strong interaction with 
highly polarizable TlInS2 crystal lattice. 

In this paper we present the results of study on dielectric, 
polarization and pyroelectric properties of TlInS2<Mn> 
crystals. 

 
2. Experimental Technique  

 
The TlInS2 crystals were grown by the modified 

Bridgman-Stockbarger method. It was not observed any 
anisotropy of dielectric properties in the plane of layer. The 
measurements have been carried out on the crystal faces cut 
out perpendicularly to the polar axis. The crystal faces were 
planished, polished and then covered by the silver paste. The 
dielectric constant ε and the tangent tgδ of the dielectric 
losses angle were measured by the alternating current bridge 
E7-8, E7-12, P5058 and Tesla BM560 at the frequencies 
1kHz, 1MHz, 10kHz and 100kHz accordingly in the 
temperature region 150–250K. 

The velocity of temperature scanning was 0.1 K/min. The 
dielectric-hysteresis loops have been studied at the frequency 
of 50Hz using modified Soyer-Tauer scheme. The pyroeffect 
has been investigated by the quasistatic method using 
universal voltmeter V7-30. 

3. Results  
 
The dielectric constant temperature dependencies ε(T) of 

both TlInS2 (curves 1, 2) and TlInS2<Mn> crystals (curves 3, 
4) are presented in fig. 1. The curves 1, 3 correspond to the 
cooling regime; the curves 2 and 4 are obtained at the heating 
regime. As it is seen from Figure 1, the well-known [3] 
typical sequence of the phase transitions was observed on 
TlInS2 crystals (curves 1, 2). One sees the paraelectric-
commensurate phase transitions at 216K, and two additional 
transitions at 200 and 204K. Last two transitions were most 
likely caused by the rearrangement of the modulated 
structure; their nature was widely discussed in [5]. The final 
transition to the polar phase occurs at 196K. 

The dependence ε(T) can be described by the Curie-Weis 
law with the Curie constant of C+=5.3·103K in the 
temperature region T–T1 (216)≤50°. The anomaly at 196K 
appears during the crystal cooling where all peaks are strong 
enough and there is no any signs of smearing. As one can see 
from the Figure 1, the dielectric hysteresis for TlInS2 crystals 
is observed only at the temperature about 196K (and not at 
the maximum of the curves). The thermal hysteresis of the 
doped samples is situated at the temperature Tm, 
corresponding to the maximum of ε(T) curve) and is about 
2K (curves 3 and 4 in Figure1). 

 
Fig.1. The dielectric constant ε(T) temperature dependencies.  
          Curves 1, 2 - the dependencies ε(T) of TlInS2 crystal  
          (1-cooling; 2-heating); Curves 3, 4 – the dependencies  
          ε(T) of TlInS2<Mn> crystal (3-cooling; 4-heating).  
 
The dielectric constant temperature dependence ε(T) is 

significantly different in this temperature region for (TlInS2)1-

x(Mn)x crystals, where x=0.001. The dependence is strongly 
blurred, and the phase transitions move by 10K towards the 
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lower temperature region. The region of incommensurate 
phase with two anomalies at 190K and 209K becomes wider. 
It is natural in this case to explain the reason of such radical 
change of the dependence ε(T) for 0.1-mol% Mn doping. 

It is known [6, 7] that the composition fluctuation is the 
main reason of smearing of phase transition temperatures. 
However, not all kind of defects and increase of their 
concentration can cause the smearing. According to [8] the 
smearing is determined by the defects having dipole moments 
that create the electric fields and electric field gradient in the 
adjoining regions of the crystal. In addition, since TlInS2 is a 
semiconductor, the doping of impurities creates the 
corresponding centers of charge carrier localization that can 
create the local electric fields stimulating generation of the 
induced polarization near the phase transitions [9-11]. An 
important peculiarity of the ferroelectrics with smearing 
phase transitions is the fact that the dielectric constant at 
temperatures higher than Tm changes not in agreement with 
the Curie-Weis law of  ε-1(T)=C-1(T–T0) but in accordance 
with the law of ε-1(T)= = A+B(T–T0)2.  

In TlInS2<Mn> crystals was observed significant 
frequency dispersion and growth Тm with growth of 
frequency f. The increase Тm with growth of frequency is well 
described by the Vogel-Fulcher law (fig.2), interpretive as 
temperature of static freezing electrical dipoles or transition 
in a condition of dipole glass [12, 13]. 

The investigation of polarization properties of 
TlInS2<Mn> shows that the dielectric hysteresis loops are 
observed below 175K and the maximum value of 
spontaneous polarization, Ps, for such loops reaches    4·10-

8C/cm2. The value of Ps for non-doped TlInS2 crystals is 
equal to 1.8·10-7 C/cm2. The value of Ps in the temperature 
region from 175 to 210K is 1.5·10-8C/cm2.  

The investigation of the dielectric constant frequency 
dispersion has been carried out at the frequencies of 1kHz-
1MHz. No temperature shift for the maximums of ε(T) curves 
in TlInS2 crystals was observed, while the shift of the 
smeared maximums of ε(T) curves for TlInS2<Mn> crystals 
is equal to 3K. 

 
Fig.2. The dependence (lnf0 – lnf)-1 from Tm for TlInS2<Mn>,  
           illustrating performance of the Vogel-Fulcher law. 
 
The temperature dependencies of the pyroelectric 

coefficient γ(T) of TlInS2 (curve 1) and TlInS2<Mn> crystals 
(curve 2) are presented in fig.3. The measurements were 
carried out in the quasistatic regime and the pyroelectric 

coefficient was calculated using the following equation: 
γ=J/A0·dT/dt, where J is the pyroelectric current, A0 is the 
area of the electrodes, dT/dt is the heating rate. The 
measurements were carried out on the samples, which were 
preliminary polarized in the external electric field. The 
dependence γ(T) for the pure TlInS2 crystal has one peak only 
with the maximum value of 1.4·10-7 C/K·cm2 at 196K. Two 
anomalies at 190K and 174K are observed for γ(T) of 
TlInS2<Mn> crystal. 

 
 
Fig. 3. The temperature dependence of the pyroelectric  
             coefficient. Curve 1 - TlInS2 crystal; Curve 2 -  
             TlInS2<Mn> crystal. 

 
 
Fig. 4.  The dependence of conductivity σ from 1/T for  
            TlInS2<Mn> crystal. 
 
The temperature dependence of conductivity on frequency 

1 kHz is shown in fig. 4. It is visible, that the conductivity 
has thermoactivated character, and can be described by the 
Mott law: σ=σoexp[-(U/kT)ν],  where U - the energy of 
activation, k–Boltzmann constant, ν-parameter depending on 
the mechanism of conductivity. It is known, that the 
parameter ν is approximately equal 1 at the zoned mechanism 
of conductivity, and in a case of hopping conductivity it lays 
within the limits of 0,2<ν<0,5. 

In an 175-190K interval of temperatures conductivity has 
thermoactivated character, is satisfactorily described by the 
above-stated Mott law with a parameter ν equal 0,25, that 
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corresponds thermoactivated hopping to the mechanism of 
conductivity. Thus on dependence fig.4 it is possible to pick 
out 3 temperature areas described by various mechanisms of 
conductivity. The high-temperature area corresponds to the 
zoned mechanism of conductivity. The temperature area 175-
190K- thermoactivated hopping, and area is lower 175K– 
hopping to the mechanism of conductivity. The estimation of 
length of a jump shows, that this distance is approximately 
equal 100Аo that corresponds to jumps of carriers between 
nanodomain by inclusions. 

 

4. Discussion and Conclusion 
 

The analysis of figures 1-4 allows one to state that 
TlInS2<Mn> crystals reveal all peculiarities that are typical 
for the relaxor ferroelectrics. The doping of TlInS2 crystal by 
Mn cations leads to smearing of phase transitions, and the 
frequency dispersion of dielectric constant is observed. 
Moreover, the elongated dielectric hysteresis loop is observed 
in the smearing region of the phase transition, and the 
temperature dependence of the dielectric constant in the 
region of high temperatures is described not by the Curie-
Weis law but according to the (ε’)-1=A+B(T–T0)2 functional 
form.  

The smearing of phase transitions and other ferroelectric 
peculiarities of TlInS2<Mn> crystal are undoubtedly caused 
by the structure disorder that leads to the appearance, in a 
wide temperature region, of local symmetry distortions and 
internal electric field. Although the phase transitions in 
TlInS2 crystals are under investigation for a long period of 
time the satisfactory understanding of physical mechanisms 
of the processes taking place in the crystals and the 
unambiguous interpretation of the observed phenomena does 
not exist. It may be caused by the fact that, during the 
investigations of phase transitions in TlInS2 crystals, not 
enough attention was paid to the semiconductor properties of 
these crystals. This is especially valid for the crystals doped 
by the cationic impurities. These impurities can form the 
capture levels (traps) at the bottom of the conduction band. 
One has to consider two processes: charge carrier localization 
on the local centers, and their influence on the phase 

transitions. This issue was considered by Mamin [9-11], 
where it was shown that the thermal filling of traps could lead 
to an intricate sequence of phase transitions as well as to the 
appearance of an unstable boundary state between the phases 
(incommensurate-commensurate). 

The dependence γ(T) shows the peak at 175K, and there is 
no peak of ε(T) at this temperature (compare figures 1 and 3). 
According to [11] this peculiarity is typical for the relaxors. It 
may be explained by an assumption that the oscillation 
frequency of the induced polarization is determined by the 
characteristic relaxation time not only of the lattice 
subsystem as it takes place in usual ferroelectrics but also by 
the relaxation time of the electronic subsystem. Naturally, the 
characteristic time τη for the change of the order parameter η 
and the characteristic time τm for the change of the electron 
concentration m in the traps are significantly different 
(τη/τm<<1). Using this assumption the author of [11] 
investigated the mentioned above problem by separation of 
fast and slow processes. As a result it has been established 
that the effective temperature Tcm of the phase transition is 
shifted to lower temperatures due to thermal filling of the 
capture levels. In our experiments this temperature 
corresponds to 175 K for the crystals of TlInS2<Mn>. When 
the localized charges create the local electric fields the 
spontaneous polarization in the weak external fields in the 
separate microfields will be directed to the different 
directions in compliance with space distribution of the 
localized charges. Therefore, the hysteresis loop in the 
temperature region 175–190K is observed as narrow and 
stretched. And according to the same reason, we did not 
observe the peculiarities in the dependence ε(T) connected 
with phase transition at the temperature Tcm.  

Thus, the doping of TlInS2 crystals by Mn leads to the 
appearance of the temperature region in which the crystals 
show all peculiarities that are typical for the relaxors. The 
phase transition from the relaxor (nanodomain) to the 
macrodomain (ferroelectric) state occurs at the temperature 
175K. The jump in the temperature dependence γ(T) 
corresponds to this transition. 
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ТлЫнС2 <Mn> – ЙЕНИ РЕЛАКСОР СЕГНЕТОЕЛЕКТРИК 
 

Эюстярилмишдир ки, 0,1 ат.% Мн ашкарланмыш ТлЫнС2 кристалы релаксор сегнетоелектрикляр цчцн характерик олан бцтцн 
хцсусиййятляря малик олур. Дайаныглы релаксор (нанодомен) щалынын варлыг температур интервалы вя сегнетоелектрик (макродомен) 
щалына кечид температуру пироелектрик хассяляриндя алынан аномалийа эюря мцяййян едилмишдир. 
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TlInS2 <Mn> - НОВЫЙ РЕЛАКСОРНЫЙ СЕГНЕТОЭЛЕКТРИК 
 

Показано, что TlInS2, легированный щ,1 ат.% Mn проявляет все характерные особенности релаксорного сегнетоэлектрика. 
Установлена температурная область существования устойчивого релаксорного (нанодоменного) состояния и температура фазового 
перехода в сегнетоэлектрическое (макродоменное) состояние, сопровождаемое аномалиями поляризационных и 
пироэлектрических свойств. 
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Abstract. The capacitance-voltage characteristics of local polycrystalline silicon films were investigated in the frequency range 0,465-10 
MHz. A transition in the character of reactive conductivity from capacitance to inductive behavior was discovered under influence the illu-
mination the inductance transformed back into a capacitance and the negative resistance region disappeared from the current-voltage curve, 
consequently local polysilicon films are the optonegatron elements. 

It is shown that inductivity phenomena in polycrystalline silicon films occur by processes of recharging of deep levels.  
Optonegatronics, polycrystalline silicon films, reactive conductivity, inductivity, capacitance, deep level. 

 
1. Introduction 

 

Recently disordered structures have received much atten-
tion from designers of active devices as they offer an increase 
in functional possibilities per unit volume of electronic devices 
without an increase in the packing density of integrated cir-
cuits. Among the structures under consideration are amorphous 
semiconductors in which a phase transition takes place because 
of the action of different modes of excitation. This is followed 
by negative resistance and phase transition phenomena [1] by a 
transition of capacitive reactivity into inductive behavior [2] 
and possibility to form the optonegatron elements [3]. 

Of particular interest is the investigation of such phenom-
ena in polycrystalline silicon (poly-Si) films, because silicon 
is the basic semiconductor material in microelectronics. Use 
of the technique of local growth of poly-Si films during the 
epitaxial formation of monocrystalline silicon [4] makes it 
possible to form elements with data processing circuits on the 
same chip. For example, according to [5], locally grown 
poly-Si films can be considered as distributed RC structures 
for integrated circuit filters. As shown in [6], locally grown 
poly-Si films exhibit a memory switching effect. 

In this paper we report some inductive phenomena which 
were first observed in switching poli-Si films during capaci-
tance-voltage measurements. 
 

2. Experimental results 
 

The poly-Si films (200µm×20µm) were formed on locally 
oxidized silicon-substrates of p-type conductivity with a 
resistivity of 10Ω⋅cm during the process of epitaxial growth 
of a 5µm monocrystalline film of n-type conductivity with a 
dopant concentration (phosphorus) of 1016 cm-3. Epitaxial 
growth was performed in a heated (by high frequency power) 
vertical-type reactor using the high temperature (1200°C) 
chloride process. The waters were oxidized to obtain a pyro-
lytic oxide of thickness 3.5µm, and aluminum ohmic contacts 
were formed using photolithography and vacuum deposition 
techniques. The sample construction is presented on the 
Fig. 1. 

The capacitance-voltage (C-V) characteristics were meas-
ured with an L2-7 impedance bridge at room temperature 

over the frequency range 0,465-10MHz using an ac signal of 
low voltage (25mV). 

 

 
 
Fig. 1. Construction of the element on the base of a local poly- 
           Si film 
            
Typical C-V characteristics of poly-Si films in the OFF 

state at different frequencies of the ac signal are presented in 
fig.2,a. As can be seen, at definite voltage values for both 
bias polarities the capacitance changes from positive to nega-
tive, the phenomenon showing a purely inductive behaviour. 
With increasing frequency of the ac signal the voltage corre-
sponding to this inversion of sign also increased. The capaci-
tance of poly-Si films in the ON state was negative over the 
full frequency range (fig. 2,b). 

From a comparison of the characteristics shown in fig. 2,a 
and fig. 3,a it appears that the sign inversion of the capaci-
tance takes place at voltages near the threshold voltages of 
switching. The volt-ampere (I-V) characteristics of poly-Si 
films were measured on the waters by probes. When a micro-
scope lamp with a power of 20 W was switched on, the nega-
tive resistance region disappeared from the I-V curve while 
the rest of the curve was almost unchanged (fig. 3,b). C-V 
measurements performed with and without illumination 
showed that under illumination the capacitance changed from 
negative to positive values simultaneously with the disap-
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pearance of the negative resistance region from the I-V 
curve. 

 
 

 
Fig. 2. Capacitance-voltage characteristics of a poly-Si film at  
           various frequencies: (a) OFF state (curve 1 - 0.465 MHz;  
           curve 2 - 1 MHz; curve 3 - 3 MHz; curve 4 - 5 MHz;  

                curve 5 - 7 MHz, curve 6 - 10 MHz, (b) ON state (curve 1          
                 -0.465 MHz, curve 2 - 5 MHz, curve 3 - 10 MHz) 
 

 
 

Fig.3. I-V-characteristics of a poly-Si film under reverse bias    
          (a) without illumination and (b) under illumination  
          (horizontal axis - 1V/division; vertical axis - 5 mA/divi- 
          sion) 
3. Discussion and conclusions 
 
The capacitance transition observed in the OFF state 

could be explained in terms of carrier trapping by deep levels 
at the grain boundaries. In fact in the OFF state the capaci-
tance of a poly-Si film is determined by depletion layers at 

the grain boundaries and must decrease with increasing re-
verse bias because of the widening of these layers (fig. 2,a, 
left side).With a further increase in bias a sequential break-
down of potential barriers takes place resulting in an of ca-
pacitance due to the contribution of free carriers injected into 
the depletion region. 

Then, as seen from fig. 2,a, an abrupt decrease in the ca-
pacitance and its transition to negative values take place. The 
asymmetry of the C-V characteristics relative to the bias 
polarity is explained by the fact that, according to [6], in 
switching poly-Si films the potential barriers exist only on 
one side of the grain. Thus under forward bias the capaci-
tance instantly increases the carrier injection (fig. 2,a, right 
side). 

As has been shown [7] for the breakdown region of p-n 
junctions containing deep levels, the capacitive behavior of 
the reactive conductance changes into an inductive behavior 
as a result of carrier generation and capture. The presence of 
deep levels and barrier layers suggests that the observed 
transition of the capacitance to negative values in poly-Si 
films is also due to processes of recharging of their deep 
levels. 

As the result of the breakdown, free carriers are injected 
into depletion layers where they are captured by deep traps at 
the grain boundaries. At a low injection level the relaxation 
time of deep levels is sufficiently long and satisfies the con-
dition 1/τ<ω where ω is the cyclic frequency of the ac signal. 
Therefore the traps cannot follow the changes in the ac signal 
and do not participate in reactive conductance. The capaci-
tance is positive. With increasing bias the injection level also 
increases. This is followed by an increase in the probability 
of free-carrier capture by deep traps, which results in a de-
crease in their relaxation time. At a definite injection level 
the condition 1/τ=ω is satisfied and the reactive conductance 
becomes zero. With a further increase in the bias voltage the 
ac signal frequency becomes lower than the frequency 1/τ of 
free-carrier capture. Thus, while the ac signal is changing, 
the deep traps manage to capture and generate carriers. This 
results in a lagging phase shift between the current and the 
voltage, i.e. the films exhibit inductive behavior. The de-
crease in current due to illumination, which is shown by the 
disappearance of the S-shaped region, indicates that the poly-
Si films exhibit negative photoconductivity. Similar phenom-
ena are also connected with deep traps. 

As known from [8], the deep level centers in semiconduc-
tors can have several charge states with corresponding differ-
ent degrees of localization of the wave-function. The center 
charge states with n>1 may be shown on an electron band 
structure by the insertion of the correlated electron level 
which can exist in a conduction band. In this case it is possi-
ble for a conduction electron which traps a photon to jump 
from a zone into a local state, thus creating a negative photo-
conductivity. 

In the ON state there are no potential barriers, the film re-
sistance is low and the injection level is high. In this case the 
limiting factor of the capture and generation of free carriers is 
the intrinsic relaxation time of deep traps. This time corre-
sponds to the intrinsic transition time from the OFF to the 
ON state, which according to [6] is of the order of 10 ns. 
Consequently, in poly-Si films in the ON state the transition 
of the capacitance to positive values, according to the condi-
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tion ω>1/τ, can take place at ac signal frequencies higher 
than 15 MHz. 

Thus, from the investigations carried out we concluded  

that a locally grown poly-Si film is a functional element with 
non-linear C-V-characteristics, having two stable conduction 
states with voltage-and light-controlled parameters, therefore 
it is possible to use them as the optonegatron elements. 
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ПОЛИКРИСТАЛЛИК СИЛИСИУМУН ЛОКАЛ ПЛЙОНКАЛАРЫ ЯСАСЫНДА ОПТОНЕГАТРОН ЕЛЕМЕНТЛЯРИН РЕ-

АКТИВ ХАССЯЛЯРИ 
 

0,465÷10МЩс диапазонунда монокристаллик плйонкаларын епитаксиал йетишдирмя просесиндя бежярдилмиш поликристаллик 
силисиум локал плйонкасынын волт-тутум характеристикалары тядгиг едилмишдир. Реактив кечирижилийин характеринин тутумдан 
индуктивлийя инверсийа еффекти ашкар едилмишдир. Ишыгланманын тясири иля индуктив характер яксиня тутума кечир, ВАХ-дакы 
мянфи мцгавимят щиссяси йох олур, демяли, поликристаллик силисиум локал плйонкалары оптонегатрон елементляридир. Эю-
стярилмишдир ки, поликристаллик силисиум плйонкаларындакы индуктив щадисяляри, дярин сявиййялярин йенидян йцклянмяси иля 
ялагядардыр.  
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РЕАКТИВНЫЕ СВОЙСТВА ОПТОНЕГАТРОННЫХ ЭЛЕМЕНТОВ НА ОСНОВЕ  

ЛОКАЛЬНЫХ ПЛЕНОК ПОЛИКРИСТАЛЛИЧЕСКОГО КРЕМНИЯ 
 

В диапазоне 0,465÷10 МГц исследованы вольт-емкостные характеристики локальных пленок поликристаллического кремния, 
выращенных в процессе эпитаксиального наращивания монокристаллических пленок. Был обнаружен эффект инверсии характера 
реактивной проводимости из емкостного в индуктивный. Под влиянием освещения индуктивный характер переходил обратно в 
емкостный, а участок отрицательного сопротивления на ВАХ исчезал. Следовательно, локальные пленки поликремния являются 
оптонегатронными элементами. 

Показано, что индуктивные явления в поликремниевых пленках обусловлены процессами перезарядки глубоких уровней. 
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Increase of sensitivity of modern technologies to sinusoidal distortion of a power requires perfection of the mechanism, responsibility of 

the consumers generated high harmonic component (HHC), where level exceeds normative values. An integrated parameter of quality of 
electrical energy is the energy of distortion. 

However theory of capacity and energy of distortion in networks of an alternating current is not developed. The results of researches al-
lowing to establish essence energy of distortion and to calculate it for  any spectrum HHC are given. 

 
Despite of significant number of works devoted to a prob-

lem of definition of capacity and energy of distortion, the 
difficulties of its decision are known. The urgency of a prob-
lem grows in connection with the varied relations of the par-
ticipants of the market of the electric power, by increase of 
the requirements to quality of the electric power on the part 
of the consumers [1].  

Let's distinguish power (U) and current in a circuit (I), 
having: 

• Identical frequency. Let's name as their same har-
monics (SH) of power and current. Private, but, it is obvious 
most important case is U1 and I1 of the basic harmonic; 

• Various frequency. Let's name them different-name 
harmonics (DNH) of a power and current.   

The variable making of capacities of SH and the capacity 
DNH as a matter of fact is exchange capacity (EC) and be-
tween its complete (Sn), active (Pn) and reactive (Qn) compo-
nents the square-law dependence, i.e. 2

n
2

n
2
n QPS +=  takes place. 

To distinguish EC of the basic harmonic from EC HHC it is 
accepted to name last as capacity of distortion (CD), and en-
ergy, appropriate to it by energy of distortion (ED). 

Before to define capacity (S) and energy (W) HHC with 
the purposes of comparison we shall refer to known results of 
definition S1 and W1, including their active (Р1) and reactive 
(Q1) parameters for the basic harmonic [2]. Let  

 
                                  tsinU)t(u m,11 ω=                           (1) 

                                  )tsin(I)t(i 1m,11 ϕω +=               (2) 

                                 )t(Q)t(P)t(S 111 +=                   (3) 
 
where   )t2cos1(P)t(P 11 ω−= ,    t2sinQ)t(Q 11

ω=  

EC of the basic harmonic consists from: 
By active component with a maximum equalled 

,PP 1m,1 =  where 1m,1m,11 cosIU5,0P ϕ=  and with energy, 
which for the period Т1 is equalled 

 
                           ( ) ( ) 1

111,P1,P TPWW −−+ == π                         (4) 

 
where the marks (+) and (-) designate a direction of flows SE. 
In the subsequent statement the mark W with the purposes of 
simplification will be specified only if it is necessary. 

By reactive component with a maximum equal 
,QQ 1m,1 = where ϕsinIU5,0Q m,1m,11 =  and with energy, 

which for the period Т1 is equal 
 
                             1

111,Q TQW −= π                                 (5) 
Similarly 
                 m,1m,111m,1 IU5,0Swhere,SS ==  
 
                            1

11,S TSW −= π                                    (6) 
 
Generally, when in a linear circuit a power 
 

                            ∑
=

=
mn

1n
m,n tnsinU)t(u ω                       (7) 

The current is equalled 
 

                           )tnsin(I)t(i n

n

1n
m,n

m

ϕω +=∑
=

            (8) 

 
The instant value of complete capacity S(t) on sine not 

wave curves u(t) and i(t) would seem equally to product of 
instant values u(ti) and i(ti) by analogy to sine wave curves of 
a power and current. Let's show on a simple example, that 
such calculation is erroneous. Let at a circuit with linear load-
ing in curves u(t) and i(t) alongside with the basic harmonic 
there are the third and seventh harmonic, i.e. 

 

)t7sin(I)t3sin(I)tsin(I)t(i
t7sinUt3sinUtsinU)t(u

7m73m31m1

m7m3m1

ϕωϕωϕω
ωωω

+++++=
++=

 

 
At the moment t1 at the marked approach 
 

)t(i)t(u)t(S 111 ⋅= , 
 

and the product includes six components, which are deprived 

physical meaning, since under action of nth of a harmonic of a 
power in a linear circuit the harmonics of a current can not 
proceed, where order is differed from n. The accounts S(t) 
must make under the formula 
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where, nm- greatest number HHC; S1,1 (t) -EC at n=1; Dог(t)- CD SH; Un,m, In,m and ϕn are calculated by the results of the Furye-
analysis of curves u(t) and i(t). 
 

                                        n)n(I)n(U1
1

n
)n(IUn1nm,nm,nn cosKKS

cos
cos

KKPcosIU5,0P ϕ
ϕ
ϕ

ϕ ===                                     (10)  

 

                                        n)n(I)n(U1
1

n
)n(I)n(U1nm,nm,nn sinKKS

sin
sinKKQsinIU5,0Q ϕ

ϕ
ϕϕ ===                                   (11)                  
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Accordingly, parameters ED SH of a power and current for nth of a harmonic with mn,2n =  Can be calculated under the 

formulas: 

                                         n)n(I)n(U1,S
1

n
)n(I)n(U1,Pn,P cosKKW

cos
cos

KKWW ϕ
ϕ
ϕ

==                                               (13) 

 

                                       n)n(I)n(U1,S
1

n
)n(I)n(U1,Qn,Q sinKKW

sin
sin

KKWW ϕ
ϕ
ϕ

==                                                  (14) 

 
               )n(I)n(U1,Sn,S KKWW =                              (15) 
 
If CD (ED) is compared for nth HHC ( mn,2n = ) (9-15) 

and EC (EE) of the basic harmonic (3-6), then it is uneasy to 
notice, that their relation is defined with factors nth HHC of a 
power (KU(n)) and current (KI(n)). If K-U(n) and KI(n) is as much 
as possible allowable values then it is possible to conclude, 
that CD (ED) make from EC (EE) of the basic harmonic no 
more than one percent. 

Let's consider now definition CD and ED for DNH of a 
power and current. Let in a circuit of a current power source 
(PS) with a sine wave power is included NP (ventil convert-
ers, arc steel-smelting of the furnace and etc.). The current in 
circuit will be equal a circuit (8), and capacity at n=2, nm. 

