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Low-Cost Alternatives for the Hole Transport Layer
Spiro-OMeTAD in Lead-Free Perovskite Solar Cells Using
Numerical Simulation

Mohammad Sharabi, Mwaffak Rukiah®, Saeed Mando
Department of Physics Faculty of Science, Idlib University

Abstract

Lead-free perovskites such as CsSnls are promising absorber for
sustainable solar energy; however, their performance is highly dependent
on the choice of hole transport layer (HTL). In this work, SCAPS-1D
simulations (calibrated with experimental data) were employed to
investigate a wide range of materials (Cu20, CZTSe, CBTS, CuSCN,
CuO, Spiro-1A, MoOs, PTAA, GaAs, CuSbS:, MoS:, P3HT,
PEDOT:PSS, CIS) as low-cost alternatives to Spiro-OMeTAD. Results
indicate that the short-circuit current density (Jsc) remained nearly constant
in the range of (30-32 mA/cm?) for most cases, while the open-circuit
voltage (Voc) and fill factor (FF) varied depending on the material.
Materials such as Cu:0, CZTSe, and CBTS achieved the highest
efficiencies (PCE = 20-21%) with (Voc = 0.91 V) and (FF = 70-72%).
They were followed by CuSCN, CuO, and Spiro-IA, which exhibited
good efficiencies (PCE = 19-20%) with (Voc = 0.88-0.89 V) and
(FF = 67-69%). Other materials such as MoQOs, PTAA, and GaAs showed
acceptable efficiencies (PCE = 17-18%) with (Voc = 0.88-0.90 V) and
(FF = 63—66%), wherecas CuSbS2, MoSz, P3HT, PEDOT:PSS, and CIS
were lower efficiencies (PCE = 15-16%) with (Voc = 0.81-0.85 V) and
(FF = 54-60%). This study confirms that the availability of several HTL
layers that can serve as low-cost alternatives to Spiro-OMeTAD.
Keywords:

Perovskite solar cells, lead-free CsSnls, hole transport layer (HTL),
SCAPS-1D, power conversion efficiency (PCE), Spiro-OMeTAD.
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JHTL Gl Ja cliual saaiaall @yialllly 48lsdll patladll (3) Jgaadl
duald)
CIS GaAs | PEDOT:PSS | P;HT PTAA -
R
200 200 200 200 200 (nm) Aslawd)
1.5 1.42 1.6 1.7 2.96 E4 (eV)
3.55 4.07 34 3.5 2.3 x (eV)
13.6 12.9 3 3 9 &
1.0 x 10*%° 2.2x10"8 | 2.2x10%® | 2.0x10*2! | 1.0 x 10*%! N¢ (cm™3)
1.0 x 10*18 1.8x10"° | 1.8x10"° | 2.0x10**! | 1.0 x 10**! Ny (cm™3)
25 8500 4.5x 1072 1.8x 1073 1 G gfl.s‘l)
_ - Hp
25 400 4.5x107% | 1.86x 1072 40 (em?.v-1.s7)
1.3 x 10*18 1.0 x 10** | 1.0x10*® | 1.0 x 10*% | 1.0 x 10+*18 N,y (em™3)
0 0 0 0 0 Np (em™)
1.0 x 10+15 1.0x10*% | 1.0x10*S | 1.0x10*'® | 1.0 x 10*15 N¢ (cm™2)
[28] [27] [25] [25] [25] &l
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PCE % FF% | Joc (mA.cm™) | Vo (V) .

(HTL) &l
8.95 60.21 26.53 0.56 HTL-free
17.42 61.67 31.85 0.88 OM?T"[:‘]’)'
19.29 67.60 31.85 0.89 Spiro-IA
19.51 68.38 31.85 0.89 CuSCN
20.59 70.72 31.91 0.91 Cu;0
19.26 67.82 31.85 0.89 Cul
15.94 60.16 32.19 0.82 CuShS;
20.78 71.60 31.86 0.91 CZTSe
20.91 71.66 31.97 0.91 CBTS
19.78 69.65 32.21 0.88 CuO
15.93 66.48 29.58 0.81 MoS:
18.72 65.50 31.85 0.90 MoO:
17.91 63.93 31.85 0.88 PTAA
16.64 60.28 31.90 0.86 P;HT
14.67 54.72 32.13 0.83 | PEDOT:PSS
17.64 66.94 30.82 0.85 GaAs
16.13 57.10 32.53 0.87 CIS
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Cliadal) e Lghiieal (Sar gl Ja ikl (o Ao gane llia Gl ailiil] gl

