
Forecasting global solar radiation in Nariño

Laura Sofía Hoyos Gómez

Universidad Nacional de Colombia
Facultad de Ingeniería y Arquitectura

Departamento de eléctrica, electrónica y computación
Manizales, Colombia

2021



Pronóstico de la irradiancia solar en Nariño
(Forecasting global solar radiation in Nariño)

Laura Sofía Hoyos Gómez

Trabajo de grado presentado como requisito parcial para optar al título de:
Doctora en ingeniería

Directora:
(Ph.D., Profesora) Belizza Janet Ruiz Mendoza

Línea de Investigación:
Meteorologìa energética, energìa solar

Grupo de Investigación en Potencia, Energía y Mercados - GIPEM

Universidad Nacional de Colombia
Facultad de Ingeniería y Arquitectura

Departamento de eléctrica, electrónica y computación
Manizales, Colombia

2021





Agradecimientos

La Gobernación de Nariño a través de un crédito-beca administrado por la Fundación Centro de Estu-
dios Básicos y Aplicados - Ceiba financió esta tesis doctoral. La visita de investigación a la Universidad
de Chile fue financiada con una beca de la Alianza del Pacífico. Además, el trabajo de campo realizado
en la localidad de Huatacondo fue financiado por el Centro de Energía de la Universidad de Chile. La
información meteorológica usada en esta investigación fue obtenida en el marco del proyecto comple-
mentariedad de fuentes de energía renovable no convencionales en Colombia.

Finalmente, agradezco al Grupo de Investigación en Potencia, Energía y Mercados - GIPEM por el apoyo
brindado para el desarrollo de mi trabajo, especialmente a mi directora la profesora Belizza Janet Ruiz
Mendoza.



V

Resumen

Artículo [I] El análisis conjunto de proyectos y comunidades permite abordar proyectos energéticos
desde un enfoque socio-técnico. Incluirá las comunidades en el desarrollo de proyectos requiere una
mejor comprensión de sus asuntos sociales, económicos, ambientales y culturales. En consecuencia,
este trabajo se centra en formular una metodología para priorizar proyectos energéticos, consideran-
do la participación de la comunidad. En la evaluación de las comunidades se consideró los Índices de
Desarrollo Humano y los Índices de Objetivos de Desarrollo Sustentable y se ajustó éstos de acuerdo
con la información disponible para Nariño. La evaluación de los proyectos se hizo con el Valor Presen-
te Neto. Para la evaluación conjunta de las comunidades y los proyectos se utilizó la metodología de
análisis de proceso jerárquico y se establecieron seis objetivos de priorización. Además, la metodología
de co-construcción fue el soporte para formular lineamientos para trabajo comunitario. Esta investiga-
ción encontró una relación cercana entre los proyectos que contribuyen a mejorar la calidad de vida y
la educación en Nariño.

Artículo [II] La irradiancia solar es un recurso ampliamente disponible que podría contribuir al proceso
de electrificación en lugares con bajos índices socio económicos. No obstante, en algunos lugares, la
información de este recurso no está disponible o tiene baja calidad. Para superar este problema algu-
nos investigadores han desarrollado técnicas como modelos empíricos basados en temperatura para
estimar el recurso. Sin embargo, no hay un amplio análisis del comportamiento de esas técnicas en
ambientes tropicales y montañosos. Por lo tanto, esta investigación analiza el comportamiento de tres
modelos empíricos basados en temperatura y un modelo propuesto bajo estas condiciones ambienta-
les. Los errores estadísticos calculados permiten elegir el mejor modelo para cada punto evaluado. Con
este modelo se hace la imputación de datos con el fin de incrementar la calidad de las bases de datos
analizadas. El modelo propuesto se ajusta mejor a la zona Andina y Amazónica, mientras el modelo de
Hargreaves y Samani tiene mejores resultados en la zona Pacífica. Además, el modelo propuesto pre-
senta una relación lineal entre las constantes empíricas y la altitud de las estaciones meteorológicas
localizadas por encima de los 2.500 msnm.

Artículo [III] Los mapas que muestran el potencial de la energía solar facilitan el uso del recurso so-
lar. Sin embargo, la falta de información de irradiancia solar son una barrera para elaborar este tipo de
herramientas. Este investigación propone estimar la irradiancia global solar con datos de temperatura
usando el modelo empírico de Hargreaves y Samani y uno propuesto, para incrementar el número de
puntos muestreados. Además, se implementa la técnica de validación cruzada conocida como dejar uno
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por fuera para evaluar el rendimiento de cuatro técnicas de interpolación espacial en un ambiente tro-
pical y montañoso. La información usada es del departamento de Nariño-Colombia que tiene un área
de 33.268 km2. El modelo propuesto muestra un mejor comportamiento en sitios localizados a más de
2.500 msnm, ubicados en la zona Andina y Amazonica. Además, Kriging ordinario es la mejor técnica de
interpolación espacial.

Artículo [IV] Los modelos de pronóstico de irradiancia solar impulsan las aplicaciones que usan ener-
gía solar. Existen varias técnicas para pronosticar la irradiancia solar global, como las númericas y las
estadísticas. En este contexto, esta investigación compara cuatro enfoques de pronóstico estadístico:
Promedio móvil integrado autorregresivo (ARIMA), Perceptrón de una sola capa (SLP), Perceptrón de
múltiples capas (MLP) y memoria a corto plazo (LSTM), en un horizonte de un día por delante, utilizando
conjuntos de datos incompletos medidos en un entorno tropical y montañoso. Los resultados muestran
que los modelos basados en redes neuronales superan al modelo ARIMA. Además, LSTM tiene un mejor
rendimiento con un número reducido de datos de entrada y en entornos de nubosidad.

Palabras clave: Participación comunitaria, Electrificación rural, Proceso analítico jerárquico, Proyectos ener-
géticos, Índice de desarrollo humano, Índice de metas de desarrollo sostenible, modelos basados en tempe-
ratura, imputación de datos, Hargreaves y Samani, Técnicas de interpolación espacial, Mapeo de radiación
solar.



VII

Abstract
Article [I] Introducing the community to technical projects requires a deal with the social, energy and
environmental policies as well as the cultural field. To address an energy project from a socio-technical
view requires the joint analysis of both the project and the community. This work focuses on the formu-
lation of a methodology to ease the prioritization of projects and community participation. To evaluate
the community, the Human Development Index and Sustainable Development Goal Index are adjusted
to the context and available information of Nariño. The Net Present Value is used for the project evalua-
tion. The Analytic Hierarchy Process allows for the evaluation of the community and project jointly and
establishing prioritization objectives. Moreover, the co-construction methodology is the basis to for-
mulate guidelines to work with the community. This research found that there is a relationship between
the projects that seek to improve the quality of the life and education in Nariño.

Article [II] Solar irradiance is a widely available resource that could drive electrification processes in re-
gions with low socio-economic indexes. However, in some places, solar irradiance resource information
is not available or has low quality. As a result, some techniques allow us to estimate this resource from
other meteorological variables’ information. Nevertheless, there is not a broad analysis of these techni-
ques in tropical and mountainous environments. Therefore, this research analyzes the performance of
three well know, and one proposed empirical temperature-based models in a tropical and mountainous
environment. Statistical error comparison allows us to choose the best model for each location and the
model for the data imputation. Hargreaves and Samani model present better results in the Pacific zone.
In the Andean and Amazon zone, the proposed model fit better. Also, the proposed model’s empirical
constants show a linear relationship with the altitude in AWS above 2.500 MASL.

Article [III] The solar energy potential maps are an enabler for solar energy use. However, the lack of
solar irradiance information is a barrier to elaborating on this type of decision tool. This research pro-
posed the estimation of solar irradiance using air temperature data to increase the sampled points with
the Hargreaves and Samani and a proposed empirical model. Also, the leave-one-out cross-validation is
the technique used to assess the performance of four spatial interpolation techniques in a tropical and
mountainous environment. The information came from Nariño state in Colombian that covers an area
of 33;268km2 . The proposed empirical model shows better performance in sites with an altitude above
2.500 MASL, located in the Andean and Amazon zone. Further, Ordinary Kriging was the interpolation
technique with the best behavior.

Article[IV] Accurate mechanisms for forecasting solar irradiance boost solar energy applications. There
are several techniques to forecast global solar irradiance, such as numerical weather prediction and sta-
tistical techniques. In this context, this research compare four forecasting approaches Autoregressive
Integrated Moving Average, Single Layer Perceptron, Multiple Layer Perceptron, and Long Short-Term
Memory in a one-day ahead horizon using incomplete datasets measured in a tropical and mountainous
environment. The results show that the neural network-based models outperform the ARIMA model.
Furthermore, LSTM has better performance with a low number of input data and in cloudiness environ-
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ments.

Keywords: Community participation, Rural electrification, Analytic Hierarchy Process, Multicriteria Approach,
Energy projects, Human Development Index, Sustainable Development Goal Index, Temperature based mo-
dels, data imputation, Hargreaves and Samani, Spatial interpolation techniques, solar radiation mapping.



Contenido

Agradecimientos IV

Resumen V

Lista de símbolos XV

1 Introducción 1

2 Metodología multicriterio para priorización de proyectos sociales y participación Comu-
nitaria: caso de estudio Nariño 5
2.1 Introducción . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 Metodología . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.2.1 Evaluación comunitaria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.2 Evaluación del proyecto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.2.3 Ponderación de dimensiones . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.2.4 Directriz para trabajo comunitario . . . . . . . . . . . . . . . . . . . . . . . 15

2.3 Descripción del caso de estudio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4 Resultados obtenidos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.4.1 Priorización de proyectos . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.4.2 Directriz para el trabajo comunitario . . . . . . . . . . . . . . . . . . . . . . 23

2.5 Conclusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3 Evaluación de modelos empíricos para estimar irradiancia solar global usando datos de
temperatura en un ambiente tropical y montañoso. Parte I: imputación 26
3.1 Introducción . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.2 Materiales y métodos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.2.1 Descripción de los datos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.2.2 Control de calidad de los datos de irradiancia solar . . . . . . . . . . . . . . 30
3.2.3 Control de calidad de datos de temperatura . . . . . . . . . . . . . . . . . . 32
3.2.4 Modelos empíricos basados en temperatura . . . . . . . . . . . . . . . . . . 33
3.2.5 Modelo empírico propuesto . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2.6 Validación estadística . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.3 Resultados y discusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.3.1 Control de calidad de datos irradiancia solar global . . . . . . . . . . . . . . 39



X Contenido

3.3.2 Control de calidad de datos de temperatura . . . . . . . . . . . . . . . . . . 41
3.3.3 Calibración y validación de modelos empíricos . . . . . . . . . . . . . . . . . 42
3.3.4 Imputación de datos de insolación solar diaria . . . . . . . . . . . . . . . . . 46

3.4 Conclusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4 Evaluación de modelos empíricos para estimar irradiancia solar global usando datos de
temperatura en un ambiente tropical y montañoso: Parte II: mapeo 50
4.1 Introducción . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4.2 Descripción de los datos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
4.3 Marco teórico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.3.1 Pondedaro inverso por distancia (IDW) . . . . . . . . . . . . . . . . . . . . . 55
4.3.2 Kriging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.3.3 Validación cruzada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.4 Metodología . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
4.5 Resultados y discusión . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.6 Conclusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5 Pronóstico de corto plazo de irradiancia solar global en ambientes tropicales 74
5.1 Introducción . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
5.2 Materiales y métodos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

5.2.1 ARIMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.2.2 Feedforward Neural Networks (FNN) . . . . . . . . . . . . . . . . . . . . . . 78
5.2.3 LSTM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.2.4 Control de calidad de datos . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.2.5 Imputación de datos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
5.2.6 Criterios de comportamiento del modelo . . . . . . . . . . . . . . . . . . . . 83

5.3 Configuración experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
5.3.1 Localización y conjunto de datos . . . . . . . . . . . . . . . . . . . . . . . . 83
5.3.2 Pre-procesamiento de los datos . . . . . . . . . . . . . . . . . . . . . . . . . 84
5.3.3 Arquitecturas de los modelos de pronóstico . . . . . . . . . . . . . . . . . . 86
5.3.4 Entrenamiento . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.4 Resultados y discusión . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
5.4.1 Resultados de la imputación de datos horario . . . . . . . . . . . . . . . . . 87
5.4.2 Resultados del pronóstico de irradiancia . . . . . . . . . . . . . . . . . . . . 89
5.4.3 Resultados del pronóstico de insolación. . . . . . . . . . . . . . . . . . . . . 98

5.5 Conclusiones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

6 Conclusiones de la tesis 105
6.1 Recomendaciones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107



Lista de Figuras

1-1 Localización de Nariño en Colombia . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2-1 Esquema de la metodología utilizada para la priorización de proyectos y el trabajo con
la comunidad impactada. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2-2 Esquema de priorización de proyectos utilizado en el caso de Nariño para evaluar a la
comunidad y los proyectos energéticos. . . . . . . . . . . . . . . . . . . . . . . . . . 17

2-3 Guía para el trabajo comunitario. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3-1 Subregiones administrativas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3-2 Localización de las AWS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3-3 Delta de temperatura contra índice de claridad. . . . . . . . . . . . . . . . . . . . . . 44
3-4 Relación entre los coeficientes empíricos a y b y la altitud del sitio . . . . . . . . . . . 46
3-5 Imputación de datos utilizando métodos empíricos basados en temperatura. . . . . . 47
3-7 Insolación solar global diaria por mes en las AWS de Nariño. . . . . . . . . . . . . . . 48

4-1 Localización de las estaciones meteorológicas automáticas y convencionales. . . . . . 53
4-2 Variograma experimental y teórico para cada mes en Nariño. . . . . . . . . . . . . . . 63
4-3 RMSE para cada mes con las técnicas de interpolación espacial. . . . . . . . . . . . . 65
4-4 MAE para cada mes con las técnicas de interpolación espacial. . . . . . . . . . . . . . 66
4-5 MBE para cada mes con las técnicas de interpolación espacial. . . . . . . . . . . . . . 66
4-6 SD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4-7 MPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4-8 Insolación promedio de enero. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
4-9 Insolación promedio de febrero. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
4-10 Insolación promedio de marzo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4-11 Insolación promedio de abril. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4-12 Insolación promedio de mayo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4-13 Insolación promedio de junio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4-14 Insolación promedio de julio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4-15 Insolación promedio de agosto. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4-16 Insolación promedio de septiembre. . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4-17 Insolación promedio de octubre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4-18 Insolación promedio de noviembre . . . . . . . . . . . . . . . . . . . . . . . . . . . 73



XII Lista de Figuras

4-19 Insolación promedio de diciembre. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5-1 El diagrama muestra las etapas para el entrenamiento de los modelos de pronóstico, la
sintonización de los hiperparámetros donde ST, ST’, VP y GT representan los datos de
entrada, la serie de tiempo con los datos imputados, los valores pronosticados, y los
valores de comparación ( ). . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5-2 Arquitectutas de las FNN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5-3 Estructura de una LSTM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
5-4 Localización de las estaciones meteorológicas. . . . . . . . . . . . . . . . . . . . . . 84
5-5 Clasificación de los días por el índice de claridad . . . . . . . . . . . . . . . . . . . . 85
5-7 Imputación de datos La Josefina en 2015 . . . . . . . . . . . . . . . . . . . . . . . . 88
5-8 Resultados del pronóstico horario en Biotopo . . . . . . . . . . . . . . . . . . . . . . 91
5-9 Resultados del pronóstico horario en Altaquer . . . . . . . . . . . . . . . . . . . . . 92



Lista de Tablas

2-1 Dimensiones para la evaluación de la comunidad . . . . . . . . . . . . . . . . . . . . 10
2-2 Escala de Saaty para comparar la importancia de una dimensión sobre otra para alcan-

zar el objetivo fijado. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2-3 Clasificación de localidades por horas de suministro eléctrico . . . . . . . . . . . . . 16
2-4 Resultados de la evaluación de la comunidad. . . . . . . . . . . . . . . . . . . . . . . 19
2-5 VPN normalizado. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2-6 Ponderación por objetivos de priorización. . . . . . . . . . . . . . . . . . . . . . . . 20
2-7 Priorización de proyectos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2-8 Evaluación financiera del proyecto de electrificación escolar. . . . . . . . . . . . . . . 22
2-9 Matriz de correlación en los proyectos de electrificación de escuelas. . . . . . . . . . 22

3-1 Estaciones meteorológicas automáticas. . . . . . . . . . . . . . . . . . . . . . . . . . 31
3-2 HS coeficientes empíricos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3-3 Clasificación por índice de claridad . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
3-4 Medidas de errores estadísticos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3-5 Resultados de validación de datos de irradiancia global . . . . . . . . . . . . . . . . . 40
3-6 Cantidad de días clasificados por la cantidad de datos entre las 6 y 18 horas. . . . . . 40
3-7 Clasificación por índice de claridad . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3-8 Resultados de validación de temperatura . . . . . . . . . . . . . . . . . . . . . . . . 41
3-9 Cantidad de días clasificados por la cantidad de datos entre las 6 y 18 horas. . . . . . 42
3-10 Coeficientes empíricos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3-11 Resumen de los resultados de los modelos empíricos . . . . . . . . . . . . . . . . . . 44
3-12 Imputación por AWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4-1 Estaciones meteorológicas automáticas . . . . . . . . . . . . . . . . . . . . . . . . . 52
4-2 Estaciones meteorológicas convencionales . . . . . . . . . . . . . . . . . . . . . . . 53
4-3 Cantidad de días clasificados por la cantidad de datos entre las 6 y 18 horas. . . . . . 54
4-4 Cantidad de días clasificados por la cantidad de datos entre las 6 y 18 horas. . . . . . 54
4-5 Coeficientes empíricos estimados para la zona Andina y Amazónica . . . . . . . . . . 62
4-6 Comparación de los modelos empíricos . . . . . . . . . . . . . . . . . . . . . . . . . 62
4-7 Resultados de los métodos de interpolación espacial . . . . . . . . . . . . . . . . . . 64