 
       ( ) ( ) ( ) )t(Q)t(PtitutS n,1n,1n1n,1 +==              (16) 
where  
       [ ]t)1ncos(t)1ncos(P)t(P n,1n,1 ωω +−−=    (17) 
 
       [ ]t)1nsin(t)1nsin(Q)t(Q n,1n,1 ωω −−+=    (18) 
 

      n,1)n(I1
1

n,1
)n(I1n,1 cosKS

cos
cos

KPP ϕ
ϕ
ϕ

==          (19) 

 

          n,1)n(I1
1

n,1
)n(I1n,1 sinKS

sin
sin

KQQ ϕ
ϕ
ϕ

==     (20) 

 
                         )n(I1n,1 KSS =                                   (21) 
 

From the equations (21) and (12) it is visible, that the ca-
pacity contains only variable (pulsing) part and on the order 
more, than Sn(t). 

Let's define the moments of time (t1,n,m) at which P1,n(t), 
Q1,n(t) and S1,n(t) reach the maximal values designated, ac-
cordingly P1,n,m, Q1,n,m and S1,n,m. Having calculated derivative 
of functions P1,n(t), Q1,n(t) and S1,n(t), equate them to zero and 
having generalized results for n, we have: 
1.  For function P1,n (t) Parameter 2PP P

n,1
1
n,1m,n,1 ==⋅ − γ  for 

all odd harmonics, and for even harmonics P
n,1γ  =2 practi-

cally at n≥ 8 (the divergence makes as follows 
( ) %5,15,01100 P

n,1 ≤−= γβ P
n1, ). Thus, by analogy to active 

capacity Pn(t), the parameter P1,n(t), has a maximum (under the 
marked conditions) equaled 2|P1,n|. However, if for Pn(t) this 
maximum always positive, the maximum P1,n(t) can be both 
positive, and negative. 

The modular summation of maximal of active capacity 
HHC gives large mistakes of calculation, since P1,n,m  is dif-
fered with mark and for even harmonics and a moment of 
occurrence. 

2) For function Q1,n(t)  
The parameter 2QQ Q

n,1
1
n,1m,n,1 ==⋅ − γ  for all even 

harmonics, and for odd harmonics 2Q
n,1 =γ  practically at 

7n ≥  (divergence makes as follows  
( ) %5,25,11100 Q

n,1 ≤− γβ Q
n1, ). Let's notice, that such change 

for reactive capacity of the same harmonics Qn(t) HHC is not 
present. nm,n QQ = ; 

The modular summation of maximal of reactive capacity 
HHC as well as for active capacity gives large errors of cal-
culation. 
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Let's define ED W1,n for P1,n(t), Q1,n(t) and  S1,n(t). 
Empirically by integration of the functions P1,n(t), Q1,n(t) 

and  S1,n(t) and by definition accordingly ( ) ( )++
n,1,Qn,1,P W,W  and 

( )+
n,1,SW  we have defined what, at n≥3 for the period of the 

basic harmonic Т1 with an error no more than 1 %. 
 

     n1,
3n1,

nP,1, Р108,1
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                   (22) 
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      n1,
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2,56W −⋅==
ω

                  (24) 

If (22-24) are some transformed, we shall receive:
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where m,ncp,nm,1cp,1 I2I;U2U
ππ

== . 

The formulas (25-27) are simple enough and allow to de-
fine ED HHC directly by results of decomposition of func-
tion i(t) in a trigonometrically number Furye. 

Let's proceed to a question of definition summation (S) 
CD and ED of an any spectrum HHC. 

At a sine not sinusoidal power in a circuit with NP the in-
stant value of capacity can be calculated under the formula: 
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where DΣ,S (t) - summation instant CD for SH and DNH; GΣ,S- summation instant EC. In turn: 
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The definition of the maximal values 
( ) )t(D),t(D )DNH(DNH

PS ,, ∑∑
 and )t(D )DNH(

Q,∑  at practicable in prac-

tice spectra HHC requires large analytical calculations. 
Before to formulate algorithm of account CD and ED of 

an any spectrum HHC DNH (in subsequent the indexes DNH 
is omitted) we shall consider some features of calculations on 
a concrete example. A graphic illustration of change of an 
active and reactive component CD and ED, in conditions, 
when alongside with the basic harmonic, in a circuit the cur-
rents of thirds proceed and fifth harmonics is shown in a fig. 
1а, and allows to conclude: 

1. The functions P1,n(t) and Q1,n(t) are not sinusoidal 
characterized periodically varied by amplitude and duration 
of each half-cycle. Nevertheless the maximal values of this 
function and functions S1,n(t) are connected by square-law 
dependence. However, ∑∑∑ >>+ 2

m,n,1
2

m,n,1
2

m,n,1 SQP  and  

( ) ( ) ( )2m,n,1
2

m,n,1
2

m,n,1 SPP ∑∑∑ >>+ . 
2. The moments of occurrence of the maximal values 

P1,n(t) of odd harmonics coincided, and the marks can be op-
posite. The moments of occurrence of maximal Q1,n(t) of odd 

harmonics do not coincide, and the marks of the maximal 
values can be different. Therefore algebraic summation of 
maximal as P1,n(t) and Q1,n(t) results in the large mistakes of 
calculation.  

3. ED (is shaded) on an interval Т1/4 ( ) ( )−
∑

+
∑ = P,P, WW  and 

( ) ( )−
∑

+
∑ = Q,Q, WW  and is calculated as the sum of the areas lim-

ited to an interval Т/2 and curves P1,3(t) and P1,5(t) (or Q1,3(t) 
and Q1,5(t)). 

4. WS,P < < W1,3,P+W1,5,P and WS,Q< < W1,3,Q+W1,5,Q                         
Otherwise ED designed as the sum energy of separate 

harmonics exceeds essentially then the valid value. In a 
fig.1а, it would be visible from comparison of the areas with 
longitudinal (designating WS) and cross (designating the sum 
W1,3 and W1,5) shading. The basic difficulty of analytical cal-
culation of the valid values CD and ED at an any spectrum 
HHC alongside with greatness of calculation, consists in 
formalization of definition of the moments of crossing of 
functions DΣ,S(t), DΣ, P(t) and DΣ, Q(t) of an axis t. The follow-
ing algorithm of calculation CD and ED in the single-phase 



E.M. FARKHADZADE, H.B. GULIYEV 

 32

purpose with NP on an interval Т1 is supposed. The algorithm 
consists of the following blocks: 
1. Are entered 2 (nm+1) discrete values u(t) and i(t) with an 
interval ∆t1=T1/2 (nm+1). 

 

 

 
Fig.1. Comparison energies (power) of distortion 

             a) an active-power; b) reactive-power 
 

2. Under the formulas Furye the amplitudes (Un,m and In,m) 
and corners of shift ( )I

n
U
n andψψ  of harmonics for n=1, nm 

are calculated. 
3. The factors are calculated: distortions of sinusoidalness of 
a power KU and nth of a harmonic of a power KU(n) and current 
KI(n) with n=2, nm. 
4. The harmonics exceeding normative values are allocated. 
This condition is based on two situations. First ED for a spec-
trum of harmonics which are not exceeding normative values 
much less of 0,5 % from energy of the basic harmonic. Sec-
ond is considered, that to payment should be subject only ED 
of harmonics, for which the established requirements to the 
parameters are not carried out. A consequence of this condi-
tion is the sharp reduction of number of calculations. 
5. Under the formulas (16-21) the instant values S1,n(tj), 
P1,n(tj) and Q1,n(tj) with j=1, M, n=1, nm, where M=d nm,n are 
calculated; nm,n number of sections, at which the area sinu-
soid, calculated by a method of trapezes on an interval Т1/4 
does not differ practically from the valid parameter (d=5); 
nm, n-greatest number of harmonics exceeding normative 
value. Let's remind, that the interval Т1/4 is a half-cycle of 
change CD. 
6. Are calculated summation CD DΣ,S(tj), DΣ,P(tj) and DΣ,Q(tj) 
with j=1, M with that difference, that it are taken into account 
only important of a harmonic. 
7. The relative meaning of the maximal CD are defined:
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8. The relative meanings(importance) of a complete, active 
and reactive component ED by everyone important ВГС are 
calculated. 
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9. The relative values of complete (WD,S), active (WD,P) and 
reactive (WD,Q) components ED under the formulas are calcu-
lated 
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10. The complete, active and reactive exchange energy (G) in a circuit with NP is calculated 
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The results of accounts, confirming the structural analysis 

CD and ED, allow to receive objective quantitative parame-
ters ED at various spectra HHC NP. 

 
Conclusions  
 

1. The energy SH of a power and current (Wn) with n>1 gen-
erators of power stations is proportional to multiplication 
KU(n) and KI(n), 1 % from energy of the basic harmonic W1, a 
rule, do not exceed. The energy DNH (W1,n) is generated by 
nonlinear loading and is proportional KI(n).  
2. The basic making energy DNH is the component caused by 
the basic harmonic of a power and HHC of a current. All 

other components are within the limits of accuracy of account 
and measurement. 
3. The capacity DNH has pulsing character with varied am-
plitude and duration of waves of a pulsation.  
4. The energy DNH on an interval Т1/2 consists from equaled 
on parameter of positive and negative component (by analogy 
with EE of the basic harmonic) and is a part of exchange en-
ergy of a circuit of an alternating current.  
5. The arithmetic addition, as maximal values CD, and ED 
DNH results in the large error of account.  
6. The influence ED DNH is shown in distortion sinusoidal-
ness and change of parameter EE. 
7. The recommended algorithm of account allows objectively 
to estimate ED and EE in a circuit with NP. 
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ГЕЙРИ-ХЯТТИ ЙЦКЛЦ ЕЛЕКТРИК ДЮВРЯЛЯРИНДЯ ТЯЩРИФ 

 ЭЦЖЦ ВЯ ЕНЕРЪИСИ НЯЗЯРИЙЙЯСИНИН ЯСАСЛАРЫ 
 
Мцасир технолоэийанын эярэинлийин синусоидаллыьы тящрифиня щяссаслыьын артмасы йцксяк щармонийалар эенерасийа едян 

ишлядижилярин мясулиййяти механизминин тякмилляшдирилмясини тяляб едир. Електрик енеръи кейфиййятинин интеграл эюстярижиси тящриф 
енеръисидир. Лакин дяйишян жяряйан шябякяляриндя тящриф эцжц вя енеръи нязяриййяси ишлянмямишдир. Бу ишдя тящриф енеръисинин 
мащиййятини тяйин едян вя истянилян щармоник спектрин щесабланмасына имкан верян тядгигат нятижяляри верилир. 

 
 Э.М. Фархадзаде, Г.Б. Гулиев 

 
ОСНОВЫ ТЕОРИИ МОЩНОСТИ И ЭНЕРГИИ ИСКАЖЕНИЯ 
В ЭЛЕКТРИЧЕСКИХ ЦЕПЯХ  С НЕЛИНЕЙНОЙ НАГРУЗКОЙ  

 
Увеличение чувствительности современных технологий к искажению синусоидальности напряжения требуют совершенствова-

ние механизма, ответственности потребителей, генерирующих ВГС, уровень которых превышает нормативные значения. Инте-
гральным показателем качества электрической энергии является энергия искажения. 

Однако теория мощности и энергии искажения в сетях переменного тока не разработана. Приводятся результаты исследований, 
позволяющие установить суть энергии искажения и вычислить ее для произвольного спектра ВГС. 
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THE TRANSIENT RADIATION OF THE NON-INVARIANT SOURCE IN THE 

PLANE-LAYERED MEDIUM 
 

I.M. ABUTALIBOV, M.B. ASADOVA, I.G. JAFAROV 
Azerbaijan Pedagogical State University  

U. Gadjibekov str. 34 
 

 
The process of the transient radiation of the non-invariant relativistic source of the electromagnetic field, in particularly, the magnetic 

dipole moment in the plane-layered medium is considered. The general expressions, describing the radiation field and change of the own 
field are obtained. The analysis of the obtained formulas for the ultrarelativistic velocity of the magnetic moment is done. 
 

1. INTRODUCTION 
 
The investigation of the transient radiation of the non-

invariant relativistic source of the electromagnetic field of 
charge had been carried out firstly half an age ago in the 
work of Ginsburg and Frank [1], in which it was shown, that 
the so-called transient radiation appears at the charge motion 
through the plane boundary of the separation of two isotropic 
mediums with the different physical properties, if the charge 
have the constant velocity, which is less, than the phase 
velocity of radiation in medium. The radiation is mainly 
directed along the charge motion at the high charge 
velocities.  

The transient radiation has been the subject of the 
intensive investigations during the last decades. The many 
investigations were carried out for the creation of the 
practical systems, using the transient radiation for the 
identification of the relativistic particles, which are one of the 
more important problems in the high energy physics.  

The investigation of the transient radiation of the non-
invariant sources of the electromagnetic field, in particular, 
the dipole moment was considered in the ref [2-5]. The 
question about the transient radiation as invariant so non- 
invariant sources on the blurred boundary of the separation 
of the mediums was considered in the ref [4-7]. The present 
paper, deals to the transient radiation of the magnetic 
moment in the weakly nonhomogeneous plane-layered 
medium. 

 
2. EQUATIONS FOR THE HERTIZIAN VECTORS  
    IN THE NONHOMOGENEOUS MEDIUM AND  

         THEIR FOURIER TRANSFORMATIONS 
 
Let’s consider the non-magnetic  )1( =µ  non-

homogeneous medium, the dielectric constant of which 
depends on the coordinations: ε=ε(x,y,z). In addition, for the 
magnetic Hertizian vector mΠ

r
as in the case of the isotropic 

medium we obtain the following nonhomogeneous wave 
equation: 
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and for the following more complex equation 
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for the electric vector eΠ

r
, in the right part of which the two 

last members are caused by the medium inhomogeneous 
respect of the dielectric constant, the change of which on the 
layer thickness of the medium inhomogeneous is the reason 
of the creation of the radiation field and change of the eigen 
field; M

r
and P

r
are vectors of the magnetic and electric 

polarization. They are defined by the following expressions: 
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 is D’Alembert’s operator in the 

case of the nonhomogeneous medium, mr  is the magnetic 

moment and [ ] pm rrr
=β  is the electric dipole moment, 

combined with the magnetic moment, moving with the 
constant velocity. 

  In the general case the equations (1) and (2) impossible 
to solve. They are solved exactly or approximately only when 
the dielectric constant depends on the only one variable. In 
the present paper the dependence ε=ε(z) of the dielectric 
constant of the medium, called the plane-layered is 
considered. The solutions of the equations (1) and (2) are 
obtained by the method of the consequent approximation; in 
addition, one takes into consideration, that: 
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                     ε(z) = ε°+δε(z) ,                                      (5) 
 

where em , ΠδΠδ
rr

 and δε(z) are small values of the first 

order, oε  is the dielectric constant of the homogeneous 
medium. The summand δε(z) in the function (5), caused by 
the dielectric inhomogeneous, has to change gradually from -
∆ε/2  to  the  +∆ε/2  on  the all inhomogeneous, in addition, 
ε1=ε°-∆ε/2 and ε2=ε°+∆ε/2. From (1) and (2) with (3-5) we 
obtain the following equations: 
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ε  is the D’Alembert’s operator for 

the homogeneous nonmagnetic medium. 
  In considered problem the all values it is need to expand 

in the Fourier integral on the time and transverse component 
of the radius vector because of the homogeneous in the time 
and on the directions, which are perpendicular to the field 
source velocity [2]: 
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and e.t.c. In addition, we obtain the Fourier images of the 
equations (7-9): 
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the longitudinal component of the vector of the radiation 
field and 
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the Fourier images of the magnetic and electric polarizations. 
 
3. THE RETARDED SOLUTIONS OF THE  

          EQUATIONS 
 
We know about the solutions of the equations (11) and 

(12) [3]: 
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the Fourier images of Hertizian vectors 0

m χωΠ r
r

 and 0
e χωΠ r
r

 

define the eigen field of the source in the homogeneous 
medium with the dielectric constant ε° (the radiation field in 
the homogeneous medium is supposed to be absent). The 
main problem is that solving equations (13) and (14) it is 
necessary to find the additions to the zero solutions (17) and 
(18), corresponding to the eigen field, and the general 
solutions of the homogeneous equation, defining the 
radiation field. 

For the solutions of the equations (13) and (14) firstly it is 
need to expand ∂ε(z) in the Fourier integral: 
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By way of the concreate expressions for ∂ε(z) we can 
choose the following functions: 
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the Fourier images of which are defined by the appropriate 
expressions: 
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Substituting the solutions (17) and (18) and the equality 
(19) in the right parts of (13) and (14), we obtain: 
 
  ( )[ ]∫ +=Π ηυωηηδ χωχω dziGzL m

m /exp)()(€ rr

rr
 ,     (26) 

 
  ( )[ ]∫ +=Π ηυωηηδ χωχω dziGzL e

e /exp)()(€ rr

rr
 ,     (27)         

 
where  

 

         [ ] [ ] ⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

°
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⋅

−−°
=

−

23

2
3

122222
,

1)2(
)//(4)(

ωε
ηυχ

υω
ηβυπ

ωχυεεπδη ηχω cmecm

m
ccG

z

em
rrrrr

r

r
r      .                       (28) 

 
 
The inhomogeneous magnetic and electric polarizations 

appear in the layer-inhomogeneous medium at the magnetic 
moment motion. Taking into consideration the expressions 
(15) and (16), the right parts of the equations (26) and (27) 
can be expressed trough the magnetic and electric 
polarizations correspondingly, in addition, the last three play 
role of the source functions. That’s why at the solving it is 
need to take into consideration, that Green functions in the 
left part of the equalities have to be retarded, i.e. to describe 
the retarded fields: 
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In the considered case the Cerenkov radiation is absent as 

in the homogeneous so in the inhomogeneous parts of all 
medium, when the condition ε°<c2/υ2 is carried out, the 
values η1 and η2 became the indeed in the high frequencies 
region ε°>>χ2c2/ω2 and the expression (ε°-c2/υ2-χ2c2/ω2)<0. 
It follows from the expression  
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 that both values are 

equal to each other on the sign, i.e. if η2<0, then η1<0. 
Introducing the designation ξ=η+ω/υ, then we obtain  
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Taking into consideration the introduced designation, the 
integrals (29) and (30) are written in the form of: 
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For the diverging waves the ratio of the exponent in the 

exponential function, being in the integrand expression, must 
be positive z>0. That’s why at the forward radiation 
(z>0)ξ1>0, and at the back radiation (z<0)ξ2<0. It means that 
if z>0, then the forward radiation field is proportional to 

( )c//cziexp 222 ωχεω −° , and if z<0, then the back 
radiation field is proportional to 

( )c//cziexp 222 ωχεω −°− . 
To obtain the retarded solutions of the equations (32) and 

(33), satisfying the principle of the causality, it is necessary 
to make the analytic continuation of the integrand function at 
z>0 on the upper complex half-plane, and z<0 on the low 
complex half-plane and instead of the detour of singular 
points to shift them from the indeed axis. It can be done, if 
we consider that ε° has the infinitesimal addition. In addition 
the pole ξ1=ξo changing on ξo+iωδ/c passes to the upper 
half-plane, and the pole ξ2=-ξo changing on -ξo-iωδ/c, passes 
to the low half-plane (here δ is the infinitesimal positive 
number), and the pole ξ3=ω/v, not having ε°, isn’t shift 
staying on the indeed axis; the corresponding contours for 
z>0 and  z<0 are given in the picture. 
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Fig. Circuit of integration in complex plane 
 
The integrand functions (32) and (33) are analytic in the 

all points of the indeed axis, besides the points ξ1, ξ2, ξ3, 

being the simple poles, and satisfy ( )( ) 0G
12

0
2 →−

−
ξξξ

v
 

and ξ→∞. As the integrand functions have the finish number 
of the simple poles on the indeed axis, so integrals are 
understood by their main values [8,9]. That’s why at z>0 we 
have:  
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In the formulas (34) and (35) the first summands define 

the change of the eigen field, accordingly, on the and against 
the direction of the source movement correspondingly and 
second summands define the forward and back radiation 

field. The such solution corresponds with the diversing wave, 
distributing in two sides from the boundary of the blurred 
band. 

In the result of the calculation of the residues of the first 
terms in the formulas (34) and (35) in the pole ξ=ω/υ, not 
depending on the concreate expressions for δεξ, we obtain the 
similar additions to Hertizian vectors, defining the change of 
the eigen field: 
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The Hertizian vectors describing the radiation field, are 

found by the calculation of the residues of the last terms in 
the formulas (34) and (35) in the poles ξ=ξ1 (the radiation 
forward) and ξ=ξ2  (the radiation back) correspondingly: 
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In the formulas (37) and (38) and the following ones the 

index s corresponds with the eigen field, and the index r 
corresponds with the radiation field; the upper sign and index 
1 corresponds with the forward radiation, and the low sign 

and index 2 corresponds with the back radiation; δεξ1,2
 are 

values of the changing of the dielectric constant in the poles 
ξ=ξ1 and ξ=ξ2.
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LAYERED CHARACTER OF DIELECTRIC FUNCTION DEFINED  

BY THE METHOD OF EXCITON SPECTROSCOPY IN TLGASE2 AND TLINS2  
CRYSTALS AT PHASE TRANSITIONS  

 
O.Z. ALEKPEROV, V.R. ABDURRAHMANOV 

Institute of Physics, Azerbaijan National Academy of Sciences, 
Baku. Az - 1143, H. Javid av. 33 

 
It is shown that within the temperature region, corresponding to paraphasia - ferroelectric phase transition,  the dielectric constant of 

layered crystals TlGaSe2 and TlInS2 can be considered as consisting of two slabs with different dielectric constants ∈1, ∈2 and thickness d1 
and d2 (d1+d2=c, c is the lattice vector projection in the direction normal to layer). So, the dielectric anomaly and spontaneous polarization 
occurring at phase transition takes place only in one of the slabs. This model is confirmed by some experimental results, such as dielectric 
function anisotropy and spectroscopy of excitons at temperatures corresponding to phase transition. 
  

KEYWORDS: exciton, phase transition, layered crystal, spatial dispersion, dielectric anomaly. 
 

INTRODUCTION 
 
Some layered crystals A3B6, A4B6 and their ternary 

compounds exhibit at temperature fall the structural phase 
transitions (PT) from high symmetric paraphase to lower 
symmetric ferroelectric phase [1-5]. Such a PT is 
accompanied by appearing of spontaneous polarization in low 
symmetric commensurate and incommensurate (IC) phases 
[6]. Anomalies of physical parameters of a crystal take place 
near the critical temperatures Ti and Tc. For example, the 
order of value of the dielectric function ∈0 in TlGaSe2 and 
TlInS2 increases more than two times reaching the value up 
to 103 and more in IC phase. This anomaly is believed due to 
the appearing of spontaneous polarization in layer plane as a 
result of small positional shifts of Tl atoms situated inside 
prisms. This second order PT takes place only in monoclinic 
modification of these crystals which have numerous 
polytypes with different lattice parameters c=c/, 2c/, 4c/, 8c/  
(c/ ≈15Å). 

Wannier and intermediate type exceptions were observed 
in these layered crystals [7]. The order of ionization energy 
and effective Bohr radius are the following 
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where m* is electron-hole reduced effective mass, Ry- 
hydrogen Ridberg. The value of εi is ~20meV for Wannier 
type and about 100meV for intermediate type excitons. It is 
seen from (1) that excitons should be sensitive to change of 

0∈ . So, they are to be destroyed at such increase of 0∈  due 
to screening of Coulomb interaction between electron and 
hole. Therefore it is natural to expect disappearance of 
appropriate lines in excitons spectra at temperatures near Ti,c. 
However, some experimental works concerning temperature 
dependence of band edge excitons line shape, including PT 
region witnesses the existence of excitons lines at PT 
temperatures [8,9]. Another surprising fact, to our mind, 
follows from the dielectric measurements. Being almost 
isotropic at temperatures far from PT the dielectric function 

0∈ became strongly anisotropic at PT. So, the dielectric 
anomaly takes place only for ∈װ in all directions in layer 

plane, having remained practically unchanged for ∈⊥ in 
direction normal to layers. 

In this work the exciton spectroscopy method is applied 
for more detailed studying of PT in TlGaSe2 and TlInS2. The 
lines shapes of three excitons at quantum energies 
E1=2.13eV, E2=2.21eV, E3=2.37eV (hereafter labeled as A, B 
and C correspondingly) in TlGaSe2 with different Bohr radius 
are investigated at PT temperatures (107-120K). The 
comparative analysis of temperature dependences of the 
excitons lines shapes and dielectric function has been made. 
Excitons lines shapes were detected with standard methods of 
photoconductivity (PC) and absorption spectra, using 
monochromator MDR-23 and spectrometer DFS-24 
respectively. PC spectra was registered as a conductivity 
change 

                                                                 
                     pn pene µ∆µ∆λσ∆ +=)( ,         (2) 
 

(∆n, ∆p- carriers concentrations changes and µn,p - their 
mobilities) of samples under the monochromatic radiation 
with wavelength λ by cross-modulation method with 
modulation frequency 12-1200Hz. The PC spectra are 
normalized to equal number of quantum. For this purpose the 
thickness h of the samples was chosen more than the value of 
reciprocal absorption coefficient for the band edge A-exciton 
(h> 1

A
−α ≈3⋅10-3cm). For capacitance measurements alternate 

current bridge E7-12 (at frequency 100Hz) was used. 
All the crystals of monoclinic modification of TlGaSe2 

and TlInS2 used in this work had been grown by Bridgmen 
method. Samples were prepared from different ingots with 
different residual impurity concentrations. X-ray 
investigations show the existence of the different polytypes 
of monoclinic structure. The value of dielectric constant at IC 
phase depends on crystal polytype and impurity 
concentration. In this work we did not identified the residual 
impurities and polytypes of samples investigated.    

 
EXCITON SPECTROSCOPY RESULTS 

 
For the most of TlGaSe2 investigated samples the 

behavior of excitons line shape temperature dependence is 
not adequate to the results of dielectric measurements. 
Investigating various samples there were obtained three types 
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of the line shape temperature dependence. For the first type 
samples C-exciton line indicated in fig.1 disappear 
completely in absorption as well in PC spectra. The 
absorption coefficient for A-exciton line indicated in fig.2 
(which is not resolved from B line in absorption spectra at 
T>80K) decreases about 2 times for these samples in IC 
region. Also strong decrease of PC signal takes place. At C-
line the signal lowers up to noise values but for lines A and B 
it decreases about two order of magnitude. Any shift of 
excitons lines to the violet region of spectra as it would be 
expected from (1) was not observed. In contrast the small 
shift (∼meV) of A-line to the red side of spectra occurs [8]. 
For these samples the capacitance measurements show the 
drastic anomaly of dielectric function reaching the value of 

11000 ≈∈  for TlGaSe2 and 18000 ≈∈  for TlInS2. 

 
Fig.1. PC distribution against wavelength at different  
           temperatures for first  type samples of TlGaSe2.  
           1-T1=80K; 2-T2=115K; 3-T3=120K; 4-T4=140K; insert- 
            line width dependence on temperature. 
 
From the fact that the absorption coefficient for C-exciton 

(αC~10-4 cm-1) is more than for A one (αA~3⋅102cm-1) it 
follows that carriers exited at C are much closer to the surface 
of crystal and participate in surface PC. But despite this, as it 
is seen from figs.1 and 3 the PC signal at C- exciton at low 
temperature commensurate phase is much more than one for 
band edge A- exciton. From this fact and (2) it can be 
concluded that the mobility µ of carriers exited at C- line is 
much higher (or effective mass µτ /e*m =  is lower) than 
that of band edge carriers. Hence it follows from (1) that C-
exciton has greater ∗

Br  than that of A. 
The C-line for the second type samples in IC phase is 

barely seen in PC (fig.3) and absorption spectra. But the 
decrease of intensity for C- line in IC phase is more than one 

for A and B lines (especially in PC). The intensity of A-line 
also decreases in absorption (about 1.5 times) and in PC (10-
20 times) spectra. For these types of samples the dielectric 
anomaly takes place with moderate values of 

500200~)T(0 −∈ . 

 
Fig.2. Absorption coefficient and PC dependence on  
          temperature for A-exciton. 
 
