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In this study, PbLaxTi(1 - 3/4 x)O3 (PLT) ceramics were prepared 

using the tartrate precursor method with varying La content (x= 0, 

0.04, and 0.1). The samples were annealed at 600°C and characterized 

using X-ray diffraction, Fourier-transform infrared spectroscopy, 

high-resolution transmission electron microscopy and dielectric 

measurements. The results showed that all samples doped with La 

ions had a first-order structural phase transition from tetragonal to 

cubic at the Curie temperature (Tc). This phase transition was also 

associated with a transition from ferroelectric to paraelectric phase. 

The dielectric spectra revealed that the material displayed relaxer-type 

ferroelectric behavior, with Tc shifting to a higher value and dielectric 

constant increasing with increasing La content up to x= 0.04. The 

increase in dielectric constant was attributed to the decrease in grain 

size in the given range of La content. Furthermore, La doping in lead 

titanate (PT) led to the formation of A-site vacancies, which affected 

the Curie temperature and the atomic radius between La and Pb ions. 

This study highlights the potential of using La ions as a dopant in PT 

ceramics to improve their ferroelectric properties, specifically by 

inducing a relaxor behavior. 
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Introduction 

In recent years, ferroelectric 

materials have gained significant 

attention in the field of electrical and 

optoelectronic devices due to their 

unique properties. These materials have 

a wide range of applications in dielectric 

capacitors, optical devices, piezoelectric 

filters, pyroelectric detectors, and 

acoustic transducers (Pinto et al., 2010). 

Among the most promising a 

ferroelectric material is lead lanthanum 

titanate (PLT), also known as lanthanum 

(La) modified lead titanate, which has a 

perovskite structure ABO3. The 

incorporation of La into PbTiO3 leads to 

changes in the physical properties of the 

material, such as increased permittivity 

and reduced tetragonality (Fe, 2019; 

Tawfik et al., 2018). 

The use of nanoscale particles in the 

synthesis of ferroelectric materials 

has gained increasing attention in 

recent years, as it has been shown 

that these particles exhibit distinct 

properties compared to their bulk 

counterparts. Various synthetic 

methods, such as the hydrothermal 

process, sol-gel processing and 

tartrate precursor method, have been 

developed to produce a wide range 

of compounds at the nanometric 

scale. One of the most widely used 

doping agents in ferroelectric 

materials is lanthanum (La), which 

is known to have a profound effect 

on the properties of perovskite-

structured compounds. La doping at 

the A-sites of lead titanate (PT) 

results in a reduction of tetragonality 

(Kongtaweelert et al., 2004), an 

increase in permittivity and 

transition temperature (Tc), and a 

broadening of the Curie point 

temperature (Gao et al., 2016). 

These modified materials have a 

wide range of potential applications 

in fields such as dynamic random-

access memory, electro-optic and 

actuator systems. However, their 

most significant application is in 

pyroelectric infrared sensors, 

particularly for high frequency 

applications (Lakouader et al., 2022; 

Hemeda et al., 2019a; Tavares et 

al., 1998; Vaseashta et al., 2022). 

The aim of the work was investigating 

the synthesis of PLT using the tartrate 

precursor method. The samples were 

prepared with different La content (x= 0, 

0.04, and 0.1) and were characterized by 

a combination of analytical techniques, 

including X-ray diffraction (XRD), 

Fourier-transform infrared spectroscopy 

(FTIR), high-resolution transmission 

electron microscopy (TEM) and 

dielectric study with temperature. Our 
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results indicate that the incorporation of 

La ions into PbTiO3 leads to a change in 

the structural attributes of the lead 

titanate and a shift in the Curie 

temperature. Additionally, we observed 

an increase in the dielectric constant and 

a reduction in tetragonality as the La 

content increased. Overall, this study 

provides a deeper understanding of the 

relationship between the structural 

attributes of PLT and the La 

concentration, and highlights the 

potential of using this material in various 

electrical and optoelectronic devices 

(Mallick et al., 2022). 