0.88—352 s dasid o 53 dga ae 21% 5 19% G Laeli€ canglis ) (Bl
O b pdiye sde dalaay ¢ 31.8-32.21 mA/em?cyli b s <091V
«CuSCN (CBTS «CZTSe «Cu:0, Cul e clada 23l s38 (e 67-72%
sl Ji Al (e lely (o8 ool 3nn e Ly cadl g Spiro-TA g «CuO
.Spiro-OMeTAD \gllaii) 2yl
ol dagide Bl 3¢ aa ¢ Yol17-18290n 8 8oUS Cilaus 33 Al gulall cilidal) Lol
On busie sda Jaliag ¢ 31-32 mA/em?Jlas b yab lis <0.88-0.90 V
el ally «GaAs g PTAA (MoOs Jie Clihs de ganall 038 Juiki63-66%
Spiro- dads il paca Wylic) Sa Silg saall Cladall (e B 45 13 314
LY Gaeatl) Gllee an lgle sal L 1)) Lagad OMeTAD
36> o ¢ 15-16% )l daidin 5o US s dauilia & Clih dla (Jilaall &
Jalaas ¢ 29-32 mA/em* i yad Loy ¢ 0.81-0.85 Vagas b dagite )l
(P3HT MoS: «CuSbS: Ll ol Jaiiy 54-60% (n onidia sk
e e ) zlas oY) 8 aly Bsaald cijelil Al «CIS 5 <PEDOT:PSS
Gakill 346 dlee Iy e o JBgdailly Jaal)
alalituy) -4

coabaayll e Al dredll cullad gyl WIA el of ) duhall sds crald
Dl cAlaxisall gl a8 sl gy alad (<20 3B ¢ CsSNIs e 5adied])
BSlaall il cypglal L lin i) man BelSs A8 ligiose Bilae 3 ylud) gy
C#sCBTS 3 «CZTSe «Cuz0 Jic 48l Coailly ugumal) y2 skl (any
s dalzag (Voe = 0.91 V) dagive 53 2ga ae 20-21% o)l dnii e 561S
Cila o (il G aaeDlae LSl Jiladl o adl Leleas Le «(FF = 70-72%)
zal7-18 % 390n b Ay e 5.1 _iCGaAs 3 PTAA (MoOs Jie Al i
! Wyl 3l ) e Le «(FF = 63-66%) 9 (Voc = 0.88-0.90 V) o

2025/12/10:&a) gl sy 298
2026/01/19: yall algsd 505



9 L2 ¢dady L0 4‘51\ v

Jie gmiaial) el @ld cladall W .Spiro-OMeTAD dakl JiaS dulee cilyla
Sle @eli€ym ) 2 BCIS (PEDOT:PSS (P3HT <MoS: «CuSbS:
(x60-54%) Ciprn cda Jalras (= 0.81-0.85 V) Laidic Voo xe15-16%
iy ghag laalaie) U8 Aaslie acail layglat ) dalall 5 Lo

GAY) Gladll mes e Laeal Jir Y gl Ji Ak las) o ) s3a 58
Aagidall Hlall aga uead (8 Hdlie S aged I cacadd) ddall ALKl dd) b
st bl e 5<G of WS LA 5ol & ey (FF) edadl Jalaay(Voc)
I G Ol i Taelg hloe (Jiah dadi pal) 5o Usl il J8lgil) Caliaily A gucaall
AAlSal) Aniiie Jilay slaie) (8 (Gl 130 A5 AlaiBY) (gaally Sy )
Gilail ¢ (Cuz0, M00Os) dieddl 28 Jic Spiro-OMeTAD e 45 lia
Llaad) ae oIS Q] Loaiiliins] sk e ((CBTS, CZTSe)di,sl Jilsil
Bg i Laddiall elY) ld ladall ol aad el b sus 5eUS Sligins o
sag 4 SN pas caseatl) & ST ASgye Gaiads daliall ) sacls sl
WD 8 dale clids lghea sy Tl Janind (CBTS, CZTSe, GaAs) Jie ik
Can (gl IS (S5 gl S Al Ak Lgaa sy Lgllanins) A0lSa] 15 55 Lnatl
(Cuz0) Ak Lual X (Migaally JSLaal) (o aedl o bilee Sl of oSa
Tsad Gaca Chlae ) oda s () Aaedd) CulSid gy WA S e Y
WIS gl gad dfindl aggal) dings b agudy duadly ST dug) mie SSLaal
s g cAaa i) Aal i)y Allall 5ol gt aba )l (e LllS il
Ol daly dacliall Cliulaill 8 5] dpaloal

299



2026 alad 1axedl 9alaall Gl daals Eigan dlaa

[3]