The rarely found samples of the third type have the usual 

excitons line shape dependence on temperature -gradual 
broadening and slight shifting to low energy, without any 
drastic change in PC and absorption spectra. Behavior of 
excitons line shape of such sample is in accordance with 

)T(0∈ , because the capacitance measurements have shown 

no anomaly of )T(0∈  (cf. [6]). Probably PT for such 
samples hardly occurs.  

 
Fig.3. PC distribution against wavelength at different  
           temperature for seconds type samples of TlGaSe2  
           1 - T1=80K; 2 - T2=105K; 3 - T3=170K, 4 - T4=115K;  
           T5=125K; T6=140K. 
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 In fact the higher radius C-exciton temperature 
dependence is more or less in accordance with dielectric 
function measurements, especially for the first type samples. 
But the situation is different for a smaller radius A-exciton, 
which exists at IC temperatures despite of drastic grow of 

0∈ . This allows one to suppose that in some parts of crystal’s 

space the 0∈  remains practically unchanged, despite the 
dielectric anomaly for whole crystal. The size of these parts 
must be sufficiently large for a small radius A-exciton to be 
inserted inside it, but small for higher radius C-exciton. 
However, 0∈  being derived from measurements of 
capacitance has a value averaged over a whole unit cell. The 
unit cell of these crystals contains one or more layered blocks 
(with thickness 15Å) for different polytypes. [10-11]. The 
wave functions of conduction and valence bands are 
practically localized in separate blocks due to the weak Van 
der Waals interaction between the layers. At the same time 
the wave functions are free in the plane of a layer. As a result 
the excitons have a pancake- like shape. In other words, at 
least in IC region, it is possible to consider crystals as a 
medium with spatial dispersion in direction normal to layers 

0∈  (z), consisting from two (or more) slabs with thickness d1 
and d2(d1+d2=c) and dielectric constants ∈1 and ∈2 
respectively. According to this model the dielectric anomaly 
and spontaneous polarization appearing at IC phase take 
place only in the planes of Tl atoms. Appearance of the 
polarization laying in the plane of Tl+ ions is due to shift of 
the Tl+ [12]. The shift is taking place at PT inside prisms, 
which are included into a layered block. The ion radius of Tl+ 
is about 1.3Å A layered block includes four Tl planes So, one 
can estimate the value of d2/d1≈2.  

For the first and second type samples strong broadening 
of excitons lines takes place at IC phase (inset in fig.1). The 
line width of A-exciton at IC phase is 3-4 and 2-3 times 
greater than one at low symmetric (T<Tc) and high 
symmetric (T>Ti) phase respectively. The given model 
allows one to consider the exciton line broadening 
mechanism as inhomogeneous broadening. The broadening 
arises due to fluctuations of exciton binding energy because 
of z-dependence of 0∈  (z). The strong decrease of PC in IC 
phase (fig.2), which has been also observed at PT in TlInSe2 
[13], according to (2) is connected with change of µ as a 
result of carriers scattering mechanism alteration. For TlInS2 
crystals the result of excitons line shape investigations at PT 
temperatures 195-215K is practically the same. The exciton 
lines do not disappear completely in IC phase if the crystals 
are not doped specially. However, their intensities are 
lowered differently depending on ionization energy of 
excitons. 

 
INTERPERETATION OF DIELECTRIC 

FUNCTION MEASUREMENTS RESULTS 
 

The above given model of layered dielectric function in 
unit cell explains well the anisotropy of dielectric function 
anomaly at PT. To demonstrate this one can compare the 
effective dielectric constants in directions parallel and normal 
to layers //

ef∈  and ⊥∈ef . For this reason we consider two 
capacitors of cubic form with edge d=d1+d2=c made as 

indicated in inset of fig.4. It is easy to obtain for //
ef∈  and ⊥∈ef  

the following expressions: 
 

21

2211//
ef dd

dd
+
∈+∈

=∈ , 
1221

2121
ef dd

)dd(
⋅∈+⋅∈
+⋅∈⋅∈

=∈⊥ ,

  
(3) taking in the expression ∈ef =C/(d1+d2) C respectively as 
sequentially and parallel joint capacitors with∈1, d1 and ∈2, d2. 

 
Fig.4. Calculated values of temperature dependence of //

ef∈  and  

          ⊥∈ef ; ∈2=∈0=10; d2 /d1 =2. 
  

The result of calculations of //
ef∈  and ⊥∈ef  are shown in fig.4. 

It is supposed that the dielectric anomaly takes place only for 
∈1 (T) which is represented as a superposition of ∈0 and two 
Gaussians centered at Ti=105K and Tc=115K (for TlGaSe2) 
with different heights and widths so that //

ef∈  and ⊥∈ef  to be 
corresponded the results obtained from capacitance 
experiments. Just this kind of results shown in fig.4 is typical 
for capacitance measurement at PT. For d2/d1=2 the anomaly 
takes place only for //

ef∈  and is not seen for ⊥∈ef . At strong 

decrease of d2/d1 the week anomaly is seen for ⊥∈ef  also. Note 
that two-period nature of interference for some layered 
crystals is also in accordance with this model [14]. 

 
CONCLUSIONS 
 
1. At least at IC phase TlGaSe2 and TlInS2 crystals can be 

considered as a naturally spatial dispersion mediums with 
periodic dielectric function ∈(z+c)=∈(z) in the direction 
normal to layers. 

2. The same or similar effects should be observed in 
impurity spectroscopy (especially for shallow impurities). 
The impurity states disappearing or decreasing their density 
of states must take place at PT. This would lead to 
disappearing or decreasing of related line intensity in PC, 
photoluminicence and absorption spectra.  The drastic 
decrease of donor–acseptor photoluminicence line, which 
was observed at PT temperatures in TlGaS2 [15] can be 
explained by this model.  
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3. The small localization region of excitons in layered 
crystals makes the excitons spectroscopy diagnostic more 
informative in PT investigations in comparison with 

macroscopic parameters measurements, including dielectric 
constant measurements. 
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О.З. Ялякперов, М.Р. Абдуррахманов 
 

lGaSe2 ВЯ TlInS2 КРИСТАЛЛАРЫНЫН ФАЗА КЕЧИДИНДЯ ЕКСИТОН 
СПЕКТРОСКОПИЙАСЫ МЕТОДУ ИЛЯ ТЯЙИН ЕДИЛМИШ  ДИЕЛЕКТРИК ФУНКСИЙАСЫНЫН ЛАЙЛЫ ХАРАКТЕРИ 

 
Лайлы вя кристалларындп сегнетоелектрик фаза кечиди температур областында диелектрик сабитинин лайлара параллел ики (вя чох), 

диелектрик нцфузлуьу ∈1 вя ∈2 мцвафиг олараг галынлыьы d1 вя d2 (d1+d2=c, c -  гяфяс векторунун   лайлара перпендикулйар 
пройексийасыдыр) тябягядян ибарят олдуьу эюстярилмишдир. Фярз олунур ки, фаза кечиди температурларында диелектрик аномалийа вя 
спонтан полйаризасийанын ямяля эялмяси анжаг тябягялярин бириндя  (∈1, d1). Баш верир. Тяклиф олунан модел фаза кечидиндя 
диелектрик нцфузлуьунун анизотропийасы вя бу кристалларда екситонларын спектроскопийасындан алынан експериментал нятижялярля 
узлашыр.   

 
О.З. Алекперов, В.Р Абдуррахманов 

 

СЛОИСТЫЙ ХАРАКТЕР ДИЭЛЕКТРИЧЕСКОЙ ФУНКЦИИ, ОПРЕДЕЛЕННЫЙ МЕТОДОМ 
ЭКСИТОННОЙ СПЕКТРОСКОПИИ ПРИ ФАЗОВЫХ ПЕРЕХОДАХ В KРИСТАЛЛАХ ТlGaSe2 И TlInS2   

 
Показано, что по крайней мере в области температур, соответствующих сегнетоэлектрическому фазовому переходу (ФП) 

диэлектрическая постоянная слоистых кристаллов TlGaSe2 и TlInS2 может быть представлена методом двух (или более) 
пластинок с различными диэлектрическими постоянными ∈1, ∈2 и толшинами d1 и d2  (d1+d2=c, c- проекция вектора решетки 
в направлении нормальном к слоям). Предполагается, что диэлектрическая аномалия и появление спонтанной поляризации 
при ФП происходит только в пределах одной из пластинок. Данная модель подтверждаеться  результатами экспериментов по 
анизотропному поведению диэлектрических измерений и экситонной спектроскопией указанных кристаллов при ФП. 
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DISTRIBUTION OF THE COMPONENTS IN THE CRYSTAL Si-Ge, WHICH  

HAS BEEN BROUGHT UP BY THE DOUBLE FEEDING OF THE MELT METHOD 
 

G.KH. AZHDAROV, M.A. AKPEROV, V.V. MIR-BAGIROV 
Institute of Physics, Azerbaijan National Academy of Sciences, 

Baku.  Az - 1143, H. Javid av. 33 
 

A problem of component distribution in Si -Ge crystals grown under the continuous feeding of the melt with Silicon and Germanium 
rods has been solved in consideration of  the Pfann approximation. A composition of the single crystal as a function of the rations of the 
crystallization and feeding rates of the melt as well as the melt composition is established. A possibility in preparing Si-Ge bulk single 
crystals  with a desired uniform and compositionally graded profiles is shown.    
 

The scientific and practical interest to the semiconductor 
solid solutions is defined mainly by the possibility of the 
precision control of their forbidden band width, parameters 
of the crystal structure and electric properties by the way of 
the corresponding change of the crystal composition. It is 
known, that classic semiconductors Si and Ge, being in the 
base of the modern electronics, dissolve in each other at any 
ratios as in the liquid, so in the solid states completely [1]. 
The questions, corresponded with the distribution of 
components in the volume crystals Si-Ge, which has been 
brought up from the melt by the different methods, were 
considered in many refs [2-7]. In ref [2] the good agreement 
of the experimental and calculation dates are established on 
the distribution of components in crystal Si-Ge, which have 
been brought up by Chohral method and feeding of the melt 
by the second component (Si) method. 

In the present paper the problem of the distribution of 
components in the crystals Si-Ge, which have been brought 
up by Chohral method at the continuous double feeding of 
the melt by the composite components (Si and Ge) is solved. 
The aim of this investigation is the establishment of the 
operational parameters and conditions for the bringing up of 
the crystals Si-Ge with the given distribution of the 
components along the axis of the crystallization, including 
the homogeneous distribution. 

The essence of the method of the double feeding of the 
melt is as follows: from the moment of beginning of the 
single crystal growth from corresponding melt the rods from 
composite components are introduced in it. During of the all 
cycle of the growth the crystallization velocity and velocity 
of the feeding of the melt by the first and second components 
are maintained constant. 

The task was solved in the Pfann approximation at the 
satisfaction of the following standard conditions [2]: the 
crystallization front is plane; the balance, which is defined by 
the phase diagram between solid and liquid phases, is on the 
crystallization front; the diffusion of the atoms Si and Ge is 
the scornly small; the diffusion velocities of the atoms of the 
composite components in the melt are high enough and that’s 

why the uniformity of melt composition is provided on the all 
volume. 

We note that all these conditions in the system Si-Ge 
satisfy practically at the crystal velocity of growth <5mm/h 
[2,3,7]. 

Let’s introduce the following designations Vm
o and Vm are 

melt volumes in the tigel at the initial and current moments; 
Vc is the melt volume crystallized in the unite of time; VGe 
and VSi are volumes of the feeding ingots of the Ge and Si, 
introducing into the melt in the unite of time; C2m and C2c are 
concentrations of the second component atoms (Ge or Si) in 
the melt and crystal correspondingly; C is the general 
quantity of the second component in the melt; K=C2c/C2m is 
the equilibrium segregation coefficient of the second 
component; t is time. Taking into consideration the above 
mentioned designations, we have: 

 

m
m2 V

CC =  and  
m

m2m
2

m

mm2

V
CVC

V
CVVC
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dC

••••

−
=

−
=        (1) 

 
On the task consideration we propose that Vc, VGe and VSi 

don’t depend on time. In this case the following equation 
takes place: 

 

Vm=Vm
0 –(Vc-VGe-VSi)t , )VV(VV SiGecm ++−=

•

,    

2mc VKCVC +−=
•

                                                         (2) 
 
Substituting the equation (2) into equation (1) we obtain: 
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After the variables’ separation in the equation (3) and 

integration, we have: 
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 In the equation (4) the integration constant is defined from 
the initial condition C2m=C0

2m at t=0. Let’s introduce the 
following equations: γ=Vct/V0

m, α=VSi/Vc, β=VGe/Vc and with 

the help of them from the equation (4) after the uncompound 
transformations, we obtain:

 

                ( )[ ] [ ]
⎭
⎬
⎫

⎩
⎨
⎧ −−−×++−−−

++−
== −−

++−
βα
βα

γβαβααα
βα

1
1K

0
m2m2c2 )1(1C1K

1K
KKCC           (5)  

 
For the special case, when α+β=1 it is obviously that 

Vm=V0
m and Vm=0. Then from the equation (1) after the 

several transformations we obtain: 
          

                    K0
m2c2 e)KC(C γαα −−−=                      (6) 

 
The formulas (5,6) give the distribution of the second 

component on the crystal length l (as γ~l) in dependence on 
the operational parameters α, β and C0

2m. 
The one of the widespread variants for the single crystals 

obtaining of the solid solutions Si-Ge by the feeding of the 
melt method is the using of the pure main component (Si or 
Ge) in the capacity of the initial melt [2]. Using of this 
variant is connected with the difficulty of the obtaining of the 
seedings with the different concentrations of atoms Si and 
Ge, corresponding with the initial melt composition. For this 
variant, when C0

2m=0, from the equations (5) and (6) 
correspondingly we obtain: 
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c2
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Fig.1. Dependences of concentration of the second component  
          with K>1(Si) on γ for crystals Si-Ge, constructed on the  
          base    of    the   expressions  (7)  (curves 1, 3)  and  (8)  
          (curve  2). 
 
In the figure 1 for example the dependence curves of the 

second component-Si in the crystal Ge-Si on γ for the three 
different values α+β, which are equal to 0,5, 1 and 2, 
calculated from the equations (7) and (8) are given. In all 
cases it is noted that α:β=1:9, that corresponds with the 
feeding of the melt by the solid solution with 10 at.%Si. The 
Si segregation coefficient is equal to equilibrium one, which 
is defined from the phase diagram (K=5.5 [8]). The initial 

material of the melt in the tigel is Ge. The analogous 
calculated curves, for the case when the second component is 
Ge with K=0,33 [8], are given in the fig. 2. Here the initial 
material of the melt in the tigel is Si. The curves 2 in the 
figures correspond with the case, when α+β=1 and are 
constructed on the base of the equation (8). If for α+β=1 the 
process of the crystal growth can be continued unlimited 
(curves2 and 3), then for α+β<1 this process is limited by the 
melt in tigel (curve1). This corresponds with the expression 
in the square bracket in the equation (7) is equal to zero. 
Indeed, if t=tmax, the term [1-(1-α-β)γ]=0, then Vm=V0

m-(Vc-
VGe-VSi)t=0. Practically, of course, the single crystal growth 
ends earlier, than at t=tmax. The analysis of the equations (5-
8) and given for the example curves’ stroke (fig.1) show that 
at K>1 for any remain constant values α, β one can obtain 
the single crystal with the practically homogeneous 
composition. In addition, the part of the second component in 
the homogeneous part of the crystal is defined by the 
multiplier before the brace in the equation (5) or (7) for the 
cases, when α+β≠1 and is equal α at α+β=1. The variant, 
when the second component is Ge with K<1 (fig.2), its 
concentration grows continuously on the crystal length at 
α+β<1 (curve 1) and that’s why this case can be applied 
only for the obtaining of the crystals with the variable 
composition. At α+β=1 correspondingly with the equations 
(5-8) and dates of fig.2, in principle the single crystal with 
the uniform distribution of components can be obtained, but 
it is no need to apply this method in practically because of 
the big enough length of the inhomogeneous region (curves 2 
and 3). Obviously, that single-minded calculations, carried 
out for the different values α, β and α+β, will define the 
operational parameters for the bringing up of the crystals Si-
Ge with the given distribution of components.  

 
Fig.2. Dependences of concentration of the second component  
          with K<1(Ge) on γ for crystals Si-Ge, constructed on the  
          base of the expressions (7) (curves1,3) and (8) (curve 2). 
 
The practical realization of the double feeding of the melt 

method for the bringing up of the single crystals Si-Ge can be 
done on the installation, described in the ref [9], which has 
the automatic system for the supporting of the given diameter 
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of the growing crystal and the input mechanism of the 
feeding ingots in the melt. The pulling velocity of the single 
crystal Si-Ge should be within 1-5mm/h for the carrying out 
of the criterion of the equilibrium state between crystal and 
melt [2,3,10]. 

On the base of the above mentioned we can do the 
following conclusion. The problem solving of the 

distribution of components in the crystals SiGe, brought up 
by the double feeding of the melt method in Pfann 
approximation, shows the possibility of the obtaining of the 
single crystals as with variable, so with the homogeneous 
compositions. The obtained expressions allow to find the 
optimal conditions of the crystal growth with the given 
distribution of components.
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Щ.Х. Яъдяров, М.Я. Якбяров, В.В. Мир-Баьыров 
 

ЯРИНТИНИ ИКИГАТ ГИДАЛАНДЫРМА ЦСУЛУ ИЛЯ АЛЫНАН Си-Эе КРИСТАЛЛАРЫНДА КОМПОНЕНТЛЯРИН 
ПАЙЛАНМАСЫ 

 
Силисиум вя эерманиум иля фасилясиз гидаланан яринтидян йетишдирилян Си-Эе кристалларында компонентлярин пайланма мясяляси 

Пфанн йахынлашмасында щялл едилиб. Йетишдирилян монокристалын тяркибинин яринтинин кристаллашма вя гидаланма сцрятляринин 
мцнасибятиндян вя онун башланьшж консентрасийасындан асылылыг тянликляри алыныб. Си-Эе монокристалларында верилмиш дяйишян вя 
биржинсли компонент пайланмасы ялдя етмяк имканы эюстярилиб. 

 
 

Г.Х. АЖДАРОВ, М.А. АКПЕРОВ, В.В. МИР-БАГИРОВ 
 

РАСПРЕДЕЛЕНИЕ КОМПОНЕНТОВ В КРИСТАЛЛАХ Si-Ge, ВЫРАЩЕННЫХ МЕТОДОМ ДВОЙНОЙ 
ПОДПИТКИ РАСПЛАВА 

    
В пфанновском приближении решена задача распределения компонентов в кристаллах Si-Ge, выращенных в условиях 

непрерывной подпитки расплава кремниевым и германиевым стержнями. Получены уравнения, определяющие  композицию 
растущего монокристалла  в зависимости от соотношения скоростей кристаллизации и подпитывания расплава, а также стартового 
состава расплава. Показана возможность получения монокристаллов Si-Ge с заданными переменными  и однородными составами.   
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In this work the temperature dependences of the conductivity- σ )(Tσ , the Hall coefficient-R(T), thermoelectromotive force-α0 (T) of 

Ag2Se at low temperatures have been analysed on the one type charge carriers and Kane low dispersion theory basis. It is established at the 
electron concentration n≤6,9⋅1018cm-3 the carriers have been scattered by the ion impurities and the point defects, but at n≥1,2⋅1019cm-3 its 
have been scattered on the ion impurities and heat vibrations of lattice. It is shown, that at T<30K the electron-electron interaction has 
elasnic character. 

 
The set of the refs [1-3] is devoted to the electric and 

thermal properties of selenide of argentum. The authors [1,2] 
showed that the electron dispersion law in Ag(2)Se is subject 
to Kein’s model and at T>80K the main scattering 
mechanism of carriers of current is the scattering on the 
ionized and acoustic phonons [3]. In the region 80 - 250K the 
electron and phonon shares of the heat conduction are studied 
[3] and it is established that the Lorentz number (L) in Ag2Se 
is the essential less than Zommerfeld’s one (L0) and the 
interelectronic interaction becomes inelastic 

 
Fig.1.  
 
Inspite of the fact that the given questions aren’t studied 

at the low temperatures, nevertheless they represent the 
special interest for the studying of an electronic spectrum. 

In present paper the temperature dependences of electric 
conduction σ(T), Hall coefficient R(T) and thermoelectromotive 
force α0(T) at the low temperatures are studied. 

 
Fig.2.  
 
The samples of Ag2Se were obtained by the unified 

technology Ag2Se [4]: the stoichiometric composition with 
the excess of Se and Ag up to ~0,2 at.%. The investigations 
are carried out by the methodics [5]. In fig. 1,2 the R(T) (1.1) 
and σ(T) (1.2) are represented and α0(T) is represented in 
fig.2. In all samples R(T) staies constant, but α0(T) increases 
linearly, that is typical for strong degenerate gas. It is visible 
that at n~12÷20⋅1018cm-3σ almost doesn’t depend on T up to 
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T~2K. At T>20K σ increases with the temperature growth. 
With the electron concentration decrease σ depends on T 
very weakly up to T~150K. The weak dependence σ(T) is 
caused by the weak temperature dependence of the electron 
mobility that is confirmed by the constant concentration in 
the investigated temperature interval. Usually the intensity of 
scattering on the scattering centers increases with the 
decrease of the concentration carriers [6]. 

For the conception of the given question, it is need to 
calculate the temperature dependence of the mobility of the 
carrier of charge. The mobility of carriers of current at the 
strong degeneration and Kein’s dispersion law at the 
scattering on the acoustic phonons (r=0) and ions (r=2) is 
expressed by the following formulas [7]: 
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where p is the crystal density, U0 is the strain lattice potential, 
Ed is the lattice deformation potential, m* is the effective 
electron mass on Fermi level, χ is the dielectric constant of 
the crystal (where p=7,6g/cm3 [4], U0=5⋅105cm/s, Ed=10eV 
[7], m*=0.18 m0 [2], γ=16[7] correspondingly), and f are 
factors, taking into consideration the influence of unparabolic 
on the scattering probability, which are calculated by the 
following formulas [7]: 
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mn is the effective electron mass on the conduction band 
bottom (mn=0,08[7]), Kf is the quaziimpulse on Fermi level 
and r is the screening radius, which is defined for the strong 
degenerative semiconductors as follows [8]: 
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where n is the concentration of electrons. The results of the 
calculation U(T) for strong degenerative electron gas 
expressed by the following formulae with the use (1) and (2) 
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are given in the fig.3(a.1) for n~7⋅1018cm-3. 

From the fig.3(a.1) it is seen that U(T) up to T<=35K 
staied constant. The U(T) decreases with the temperature 
growth higher than 35K and the calculated values of electron 
mobility less than experimental in the given temperature 
interval. This can be connected with that in Ag2Se the value 
rs doesn’t close to value of lattice constant. The divergence 
of the calculated and experimental dates needs to take into 
consideration the new scattering centers inside of Uac in (4). 

The authors [9] inform that Ag2Se is characterized by the 
Frenkel defect (it is obvious that these defects are point 
ones), Ag vacancies in the interstices appearing because of 
the Ag atoms, disposed statistically in sublattice. It is need to 
take into consideration the contribution of mobility Ud, 
calculated with the help of the relaxation time at the 
scattering mechanism on the point defects for the standard 
band as in [8] 
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where V0 is the constant, characterizing the amplitude of δ-
potential, Nd is the concentration of the point defects, which 
is defined by the following way: in the present time for the 
compounds AI

2-xBVI there are two models of formation of 
possible Ray’s [10] and Vei’s [10] defects, in the each of 
which the dominating types of defects, causing the deflection 
from the stoichiometry are defined. In the first model it is 
proposed that creation of the deffect passes in two stages: the 
neutral vacancy of metal Va appeares by the jump  and then 
the ionization vacancy appeares  and as a result the hole 
forms. Therefore, the complete? concentration of the defects 
is defined as Nd=VA+VI

A, and the concentration of the holes 
is p=V 

I
A. In the second model it is possible the introduction 
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of atoms of metal in the interstices Ai=Ai
*+n, where Ai, Ai

* 
are concentrations of the neutral and ionized donors. The 
complete concentration of the defects is as follows  
 
                            Nd=VA+р-Аi–n                                      (6) 
 
where p-n=VI

A-Ai
*, and p, n are defined in compliance with 

[8] 
                         Nd = VA+ V 1
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where mp is the effective hole mass (mp=0,54 [12]) β=εg/k0T 
is the parameter of the parabolitic band, εg is the width of the 
forbidden band (εg =0,18eV) [2], µp*=µp /k0T and 
µn*=µn*/k0T,  µp and µn are chemicopotentials Fr(µ) and m

k,nI  
are the one-parametrical and two-parametrical Fermi 
integrals.? The chemicopotential µn is defined from the 
following expression [2],  
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where α is the thermoelectromotive force of the electrons in 
the strong magnetic fields. Taking into consideration (8) and 
(9) in (7) one can define p and n, and then calculate Nd. 
Using the values Nd, V0 and mn in (5) the τd(T) is defined. The 
mobolity Ud(T) is defined as in [7]: 
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Substituting Ud(T) instead of Uac(T) in (4), we obtain: 
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As it is seen from fig.3a the curve2 is corresponded with 

experimental one qualitatively. It means that in the rich in Se 
region, ie. where the argentum vacancies dominate, the 
scattering on the centres, consisting of the defects of the 
acceptor type is the dominate scattering mechanism. It can be 
expected that in this temperature region the ion radius of 
selen is less than wave length of the acoustic phonon [13]. 
From this figure it follows that at low temperatures for 
n≤12,35⋅1018sm-3 U doesn’t depend on T that is correspond to 
the scattering on the ionized impurities. The U decreases 
proportionally to T-α, with the increase of the temperature, 

that shows on the active role of phonons in the scattering. By 
dates U(T) the scattering on the acoustic and optical phonons 
is hardly differed quantitatively. The dominate scattering 
mechanism is better isolated from concentrational 
dependence U(n). As it was shown in [14] the Uac~n-1, 
Uop~n1/3, Ui~n2/3. From this it follows that 
temperaturedependence of the ratio Ui/Uak is defined by the 
temperature dependence Uak(Ui/Uak~T). From the fig.3 it is 
seen that in dependence U~Tα the exponent α=0,6 and is 
almost doesn’t depend on electron concentration 
(n≤7⋅1018sm3 is exception).It means that in the temperature 
interval 20-100K the mechanism of electrons scattering has 
the mixed character. In comparison with the other narrow-
band semiconductors the mobility of carriers of current in 
Ag(2)Se is small. The possible reason of this phenomena is 
the big effective electron mass [2] in this semiconductor. 

 
Fig.3. 
 
From the fig.2 it is seen that in the interval 4-150K the 

animation effect of the electrons by the phonons isn’t 
achieved. Taking into consideration n0 and α0(T) the 
dominated scattering mechanism can be established also. In 
the case of the one-band model the at the nonquadratic 
dispersion law and any degree of degeneracy α0 is defined 
as:                   
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In the fig.2 the results of α0(T) calculation on the 

formulae (12) for the three samples are given. As it is seen 
the results, obtained about dominated scattering mechanism 
of current     carriers in selenide of argentum agree with the 
dates [14]. The calculations show that at the different 
electron concentrations the dominated scattering mechanisms 
are different. This uncorresponding it is follows that the 
screening radius changes at the electron concentrations 
changing. Here it is also important the character of the 
interelectron interaction at the different scattering 
mechanisms [15]. In the ref 3 the temperature dependences of 
the experimental and calculated values L/L0 for the set of the 
narrow-band semiconductors [16-18] are given, in particular 
for the values Ag2 Te [19], being analog of Ag2Se. It is also 
shown that at the decrease of temperature L→L0 the 
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interelectron interaction became elastic at the pure ion 
scattering realization. The analysis of temperature 
dependence of the mobility and other kinetic parameters (for 
example, σ(T)) show the dominated ion electron scattering at 
T<30K. Taking into consideration and by analogy to the 

listed narrow-band semiconductors the temperature 
dependence L/L0 can be extrapolated even at the low 
temperatures (fig.3(б)). 