5-1 Statistical errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83



XIV Lista de Tablas

5-2 Estaciones meteorológicas automáticas. . . . . . . . . . . . . . . . . . . . . . . . . . 84
5-3 Resultados de imputación . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
5-4 Errores estadísticos del proceso de imputación . . . . . . . . . . . . . . . . . . . . . 89
5-5 Errores estadísticos en el proceso de imputación para el pronóstico de insolación. Los

valores más bajos están en negrita para cada modelo empírico . . . . . . . . . . . . . 90
5-6 Errores estadísticos del pronóstico de irradiancia con un día de adelanto. . . . . . . . 96
5-6 Errores estadísticos del pronóstico de irradiancia con un día de adelanto. . . . . . . . 97
5-7 Errores estadísticos del pronóstico de insolación. . . . . . . . . . . . . . . . . . . . . 101
5-7 Errores estadísticos del pronóstico de insolación. . . . . . . . . . . . . . . . . . . . . 102



Lista de símbolos

Símbolos con letras del alfabeto latino

Símbolo Definición

a Coeficiente empírico

A Semivarianza de la matriz entre el ith y el jth punto

b Coeficiente empírico

c Coeficiente empírico

di Distancia entre el xi y x0

D Día Juliano

H Irradiancia global solar horizontal a nivel del suelo

H0 Irradiancia solar extraterrestre

I0 Irradiancia solar extraterrestre horaria

Ics Irradiancia solar global en cielo despejado horaria

Imt Irradiancia solar global en el tiempo t

Isc Constante solar

Kt Índice de claridad

n Número de puntos muestreados

m Masa de aire

p Exponente

r El radio de la ventana de búsqueda

Th Temperatura horaria medida

Tmax Temperatura máxima diaria

Tmean Temperatura media diaria

Tmin Temperatura mínima diaria



XVI Lista de Tablas

Símbolo Definición

TR Relación entre la temperatura diaria mínima y máxima

�T Diferencia entre la temperatura diaria mínima y máxima

u(x) Media no estacionaria

x0 Punto objetivo

xi Punto no muestreado

z Punto muestreado

z(xi + h) Valor a una distancia h desde xi

Símbolos con letras Griegas

Símbolo Definición

� Latitud

� Declinación solar

!s Ángulo horario al atardecer

� Altitud solar

� Transmitancia atmosférica

Abreviaciones

Abreviación Definición

AHP Proceso Analítico Jerárquico

ANN Red neuronal artificial

ARMA Promedio móvil autoregresivo

ARIMA Promedio móvil autoregresivo integrativo



Lista de Tablas XVII

Abreviación Definición

AWS Estación meteorológica automática

CEPAL Comisión Económica para América Latina y el Caribe

CWS Estación meteorológica convencional

DANE Departamento Administrativo Nacional de Estadística

IDEAM Instituto de Hidrología, Meteorología y Estudios Ambientales

IDW Ponderado inverso por distancia

IPSE Instituto de Planificación y Soluciones Energéticas para las Zonas no Interconectadas

PERS Programa de Energización Rural Sostenible

UPME Unidad de Planeación Minero Energética



1 Introducción

Las energías renovables son un recurso disponible localmente con beneficios ambientales y sociales,
que permiten la integración de la comunidad en proyectos energéticos (Dawoud y cols., 2019). La proli-
feración de sistemas de generación de electricidad con energía solar ha impulsado estudios para estimar
el potencial del recurso solar, pronosticar el recurso en diferentes horizontes de tiempo, e incluir a la co-
munidad dentro de estos proyectos. Incluir a la comunidad en la planificación y ejecución de proyectos
energéticos, como electrificación rural o proyectos productivos, mejora la sostenibilidad de las iniciati-
vas en el tiempo. Cuando la población es parte activa de los proyectos energéticos, su desarrollo facilita
la interacción entre las comunidades, las entidades financiadoras y los desarrolladores del proyecto. En
consecuencia, el análisis conjunto de proyectos y comunidades aborda los proyectos energéticos desde
un punto de vista socio-técnico. Además, los proyectos de energía sostenible se correlacionan con el
desarrollo socioeconómico de las poblaciones, debido al crecimiento de la población, la urbanización y
la industrialización.

Dentro de las energías renovables, el aprovechamiento de la energía solar con tecnología fotovoltaica
ha crecido en las últimas décadas. En la actualidad, los costos asociados a esta tecnología son competi-
tivos, principalmente en las zonas rurales donde la electricidad generada con recursos convencionales
podría resultar más costosa. Fomentar la generación de electricidad con energía solar requiere conocer
el recurso. Sin embargo, en los países en desarrollo, los datos de irradiancia solar no están ampliamente
disponibles, debido a la escasez de estaciones meteorológicas que midan esta variable y los requisitos
de calibración y mantenimiento de los equipos. En algunos casos, aunque las bases de datos tienen un
acceso abierto, el proceso de obtención de información puede ser extenso (Bakirci, 2009). Por ello, en
los últimos años, los estudios de irradiancia solar han utilizado otras variables relevantes como tempe-
ratura, brillo solar, humedad relativa, entre otras, para estimar esta variable.

Los investigadores solares han desarrollado modelos y métodos para estimar la insolación solar diaria
o mensual, con modelos empíricos o inteligencia artificial. Los modelos empíricos suelen estar basados
en factores astronómicos, geométricos, físicos y meteorológicos, destacando el último (Besharat y cols.,
2013). La implementación del modelo empírico depende de la disponibilidad y consistencia de los da-
tos (Akinoglu, 2008). En este sentido, Almorox y cols. recomendó que los datos del modelo empírico
sean simultáneos y confiables en el sitio de estudio (Almorox y cols., 2011). Sin importar el método de
estimación de insolación solar que se use, los datos recopilados a nivel del suelo ofrecen información
de una fuente puntual. Por lo tanto, es necesario estimar los valores de insolación solar en los puntos
no muestreados, construyendo datos espacialmente continuos sobre el área de estudio (J. Li y Heap,
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�±�]�X�c�^ �S�T �P�[�c�T�a�]�P�c�X�e�P�b �S�T �S�T�R�X�b�X�„�] �Q�P�b�P�S�^ �T�] �P�c�a�X�Q�d�c�^�b �^ �R�a�X�c�T�a�X�^�b�� �[�P�b �R�d�P�[�T�b �S�T�b�R�a�X�Q�T�] �S�X�U�T�a�T�]�c�T�b �R�P�a�P�R�c�T��
�a�•�b�c�X�R�P�b ���=�P�a�h �h �C�d�V�P�]�h�P���$�"�#�(��� �5�] �[�^�b �_�a�^�h�T�R�c�^�b �b�^�R�X�P�[�T�b�� �[�P�b �=�3�4�= �_�T�a�\�X�c�T�] �S�X�b�c�a�X�Q�d�X�a �T�[ �_�a�T�b�d�_�d�T�b�c�^
�T�±�R�X�T�]�c�T�\�T�]�c�T�- �_�^�a �[�^ �c�P�]�c�^�� �[�P �R�^�^�a�S�X�]�P�R�X�„�] �h �T�[ �S�T�b�P�a�a�^�[�[�^ �S�T �d�] �_�a�^�h�T�R�c�^ �b�X�V�d�T �d�] �[�X�]�T�P�\�X�T�]�c�^ �_�a�T�e�X�P��
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���C�P�P�c�h���#�+�+�"���$�"�"�*��� �5�<�5�3�D�B�5 �9�9�9 �T�b �T�[ �\�{�c�^�S�^ �\�t�b �R�^�\�‰�] �S�T �[�P �U�P�\�X�[�X�P �5�<�5�3�D�B�5 �d�c�X�[�X�i�P�S�^ �T�] �[�P �_�[�P�]�X�±��
�R�P�R�X�„�] �T�]�T�a�V�{�c�X�R�P� �5�[ �^�Q�Y�T�c�X�e�^ �S�T �T�b�c�T �\�{�c�^�S�^ �T�b �T�[�T�V�X�a �[�P �P�[�c�T�a�]�P�c�X�e�P �\�t�b �R�^�\�_�P�c�X�Q�[�T �R�^�] �[�^�b �R�a�X�c�T�a�X�^�b� 
�C�X�] �T�\�Q�P�a�V�^�� �P �e�T�R�T�b �T�[ �\�{�c�^�S�^ �_�a�T�b�T�]�c�P �S�T�b�P�U�•�^�b �_�P�a�P �T�]�R�^�]�c�a�P�a �[�P �\�T�Y�^�a �P�[�c�T�a�]�P�c�X�e�P�- �_�^�a �[�^ �c�P�]�c�^�� �b�T
�W�P�R�T �]�T�R�T�b�P�a�X�^ �d�c�X�[�X�i�P�a �d�] �\�{�c�^�S�^ �\�t�b �b�T�]�R�X�[�[�^� �@�B�?�=�5�D�8�5�5 �9�9 �T�b �T�[ �\�{�c�^�S�^ �R�^�\�‰�]�\�T�]�c�T �d�c�X�[�X�i�P�S�^ �T�]
�T�[ �R�P�\�_�^ �S�T �[�P �_�[�P�]�X�±�R�P�R�X�„�] �T�]�T�a�V�{�c�X�R�P �S�T �[�P �U�P�\�X�[�X�P �@�B�?�=�5�D�8�5�5� �<�P �_�a�X�]�R�X�_�P�[ �S�X�U�T�a�T�]�R�X�P �T�]�c�a�T �@�B�?��
�=�5�D�8�5�5 �9�9 �h �5�<�5�3�D�B�5 �9�9�9 �T�b �T�[ �_�a�^�R�T�b�^ �S�T �R�t�[�R�d�[�^� �@�P�a�P �[�^�b �a�T�b�_�^�]�b�P�Q�[�T�b �S�T �[�P �c�^�\�P �S�T �S�T�R�X�b�X�^�]�T�b�� �T�[
�_�a�X�\�T�a �\�{�c�^�S�^ �T�b �\�t�b �U�t�R�X�[ �S�T �T�]�c�T�]�S�T�a �`�d�T �T�[ �b�T�V�d�]�S�^ �\�{�c�^�S�^� �5�b�c�^�b �c�X�_�^�b �S�T �\�{�c�^�S�^�b�� �S�T�]�^�\�X�]�P�S�^�b
�\�{�c�^�S�^�b �S�T �R�[�P�b�X�±�R�P�R�X�„�]�� �b�T �d�c�X�[�X�i�P�] �]�^�a�\�P�[�\�T�]�c�T �_�P�a�P �R�[�P�b�X�±�R�P�a �[�P�b �P�[�c�T�a�]�P�c�X�e�P�b �R�^�\�^ �P�R�T�_�c�P�Q�[�T�b �^ �X�]��
�P�R�T�_�c�P�Q�[�T�b�� �_�T�a�^ �]�^ �R�^�\�^ �\�{�c�^�S�^�b �_�P�a�P �<�P �b�T�[�T�R�R�X�„�] �S�T �P�[�c�T�a�]�P�c�X�e�P�b ���<�š�Z�T�]���$�"�"�)��� �4�T �[�^�b �c�a�T�b �=�3�4�=
�\�T�]�R�X�^�]�P�S�^�b �P�]�c�T�a�X�^�a�\�T�]�c�T�� �T�[ �1�8�@ �P�h�d�S�P �P �b�T�[�T�R�R�X�^�]�P�a �P�[�c�T�a�]�P�c�X�e�P�b �_�^�a �T�b�^ �`�d�T �U�d�T �T�[�T�V�X�S�^ �_�^�a �[�^�b
�P�d�c�^�a�T�b ���=�P�a�S�P�]�X �h �R�^�[�b� ���$�"�#�*��� 

�<�P �b�T�V�d�]�S�P �_�P�a�c�T �S�T �[�P �\�T�c�^�S�^�[�^�V�•�P �R�^�]�b�X�b�c�T �T�] �d�]�P �S�X�a�T�R�c�a�X�i �`�d�T �U�P�R�X�[�X�c�T �[�P �X�]�c�T�a�P�R�R�X�„�] �T�]�c�a�T �[�P �R�^�\�d��
�]�X�S�P�S �h �T�[ �V�^�Q�X�T�a�]�^ �[�^�R�P�[ �d �^�c�a�^ �c�X�_�^ �S�T �T�]�c�X�S�P�S �`�d�T �_�a�^�\�d�T�e�P �_�a�^�h�T�R�c�^�b �b�^�R�X�^���T�]�T�a�V�{�c�X�R�^�b� �5�[ �^�Q�Y�T�c�X�e�^
�S�T �[�P �S�X�a�T�R�c�a�X�i �T�b �X�]�e�^�[�d�R�a�P�a �P �[�P �R�^�\�d�]�X�S�P�S �T�] �T�[ �S�T�b�P�a�a�^�[�[�^ �S�T�[ �_�a�^�h�T�R�c�^ �_�P�a�P �R�a�T�P�a �d�] �b�X�b�c�T�\�P �S�T �V�T�b��
�c�X�„�] �S�T �P�R�d�T�a�S�^ �R�^�] �[�P �c�a�P�S�X�R�X�„�] �h �[�P �R�d�[�c�d�a�P �S�T �[�P �R�^�\�d�]�X�S�P�S �h�� �P �b�d �e�T�i�� �P�d�\�T�]�c�P�a �[�P�b �_�^�b�X�Q�X�[�X�S�P�S�T�b �S�T
�{�g�X�c�^ �S�T�[ �_�a�^�h�T�R�c�^� �5�b �R�^�]�e�T�]�X�T�]�c�T �S�T�b�c�P�R�P�a �`�d�T �T�[ �_�d�]�c�^ �S�T �_�P�a�c�X�S�P �_�P�a�P �T�[�P�Q�^�a�P�a �[�P�b �S�X�a�T�R�c�a�X�R�T�b �U�d�T �[�P
�\�T�c�^�S�^�[�^�V�•�P �S�T �R�^���R�^�]�b�c�a�d�R�R�X�„�] �_�^�a�`�d�T �{�b�c�P �Q�d�b�R�P �T�\�_�^�S�T�a�P�a �P �[�P �R�^�\�d�]�X�S�P�S �P �c�a�P�e�{�b �S�T �[�^�b �_�a�^�R�T�b�^�b
�S�T �c�^�\�P �S�T �S�T�R�X�b�X�^�]�T�b ���=�^�]�c�T�S�^�]�X�R�^ �h �R�^�[�b� ���$�"�#�*��� �C�X�] �T�\�Q�P�a�V�^�� �[�^�b �P�d�c�^�a�T�b �[�P �\�^�S�X�±�R�P�a�^�] �X�]�R�[�d�h�T�]�S�^
�R�^�\�^ �d�]�^ �S�T �[�^�b �a�T�`�d�X�b�X�c�^�b�� �[�P �_�P�a�c�X�R�X�_�P�R�X�„�] �S�X�a�T�R�c�P �S�T �[�^�b �\�X�T�\�Q�a�^�b �S�T �[�P �R�^�\�d�]�X�S�P�S �T�] �T�[ �T�`�d�X�_�^ �S�T
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�6�d�T�]�c�T�,���4�T�_�P�a�c�P�\�T�]�c�^ �1�S�\�X�]�X�b�c�a�P�c�X�e�^ �>�P�R�X�^�]�P�[ �S�T �5�b�c�P�S�•�b�X�c�X�R�P �� �4�1�>�5���$�"�#�+���$�"�"�+�-�7�^�Q�T�a�]�P�R�X�„�] �S�T
�>�P�a�X�ƒ�^���$�"�#�(�Q��

�D�^�S�^�b �[�^�b �R�^�\�_�^�]�T�]�c�T�b �S�T �[�P �D�P�Q�[�P�$���#�b�^�] �R�^�\�_�P�a�P�Q�[�T�b�- �b�X�] �T�\�Q�P�a�V�^�� �T�b �]�T�R�T�b�P�a�X�^ �R�^�\�_�[�T�c�P�a �d�] �_�a�^��
�R�T�b�^ �S�T �]�^�a�\�P�[�X�i�P�R�X�„�] �_�^�a�`�d�T �c�X�T�]�T�] �S�X�U�T�a�T�]�c�T�b �d�]�X�S�P�S�T�b �S�T �\�T�S�X�S�P� �@�P�a�P �T�b�c�T �c�a�P�Q�P�Y�^�� �T�[ �_�a�^�R�T�S�X�\�X�T�]�c�^
�S�T �]�^�a�\�P�[�X�i�P�R�X�„�] �T�b �T�[ �S�T �\�•�]�X�\�^���\�t�g�X�\�^ �`�d�T �S�P �R�^�\�^ �a�T�b�d�[�c�P�S�^ �d�] �e�P�[�^�a �T�]�c�a�T �" �h �#�� �R�^�\�^ �b�T �\�d�T�b�c�a�P
�T�] �[�P �5�R�d�P�R�X�„�]�$���#

x0 =
x � min (x)

max(x) � min (x)
���$���#��



�#�$
�$ �=�T�c�^�S�^�[�^�V�•�P �\�d�[�c�X�R�a�X�c�T�a�X�^ �_�P�a�P �_�a�X�^�a�X�i�P�R�X�„�] �S�T �_�a�^�h�T�R�c�^�b �b�^�R�X�P�[�T�b �h �_�P�a�c�X�R�X�_�P�R�X�„�] �3�^�\�d�]�X�c�P�a�X�P�, �R�P�b�^

�S�T �T�b�c�d�S�X�^ �>�P�a�X�ƒ�^

�S�^�]�S�Tx0�, �T�b �T�[ �e�P�[�^�a �S�T�[ �R�^�\�_�^�]�T�]�c�T��x�, �T�b �T�[ �e�P�[�^�a �^�a�X�V�X�]�P�[ �b�X�] �]�^�a�\�P�[�X�i�P�R�X�„�]��max(x)�, �T�b �T�[ �e�P�[�^�a
�^�a�X�V�X�]�P�[ �\�t�g�X�\�^��min (x)�, �T�b �T�[ �e�P�[�^�a �^�a�X�V�X�]�P�[ �\�•�]�X�\�^� 