[8]

aaall=5

“Best Research-Cell Efficiency Chart | Photovoltaic Research |
NREL.” Accessed: Nov. 27, 2025. [Online]. Available:
https://www.nrel.gov/pv/cell-efficiency

B. Khagendra Prasad Phulara and P. D. Salvatore Fava A
Dissertation, “DESIGN AND ANALYSIS OF LEAD-FREE
PEROVSKITE BASED SOLAR CELL DEVICES IN
STANDALONE AND TANDEM CONFIGURATION,” 2022.
[Online]. Available: www.pveducation.org

C. Q. Xia et al., “Limits to Electrical Mobility in Lead-Halide
Perovskite Semiconductors,” Journal of Physical Chemistry
Letters, vol. 12, no. 14, pp. 3607-3617, Apr. 2021, doi:
10.1021/acs.jpclett.1c00619.

S. Zhao, W. Cai, H. Wang, Z. Zang, and J. Chen, “All-Inorganic
Lead-Free Perovskite(-Like) Single Crystals: Synthesis, Properties,
and Applications,” May 01, 2021, John Wiley and Sons Inc. doi:
10.1002/smtd.202001308.

W. Li, T. Mi, T. Tian, M. Yang, and H. Pang, “Mitigating Lead
Toxicity in Halide Perovskite Solar Cells: Strategies for
Sustainable Development,” Apr. 01, 2025, Multidisciplinary
Digital Publishing Institute (MDPI). doi:
10.3390/inorganics13040123.

T. Ye et al., “Ambient-Air-Stable Lead-Free CsSnI3Solar Cells
with Greater than 7.5% Efficiency,” J Am Chem Soc, vol. 143, no.
11, pp. 4319-4328, Mar. 2021, doi: 10.1021/jacs.0c13069.

M. K. Hossain et al., “Deep Insights into the Coupled
Optoelectronic and Photovoltaic Analysis of Lead-Free CsSnl3
Perovskite-Based Solar Cell Using DFT Calculations and SCAPS-
1D Simulations,” ACS Omega, vol. 8, no. 25, pp. 2246622485,
Jun. 2023, doi: 10.1021/acsomega.3c00306.

M. T. Islam et al., “Investigation of CsSn0.5Ge0.513-on-Si
Tandem Solar Device Utilizing SCAPS Simulation,” IEEE Trans
Electron Devices, vol. 68, no. 2, pp. 618-625, Feb. 2021, doi:
10.1109/TED.2020.3045383.

W. Tang, T. Liu, and O. Fenwick, “High thermoelectric
performance based on CsSnl3 thin films with improved stability,”
J Mater Chem A Mater, vol. 10, no. 13, pp. 7020-7028, Mar. 2022,
doi: 10.1039/d1ta11093d.

2025/12/10: &l glay) 2l 300
2026/01/19: yall algsd 505



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

9 L2 ¢dady L0 4‘51\ v

A. Shpatz Dayan and L. Etgar, “Study of Electron Transport Layer-
Free and Hole Transport Layer-Free Inverted Perovskite Solar
Cells,” Solar RRL, vol. 6, no. 1, Jan. 2022, doi:
10.1002/s01r.202100578.

L. Nakka, Y. Cheng, A. G. Aberle, and F. Lin, “Analytical Review
of Spiro-OMeTAD Hole Transport Materials: Paths Toward Stable
and Efficient Perovskite Solar Cells,” Aug. 01, 2022, John Wiley
and Sons Inc. doi: 10.1002/aesr.202200045.

F. M. Rombach, S. A. Haque, and T. J. Macdonald, “Lessons
learned from spiro-OMeTAD and PTAA in perovskite solar cells,”
Oct. 01, 2021, Royal Society of Chemistry. doi:
10.1039/d1ee02095a.

I. M. Abdellah et al., “Facile and low-cost synthesis of a novel
dopant-free hole transporting material that rivals Spiro-OMeTAD
for high efficiency perovskite solar cells,” Sustain Energy Fuels,
vol. 5, no. 1, pp. 199-211, Jan. 2021, doi: 10.1039/d0se01323d.
M. F. Rahman et al., “Concurrent investigation of antimony
chalcogenide (Sb2Se3 and Sb2S3)-based solar cells with a
potential WS2 electron transport layer,” Heliyon, vol. 8, no. 12,
Dec. 2022, doi: 10.1016/j.heliyon.2022.e12034.

M. F. Rahman et al., “Design and numerical analysis of CIGS-
based solar cell with V205as the BSF layer to enhance
photovoltaic performance,” AIP Adv, vol. 13, no. 4, Apr. 2023, doi:
10.1063/5.0138354.