  So we can make the following conclusion that the given 
model with the strong degenerated of one type of current 
carriers and Kein  dispersion law is completely describes 
electric and thermoelectric properties of Ag2Se at low 
temperatures.
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Ag2Se КРИСТАЛЫНЫН АШАЬЫ ТЕМПЕРАТУРЛАРДА ЕЛЕКТРИК ВЯ ТЕРМОЕЛЕКТРИК ХАССЯЛЯРИ 

  
Бир тип кечирижилик цчцн Кейн модели нязяря алынмагла дисперсийа гануну ясасында електриккечирмя, Щолл еффекти вя термоелектрик 

Щ.Г. тядгиг едилмишдир. Мцяййян олунмушдур ки, н ≥1,2⋅1019см-3 електрон консентрасийасы цчцн йцкдашыйыжылар, ион ашгарлары вя 
акустик фононлардан, н≤6,9⋅1018см-3 цчцн ися ион ашгарларындан вя нюгтяви дефектлярдян сяпилирляр.Эюстярилмишдир ки, Т<30-дя 
електронелектрон гаршылыглы тясири еластики характер дашыйыр.  

 
Ф.Ф. Алиев, Н.А. Вердиева, Г.П. Пашаев 

 
ЭЛЕКТРИЧЕСКИЕ И ТЕРМОЭЛЕКТРИЧЕСКИЕ СВОЙСВА Ag2Se ПРИ  НИЗКИХ ТЕМПЕРАТУРАХ 

 
В работе анализированы температурные зависимости электропроводности- σ(T) , коэффициента Холла-R(T) и термоэдс-α0(T) в 

Ag2Se при низких температурах в рамках теории с одним типом носителей тока и кейновским законом дисперсии, а также с учетом 
характера межэлектронного взаимодействия. Установлено, что для концентрации  n≤6,9⋅1018cм-3 ток носителей рассеивается на 
ионах примеси и  точечных дефектах, а для n≥12⋅1018cм-3 рассеяние происходит на ионах примесей и тепловых колебаниях 
решетки.Показано, что при Т< 30К межэлектронные взаимодействия носят упругий характер 
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In the ref the results of experimental investigations of the electric and dielectric properties of the monoclinic TIS in the temperature 

interval 260-440K are given. The anomaly at 411K, connecting with the phase transition is registered firstly on the temperature curves of the 
electric conduction dependence, dielectric constant and tangent of the dielectric loss. The character of the anomaly is typical for the phase 
transition of II-type. The possible nature of the discovered phase transition is discussed. 

 
  I. Introduction 
 
Моносульфид таллия TIS is the semiconductor 

connection, in respect of the binary connections of A3B6 
type. By the TIS investigations it is established that this 
connection can be crystallized in the different crystal 
structures. The more populated type is the structure type of 
the chain crystal TIS of the tetragonal modifications with the 
space group (PG) of the symmetry 18

h4D  (the structure 
prototype TISe) [1-3]. It was informed comparatively recent 
[4-8] about possibility of the obtaining of the single crystals 
TIS with the layer type of the crystal structure as monoclinic, 
so tetragonal modifications. The monoclinic crystal system of 
the layer TIS (the structure analog of the layer crystal 
TIGaSe2) [4-6-8] is described at the room temperature PG 

3
2C ( in the literature are also discussed thew variants PG 3

sC  

and 3
h2C  [5,7]) and characterized by the period of the crystal 

grid: a=11,01Å, b=11,039Å, c=4+15,039Å and b=100,69°. 
The tetragonal cell of the layer TIS has the grid parameters at 
the room temperature: a=b=7,803Å and c=29,55Å. According 
to [7], PG of the layer crystals TIS of the tetragonal 
modification can be 4

4D or 8
4D . 

The polymorphic transformations of the layer TIS have 
physical properties. The layer crystals TIS of the monoclinic 
crystal system are interesting by that at the atmospheric 
pressure they are endured the successiveness of the structure 
phase transitions (FP): at Ti=341,1K from the high -
temperature paraelectric phase into the incommensurable 
phase (NS) with the wave vector of the modulation 

⎟
⎠
⎞

⎜
⎝
⎛

=
4

1
;0;ki δ  where δ~0,04 incommensurable parameter; at 

Tc=318,6K in the unknown, ferroelectric, commensurable 
phase (S) with the quadrupling of the parameter of the 
elementar cell along crystal axis cr [4,6]. The carried 
investigations in [4] show that lower than Tc dielectric 
hysteresis loops are observed and vector of the spontaneous 
polarization is situated in the layer plane. By the dates of the 
differential thermical analysis (DTA) and measurements of 
the temperature dependence of the dielectric constant ( ε ) 
TIS it is established that [4-6] FP at Ti is FP of II type, and at 
Tc is FP of I type. The pieces of information about FP 
realization in the structure of the layer TIS in the system TI-S. 

The carried investigations have been proved the existence in 
the structure TIS FP at 353K, in the result of which TIS 
transfers from the monoclinic phase into tetragonal phase 
with the totality of the diffraction pictures, which are 
completely suit to the structure TISe. We mention that in [9] 
on the TIS diffractograms the appearing of the satellite 
reflexes, proving the polar C phase existion in the crystal 
HC. 

In the present paper the results of the experimental 
investigations of the electric and dielectric properties of the 
monoclynic TIS, obtained with the aim of the later 
elaboration pecularities of the structure FP in TIS and 
obtaining of the additional information about this crystal 
movement in the high-temperature paraelectric phase are 
informed. 

 
 II. The samples and experimental methodics 
 
The investigated samples TIS of the black-grey color had 

the monoclinic structure, according to carried out x-ray 
pattern investigations at the room temperature. The especial 
character of the investigated monoclinic TIS as studied in [4-
8,9] is the existing in its composition the superstichiometric 
sulfur quantity (TIS+4%S). The applicated technology of TIS 
monoclinic crystal obtaining, and also the dates of X-ray 
diffraction analysis will be given in [10] more in detail. 

For the investigation the several especially picked up 
samples of the natural spalling of TIS in the form of plane-
perallel plates with the mutual perpendicular directions of the 
edges orientation, cutted out from the growed up ingot are 
used. All above mentioned measurements correspond to the 
sample with the line sizes 4+1,8+1,2mm3. 

For the dielectric characteristics TIS measurement in the 
capacity of the electric contacts the silver paste was used. 
The electrodes from In were used at the temperature 
dependence of the electric conduction investigation. Before 
the electrods drifting the corresponding surfaces of the 
samples were polished. The samples were in the vacuum 
inside the thermostated camera with the aim of the averting 
the possibility of the TIS samples oxidation in time of their 
measurements. The sample’s temperature was controlled by 
the copper-constantanal thermocouple with precision ±0,1°C. 
The investigations were carried out in the quazistatistical 
temperature mode, at this the temperature change velocity 
was 0,1K+min-1. The dielectric constant (ε) and tangent of 
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dielectric loss (tgδ) measurememts were on the frequency 
9,8Hs with the help of the alternating-current bridge because 
of the high electric conduction of the TIS samplesin the 
investigated temperature interval 250-440K. The electric 
conduction measurements (σ) were carried out on the direct 
current on the standard methodics. 

 
III. The experimental results and their discussion 
 

 
Fig.1. The temperature dependence of TlS electric conduction,   
           measured in the heating (o) and cooling (•) modes of   
           sample 
 
The temperature electric conduction dependences TIS, 

measured in the mode of the heating and cooling of the 
sample are given in fig.1. It is need to note, that 
electrophysical characteristics of TIS, studied on the samples 
with the mutual perpendicular edge orientation, had 
practically the similar temperature dependences, but differed 
by the value strongly. So, for example, the ratio of the 
electric conduction values of the samples with the mutual 
perpendicular edge orientation (3,571⋅10-4Ω cm-1 and 
5,11⋅10-5Ω cm-1) is ~7 at the room temperature. More over, 
by the absolute value the electric conduction of the 
investigated samples at the room temperature exceeds more 
than one degree the value σ of chained TIS [3] and 3-4 
degree the value σ of the layer TIS of monoclinic 
modification, investigated in [8]. The heating curve σ from 
the opposite temperature has the line character in the 
temperature interval 255-401K. The existing of the following 
anomalies discover the more detailed heating curve analysis 
σ(1/-T) (constructed in the logarithmic scale).   

  1) The change of the slope gradient σ(1/T) at T=328K, 
obtained in the heating mode. The given anomaly is observed 
on the dependence σ(T) and in the cooling mode.   

2) The little anomaly in the form of the deflection from 
the line dependence is observed on the heating and 
cooling curves σ(T) in the neighbourhood T~378K. 
3) The strong increase of σ with the temperature growth 
in the interval 401411K. The relative change σ in the 

given temperature region is 3,36. The dependence 
σ(1/T) is likely again higher than T=411K. The 
measurement of σ, carried out in cooling mode of TIS 
sample after its heating up to 438 showed the abscence 
of any anomaly in the б movement in the temperature 
interval 401-411K. The cooling curve σ(1/T) has line 
character in the given temperature region (but no 
jumped).  
The essential pecularity of the growed up TIS samples is 

the complete reconstruction of their initial electric (and 
dielectric also) properties after separate thermal maturing of 
the samples at the temperature 250K during three days are 
given in the fig.2. As it is seen from the fig. 2 the anomal 
movement of the electric conduction in the temperature 
interval 401÷411K doesn’t re-create neither at the samples 
cooling, nor at its heating on the σ(1/T) curve. At the same 
time the pecularities in the movement σ(1/T) in the 
nieghbourhood 328K are clearly followed. 

 

 
Fig.2. The temperature dependence of TlS electric conduction,   
           measured in the heating (o) and cooling (•) modes after  
            the temperature annealing of sample at 250Kduring of  
            three days 

 
The temperature dependences ε of TIS samples in the 

temperature interval 270÷425K, obtained in the heating and 
cooling modes are given the fig. 3. As it is seen from the 
fig.3, the heating curve ε(T) is characterised by the anomalies 
in the nax forms at the temperatures 377,6 K and 411K.  The 
given anomalies don’t re-create at the ε(T) measurements in 
the cooling mode of the sample. The complete re-creation of 
these anomalies on the dependence ε(T) in the heating mode 
is observed after the ewak thermal maturing of TIS samples 
at temperature 250K. More over, the little anomaly is 
observed in the neighbourhood 328K, which also doesn’t re-
create at ε(T) of the several TISsamples (see inset to fig.3). 

At last, the temperature stroke tgδ TIS in the hearing and 
cooling modes of the samples is given in the fig.4. As it is 
seen from the fig.4 the essential growth tgб TIS takes place at 
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the heating of the sample in the interval 380-410K. The big 
electric conduction of TIS samples at temperatures, higher 
than 410K complicates the tgδ measurement, that’s why we 
couldn’t registrate the max in tgδ(T) movement in the 
neighbourhood 411K.  

 

 
Fig.3. The temperature dependence of TlS dielectric constant,      
           measured in the heating (o) and cooling (•) modes of  
           sample. Insert to fig.3. The anomaly on the curve ε(T),  
           observed at the investigation of some samples of TlS in  
           the neighbourhood of 328K. 
 

 
Fig.4. The temperature dependence of  tgδ TlS, measured in  
           heating heating (o) and cooling (•) modes of sample.  

 
Summarizing the above mentioned dates about 

temperature dependences of electric and dielectric 
characteristics of the investigated crystal TIS in the 
temperature interval 250÷440K, we can make the definite 
conclusions about nature of the discovered anomalies. As it 
was given in the introduction, the layer TIS crystals of 
monoclinic modification combine the segnetoelectric and 
semiconductor properties at the same time [4, 6]. From the 
other side, according to the thermodynamic theory, the 
character pecularities on the temperature dependences of the 
wide of the prohiubited band have to be observed in the 
segnetoelectric-semiconductors [11] in the structure FP area: 
the jump at the FP of I type and temperature coefficient 
change at FP of II type. The registrated the change of the 
inclination of the curve σ(1/T) and the existence of the little 
anomaly on the curve ε(T) of the several TIS samples at 
T=328K could be connected with the discovered [4-6] FP of 
II type at Ti=341,1K. However, the nonconformity with the 
temperature of FP of II type, obtained in the given paper with 
the earlier published dates [4,6] and also the abscence the 
character anomalies on the dependences ε(T) and tgδ(T) are 
possible connected with that the growed up TIS crystal of the 
monoclinic modification differs subsantially on its physical 

properties from layer TIS of the monoclinic crystal system, 
investigated in [4-6, 8]. It can be proposed that discovered 
pecularities of the electrophysical properties of the 
investigated TIS at 328K and in the neighbourhood 378K are 
connected with the structural FP between different TIS 
polymorphic transformations. The finding out of the 
mentioned above anomalies’ nature in the temperature 
movement electric and dielectric properties growed up TIS 
needs the carrying out the additional structural investigations.  

Let’s stop on the possible nature of the anomalies at 
411K. The combination of the experimental results allows to 
consider that near T~411K TIS endures FP, having the 
character traites FP of I type. The phase, appearing at 
T>411K is metastable. The relaxation time, needed for the 
complete re-creation of the initial physical properties of the 
sample is 160-170 hours at the thermal relieving at T=250K. 
We consider that in TIS in the temperature interval 
401÷411K is FP in the state with the superion conductivity. 
The obvious analogy between pecularities of TIS electric and 
dielectric properties in the given temperature interval with 
the properties of the superion semiconductors [12, 13] is the 
argument in the benefit of this interpretation of the above 
mentioned experimental results.  

As it is known [13-15] the ion currents in the superion 
semiconductors (solite electrolyties) are caused by the 
existence of the defects in their structures as vacancies and 
interstitial atoms (Frenkel and Shottki defects). At the same 
time the temperature dependence of ion conductivity is 
subject to thermoactivation law of the аррениусовского type 
[13-15]: 

 

                       ⎟
⎠
⎞

⎜
⎝
⎛−⋅=

kT
Eexp

T
)T( 0 ασσ                 (1) 

 
where σ0 is the frequency factor; Ea is the activation 

energy, defined by the defect creation energy and ativation 
energy of its motion; k is Boltzmann constant. 

The character pecularity of the heating curve σ(1/T) of 
our samples (as other superion semiconductors) is the 
existence of three like temperature areas with the different 
inclination angles. 

1) The inclination angle of the like area of the heating 
curve σ(1/T) in the temperature interval 330÷401K is 
characterized by activation energy Ea=0,224eV.  ??? 

2) The inclination angle of the like area of the heating 
curve σ(1/T) in the temperature interval 401-411K is 
characterized by Ea=2,66eV. The given temperature area, so-
called the intrinsic conductivity area [13], is that type region, 
where the superion conductivity appears. The ion 
conductivity on this temperature area is defined by the 
defects, created in the crystal lattice because of the warmth 
[13,14]. The activation energy value on this area is more by 
the value, than in the temperature interval 330÷401K, as Ea 
is defined by the energies’ sum, needed as for the defect 
creation so for the its motion along the crystal. In many 
superion conductors this area is finished by FP type order-
disorder. The discovered the -------- anomaly on the curve 
ε(T) TIS at 411K is connected with the existence of this FP. 

3)The inclination angle of the area of the heating curve 
σ(1/T) in the temperature interval 401÷411K corresponds to 
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the activation energy Ea=0,226 eV. The given temperature 
area corresponds to conductivity in the strong 
разупорядочная crystal structure.  

We note also, that in [3] the pecularities like above 
mentioned were discovered in the another temperature region 
300÷350K at the investigation of the electric conduction 
temperature dependence and Hall coefficient of the chain TIS 
of the tetragonal transformation (structure analog TISe). By 
the sign of Hall constant in [3] it is established that the main 
role in the electric conduction of the chain TIS play the 
positive charge particles (holes according to [3]). Besides by 
the authors of [3] it is established that in the temperature 
interval 300÷350K Hall mobility m(n) is subject to law 
µH~T8,33, ---------in 215÷300K the temperature dependence  
µH~T6,78. In [3] it is noted that such temperature movement of 
Hall mobility of the chain TIS doesn’t correspond to any 
from the famous 

carriers’ scattering mechanisms in the semiconductors [16]. 
 On our opinion the authors of [3] don’t consider the FP 

possibilities in the state with the superion conductivity, 
which also takes place in the chain TIS structure of the 
tetragonal transformation. Using dates about Hall coefficient 
sign [1,3] it can be proposed that in TIS structure the 
transition in the state with the superion conductivity is caused 
by the разупорядочением in таллиевой sublattice because 
of potential barrier decrease between allowed тфллий 
cations’ positions in the temperature interval 401÷411K. 

  Nevertheless, the authors of the given paper consider 
that the above mentioned experimental facts connect with the 
разупорядочением in the anionic sublattice of the 
investigated TIS, Because of the existence of the 
nonctoichiometric quantity of sera anions in TIS lattise, the 
last, situated in the interstices of the tetragonal elementary all 
TIS, promotes to the monoclinic distortion of the initial 
elementary cell. At the achieving of the temperatures, 
corresponding to the activation energy of the anionic defects 
is the wide ----- of the anionic sublattice and later the 
appearing of the pecularities in the temperature movement of 
TIS electrophysical properties in the temperature interval 
T>401K.  

  The authors are thankful to T.S.Mamedov and 
A.S.Nadjafov for the giving of the samples for the 
investigations.        
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АНОМАЛИИ ЭЛЕКТРИЧЕСКИХ И ДИЭЛЕКТРИЧЕСКИХ СВОЙСТВ КРИСТАЛЛОВ  

TlS В ОБЛАСТИ ФАЗОВЫХ ПЕРЕХОДОВ 
 

В работе представлены результаты экспериментальных исследований электрических и диэлектрических свойств моноклинного  
TlS в интервале температур 260÷440 К. На кривых температурной зависимости электропроводности, диэлектрической 
проницаемости и тангенса угла диэлектрических потерь впервые зарегистрирована аномалия при 411К, связываемая с фазовым 
переходом. Характер аномалии типичен для фазового перехода I- рода. Обсуждается возможная природа обнаруженного фазового 
перехода.    
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Ln2GeS4 (Ln=La, Ce, Pr, Nd, Sm)  ТИПЛИ БИРЛЯШМЯЛЯРИН ЕЛЕКТРОФИЗИКИ  
ХАССЯЛЯРИНИН ТЯДГИГИ 

 
Щ.Р. ГУРБАНОВ, А.Я. НЯБИЙЕВ 
Азярбайжан Дювлят Педагоъи Университети 

Бакы, Цз.Щаъыбяйов 34. 
 

La2GeS4 (La, Ce, Pr, Nd, Sm) типли бирляшмяляр алынмыш, онларын електрофизики хассяляри: електрикечирмяси, термо е.щ.г. 
йцкдашыйыжыларын йцрцклцйц 300÷1000 К температур интервалында тядгиг едилмишдир. 

Електриккечирмянин температурдан асылылыг графикдян мяхсуси областда гадаьан олунмуш золаьын ени щесабланмыш вя 
∆Eт=1,83-2,01еВ гиймятляр алдыьы мцяййян едилмишдир. Термо е.щ.г.температурдан асылы олараг азалыр вя бцтцн температур 
интервалында п-тип кечирижилийя малик олдуьу эюстярилмишдир.µ=σPx ифадясиндян йцрцклцйцн температурдан асылылыьы юйрянилмиш вя 
сяпилмя механизми тяйин едилмишдир.  
 

La2GeS4, Ce2GeS4, Pr2GeS4, Nd2GeS4 вя Sm2GeS4 цчлц 
бирляшмяляри компонентлярин 1:1-я нисбятиндя синтез 
олунмушдур. Бу бирляшмяляр цчцн характерик хцсусиййят 
щексогонал сингонийада кристаллашмасы вя La–дан Sm-а 
кечдикдя (La→Ce→Pr→Nd→Sm) гяфяс сабитлярин азал-
масыдыр (a=9,95÷9,80Å ; c=6,14÷5,57Å). Ейни заманда 
микробярклийин гиймяти дя щямин бирляшмялярдя ардыжыл 

олараг артыр. 
Йухарыда эюстярилян бирляшмялярин йарымкечирижиляр ол-

масыны мцяййян етмяк мягсяди иля, онларын електрофизики 
хассяляри эениш температур интервалында тядгиг олунмуш-
дур. Тядгиг олунмуш бирляшмялярин отаг температурунда 
физики хассяляри жядвял 1-дя верилмишдир. 

 
 

                                                                                                                                                    Жядвял 1. 
Ln2GeS4 (Ln=La, Ce, Pr, Nd, Sm) типли бирляшмялярин 300 К-дя бязи физики хассяляри 

Бирляшмя Електрик 
кечирмя, σ, 
ом-1, см-1 

Термо-е.щ.г. 
α, МкВ/К 

Йцкдашыйыжыла- 
рын йцрцклцйц, 
µ, см2/В.сан 

Йцкдашыйыжыларын 
консентрасийасы, 

п, см-3 

Гадаьан олун-
муш золаьын ени, 

∆EТ, еВ 

Кечирижи-
лийин типи 

n, P 
La2GeS4 2,4⋅10-5 390 12,4 8,6.1016 1,83 P 
Ce2GeS4 7,8⋅10-5 386 8,42 9,4.1016 1,87 P 
Pr2GeS4 2,3⋅10-4 371 7,44 4,8.1017 1,94 P 
Nd2GeS4 6,6⋅10-4 360 5,70 6,3.1017 1,97 P 
Sm2GeS4 8,5⋅10-4 326 2,62 7,6.1017 2,01 P 

 
Жядвялдян  эюрцндцйц   кими  Ln2GeS4 -дян  Sm2GeS4 

-я  кечдикдя (La÷Sm) електриккечирмянин гиймяти артдыьы 
щалда, термо е.щ.г.-нин гиймяти азалыр. Бу заман йцкда-
шыйыжыларын йцрцклцйц тяхминян дюрд дяфядян чох азалыр. 
Отаг  температурунда бирляшмялярин физики параметрляри-
нин беля дяйишмяси La÷Sm сырасында йцкдашыйыжыларын 
консентрасийасынын дяйишмяси иля ялагяляндириля биляр. 
Эюстярилян щалда ися гадаьан олунмуш золаьын ени артыр. 
Беля ки, La2GeS4 бирляшмяси цчцн ∆EТ=1,83еВ олдуьу 
щалда, Sm2GeS4 цчцн ∆EТ=2,01 еВ гиймятини алыр. 

Гейд едяк ки, тядгиг олунан бирляшмяляр сырасында 
ясасян надир торпаг елементляри (La, Ce, Pr, Nd, Sm) 

дяйишир. Бу елементлярин ион радиуслары ( ;061,1r 3
La =+  

;034,1r 3
Ce =+  ;013,1r 3

Pr =+  ;995,0r 3
Nd =+  ;964,0r 3

Sm Е=+ ) 

La÷Sm сырасында азалыр. Ейни заманда бирляшмялярин 
кристал гяфясинин сабитляри дя азалыр. Эюстярилян  параметр-
лярин бу жцр дяйишмяси тядгиг олунан бирляшмялярдя га-
даьан олунмуш золаьын енинин артмасына сябяб олур. 
Щямчинин  гадаьан олунмуш  золаьын енинин дяйишмяси 
бирляшмялярдя надир торпаг елементляриндя (La÷Sm) ва-
лент електронларынын локаллашмасынын  артмасы вя бунунла 
да  кечирижилик зонасында електронларын сайынын азалмасы 
иля изащ етмяк олар. 

Физики  хассяляринин юйрянилмяси эедишиндя мцяййян 
олунмушдур ки, бирляшмялярин беши дя 300 К-дя P-тип 
кечирижилийя маликдир. 

La2GeS4, Ce2GeS4, Pr2GeS4, Nd2GeS4 вя Sm2GeS4 
бирляшмяляринин електрикечирмяси вя термо е.щ.г.-си 
300÷1000К температур интервалында юлчцлмцш, алынмыш 
нятижяляр ися уйьун олараг шякил 1 вя 2-дя верилмишдир. 
Електриккечирмянин вя термо е.щ.г.-нин температурун 
артмасы иля дяйишмяси, lgσ∼f(103/Т) вя α∼ф(103/Т) асылылыг 
графикиндян эюрцндцйц кими йарымкечирижиляр цчцн 
характерикдир. 

 
    Шякил 1. Ln2GeS4-(Ln=La, Ce, Pr, Nd, Sm) типли бирляшмялярин  

           температурдан асылылыг графики: 1-Sm2GeS4; 2-Nd2GeS4;             
             3 - Pr2GeS4;4 - Ce2GeS4, 5- La2GeS4. 
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Тядгиг олунан бирляшмялярин 5-дя дя електриккечи-
рянин гиймяти 300÷1000К температур интервалында артыр. 
~Т≤450К температур интервалында  електриккечирмя нисбя-
тян аз дяйишир вя бу ашгар кечирижилик областына уйьун 
эялир. ~Т≤500К температур интервалында ися електрикечир-
мя температурдан асылы олараг кяскин дяйишир. Бу ися 
мяхсуси кечирижилик областына уйьун эялир. 

 
    Шякил 2. Ln2GeS4-(La, Ce, Pr, Nd, Sm) типли бирляшмялярин  

           термо е.щ.г.-нын мпературдан асылылыг графики:  
           1- La2GeS4; 2- Ce2GeS4; 3 - Pr2GeS4;4 - Nd2GeS4;  
            5- Sm2GeS4. 
 
Гейд едяк ки, ашгар кечирижиликдян, мяхсуси кечирижилик 

областына кечид температуру La2GeS4-дян Sm2GeS4-исти-
гамятиндя (La→Ce→Pr→Nd→Sm) ашаьы температурайа 
доьру  сцрцшцр (490→460).  Ашаьы температур интервалын-
да (ашгар  кечирижилик областы) бирляшмялярин активляшмя 
енержисинин гиймятляри щесабланмыш вя ∆E0=0,22÷0,30еВ 
олдуьу мцяййян едилмишдир. Йухары температур интер-
валында ися (мяхсуси кечирижилик областы) бирляшмялярин га-
даьан олунмуш золаьын ени EТ=1,83÷2,01еВ гиймятляри 
алмышдыр. 

Термо е.щ.г.-нин гиймяти ися бирляшмялярин щамысында 
температурун артмасы иля азалыр (300÷1000 К температур 
интервалында) Nd2GeS4 вя Sm2GeS4 бирляшмяляринин термо 
е.щ.г.-си отаг температуруна йахын температурда 
(~T≤350К) нисбятян аз дяйишир. 

Тядгиг олунан бирляшмялярин щамысында термо е.щ.г.-
си ~T=750 ÷800 К-дян температурун артмасы иля кяскин 
азалыр. Температурун  ~T≥860 К гимятиндя ися бирляшмя-
лярин термо е.щ.г.-нин гиймятинин аз да олса артмасы щисс 
олунур. 

Термо е.щ.г.-нин ишарясинин дяйишмясиня эюря кечири-
жилийин типи тяйин едилмиш вя мцяййян олунмушдур ки, 

тядгиг олунан температур интервалында бирляшмялярин ща-
мысы P-тип кечирижилийя маликдирляр. 

 
    Шякил 3. Ln2GeS4-(Ln=La, Ce, Pr, Nd, Sm) типли бирляшмяляринин  

           йцрцклцйцнцн температурдан асылылыг графики:  
           1- La2GeS4; 2- Ce2GeS4; 3 - Pr2GeS4;4 - Nd2GeS4;  
            5- Sm2GeS4. 