�3�d�P�]�S�^ �[�P �S�X�\�T�]�b�X�„�] �c�X�T�]�T �\�t�b �S�T �d�] �R�^�\�_�^�]�T�]�c�T�� �T�[ �e�P�[�^�a �S�T �[�P �S�X�\�T�]�b�X�„�] �T�b �T�[ �_�a�^�\�T�S�X�^ �S�T �[�^�b �R�^�\��
�_�^�]�T�]�c�T�b �]�^�a�\�P�[�X�i�P�S�^�b�� �R�^�\�^ �b�T �\�d�T�b�c�a�P �T�] �[�P �5�R�d�P�R�X�„�]�$���$� �1�d�]�`�d�T �P�[�V�d�]�^�b �R�^�\�_�^�]�T�]�c�T�b �P�_�P�a�T�R�T�]
�T�] �e�P�a�X�P�b �S�X�\�T�]�b�X�^�]�T�b�� �c�^�S�^�b �T�[�[�^�b �c�X�T�]�T�] �T�[ �\�X�b�\�^ �_�T�b�^� �<�^�b �P�d�c�^�a�T�b �S�T�R�X�S�X�T�a�^�] �S�P�a �T�[ �\�X�b�\�^ �_�T�b�^ �_�P�a�P
�[�^�b �R�^�\�_�^�]�T�]�c�T�b �_�^�a�`�d�T �T�[ �4�1�>�5 �]�^ �^�U�a�T�R�T �X�]�U�^�a�\�P�R�X�„�] �P�[ �a�T�b�_�T�R�c�^� 
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1
n

nX

j =1

x
0
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�S�^�]�S�TD i �T�b �[�P �S�X�\�T�]�b�X�„�]i ��x
0

j �T�b �T�[ �X�]�S�X�R�P�S�^�aj �T�] �[�P �S�X�\�T�]�b�X�„�]i ��n �T�b �T�[ �]�‰�\�T�a�^ �S�T �R�^�\�_�^�]�T�]�c�T�b �S�T
�[�P �S�X�\�T�]�b�X�„�]i � 

�$� �$� �$� �5�e�P�[�d�P�R�X�„�] �S�T�[ �_�a�^�h�T�R�c�^

�<�P �R�^�\�d�]�X�S�P�S �P�R�P�S�{�\�X�R�P �d�c�X�[�X�i�P �e�P�a�X�^�b �\�{�c�^�S�^�b �_�P�a�P �a�T�P�[�X�i�P�a �P�]�t�[�X�b�X�b �T�R�^�]�„�\�X�R�^�b� �C�X�] �T�\�Q�P�a�V�^�� �T�[ �_�a�X�]��
�R�X�_�X�^ �T�b �T�[ �\�X�b�\�^ �T�] �T�b�c�^�b �\�{�c�^�S�^�b�, � �T�[�T�]�U�^�`�d�T �S�T �_�a�T�b�d�_�d�T�b�c�^ �S�T �R�P�_�X�c�P�[ �_�P�a�P �R�P�[�R�d�[�P�a �T�[ �a�T�]�S�X�\�X�T�]�c�^
�T�R�^�]�„�\�X�R�^ �S�T �d�] �_�a�^�h�T�R�c�^ �T�b �d�]�P �b�T�R�d�T�]�R�X�P �S�T �²�d�Y�^ �S�T �R�P�Y�P �S�T�b�R�^�]�c�P�S�^�¨�����X���[�P�e�b�Z�����$�"�#�&��� �5�] �T�b�c�P �X�]��
�e�T�b�c�X�V�P�R�X�„�]�� �T�[ �F�@�> �T�e�P�[�‰�P �[�^�b �_�a�^�h�T�R�c�^�b �_�^�a�`�d�T �b�T �c�a�P�c�P �S�T �d�]�P �W�T�a�a�P�\�X�T�]�c�P �S�T �P�]�t�[�X�b�X�b �S�T �T�e�P�[�d�P�R�X�„�] �S�T
�X�]�e�T�a�b�X�^�]�T�b �d�c�X�[�X�i�P�S�P �T�] �[�^�b �_�a�^�h�T�R�c�^�b �S�T�[ �b�T�R�c�^�a �T�]�T�a�V�{�c�X�R�^ �R�d�P�]�S�^ �[�^�b �R�^�b�c�T�b �b�^�] �[�P �e�P�a�X�P�Q�[�T �_�a�X�]�R�X�_�P�[
���;�^�]�b�c�P�]�c�X�] �h �;�^�]�b�c�P�]�c�X�]���$�"�#�*��� �5�[ �F�@�> �T�b �d�]�P �c�{�R�]�X�R�P �S�T �T�e�P�[�d�P�R�X�„�] �T�R�^�]�„�\�X�R�P �_�^�_�d�[�P�a �h �b�^�±�b�c�X�R�P�S�P��
�`�d�T �T�b �[�P �b�d�\�P �S�T �[�^�b �e�P�[�^�a�T�b �P�R�c�d�P�[�T�b �S�T �T�]�c�a�P�S�P�b �h �b�P�[�X�S�P�b �S�d�a�P�]�c�T �d�] �_�T�a�•�^�S�^ �h �[�P �c�P�b�P �S�T �S�T�b�R�d�T�]�c�^
�`�d�T �X�]�c�a�^�S�d�R�T�] �d�]�P �c�P�b�P �S�T �a�X�T�b�V�^ ���7�P�b�_�P�a�b���G�X�T�[�^�R�W���$�"�#�+��� �5�] �[�P �T�e�P�[�d�P�R�X�„�] �S�T�[ �_�a�^�h�T�R�c�^�� �[�^�b �P�d�c�^�a�T�b
�R�^�]�b�X�S�T�a�P�a�^�] �S�P�a �_�a�X�^�a�X�S�P�S �P �[�^�b �_�a�^�h�T�R�c�^�b �R�^�] �T�[ �F�@�> �\�t�b �Q�P�Y�^�� �b�X�V�d�X�T�]�S�^ �T�[ �T�]�U�^�`�d�T �S�T �\�P�g�X�\�X�i�P�R�X�„�]
�T�R�^�]�„�\�X�R�P� �5�b�c�P �W�T�a�a�P�\�X�T�]�c�P �T�b �‰�c�X�[ �R�d�P�]�S�^ �[�^�b �Q�T�]�T�±�R�X�^�b �T�R�^�]�„�\�X�R�^�b �b�^�] �X�V�d�P�[�T�b �T�] �\�t�b �S�T �d�] �_�a�^�h�T�R��
�c�^ �^ �]�^ �\�T�S�X�Q�[�T�b ���E�Q�X�[�[�P �h �R�^�[�b� ���$�"�#�&��� �<�^�b �_�a�^�h�T�R�c�^�b �b�^�R�X�P�[�T�b �X�\�_�[�X�R�P�] �S�X�U�T�a�T�]�c�T�b �e�P�a�X�P�Q�[�T�b �a�T�[�P�R�X�^�]�P�S�P�b
�R�^�] �T�[ �Q�X�T�]�T�b�c�P�a �`�d�T �]�^ �b�^�] �\�T�S�X�Q�[�T�b �P �_�P�a�c�X�a �S�T �Q�T�]�T�±�R�X�^�b �T�R�^�]�„�\�X�R�^�b� �@�^�a �T�Y�T�\�_�[�^�� �[�P �b�T�]�b�P�R�X�„�] �S�T
�b�T�V�d�a�X�S�P�S �_�^�a �T�[ �P�[�d�\�Q�a�P�S�^ �_�‰�Q�[�X�R�^�� �^ �[�P �a�T�S�d�R�R�X�„�] �S�T �[�P �T�]�U�T�a�\�T�S�P�S �_�^�a �T�[ �P�R�R�T�b�^ �P �P�V�d�P �S�d�[�R�T�� �T�]�c�a�T
�^�c�a�^�b �P�b�_�T�R�c�^�b� 

V PN =
nX

a=1

Ra

(1 + i )a
���$���%��

�S�^�]�S�TRa �T�b �[�P �T�]�c�a�P�S�P �]�T�c�P �S�T �T�U�T�R�c�X�e�^ �S�T �[�P�b �b�P�[�X�S�P�b �S�d�a�P�]�c�T �d�] �_�T�a�•�^�S�^a��i �T�b �[�P �c�P�b�P �S�T �S�T�b�R�d�T�]�c�^��
n �T�b �T�[ �]�‰�\�T�a�^ �S�T �_�T�a�•�^�S�^�b �T�e�P�[�d�P�S�^�b� 



�$� �$ �=�T�c�^�S�^�[�^�V�•�P �#�%

�$� �$� �%� �@�^�]�S�T�a�P�R�X�„�] �S�T �S�X�\�T�]�b�X�^�]�T�b

�<�^�b �P�d�c�^�a�T�b �d�c�X�[�X�i�P�] �[�P �\�T�c�^�S�^�[�^�V�•�P �1�8�@ �_�P�a�P �_�^�]�S�T�a�P�a �[�P�b �S�X�\�T�]�b�X�^�]�T�b� �<�^�b �b�X�V�d�X�T�]�c�T�b �_�P�b�^�b �P�Y�d�b�c�P�a�^�]
�[�P �\�T�c�^�S�^�[�^�V�•�P �P�[ �R�P�b�^ �T�b�_�T�R�•�±�R�^ ���C�P�P�c�h���#�+�+�"���$�"�"�*���,

�4�T�±�]�X�a �T�[ �_�a�^�Q�[�T�\�P �h �T�[ �^�Q�Y�T�c�X�e�^ �±�]�P�[� �5�] �T�b�c�T �R�P�b�^�� �]�^ �T�g�X�b�c�T �d�] �_�P�]�T�[ �S�T �T�g�_�T�a�c�^�b �`�d�T �S�T�c�T�a�\�X�]�T
�[�P �X�\�_�^�a�c�P�]�R�X�P �S�T �d�] �R�a�X�c�T�a�X�^ �b�^�Q�a�T �^�c�a�^� �@�^�a �[�^ �c�P�]�c�^�� �T�[ �_�a�^�R�T�S�X�\�X�T�]�c�^ �R�^�\�X�T�]�i�P �R�^�] �[�P �U�^�a�\�d��
�[�P�R�X�„�] �S�T �b�T�X�b �^�Q�Y�T�c�X�e�^�b �S�T �_�a�X�^�a�X�i�P�R�X�„�]�� �S�T�]�^�\�X�]�P�S�^�b �?�# �P �?�( ���e�{�P�b�T �[�P �D�P�Q�[�P�$���(���� �T�e�P�[�d�P�S�^�b
�_�^�b�c�T�a�X�^�a�\�T�]�c�T� �1 �b�P�Q�T�a�� �R�d�P�]�S�^ �b�T �T�b�c�t �P�]�P�[�X�i�P�]�S�^ �d�] �^�Q�Y�T�c�X�e�^�� �{�b�c�T �c�X�T�]�T �\�t�b �a�T�[�T�e�P�]�R�X�P �b�^�Q�a�T
�[�^�b �^�c�a�^�b �`�d�T �\�P�]�c�X�T�]�T�] �[�P �\�X�b�\�P �a�T�[�T�e�P�]�R�X�P �T�] �T�[ �_�a�^�R�T�b�^ �S�T �T�e�P�[�d�P�R�X�„�]� �5�b�c�T �_�a�^�R�T�S�X�\�X�T�]�c�^
�P�Q�P�a�R�P �c�^�S�^�b �[�^�b �^�Q�Y�T�c�X�e�^�b �S�T �_�a�X�^�a�X�i�P�R�X�„�] �d�]�^ �_�^�a �d�]�^� 

�?�a�V�P�]�X�i�P�a �[�P�b �S�T�R�X�b�X�^�]�T�b �Y�T�a�t�a�`�d�X�R�P�\�T�]�c�T �P �_�P�a�c�X�a �S�T�[ �^�Q�Y�T�c�X�e�^�� �b�T�V�d�X�S�^ �S�T �[�^�b �]�X�e�T�[�T�b �\�T�S�X�^�b �R�^�\��
�_�d�T�b�c�^�b �_�^�a �[�^�b �R�a�X�c�T�a�X�^�b�� �b�d�Q�R�a�X�c�T�a�X�^�b �h �P�[�c�T�a�]�P�c�X�e�P�b� �5�] �T�b�c�T �R�P�b�^�� �[�^�b �R�a�X�c�T�a�X�^�b �b�^�] �[�P�b �S�X�\�T�]�b�X�^�]�T�b
�T�b�c�P�Q�[�T�R�X�S�P�b �_�P�a�P �[�P �T�e�P�[�d�P�R�X�„�] �S�T �[�P �R�^�\�d�]�X�S�P�S �h �S�T�[ �_�a�^�h�T�R�c�^�� �h �]�^ �W�P�h �b�d�Q�R�a�X�c�T�a�X�^�b� 