R. A. Jabr, M. Hamad, and Y. M. Mohanna, “Newton-Raphson
solution of Poisson’s equation in a pn diode.”

M. F. Wahid et al., “Performance Enhancement of Lead-Free
CsSnl3 Perovskite Solar Cell: Design and Simulation With
Different Electron Transport Layers,” IEEE Access, vol. 12, pp.
82968312, 2024, doi: 10.1109/ACCESS.2024.3352444.

M. K. Hossain et al., “Effect of dye extracting solvents and
sensitization time on photovoltaic performance of natural dye
sensitized solar cells,” Results Phys, vol. 7, pp. 1516—1523, 2017,
doi: 10.1016/j.rinp.2017.04.011.

L.J. Chen, C. R. Lee, Y. J. Chuang, Z. H. Wu, and C. Chen,
“Synthesis and Optical Properties of Lead-Free Cesium Tin Halide
Perovskite Quantum Rods with High-Performance Solar Cell
Application,” Journal of Physical Chemistry Letters, vol. 7, no. 24,
pp. 5028-5035, Dec. 2016, doi: 10.1021/acs.jpclett.6b02344.

J. H. Noh, N. J. Jeon, Y. C. Choi, M. K. Nazeeruddin, M. Gritzel,
and S. Il Seok, “Nanostructured TiO2/CH3NH3PbI3

301



2026 alad 1axedl 9alaall Gl daals Eigan dlaa

[21]

[22]

[23]

[24]

[25]

[26]

heterojunction solar cells employing spiro-OMeTAD/Co-complex
as hole-transporting material,” J Mater Chem A Mater, vol. 1, no.
38, pp. 11842—-11847, Oct. 2013, doi: 10.1039/c3tal2681a.
“Spiro-OMeTAD (Spiro-MeOTAD) | 207739-72-8, >99.0% |
Ossila.” Accessed: Nov. 27, 2025. [Online]. Available:
https://www.ossila.com/products/spiro-ometad

R. Tala-Ighil Zair, C. Oudjehani, and K. Tighilt, “SCAPS
Simulation for Perovskite Solar Cell,” Journal of Solar Energy
Research Updates, vol. 8, pp. 21-26, Oct. 2025, doi:
10.31875/2410-2199.2021.08.3.

O. A. Muhammed, D. Eli, P. H. Boduku, J. Tasiu, M. S. Ahmad,
and N. Usman, “Modeling and simulation of lead-free perovskite
solar cell using scaps-1D,” East European Journal of Physics, vol.
2021, no. 2, pp. 146-154, 2021, doi: 10.26565/2312-4334-2021-2-
12.

E. Danladi ef al., “Impact of hole transport material on perovskite solar
cells with different metal electrode: A SCAPS-1D simulation insight,”
Heliyon, vol. 9, no. 6, Jun. 2023, doi: 10.1016/j.heliyon.2023.e16838.

S. M. Seyed-Talebi, M. Mahmoudi, and C. H. Lee, “A Comprehensive
Study of CsSnl3-Based Perovskite Solar Cells with Different Hole
Transporting Layers and Back Contacts,” Micromachines (Basel), vol.
14, no. 8, Aug. 2023, doi: 10.3390/mi14081562.

M. K. Hossain et al., “Deep Insights into the Coupled Optoelectronic and
Photovoltaic Analysis of Lead-Free CsSnI3 Perovskite-Based Solar Cell
Using DFT Calculations and SCAPS-1D Simulations,” ACS Omega, vol.
8, no. 25, pp. 22466-22485, Jun. 2023, doi: 10.1021/acsomega.3c00306.
I. Qasim et al., “Attainment of Stable
(FTO/ZnO/CdS/CH3NH3Snl3/GaAs/Au) Perovskite Solar Cell With
Above 23% Photovoltaic Performance Using Solar Capacitance
Simulator,” Aug. 10, 2021. doi: 10.21203/rs.3.rs-731428/v1.

M. Hasanzadeh Azar et al., “SCAPS Empowered Machine Learning
Modelling of Perovskite Solar Cells: Predictive Design of Active Layer
and Hole Transport Materials,” Photonics, vol. 10, No. 3, Mar. 2023,
doi: 10.3390/photonics10030271.