Materials and method 

       The powders of PbLaxTi(1 - 3/4 x)O3, 

where x is 0, 0.04, and 0.1, were 

prepared using the tartrate precursor 

method. The materials used were 

titanium dioxide (TiO3), tartaric acid 

(C4H6O6), lead nitrate (Pb(NO3)2) with 

99% purity, and lanthanum nitrate 

(La(NO3)3.6H2O) with 98% purity. The 

chemicals were weighed in a 

stoichiometric ratio and mixed with 

250ml of distilled water. The mixture 

was heated on a magnetic stirrer at 80°C 

until dry, and then dried at 100°C 

overnight. The powder was collected and 

annealed at 600°C for 2 hours. It was 

then pressed into tablets using a 

compressor at 5MPa. The crystallite size 

of the prepared samples was measured 

using X-ray diffraction (XRD) with a 

Philips model (PW-1729) diffractometer 

using a wavelength of 1.540598 Å in the 

2θ range of 20 to 80°. Fourier-transform 

infrared spectroscopy (FTIR) was used 

to analyze the samples with a Perkin 

Elmer model 1430 at room temperature 

in the range of 200 to 4000cm
-1

 in 

(Egypt, Tanta University, Central lab). 

The morphology of the prepared samples 

was characterized by the particle size, 

which was obtained using transmission 

electron microscopy (TEM) with a JEOL 

model 1010 in (National research 

Center, Cairo, Egypt). The dielectric 

constant (ε) of the produced samples at 

various temperatures was measured 

using an RLC bridge of type BM591 

(Solid Lab, Tanta university, Egypt). 

Results and discussion 

X-ray diffraction analysis (XRD):  

X-ray diffraction (XRD) patterns were 

obtained for PbLaxTi(1 - 3/4 x)O3 ceramics 

(PLT) with various La contents (x=0, 

0.04, and 0.1) to examine the crystal 

structure of the samples. The XRD 

patterns Fig. (1), indicate that all 

samples exhibit a tetragonal perovskite 

phase, as seen in the peak at 2θ = 31° 

with indices (101). However, for sample 

x= 0.1, a reduction in the tetragonal 

phase is observed and a new phase, 

designated as α-PbO, appears with a 
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peak at 2θ = 26°. This new phase is 

likely to be caused by the substitution of 

La ions for Pb ions in the PbTiO3 lattice, 

which leads to the formation of a new 

phase. Additionally, this substitution 

causes a decrease in the tetragonality 

factor c/a as the La content increases, 

except for sample x= 0.1 where a 

transformation from tetragonal to cubic 

phase is observed. The disappearance of 

splitting of the peak (101) at x = 0.1 may 

be due to the transformation from 

tetragonal to cubic phase. This result 

highlights the effectiveness of 

incorporating La ions into the lead 

titanate matrix through the tartrate 

precursor method. Furthermore,  

 

 

Scherrer's equation 

D=                    (1) 

is used to determine the crystallite size 

(D) of materials, where  is the X-ray 

wavelength for Cu-K radiation, β is the 

full is the full width at half maximum of 

the peak, and  k is the diffraction peak 

position was utilized to calculate the 

crystallite size of the samples and it was 

found that the crystallite size decreases 

from 24 nm for x = 0 to 19 nm at x = 

0.04 and then increases to 47 nm at x = 

0.1 which is correlated to the solubility 

limit of La ions in the PT phase. 

 

 

 

Fig. (1): XRD diffraction patterns for PbLaxTi(1 -3/4x)O3 where (x= 0 ,0.04 and 0.1) 
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Fourier-transform infrared 

spectroscopy (FTIR): 

 In the FTIR spectra of Pb LaxTi(1 - 

3/4 x)O3 PLT for various La contents (x= 

0, 0.04 and 0.1), two major absorption 

bands are observed at around 360 and 

590cm
-1

 (Hemeda et al., 2021), as seen in 

Fig.(2). These bands are characterized 

by the stretching and bending vibrational 

modes of the Ti-O bond, respectively 

(Filipič et al., 2016). Additionally, there is 

an extra peak at around 1416cm
-1

, which 

is attributed to the symmetrical H-O-H 

vibration (Hemeda et al., 2019a). The O-

C-O stretching vibrational mode can also 

be observed at around 1654cm
-1

 (Tawfik 

et al., 2018; Huili et al., 2019). As the La 

content increases up to x= 0.04, the 

absorption band increases before 

decreasing. In addition, the broad band 

at about 3400cm
-1

 is for the O-H 

vibration of water absorbed in the 

samples. The vibrational modes of the 

CH3 and CH2 symmetry can be 

identified at 2357cm
-1

, 2864cm
-1

 and 

2924cm
-1

 respectively. Overall, the FTIR 

spectra confirm the formation of 

perovskite PbLaTiO3 with a tetragonal 

structure. 