�3�a�T�P�a �\�P�c�a�X�R�T�b �S�T �R�^�\�_�P�a�P�R�X�„�] �_�^�a �_�P�a�T�b �h �R�^�\�_�P�a�P�a �[�^�b �R�a�X�c�T�a�X�^�b �T�]�c�a�T �T�[�[�^�b� �5�] �T�b�c�T �R�P�b�^�� �W�P�h �b�T�X�b
�\�P�c�a�X�R�T�b�- �R�P�S�P �d�]�P �R�^�a�a�T�b�_�^�]�S�T �P �d�] �^�Q�Y�T�c�X�e�^ �S�T �_�a�X�^�a�X�i�P�R�X�„�]� �<�^�b �T�[�T�\�T�]�c�^�b �S�T �]�X�e�T�[ �b�d�_�T�a�X�^�a �S�T
�[�P �\�P�c�a�X�i �R�^�a�a�T�b�_�^�]�S�T�] �P �[�^�b �^�Q�Y�T�c�X�e�^�b�� �h �[�^�b �T�[�T�\�T�]�c�^�b �S�T �T�e�P�[�d�P�R�X�„�] �R�^�a�a�T�b�_�^�]�S�T�] �P �[�^�b �R�a�X�c�T�a�X�^�b� 
�E�]�P �R�^�\�_�P�a�P�R�X�„�] �T�]�c�a�T �T�[�[�^�b�� �\�P�]�c�T�]�X�T�]�S�^ �[�^�b �e�P�[�^�a�T�b �S�T �T�b�R�P�[�P �C�P�P�c�h �h �[�P�b �a�T�R�^�\�T�]�S�P�R�X�^�]�T�b
�_�a�T�b�T�]�c�P�S�P�b �T�] �[�P �D�P�Q�[�P�$���$�� �S�P �R�^�\�^ �a�T�b�d�[�c�P�S�^ �d�]�P �\�P�c�a�X�i �R�d�P�S�a�P�S�P �R�^�] �d�]�P �S�X�P�V�^�]�P�[ �S�T �d�]�^�b �h
�[�^�b �e�P�[�^�a�T�b �S�T �[�P�b �R�^�\�_�P�a�P�R�X�^�]�T�b �T�] �[�P�b �^�c�a�P�b �_�^�b�X�R�X�^�]�T�b �S�T �[�P �\�P�c�a�X�i� �5�b�c�P �\�P�c�a�X�i �S�T�Q�T �b�T�V�d�X�a �[�^�b
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�^ �T�X�V�T�]�e�T�R�c�^�a �S�T �_�a�X�^�a�X�S�P�S�T�b �^�Q�c�T�]�X�S�^ �S�T �[�P �\�P�c�a�X�iA��B �T�b �T�[ �e�T�R�c�^�a �S�T �±�[�P �`�d�T �R�^�]�c�X�T�]�T �[�P �b�d�\�P
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�T�]�c�a�T �# �h �' �W�T�R�c�t�a�T�P�b �a�T�_�^�a�c�P�S�^�b �T�] �[�P�b �Q�P�b�T�b �S�T �S�P�c�^�b �X�]�b�c�X�c�d�R�X�^�]�P�[�T�b ���$� �%�"�&�� ���E�]�X�e�T�a�b�X�S�P�S �S�T
�>�P�a�X�ƒ�^�- �E�]�X�S�P�S �S�T �@�[�P�]�T�P�R�X�„�] �=�X�]�T�a�^ �5�]�T�a�V�{�c�X�R�P�- �E�C�1�9�4�- �9�@�C�5���$�"�#�&�P��
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�S�T �[�P �_�^�Q�[�P�R�X�„�] �c�P�\�Q�X�{�] �_�a�^�V�a�T�b�P�� �R�^�\�^ �[�^ �R�^�]�±�a��
�\�P �[�P �R�^�a�a�T�[�P�R�X�„�] �T�]�c�a�T �[�^�b �^�Q�Y�T�c�X�e�^�b �?�$ �h �?�(� �5�b�c�T
�a�T�b�d�[�c�P�S�^ �c�P�\�Q�X�{�] �R�^�]�±�a�\�P �[�P �b�d�_�^�b�X�R�X�„�] �S�T �R�P�[�R�d��
�[�P�a �T�[ �9�B�B �S�^�]�S�T �[�P�b �X�]�e�T�a�b�X�^�]�T�b �T�] �T�S�d�R�P�R�X�„�] �P�d��
�\�T�]�c�P�] �[�^�b �X�]�V�a�T�b�^�b �S�T �[�P �_�^�Q�[�P�R�X�„�]� �5�] �R�^�]�b�T�R�d�T�]��
�R�X�P�� �d�]�P �X�]�e�T�b�c�X�V�P�R�X�„�] �S�T�c�P�[�[�P�S�P �S�T �T�b�c�P�b �R�^�a�a�T�[�P�R�X�^��
�]�T�b �P�_�^�h�P�a�•�P �[�P �X�]�X�R�X�P�c�X�e�P �b�T�R�c�^�a�X�P�[ �_�P�a�P �[�^�b �b�T�R�c�^�a�T�b
�S�T �[�P �T�S�d�R�P�R�X�„�] �h �[�P �T�R�^�]�^�\�•�P�� �X�\�_�P�R�c�P�]�S�^ �[�P �R�P�[�X��
�S�P�S �S�T �e�X�S�P �T �X�\�_�d�[�b�P�]�S�^ �T�[ �S�T�b�P�a�a�^�[�[�^ �b�^�R�X�P�[� �5�] �U�d��
�c�d�a�P�b �X�]�e�T�b�c�X�V�P�R�X�^�]�T�b�� �_�^�S�a�•�P �b�T�a �X�]�c�T�a�T�b�P�]�c�T �X�]�b�T�a��
�c�P�a �\�t�b �S�X�\�T�]�b�X�^�]�T�b �b�^�Q�a�T �[�P�b �R�^�\�d�]�X�S�P�S�T�b �h �[�^�b �_�a�^�h�T�R�c�^�b �_�P�a�P �R�^�]�c�a�X�Q�d�X�a �P �[�P �U�^�a�\�d�[�P�R�X�„�] �S�T �_�^�[�•�c�X�R�P�b
�b�^�R�X�^���T�]�T�a�V�{�c�X�R�P�b �\�t�b �P�\�_�[�X�P�b� 
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�T�]�c�X�S�P�S�T�b �_�‰�Q�[�X�R�P�b�� �T �X�]�e�T�b�c�X�V�P�R�X�^�]�T�b �S�T �R�P�\�_�^ �T�] �[�P �[�^�R�P�[�X�S�P�S �S�T �8�d�P�c�P�R�^�]�S�^�� �[�^�b �P�d�c�^�a�T�b �_�a�^�_�^�]�T�]
�d�]�P �S�X�a�T�R�c�a�X�i �T�] �c�a�T�b �T�c�P�_�P�b �_�P�a�P �_�a�^�\�^�e�T�a �T�[ �c�a�P�Q�P�Y�^ �R�^�]�Y�d�]�c�^ �T�]�c�a�T �[�P�b �T�]�c�X�S�P�S�T�b �S�T �±�]�P�]�R�X�P�R�X�„�] �h �[�P�b
�R�^�\�d�]�X�S�P�S�T�b� �<�P �6�X�V�d�a�P�$���%�b�X�]�c�T�c�X�i�P �[�P �S�X�a�T�R�c�a�X�i �_�P�a�P �U�^�\�T�]�c�P�a �_�a�^�h�T�R�c�^�b �S�T �c�T�R�]�^�[�^�V�•�P �b�^�[�P�a �U�^�c�^�e�^�[��
�c�P�X�R�P �_�P�a�P �[�P �T�[�T�R�c�a�X�±�R�P�R�X�„�]� 
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�5�[ �_�a�X�\�T�a �_�P�b�^ �T�] �[�P �T�c�P�_�P �S�T �P�a�\�^�]�X�i�P�R�X�„�] �b�T �R�T�]�c�a�P �T�] �[�P �U�^�a�\�P�R�X�„�] �S�T�[ �V�a�d�_�^ �S�T �c�a�P�Q�P�Y�^ �X�]�c�T�a�S�X�b�R�X�_�[�X��
�]�P�a�X�^ �_�P�a�P �S�T�±�]�X�a �T�[ �^�Q�Y�T�c�X�e�^ �S�T�[ �_�a�^�h�T�R�c�^ �T�]�T�a�V�{�c�X�R�^� �5�[ �b�T�V�d�]�S�^ �_�P�b�^ �Q�d�b�R�P �T�b�c�P�]�S�P�a�X�i�P�a �R�^�]�R�T�_�c�^�b �h
�c�{�a�\�X�]�^�b �_�P�a�P �d�c�X�[�X�i�P�a �T�[ �\�X�b�\�^ �[�T�]�V�d�P�Y�T �T�]�c�a�T �[�^�b �\�X�T�\�Q�a�^�b �S�T�[ �V�a�d�_�^ �S�T �c�a�P�Q�P�Y�^� �5�b�c�T �_�P�b�^ �T�b �T�b�T�]�R�X�P�[
�_�^�a�`�d�T �[�^�b �\�X�T�\�Q�a�^�b �S�T�[ �V�a�d�_�^ �_�d�T�S�T�] �c�T�]�T�a �S�X�U�T�a�T�]�c�T�b �X�S�T�P�b �b�^�Q�a�T �_�a�^�h�T�R�c�^�b �T�g�X�c�^�b�^�b�� �b�^�b�c�T�]�X�Q�[�T�b �h
�_�T�a�c�X�]�T�]�c�T�b�� �T �X�\�_�P�R�c�^�b �_�^�b�X�c�X�e�^�b �h �]�T�V�P�c�X�e�^�b �S�T�a�X�e�P�S�^�b �S�T �T�[�[�^�b� �5�] �R�^�]�b�T�R�d�T�]�R�X�P�� �P�]�c�T�b �S�T �S�X�b�T�ƒ�P�a �d�]�P
�b�^�[�d�R�X�„�] �^ �X�]�c�T�a�P�R�c�d�P�a �R�^�] �[�P �R�^�\�d�]�X�S�P�S�� �T�b �R�a�d�R�X�P�[ �P�R�[�P�a�P�a �c�P�]�c�^ �T�[ �^�Q�Y�T�c�X�e�^ �R�^�\�^ �[�^�b �X�\�_�P�R�c�^�b �T�b�_�T�a�P��
�S�^�b �S�T�[ �_�a�^�h�T�R�c�^� �5�[ �c�a�P�Q�P�Y�^ �R�^�]�Y�d�]�c�^ �U�^�a�c�P�[�T�R�T �T�[ �_�a�^�h�T�R�c�^ �_�^�a�`�d�T �[�P �_�^�Q�[�P�R�X�„�] �R�^�]�^�R�T�a�•�P �b�d �_�a�^�_�„�b�X�c�^
�T �X�\�_�P�R�c�^�b�- �S�T �[�P �\�X�b�\�P �\�P�]�T�a�P�� �T�[�[�^�b �S�T�Q�T�] �T�g�_�^�]�T�a �b�d�b �_�a�T�^�R�d�_�P�R�X�^�]�T�b� �5�[ �c�T�a�R�T�a �_�P�b�^ �R�^�]�b�X�b�c�T �T�]
�R�P�a�P�R�c�T�a�X�i�P�a �P �[�P �R�^�\�d�]�X�S�P�S �S�T�b�S�T �T�[ �_�d�]�c�^ �S�T �e�X�b�c�P �b�^�R�X�P�[�� �T�R�^�]�„�\�X�R�^ �h �R�d�[�c�d�a�P�[� �3�^�] �T�[ �±�] �S�T �a�T�R�^�]�^�R�T�a
�[�P�b �]�T�R�T�b�X�S�P�S�T�b �S�T �[�P �R�^�\�d�]�X�S�P�S �h �^�U�a�T�R�T�a �b�^�[�d�R�X�^�]�T�b �P�S�T�R�d�P�S�P�b� �5�[ �‰�[�c�X�\�^ �_�P�b�^ �S�T �[�P �_�a�X�\�T�a�P �T�c�P�_�P
�R�^�]�b�X�b�c�T �T�] �[�P �T�[�P�Q�^�a�P�R�X�„�] �S�T�[ �_�a�X�\�T�a �S�X�b�T�ƒ�^ �S�T�[ �_�a�^�h�T�R�c�^�� �c�T�]�X�T�]�S�^ �T�] �R�d�T�]�c�P �d�]�P �e�X�b�X�„�] �c�{�R�]�X�R�P�� �T�R�^��
�]�„�\�X�R�P �h �b�^�R�X�P�[� �5�] �T�b�c�T �_�P�b�^ �b�T �d�b�P �X�]�U�^�a�\�P�R�X�„�] �_�a�X�\�P�a�X�P �^ �b�T�R�d�]�S�P�a�X�P �S�T�[ �b�X�c�X�^ �S�^�]�S�T �b�T �X�\�_�[�T�\�T�]�c�P�a�t
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�_�a�d�T�Q�P �‰�c�X�[ �_�P�a�P �S�T�c�T�R�c�P�a �_�a�^�Q�[�T�\�P�b �S�T �P�[�\�P�R�T�]�P�\�X�T�]�c�^ �S�T �S�P�c�^�b �h �R�^�]�T�g�X�„�] �T�] �T�[ �a�T�V�X�b�c�a�P�S�^�a �S�T �S�P�c�^�b� 
�E�]�P �P�[�c�P �U�a�T�R�d�T�]�R�X�P �S�T �\�d�T�b�c�a�T�^�� �_�^�a �T�Y�T�\�_�[�^�� �R�P�S�P �S�X�T�i �\�X�]�d�c�^�b�� �P�d�\�T�]�c�P�a�•�P �[�P �T�±�R�P�R�X�P �S�T �[�P �_�a�d�T�Q�P� 

�1�S�T�\�t�b �S�T �[�P�b �_�a�d�T�Q�P�b �\�T�]�R�X�^�]�P�S�P�b �P�]�c�T�a�X�^�a�\�T�]�c�T�� �T�b �]�T�R�T�b�P�a�X�^ �R�^�]�b�X�S�T�a�P�a �[�P �R�^�a�a�T�R�R�X�„�] �_�^�a �R�T�a�^�� �`�d�T
�a�T�b�d�[�c�P �S�T �S�T�b�T�`�d�X�[�X�Q�a�X�^�b �c�{�a�\�X�R�^�b �T�] �T�[ �_�X�a�P�]�„�\�T�c�a�^� �5�b�c�T �U�T�]�„�\�T�]�^ �b�T �_�a�^�S�d�R�T �_�^�a�`�d�T �T�[ �b�T�]�b�^�a �]�^
�P�Q�b�^�a�Q�T �X�a�a�P�S�X�P�]�R�X�P �\�T�S�X�Q�[�T �T�] �T�[ �a�P�]�V�^ �T�b�_�T�R�c�a�P�[ �S�T�[ �_�X�a�P�]�„�\�T�c�a�^�� �[�^ �`�d�T �a�T�b�d�[�c�P �T�] �e�P�[�^�a�T�b �T�a�a�„�]�T�^�b
���;�X�_�_ �� �J�^�]�T�]���$�"�"�"��� �>�^ �R�^�\�_�T�]�b�P�a �T�b�c�T �S�T�b�T�`�d�X�[�X�Q�a�X�^ �X�\�_�[�X�R�P �d�]�P �b�d�Q�T�b�c�X�\�P�R�X�„�] �S�T�[ �a�T�R�d�a�b�^ �T�]�c�a�T �T�[
�"���) �� �h �T�[ �&���% ��� �1 �_�T�b�P�a �S�T �b�d �X�\�_�^�a�c�P�]�R�X�P�� �e�P�a�X�^�b �U�P�R�c�^�a�T�b �P�\�Q�X�T�]�c�P�[�T�b �X�]�²�d�h�T�] �T�] �T�[ �_�a�^�R�T�b�^ �S�T �\�T�S�X��
�R�X�„�]�� �[�^ �`�d�T �S�X�±�R�d�[�c�P �T�b�c�P�Q�[�T�R�T�a �d�]�P �R�^�a�a�T�R�R�X�„�] �e�t�[�X�S�P �_�P�a�P �c�^�S�^�b �[�^�b �X�]�b�c�a�d�\�T�]�c�^�b �S�T �\�T�S�X�R�X�„�] �T�] �c�^�S�^�b
�[�^�b �[�d�V�P�a�T�b �h �T�]�c�^�a�]�^�b ���C�T�a�a�P�]�^ �h �R�^�[�b� ���$�"�#�'��� �1�d�]�`�d�T �T�g�X�b�c�T�] �e�P�a�X�^�b �T�]�U�^�`�d�T�b �_�P�a�P �R�^�a�a�T�V�X�a �[�P �R�^�\�_�T�]��
�b�P�R�X�„�] �_�^�a �R�T�a�^ �P�S�P�_�c�P�S�P �P �R�^�]�S�X�R�X�^�]�T�b �T �X�]�b�c�a�d�\�T�]�c�^�b �P�\�Q�X�T�]�c�P�[�T�b �T�b�_�T�R�•�±�R�^�b�� �T�b�c�P �X�]�e�T�b�c�X�V�P�R�X�„�] �]�^
�b�X�V�d�X�„ �]�X�]�V�‰�] �_�a�^�R�T�b�^� 
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�<�P �e�P�[�X�S�P�R�X�„�] �S�T �[�^�b �S�P�c�^�b �S�T �c�T�\�_�T�a�P�c�d�a�P �b�X�V�d�X�„ �[�P�b �a�T�R�^�\�T�]�S�P�R�X�^�]�T�b �S�T�5�b�c�{�e�T�i �h �R�^�[�b� �-�B�X�e�T�a�^ �h �R�^�[�b� 
�5�[ �R�^�]�c�a�^�[ �S�T �R�P�[�X�S�P�S �S�T �S�P�c�^�b �S�T �c�T�\�_�T�a�P�c�d�a�P �c�X�T�]�T �R�X�]�R�^ �_�P�b�^�b �S�T �e�P�[�X�S�P�R�X�„�]�, �T�b�c�a�d�R�c�d�a�P�� �a�P�]�V�^�� �_�P��
�b�^�� �R�^�W�T�a�T�]�R�X�P �h �_�T�a�b�X�b�c�T�]�R�X�P� �5�[ �_�a�X�\�T�a �_�P�b�^ �R�^�]�b�X�b�c�T �T�] �e�T�a�X�±�R�P�a �[�P �T�b�c�a�d�R�c�d�a�P �S�T �[�P �Q�P�b�T �S�T �S�P�c�^�b�� �S�T
�[�P �\�X�b�\�P �\�P�]�T�a�P �`�d�T �[�P �e�P�[�X�S�P�R�X�„�] �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a� �<�P �_�a�d�T�Q�P �S�T �a�P�]�V�^ �c�X�T�]�T �S�^�b �\�P�]�T�a�P�b �S�T �T�e�P��
�[�d�P�a�[�P� �5�[ �a�P�]�V�^ �X�]�b�c�a�d�\�T�]�c�P�[ �S�T�c�T�a�\�X�]�P �[�P �_�a�X�\�T�a�P �\�P�]�T�a�P� �5�] �T�b�c�T �R�P�b�^�� �T�[ �b�T�]�b�^�a �T�b �d�] �B�?�D�B�?�>�9�3
�8�I�7�B�?�3�<�9�@ �$ �B�D�4 �@�D�#�"�" �R�^�] �d�] �a�P�]�V�^� 40� C �h60� C� �<�^�b �R�a�X�c�T�a�X�^�b �S�T �[�^�b �X�]�e�T�b�c�X�V�P�S�^�a�T�b �S�T�±�]�T�] �[�P
�b�T�V�d�]�S�P �\�P�]�T�a�P �S�T �e�P�[�X�S�P�a �[�^�b �S�P�c�^�b� �5�] �R�^�]�b�T�R�d�T�]�R�X�P���B�X�e�T�a�^ �h �R�^�[�b� �a�T�R�^�\�X�T�]�S�P�] �d�] �X�]�c�T�a�e�P�[�^ �S�T �c�T�\��
�_�T�a�P�c�d�a�P �T�]�c�a�T� 50� C �h70� C�� �\�X�T�]�c�a�P�b�5�b�c�{�e�T�i �h �R�^�[�b� �b�d�V�X�T�a�T �d�] �a�P�]�V�^ �S�T� 30� C �P50� C� �5�] �T�b�c�P
�X�]�e�T�b�c�X�V�P�R�X�„�] �b�T �c�^�\�„ �[�P �a�T�R�^�\�T�]�S�P�R�X�„�] �S�T �5�b�c�{�e�T�i �T�c �P�[� �_�^�a�`�d�T �T�b�c�t �S�T�]�c�a�^ �S�T�[ �a�P�]�V�^ �S�T �\�T�S�X�R�X�„�] �S�T�[
�X�]�b�c�a�d�\�T�]�c�^ �S�T �c�T�\�_�T�a�P�c�d�a�P� �4�T�[ �\�X�b�\�^ �\�^�S�^�� �T�[ �P�]�t�[�X�b�X�b �_�P�a�P �[�^�b �b�X�V�d�X�T�]�c�T�b �]�X�e�T�[�T�b ���_�a�d�T�Q�P �S�T �_�P�b�^��
�_�a�d�T�Q�P �S�T �R�^�]�b�X�b�c�T�]�R�X�P �X�]�c�T�a�]�P �h �_�a�d�T�Q�P �S�T �_�T�a�b�X�b�c�T�]�R�X�P�� �b�X�V�d�X�„ �T�[ �_�a�^�R�T�b�^ �S�T �R�^�]�c�a�^�[ �S�T �R�P�[�X�S�P�S �S�T �5�b��
�c�{�e�T�i �T�c �P�[� �_�^�a�`�d�T �^�U�a�T�R�•�P �a�T�b�d�[�c�P�S�^�b �_�a�^�\�T�c�T�S�^�a�T�b �T�] �T�[ �P�]�t�[�X�b�X�b �S�T �S�P�c�^�b �T�] �5�b�_�P�ƒ�P ���5�b�c�{�e�T�i �h �R�^�[�b� ��
�$�"�#�#�-�8�T�a�a�T�a�P���7�a�X�\�P�[�S�X �h �R�^�[�b� ���$�"�#�+��� �<�P �_�a�d�T�Q�P �S�T �_�P�b�^ �a�T�`�d�X�T�a�T �R�d�\�_�[�X�a �[�^�b �b�X�V�d�X�T�]�c�T�b �a�T�`�d�X�b�X�c�^�b�,
jTh � Th� 1j < 4�-jTh � Th� 2j < 7�-jTh � Th� 3j < 9�-jTh � Th� 6j < 15�- �hjTh � Th� 12j < 25�� �S�^�]�S�T
Th �T�b �[�P �c�T�\�_�T�a�P�c�d�a�P �\�T�S�X�S�P �[�P �[�P �W�^�a�Ph� �1�d�]�`�d�T �T�b�c�P �T�e�P�[�d�P�R�X�„�] �]�^ �c�X�T�]�T �T�] �R�d�T�]�c�P �^�c�a�^�b �P�b�_�T�R�c�^�b
�R�[�X�\�P�c�^�[�„�V�X�R�^�b �R�^�\�^ �[�P �W�d�\�T�S�P�S �a�T�[�P�c�X�e�P�� �[�P �e�T�[�^�R�X�S�P�S �S�T�[ �e�X�T�]�c�^�� �[�P �]�d�Q�^�b�X�S�P�S �h �[�P �_�a�T�R�X�_�X�c�P�R�X�„�]�� �[�^�b
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�<�P �R�^�]�b�X�b�c�T�]�R�X�P �X�]�c�T�a�]�P �T�e�P�[�‰�P �T�[ �R�d�\�_�[�X�\�X�T�]�c�^ �S�T �[�P�b �b�X�V�d�X�T�]�c�T�b �a�T�b�c�a�X�R�R�X�^�]�T�b�,Tmax > T mean > T min �-
Tmax (d) > T min (d � 1)�-Tmin (d) � Tmax (d � 1)� �@�^�a �‰�[�c�X�\�^�� �[�P �_�a�d�T�Q�P �S�T �_�T�a�b�X�b�c�T�]�R�X�P �e�T�a�X�±��
�R�P �[�P �e�P�a�X�P�Q�X�[�X�S�P�S �S�T �[�P �\�T�S�X�R�X�„�]�- �_�^�a �[�^ �c�P�]�c�^�� �[�^�b �S�P�c�^�b �S�T�Q�T�] �R�d�\�_�[�X�a �[�P�b �R�^�]�S�X�R�X�^�]�T�bTmax (d) 6=
Tmax (d � 1) 6= Tmax (d � 2)��Tmin (d) 6= Tmin (d � 1) 6= Tmin (d � 2) ���5�b�c�{�e�T�i �h �R�^�[�b� ���$�"�#�#��� 
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�R�^�\�_�^�a�c�P�\�X�T�]�c�^ �T�] �d�] �_�T�a�•�^�S�^ �S�T �c�X�T�\�_�^ �\�T�]�b�d�P�[ �`�d�T �T�] �T�[ �S�X�P�a�X�^ �_�^�a�`�d�T �[�P�b �e�P�a�X�P�Q�[�T�b �b�X�V�d�T�] �d�]�P
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�D�P�Q�[�P �%���$� �8�C �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•��
�a�X�R�^�b