2025/12/10: &l glay) 2l 302
2026/01/19: yall algsd 505




      d 2  d   x 2 Ψ ( x ) =   q    𝜀 0   𝜀  r [ p  ( x ) − n  ( x ) +     N  D −   N  A +   𝜌  p −   𝜌  n ]                             ( 1 )      


    𝜕 n  𝜕 t =  1  q   𝜕   J  n  𝜕 x +  (   G  n −   R  n )                                                             ( 2 )


    𝜕 p  𝜕 t =  1  q   𝜕   J  p  𝜕 x +  (   G  p −   R  p )                                                             ( 3 )


    J  n = q   𝜇  n n E + q   D  n   𝜕 n  𝜕 x                                                                   ( 4 )


    J  n = q   𝜇  n n E + q   D  n   𝜕 n  𝜕 x                                                                   ( 4 )


    J  p = q   𝜇  p p E − q   D  p   𝜕 p  𝜕 x                                                                    ( 5 )


    J  p = q   𝜇  p p E − q   D  p   𝜕 p  𝜕 x                                                                    ( 5 )


    F  F =       V  m p ×   J  m p    V  o c ×   J  s c   =       P  m a x    V  o c ×   J  s c                                    ( 6 )


  𝜂 =       V  o c ×   I  s c ×   F  F    P  i n   =       P  m a x    P  i n                                                                      ( 7 )


    𝑬  𝒈   ( 𝒆 𝑽 )


  𝝌    ( 𝒆 𝑽 )


    𝜺  𝒓


    𝑵  𝑪   (   𝒄 𝒎  − 𝟑 )


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑽   (   𝒄 𝒎  − 𝟑 )


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟎


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟗 ×   𝟏 𝟎  + 𝟏 𝟗


    𝝁  𝒏


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟐 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝝁  𝒑


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟐 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝑵  𝑨   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟔


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑫   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟓 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


    𝑵  𝒕   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟕


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟑


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝝌


    𝑬  𝒈   ( 𝒆 𝑽 )


  𝝌    ( 𝒆 𝑽 )


    𝜺  𝒓


    𝑵  𝑪   (   𝒄 𝒎  − 𝟑 )


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟐 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟐 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑽   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟗 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


    𝝁  𝒏


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟐 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝝁  𝒑


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟐 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝑵  𝑨   (   𝒄 𝒎  − 𝟑 )


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑫   (   𝒄 𝒎  − 𝟑 )


    𝑵  𝒕   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


    𝑬  𝒈   ( 𝒆 𝑽 )


  𝝌    ( 𝒆 𝑽 )


    𝜺  𝒓


    𝑵  𝑪   (   𝒄 𝒎  − 𝟑 )


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟒 . 𝟑 𝟖 𝟔 ×   𝟏 𝟎  + 𝟏 𝟗


    𝑵  𝑽   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟓 . 𝟓 ×   𝟏 𝟎  + 𝟐 𝟎


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟒 . 𝟑 𝟒 𝟑 ×   𝟏 𝟎  + 𝟏 𝟗


    𝝁  𝒏


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟏 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝝁  𝒑


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟏 . 𝟎 ×   𝟏 𝟎  − 𝟒


    𝑵  𝑨   (   𝒄 𝒎  − 𝟑 )


  𝟓 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟔


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟕


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑫   (   𝒄 𝒎  − 𝟑 )


    𝑵  𝒕   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟓 ×   𝟏 𝟎  + 𝟏 𝟕


    𝑬  𝒈   ( 𝒆 𝑽 )


  𝝌    ( 𝒆 𝑽 )


    𝜺  𝒓


    𝑵  𝑪   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟐 . 𝟐 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟗


    𝑵  𝑽   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟐 . 𝟎 ×   𝟏 𝟎  + 𝟐 𝟏


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟖 ×   𝟏 𝟎  + 𝟏 𝟗


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


    𝝁  𝒏


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟏 . 𝟖 ×   𝟏 𝟎  − 𝟑


  𝟒 . 𝟓 ×   𝟏 𝟎  − 𝟐


    𝝁  𝒑


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  (   𝒄 𝒎  𝟐 .   𝑽  − 𝟏 .   𝒔  − 𝟏 )


  𝟏 . 𝟖 𝟔 ×   𝟏 𝟎  − 𝟐


  𝟒 . 𝟓 ×   𝟏 𝟎  − 𝟐


    𝑵  𝑨   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟖


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟏


  𝟏 . 𝟑 ×   𝟏 𝟎  + 𝟏 𝟖


    𝑵  𝑫   (   𝒄 𝒎  − 𝟑 )


    𝑵  𝒕   (   𝒄 𝒎  − 𝟑 )


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


  𝟏 . 𝟎 ×   𝟏 𝟎  + 𝟏 𝟓


    𝑽  𝑶 𝑪    ( 𝑽 )


    𝑱  𝑺 𝑪   ( 𝒎 𝑨 .   𝒄 𝒎  − 𝟐 )


  𝑭 𝑭   %


  𝑷 𝑪 𝑬   %