 
Йцкдашыйыжыларын йцрцклцйц (µ=σRx) вя консентрасийа-

сыны щесабламаг цчцн La2GeS4, Ce2GeS4, Pr2GeS4, 
Nd2GeS4 вя Sm2GeS4 бирляшмяляринин Щолл еффекти юлчцл-
мцшдцр (300÷1000К температур интервалында). Йцкдашы-
йыжыларын йцрцклцйцнцн температур асылылыьы (Т=300÷1000к 
температур интервалында) шякил 3-дя график олараг верил-
мишдир l gµ∼f( l gТ). графикиндян йцрцклцйцн температур-
дан аслы олараг дяйишмя дяряжясини (µ∼Т±К) щесабламаг 
олур. Бурада «К» мцсбят вя мянфи гиймятляр алмагла, µ-
нун температурдан асылы олараг дяйишмя дяряжясини эюс-
тярир. Температурун ∼Т≤350К интервалында К≈0,11÷0,18 
Т≈400÷490К температур интервалында ися К≈(0,52÷0,61) 
гиймятляри алмышдыр. ~Т≥500К температур интервалында ися 
К=-(1,5÷2,1) гиймятляр алмышдыр. Эюрцндцйц кими биринжи 
вя икинжи температур интервалында К-нисбятян кичик гий-
мятляр алыр вя бу бахымдан сяпилмя механизминин акус-
тик олдуьуну демяк олар. йухары температур интервалында 
ися «К»-нын бюйцк гиймятляр алмасы сяпилмя механизми-
нин щям акустик вя щям дя оптики олдуьуну эюстярир. 

Електриккечирмя вя термо е.щ.г-нин температурдан 
асылы олараг дяйишмя характерини, билаваситя йцкдашыйыжыла-
рын йцрцклцйцнцн температурдан асылы олараг дяйишмяси 
иля изащ олуна биляр. Бу ися йцрцклцйцн вя диэяр пара-
метрлярин (σ,α) тядгиг олунан кристалларда йцкдашыйыъыларын 
консентрасийасынын дяйишмяси иля ялагяляндириля биляр. 

 
 

[1] А.Ф. Иоффе. Физика полупроводников. М. Л. АН СССР. 
1957. 

[2] И.М. Жарский, Г.И. Новиков. Физические методы 

исследования и неорганической химии. М., Выс. Школа, 
1988. 
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H.R. Gurbanov, A.A. Nabiyev 
 

THE INVESTIGATION OF ELECTROPHYSICAL PROPERTIES 
OF  Ln2GeS4 (Ln=Lа, Ce, Pr, Nd, Sm) COMPOUNDS 

 
The compounds of type of Ln2GeS4 (Ln=Lа, Ce, Pr, Nd, Sm) are obtained and at the temperature range of 300-1000 K their 

electrophysical properties such as electrical conductivity, thermo-e.m.f. and charge carrier mobility are studied.  
On temperature dependence of electrical conductivity in intrinsic  range of conductivity the band gap energy is determined. 

It is shown, that at given temperature range with increasing of temperature the thermo-e.m.f decreases and in these compounds appears p-
type of conductivity. 

On µ=σRх relation are determined the temperature dependence of mobility and scattering mechanism.  
 

Г.Р. Гурбанов, Ф.Ф. Набиев 
 

ИССЛЕДОВАНИЕ ЭЛЕКТРОФИЗИЧЕСКИХ СВОЙСТВ СОЕДИНЕНИЙ 
ТИПА Ln2GeS4 (Ln=Lа, Ce, Pr, Nd, Sm) 

 
Получены соединения типа Ln2GeS4 (Ln=Lа, Ce, Pr, Nd, Sm) и в интервале температур 300÷1000 К, изучены их 

электрофизические свойства: эелектропроводность, термо –э.д.с. и подвижность носителей заряда. 
Из температурной зависимости электропроводности в собственной области определена ширина запрещенной зоны, где 

∆Εт=1,83÷2,01эВ. 
Показано, что в изученном температурном интервале с ростом температуры термо – э.д.с. уменьшается и данные соединения 

проявляют р-тип проводимость. 
Из соотношения µ=σRх определена температурноая зависимость подвижности и определён механизм рассеяния. 
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КИМЙЯВИ ЧЮКДЦРМЯ ЙОЛУ ИЛЯ АЛЫНМЫШ ЙЦКСЯК ФОТОКЕЧИРИЖИЛИЙЯ МАЛИК 

 CdS НАЗИК ТЯБЯГЯЛЯРИНИН ТЯДГИГИ 
 

З.Я. ВЯЛИЙЕВ  
Нахчыван Дювлят Университети 

 
 М.Щ. ЩЦСЕЙНЯЛИЙЕВ 

Азярбайжан МЕА-нын Нахчыван бюлмяси 
 

Кимйяви чюкдцрмя йолу иля алынмыш CdS назик тябягяляриндя отаг температурунда чох йцксяк фотокечирижилик ашкар едилмишдир.  
σишыг/σгаранл. кечирижиликлярин нисбяти 4·1010 кимидир. Стасионар щал чох узун мцддят ярзиндя алыныр. (αhν)2 ~ f(hν) асылылыгдан тябягянин 
гадаьан олунмуш зонасынын ени мцяййян едилмишдир.  

 
CdS назик тябягяляриндян фотоволтаик чевирижиляр кими 

истифадя едилмяси перспективи онун чох мцкяммял струк-
турлу тябягяляринин алынмасы цчцн даща тякмил епитаксиал 
технолоэийа цсулларындан истифадя етмяйи шяртляндирир. 
Кимйяви чюкдцрмя цсулунун садялийи вя бир чох цстц-
нлцкляри [1] ондан эениш мигйасда истифадя етмяк цчцн 
стимул йаратмышдыр. Хцсусиля бу цсул варизон структурлар 
алмаг цчцн чох ялверишлидир. 

CdS назик тябягяляринин алынмасында кимйяви 
чюкдцрмя цсулундан истифадя едилмишдир. CdS - назик тя-
бягяси шцшя алтлыглар цзяриндя алынмышдыр. Бунун цчцн 
шцшя алтлыг яввялжя хром туршусунда сонра ися дестилля 
суйунда йуйулур. Шцшя алтлыг шагули шякилдя ичярисиндя 
температуру 90-95°С мящлул олан лабораторийа стяканы-
нын дахилиня йерляшдирилир. Мящлул 0,5мол. кадмиум асетат 
вя 0,5мол. тиомочевинадан ибарят олмагла щазырланыр. 
Бунлардан ялавя мящлула комплексямяляэятирян 
компонент олараг триетаноламин, адгезийа йаратмаг 
мягсяди иля нашатыр спирти ялавя едилир. Магнит гарышдырыжы 
васитясиля мящлул даима гарышдырылыр. 15-20 дягигядян 
сонра шцшя алтлыг чыхарылыр вя дестилля суйунда йуйулур. 

Бу цсулу тятбиг етмякля алынан CdS тябягяси кифайят 
гядяр биржинс олмагла йанашы, онун шцшя иля адгезийасы 
да гянаятбяхш олур. CdS-тябягясиня In контактлары 
вурулмуш вя онун фотоелектрик хассяляри юйрянилмишдир. 

 
Шякил 1.  Фотокечирижилийин замандан асылылыьынын кинетикасы:   
             1-тябягянин цстцня  
 
Отаг температурунда чох йцксяк фотокечирижилик мц-

шащидя едилмишдир. Гаранлыгда нцмунянин мцгавимяти 

~1015ом олдуьу щалда 100 ваттлыг лампанын ишыьы алтында 
(~25см мясафядян) бу мцгавимят 2,5·104ом – а гядяр 
ашаьы енмишдир. Йяни ишыг-гаранлыг мцгавимятинин нисбяти 
4·1010–а бярабяр олмушдур. Шякил 1-дя отаг температу-
рунда CdS назик тябягяси цчцн фотокечирижилийин заман-
дан асылы гаранлыгдан – ишыьа (1-яйриси) вя ишыгдан – га-
ранлыьа (2-яйриси) яйриляри эюстярилмишдир.  

Шякилдян эюрцндцйц кими ишыгдан гаранлыьа кечяркян 
мцгавимятин стасионар щала уйьун гиймят алмасы чох 
яталятли просесдир. 1 яйриси юз стасионар щалыны (тябягянин 
цстцня ишыг салыныр) 1 саата алдыьы щалда (3.103 сан), 2-
яйриси юз стасионар щалыны 10 саатдан чох (~ 4·104 сан) 
мцддятя алыр. 

CdS назик тябягяси цчцн йцксяк фотокечирижилик 
щаггында [2] ишиндя мялумат верилмишдир. Бу ишдя CdS 
назик тябягяси пиролиз цсулу иля алынмыш вя хцсуси олараг 
O2-иля ашгарланмышдыр. Йалныз бу технолоъи ямялиййатдан 
сонра CdS назик тябягясиндя ишыг-гаранлыг кечирижиликляри 
нисбяти ян чох 107 - йя бярабяр олмушдур. 

 

 
Шякил 2.  ЖдС назик тябягясинин оптик бурахма яйриси   
 
Кимйяви чюкдцрмя йолу иля алдыьымыз CdS назик 

тябягясиндя ися щеч бир ашгар вурулмадан бу нисбят 
4·1010-а гядяр галхмышдыр ки, бу да CdS-назик тябягяляри 
цчцн щялялик ян йцксяк нятижядир.  

Алынан CdS-назик тябягясинин гадаьан зонасынын 
енини мцяййян етмяк цчцн «СПЕЖОРД-40М» спектро-
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фотометри васитясиля онун оптик бурахма яйриляри чякил-
мишдир (шякил 2 ).  

 
Шякил 3. α2~f(hν) (1 яйриси) вя (αhν)2~f(hν) (2 яйриси)  
             асылылылглары. 
 

Оптик бурахма яйрисиня ясасян α2~f(hν) асылылыьы 
чякилмиш вя бу асылылыгдан дцз хятт областынын екстропол-
йасы цсулу иля тябягянин гадаьан зонасынын ени мцяй-
йян олунмушдур:  Eg = 2,36 ев (1-яйриси, шякил 3).  Гейд 
етмяк лазымдыр ки, алынан назик тябягялярин галынлыгларыны 
юлчмяк мцмкцн олмадыьындан бу асылылыьы яслиндя 
сярбяст ващидлярдя  α2 - нын щв-дян асылылыьы кими баша 
дцшмяк лазымдыр. Бу ися Eg-нын тя’йининя щеч бир хялял 
эятирмир.  

Бир чох мцяллифляр Eg-нин тяйининдя (αhν)2–нин hν– 
дян асылылыг яйрисиндян истифадя етмяйи цстцн би лирляр. Бу 
асылылыгдан истифадя етдикдя CdS–назик тябягяси цчцн Eg-
=2,42 ев (2-яйриси, шякил 3) алынмышдыр. Бу гиймят [3] 
ишиндя CdS–ин гадаьан зонасы цчцн эюстярилян гиймятля 
тамамиля ейнидир.  

CdS назик тябягяляриндя чох йцксяк фотокечирижилийин 
мцшащидя олунмасы ону сюйлямяйя имкан верир ки, 
кимйяви чюкдцрмя цсулундан истифадЯ етмякля щям дя 
бирляшмялярдя бир сыра индикал хассяляр мцшащидя етмяк 
мцмкцндцр. 

 

  
 

[1] М.Щ.Щцсейнялийев. «Мцасир рийазиййат вя 
тябиятшунаслыьын проблемляри» НДУ. Нахчыван 2001. 
сящ. 89-92. 

[2] Д.Рижщардс., А.М. Ел-Корасщи. «Ъ. Важ. Сжи. 

Тежщнол». А. Вол2. № 2 Апр-Ъуне 1984 пп. 332-335. 
[3] Э.К.Падам., Э.Л.Малщотра  анд  С.У.М.Рао. 

«Ъ.Аппл. Пщйс» 63 (3) 1988 пп. 770-774. 
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THE INVESTIGATION OF THE HIGHLY PHOTO CONDUCTING 

CHEMICALLY DEPOSITED CdS THIN FILMS 
 
Highly photoconductivity at room temperature is observed in the CdS thin films obtained by the chemically deposition technique.  
The ratio of the conductivities σlight/σdark is equal to 4·1010. The establishment of the stationary state lasts very long. The energy gap of the 

film is determined from the dependence (αhν)2 ~ f(hν).   
 

З.А. Велиев, М.Г. Гусейналиев 
 

ИССЛЕДОВАНИЕ ТОНКИХ ПЛЁНОК CdS С ВЫСОКОЙ ФОТОПРОВОДИМОСТИ,  
ПОЛУЧЕННЫХ ХИМИЧЕСКИМ ОСАЖДЕНИЕМ 

 
В тонких плёнках CdS – полученных химическим осаждением обнаружена очень высокая фотопроводимость, при комнатной 

температуре. Отношение проводимостей σсвет/σтемн равнялось 4·1010. Установление стационарного состояния длился очень долго. Из 
зависимости (αhν)2 ~ f(hν) определена ширина запрещенной зоны пленки. 
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 STATIONARY AXISYMETRIC GRAVITY AS A PRINCIPAL CHIRAL FIELD MODEL 

 
M.A. MUKHTAROV 

Institute of Mathematics and Mechanics 
370602 Baku, F. Agaev str.9, Azerbaijan 

 
The stationary axisymmetric gravity equations (Ernst equations) are reduced to the principal chiral field problem with moving poles. 

Applying of the discrete symmetry transformations is discussed. 
 
1. The problem of constructing the exact solutions of 

nonlinear evolution equations in the explicit form remains 
important for the present time. The existence of very rich 
integrable structure of Einstein equations have been 
conjectured by different authors. But the real discoveries of 
its integrability properties of stationary axisymmetric version 
of these equations, known as Ernst equations, and effective 
procedures for construction of solutions have been started in 
the papers of Belinskii and Zaharov [1]. In these papers the 
inverse scattering methods have been developed for vacuum 
gravitational fields. Among other approaches we have to 
point out the algebra-geometrical approach of Korotkin, 
Matveev and Nicolai [2-4]. Ernst equations as almost all so 
called integrable system can be obtained by symmetry 
reduction of the four dimensional self-dual Yang Mills 
(SDYM) equations that plays therefore the central role being 
the universal integrable system.  The problem of integration 
of SDYM has successfully solved only for the case of 
SL(2,C) algebra and for instanton number not greater than 
two. The famous ADHM ansatz [5] gives the qualitative 
description of instanton solution but not its explicit form. 
Two effective methods of integration of SDYM for arbitrary 
semisimple algebra have been proposed in series of papers 
[6].  Another, the discrete symmetry transformation approach 
has been suggested [7] that allows to generate new solutions 
from the old ones. This method has been applied to many 
cases, for instance, the exact solutions of principal chiral field 
problem were obtained in [8] for the case of SL(2,C) algebra 
and in  [9] for SL(3,C) and the rest semisimple algebras of 
the rank greater than two. This method can be effectively 
applied to the so called principle chiral problem with the 
moving poles [10].                                

This work shows how Ernst equations can be reduced to 
principle chiral problem with the moving poles with future 
possible application of the discrete symmetry transformation 
method.  

2. The Ernst equation describing stationary 
axisymmetric metrics in general relativity can be 
represented in a form [11 ]: 

  
      011 =+ −−

zzzz )gg()gg( ρρ    ,                 (1) 
 
where g is real and symmetric (2x2) matrix and 

2det ρ−=g , subscripts stands for partial derivatives 
throughout this paper. 
 Using the known formula from matrix theory 
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and taking trace from both sides of (1), we have: 
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Finally, we get the D’Alambert equation forρ  
 

0=z,zρ  
 

and its solution in terms of two arbitrary functions: 
).()( 21 zz ϕ+ϕ=ρ   

Due to conformal invariance of the theory we can without 
loss of generality put zzzz →ϕ→ϕ )(,)( 21 and get the 
expression for ρ as: 

 
          zz +=ρ                                                   (3) 

 
Then we can write currents of the corresponding linear 

system in a form: 
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If we take the complex conjugate of the first equation of 

(4) and compare the result with the second one then we come 
to the conclusion that F is pure imaginary function, i.e. 

 
                               FF −=*                                        (5) 
 
Then using (2) we have 
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Thus we have the second constrained property of F : 
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Let’s introduce the element σ= gg , where σ is a matrix 

of inner automorhpism having the form: 
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One can be convinced by the direct check in the following 
properties: 

                     

gg
Ig

gsp

21

22

0

−− =

=

=

ρ

ρ                                             (7) 

 
For the element θ defined as gF +=θ we rewrite 

relation (4) as 
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Note the evident relation coming directly from (7): 
 
 011 =+−+ −− )Ig)(Ig( ρρ  
 
From this relation and (8) it follows that 
 

     zz detdet θθ =   or  

     1== zz rankrank θθ                                   (9) 
 
By changing variables  
 
 zz,f/ z →−→− 4θ                           (10) 

 

 
we eventually come to the equation  
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with additional relations 
   

       1== zz rankfrankf                               (11a) 
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     161 /Redet =θ                                        (11c) 
 
Equations (11) are equations of principle chiral field problem 
with moving poles considered in [ ]-[ ] in context of discrete 
symmetry transformation method.  Let’s remind that this 
transformation allows to directly construct new solutions 
from the known initial ones, i.e. if f is the solution of (11) 

then )( fDF s= is again solution of (11). Here sD stands 
for discrete symmetry transformation. This transformation 
has a property  
 

zz fdetFdet =  
 

that is conserves a determinant . Comparing with (11c) makes 
encouraging to construct solutions of Ernst equations in that 
way and it will be a subject of further investigations.   
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СТАСИОНАР АКСИАЛ СИММЕТРИК ГРАВИТАСИЙА  ЯСАС КИРАЛ САЩЯНИН МОДЕЛИ КИМИ 

 
Аксионал симметрик гравитасийа тянликляри (Ернст тянликляри) щярякят едян полйуслу ясас кирал сащянин  тянликляриня эятирилмишдир.  

Дискрет симметрик чеврилмя методунун тятбиги мцзакиря едилмишдир. 
 

М.А. Мухтаров 
 

СТАЦИОНАРНАЯ АКСИАЛЬНО СИММЕТРИЧНАЯ ГРАВИТАЦИЯ КАК МОДЕЛЬ ГЛАВНОГО 
КИРАЛЬНОГО ПОЛЯ  

 
Уравнения аксиально симметричной гравитации (уравнения Ернста) сведены к уравнениям главного кирального поля с 

подвижными полюсами. Обсуждается применение метода преобразований дискретных симметрий . 
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MEASURING METHOD AND ITS GNOSIOLOGICAL ASPECTS IN MODERN PHYSICAL 

COGNITION 
 

VILAYAT ISMAILOV 
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In the article the experimental method which is one of the empiric methods of the scientific research, its specific features, 

characteristics, gnosiological opportunities and cognitive functions being applied in the empiric level of knowledge are investigated. It is 
shown that the main difference of the experimental method from other methods of empiric research is of its synthetic character. Thus  during 
the experiment not only the conditions of the research are changed, but the methods of observation, measuring, comparison of the empiric 
cognition are in organic way synthesized as well.  At the same time in the article the kinds of the natural scientific experiment are discussed 
too. 
 

It is known that all phenomena of reality which are 
studied by practical way have objective quantitative and 
qualitative determination. Qualitative determination of 
material systems which is increased by apparatus and by 
organs of sense of the observer is expressed in different 
numbers (speed, mass, electric charge, energy, pressure, 
volume etc.). But quantitave peculiarities of process and 
phenomena are described by figure price determining in 
measuring operation of physical numbers. Usage of 
measuring operation first of all is connected with such matter 
as correctness of realizing of ratio of quantitative and 
qualitative aspects of the object of cognition [10]. So 
measuring method is not limited only by marking quantitative 
description of the object of cognition, it enables to study its 
qualitative determination as well. And adequate cognition of 
quantitative aspect of the object is conditioned by cognition 
of its qualitative aspect in measuring operation. 

Taking into consideration of specifity we may define 
description of measuring in the following way: measuring is 
an operation of determining figure price of any quality by 
means of measuring unit or standard. Measuring being based 
on operating of organs of sense and material – sensual 
activity of a man is an active cognitive process. Though 
measuring is based on organs of sense of a man his intellect, 
knowledge and practice participate in its course as well:  the 
aim and direction of purposeful perception of the object by 
means of measuring depends on a man‘s knowledge and 
interest, intellectual experience, outlook, his attitude towards 
reality directly. Finding out figure price of measurable 
quantity it is expressed in international system of units by 
measuring units such as kilogram, newton, coul, veber, mol, 
candle-power, meter, second etc. 

Measuring process is not amorphous, but it has 
compound structure [7]. First of all measuring is a figure 
comparison of quantities describing the same quality. For 
example, while measuring the mass of any thing, in reality 
we compare two different masses – the mass of the thing and 
the standard.  

Measuring being an empiric investigating method is 
carried out only within strict conditions and comprise the 
following  elements: 1) object of measuring; 2) measuring 
unit or object of standard; 3) apparatus being used in 
measuring process; 4) way of measuring;  5) observer or 
subject who carries out measuring [1]. 

Application of measuring method causes some 
methodological problems among of which the ratio between 

sensual cognition and abstract thought is of great importance. 
Measuring unlike observation is connected with logic 
analysis as well. 

Sensual perception goes into measuring as a necessary 
component. According to sensual perception of readings of 
apparatus a long of reasonable results are placed between the 
results of measuring. And that is why sensual perception is 
the only beginning stage of study of quantity. In such cases 
independent measuring is applied not only for “net” empiric 
observation of the phenomena, but it becomes a complicated 
cognitive operation where intellect is of great importance. 
Logic intellect is of special great importance in measuring 
quantities and determining the results of measuring. 

Measuring operation in physics is closely connected with 
the principle of observation. The essence of the principal 
which appeared in connection with founding theory of 
relativity and quantum mechanics in physics may be 
commented so: only those notions and quantities which can 
be practically tested or measured in the structure of physics 
may be used; quantities which cannot be measured must be 
rejected. Let us address to the history of physics. As a result 
of impossibility of observing of absolute simultaneity on 
principal A.Einstein came to space – time conception in his 
theory of relativity. One can tell the same thoughts about 
Heysenberg’s activity that had abolished difficulties of Bor’s 
atom model. Heysenberg has created matrix mechanics which 
explains modern quantum mechanics for the first time. 

From the point of view of methodology or general 
methods which enable to get measuring results, measuring – 
can be carried out directly and indirectly [12; 13]. 
Independent measuring, the sought for the result of which is 
obtained from measuring process directly is based on sensual 
– visual comparison of measurable quantity with special 
standard. For example, if we measure the mass, temperature, 
speed etc. of the thing according to the readings of apparatus 
– it is a direct measuring. But in indirect measuring the 
sought for the quantity is taken out mathematically from 
comparison of other quantities which are obtained by 
independent way and that is why in indirect measuring a 
logic comparison of the measurable quantity and standard 
occurs. For example, determining density of a spheric thing 

by the formula  
V

m
=ρ   is an indirect measuring. Here m - is 

a mass and V-is a volume of the thing. In this case the mass 
of the thing is determined by the scales. At first in order to 
determine the volume of a spheric thing by the formula 
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3r
3

4
V π= ,  its radius r is measured by the means of pair of 

compasses independently. On the basis of this direct 
measuring the volume of the thing is discovered indirectly. 
This example proves that the logic analysis of the quantitable 
descriptions which is obtained in indirect measuring is based 
on the data of measuring which is implemented on the base of 
the readings of measuring apparatus. And that’s why it is 
wrong to oppose direct and indirect measurings or isolate one 
of them metaphysically. Unity of direct and indirect 
measurings is conditioned by the unity of sensual and logic 
cognition. 

But within this unity both measurings obtain a relative 
independence. As far as possible each of them is used 
independently. Indirect measuring is especially extensively 
used in study of micro-world and society. 

At the same time we must underline restriction of direct 
measuring which is conditioned by the following reasons.  

Firstly, the number of measuring standards which are 
used in direct measuring must be equal common symptoms 
of measurable thing and other things on the whole. But this is 
impossible in practice. 

Secondly, in direct measuring measurable thing is not 
associated with standard inside, that is measurable quantity 
and measuring unit appear as external factors. 

Thirdly, in direct measuring it is impossible to determine 
figure price of quantities which characterize of cosmic 
objects and micro-objects being beyond our organs of sense. 

Measuring method is of great importance in scientific 
research, especially in study of nature [1]. Measuring, first of 
all is a way leading towards discovery of laws. Great Russian 
scientist D.I.Mendeleyev noted more than once that 
“measuring and weight is everything for study of nature”. 
Measuring is important not only from practical point of view. 
It is of great importance in formation of scientific theories as 
well. History of science, especially study of nature is rich 
with such examples. For example, Tikho Bragen’s numerous 
measurings over the movement of planets enabled I.Kepler to 
theoretic generalizations in the form of empiric laws; on the 
base of measuring of atomic weight of chemical elements 
D.I.Mendeleyev could discover the periodical system of 
elements; Faradey discovered electrolyze laws according to 
measuring of number of quantity of material which emanated 
from electrodes. 

In connection with investigating cognitive importance of 
measuring method such a question comes up:  how to explain 
discovery of objective laws by means of measuring? To our 
mind the explanation must be in the following way. 

In the process of measuring determining quantitative 
relations of phenomena at the same time we discover their 
some common relations as well; according to F.Engelse we 
discover “external determination of things”. Every time we 
measure qualitative determination of things by means of 
physical quantities (mass, charge, current etc.) which express 
their important peculiarities. So measuring enables us to 
study and discover both relations of phenomena – common 
and important aspects. And it is known that a law is an 
expression of common and important aspects of relations. 
This shows evidently that we can define measuring as a true 
way of discovery of empiric laws [16]. Academician 
B.M.Kedrov notes that though empiric discoveries don‘t 

make revolution in the science, they cause to live latent 
embrions of future revolution [9]. 

For example, american scientist A.Maykelson‘s 
measuring the speed of light is one of such unical measurings 
that enriched the history of science. Russian scientist, 
academician S.L.Vavilov appreciating Maykelson‘s scientific 
heroism as “a record of experiment” wrote: “On the base of 
his experimental discoveries and measurings theory of 
relativity was founded, wave optics and spectroscopy 
increased and theoretical astrophysics firmly established” [6]. 

In modern physical cognition the question of 
gnosiological basing of the measuring method is in organic 
way connected with the question of exactness of measuring. 
Exactness is an important index of qualitative and scientific 
price of measuring. I.Kepler highly appreciating Tikho 
Bragen‘s measurings which are notable for their exactness 
(the error of them was 8 minutes) wrote: “The eight minutes 
that is impossible to take no heed will enable us to overturn 
in astronomy” [17]. I.Kepler had made a mistake: namely 
Bragen at the expense of combining a very high exactness of 
his measurings with his extraordinary diligence (he repeated 
his measurings 70 times) could discover laws of movement 
of the planets. 

And what objective factors is exactness of measuring 
conditioned by? Exactness of measuring depends on 
objective and subjective factors and determining their correct 
ratio. Exactness of measuring requires take into account a 
number of objective factors which have some influence on 
measuring process. These factors include qualitative 
peculiarities of measuring object, conditions under what 
measuring process is carried out, peculiarities of space and 
time coordinates of measuring object, its speed of movement 
and others. 

One of the main ways that improves exactness of 
measuring operation is increasing of quality of operating 
measuring apparatus based on maintaining principals and 
making newest measuring apparatus basing on latest 
achievements of science and engineering. For example, at 
present changing of frequency is measured by means of 
Messbauer effect with exactness of 10-16 hertz, but time on 
molecular generators with 10-11 second. 

Subjective factors that measuring process include are 
organization of process, choice of measuring way, personal 
quality of a scientist, his persistency, level of preparation, 
scientific competence, ability of using of apparatus etc. 
Though all these subjective factors have an important 
influence on exactness of results of measuring, in any case 
not them, but objective factors have decisive role in 
measuring. That‘s why in order to get exact and objective 
result from measuring we must determine correct ratio of 
factors: not to distort results of measuring by exaggerating 
the role of subjective factors or reducing importance of 
objective ones. 

The question of role of measuring in modern scientific 
cognition has been idealized by operationalism which is one 
of the fields of positivism and pragmatism. 