�P �D�X�_�^ �S�T �a�T�V�X�„�]

�"���#�( �·�a�X�S�^ �h �b�T�\�X���t�a�X�S�^

�"���#�) �B�T�V�X�^�]�T�b �X�]�c�T�a�X�^�a�T�b

�"���#�+ �B�T�V�X�^�]�T�b �R�^�b�c�T�a�P�b

�"���#�"���"���"�+ �3�[�X�\�P�b �W�‰�\�T�S�^�b

�6�d�T�]�c�T�, ���2�T�b�W�P�a�P�c �h �R�^�[�b� �� �$�"�#�%�-
�8�P�a�V�a�T�P�e�T�b �h �C�P�\�P�]�X���#�+�*�$��
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�S�T �c�T�\�_�T�a�P�c�d�a�P�b �\�t�g�X�\�P�b �h �\�•�]�X�\�P�b �R�^�] �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �X�]�b�^��
�[�P�R�X�„�] �b�^�[�P�a �T�g�c�a�P�c�T�a�a�T�b�c�a�T �h �c�T�a�a�T�b�c�a�T� �9�]�X�R�X�P�[�\�T�]�c�T�� �T�[ �\�^�S�T�[�^ �8�C
�_�a�^�_�d�b�^ �d�] �R�^�T�±�R�X�T�]�c�T �T�\�_�•�a�X�R�^ �R�P�[�X�Q�a�P�S�^ �R�^�] �d�]�P �b�T�a�X�T �c�T�\�_�^�a�P�[
�S�T �^�R�W�^ �P�ƒ�^�b �S�T�3�T�]�c�a�P�[ �F�P�[�[�T�h�T�] �T�[ �3�^�]�S�P�S�^ �S�T�4�P�e�X�b���3�P�[�X�U�^�a�]�X�P����
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�[�X�]�T�P�[ �T�]�c�a�T �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �P�Q�b�^�a�Q�X�S�P �h �T�]�c�a�P�]�c�T�� �h �[�P �b�T�V�d�]�S�P �b�d�_�^�b�X�R�X�„�] �R�^�]�b�X�b�c�T �T�] �S�T�b�_�a�T�R�X�P�a �T�[
�²�d�Y�^ �S�T �R�P�[�^�a �`�d�T �e�X�T�]�T �S�T�[ �b�d�T�[�^ �S�d�a�P�]�c�T �d�] �_�T�a�•�^�S�^ �S�X�P�a�X�^ �_�^�a�`�d�T �T�b�c�t �R�T�a�R�P �S�T �R�T�a�^� �C�X�] �T�\�Q�P�a�V�^�� �T�b
�R�^�]�e�T�]�X�T�]�c�T �\�T�]�R�X�^�]�P�a �`�d�T �T�[ �R�P�[�^�a �b�T�]�b�X�Q�[�T �_�a�^�S�d�R�X�S�^ �_�^�a �[�P�b �c�T�\�_�T�a�P�c�d�a�P�b �S�X�d�a�]�P�b �T�b �\�t�b �P�[�c�^ �`�d�T
�S�d�a�P�]�c�T �[�P �]�^�R�W�T ���2�a�X�b�c�^�f �h �3�P�\�_�Q�T�[�[���#�+�*�&��� �<�^ �‰�[�c�X�\�^ �T�b �R�^�\�_�a�T�]�b�X�Q�[�T �_�^�a�`�d�T �[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a
�R�P�[�X�T�]�c�P �\�t�b �[�P�b �\�P�b�P�b �S�T �P�X�a�T �S�T�Q�X�S�^ �P �[�P �a�P�S�X�P�R�X�„�] �S�T �^�]�S�P �R�^�a�c�P� �=�X�T�]�c�a�P�b �`�d�T �S�d�a�P�]�c�T �[�P �]�^�R�W�T�� �W�P�h
�\�T�]�^�b �T�\�X�b�X�„�] �S�T �^�]�S�P �[�P�a�V�P �S�T �[�P �D�X�T�a�a�P �P �[�P �P�c�\�„�b�U�T�a�P �a�T�S�d�R�X�T�]�S�^ �[�P �c�T�\�_�T�a�P�c�d�a�P ���=�T�i�P �6� �h �F�P�a�P�b
�5� ���$�"�"�"��� �1�S�T�\�t�b�� �T�] �R�^�]�S�X�R�X�^�]�T�b �X�S�T�P�[�T�b�� �[�P �c�T�\�_�T�a�P�c�d�a�P �T�b �\�•�]�X�\�P �Y�d�b�c�^ �P�]�c�T�b �S�T�[ �P�\�P�]�T�R�T�a�� �[�^ �`�d�T



�%� �$ �=�P�c�T�a�X�P�[�T�b �h �\�{�c�^�S�^�b �%�'

�a�T�b�d�[�c�P �T�] �d�]�P �S�X�U�T�a�T�]�R�X�P �b�X�V�]�X�±�R�P�c�X�e�P �T�]�c�a�T �[�P �c�T�\�_�T�a�P�c�d�a�P �\�t�g�X�\�P �h �[�P �c�T�\�_�T�a�P�c�d�a�P �\�•�]�X�\�P �S�T�[ �P�X�a�T
�S�X�P�a�X�P� �5�b�c�T �U�T�]�„�\�T�]�^ �_�T�a�\�X�c�T �\�^�S�T�[�P�a �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �T�] �U�d�]�R�X�„�] �S�T �[�P �S�X�U�T�a�T�]�R�X�P �S�T �c�T�\�_�T�a�P�c�d�a�P
���2�a�X�b�c�^�f �h �3�P�\�_�Q�T�[�[���#�+�*�&��� �2�P�Y�^ �T�b�c�P�b �b�d�_�^�b�X�R�X�^�]�T�b�� �[�^�b �P�d�c�^�a�T�b �_�a�T�b�T�]�c�P�a�^�] �b�d �\�^�S�T�[�^� 

H
H 0

= a
�
1 � e(� b� T c )

�
���%���#�"��

a��b�� �hc �b�^�] �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•�a�X�R�^�b��a �� �a�T�_�a�T�b�T�]�c�P �[�P �a�T�[�P�R�X�„�] �\�t�g�X�\�P �T�]�c�a�T �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �T�g�c�a�P��
�c�T�a�a�T�b�c�a�T �h �c�T�a�a�T�b�c�a�T��b �hc �`�d�T �c�P�] �a�t�_�X�S�^ �T�[ �\�t�g�X�\�^ �e�P�[�^�a �S�TH / H0 �T�b �P�[�R�P�]�i�P�S�^ �R�^�] �R�P�\�Q�X�^ �S�T� T� 
�<�^�b �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•�a�X�R�^�b �a�T�_�a�T�b�T�]�c�P�] �[�P�b �R�P�a�P�R�c�T�a�•�b�c�X�R�P�b �a�T�V�X�^�]�P�[�T�b �S�T �P�\�Q�X�T�]�c�T�b �t�a�X�S�^�b �P �W�‰�\�T�S�^�b
���2�a�X�b�c�^�f �h �3�P�\�_�Q�T�[�[���#�+�*�&��� 

� T (D) = Tmax (D) �
Tmin (D) + Tmin (D + 1)
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�5�[ �R�P�\�Q�X�^ �S�T �c�T�\�_�T�a�P�c�d�a�P �S�T�_�T�]�S�T �S�T �[�P�b �c�T�\�_�T�a�P�c�d�a�P�b �\�t�g�X�\�P�bTmax �h �\�•�]�X�\�P�bTmin �S�X�P�a�X�P�b �S�d�a�P�]�c�T
�d�] �S�•�P �S�P�S�^D� �2�a�X�b�c�^�f �h �3�P�\�_�Q�T�[�[�R�^�]�R�[�d�h�T�a�^�] �`�d�T �T�[ �_�a�^�\�T�S�X�^ �S�T �c�T�\�_�T�a�P�c�d�a�P�b �\�•�]�X�\�P�b �S�T �S�^�b �S�•�P�b
�R�^�]�b�T�R�d�c�X�e�^�b �a�T�S�d�R�T �[�^�b �T�U�T�R�c�^�b �S�T �[�P�b �\�P�b�P�b �S�T �P�X�a�T �R�P�[�X�T�]�c�T �^ �U�a�•�^�� �T�e�X�c�P�]�S�^ �e�P�[�^�a�T�b �S�T �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a
�b�^�Q�a�T�T�b�c�X�\�P�S�^�b �h �b�d�Q�T�b�c�X�\�P�S�^�b� �1�S�T�\�t�b���3� �=� �4�^�b �C�P�]�c�^�b �h �R�^�[�b� �P�±�a�\�P�a�^�] �`�d�T �[�P �P�S�e�T�R�R�X�„�] �]�^ �T�b �d�]
�U�T�]�„�\�T�]�^ �R�^�\�‰�] �T�] �[�P�b �i�^�]�P�b �S�T �[�^�b �c�a�„�_�X�R�^�b�- �_�^�a �[�^ �c�P�]�c�^�� �[�P �T�b�c�X�\�P�R�X�„�] �S�T�[ �R�P�\�Q�X�^ �S�T �c�T�\�_�T�a�P�c�d�a�P
� T �T�] �T�b�c�P�b �a�T�V�X�^�]�T�b �b�T �W�P�R�T �R�^�] �[�P �5�R�d�P�R�X�„�]�%���#�$� �5�b�^�b �P�d�c�^�a�T�b �c�P�\�Q�X�{�] �S�T�b�c�P�R�P�a�^�] �`�d�T �T�b�c�P �T�R�d�P�R�X�„�]
�T�b �\�T�Y�^�a �_�P�a�P �b�X�c�X�^�b �R�^�] �V�a�P�]�S�T�b �P�[�c�X�c�d�S�T�b�� �R�^�\�^ �T�] �T�[ �R�P�b�^ �S�T �T�b�c�d�S�X�^ ���3� �=� �4�^�b �C�P�]�c�^�b �h �R�^�[�b� ���$�"�#�&��� 

� T (D) = Tmax (D) � Tmin (D) ���%���#�$��

�@�P�a�P �a�T�S�d�R�X�a �T�[ �T�U�T�R�c�^ �S�T �[�P �[�[�d�e�X�P �T�b �]�T�R�T�b�P�a�X�^ �P�Y�d�b�c�P�a �T�[ �a�P�]�V�^ �S�T �[�P �c�T�\�_�T�a�P�c�d�a�P �S�X�P�a�X�P�� �P�Y�d�b�c�P�]�S�^
� T (J ) �X�V�d�P�[ �P �"���)�' �e�T�R�T�b �T�[ �T�b�c�X�\�P�S�^� T (D)� �1�S�T�\�t�b�� �b�X� T (D � 1) �T�b �X�]�U�T�a�X�^�a �P(2� C) �a�T�b�_�T�R��
�c�^ �P� T (D � 2)�� �T�[ �_�a�X�\�T�a �U�P�R�c�^�a �T�b �\�d�[�c�X�_�[�X�R�P�S�^ �_�^�a �"���)�' ���2�a�X�b�c�^�f �h �3�P�\�_�Q�T�[�[���#�+�*�&��� �C�X�] �T�\�Q�P�a�V�^��
�R�d�P�]�S�^ �[�^�b �_�T�a�X�^�S�^�b �[�[�d�e�X�^�b�^�b �b�^�] �[�P�a�V�^�b�� �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �h� T �P�[�R�P�]�i�P �d�] �T�`�d�X�[�X�Q�a�X�^� 
�@�^�a �[�^ �c�P�]�c�^�� �]�^ �a�T�`�d�X�T�a�T �P�Y�d�b�c�T�b ���7�^�^�S�X�] �h �R�^�[�b� ���#�+�+�+��� 

�=�^�S�T�[�^�b �X�\�_�[�T�\�T�]�c�P�S�^�b �T�] �d�] �P�\�Q�X�T�]�c�T �c�a�^�_�X�R�P�[

�5�[ �R�^�]�^�R�X�\�X�T�]�c�^ �S�T�[ �R�^�\�_�^�a�c�P�\�X�T�]�c�^ �S�T �\�^�S�T�[�^�b �S�T �T�b�c�X�\�P�R�X�„�] �S�T �[�P �X�a�a�P�S�X�P�R�X�„�] �b�^�[�P�a �T�] �i�^�]�P�b �c�a�^�_�X��
�R�P�[�T�b �T�b �d�] �c�T�\�P �^�Q�[�X�V�P�c�^�a�X�^ �_�P�a�P �T�b�c�P �X�]�e�T�b�c�X�V�P�R�X�„�]� �<�^�b �R�P�b�^�b �P�]�P�[�X�i�P�S�^�b �_�T�a�c�T�]�T�R�T�] �P �·�U�a�X�R�P ���>�X�V�T�a�X�P
�1�Q�d�Y�P�� �2�T�]�X�] �3�X�c�h�� �;�P�c�b�X�]�P�� �<�P�V�^�b�� �>�b�d�Z�Z�P �h �I�^�[�P���� �2�a�P�b�X�[ ���1�V�d�P �2�a�P�]�R�P�� �@�P�^ �S�T �1�i�d�R�P�a�� �C�P�]�c�P�]�P �S�^ �9�_�P�]�T��
�\�P�� �@�P�[�\�T�X�a�P �S�^�b �9�]�S�X�^�b�� �1�a�P�_�X�R�P�a�P�� �=�P�R�T�X�„�� �3�^�a�R�d�a�X�_�T�� �C�P�^ �:�^�b�T �S�P �<�P�Y�T�� �h �=�{�g�X�R�^� �4�T�Q�X�S�^ �P �`�d�T �>�P�a�X�ƒ�^
�b�T �T�]�R�d�T�]�c�a�P �T�] �d�]�P �i�^�]�P �c�a�^�_�X�R�P�[�� �[�^�b �a�T�b�d�[�c�P�S�^�b �S�T �T�b�c�^�b �c�a�T�b �R�P�b�^�b �R�^�]�b�c�X�c�d�h�T�] �X�]�b�d�\�^�b �a�T�[�T�e�P�]�c�T�b
�_�P�a�P �]�d�T�b�c�a�P �X�]�e�T�b�c�X�V�P�R�X�„�]� 



�%�(
�% �5�e�P�[�d�P�R�X�„�] �S�T �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b �_�P�a�P �T�b�c�X�\�P�a �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �d�b�P�]�S�^ �S�P�c�^�b �S�T �c�T�\�_�T�a�P�c�d�a�P

�T�] �d�] �P�\�Q�X�T�]�c�T �c�a�^�_�X�R�P�[ �h �\�^�]�c�P�ƒ�^�b�^� �@�P�a�c�T �9�, �X�\�_�d�c�P�R�X�„�]