 

Fig. (2):  FTIR spectrum for PbTiO3 doped with La ions at various levels of La content, where 

(x= 0, 0.04 and 0.1). 
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High-resolution transmission electron 

microscopy (TEM) 

The TEM images in Fig. (3) depict the 

nano-crystalline structure of PbTiO3 

doped with La ions for various 

concentrations (x= 0, 0.04, and 0.1) 

synthesized via the tartaric precursor 

method. The images reveal an average 

particle size between (36 – 70) nm with  

 

some degree of agglomeration. The 

TEM images also show that at low levels 

of La doping, a tetragonal crystalline 

structure is present, while at high levels 

of La doping, a cubic crystalline 

structure can be observed. These 

findings are consistent with the XRD 

results, which also show that tetragonal 

crystallization is dominant at low levels 

of La doping and cubic crystallization is 

present at high levels of La doping 

(Mostafa et al., 2020). 

 Dielectric constant (ε) and dielectric 

loss (tan (δ)): The temperature 

dependence of the dielectric constant (ε) 

and dielectric loss (tan δ) of PbLaxTi(1 - 

3/4 x)O3 ceramics, where x = (0, 0.04 and 

0.1), were studied as a function of La 

content using a frequency of 100 KHz. 

Figs (4,5) illustrates the results of these 

measurements, where it can be seen that 

the Curie temperature (Tc) for all  

 

 

 

 

 

 

samples doped with La ions undergo a 

first-order structural phase transition 

from tetragonal to cubic, accompanied 

by a transition from ferroelectric to 

paraelectric phase. The data suggest that 

the materials exhibit a relaxor behavior 

up to a La content of x= 0.04, before 

becoming non-relaxor at x= 0.1 as the 

structure of the samples changes from 

tetragonal to cubic.  

Fig. (3): TEM of (Pb LaxTi(1 -3/4x)O3 ), a) x = 0, B) x = 0.04,and c) x = 0.1 
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As a result, Tc is shifted to higher 

temperatures and the dielectric constant 

(ε) increases with increasing La 

concentration (Soon et al. 2004; Khazanchi 

et al., 2005). Up to Tc, the dielectric 

constant displays a rise with temperature 

before abruptly decreasing (Neves et al., 

2004; Rayssi et al., 2018). It is also 

observed that an increase in crystallite 

size leads to a decrease in the dielectric 

constant, indicating the influence of 

microstructure on dielectric properties. 

The increase in the dielectric constant 

near Tc is attributed to the thermal 

activation of electron hopping between 

La ions, which leads to local polarization. 

Above Tc, the material enters a 

paraelectric state with low polarization, 

resulting in a decrease in the dielectric 

constant. Near Tc, the dissipation factor 

drops sharply as temperature becomes 

fixed and independent of temperature 

variation (Yadav et al., 2020; Kellati et al., 

2004). The structural phase transition and 

the first-order ferroelectric to 

paraelectric phase transition have a 

significant impact on the dissipation 

factor (Hemeda et al., 2019b; Assar et al., 

2014; Hemeda et al., 2009). 

Additionally, it is noted that increasing 

La concentration results in decreasing 

crystallite size leads to an increase in the 

dissipation factor as in table (1). This is 

corroborated by the effect of La doping 

on the Curie temperature of PLTO3, 

which is shown in Fig. (4) and shows a 

nearly linear reduction in Curie 

temperature with increasing La doping 

levels in PTO3. It is noted that raising the 

La concentration causes the samples' 

resistivity to rise, whilst decreasing the 

crystallite size causes the La content to 

raise the dissipation factor. When La 

ions are present, Tc is shifted to a higher 

temperature and the by increasing Ti, the 

increase in conductivity may be caused 

by an increase in dielectric loss Fig. (5). 

Table (1): Dielectric constant (ε) variation with 

temperature and crystallite size (D) as a 

function of La content from the X-ray 

 
Fig. (4): Dielectric constant variation with 

temperature at frequency 100KHz for 

PbLaxTi(1-3/4x)O3 where (x= 0 ,0.04 and 0.1)  

 

La 

content 
ε  (Ω.cm) 

XRD crystallite size 

(D) (nm) 

X= 0 15 24 

X= 0.04 36.8 19 

X= 0.1 12.8 47 
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Fig. (5): Dielectric Loss variation with 

temperature at frequency constant 100KHz 

for PbLaxTi(1-3/4x)O3 where (x= 0 ,0.04 and 

0.1) 

Conclusion 

In conclusion, the samples of PbLaxTi(1 - 

3/4x)O3 ceramics of perovskite type were 

successfully prepared by using the 

tartrate precursor method with different 

La content of x = 0, 0.04, and 0.1. All 

samples were annealed at 600°C and 

analyzed by various techniques such as 

X-ray diffraction (XRD), Fourier-

transform infrared spectroscopy (FTIR), 

high-resolution transmission electron 

microscopy (TEM) and dielectric study. 