American physicist P.Brijman (1882-1961) came out 
following thesis in order to ground his position: a) measuring 
is an absolute arbitrary operation being realized by a subject; 
b) measuring is the only foundation of scientific cognition 
[4]. Under these considerations Brijman regarded the object 
of scientific research as a totality of measuring operations and 
arbitrary scientific notion as determination of measuring way 
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of corresponding physical quantity. Thus he was changing the 
physical world that accepted as a totality of research object 
into results of measuring operations and the science itself into 
the system of notions determining by these operations. But by 
the using of scientific terminology and grounding evristical 
importance of measuring for scientific research Brijman tried 
to form operationalism in a scientific shape. But when we 
consider the contents of primary thesis of operationalism 
Brijman‘s scientific form of this conception is easily 
frustrated. 

Firstly, one does not need to attribute measuring to 
absolute arbitrary activity of a subject. No doubt, it is 
possible to have some freedom in choosing of measuring unit 
and system of units in measuring operation. But this freedom 
itself must be founded on objective basis and subordinate to 
objective requirements. But the trend of operationalism 
putting aside objectiveness, evaluate relativity of freedom 
which may be in choosing of scale and system of units as 
absolute arbitrariness in determining of measuring. 

Secondly, though all scientific merits and 
methodological values which measuring has it is not true to 
consider it as the only foundation of empiric basis and 
theoretical contents of scientific cognition. In this context 
groundless thesis of operationalism are specially shown in 
Brijman‘s attempt to apply some notions of theory of 
relativity and quantum mechanics to measuring. In order to 
prove our thought we remind such a fact that the notions - the 
curve of “space-time continuum” and “wave function” have 
been determined not only by the way of measuring. We 
should remember that the real contents of theoretical notions 
of physics are not conditioned by concrete measuring 
operations, but first of all by scientific panorama of the world 
[15].  

Summing up the brief description of measuring method 
in an article it is necessary the underline that the position of 
measuring among empiric methods is about like observation 
and comparison. Measuring is a component of more 
compound method – experiment as well as observation and 
comparison. 
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МЦАСИР ФИЗИКИ ИДРАКДА ЮЛЧМЯ МЕТОДУ ВЯ ОНУН ГНОСЕОЛОJИ АСПЕКТЛЯРИ 
 

Мягалядя експериментал елми тядгигатын емпирик методларындан олуб, билийин емпирик сявиййясиндя тятбиг олунан 
експериментал метод, онун сяжиййяви жящятляри, характеристикасы, гносеолоъи имканлары вя идрак функсийалары тядгиг олунур. 
Мягалядя эюстярилир ки, експериментал методун емпирик тядгигатын диэяр методларындан башлыжа фярги онун синтез характери 
дашымасыдыр. Беля ки, експериментин эедишиндя няинки тядгигат шяраити дяйишдирилир, щям дя емпирик идракын мцшащидя, юлчмя, 
мцгайися методлары цзви щалда синтез олунур. Мягалядя, щабеля тябии елми експериментин нювляри дя нязярдян кечирилир. 
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МЕТОД ИЗМЕРЕНИЯ И ЕГО ГНОСЕОЛОГИЧЕСКИЕ АСПЕКТЫ В СОВРЕМЕННОМ 

ФИЗИЧЕСКОМ ПОЗНАНИИ 
 

В статье рассматривается экспериментальный метод, который, являясь одним из эмпирических методов научного исследования, 
применяется на эмпирическом уровне знания. Исследуется его особенности, характеристики, гносеологические возможности и функции в 
научном познании. Указывается, что основным отличием этого метода от других методов эмпирического исследования, является его 
синтезирующий характер, так как наряду с изменением условий эксперимента методы эмпирического познания, такие как наблюдение, 
измерение и сравнение органически синтезируются. В статье так же рассматриваются виды естественного научного эксперимента. 
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Биз “Физика” ъурналынын биринжи нюмрясиндя башладыьымыз физика терминляри лцьятинин няшрини давам 

етдиририк. Бу няшрдя академик Щ.М. Абдуллайевин няшр етдирдийи “Физика терминляри лцьяти”ндян дя истифадя 
едилмишдир (АРЕА-нын няшри, Бакы, 1965-жи ил). 

Няшр олунан терминляр щагда юз гейдлярини вя терминлярини эюндярян шяхсляря редаксийа яввялжядян 
юз тяшяккцрцнц билдирир. 
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We continue the publication the terminological physical dictionary, which has been began in the journal 

“Fizika”№1. In the published variant the physical terms, given by academician H.M. Abdullayev are given 
(“Физика терминляри лцьяти”, АРЕА, Бакы, 1965).  

The edition of the journal is welcome to all, who will send notes and terms for the publishing dictionary. 
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Мы продолжаем публикацию терминологического физического словаря, начатую в первом номере 

журнала “Fizika”. В публикуемом варианте мы также используем физические термины, предложенные 
академиком Г.М. Абдуллаевым (“Физика терминляри лцьяти”, АРЕА, Бакы, 1965). 

Редакция журнала приветствует всех, кто пришлет свои замечания и термины для публикуемого 
словаря. 
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Юлчц апараты Аппарат измеритель Measuring apparatus 
Киноматограф апараты Аппарат кинематографический  Cinema apparatus 
Кинопройексийа апараты Аппарат кинопроекционный Film projection apparatus 
Компенсасийа апараты Аппарат компенсационный Compensated apparatus 
Морзе апараты Аппарат Морзе Morze’s apparatus 
Оптик апарат Аппарат оптический Optical apparatus 
Эюндярижи апарат Аппарат отправитель Device-sender 
Кючцрцжц апарат Аппарат переносный Portable apparatus 
Полйарлашма апараты Аппарат поляризационный Polarizing apparatus 
Гябуледижи апарат Аппарат приемный Receiving apparatus 
Пройексийа апараты Аппарат проекционный Projection apparatus 
Радио телеграф апараты Аппарат радио телеграфный Radio-telegraph apparatus 
Тянзимедижи апарат Аппарат регулирующий Regulating apparatus 
Рентэен апараты Аппарат рентгеновский X-ray apparatus 
Ротасийа апараты Аппарат ротационный Rotation apparatus  
Юзцйазан апарат Аппарат самопишущий Autographic apparatus 
Симплекс апараты Аппарат симплексный Simplex apparatus 
Ешитмя апараты Аппарат слуховой Hear apparatus 
Истилик апараты Аппарат тепловой Thermal apparatus 
Жяряйаны кясян апарат Аппарат отключения тока Off-state current apparatus 
Дягиг апарат Аппарат точный Preccise apparatus 
Жызан апарат Аппарат чертящий Drawn apparatus 
Йуз апараты Аппарат Юза Yuz’s apparatus 
Апроксиматик тюрямя Аппроксимативная производная Approximate derivative 
Априори ещтимал Априорная вероятность Apriori probability 
Апротон мящлул Апротонный растворитель Aprotic solvent 
Апсид Апсида Apse 
Апсид хятти Апсидная линия Line of apsides 
Араго-Френел тяжрцбяси Араго-Френеля опыт Arago-Frenel experiment 
Араго щадисяси Араго явление Arago effect 
Арэентометрийа Аргентометрия Argentometry 
Аргон Аргон Argon 
Аргон лампасы Аргоновая лампа Argon glow lamp 
Аргон ион лазери Аргоновый ионный лазер Argon-ion laser 
Аргон лазери Аргоновый лазер Argon laser 
Аргон боружуьу Аргонная трубка Argon tube                 
Комплекс ядядин аргументи Аргумент комплексного числа Argument 
Перимяркязин аргументи Аргумент перицентра Argument of perihelion 
Ен даирясинин аргументи Аргумент широты Argument of latitude 
Ардометр Ардометр Ardometer 
Ареометр Ареометр Areometer    
Фаиз ареометри Ареометр процентный Percentage areometer 
Ареопикнометр Ареопикнометр Areopycnometer 
Арид зонасы Аридная зона Arid zone 
Арифметикляшмя Арифметизация Arithmetization 
Арифметика Арифметика Arithmetic 
Арифметик команда Арифметическая команда Arithmetic instruction 
Цзян (эязян) верэцл иля арифметик 
ямялиййат 

Арифметическая операция с плаваю-
щей запятой 

Floating-point arithmetic 

Фикся олунмуш верэцл иля арифметик 
ямялиййат 

Арифметическая операция с фиксиро-
ванной запятой 

Fixed-point arithmetic 

Арифметик алт груп Арифметическая подгруппа Arithmetic subgroup 
Арифметик прогрес Арифметическая прогрессия Arithmetical progression 
Йцксяк тяртибли арифметик прогрес Арифметическая прогрессия высшего 

порядка 
Arithmetic progression of higher 
order 

Арифметик жям Арифметическая сумма Arithmetic sum 
Арифметик блок Арифметический блок Arithmetic unit 
Арифметик оператор Арифметический оператор Arithmetic operator 
Арифметик сыра Арифметический ряд Arithmetic series 
Арифметик дяйишмя Арифметический сдвиг Arithmetic shift 
Арифметик цчбужаг Арифметический треугольник Arithmetic triangle 
Арифметик ифадя Арифметическое выражение Arithmetic expression 
Арифметик ямялиййат Арифметическое действие Arithmetic operation 
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Арифметик орта Арифметическое среднее Arithmetic mean 
Арифметик гурулуш Арифметическое устройство Arithmetic device 
Арифмометр Арифмометр 1) Adding machine 

2) Arithmometer 
3) Calculator 
4) Desk calculating machine 

Арккосинус Арккосинус Arc cosine 
Арккотанэенс Арккотангенс Arc cotangent 
Арксинус Арксинус Arc sine 
Арктанэенс Арктангенс Arc tangent 
Арктика жябщяси Арктический фронт Arctic front 
Арматура Арматура 1) Accessories 

2) Armature 
Армилйар даиря (мцщит) Армиллярная сфера Armillary sphere 
Армко-дямир Армко-железо Armco-iron 
Ароматик бирляшмяляр Ароматические соединения Aromatic compound 
Арренiус нязяриййяси Аррениуса теория Arrhenius’s theory 
Арретир Арретир 1) Arrester 

2) Arresting lever 
3) Caging device 
4) Catch 
5) Stop 

Арретирлямяк Арретировать 1) Cage 
2) Rate-cage 

Артикуллашдырма габилиййяти Артикулирующая способность Articulating ability 
Артикулйасийа Артикуляция Articulation 
Архимед гануну Архимеда закон Archimedes’ principle 
Архимед гцввяси Архимедова сила Buoyancy 
Архимед винти Архимедов винт Archimedes screw 
Асбест Асбест Asbestos 
Асимметрик молекул Ассимметрическая молекула Asymmetrical molecule 
Асимметрик атом Асимметрический атом Asymmetrical atom 
Асимметрик тящлил Асимметрический анализ Asymmetrical analysis 
Асимметрик синтез Асимметрический синтез Asymmetric synthesis 
Асимметрик дальа Асимметричная волна Asymmetrical wave 
Асимметрик яйри Асимметричная кривая Asymmetrical curve 
Асимметрик пайланма Асимметричное распределение Asymmetric distribution 
Асимметрик рягсляр Асимметричные колебания Asymmetric vibration 
Асимметрик фырфыра Асимметричный волчок Asymmetrical top 
Асимметрик ротатор Асимметричный ротатор Asymmetric rotator 
Асимметрийа Асимметрия Asymmetry 
Шярг-Гярб асимметрийасы Асимметрия восточно-западная East-West asymmetry  
Шимал-Жянуб асимметрийасы Асимметрия северо-южная North-South asymmetry 
Асимптота Асимптота Asymptote 
Асимптотик йыьылма (сыранын) Асимптотическая сходимость Asymptotic convergence 
Асимптотик конус Асимптотический конус Asymptotic cone 
Асимптотик йол Асимптотический путь  Asymptotic path 
Асимптотик сыра Асимптотический ряд Asymptotic series 
Асимптотик дайаныглы Асимптотически устойчивый Asymptotically stable 
Асимптотик ифадя Асимптотическое выражение Asymptotic expression 
Асимптотик гиймят Асимптотическое значение Asymptotic value 
Асимптотик истигамят Асимптотическое направление Asymptotic direction 
Асимптотик сырайа айырма  Асимптотическое разложение  Asymptotic expansion 
Асимптотик щялл Асимптотическое решение Asymptotic solution 
Асинхрон щесаблама машыны Асинхронная вычислительная машина Asynchronous computer 
Асинхрон машын Асинхронная машина Asynchronous machine 
1) Асинхрон ишлямя 
2) Tякмилляшдирмя 

Асинхронная обработка Asynchronous processing 

Асинхрон ямялиййат Асинхронная операция Asynchronous operation 
Асинхрон ютцрмя Асинхронная передача Asynchronous transmission 
Асинхрон иш Асинхронная работа Asynchronous working 
Асинхрон систем Асинхронная система Asynchronous system 
Асинхрон эенератор Асинхронный генератор Asynchronous generator 
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Асинхрон мцщяррик Асинхронный двигатель Asynchronous motor 
Асинхрон иш гайдасы Асинхронный режим Asynchronous mode 
Аспиратор Аспиратор Aspirator 
Су аспиратору Аспиратор водный Aque aspirator 
Гоша аспиратор Аспиратор двойной Double aspirator 
Аспирасион психрометр Аспирационный психрометр Aspiration psychrometer 
Аспирасион термометр Аспирационный термометр Aspiration thermometer 
Ассемблер Ассемблер Assembler 
Ассимилйасийа Ассимиляция Assimilation 
Ассосиатив йаддаш Ассоциативная память Associative memory 
Ассосиатив гейд дяфтяри Ассоциативный регистр Associative register 
Ассосиасийа Ассоциация Association 
Ионларын ассосиасийасы Ассоциация ионов Association of ions 
Молекулларын ассосиасийасы Ассоциация молекул Molecular association 
Ассосиасийа олунмуш майе Ассоциированная жидкость  Asssociated liquid 
Ассосиасийа олунмуш молекул Ассоциированная молекула Asssociated molecule 
Магнит астазийаламасы Астазирование магнитное Magnetic astatizing  
Астазийалама Астазировать Astatize 
Астазийа Астазия Astasia 
Астатин Астатин Astatine 
Астатик магара Астатическая катушка Astatic coil 
Астатик магнитляр системи Астатическая система магнитов Astatic system of magnets 
Астатик Астатический Astatic 
Астатик галванометр Астатический гальванометр Astatic galvanometer 
Астатик магнитюлчян Астатический магнитометр Astatic magnetometer 
Астатик таразлыг Астатическое равновесие 1) Astatic balance 

2) Astatic equilibrium 
Астатик тянзимлямя Астатическое регулирование Astatic control 
Астеносфера Астеносфера Asthenosphere 
Астеризм Астеризм Asterism 
Астероид Астероид Planetoid 
Асигматизм Астигматизм Astigmatism 
Дястя асигматизми Астигматизм пучка Astigmatism of pencil 
Асигматик фярг Астигматическая разность Astigmation difference 
Шцаларын асигматик дястяси Астигматический пучок лучей Astigmatic pencil of rays 
Астрометрийа Астрометрия  Astrometry 
Астрограф Астрограф Astrophotometry 
Астроид Астроида Astroid 
Астролоэийа Астрология Astrology 
Астролйабийа Астролябия Astrolabe 
Призма иля астролйабийа Астролябия с призмой Astrolabe with prism 
Астрометрийа Астрометрия Astrometry 
Астрономик узунлуг даиряси  Астрономическая долгота Astronomical longitude 
Астрономик ващид Астрономическая единица Astronomical unit 
Астрономик гцввя ващиди Астрономическая единица силы Astronomical unit of force 
Астрономик обсерваторийа Астрономическая обсерватория Astronomical observatory   
Астрономик рефраксийа Астрономическая рефракция Astronomical refraction 
Астрономик ен даиряси Астрономическая широта Astronomical latitude 
Астрономик сабитляр Астрономические постоянные Astronomical constants 
Астрономик алагаранлыглар Астрономические сумерки Astronomical twilight 
Астрономик саат Астрономические часы Astronomical clock 
Астрономик иглим Астрономический климат Astronomical climate 
Астрономик компас Астрономический компас Astronomical compass 
Астрономик ишаря, яламят Астрономический символ Astronomical sign 
Астрономик телескоп Астрономический телескоп Astronomical telescope 
Астрономик цчбужаг Астрономический треугольник Astronomical triangle 
Астрономик вахт Астрономическое время Astronomical time 
Астрономийа Астрономия Astronomy 
Астроспектроскопийа Астроспектроскопия Astronomical triangle 
Астрофизика Астрофизика Astrophysics 
Астрофизики обсерваторийа Астрофизическая обсерватория Astrophysical observatory 
Астрофотографийа Астрофотография Astrophotography 
Астрофотометрийа Астрофотометрия Celestial photometry 
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Асферик линза Асферическая линза Aspherical lens 
Асферик сятщ Асферическая поверхность Aspherical surface 
Атаксиt Атаксит Ataxite 
Атактик полимер Атактический полимер Atactic polymer 
Атермик мящлул Атермический раствор 1) Athermal solution 

2) Athermic solution 
Атвуд машыны Атвуда машина Atwood’s machine 
Спектрал хятлярин атласы Атлас спектральных линий 1) Spectral atlas  

2) Spectral map 
Атмолиз Атмолиз Atmolysis 
Атмосфер Атмосфера Atmosphere 
Улдуз атмосфери Атмосфера звезды Stellar atmosphere  
Йерин атмосфери Атмосфера Земли Earth atmosphere 
Биржинс атмосфер Атмосфера однородная Homogeneous atmosphere 
Таразлыг (мцвазинят)  атмосфери Атмосфера равновесия Atmosphere of equilibrium 
Эцняш атмосфери Атмосфера Солнца Solar atmosphere 
Техники атмосфер Атмосфера техническая Technical atmosphere 
Физики атмосфер Атмосфера физическая Physical atmosphere 
Атмосферляр Атмосферики Atmospherics 
Атмосфер акустикасы Атмосферная акустика 1) Atmospheric acoustics 

2) Meteorogical acoustics 
Атмосфер диффузийасы Атмосферная диффузия Atmospheric diffusion 
Атмосфер коррозийасы Атмосферная коррозия Atmospheric corrosion 
Атмосфер оптикасы Атмосферная оптика 1) Atmospheric optics 

2) Meteorogical optics 
Атмосфер рефраксийасы Атмосферная рефракция Atmosphere refractions 
Атмосфер турбилетлийи Атмосферная турбулентность Atmospheric turbulence 
Атмосфер гатларынын дювр етмяси Атмосферная циркуляция Atmospheric circulation 
Атмосферин щяйяжанланмасы Атмосферное возмущение Atmospheric disturbance 
Атмосфер тязйиги Атмосферное давление Atmospheric pressure, barometric 

pressure 
Атмосферин шцаланмасы Атмосферное излучение Atmospheric radiation 
Атмосферин шца удмасы Атмосферное поглощение Atmospheric absorption 
Атмосферин ишыгланмасы Атмосферное свечение Airglow 
Атмосфер електрики Атмосферное электричество Atmospheric electricity 
Атмосфер дальалары Атмосферные волны Atmospheric waves 
Атмосфер ионлары Атмосферные ионы Atmospheric ions 
Атмосфер рягсляри Атмосферные колебания Atmospheric oscillation 
Атмосфер чюкцнтцляри Атмосферные осадки Precipitation 
Атмосфер манеяляри Атмосферные помехи Atmospheric disturbance 
Атмосфер габармалары Атмосферные приливы Atmospheric tides 
Атмосфер ашгарлары Атмосферные примеси Atmospheric impurities 
Атмосфер шяраити Атмосферные условия Atmospheric conditions 
Атмосфер щадисяляри Атмосферные явления Atmospheric phenomena 
Атмосфер эцжлц йаьышы Атмосферный ливень Air shower 
Атмосфер озону Атмосферный озон Atmospheric ozon 
Атмосфер бошалмасы Атмосферный разряд Atmospheric discharge 
Атмосфер сцтуну Атмосферный столб Air column 
Атмосфер сяс-кцйц Атмосферный шум Atmospheric noic 
Атмосфер елементи Атмосферный элемент Atmophile element 
Коттрелл атмосферляри Атмосферы Коттрелла Cottrell atmospheres 
Атом Атом  Atom 
Атомар щидроэен Атомарный водород Atomic hydrogen 
Бурульанлы атом Атом вихревой Eddy atom  
Тятбиг едилян атом Атом внедрения Interstitial atom 
Щидроэеня бянзяр атом Атом водородоподобный Hydrogen-like atom 
Щяйяжанланмыш атом Атом возбужденный Exited atom 
Диамагнит атом Атом диамагнитный Diamagnetic atom 
Явязедижи атом Атом замещения 1) Atom of substitution 

2) Atom of replacement 
Ионлашмыш атом Атом ионизированный Ionization atom 
Нейтрал атом Атом нейтральный Neutral atom 
Парамагнит атом Атом парамагнитный Paramagnetic atom 
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Радиоактив атом Атом радиоактивный Radioactive atom 
Атомизм Атомизм Atomism 
Атомистика Атомистика Atomistics 
Атомистик гурулуш Атомистическое строение Atomic structure 
Атом батарейасы Атомная батарея Atomic battery 
Атом бомбасы Атомная бомба Atomic bomb 
Атом дисперсийасы Атомная дисперсия Atomic dispersion 
Атом щиссяси Атомная доля Atomic fraction 
Атом ващиди Атомная единица Atomic unit 
Кцтлянин атом ващиди Атомная единица массы Atomic mass unit 
Атом магнит нцфузлуьу Атомная магнитная восприимчивость Atomic magnetic susceptibility 
Атом кцтляси Атомная масса Atomic weight 
Физики шкалада атом кцтляси Атомная масса по физической шкале Physical atomic weight  
Кимйяви шкалада атом кцтляси Атомная масса по химической шкале Chemical atomic weight 
Тезлийин атом кцтляси Атомная масса частоты Atomic mass frequency  
Атом модели Атомная модель Atomic model 
Атом орбити Атомная орбита Atomic orbit 
Атом орбиталы Атомная орбиталь Atomic orbital 
Атом мцстявиси Атомная плоскость Atomic plane 
Атом полйаризасийасы Атомная поляризация Atomic polarization 
Атом рефраксийасы Атомная рефракция Atomic refraction 
Атом гяфяси Атомная решетка Atomic lattice 
Атом спектрал хятти Атомная спектральная линия Atomic spectral line 
Атом нязяриййяси Атомная теория Atomic theory 
Атом истилик тутуму Атомная теплоемкость Atomic heat 
Сабит тязйигдя атом истилик тутуму Атомная теплоемкость при постоян-

ном давлении 
Atomic heat at constant pressure 
 

Сабит щяжмдя атом истилик тутуму Атомная теплоемкость при постоян-
ном объеме 

Atomic heat at constant volume 

Атом тормозлама габилиййяти Атомная тормозная способность Atomic stopping power 
Атом физикасы Атомная физика Atomic physics 
Атом енерэетикасы Атомная энергетика Atomic power engineering 
Атом енеръиси Атомная энергия Atomic energy 
Атом-абсорбсийа спектрофотомет-
рийасы 

Атомно-абсорбционная спектрофото-
метрия 

Atomic absorption spectrophotometry 

Атом-абсорбсийа спектрал анализ Атомно-абсорбционный спектральный 
анализ 

Atomic absorption spectral analysis 

Атом-абсорбсийа спектрофотометр Атомно-абсорбционный спектрофото-
метр 

Atomic absorption spectrophotometer 

Атом фырланмасы Атомное вращение Atomic rotation 
Атом вахты Атомное время Atomic time 
Атом кясийи Атомное сечение Atomic cross-section 
Атомун щалы Атомное состояние Atomic state 
Атом нцвяси Атомное ядро Atomic nucleus 
Атом полйарлашма ямсалы Атомной коэффициент поляризации  Atomic polarization coefficient 
Атом полйарлашма тензору Атомной тензор поляризации Atomic polarization tensor 
Атом моделляри Атомные модели Atomic models 
Атом сааты Атомные часы Atomic clock 
Атом чякиси Атомный вес Atomic weight 
Атом эенератору Атомный генератор Atomic generator 
Атом мцщяррики Атомный двигатель Atomic energy engine 
Атом диполу Атомный диполь Atomic dipole 
Атом йцкц Атомный заряд Atomic charge 
Атом удулма ямсалы Атомный коэффициент поглощения Atomic absorption coefficient 
Атом кристалы Атомный кристалл Atomic crystal 
Атом шцасы Атомный луч Atomic ray 
Атом нюмряси Атомный номер Atomic number 
Атом щяжми Атомный объем Atomic volume 
Атом галыьы Атомный остаток Atomic remainder 
Атом фаизи Атомный процент Atomic percent 
Атом дястяси Атомный пучок Atomic beam 
Атом радиусу Атомный радиус Atomic radius 
Атом реактору Атомный реактор Atomic reactor 
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Атом тябягяси Атомный слой Atomic layer 
Атом спектри Атомный спектр Atomic spectrum 
Атом фактору Атомный фактор Atomic factor 
Сяпилмянин атом фактору Атомный фактор рассеяния Atomic scattering factor 
Итялямя атому Атом отдачи Recoil atom 
Гяфяс атому Атом решетки Lattice atom 
Аттенйуатор Аттенюатор Attenuator 
Аудиограм Аудиограмма Audiogram 
Аудиметр Аудиометр Audiometer 
Ауксохром Ауксохром Auxochrome 
Аустенизлямя Аустенизация Austenitizing 
Аустенит Аустенит Austenite 
Аустенит гурулушу Аустенитная структура Austenitic structure 
Аустенит тохуму Аустенитное зерно Austenitic grain 
Аустин дцстуру Аустина формула Austina formula 
Аутооксидляшдирмя Аутооксидация Autoxidation 
Афелий Афелий Aphelion 
Афокал систем Афокальная система Afocal system 
Афин жябри групу Аффинная алгебраическая группа Affine algebraic group 
Афин щяндясяси Аффинная геометрия Affine geometry 
Афин дифференсиал щяндясяси Аффинная дифференциальная геомет-

рия 
Affine differential geometry 

Афин яйрилийи Аффинная кривизна Affine curvature 
Афин рабитялийи Аффинная связность Affine connection 
Афин иникасы (якс етмяси) Аффинное отображение Affine mapping 
Афин чеврилмяси Аффинное преобразование Affine transformation 
Афин фязасы Аффинное пространство Affine space 
Афин-конгруент Аффинно-конгруэнтный Affinely congruent  
Афин координатлары Аффинные координаты Affine coordinates 
Афинор Аффинор Affinor 
Ахромазийа Ахромазия Achromasia 
Ахромат Ахромат Achromat 
Ахроматизм Ахроматизм Achromatism 
Ахроматик линза Ахроматическая линза Achromatic lens 
Ахроматик призма Ахроматическая призма Achromatic prism 
Ахроматик рянэ Ахроматический цвет Achromatic color 
Асетилен-оксиэен алову Ацетилено-кислородное пламя Oxyacetylene flame 
Асетон Ацетон Acetone 
Асидиметрийа Ацидиметрия Acidimetry 
Асиклик Ациклический Acyclic 
Асиклик бирляшмя Ациклическое соединение Acyclic compound 
Аерасийа Аэрация 1) Aeration 

2) Aerification 
Аероgел Аэрогель Aerogel 
Аерографийа Аэрография Aerography 
Аерограм Аэрограмма Aerogram 
Аерограф Аэрограф Aerograph 
Аеродинамика Аэродинамика Aerodynamics 
Сейрялдилмиш газларын аеродинами-
касы 

Аэродинамика разряженных газов Rarefied gas dynamics 

Сяс сцрятиндян бюйцк сцрятлярин 
аеродинамикасы 

Аэродинамика сверхзвуковых скорос-
тей 

Supersonic aerodynamics 

Аеродинамик интерференсийа Аэродинамическая интерференция Aerodynamic interference 
Аеродинамик бурма Аэродинамическая крутка Aerodynamic twist 
Аеродинамик гцввя Аэродинамическая сила Aerodynamic force 
Аеродинамик бору Аэродинамическая труба Wind tunnel 
Бюйцк сцрятли аеродинамик бору Аэродинамическая труба больших 