�?�Z�d�]�S�P�\�X�h�P �� �>�i�T�P�Z�^ �_�a�^�_�d�b�X�T�a�^�] �T�[ �\�^�S�T�[�^ �[�X�]�T�P�[ �a�T�_�a�T�b�T�]�c�P�S�^ �R�^�] �[�P �5�R�d�P�R�X�„�]�%���#�%���?�Z�d�]�S�P�\�X�h�P
�h �>�i�T�P�Z�^���$�"�#�#��� TR �T�b �T�[ �_�a�^�\�T�S�X�^ �\�T�]�b�d�P�[ �S�T �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P�b �c�T�\�_�T�a�P�c�d�a�P�b �\�•�]�X�\�P�b �h �\�t�g�X�\�P�b
�S�X�P�a�X�P�b��a; b�hc �b�^�] �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•�a�X�R�^�b� �<�P �e�P�[�X�S�P�R�X�„�] �T�b�c�P�S�•�b�c�X�R�P�b �S�T�[ �\�^�S�T�[�^ �\�^�b�c�a�„ �d�] �R�^�T�±�R�X�T�]�c�T
�S�T �S�T�c�T�a�\�X�]�P�R�X�„�] �T�]�c�a�T �"� �*�"�+ �h �"���+�'�$� 
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�>�f�^�Z�^�[�^ �h �?�V�Q�d�[�T�i�X�T �P�]�P�[�X�i�P�a�^�] �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b �X�\�_�[�T�\�T�]�c�P�S�^�b �T�] �·�U�a�X�R�P �?�R�R�X�S�T�]�c�P�[ �_�P�a�P �R�P�[�R�d�[�P�a
�[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[� �5�]�R�^�]�c�a�P�a�^�] �`�d�T �[�^�b �\�^�S�T�[�^�b �S�T �R�^�\�_�d�c�P�R�X�„�] �Q�[�P�]�S�P �c�X�T�]�T�] �\�T�Y�^�a �_�a�T�R�X�b�X�„�]
�`�d�T �[�^�b �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b�� �h�P �`�d�T �_�d�T�S�T�] �b�T�a �\�t�b �U�t�R�X�[�T�b �S�T �P�S�P�_�c�P�a �P �e�P�a�X�P�b �R�^�]�S�X�R�X�^�]�T�b �R�[�X�\�t�c�X�R�P�b
�_�^�a�`�d�T �_�T�a�\�X�c�T�] �\�t�b �T�]�c�a�P�S�P�b�� �R�^�\�^ �\�^�S�T�[�^�b �^ �e�P�a�X�P�Q�[�T�b�� �_�P�a�P �a�T�U�^�a�i�P�a �b�d �±�P�Q�X�[�X�S�P�S ���>�f�^�Z�^�[�^ �h �?�V��
�Q�d�[�T�i�X�T���$�"�#�)��� 

�3� �=� �4�^�b �C�P�]�c�^�b �h �R�^�[�b� �T�b�c�d�S�X�P�a�^�] �T�[ �S�T�b�T�\�_�T�ƒ�^ �S�T �[�^�b �S�X�T�i �\�^�S�T�[�^�b �Q�P�b�P�S�^�b �T�] �[�P �c�T�\�_�T�a�P�c�d�a�P �T�]
�T�[ �]�^�a�T�b�c�T �S�T �2�a�P�b�X�[� �5�]�R�^�]�c�a�P�a�^�] �`�d�T �[�^�b �\�^�S�T�[�^�b �]�^ �\�^�b�c�a�P�Q�P�] �R�P�\�Q�X�^�b �b�X�V�]�X�±�R�P�c�X�e�^�b �S�T�b�_�d�{�b �S�T
�P�Y�d�b�c�P�a�[�^�b �R�^�] �a�T�b�_�T�R�c�^ �P �[�^�b �T�U�T�R�c�^�b �S�T �[�^�b �_�T�a�•�^�S�^�b �[�[�d�e�X�^�b�^�b� �4�^�b �C�P�]�c�^�b �h �b�d�b �R�^�[�T�V�P�b �c�P�\�Q�X�{�] �R�^�]��
�R�[�d�h�T�a�^�] �`�d�T �T�[ �\�^�S�T�[�^ �8�C �c�T�]�•�P �d�] �\�T�Y�^�a �a�T�]�S�X�\�X�T�]�c�^ �T�] �c�X�T�a�a�P�b �X�]�c�T�a�X�^�a�T�b�� �h �T�[ �\�^�S�T�[�^ �2�3 �\�^�b�c�a�„ �T�[
�\�T�Y�^�a �a�T�]�S�X�\�X�T�]�c�^ �T�] �i�^�]�P�b �W�‰�\�T�S�P�b �h �R�^�b�c�T�a�P�b ���3� �=� �4�^�b �C�P�]�c�^�b �h �R�^�[�b� ���$�"�#�&��� 

�D�P�Q�[�P �%���%� �3�[�P�b�X�±�R�P�R�X�„�] �_�^�a �•�]�S�X�R�T �S�T
�R�[�P�a�X�S�P�S

K T �B�P�]�V�^ �D�X�_�^ �S�T �S�•�P

0; 00 < K T � 0; 20 �>�d�Q�[�P�S�^

0; 20 < K T � 0; 60 �@�P�a�R�X�P�[�\�T�]�c�T �]�d�Q�[�P�S�^

0; 60 < K T � 0; 75 �C�^�[�T�P�S�^

0; 75 < K T � 1; 00 �=�d�h �b�^�[�T�P�S�^

�6�d�T�]�c�T�, ���B�X�e�T�a�^ �h �R�^�[�b� ���$�"�#�)��

�B�X�e�T�a�^ �T�c �P�[� �R�^�\�_�P�a�P�a�^�] �[�^�b �e�P�[�^�a�T�b �S�T �[�^�b �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•�a�X��
�R�^�b �S�T�[ �\�^�S�T�[�^ �^�a�X�V�X�]�P�[ �S�T �8�C �R�^�] �]�d�T�e�^�b �e�P�[�^�a�T�b �S�T�a�X�e�P�S�^�b �S�T
�T�b�T �\�^�S�T�[�^ �R�P�[�X�Q�a�P�S�^ �_�P�a�P �=�{�g�X�R�^ �R�^�] �S�P�c�^�b �[�^�R�P�[�T�b� �E�] �P�b�_�T�R��
�c�^ �]�^�c�P�Q�[�T �S�T �T�b�P �X�]�e�T�b�c�X�V�P�R�X�„�] �R�^�]�b�X�b�c�T �T�] �[�P �R�[�P�b�X�±�R�P�R�X�„�] �S�T
�[�P�b �i�^�]�P�b �R�[�X�\�t�c�X�R�P�b �S�T �=�{�g�X�R�^ �d�c�X�[�X�i�P�]�S�^ �T�[ �b�X�b�c�T�\�P �;�^�_�_�T�]��
�7�T�X�V�T�a� �1�S�T�\�t�b�� �[�^�b �P�d�c�^�a�T�b �a�T�P�[�X�i�P�a�^�] �^�c�a�P �R�[�P�b�X�±�R�P�R�X�„�] �Q�P�b�P�S�P
�T�] �T�[ �•�]�S�X�R�T �S�T �R�[�P�a�X�S�P�S�� �R�^�\�^ �b�T �\�d�T�b�c�a�P �T�] �[�P �D�P�Q�[�P�%���%�_�P�a�P
�S�T�b�R�a�X�Q�X�a �[�^�b �S�P�c�^�b �S�T �[�P�b �1�G�C� �5�b �‰�c�X�[ �a�T�R�^�a�S�P�a �`�d�T �T�[ �•�]�S�X�R�T �S�T
�R�[�P�a�X�S�P�S �T�b �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �c�T�a�a�T�b�c�a�T �h �T�g�c�a�P��
�c�T�a�a�T�b�c�a�T� �E�]�P �R�^�]�R�[�d�b�X�„�] �a�T�[�T�e�P�]�c�T �\�^�b�c�a�„ �`�d�T �X�]�S�T�_�T�]�S�X�T�]�c�T�\�T�]�c�T �S�T �[�^�b �_�X�R�^�b �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a
�S�d�a�P�]�c�T �T�[ �S�•�P�� �T�b �_�^�b�X�Q�[�T �^�Q�c�T�]�T�a �e�P�[�^�a�T�b �S�T �•�]�S�X�R�T �S�T �R�[�P�a�X�S�P�S �b�X�\�X�[�P�a�T�b� �?�c�a�P �R�^�]�R�[�d�b�X�„�] �b�T�ƒ�P�[�„ �`�d�T
�[�^�b �R�^�T�±�R�X�T�]�c�T�b �T�\�_�•�a�X�R�^�b �±�Y�^�b �R�^�]�S�d�R�T�] �P �d�] �T�a�a�^�a �b�X�V�]�X�±�R�P�c�X�e�^�� �T�b�_�T�R�X�P�[�\�T�]�c�T �T�] �i�^�]�P�b �R�^�] �d�]�P �S�X��
�U�T�a�T�]�R�X�P �S�T �c�T�\�_�T�a�P�c�d�a�P �X�]�U�T�a�X�^�a �P �#�'� C� �<�^�b �P�d�c�^�a�T�b �_�a�^�_�d�b�X�T�a�^�] �[�P �5�R�d�P�R�X�„�]�%���#�&�_�P�a�P �b�d�_�T�a�P�a �[�^�b
�_�a�^�Q�[�T�\�P�b �X�S�T�]�c�X�±�R�P�S�^�b �S�T�a�X�e�P�S�^�b �S�T �R�^�T�±�R�X�T�]�c�T�b �±�Y�^�b ���B�X�e�T�a�^ �h �R�^�[�b� ���$�"�#�)��� 

aHS = a1 + a2 (� T) + a3 (� T)2 ���%���#�&��



�%� �$ �=�P�c�T�a�X�P�[�T�b �h �\�{�c�^�S�^�b �%�)

�%� �$� �'� �=�^�S�T�[�^ �T�\�_�•�a�X�R�^ �_�a�^�_�d�T�b�c�^

�5�[ �\�^�S�T�[�^ �_�a�^�_�d�T�b�c�^ �b�T �^�a�X�V�X�]�„ �P �_�P�a�c�X�a �S�T �[�P �^�Q�b�T�a�e�P�R�X�„�] �S�T �[�P �V�a�t�±�R�P �S�T �S�X�b�_�T�a�b�X�„�] �T�]�c�a�T �T�[ �•�]�S�X�R�T
�S�T �R�[�P�a�X�S�P�S �h �[�P �S�X�U�T�a�T�]�R�X�P �S�T �c�T�\�_�T�a�P�c�d�a�P �S�X�P�a�X�P �T�] �R�P�S�P �1�G�C� �<�^�b �P�d�c�^�a�T�b �R�^�]�R�[�d�h�T�a�^�] �`�d�T �T�[ �\�^�S�T�[�^
�[�^�V�•�b�c�X�R�^ �^�U�a�T�R�T�a�•�P �a�T�b�d�[�c�P�S�^�b �‰�c�X�[�T�b� �5�b�c�T �\�^�S�T�[�^ �W�P �T�b�c�d�S�X�P�S�^ �R�^�] �{�g�X�c�^ �T�[ �R�a�T�R�X�\�X�T�]�c�^ �W�d�\�P�]�^�� �[�^�b
�_�a�^�R�T�b�^�b �P�]�X�\�P�[�T�b �h �Q�X�^�[�„�V�X�R�^�b�� �[�^�b �_�P�c�a�^�]�T�b �S�T �d�b�^ �S�T �T�]�T�a�V�•�P �h �[�P�b �P�_�[�X�R�P�R�X�^�]�T�b �P�c�\�^�b�U�{�a�X�R�P�b ���1�V�P��
�\�X �B�T�S�S�h���$�"�#�#�-�=�^�^�] �h �;�X�\���$�"�$�"��� �<�P �a�T�V�a�T�b�X�„�] �[�^�V�•�b�c�X�R�P �b�d�T�[�T �S�T�b�R�a�X�Q�X�a �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P�b �e�P�a�X�P�Q�[�T�b
�Q�X�]�P�a�X�P�b �h �d�] �_�a�T�S�X�R�c�^�a ���8�P�a�a�T�]�[�[���$�"�#�'��� �1�d�]�`�d�T �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �X�]�b�^�[�P�R�X�„�] �b�^�[�P�a �T�g�c�a�P�c�T�a�a�T�b�c�a�T �h �c�T��
�a�a�T�b�c�a�T �]�^ �^�U�a�T�R�T �a�T�b�d�[�c�P�S�^�b �Q�X�]�P�a�X�^�b�� �e�P�a�•�P �T�] �d�] �a�P�]�V�^ �T�]�c�a�T �# �h �" ���;�[�T�X�]�Q�P�d�\ �h �;�[�T�X�]���$�"�#�"��� �5�[ �d�b�^ �S�T
�T�b�c�P �c�{�R�]�X�R�P �§�b�d�a�V�T �T�] �[�P �T�b�c�X�\�P�R�X�„�] �S�T �a�T�[�P�R�X�^�]�T�b �T�] �[�P�b �`�d�T �[�P �e�P�a�X�P�Q�[�T �S�T�_�T�]�S�X�T�]�c�T �T�b �R�^�]�c�X�]�d�P�� �_�T�a�^
�T�b�c�t �[�X�\�X�c�P�S�P �T�] �a�P�]�V�^�¨ ���=�P�]�]�X�]�V���#�+�+�(��� �<�P �S�T�R�[�P�a�P�R�X�„�] �S�T�=�P�]�]�X�]�V�S�T�b�R�a�X�Q�T �[�P �a�T�[�P�R�X�„�] �S�T�[ �\�^�S�T�[�^
�_�a�^�_�d�T�b�c�^ �T�]�c�a�T �[�P�b �e�P�a�X�P�Q�[�T�b �S�T�_�T�]�S�X�T�]�c�T�b �T �X�]�S�T�_�T�]�S�X�T�]�c�T�b�� �_�^�a�`�d�T �[�P �a�T�[�P�R�X�„�] �S�T �[�P�b �X�]�b�^�[�P�R�X�^�]�T�b
�b�^�[�P�a�T�b �T�b �R�^�]�c�X�]�d�P �‰�]�X�R�P�\�T�]�c�T �_�P�a�P �T�[ �a�P�]�V�^ �S�T�±�]�X�S�^ �_�^�a �[�P�b �c�T�\�_�T�a�P�c�d�a�P�b �\�•�]�X�\�P�b �h �\�t�g�X�\�P�b� �<�P �a�T��
�V�a�T�b�X�„�] �[�^�V�•�b�c�X�R�P �]�^ �b�d�_�^�]�T �`�d�T �]�X �[�P�b �e�P�a�X�P�Q�[�T�b �]�X �[�^�b �_�a�T�S�X�R�c�^�a�T�b �c�T�]�V�P�] �d�]�P �S�X�b�c�a�X�Q�d�R�X�„�] �]�^�a�\�P�[�- �T�b�c�P
�P�±�a�\�P�R�X�„�] �U�d�T �^�c�a�^ �R�a�X�c�T�a�X�^ �_�P�a�P �T�[�T�V�X�a �T�b�c�T �T�]�U�^�`�d�T� 

�5�[ �\�^�S�T�[�^ �S�T �a�T�V�a�T�b�X�„�] �[�^�V�•�b�c�X�R�P �U�^�a�\�P �_�P�a�c�T �S�T�[ �=�^�S�T�[�^ �<�X�]�T�P�[ �7�T�]�T�a�P�[�X�i�P�S�^ ���7�<�=���� �`�d�T �S�T�b�R�a�X�Q�T �[�P
�a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �\�T�S�X�P �S�T �[�P�b �e�P�a�X�P�Q�[�T�b �S�T�_�T�]�S�X�T�]�c�T�b �T �X�]�S�T�_�T�]�S�X�T�]�c�T�b �R�^�] �d�]�P �a�T�[�P�R�X�„�] �\�t�b �R�^�\�_�[�T�Y�P
�`�d�Ty = a + bx� �<�P �a�T�V�a�T�b�X�„�] �[�^�V�•�b�c�X�R�P�� �`�d�T �T�b �d�] �\�{�c�^�S�^ �T�b�c�P�S�•�b�c�X�R�^�� �[�^�b �R�^�T�±�R�X�T�]�c�T�b �c�X�T�]�T�] �d�] �b�X�V�]�X��
�±�R�P�S�^ �b�X�\�X�[�P�a �P�[ �S�T �[�P �a�T�V�a�T�b�X�„�] �[�X�]�T�P�[�- �P �b�P�Q�T�aa �T�b �[�P �_�a�^�Q�P�Q�X�[�X�S�P�S �S�T �{�g�X�c�^ �T�]x = 0�� �\�X�T�]�c�a�P�bb�T�b �T�[
�R�P�\�Q�X�^ �T�] �[�P �_�a�^�Q�P�Q�X�[�X�S�P�S �S�T �{�g�X�c�^ �R�^�a�a�T�b�_�^�]�S�X�T�]�c�T �P �d�] �P�d�\�T�]�c�^ �S�T �d�]�P �d�]�X�S�P�S �T�]x ���3�P�b�T�[�[�P �h �2�T�a��
�V�T�a���$�"�"�$��� �5�b�c�P �a�T�V�a�T�b�X�„�] �c�P�\�Q�X�{�] �b�d�_�^�]�T �d�]�P �a�T�[�P�R�X�„�] �[�X�]�T�P�[ �T�]�c�a�T �[�P�b �_�a�^�Q�P�Q�X�[�X�S�P�S�T�b �S�T �[�P�b �e�P�a�X�P�Q�[�T�b
�S�T�_�T�]�S�X�T�]�c�T�b �T �X�]�S�T�_�T�]�S�X�T�]�c�T�b ���=�^�^�] �h �;�X�\���$�"�$�"��� 
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�% �5�e�P�[�d�P�R�X�„�] �S�T �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b �_�P�a�P �T�b�c�X�\�P�a �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �d�b�P�]�S�^ �S�P�c�^�b �S�T �c�T�\�_�T�a�P�c�d�a�P

�T�] �d�] �P�\�Q�X�T�]�c�T �c�a�^�_�X�R�P�[ �h �\�^�]�c�P�ƒ�^�b�^� �@�P�a�c�T �9�, �X�\�_�d�c�P�R�X�„�]