The XRD patterns found a tetragonal 

perovskite structure at the main peak 

(101) at 2θ near to 31° and the samples x 

= 0.08 and 0.1 secondary phase. There is 

a transformation from a tetragonal to 

cubic phase at sample 0.1. FTIR 

spectrum shows two main absorption 

bonds at around 360 cm
-1

 and 590 cm
-1

. 

TEM micrographs are in line with the 

results obtained from XRD. The 

dielectric constant measured using an 

RLC bridge shows that up Tc, the 

dielectric constant displays a rise with 

rising temperature before abruptly 

decreasing. This study confirms the 

efficiency of La incorporation at the lead 

titanate matrix through the tartrate 

precurser method. 

 

 

 

Reference  

Afaak Lakouader, Hanane Mezzourh, 

Daoud Mezzane, M. A., Hajji, L., 

Hassan, E., Choukri, & , Igor A. 

Luk’yanchuk , Zdravko Kutnjak4, 

and M. E. M. (2022). Improved energy 

storage and electrocaloric properties of 

lead-free Ba0.85Ca0.15Zr0.1Ti0.9O3 cer. 1–

28. doi: 10.14341/conf05-08.09.22-132 

Assar, S. T., Abosheiasha, H. F., & El 

Nimr, M. K. (2014). Study of the 

dielectric behavior of Co-Ni-Li 

nanoferrites. J. Magn. Mag. Mat., 350, 

12–18. doi: 

10.1016/j.jmmm.2013.09.022 

Fe, O. (2019). Modified dielectric and 

ferroelectric properties in the 

composite of ferrimagnetic 

Co1.75Fe1.25O4 ferrite and ferroelectric 

BaTiO3 perovskite in comparison to 

Co1.75Fe1.25O4 ferrite. Comp. Part B, 

160 (August 2018), 457–470. doi: 

10.1016/j.compositesb.2018.12.067 

Filipič, C., Kutnjak, Z., Pirc, R., Canu, G., 

& Petzelt, J. (2016). BaZr0.5Ti0.5 O3: 

Lead-free relaxor ferroelectric or 

dipolar glass. Phy. Rev. B, 93(22), 1–8. 

doi: 10.1103/PhysRevB.93.224105 



 

63 Investigating the Structural and Dielectric Properties of La-doped PbLaxTi(1-3/4x)O3 Perovskite Ceramics 

Gao, J., Dai, Y., Hu, X., Ke, X., Zhong, L., 

Li, S., Zhang, L., Wang, Y., Wang, D., 

Wang, Y., Liu, Y., Xiao, H., & Ren, X. 

(2016). Phase transition behaviours 

near the triple point for Pb-free (1-X) 

Ba(Zr0.2Ti0.8)O3-x(Ba0.7Ca0.3)TiO3 

piezoceramics. Epl, 115(3): 0–6. doi: 

10.1209/0295-5075/115/37001 

Hemed, D. M., Tawfik, A., Hemeda, O. M., 

& Dewidar, S. M. (2009). Effects of 

NiO addition on the structure and 

electric properties of Dy3-xNixFe5O12 

garnet ferrite. Sol. St. Sci., 11(8), 1350–

1357. doi: 

10.1016/j.solidstatesciences.2009.04.02

0 

Hemeda, O. M., Eid, M. E. A., Sharshar, 

T., Ellabany, H. M., & Henaish, A. M. 

A. (2021). Synthesis of nanometer-

sized PbZrxTi1-xO3 for gamma-ray 

attenuation. J. Phy. Chem. Sol., 148, 

109688. doi: 

10.1016/J.JPCS.2020.109688 

Hemeda, O. M., Salem, B. I., Abdelfatah, 

H., Abdelsatar, G., & Shihab, M. 

(2019a). Dielectric and ferroelectric 

properties of barium zirconate titanate 

ceramics prepared by ceramic method. 

Physica B: Cond. Mat., 574(July), 

411680. doi: 

10.1016/j.physb.2019.411680 

Hemeda, O.M., Tawfik, A., Dorgham, A. 