скоростей 
High speed wind tunnel 

Гапалы нювлц аеродинамик бору Аэродинамическая труба замкнутого 
типа 

Closed-circuit wind tunnel 

Гыса мцддятли ишляйян аеродина-
мик бору 

Аэродинамическая труба кратковре-
менного действия 

Intermittent wind tunnel  

Кичик сыхлыглы аеродинамик бору Аэродинамическая труба малой плот- Low-density wind tunnel 
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ности 
Кичик сцрятляря щесабланмыш аеро-
динамик бору 

Аэродинамическая труба малых ско-
ростей 

Low-speed wind tunnel 

дяйишян сыхлыглы аеродинамик бору Аэродинамическая труба переменной 
плотности 

Variable-density wind tunnel 

Ачыг нювлц аеродинамик бору Аэродинамическая труба разомкнуто-
го типа  

Open-circuit wind tunnel 

Гапалы ишчи щиссяли аеродинамик 
бору 

Аэродинамическая труба с закрытой 
рабочей частью 

Closed-jet wind tunnel 

Ачыг ишчи щиссяли аеродинамик бору Аэродинамическая труба с открытой 
рабочей частью 

Open-jet wind tunnel 

Аеродинамик характеристика Аэродинамическая характеристика Aerodynamic characteristics 
Аеродинамик тярязи Аэродинамические весы Aerodynamic balance 
Аеродинамик гызма Аэродинамический нагрев Aerodynamic hearting 
Аеродинамик из Аэродинамический след Aerodynamic wake 
Аеродинамик фокус Аэродинамический фокус Aerodynamic center 
Аеродинамик кейфиййят Аэродинамическое качество Lift-drag ratio  
Аеродинамик мцгавимят Аэродинамическое сопротивление Aerodynamic resistance 
Аерозол Аэрозоль Aerosol 
Аеролит Аэролит Aerolite 
Аеролоэик хяритя Аэрологическая карта Upper-air chart 
Аеролоэик обсерваторийа Аэрологическая обсерватория Aerological observatory   
Аеролоэик анализ (тящлил) Аэрологический анализ Upper-air analysis 
Аеролоэийа Аэрология Aerology 
Аеромагнитометр Аэромагнитометр Airborne magnetometer 
Аеромеханика Аэромеханика Aeromechanics 
Аеронавт Аэронавт Aeronaut 
Аеронавтика Аэронавтика Aeronautics 
Аерономийа Аэрономия Aeronomy 
Аероплан, тяййаря Аэроплан Airplane 
Аерошякил Аэроснимок Aerial photography 
Аеростат Аэростат Ballon 
Аеростатика Аэростатика Aerostatics 
Аеростатик гцввя Аэростатическая сила Aerostatic force 
Аеромцщит Аэросфера Aerosphere 
Аеротермоеластиклик Аэротермоупругость Aerothermoelasticity 
Аерофотограметрийа Аэрофотограметрия Aerophotogrametry 
Аероеластиклик Аэроупругость Aeroelasticity 
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Measuring apparatus Юлчц апараты Аппарат измеритель 
Cinema apparatus Киноматограф апараты Аппарат кинематографический  
Film projection apparatus Кинопройексийа апараты Аппарат кинопроекционный 
Compensated apparatus Компенсасийа апараты Аппарат компенсационный 
Morze’s apparatus Морзе апараты Аппарат Морзе 
Optical apparatus Оптик апарат Аппарат оптический 
Device-sender Эюндярижи апарат Аппарат отправитель 
Portable apparatus Кючцрцжц апарат Аппарат переносный 
Polarizing apparatus Полйарлашма апараты Аппарат поляризационный 
Receiving apparatus Гябуледижи апарат Аппарат приемный 
Projection apparatus Пройексийа апараты Аппарат проекционный 
Radio-telegraph apparatus Радио телеграф апараты Аппарат радио телеграфный 
Regulating apparatus Тянзимедижи апарат Аппарат регулирующий 
X-ray apparatus Рентэен апараты Аппарат рентгеновский 
Rotation apparatus  Ротасийа апараты Аппарат ротационный 
Autographic apparatus Юзцйазан апарат Аппарат самопишущий 
Simplex apparatus Симплекс апараты Аппарат симплексный 
Hear apparatus Ешитмя апараты Аппарат слуховой 
Thermal apparatus Истилик апараты Аппарат тепловой 
Off-state current apparatus Жяряйаны кясян апарат Аппарат отключения тока 
Preccise apparatus Дягиг апарат Аппарат точный 
Drawn apparatus Жызан апарат Аппарат чертящий 
Yuz’s apparatus Йуз апараты Аппарат Юза 
Approximate derivative Апроксиматик тюрямя Аппроксимативная производная 
Apriori probability Априори ещтимал Априорная вероятность 
Aprotic solvent Апротон мящлул Апротонный растворитель 
Apse Апсид Апсида 
Line of apsides Апсид хятти Апсидная линия 
Arago-Frenel experiment Араго-Френел тяжрцбяси Араго-Френеля опыт 
Arago effect Араго щадисяси Араго явление 
Argentometry Арэентометрийа Аргентометрия 
Argon Аргон Аргон 
Argon glow lamp Аргон лампасы Аргоновая лампа 
Argon-ion laser Аргон ион лазери Аргоновый ионный лазер 
Argon laser Аргон лазери Аргоновый лазер 
Argon tube                 Аргон боружуьу Аргонная трубка 
Argument Комплекс ядядин аргументи Аргумент комплексного числа 
Argument of perihelion Перимяркязин аргументи Аргумент перицентра 
Argument of latitude Ен даирясинин аргументи Аргумент широты 
Ardometer Ардометр Ардометр 
Areometer    Ареометр Ареометр 
Percentage areometer Фаиз ареометри Ареометр процентный 
Areopycnometer Ареопикнометр Ареопикнометр 
Arid zone Арид зонасы Аридная зона 
Arithmetization Арифметикляшмя Арифметизация 
Arithmetic Арифметика Арифметика 
Arithmetic instruction Арифметик команда Арифметическая команда 
Floating-point arithmetic Цзян (эязян) верэцл иля арифметик 

ямялиййат 
Арифметическая операция с плаваю-
щей запятой 

Fixed-point arithmetic Фикся олунмуш верэцл иля арифметик 
ямялиййат 

Арифметическая операция с фиксиро-
ванной запятой 

Arithmetic subgroup Арифметик алт груп Арифметическая подгруппа 
Arithmetical progression Арифметик прогрес Арифметическая прогрессия 
Arithmetic progression of higher order Йцксяк тяртибли арифметик прогрес Арифметическая прогрессия высшего 

порядка 
Arithmetic sum Арифметик жям Арифметическая сумма 
Arithmetic unit Арифметик блок Арифметический блок 
Arithmetic operator Арифметик оператор Арифметический оператор 
Arithmetic series Арифметик сыра Арифметический ряд 
Arithmetic shift Арифметик дяйишмя Арифметический сдвиг 
Arithmetic triangle Арифметик цчбужаг Арифметический треугольник 
Arithmetic expression Арифметик ифадя Арифметическое выражение 
Arithmetic operation Арифметик ямялиййат Арифметическое действие 
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Arithmetic mean Арифметик орта Арифметическое среднее 
Arithmetic device Арифметик гурулуш Арифметическое устройство 
1) Adding machine 
2) Arithmometer 
3) Calculator 
4) Desk calculating machine 

Арифмометр Арифмометр 

Arc cosine Арккосинус Арккосинус 
Arc cotangent Арккотанэенс Арккотангенс 
Arc sine Арксинус Арксинус 
Arc tangent Арктанэенс Арктангенс 
Arctic front Арктика жябщяси Арктический фронт 
1) Accessories 
2) Armature 

Арматура Арматура 

Armillary sphere Армилйар даиря (мцщит) Армиллярная сфера 
Armco-iron Армко-дямир Армко-железо 
Aromatic compound Ароматик бирляшмяляр Ароматические соединения 
Arrhenius’s theory Арренiус нязяриййяси Аррениуса теория 
1) Arrester 
2) Arresting lever 
3) Caging device 
4) Catch 
5) Stop 

Арретир Арретир 

1) Cage 
2) Rate-cage 

Арретирлямяк Арретировать 

Articulating ability Артикуллашдырма габилиййяти Артикулирующая способность 
Articulation Артикулйасийа Артикуляция 
Archimedes’ principle Архимед гануну Архимеда закон 
Buoyancy Архимед гцввяси Архимедова сила 
Archimedes screw Архимед винти Архимедов винт 
Asbestos Асбест Асбест 
Asymmetrical molecule Асимметрик молекул Ассимметрическая молекула 
Asymmetrical atom Асимметрик атом Асимметрический атом 
Asymmetrical analysis Асимметрик тящлил Асимметрический анализ 
Asymmetric synthesis Асимметрик синтез Асимметрический синтез 
Asymmetrical wave Асимметрик дальа Асимметричная волна 
Asymmetrical curve Асимметрик яйри Асимметричная кривая 
Asymmetric distribution Асимметрик пайланма Асимметричное распределение 
Asymmetric vibration Асимметрик рягсляр Асимметричные колебания 
Asymmetrical top Асимметрик фырфыра Асимметричный волчок 
Asymmetric rotator Асимметрик ротатор Асимметричный ротатор 
Asymmetry Асимметрийа Асимметрия 
East-West asymmetry  Шярг-Гярб асимметрийасы Асимметрия восточно-западная 
North-South asymmetry Шимал-Жянуб асимметрийасы Асимметрия северо-южная 
Asymptote Асимптота Асимптота 
Asymptotic convergence Асимптотик йыьылма (сыранын) Асимптотическая сходимость 
Asymptotic cone Асимптотик конус Асимптотический конус 
Asymptotic path Асимптотик йол Асимптотический путь  
Asymptotic series Асимптотик сыра Асимптотический ряд 
Asymptotically stable Асимптотик дайаныглы Асимптотически устойчивый 
Asymptotic expression Асимптотик ифадя Асимптотическое выражение 
Asymptotic value Асимптотик гиймят Асимптотическое значение 
Asymptotic direction Асимптотик истигамят Асимптотическое направление 
Asymptotic expansion Асимптотик сырайа айырма  Асимптотическое разложение  
Asymptotic solution Асимптотик щялл Асимптотическое решение 
Asynchronous computer Асинхрон щесаблама машыны Асинхронная вычислительная машина 
Asynchronous machine Асинхрон машын Асинхронная машина 
Asynchronous processing 1) Асинхрон ишлямя 

2) Tякмилляшдирмя 
Асинхронная обработка 

Asynchronous operation Асинхрон ямялиййат Асинхронная операция 
Asynchronous transmission Асинхрон ютцрмя Асинхронная передача 
Asynchronous working Асинхрон иш Асинхронная работа 
Asynchronous system Асинхрон систем Асинхронная система 
Asynchronous generator Асинхрон эенератор Асинхронный генератор 
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Asynchronous motor Асинхрон мцщяррик Асинхронный двигатель 
Asynchronous mode Асинхрон иш гайдасы Асинхронный режим 
Aspirator Аспиратор Аспиратор 
Aque aspirator Су аспиратору Аспиратор водный 
Double aspirator Гоша аспиратор Аспиратор двойной 
Aspiration psychrometer Аспирасион психрометр Аспирационный психрометр 
Aspiration thermometer Аспирасион термометр Аспирационный термометр 
Assembler Ассемблер Ассемблер 
Assimilation Ассимилйасийа Ассимиляция 
Associative memory Ассосиатив йаддаш Ассоциативная память 
Associative register Ассосиатив гейд дяфтяри Ассоциативный регистр 
Association Ассосиасийа Ассоциация 
Association of ions Ионларын ассосиасийасы Ассоциация ионов 
Molecular association Молекулларын ассосиасийасы Ассоциация молекул 
Asssociated liquid Ассосиасийа олунмуш майе Ассоциированная жидкость  
Asssociated molecule Ассосиасийа олунмуш молекул Ассоциированная молекула 
Magnetic astatizing  Магнит астазийаламасы Астазирование магнитное 
Astatize Астазийалама Астазировать 
Astasia Астазийа Астазия 
Astatine Астатин Астатин 
Astatic coil Астатик магара Астатическая катушка 
Astatic system of magnets Астатик магнитляр системи Астатическая система магнитов 
Astatic Астатик Астатический 
Astatic galvanometer Астатик галванометр Астатический гальванометр 
Astatic magnetometer Астатик магнитюлчян Астатический магнитометр 
1) Astatic balance 
2) Astatic equilibrium 

Астатик таразлыг Астатическое равновесие 

Astatic control Астатик тянзимлямя Астатическое регулирование 
Asthenosphere Астеносфера Астеносфера 
Asterism Астеризм Астеризм 
Planetoid Астероид Астероид 
Astigmatism Асигматизм Астигматизм 
Astigmatism of pencil Дястя асигматизми Астигматизм пучка 
Astigmation difference Асигматик фярг Астигматическая разность 
Astigmatic pencil of rays Шцаларын асигматик дястяси Астигматический пучок лучей 
Astrometry Астрометрийа Астрометрия  
Astrophotometry Астрограф Астрограф 
Astroid Астроид Астроида 
Astrology Астролоэийа Астрология 
Astrolabe Астролйабийа Астролябия 
Astrolabe with prism Призма иля астролйабийа Астролябия с призмой 
Astrometry Астрометрийа Астрометрия 
Astronomical longitude Астрономик узунлуг даиряси  Астрономическая долгота 
Astronomical unit Астрономик ващид Астрономическая единица 
Astronomical unit of force Астрономик гцввя ващиди Астрономическая единица силы 
Astronomical observatory   Астрономик обсерваторийа Астрономическая обсерватория 
Astronomical refraction Астрономик рефраксийа Астрономическая рефракция 
Astronomical latitude Астрономик ен даиряси Астрономическая широта 
Astronomical constants Астрономик сабитляр Астрономические постоянные 
Astronomical twilight Астрономик алагаранлыглар Астрономические сумерки 
Astronomical clock Астрономик саат Астрономические часы 
Astronomical climate Астрономик иглим Астрономический климат 
Astronomical compass Астрономик компас Астрономический компас 
Astronomical sign Астрономик ишаря, яламят Астрономический символ 
Astronomical telescope Астрономик телескоп Астрономический телескоп 
Astronomical triangle Астрономик цчбужаг Астрономический треугольник 
Astronomical time Астрономик вахт Астрономическое время 
Astronomy Астрономийа Астрономия 
Astronomical triangle Астроспектроскопийа Астроспектроскопия 
Astrophysics Астрофизика Астрофизика 
Astrophysical observatory Астрофизики обсерваторийа Астрофизическая обсерватория 
Astrophotography Астрофотографийа Астрофотография 
Celestial photometry Астрофотометрийа Астрофотометрия 
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Aspherical lens Асферик линза Асферическая линза 
Aspherical surface Асферик сятщ Асферическая поверхность 
Ataxite Атаксиt Атаксит 
Atactic polymer Атактик полимер Атактический полимер 
1) Athermal solution 
2) Athermic solution 

Атермик мящлул Атермический раствор 

Atwood’s machine Атвуд машыны Атвуда машина 
1) Spectral atlas  
2) Spectral map 

Спектрал хятлярин атласы Атлас спектральных линий 

Atmolysis Атмолиз Атмолиз 
Atmosphere Атмосфер Атмосфера 
Stellar atmosphere  Улдуз атмосфери Атмосфера звезды 
Earth atmosphere Йерин атмосфери Атмосфера Земли 
Homogeneous atmosphere Биржинс атмосфер Атмосфера однородная 
Atmosphere of equilibrium Таразлыг (мцвазинят)  атмосфери Атмосфера равновесия 
Solar atmosphere Эцняш атмосфери Атмосфера Солнца 
Technical atmosphere Техники атмосфер Атмосфера техническая 
Physical atmosphere Физики атмосфер Атмосфера физическая 
Atmospherics Атмосферляр Атмосферики 
1) Atmospheric acoustics 
2) Meteorogical acoustics 

Атмосфер акустикасы Атмосферная акустика 

Atmospheric diffusion Атмосфер диффузийасы Атмосферная диффузия 
Atmospheric corrosion Атмосфер коррозийасы Атмосферная коррозия 
1) Atmospheric optics 
2) Meteorogical optics 

Атмосфер оптикасы Атмосферная оптика 

Atmosphere refractions Атмосфер рефраксийасы Атмосферная рефракция 
Atmospheric turbulence Атмосфер турбилетлийи Атмосферная турбулентность 
Atmospheric circulation Атмосфер гатларынын дювр етмяси Атмосферная циркуляция 
Atmospheric disturbance Атмосферин щяйяжанланмасы Атмосферное возмущение 
Atmospheric pressure, barometric 
pressure 

Атмосфер тязйиги Атмосферное давление 

Atmospheric radiation Атмосферин шцаланмасы Атмосферное излучение 
Atmospheric absorption Атмосферин шца удмасы Атмосферное поглощение 
Airglow Атмосферин ишыгланмасы Атмосферное свечение 
Atmospheric electricity Атмосфер електрики Атмосферное электричество 
Atmospheric waves Атмосфер дальалары Атмосферные волны 
Atmospheric ions Атмосфер ионлары Атмосферные ионы 
Atmospheric oscillation Атмосфер рягсляри Атмосферные колебания 
Precipitation Атмосфер чюкцнтцляри Атмосферные осадки 
Atmospheric disturbance Атмосфер манеяляри Атмосферные помехи 
Atmospheric tides Атмосфер габармалары Атмосферные приливы 
Atmospheric impurities Атмосфер ашгарлары Атмосферные примеси 
Atmospheric conditions Атмосфер шяраити Атмосферные условия 
Atmospheric phenomena Атмосфер щадисяляри Атмосферные явления 
Air shower Атмосфер эцжлц йаьышы Атмосферный ливень 
Atmospheric ozon Атмосфер озону Атмосферный озон 
Atmospheric discharge Атмосфер бошалмасы Атмосферный разряд 
Air column Атмосфер сцтуну Атмосферный столб 
Atmospheric noic Атмосфер сяс-кцйц Атмосферный шум 
Atmophile element Атмосфер елементи Атмосферный элемент 
Cottrell atmospheres Коттрелл атмосферляри Атмосферы Коттрелла 
Atom Атом Атом  
Atomic hydrogen Атомар щидроэен Атомарный водород 
Eddy atom  Бурульанлы атом Атом вихревой 
Interstitial atom Тятбиг едилян атом Атом внедрения 
Hydrogen-like atom Щидроэеня бянзяр атом Атом водородоподобный 
Exited atom Щяйяжанланмыш атом Атом возбужденный 
Diamagnetic atom Диамагнит атом Атом диамагнитный 
1) Atom of substitution 
2) Atom of replacement 

Явязедижи атом Атом замещения 

Ionization atom Ионлашмыш атом Атом ионизированный 
Neutral atom Нейтрал атом Атом нейтральный 
Paramagnetic atom Парамагнит атом Атом парамагнитный 
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Radioactive atom Радиоактив атом Атом радиоактивный 
Atomism Атомизм Атомизм 
Atomistics Атомистика Атомистика 
Atomic structure Атомистик гурулуш Атомистическое строение 
Atomic battery Атом батарейасы Атомная батарея 
Atomic bomb Атом бомбасы Атомная бомба 
Atomic dispersion Атом дисперсийасы Атомная дисперсия 
Atomic fraction Атом щиссяси Атомная доля 
Atomic unit Атом ващиди Атомная единица 
Atomic mass unit Кцтлянин атом ващиди Атомная единица массы 
Atomic magnetic susceptibility Атом магнит нцфузлуьу Атомная магнитная восприимчивость 
Atomic weight Атом кцтляси Атомная масса 
Physical atomic weight  Физики шкалада атом кцтляси Атомная масса по физической шкале 
Chemical atomic weight Кимйяви шкалада атом кцтляси Атомная масса по химической шкале 
Atomic mass frequency  Тезлийин атом кцтляси Атомная масса частоты 
Atomic model Атом модели Атомная модель 
Atomic orbit Атом орбити Атомная орбита 
Atomic orbital Атом орбиталы Атомная орбиталь 
Atomic plane Атом мцстявиси Атомная плоскость 
Atomic polarization Атом полйаризасийасы Атомная поляризация 
Atomic refraction Атом рефраксийасы Атомная рефракция 
Atomic lattice Атом гяфяси Атомная решетка 
Atomic spectral line Атом спектрал хятти Атомная спектральная линия 
Atomic theory Атом нязяриййяси Атомная теория 
Atomic heat Атом истилик тутуму Атомная теплоемкость 
Atomic heat at constant pressure 
 

Сабит тязйигдя атом истилик тутуму Атомная теплоемкость при постоян-
ном давлении 

Atomic heat at constant volume Сабит щяжмдя атом истилик тутуму Атомная теплоемкость при постоян-
ном объеме 

Atomic stopping power Атом тормозлама габилиййяти Атомная тормозная способность 
Atomic physics Атом физикасы Атомная физика 
Atomic power engineering Атом енерэетикасы Атомная энергетика 
Atomic energy Атом енеръиси Атомная энергия 
Atomic absorption spectrophotometry Атом-абсорбсийа спектрофотомет-

рийасы 
Атомно-абсорбционная спектрофото-
метрия 

Atomic absorption spectral analysis Атом-абсорбсийа спектрал анализ Атомно-абсорбционный спектральный 
анализ 

Atomic absorption spectrophotometer Атом-абсорбсийа спектрофотометр Атомно-абсорбционный 
спектрофотометр 

Atomic rotation Атом фырланмасы Атомное вращение 
Atomic time Атом вахты Атомное время 
Atomic cross-section Атом кясийи Атомное сечение 
Atomic state Атомун щалы Атомное состояние 
Atomic nucleus Атом нцвяси Атомное ядро 
Atomic polarization coefficient Атом полйарлашма ямсалы Атомной коэффициент поляризации  
Atomic polarization tensor Атом полйарлашма тензору Атомной тензор поляризации 
Atomic models Атом моделляри Атомные модели 
Atomic clock Атом сааты Атомные часы 
Atomic weight Атом чякиси Атомный вес 
Atomic generator Атом эенератору Атомный генератор 
Atomic energy engine Атом мцщяррики Атомный двигатель 
Atomic dipole Атом диполу Атомный диполь 
Atomic charge Атом йцкц Атомный заряд 
Atomic absorption coefficient Атом удулма ямсалы Атомный коэффициент поглощения 
Atomic crystal Атом кристалы Атомный кристалл 
Atomic ray Атом шцасы Атомный луч 
Atomic number Атом нюмряси Атомный номер 
Atomic volume Атом щяжми Атомный объем 
Atomic remainder Атом галыьы Атомный остаток 
Atomic percent Атом фаизи Атомный процент 
Atomic beam Атом дястяси Атомный пучок 
Atomic radius Атом радиусу Атомный радиус 
Atomic reactor Атом реактору Атомный реактор 
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Atomic layer Атом тябягяси Атомный слой 
Atomic spectrum Атом спектри Атомный спектр 
Atomic factor Атом фактору Атомный фактор 
Atomic scattering factor Сяпилмянин атом фактору Атомный фактор рассеяния 
Recoil atom Итялямя атому Атом отдачи 
Lattice atom Гяфяс атому Атом решетки 
Attenuator Аттенйуатор Аттенюатор 
Audiogram Аудиограм Аудиограмма 
Audiometer Аудиметр Аудиометр 
Auxochrome Ауксохром Ауксохром 
Austenitizing Аустенизлямя Аустенизация 
Austenite Аустенит Аустенит 
Austenitic structure Аустенит гурулушу Аустенитная структура 
Austenitic grain Аустенит тохуму Аустенитное зерно 
Austina formula Аустин дцстуру Аустина формула 
Autoxidation Аутооксидляшдирмя Аутооксидация 
Aphelion Афелий Афелий 
Afocal system Афокал систем Афокальная система 
Affine algebraic group Афин жябри групу Аффинная алгебраическая группа 
Affine geometry Афин щяндясяси Аффинная геометрия 
Affine differential geometry Афин дифференсиал щяндясяси Аффинная дифференциальная геомет-

рия 
Affine curvature Афин яйрилийи Аффинная кривизна 
Affine connection Афин рабитялийи Аффинная связность 
Affine mapping Афин иникасы (якс етмяси) Аффинное отображение 
Affine transformation Афин чеврилмяси Аффинное преобразование 
Affine space Афин фязасы Аффинное пространство 
Affinely congruent  Афин-конгруент Аффинно-конгруэнтный 
Affine coordinates Афин координатлары Аффинные координаты 
Affinor Афинор Аффинор 
Achromasia Ахромазийа Ахромазия 
Achromat Ахромат Ахромат 
Achromatism Ахроматизм Ахроматизм 
Achromatic lens Ахроматик линза Ахроматическая линза 
Achromatic prism Ахроматик призма Ахроматическая призма 
Achromatic color Ахроматик рянэ Ахроматический цвет 
Oxyacetylene flame Асетилен-оксиэен алову Ацетилено-кислородное пламя 
Acetone Асетон Ацетон 
Acidimetry Асидиметрийа Ацидиметрия 
Acyclic Асиклик Ациклический 
Acyclic compound Асиклик бирляшмя Ациклическое соединение 
1) Aeration 
2) Aerification 

Аерасийа Аэрация 

Aerogel Аероgел Аэрогель 
Aerography Аерографийа Аэрография 
Aerogram Аерограм Аэрограмма 
Aerograph Аерограф Аэрограф 
Aerodynamics Аеродинамика Аэродинамика 
Rarefied gas dynamics Сейрялдилмиш газларын аеродинами-

касы 
Аэродинамика разряженных газов 

Supersonic aerodynamics Сяс сцрятиндян бюйцк сцрятлярин 
аеродинамикасы 

Аэродинамика сверхзвуковых скорос-
тей 

Aerodynamic interference Аеродинамик интерференсийа Аэродинамическая интерференция 
Aerodynamic twist Аеродинамик бурма Аэродинамическая крутка 
Aerodynamic force Аеродинамик гцввя Аэродинамическая сила 
Wind tunnel Аеродинамик бору Аэродинамическая труба 
High speed wind tunnel Бюйцк сцрятли аеродинамик бору Аэродинамическая труба больших 

скоростей 
Closed-circuit wind tunnel Гапалы нювлц аеродинамик бору Аэродинамическая труба замкнутого 

типа 
Intermittent wind tunnel  Гыса мцддятли ишляйян аеродина-

мик бору 
Аэродинамическая труба кратковре-
менного действия 

Low-density wind tunnel Кичик сыхлыглы аеродинамик бору Аэродинамическая труба малой плот-
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ности 
Low-speed wind tunnel Кичик сцрятляря щесабланмыш аеро-

динамик бору 
Аэродинамическая труба малых ско-
ростей 

Variable-density wind tunnel дяйишян сыхлыглы аеродинамик бору Аэродинамическая труба переменной 
плотности 

Open-circuit wind tunnel Ачыг нювлц аеродинамик бору Аэродинамическая труба разомкнуто-
го типа  

Closed-jet wind tunnel Гапалы ишчи щиссяли аеродинамик 
бору 

Аэродинамическая труба с закрытой 
рабочей частью 

Open-jet wind tunnel Ачыг ишчи щиссяли аеродинамик бору Аэродинамическая труба с открытой 
рабочей частью 