�%� �$� �(� �F�P�[�X�S�P�R�X�„�] �T�b�c�P�S�•�b�c�X�R�P

�<�P �e�P�[�X�S�P�R�X�„�] �T�b�c�P�S�•�b�c�X�R�P �T�b �d�] �_�P�b�^ �^�Q�[�X�V�P�c�^�a�X�^ �`�d�T �_�T�a�\�X�c�T �R�^�\�_�P�a�P�a �T�[ �\�^�S�T�[�^ �_�a�T�S�X�R�c�^�a �R�^�] �[�P�b �\�T��
�S�X�S�P�b �a�T�P�[�T�b �_�P�a�P �S�T�c�T�a�\�X�]�P�a �b�d �X�S�^�]�T�X�S�P�S� �5�g�X�b�c�T�] �R�X�]�R�^ �c�{�R�]�X�R�P�b �_�a�X�]�R�X�_�P�[�T�b �S�T �e�P�[�X�S�P�R�X�„�]�, �T�e�P�[�d�P�R�X�„�]
�b�d�Q�Y�T�c�X�e�P�� �X�]�S�X�R�P�S�^�a�T�b �S�T �S�X�b�_�T�a�b�X�„�]�� �X�]�S�X�R�P�S�^�a�T�b �V�T�]�T�a�P�[�T�b �S�T �a�T�]�S�X�\�X�T�]�c�^�� �X�]�S�X�R�P�S�^�a�T�b �S�T �b�X�\�X�[�X�c�d�S �S�T
�S�X�b�c�a�X�Q�d�R�X�„�] �T �X�]�S�X�R�P�S�^�a�T�b �e�X�b�d�P�[�T�b ���7�d�T�h�\�P�a�S���$�"�#�&�-�=�P�h�T�a �h �2�d�c�[�T�a���#�+�+�%��� �5�[ �_�a�X�\�T�a�^ �R�^�]�b�X�b�c�T �T�] �T�e�P��
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�5�b�c�P �X�]�e�T�b�c�X�V�P�R�X�„�] �T�e�P�[�‰�P �d�]�P �R�^�\�Q�X�]�P�R�X�„�] �S�T �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b �Q�P�b�P�S�^�b �T�] �[�P �c�T�\�_�T�a�P�c�d�a�P �h �c�{�R�]�X��
�R�P�b �S�T �X�]�c�T�a�_�^�[�P�R�X�„�] �T�b�_�P�R�X�P�[ �T�] �d�] �P�\�Q�X�T�]�c�T �c�a�^�_�X�R�P�[ �h �\�^�]�c�P�ƒ�^�b�^ �_�P�a�P �T�[�P�Q�^�a�P�a �\�P�_�P�b �\�T�]�b�d�P�[�T�b �S�T
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�T�]�c�a�T �[�P�b �e�P�a�X�P�]�i�P�b �S�T �[�^�b �_�d�]�c�^�b �\�T�S�X�S�^�b �h �T�b�c�X�\�P�S�^�b �R�^�\�^ �[�P �5�R�d�P�R�X�„�]�&���%�_�a�T�b�T�]�c�P ���=� �1� �?�[�X�e�T�a �h
�G�T�Q�b�c�T�a���#�+�+�"��� 
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(z (x i ) � z (x i + h))2 ���&���%��

�S�^�]�S�Tb
 (h) �T�b �[�P �b�T�\�X�e�P�a�X�P�]�R�X�P�� �`�d�T �T�b �[�P �\�X�c�P�S �S�T �[�P �e�P�a�X�P�]�i�P �T�]�c�a�T �T�[ �_�d�]�c�^ �T�b�c�X�\�P�S�^ �h �[�^�b �_�d�]�c�^�b
�\�T�S�X�S�^�b��n �T�b �T�[ �]�‰�\�T�a�^ �S�T �_�P�a�T�b �S�T �_�d�]�c�^�b �S�T �\�d�T�b�c�a�P �b�T�_�P�a�P�S�^�b �_�^�a �d�]�P �S�X�b�c�P�]�R�X�Ph��z (x i ) �T�b �T�[
�e�P�[�^�a �S�T �\�d�T�b�c�a�P �T�] �[�P �d�Q�X�R�P�R�X�„�]x i �� �hz (x i + h) �T�b �T�[ �e�P�[�^�a �P �d�]�P �S�X�b�c�P�]�R�X�Ph �S�Tx i � �1 �S�X�b�c�P�]�R�X�P�b �R�^�a�c�P�b��
�e�P�[�^�a�T�b �Q�P�Y�^�b �S�Th�� �e�P�[�^�a�T�b �_�T�`�d�T�ƒ�^�b �S�T �b�T�\�X�e�P�a�X�P�]�i�P�� �R�d�P�]�S�^h �P�d�\�T�]�c�P�]�� �[�P �b�T�\�X�e�P�a�X�P�]�i�P �c�P�\�Q�X�{�]
�P�d�\�T�]�c�P� 

�<�P �T�R�d�P�R�X�„�]�&���%�_�T�a�\�X�c�T �R�P�[�R�d�[�P�a �T�[ �e�P�a�X�^�V�a�P�\�P �T�g�_�T�a�X�\�T�]�c�P�[ �`�d�T �R�^�]�b�c�P �S�T �b�T�\�X�e�P�a�X�P�]�i�P�b �T�] �d�] �R�^�]��
�Y�d�]�c�^ �±�]�X�c�^ �S�T �X�]�c�T�a�e�P�[�^�b� �<�P �±�P�Q�X�[�X�S�P�S �S�T�[ �e�P�a�X�^�V�a�P�\�P �T�g�_�T�a�X�\�T�]�c�P�[ �T�b�c�t �a�T�[�P�R�X�^�]�P�S�P �R�^�] �[�P �R�P�[�X�S�P�S �S�T
�[�^�b �S�P�c�^�b �h �b�d �S�T�]�b�X�S�P�S ���1� �=� �?�[�X�e�T�a �h �G�T�Q�b�c�T�a���$�"�#�'��� �5�[ �b�X�V�d�X�T�]�c�T �_�P�b�^ �T�b �P�Y�d�b�c�P�a �d�]�P �U�d�]�R�X�„�] �P�[ �e�P�a�X�^��
�V�a�P�\�P �T�g�_�T�a�X�\�T�]�c�P�[ �R�^�]�^�R�X�S�^ �R�^�\�^ �e�P�a�X�^�V�a�P�\�P �c�T�„�a�X�R�^�� �`�d�T �S�T�b�R�a�X�Q�T �[�P�b �_�a�X�]�R�X�_�P�[�T�b �R�P�a�P�R�c�T�a�•�b�c�X�R�P�b �S�T
�[�^�b �e�P�[�^�a�T�b �\�d�T�b�c�a�T�P�S�^�b� �<�P �_�T�]�S�X�T�]�c�T �S�T�[ �e�P�a�X�^�V�a�P�\�P �c�T�„�a�X�R�^ �R�d�P�]�c�X�±�R�P �[�P �P�d�c�^�R�^�a�a�T�[�P�R�X�„�] �T�b�_�P�R�X�P�[ �T�]��
�c�a�T �[�^�b �_�d�]�c�^�b �S�T �\�d�T�b�c�a�T�^ �P �S�T�c�T�a�\�X�]�P�S�P�b �S�X�b�c�P�]�R�X�P�b ���=�P�a�c�•�] �h �4�^�\�X�]�V�d�T�i���$�"�#�+��� �8�P�h �S�^�b �U�^�a�\�P�b �S�T
�\�^�S�T�[�P�a �T�[ �e�P�a�X�^�V�a�P�\�P �X�[�X�\�X�c�P�S�^ �h �[�X�\�X�c�P�S�^� �5�] �T�[ �_�a�X�\�T�a �R�P�b�^�� �T�[ �e�P�a�X�^�V�a�P�\�P �P�d�\�T�]�c�P �X�]�S�T�±�]�X�S�P�\�T�]�c�T
�P�[ �P�d�\�T�]�c�P�a �[�P �S�X�b�c�P�]�R�X�P� �5�] �T�[ �b�T�V�d�]�S�^ �R�P�b�^�� �T�[ �e�P�a�X�^�V�a�P�\�P �b�X�V�d�T �d�] �_�a�^�R�T�b�^ �T�b�c�P�R�X�^�]�P�a�X�^ �S�T �b�T�V�d�]�S�^
�^�a�S�T�]�� �T�b �S�T�R�X�a �P�[�R�P�]�i�P �d�] �[�•�\�X�c�T �b�d�_�T�a�X�^�a �`�d�T �T�b �[�P �e�P�a�X�P�]�i�P �S�T�[ �d�\�Q�a�P�[ ���G�T�Q�b�c�T�a �h �?�[�X�e�T�a���$�"�"�)��� �1�S�T��
�\�t�b�� �T�[ �e�P�a�X�^�V�a�P�\�P �c�T�„�a�X�R�^ �c�X�T�]�T �d�] �a�P�]�V�^ �`�d�T �S�T�c�T�a�\�X�]�P �T�[ �[�•�\�X�c�T �S�T �[�P �R�^�a�a�T�[�P�R�X�„�] �T�b�_�P�R�X�P�[ �S�^�]�S�T �[�P
�P�d�c�^�R�^�a�a�T�[�P�R�X�„�] �b�T �e�d�T�[�e�T �R�T�a�^� �1�S�T�\�t�b�� �R�d�P�]�S�^ �W�P�h �d�]�P �S�X�b�c�P�]�R�X�P �R�T�a�^ �T�]�c�a�T �[�P �T�b�c�X�\�P�R�X�„�] �h �T�[ �_�d�]�c�^
�\�T�S�X�S�^�� �T�[ �b�T�\�X�e�P�a�X�^�V�a�P�\�P �T�b �R�T�a�^� �C�X�] �T�\�Q�P�a�V�^�� �b�X �W�P�h �T�a�a�^�a�T�b �S�T �\�T�S�X�R�X�„�] �^ �T�b�R�P�[�P �T�] �[�P �e�P�a�X�P�Q�[�T �^ �T�]
�P�\�Q�^�b�� �T�[ �b�T�\�X�e�P�a�X�^�V�a�P�\�P �_�a�T�b�T�]�c�P �d�] �T�U�T�R�c�^ �S�T�]�d�V�V�T�c� �5�] �^�c�a�P�b �_�P�[�P�Q�a�P�b�� �T�[ �b�T�\�X�e�P�a�X�^�V�a�P�\�P �c�X�T�]�T �d�]
�e�P�[�^�a �P�[�c�^ �T�] �S�X�b�c�P�]�R�X�P�b �R�^�a�c�P�b ���F�X�T�a�P �4�•�P�i���$�"�"�$��� 

�5�[ �e�P�a�X�^�V�a�P�\�P �T�b �[�P �Q�P�b�T �S�T �[�P �X�\�_�[�T�\�T�]�c�P�R�X�„�] �S�T �[�^�b �\�{�c�^�S�^�b �S�T �;�a�X�V�X�]�V� �<�P �5�R�d�P�R�X�„�]�&���&�\�d�T�b�c�a�P �T�[



�&� �% �=�P�a�R�^ �c�T�„�a�X�R�^ �'�)

�T�b�c�X�\�P�S�^�a �V�T�]�T�a�P�[ �S�T �;�a�X�V�X�]�V�� �S�^�]�S�T� �T�b �d�]�P �\�T�S�X�P �T�b�c�P�R�X�^�]�P�a�X�P��� i �T�b �T�[ �_�T�b�^ �S�T �;�a�X�V�X�]�V��� (x0) �T�b �[�P
�\�T�S�X�P �S�T �[�P�b �\�d�T�b�c�a�P�b �R�^�]�b�X�S�T�a�P�S�P�b �T�] �T�[ �t�a�T�P �S�T �X�]�²�d�T�]�R�X�P��n �T�b �T�[ �]�‰�\�T�a�^ �S�T �_�d�]�c�^�b �\�d�T�b�c�a�T�P�S�^�b
���:� �<�X �h �8�T�P�_���$�"�"�*��� �C�X�V�d�X�T�]�S�^ �[�P �T�b�c�a�d�R�c�d�a�P �S�T �[�P �T�b�c�X�\�P�R�X�„�] �V�T�]�T�a�P�[ �\�^�b�c�a�P�S�P �T�] �[�P �5�R�d�P�R�X�„�]�&���#�,

bz (x0) � � =
nX

i =1

� i [z (x i ) � � (x0)] ���&���&��

�<�^�b �_�T�b�^�b �b�d�a�V�T�] �S�T �d�] �b�X�b�c�T�\�P �S�T �T�R�d�P�R�X�^�]�T�b �[�X�]�T�P�[�T�b �`�d�T �R�d�\�_�[�T�] �R�^�] �S�^�b �R�^�]�S�X�R�X�^�]�T�b� �<�P �_�a�X�\�T�a�P
�T�b �[�P �b�X�V�d�X�T�]�c�T �a�T�b�c�a�X�R�R�X�„�]E f bz (x0) � z (x i )g = 0 �_�P�a�P �^�Q�c�T�]�T�a �_�T�b�^�b �]�^ �b�T�b�V�P�S�^�b� �5�[ �b�T�V�d�]�S�^ �T�b �`�d�T
�[�^�b �_�T�b�^�b �S�T�Q�T�] �\�X�]�X�\�X�i�P�a �[�P �e�P�a�X�P�]�i�P� (x i ) = V ar f bz (x0) � z (x i )g = 0 ���=�^�a�T�]�^ �h �R�^�[�b� ���$�"�#�#��� 
�1�d�]�`�d�T �T�g�X�b�c�T�] �e�P�a�X�^�b �\�{�c�^�S�^�b �S�T �;�a�X�V�X�]�V�� �b�^�[�^ �W�P�h �d�] �^�Q�Y�T�c�X�e�^ �`�d�T �T�b �T�b�c�X�\�P�a �e�P�[�^�a�T�b �R�^�]�c�X�]�d�^�b �_�P�a�P
�[�^�b �_�d�]�c�^�b �b�X�] �\�d�T�b�c�a�T�^ ���4�P�X �h �R�^�[�b� ���$�"�"�%��� 