M., & Hamad, M. A. (2019b). The 

effect of Zr content on the thermal 

stability, dielectric and pyroelectric 

behavior for lead zirconate prepared by 

tartrate precursor method. Appl. Phy. A: 

Mat. Sci. and Pr., 125(5): 1–7. doi: 

10.1007/s00339-019-2666-x 

Huili, H., Mater, A., Grindi, B., Viau, G., 

Kouki, A., & Tahar, L. Ben. (2019). 

Influence of the RE2O 3 (RE = Y, Gd) 

and CaO nanoadditives on the 

electromagnetic properties of 

nanocrystalline Co0.2Ni0.3 Zn0.5 Fe2 O4. 

Arab. J. of Ch., 12(4), 489–502. doi: 

10.1016/j.arabjc.2017.02.006 

Kellati, M., Sayouri, S., El Moudden, N., 

Elaatmani, M., Kaal, A., & Taibi, M. 

(2004). Structural and dielectric 

properties of La-doped lead titanate 

ceramics. Mat. Res. Bul., 39(6), 867–

872.doi:10.1016/j.materresbull.2004.01

.003 

Khazanchi, R., Sharma, S., & Goel, T. C. 

(2005). Effect of rare earth Europium 

substitution on the microstructure, 

dielectric, ferroelectric and pyroelectric 

properties of PZT ceramics. J. of 

Electro., 14(2), 113–118. doi: 

10.1007/s10832-005-0871-9 

Kongtaweelert, S., Anuragudom, P., 

Nualpralaksana, S., Heimann, R. B., 

& Phanichphant, S. (2004). 

Characterization of hydrothermally 

synthesized PLZT for pyroelectric 

applications. J. Electroc., 13(1–3), 

209–214. doi: 10.1007/s10832-004-

5100-4 

Mallick, J., Manglam, M. K., Pradhan, L. 

K., Panda, S. K., & Kar, M. (2022). 

Electrocaloric effect and temperature 

dependent scaling behaviour of 

dynamic ferroelectric hysteresis studies 

on modified BTO. J. Phy. Ch. Sol., 

169(February), 110844. doi: 

10.1016/j.jpcs.2022.110844 

Mostafa, M., Alrowaili, Z. A., Rashwan, 

G. M., & Gerges, M. K. (2020). 

Ferroelectric behavior and 

spectroscopic properties of La-

Modified lead titanate nanoparticles 

prepared by a sol-gel method. Heliyon, 

6(2), e03389. doi: 10.1016/j.heliyon. 

2020.e03389 

Neves, P. P., Doriguetto, A. C., Mastelaro, 

V. R., Lopes, L. P., Mascarenhas, Y. 

P., Michalowicz, A., & Eiras, J. A. 

(2004). XAS andXRD structural 

characterization of lanthanum-modified 



 

64 
M.M. Salem et al., (2023) 

PbTiO3 ceramic materials. J. Phy. Ch. 

B, 108(39), 14840–14849. doi: 

10.1021/jp037166h 

Pinto, A. H., Souza, F. L., Chiquito, A. J., 

Longo, E., Leite, E. R., & Camargo, 

E. R. (2010). Characterization of dense 

lead lanthanum titanate ceramics 

prepared from powders synthesized by 

the oxidant peroxo method. Mat. Chem.  

Phy., 124(2–3), 1051–1056. doi: 

10.1016/j.matchemphys.2010.08.030 

Rayssi, C., El Kossi, S., Dhahri, J., & 

Khirouni, K. (2018). Frequency and 

temperature-dependence of dielectric 

permittivity and electric modulus 

studies of the solid solution 

Ca0.85Er0.1Ti1- XCo4 x /3O3 (0 ≤ x ≤ 0.1). 

RSC Advances, 8(31): 17139–17150. 

doi: 10.1039/c8ra00794b 

Soon, H. P., Xue, J. M., & Wang, J. 

(2004). Dielectric behaviors of Pb1-

3x/2LaxTiO3 derived from mechanical 

activation. J. of App. Phy., 95(9), 

4981–4988. doi: 10.1063/1.1688459 

Tavares, E. C. S., Pizani, P. S., & Eiras, J. 

A. (1998). Short-range disorder in 

lanthanum-doped lead titanate ceramics 

probed by Raman scattering. App. Phy. 

Let., 72(8), 897–899. doi: 

10.1063/1.120929 

Tawfik, A., Hemeda, O. M., Henaish, A. 

M. A., & Dorgham, A. M. (2018). 

High piezoelectric properties of 

modified nano lead titanate zirconate 

ceramics. Mat. Ch. and Phy., 211, 1–8. 

doi: 

10.1016/j.matchemphys.2018.01.073 

Vaseashta, A., Essaid, M., Mustapha, A., 

Didier, M., & Amina, F. (2022). 