Aerodynamic characteristics Аеродинамик характеристика Аэродинамическая характеристика 
Aerodynamic balance Аеродинамик тярязи Аэродинамические весы 
Aerodynamic hearting Аеродинамик гызма Аэродинамический нагрев 
Aerodynamic wake Аеродинамик из Аэродинамический след 
Aerodynamic center Аеродинамик фокус Аэродинамический фокус 
Lift-drag ratio  Аеродинамик кейфиййят Аэродинамическое качество 
Aerodynamic resistance Аеродинамик мцгавимят Аэродинамическое сопротивление 
Aerosol Аерозол Аэрозоль 
Aerolite Аеролит Аэролит 
Upper-air chart Аеролоэик хяритя Аэрологическая карта 
Aerological observatory   Аеролоэик обсерваторийа Аэрологическая обсерватория 
Upper-air analysis Аеролоэик анализ (тящлил) Аэрологический анализ 
Aerology Аеролоэийа Аэрология 
Airborne magnetometer Аеромагнитометр Аэромагнитометр 
Aeromechanics Аеромеханика Аэромеханика 
Aeronaut Аеронавт Аэронавт 
Aeronautics Аеронавтика Аэронавтика 
Aeronomy Аерономийа Аэрономия 
Airplane Аероплан, тяййаря Аэроплан 
Aerial photography Аерошякил Аэроснимок 
Ballon Аеростат Аэростат 
Aerostatics Аеростатика Аэростатика 
Aerostatic force Аеростатик гцввя Аэростатическая сила 
Aerosphere Аеромцщит Аэросфера 
Aerothermoelasticity Аеротермоеластиклик Аэротермоупругость 
Aerophotogrametry Аерофотограметрийа Аэрофотограметрия 
Aeroelasticity Аероеластиклик Аэроупругость 
 



РУССКО-АНГЛИЙСКО-АЗЕРБАЙДЖАНСКИЙ ФИЗИЧЕСКИЙ ТЕРМИНОЛОГИЧЕСКИЙ СЛОВАРЬ 

 81

Аппарат измеритель Measuring apparatus Юлчц апараты 
Аппарат кинематографический  Cinema apparatus Киноматограф апараты 
Аппарат кинопроекционный Film projection apparatus Кинопройексийа апараты 
Аппарат компенсационный Compensated apparatus Компенсасийа апараты 
Аппарат Морзе Morze’s apparatus Морзе апараты 
Аппарат оптический Optical apparatus Оптик апарат 
Аппарат отправитель Device-sender Эюндярижи апарат 
Аппарат переносный Portable apparatus Кючцрцжц апарат 
Аппарат поляризационный Polarizing apparatus Полйарлашма апараты 
Аппарат приемный Receiving apparatus Гябуледижи апарат 
Аппарат проекционный Projection apparatus Пройексийа апараты 
Аппарат радио телеграфный Radio-telegraph apparatus Радио телеграф апараты 
Аппарат регулирующий Regulating apparatus Тянзимедижи апарат 
Аппарат рентгеновский X-ray apparatus Рентэен апараты 
Аппарат ротационный Rotation apparatus  Ротасийа апараты 
Аппарат самопишущий Autographic apparatus Юзцйазан апарат 
Аппарат симплексный Simplex apparatus Симплекс апараты 
Аппарат слуховой Hear apparatus Ешитмя апараты 
Аппарат тепловой Thermal apparatus Истилик апараты 
Аппарат отключения тока Off-state current apparatus Жяряйаны кясян апарат 
Аппарат точный Preccise apparatus Дягиг апарат 
Аппарат чертящий Drawn apparatus Жызан апарат 
Аппарат Юза Yuz’s apparatus Йуз апараты 
Аппроксимативная производная Approximate derivative Апроксиматик тюрямя 
Априорная вероятность Apriori probability Априори ещтимал 
Апротонный растворитель Aprotic solvent Апротон мящлул 
Апсида Apse Апсид 
Апсидная линия Line of apsides Апсид хятти 
Араго-Френеля опыт Arago-Frenel experiment Араго-Френел тяжрцбяси 
Араго явление Arago effect Араго щадисяси 
Аргентометрия Argentometry Арэентометрийа 
Аргон Argon Аргон 
Аргоновая лампа Argon glow lamp Аргон лампасы 
Аргоновый ионный лазер Argon-ion laser Аргон ион лазери 
Аргоновый лазер Argon laser Аргон лазери 
Аргонная трубка Argon tube                 Аргон боружуьу 
Аргумент комплексного числа Argument Комплекс ядядин аргументи 
Аргумент перицентра Argument of perihelion Перимяркязин аргументи 
Аргумент широты Argument of latitude Ен даирясинин аргументи 
Ардометр Ardometer Ардометр 
Ареометр Areometer    Ареометр 
Ареометр процентный Percentage areometer Фаиз ареометри 
Ареопикнометр Areopycnometer Ареопикнометр 
Аридная зона Arid zone Арид зонасы 
Арифметизация Arithmetization Арифметикляшмя 
Арифметика Arithmetic Арифметика 
Арифметическая команда Arithmetic instruction Арифметик команда 
Арифметическая операция с плаваю-
щей запятой 

Floating-point arithmetic Цзян (эязян) верэцл иля арифметик 
ямялиййат 

Арифметическая операция с фиксиро-
ванной запятой 

Fixed-point arithmetic Фикся олунмуш верэцл иля арифметик 
ямялиййат 

Арифметическая подгруппа Arithmetic subgroup Арифметик алт груп 
Арифметическая прогрессия Arithmetical progression Арифметик прогрес 
Арифметическая прогрессия высшего 
порядка 

Arithmetic progression of higher 
order 

Йцксяк тяртибли арифметик прогрес 

Арифметическая сумма Arithmetic sum Арифметик жям 
Арифметический блок Arithmetic unit Арифметик блок 
Арифметический оператор Arithmetic operator Арифметик оператор 
Арифметический ряд Arithmetic series Арифметик сыра 
Арифметический сдвиг Arithmetic shift Арифметик дяйишмя 
Арифметический треугольник Arithmetic triangle Арифметик цчбужаг 
Арифметическое выражение Arithmetic expression Арифметик ифадя 
Арифметическое действие Arithmetic operation Арифметик ямялиййат 
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Арифметическое среднее Arithmetic mean Арифметик орта 
Арифметическое устройство Arithmetic device Арифметик гурулуш 
Арифмометр 1) Adding machine 

2) Arithmometer 
3) Calculator 
4) Desk calculating machine 

Арифмометр 

Арккосинус Arc cosine Арккосинус 
Арккотангенс Arc cotangent Арккотанэенс 
Арксинус Arc sine Арксинус 
Арктангенс Arc tangent Арктанэенс 
Арктический фронт Arctic front Арктика жябщяси 
Арматура 1) Accessories 

2) Armature 
Арматура 

Армиллярная сфера Armillary sphere Армилйар даиря (мцщит) 
Армко-железо Armco-iron Армко-дямир 
Ароматические соединения Aromatic compound Ароматик бирляшмяляр 
Аррениуса теория Arrhenius’s theory Арренiус нязяриййяси 
Арретир 1) Arrester 

2) Arresting lever 
3) Caging device 
4) Catch 
5) Stop 

Арретир 

Арретировать 1) Cage 
2) Rate-cage 

Арретирлямяк 

Артикулирующая способность Articulating ability Артикуллашдырма габилиййяти 
Артикуляция Articulation Артикулйасийа 
Архимеда закон Archimedes’ principle Архимед гануну 
Архимедова сила Buoyancy Архимед гцввяси 
Архимедов винт Archimedes screw Архимед винти 
Асбест Asbestos Асбест 
Ассимметрическая молекула Asymmetrical molecule Асимметрик молекул 
Асимметрический атом Asymmetrical atom Асимметрик атом 
Асимметрический анализ Asymmetrical analysis Асимметрик тящлил 
Асимметрический синтез Asymmetric synthesis Асимметрик синтез 
Асимметричная волна Asymmetrical wave Асимметрик дальа 
Асимметричная кривая Asymmetrical curve Асимметрик яйри 
Асимметричное распределение Asymmetric distribution Асимметрик пайланма 
Асимметричные колебания Asymmetric vibration Асимметрик рягсляр 
Асимметричный волчок Asymmetrical top Асимметрик фырфыра 
Асимметричный ротатор Asymmetric rotator Асимметрик ротатор 
Асимметрия Asymmetry Асимметрийа 
Асимметрия восточно-западная East-West asymmetry  Шярг-Гярб асимметрийасы 
Асимметрия северо-южная North-South asymmetry Шимал-Жянуб асимметрийасы 
Асимптота Asymptote Асимптота 
Асимптотическая сходимость Asymptotic convergence Асимптотик йыьылма (сыранын) 
Асимптотический конус Asymptotic cone Асимптотик конус 
Асимптотический путь  Asymptotic path Асимптотик йол 
Асимптотический ряд Asymptotic series Асимптотик сыра 
Асимптотически устойчивый Asymptotically stable Асимптотик дайаныглы 
Асимптотическое выражение Asymptotic expression Асимптотик ифадя 
Асимптотическое значение Asymptotic value Асимптотик гиймят 
Асимптотическое направление Asymptotic direction Асимптотик истигамят 
Асимптотическое разложение  Asymptotic expansion Асимптотик сырайа айырма  
Асимптотическое решение Asymptotic solution Асимптотик щялл 
Асинхронная вычислительная машина Asynchronous computer Асинхрон щесаблама машыны 
Асинхронная машина Asynchronous machine Асинхрон машын 
Асинхронная обработка Asynchronous processing 1) Асинхрон ишлямя 

2) Tякмилляшдирмя 
Асинхронная операция Asynchronous operation Асинхрон ямялиййат 
Асинхронная передача Asynchronous transmission Асинхрон ютцрмя 
Асинхронная работа Asynchronous working Асинхрон иш 
Асинхронная система Asynchronous system Асинхрон систем 
Асинхронный генератор Asynchronous generator Асинхрон эенератор 
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Асинхронный двигатель Asynchronous motor Асинхрон мцщяррик 
Асинхронный режим Asynchronous mode Асинхрон иш гайдасы 
Аспиратор Aspirator Аспиратор 
Аспиратор водный Aque aspirator Су аспиратору 
Аспиратор двойной Double aspirator Гоша аспиратор 
Аспирационный психрометр Aspiration psychrometer Аспирасион психрометр 
Аспирационный термометр Aspiration thermometer Аспирасион термометр 
Ассемблер Assembler Ассемблер 
Ассимиляция Assimilation Ассимилйасийа 
Ассоциативная память Associative memory Ассосиатив йаддаш 
Ассоциативный регистр Associative register Ассосиатив гейд дяфтяри 
Ассоциация Association Ассосиасийа 
Ассоциация ионов Association of ions Ионларын ассосиасийасы 
Ассоциация молекул Molecular association Молекулларын ассосиасийасы 
Ассоциированная жидкость  Asssociated liquid Ассосиасийа олунмуш майе 
Ассоциированная молекула Asssociated molecule Ассосиасийа олунмуш молекул 
Астазирование магнитное Magnetic astatizing  Магнит астазийаламасы 
Астазировать Astatize Астазийалама 
Астазия Astasia Астазийа 
Астатин Astatine Астатин 
Астатическая катушка Astatic coil Астатик магара 
Астатическая система магнитов Astatic system of magnets Астатик магнитляр системи 
Астатический Astatic Астатик 
Астатический гальванометр Astatic galvanometer Астатик галванометр 
Астатический магнитометр Astatic magnetometer Астатик магнитюлчян 
Астатическое равновесие 1) Astatic balance 

2) Astatic equilibrium 
Астатик таразлыг 

Астатическое регулирование Astatic control Астатик тянзимлямя 
Астеносфера Asthenosphere Астеносфера 
Астеризм Asterism Астеризм 
Астероид Planetoid Астероид 
Астигматизм Astigmatism Асигматизм 
Астигматизм пучка Astigmatism of pencil Дястя асигматизми 
Астигматическая разность Astigmation difference Асигматик фярг 
Астигматический пучок лучей Astigmatic pencil of rays Шцаларын асигматик дястяси 
Астрометрия  Astrometry Астрометрийа 
Астрограф Astrophotometry Астрограф 
Астроида Astroid Астроид 
Астрология Astrology Астролоэийа 
Астролябия Astrolabe Астролйабийа 
Астролябия с призмой Astrolabe with prism Призма иля астролйабийа 
Астрометрия Astrometry Астрометрийа 
Астрономическая долгота Astronomical longitude Астрономик узунлуг даиряси  
Астрономическая единица Astronomical unit Астрономик ващид 
Астрономическая единица силы Astronomical unit of force Астрономик гцввя ващиди 
Астрономическая обсерватория Astronomical observatory   Астрономик обсерваторийа 
Астрономическая рефракция Astronomical refraction Астрономик рефраксийа 
Астрономическая широта Astronomical latitude Астрономик ен даиряси 
Астрономические постоянные Astronomical constants Астрономик сабитляр 
Астрономические сумерки Astronomical twilight Астрономик алагаранлыглар 
Астрономические часы Astronomical clock Астрономик саат 
Астрономический климат Astronomical climate Астрономик иглим 
Астрономический компас Astronomical compass Астрономик компас 
Астрономический символ Astronomical sign Астрономик ишаря, яламят 
Астрономический телескоп Astronomical telescope Астрономик телескоп 
Астрономический треугольник Astronomical triangle Астрономик цчбужаг 
Астрономическое время Astronomical time Астрономик вахт 
Астрономия Astronomy Астрономийа 
Астроспектроскопия Astronomical triangle Астроспектроскопийа 
Астрофизика Astrophysics Астрофизика 
Астрофизическая обсерватория Astrophysical observatory Астрофизики обсерваторийа 
Астрофотография Astrophotography Астрофотографийа 
Астрофотометрия Celestial photometry Астрофотометрийа 
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Асферическая линза Aspherical lens Асферик линза 
Асферическая поверхность Aspherical surface Асферик сятщ 
Атаксит Ataxite Атаксиt 
Атактический полимер Atactic polymer Атактик полимер 
Атермический раствор 1) Athermal solution 

2) Athermic solution 
Атермик мящлул 

Атвуда машина Atwood’s machine Атвуд машыны 
Атлас спектральных линий 1) Spectral atlas  

2) Spectral map 
Спектрал хятлярин атласы 

Атмолиз Atmolysis Атмолиз 
Атмосфера Atmosphere Атмосфер 
Атмосфера звезды Stellar atmosphere  Улдуз атмосфери 
Атмосфера Земли Earth atmosphere Йерин атмосфери 
Атмосфера однородная Homogeneous atmosphere Биржинс атмосфер 
Атмосфера равновесия Atmosphere of equilibrium Таразлыг (мцвазинят)  атмосфери 
Атмосфера Солнца Solar atmosphere Эцняш атмосфери 
Атмосфера техническая Technical atmosphere Техники атмосфер 
Атмосфера физическая Physical atmosphere Физики атмосфер 
Атмосферики Atmospherics Атмосферляр 
Атмосферная акустика 1) Atmospheric acoustics 

2) Meteorogical acoustics 
Атмосфер акустикасы 

Атмосферная диффузия Atmospheric diffusion Атмосфер диффузийасы 
Атмосферная коррозия Atmospheric corrosion Атмосфер коррозийасы 
Атмосферная оптика 1) Atmospheric optics 

2) Meteorogical optics 
Атмосфер оптикасы 

Атмосферная рефракция Atmosphere refractions Атмосфер рефраксийасы 
Атмосферная турбулентность Atmospheric turbulence Атмосфер турбилетлийи 
Атмосферная циркуляция Atmospheric circulation Атмосфер гатларынын дювр етмяси 
Атмосферное возмущение Atmospheric disturbance Атмосферин щяйяжанланмасы 
Атмосферное давление Atmospheric pressure, barometric 

pressure 
Атмосфер тязйиги 

Атмосферное излучение Atmospheric radiation Атмосферин шцаланмасы 
Атмосферное поглощение Atmospheric absorption Атмосферин шца удмасы 
Атмосферное свечение Airglow Атмосферин ишыгланмасы 
Атмосферное электричество Atmospheric electricity Атмосфер електрики 
Атмосферные волны Atmospheric waves Атмосфер дальалары 
Атмосферные ионы Atmospheric ions Атмосфер ионлары 
Атмосферные колебания Atmospheric oscillation Атмосфер рягсляри 
Атмосферные осадки Precipitation Атмосфер чюкцнтцляри 
Атмосферные помехи Atmospheric disturbance Атмосфер манеяляри 
Атмосферные приливы Atmospheric tides Атмосфер габармалары 
Атмосферные примеси Atmospheric impurities Атмосфер ашгарлары 
Атмосферные условия Atmospheric conditions Атмосфер шяраити 
Атмосферные явления Atmospheric phenomena Атмосфер щадисяляри 
Атмосферный ливень Air shower Атмосфер эцжлц йаьышы 
Атмосферный озон Atmospheric ozon Атмосфер озону 
Атмосферный разряд Atmospheric discharge Атмосфер бошалмасы 
Атмосферный столб Air column Атмосфер сцтуну 
Атмосферный шум Atmospheric noic Атмосфер сяс-кцйц 
Атмосферный элемент Atmophile element Атмосфер елементи 
Атмосферы Коттрелла Cottrell atmospheres Коттрелл атмосферляри 
Атом  Atom Атом 
Атомарный водород Atomic hydrogen Атомар щидроэен 
Атом вихревой Eddy atom  Бурульанлы атом 
Атом внедрения Interstitial atom Тятбиг едилян атом 
Атом водородоподобный Hydrogen-like atom Щидроэеня бянзяр атом 
Атом возбужденный Exited atom Щяйяжанланмыш атом 
Атом диамагнитный Diamagnetic atom Диамагнит атом 
Атом замещения 1) Atom of substitution 

2) Atom of replacement 
Явязедижи атом 

Атом ионизированный Ionization atom Ионлашмыш атом 
Атом нейтральный Neutral atom Нейтрал атом 
Атом парамагнитный Paramagnetic atom Парамагнит атом 
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Атом радиоактивный Radioactive atom Радиоактив атом 
Атомизм Atomism Атомизм 
Атомистика Atomistics Атомистика 
Атомистическое строение Atomic structure Атомистик гурулуш 
Атомная батарея Atomic battery Атом батарейасы 
Атомная бомба Atomic bomb Атом бомбасы 
Атомная дисперсия Atomic dispersion Атом дисперсийасы 
Атомная доля Atomic fraction Атом щиссяси 
Атомная единица Atomic unit Атом ващиди 
Атомная единица массы Atomic mass unit Кцтлянин атом ващиди 
Атомная магнитная восприимчивость Atomic magnetic susceptibility Атом магнит нцфузлуьу 
Атомная масса Atomic weight Атом кцтляси 
Атомная масса по физической шкале Physical atomic weight  Физики шкалада атом кцтляси 
Атомная масса по химической шкале Chemical atomic weight Кимйяви шкалада атом кцтляси 
Атомная масса частоты Atomic mass frequency  Тезлийин атом кцтляси 
Атомная модель Atomic model Атом модели 
Атомная орбита Atomic orbit Атом орбити 
Атомная орбиталь Atomic orbital Атом орбиталы 
Атомная плоскость Atomic plane Атом мцстявиси 
Атомная поляризация Atomic polarization Атом полйаризасийасы 
Атомная рефракция Atomic refraction Атом рефраксийасы 
Атомная решетка Atomic lattice Атом гяфяси 
Атомная спектральная линия Atomic spectral line Атом спектрал хятти 
Атомная теория Atomic theory Атом нязяриййяси 
Атомная теплоемкость Atomic heat Атом истилик тутуму 
Атомная теплоемкость при постоян-
ном давлении 

Atomic heat at constant pressure 
 

Сабит тязйигдя атом истилик тутуму 

Атомная теплоемкость при постоян-
ном объеме 

Atomic heat at constant volume Сабит щяжмдя атом истилик тутуму 

Атомная тормозная способность Atomic stopping power Атом тормозлама габилиййяти 
Атомная физика Atomic physics Атом физикасы 
Атомная энергетика Atomic power engineering Атом енерэетикасы 
Атомная энергия Atomic energy Атом енеръиси 
Атомно-абсорбционная спектрофото-
метрия 

Atomic absorption spectrophoto-
metry 

Атом-абсорбсийа спектрофотомет-
рийасы 

Атомно-абсорбционный 
спектральный анализ 

Atomic absorption spectral 
analysis 

Атом-абсорбсийа спектрал анализ 

Атомно-абсорбционный 
спектрофотометр 

Atomic absorption 
spectrophotometer 

Атом-абсорбсийа спектрофотометр 

Атомное вращение Atomic rotation Атом фырланмасы 
Атомное время Atomic time Атом вахты 
Атомное сечение Atomic cross-section Атом кясийи 
Атомное состояние Atomic state Атомун щалы 
Атомное ядро Atomic nucleus Атом нцвяси 
Атомной коэффициент поляризации  Atomic polarization coefficient Атом полйарлашма ямсалы 
Атомной тензор поляризации Atomic polarization tensor Атом полйарлашма тензору 
Атомные модели Atomic models Атом моделляри 
Атомные часы Atomic clock Атом сааты 
Атомный вес Atomic weight Атом чякиси 
Атомный генератор Atomic generator Атом эенератору 
Атомный двигатель Atomic energy engine Атом мцщяррики 
Атомный диполь Atomic dipole Атом диполу 
Атомный заряд Atomic charge Атом йцкц 
Атомный коэффициент поглощения Atomic absorption coefficient Атом удулма ямсалы 
Атомный кристалл Atomic crystal Атом кристалы 
Атомный луч Atomic ray Атом шцасы 
Атомный номер Atomic number Атом нюмряси 
Атомный объем Atomic volume Атом щяжми 
Атомный остаток Atomic remainder Атом галыьы 
Атомный процент Atomic percent Атом фаизи 
Атомный пучок Atomic beam Атом дястяси 
Атомный радиус Atomic radius Атом радиусу 
Атомный реактор Atomic reactor Атом реактору 



РУССКО-АНГЛИЙСКО-АЗЕРБАЙДЖАНСКИЙ ФИЗИЧЕСКИЙ ТЕРМИНОЛОГИЧЕСКИЙ СЛОВАРЬ 

 86

Атомный слой Atomic layer Атом тябягяси 
Атомный спектр Atomic spectrum Атом спектри 
Атомный фактор Atomic factor Атом фактору 
Атомный фактор рассеяния Atomic scattering factor Сяпилмянин атом фактору 
Атом отдачи Recoil atom Итялямя атому 
Атом решетки Lattice atom Гяфяс атому 
Аттенюатор Attenuator Аттенйуатор 
Аудиограмма Audiogram Аудиограм 
Аудиометр Audiometer Аудиметр 
Ауксохром Auxochrome Ауксохром 
Аустенизация Austenitizing Аустенизлямя 
Аустенит Austenite Аустенит 
Аустенитная структура Austenitic structure Аустенит гурулушу 
Аустенитное зерно Austenitic grain Аустенит тохуму 
Аустина формула Austina formula Аустин дцстуру 
Аутооксидация Autoxidation Аутооксидляшдирмя 
Афелий Aphelion Афелий 
Афокальная система Afocal system Афокал систем 
Аффинная алгебраическая группа Affine algebraic group Афин жябри групу 
Аффинная геометрия Affine geometry Афин щяндясяси 
Аффинная дифференциальная геомет-
рия 

Affine differential geometry Афин дифференсиал щяндясяси 

Аффинная кривизна Affine curvature Афин яйрилийи 
Аффинная связность Affine connection Афин рабитялийи 
Аффинное отображение Affine mapping Афин иникасы (якс етмяси) 
Аффинное преобразование Affine transformation Афин чеврилмяси 
Аффинное пространство Affine space Афин фязасы 
Аффинно-конгруэнтный Affinely congruent  Афин-конгруент 
Аффинные координаты Affine coordinates Афин координатлары 
Аффинор Affinor Афинор 
Ахромазия Achromasia Ахромазийа 
Ахромат Achromat Ахромат 
Ахроматизм Achromatism Ахроматизм 
Ахроматическая линза Achromatic lens Ахроматик линза 
Ахроматическая призма Achromatic prism Ахроматик призма 
Ахроматический цвет Achromatic color Ахроматик рянэ 
Ацетилено-кислородное пламя Oxyacetylene flame Асетилен-оксиэен алову 
Ацетон Acetone Асетон 
Ацидиметрия Acidimetry Асидиметрийа 
Ациклический Acyclic Асиклик 
Ациклическое соединение Acyclic compound Асиклик бирляшмя 
Аэрация 1) Aeration 

2) Aerification 
Аерасийа 

Аэрогель Aerogel Аероgел 
Аэрография Aerography Аерографийа 
Аэрограмма Aerogram Аерограм 
Аэрограф Aerograph Аерограф 
Аэродинамика Aerodynamics Аеродинамика 
Аэродинамика разряженных газов Rarefied gas dynamics Сейрялдилмиш газларын аеродинами-

касы 
Аэродинамика сверхзвуковых скорос-
тей 

Supersonic aerodynamics Сяс сцрятиндян бюйцк сцрятлярин 
аеродинамикасы 

Аэродинамическая интерференция Aerodynamic interference Аеродинамик интерференсийа 
Аэродинамическая крутка Aerodynamic twist Аеродинамик бурма 
Аэродинамическая сила Aerodynamic force Аеродинамик гцввя 
Аэродинамическая труба Wind tunnel Аеродинамик бору 
Аэродинамическая труба больших 
скоростей 

High speed wind tunnel Бюйцк сцрятли аеродинамик бору 

Аэродинамическая труба замкнутого 
типа 

Closed-circuit wind tunnel Гапалы нювлц аеродинамик бору 

Аэродинамическая труба кратковре-
менного действия 

Intermittent wind tunnel  Гыса мцддятли ишляйян аеродина-
мик бору 

Аэродинамическая труба малой плот- Low-density wind tunnel Кичик сыхлыглы аеродинамик бору 
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ности 
Аэродинамическая труба малых ско-
ростей 

Low-speed wind tunnel Кичик сцрятляря щесабланмыш аеро-
динамик бору 

Аэродинамическая труба переменной 
плотности 

Variable-density wind tunnel дяйишян сыхлыглы аеродинамик бору 

Аэродинамическая труба разомкнуто-
го типа  

Open-circuit wind tunnel Ачыг нювлц аеродинамик бору 

Аэродинамическая труба с закрытой 
рабочей частью 

Closed-jet wind tunnel Гапалы ишчи щиссяли аеродинамик 
бору 

Аэродинамическая труба с открытой 
рабочей частью 

Open-jet wind tunnel Ачыг ишчи щиссяли аеродинамик бору 

Аэродинамическая характеристика Aerodynamic characteristics Аеродинамик характеристика 
Аэродинамические весы Aerodynamic balance Аеродинамик тярязи 
Аэродинамический нагрев Aerodynamic hearting Аеродинамик гызма 
Аэродинамический след Aerodynamic wake Аеродинамик из 
Аэродинамический фокус Aerodynamic center Аеродинамик фокус 
Аэродинамическое качество Lift-drag ratio  Аеродинамик кейфиййят 
Аэродинамическое сопротивление Aerodynamic resistance Аеродинамик мцгавимят 
Аэрозоль Aerosol Аерозол 
Аэролит Aerolite Аеролит 
Аэрологическая карта Upper-air chart Аеролоэик хяритя 
Аэрологическая обсерватория Aerological observatory   Аеролоэик обсерваторийа 
Аэрологический анализ Upper-air analysis Аеролоэик анализ (тящлил) 
Аэрология Aerology Аеролоэийа 
Аэромагнитометр Airborne magnetometer Аеромагнитометр 
Аэромеханика Aeromechanics Аеромеханика 
Аэронавт Aeronaut Аеронавт 
Аэронавтика Aeronautics Аеронавтика 
Аэрономия Aeronomy Аерономийа 
Аэроплан Airplane Аероплан, тяййаря 
Аэроснимок Aerial photography Аерошякил 
Аэростат Ballon Аеростат 
Аэростатика Aerostatics Аеростатика 
Аэростатическая сила Aerostatic force Аеростатик гцввя 
Аэросфера Aerosphere Аеромцщит 
Аэротермоупругость Aerothermoelasticity Аеротермоеластиклик 
Аэрофотограметрия Aerophotogrametry Аерофотограметрийа 
Аэроупругость Aeroelasticity Аероеластиклик 
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