Proceedings of the Sixth International 

Sym. on Di. Mat. App. (ISyDMA’6). In 

Proc. of the Sixth Int. Sym. on Diel. 

Mat. App. (ISyDMA’6). doi: 

10.1007/978-3-031-11397-0 

Yadav, S., Chandra, M., Rawat, R., Sathe, 

V., Sinha, A. K., & Singh, K. (2020). 

Structural correlations in the 

enhancement of ferroelectric property 

of Sr doped BaTiO3. J. Phy. C. M., 

32(44).doi:10.1088/1361-648X/aba384 

 

 

 

 

  نسيراييك انعزلوخىاص  انبنائيانتركيب  دراست PbLaxTi (1 - 3/4 ×) O3 انلانثانيىو تنسب ودور ىانبروفسكيت

 دسيد عبد انجىا /. دأ.و ،احًد حنيش /د. اسايت حًيدة، أسيم انطراونت، أ. و /إيًاٌ نصر، أ. د حًد سانى،/يد

 عت طنطايجا - كهيت انعهـىو -قسى انفيزياء

 جايعت يصر نهعهىو وانتكنىنىجيا  –كهيت انهندست  -قسى انفيزياء 

 Laَحز٘ٙ حَط اىزشربسٝل ثثبسزخذاً طشٝقخ  PbLaxTi (1 - 3/4 ×) O3 (PLT)رٌ رحضٞش سٞشاٍٞل  اىذساسخ،فٜ ٕزٓ 

رٌ اىزأمذ ٍِ رنِ٘ٝ اىَبدح دسجخ ٍئ٘ٝخ ٗ ٠00 يعْٞبد عْذى عَو ٍعبىجٔ حشاسٝخ(. رٌ  = 0،0,00،0.0x)حٞث خزيف ٍ

ٗاىَجٖش الإىنزشّٜٗ عبىٜ اىذقخ  ف٘سٝٞٔ،ٗاىزحيٞو اىطٞفٜ ىلأشعخ رحذ اىحَشاء ىزح٘ٝو  اىسْٞٞخ،سزخذاً حٞ٘د الأشعخ ثب

 ٍِاىجْبئٜ اىزشمٞت  فٜاّزقبه ىٖب  اىلاّثبًّٞ٘ ثأّٝ٘بد طعَخ. أظٖشد اىْزبئج أُ جَٞع اىعْٞبد اىَاىعضه اىنٖشثٜٗقٞبسبد 

 ط٘س(. اسرجط اّزقبه اىَشحيخ ٕزا أٝضًب ثبلاّزقبه ٍِ اىTcْذ دسجخ حشاسح م٘سٛ )ع ٍٜنعجاىذسجخ الأٗىٚ ٍِ سثبعٜ إىٚ 

ٍصح٘ة ثعَيٞبد . مشفذ أطٞبف اىعضه اىنٖشثبئٜ أُ اىَبدح أظٖشد سي٘مًب مٖشثًٞب ٜجبسا مٖشثاىشجٔ  ط٘سإىٚ اى ٜمٖشث شٗفاى

. ٗرعضٙ اىضٝبدح فٜ ثبثذ   = 0ٗ0,00xحزٚ Laإىٚ قٌٞ أعيٚ ٗصٝبدح ثبثذ اىعضه ٍع صٝبدح ٍحز٘ٙ  Tc الاسزشخبء ٍع إصاحخ

د عَيٞخ أد رىل،علاٗح عيٚ  .ىلاّثبًّٞ٘ا َذٙ رحذ اىذساسخ ٍِ ٍحز٘ٛفٜ اىٞجبد اىعضه اىنٖشثبئٜ إىٚ اّخفبض حجٌ اىحج

ٍَب أثش عيٚ دسجخ حشاسح م٘سٛ. رسيط ٕزٓ اىذساسخ  ،Aفٜ اىَ٘قع  ِٝ فشاغبد( إىٚ رنPT٘رٞزبّبد اىشصبص ) اىزطعٌٞ فٜ

اً عِ طشٝق ٗرحذٝذ ،ٗاىض٘ئٞخ خٞاىنٖشثىزحسِٞ خصبئصٖب  PTفٜ سٞشاٍٞل  شبئتأّٝ٘بد م Laاىض٘ء عيٚ إٍنبّٞخ اسزخذاً 

 .رحفٞض سي٘ك الاسزشخبء