�;�a�X�V�X�]�V �C�X�\�_�[�T ���C�;��

�C�; �c�X�T�]�T �[�P �U�^�a�\�d�[�P�R�X�„�] �\�P�c�T�\�t�c�X�R�P �\�t�b �b�T�]�R�X�[�[�P �T�]�c�a�T �[�^�b �\�{�c�^�S�^�b �S�T �;�a�X�V�X�]�V� �5�b�c�T �\�^�S�T�[�^ �P�b�d�\�T
�`�d�T �[�P �\�T�S�X�P �h �[�P �R�^�e�P�a�X�P�]�i�P �b�^�] �R�^�]�^�R�X�S�P�b �P �_�a�X�^�a�X �h �R�^�]�b�c�P�]�c�T�b �T�] �c�^�S�P�b �[�P�b �d�Q�X�R�P�R�X�^�]�T�b ���=�P�a�c�•�] �h
�4�^�\�X�]�V�d�T�i���$�"�#�+��� �3�^�\�^ �a�T�b�d�[�c�P�S�^�� �R�d�P�]�S�^ �[�P �\�T�S�X�P �h �R�^�e�P�a�X�P�]�i�P �T�] �T�[ �b�X�c�X�^ �T�b�c�X�\�P�S�^ �T�b �S�X�U�T�a�T�]�c�T �S�T
�[�^�b �e�P�[�^�a�T�b �X�]�X�R�X�P�[�T�b �P�b�d�\�X�S�^�b�� �T�[ �\�{�c�^�S�^ �]�^ �\�d�T�b�c�a�P �a�T�b�d�[�c�P�S�^�b �„�_�c�X�\�^�b�� �[�^ �`�d�T �[�^ �R�^�]�e�X�T�a�c�T �T�] �d�]
�\�^�S�T�[�^ �S�T �P�_�[�X�R�P�Q�X�[�X�S�P�S �[�X�\�X�c�P�S�P ���?�[�T�P���#�+�+�+��� �<�P �5�R�d�P�R�X�„�]�&���'�\�d�T�b�c�a�P �T�[ �\�^�S�T�[�^ �S�T �T�b�c�X�\�P�R�X�„�] �S�T �C�;� 
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�S�^�]�S�T� �T�b �d�]�P �\�T�S�X�P �T�b�c�P�R�X�^�]�P�a�X�P �R�^�]�^�R�X�S�P �_�P�a�P �c�^�S�P �[�P �b�d�_�T�a�±�R�X�T �X�]�c�T�a�_�^�[�P�S�P� �5�] �C�;1 �
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i =1 � i �]�^
�T�b �]�T�R�T�b�P�a�X�P�\�T�]�c�T �X�V�d�P�[ �P �"�- �b�X�] �T�\�Q�P�a�V�^�� �T�[ �b�T�V�d�]�S�^ �c�{�a�\�X�]�^ �S�T�&���'�P�b�T�V�d�a�P �`�d�T �[�P �_�a�T�S�X�R�R�X�„�] �]�^ �c�T�]�V�P
�b�T�b�V�^ ���:� �<�X �h �8�T�P�_���$�"�"�*�-�1� �=� �?�[�X�e�T�a �h �G�T�Q�b�c�T�a���$�"�#�'��� �C�; �c�a�P�Q�P�Y�P �R�^�] �R�^�e�P�a�X�P�]�i�P�b��C�� �\�t�b �`�d�T �R�^�] �[�P�b
�b�T�\�X�e�P�a�X�P�]�i�P�b�- �_�^�a �[�^ �c�P�]�c�^�� �[�^�b �_�^�]�S�T�a�P�S�^�b �b�T �R�P�[�R�d�[�P�] �S�T �[�P �b�X�V�d�X�T�]�c�T �\�P�]�T�a�P�,
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� i C(x i ; x j ) = C(x0; x j ) �6�^�a �P�[�[j = 1; 2; : : : ; n ���&���(��
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�?�; �T�b �T�[ �\�{�c�^�S�^ �S�T �;�a�X�V�X�]�V �\�t�b �V�T�]�T�a�P�[ �h �P�\�_�[�X�P�\�T�]�c�T �d�c�X�[�X�i�P�S�^�� �{�b�c�T �P�b�d�\�T �`�d�T �[�P �e�P�a�X�P�R�X�„�] �T�b �P�[�T�P�c�^�a�X�P
�h �S�T�_�T�]�S�X�T�]�c�T �T�b�_�P�R�X�P�[�\�T�]�c�T�� �h �d�]�P �\�T�S�X�P �S�T�b�R�^�]�^�R�X�S�P �`�d�T �T�b �R�^�]�b�c�P�]�c�T �h �d�]�P �e�P�a�X�P�]�i�P �`�d�T �S�T�_�T�]�S�T
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�a�T�]�c�T�b �c�{�R�]�X�R�P�b �S�T �X�\�_�d�c�P�R�X�„�] �Q�P�b�P�S�P�b �T�] �[�P �[�^�]�V�X�c�d�S �S�T �[�^�b �S�P�c�^�b �U�P�[�c�P�]�c�T�b ���?�V�d�]�b�^�[�P �h �C�^�]�V���$�"�#�&��� 
�>�d�T�b�c�a�^�b �T�g�_�T�a�X�\�T�]�c�^�b �X�\�_�[�T�\�T�]�c�P�a�^�] �d�]�P �c�{�R�]�X�R�P �S�T �X�\�_�d�c�P�R�X�„�] �`�d�T �a�T�T�\�_�[�P�i�P �[�^�b �S�P�c�^�b �U�P�[�c�P�]�c�T�b
�R�^�] �d�] �e�P�[�^�a �T�b�c�X�\�P�S�^ �P �_�P�a�c�X�a �S�T �[�^�b �S�P�c�^�b �T�g�X�b�c�T�]�c�T�b �T�] �d�] �a�P�]�V�^ �W�^�a�P�a�X�^ ���4�T�\�X�a�W�P�] �h �B�T�]�f�X�R�Z���$�"�#�*�-
�=�^�a�X�c�i �h �2�P�a�c�i���2�T�X�T�[�b�c�T�X�]���$�"�#�)��� �5�b�c�T �T�b�c�d�S�X�^ �P�_�[�X�R�P �R�d�P�c�a�^ �\�^�S�T�[�^�b �S�T �_�a�T�S�X�R�R�X�„�] �S�T �e�P�]�V�d�P�a�S�X�P �_�P�a�P
�T�[ �_�a�^�]�„�b�c�X�R�^ �S�T �[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �T�] �T�]�c�^�a�]�^�b �c�a�^�_�X�R�P�[�T�b �h �\�^�]�c�P�ƒ�^�b�^�b �R�^�] �S�P�c�^�b �X�]�R�^�\�_�[�T�c�^�b�,
�X�� �1�B�9�=�1�� �X�X�� �C�<���6�6�>�� �X�X�X�� �=�<���6�>�>�� �X�e�� �h �<�C�D�=� �<�P �X�\�_�d�c�P�R�X�„�] �S�T �S�P�c�^�b �U�P�[�c�P�]�c�T�b �R�^�\�Q�X�]�P �d�]�P �X�]�c�T�a�_�^�[�P��
�R�X�„�] �[�X�]�T�P�[ �S�T �[�^�b �e�P�[�^�a�T�b �b�d�Q�b�X�V�d�X�T�]�c�T�b �R�^�] �T�[ �_�a�^�\�T�S�X�^ �S�T �e�P�[�^�a�T�b �_�P�b�P�S�^�b �\�T�S�X�S�^�b �P �[�P �\�X�b�\�P �W�^�a�P �S�T
�[�^�b �S�P�c�^�b �X�\�_�d�c�P�S�^�b� �@�P�a�P �T�[�X�\�X�]�P�a �T�[ �T�U�T�R�c�^ �S�T�c�T�a�\�X�]�X�b�c�P�� �b�T �d�c�X�[�X�i�P �T�[ �•�]�S�X�R�T �S�T �R�[�P�a�X�S�P�S �T�] �[�d�V�P�a �S�T �[�^�b
�e�P�[�^�a�T�b �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �S�X�a�T�R�c�P�\�T�]�c�T� �<�^�b �a�T�b�d�[�c�P�S�^�b �\�d�T�b�c�a�P�] �`�d�T �[�P�b �c�{�R�]�X�R�P�b �Q�P�b�P�S�P�b �T�]
�a�T�S�T�b �]�T�d�a�^�]�P�[�T�b �c�X�T�]�T�] �d�] �\�T�Y�^�a �a�T�]�S�X�\�X�T�]�c�^ �`�d�T �1�B�9�=�1� �5�[ �\�^�S�T�[�^ �<�C�D�= �c�X�T�]�T �d�] �\�T�Y�^�a �a�T�]�S�X�\�X�T�]�c�^
�T�] �1�G�C �R�^�] �\�T�]�^�b �R�P�]�c�X�S�P�S �S�T �S�P�c�^�b �T�] �[�P �i�^�]�P �S�T�[ �@�P�R�•�±�R�^� �C�<���6�>�> �[�^�V�a�P �T�[ �\�T�Y�^�a �R�^�\�_�^�a�c�P�\�X�T�]�c�^
�T�] �1�G�C �R�^�] �\�d�R�W�^�b �\�t�b �S�P�c�^�b �S�T �T�]�c�a�P�S�P� 

�5�b�c�T �P�a�c�•�R�d�[�^ �c�X�T�]�T �R�X�]�R�^ �b�T�R�R�X�^�]�T�b�� �[�P �C�T�R�R�X�„�]�'� �$�_�a�T�b�T�]�c�P �[�P�b �c�{�R�]�X�R�P�b �S�T �_�a�^�]�„�b�c�X�R�^� �<�P �b�T�R�R�X�„�]�'� �%
�R�^�]�c�X�T�]�T �[�P �S�T�b�R�a�X�_�R�X�„�] �S�T �[�^�b �S�P�c�^�b �d�c�X�[�X�i�P�S�^�b� �<�P �b�T�R�R�X�„�]�'� �&�_�a�T�b�T�]�c�P �[�^�b �a�T�b�d�[�c�P�S�^�b �^�Q�c�T�]�X�S�^�b� �6�X�]�P�[��
�\�T�]�c�T�� �[�P �C�T�R�R�X�„�]�'� �'�\�d�T�b�c�a�P �[�P�b �R�^�]�R�[�d�b�X�^�]�T�b� 

�'� �$� �=�P�c�T�a�X�P�[�T�b �h �\�{�c�^�S�^�b

�5�] �T�b�c�P �b�T�R�R�X�„�]�� �[�^�b �P�d�c�^�a�T�b �S�T�b�R�a�X�Q�T�] �[�^�b �R�d�P�c�a�^ �\�^�S�T�[�^�b �S�T �_�a�T�S�X�R�R�X�„�] �d�c�X�[�X�i�P�S�^�b �_�P�a�P �_�a�^�]�^�b�c�X�R�P�a �[�P
�X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[�, �T�[ �\�{�c�^�S�^ �T�b�c�P�S�•�b�c�X�R�^ �P�d�c�^�a�a�T�V�a�T�b�X�e�^ �1�B�9�=�1 �h �c�a�T�b �\�^�S�T�[�^�b �Q�P�b�P�S�^�b �T�] �P�a�`�d�X��
�c�T�R�c�d�a�P�b �S�T �a�T�S�T�b �]�T�d�a�^�]�P�[�T�b�, �C�<���6�>�>�� �=�<���6�>�> �h �<�C�D�=� 

�<�P �6�X�V�d�a�P�'���#�S�T�b�R�a�X�Q�T �[�P �\�T�c�^�S�^�[�^�V�•�P �d�b�P�S�P �_�P�a�P �T�[ �_�a�^�]�„�b�c�X�R�^� �3�^�\�^ �_�P�b�^ �S�T �_�a�T���_�a�^�R�T�b�P�\�X�T�]�c�^ �b�T
�a�T�P�[�X�i�P �d�] �R�^�]�c�a�^�[ �S�T �R�P�[�X�S�P�S �S�T �[�^�b �S�P�c�^�b �R�^�] �T�[ �±�] �S�T �\�T�Y�^�a�P�a �[�P �R�P�[�X�S�P�S �S�T �[�P �Q�P�b�T �S�T �S�P�c�^�b� �4�T�b�_�d�{�b
�b�T �W�P�R�T �d�] �[�[�T�]�P�S�^ �S�T �S�P�c�^�b �U�P�[�c�P�]�c�T�b �W�^�a�P�a�X�^�b �h �S�X�P�a�X�^�b� �5�] �[�P �_�P�a�c�T �S�T �[�P �b�T�[�T�R�R�X�„�] �S�T�[ �\�^�S�T�[�^ �b�T �R�^�]�b�X��
�S�T�a�P�] �R�d�P�c�a�^ �^�_�R�X�^�]�T�b�, �1�B�9�=�1�� �C�<���6�>�>�� �=�<���6�>�> �h �<�C�D�=� �5�] �[�P �_�P�a�c�T �S�T�[ �T�]�c�a�T�]�P�\�X�T�]�c�^ �b�T �R�P�[�R�d�[�P�] �[�^�b



�'� �$ �=�P�c�T�a�X�P�[�T�b �h �\�{�c�^�S�^�b �)�)

�_�P�a�t�\�T�c�a�^�b �S�T �[�^�b �\�^�S�T�[�^�b �`�d�T �b�T �P�Y�d�b�c�P�] �P �[�^�b �S�P�c�^�b �S�T �T�]�c�a�T�]�P�\�X�T�]�c�^� 

�6�X�V�d�a�P �'���#� �5�[ �S�X�P�V�a�P�\�P �\�d�T�b�c�a�P �[�P�b �T�c�P�_�P�b �_�P�a�P �T�[ �T�]�c�a�T�]�P�\�X�T�]�c�^ �S�T �[�^�b �\�^�S�T�[�^�b �S�T �_�a�^�]�„�b�c�X�R�^�� �[�P �b�X�]��
�c�^�]�X�i�P�R�X�„�] �S�T �[�^�b �W�X�_�T�a�_�P�a�t�\�T�c�a�^�b �S�^�]�S�T �C�D�� �C�D�ª�� �F�@ �h �7�D �a�T�_�a�T�b�T�]�c�P�] �[�^�b �S�P�c�^�b �S�T �T�]�c�a�P�S�P��
�[�P �b�T�a�X�T �S�T �c�X�T�\�_�^ �R�^�] �[�^�b �S�P�c�^�b �X�\�_�d�c�P�S�^�b�� �[�^�b �e�P�[�^�a�T�b �_�a�^�]�^�b�c�X�R�P�S�^�b�� �h �[�^�b �e�P�[�^�a�T�b �S�T �R�^�\��
�_�P�a�P�R�X�„�] ���V�a�^�d�]�S���c�a�d�c�W��� 

�'� �$� �#� �1�B�9�=�1

�5�b�c�T �\�^�S�T�[�^ �b�T �S�X�e�X�S�T �T�] �c�a�T�b �R�^�\�_�^�]�T�]�c�T�b�, �X�� �P�d�c�^�a�a�T�V�a�T�b�X�„�] ���1�B���� �X�X�� �X�]�c�T�V�a�P�R�X�„�] ���9�� �h �X�X�X�� �\�T�S�X�P �\�„�e�X�[
���=�1��� �1�B �h �=�1 �b�T �^�R�d�_�P�] �S�T �[�^�b �T�[�T�\�T�]�c�^�b �T�b�c�^�R�t�b�c�X�R�^�b�� �h �9 �T�b �T�[ �a�T�b�_�^�]�b�P�Q�[�T �S�T �c�a�P�]�b�U�^�a�\�P�a �[�P �b�T�a�X�T �S�T
�c�X�T�\�_�^ �T�] �d�]�P �T�b�c�P�R�X�^�]�P�a�X�P� �1�B�9�=�1 �b�T �S�T�]�^�c�P �R�^�\�^ �1�B�9�=�1(p; d; q)��p �T�b �T�[ �^�a�S�T�] �S�T �1�B��q �T�b �T�[ �^�a�S�T�]
�S�T �=�1 �hd �S�T�a�X�e�P�S�P�b �P�_�[�X�R�P�S�P�b �P �[�P �b�T�a�X�T �S�T �c�X�T�\�_�^�� �c�P�[ �`�d�Td = 0 �b�X�V�]�X�±�R�P �`�d�T �[�P �b�T�a�X�T �S�T �c�X�T�\�_�^ �h�P �T�b
�T�b�c�P�R�X�^�]�P�a�X�P�� �hd = 2 �b�X�V�]�X�±�R�P �`�d�T �[�P�b �S�^�b �S�T�a�X�e�P�S�P�b �b�^�] �]�T�R�T�b�P�a�X�P�b �_�P�a�P �`�d�T �[�^�b �S�P�c�^�b �b�T�P�] �T�b�c�P�R�X�^�]�P�a�X�^�b
���1�V�P�\�X �B�T�S�S�h���$�"�#�#��� �@�^�a �c�P�]�c�^�� �1�B�9�=�1(p; d; q) �T�b�,

� p (B ) � dx t = � q (B ) ut ; ut � WN (0; � 2) ���'���#��

�^
x t + � 1x t � 1 + � � � + � px t � p = ut + � 1ut � 1 + � � � + � qut � q ���'���$��

� ( B ) x t =

 

1 �
pX

i =1

� i B i

!

(1 � B )d x t =

 

1 +
qX

i =1

� i B q

!

ut ���'���%��

�4�^�]�S�TB �T�b �T�[ �^�_�T�a�P�S�^�a �S�T �S�T�b�_�[�P�i�P�\�X�T�]�c�^ �W�P�R�X�P �P�c�a�t�b��� = 1 � B �T�b �[�P �S�X�U�T�a�T�]�R�X�P �W�P�R�X�P �P�c�a�t�b��� p �h
� p �b�^�] �_�^�[�X�]�^�\�X�^�b �S�T �^�a�S�T�]p �hq �a�T�b�_�T�R�c�X�e�P�\�T�]�c�T� (1 � B )d x t �T�b �T�[ �T�]�R�P�a�V�P�S�^ �S�T �c�a�P�]�b�U�^�a�\�P�a �[�P �b�T�a�X�T
�c�T�\�_�^�a�P�[ �]�^ �T�b�c�P�R�X�^�]�P�a�X�P �T�] �d�]�P �T�b�c�P�R�X�^�]�P�a�X�P� �4�T�b�_�d�{�b �S�T �P�_�[�X�R�P�a �T�b�c�P �c�a�P�]�b�U�^�a�\�P�R�X�„�]�� �T�b �_�^�b�X�Q�[�T �d�c�X�[�X�i�P�a
�R�d�P�[�`�d�X�T�a �T�b�c�a�P�c�T�V�X�P �S�T �_�a�^�]�„�b�c�X�R�^ �_�P�a�P �S�P�c�^�b �T�b�c�P�R�X�^�]�P�a�X�^�b ���=�^�]�c�V�^�\�T�a�h �h �R�^�[�b� ���$�"�"�*��� 

�1�B �S�T�b�R�a�X�Q�T �T�[ �R�^�\�_�^�a�c�P�\�X�T�]�c�^ �_�P�b�P�S�^ �S�T �[�P �b�T�a�X�T �c�T�\�_�^�a�P�[ �h �[�P �b�T�a�X�T �a�T�b�X�S�d�P�[ �T�] �T�[ �c�X�T�\�_�^ �a�T�P�[ �R�^�\�^
�d�]�P �R�^�\�Q�X�]�P�R�X�„�] �[�X�]�T�P�[ �_�^�]�S�T�a�P�S�P �S�T �e�P�[�^�a�T�b �S�T �d�] �R�^�]�Y�d�]�c�^ �S�T �S�P�c�^�b �S�T �d�] �_�a�^�R�T�b�^ �T�b�c�^�R�t�b�c�X�R�^x t

���4�P�]�]�T�R�Z�T�a���$�"�#�'�� �h �d�] �a�d�X�S�^ �Q�[�P�]�R�^ut �R�^�\�^ �b�X�V�d�T

x t = � 1x t � 1 + � 2x t � 2 + � � � + � px t � p + ut =
pX

i =1

� i x t � i + ut ���'���&��



�)�* �' �@�a�^�]�„�b�c�X�R�^ �S�T �R�^�a�c�^ �_�[�P�i�^ �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �T�] �P�\�Q�X�T�]�c�T�b �c�a�^�_�X�R�P�[�T�b

�E�b�P�]�S�^ �T�[ �^�_�T�a�P�S�^�a �S�T �a�T�c�a�^�R�T�b�^B j x t �[�P �5�R�d�P�R�X�„�]�'���&�b�T �T�g�_�a�T�b�P �S�T �[�P �b�X�V�d�X�T�]�c�T �\�P�]�T�a�P�,

ut =

 

1 �
pX

i =1

� i B i

!

x t ���'���'��

�=�1 �S�T�b�R�a�X�Q�T �[�P�b �_�T�a�c�d�a�Q�P�R�X�^�]�T�b �P�[�T�P�c�^�a�X�P�b �S�T �[�P �b�T�a�X�T �c�T�\�_�^�a�P�[ �\�T�S�X�P�]�c�T �d�]�P �R�^�\�Q�X�]�P�R�X�„�] �[�X�]�T�P�[ �_�^�]��
�S�T�a�P�S�P �S�T �e�P�[�^�a�T�b �_�a�T�e�X�^�b �S�T �d�] �T�a�a�^�a �S�T �a�d�X�S�^ �Q�[�P�]�R�^� �@�^�a �[�^ �c�P�]�c�^�� �[�P �b�T�a�X�T �S�T �c�X�T�\�_�^ �b�T �a�T�_�a�T�b�T�]�c�P
�R�^�\�^ �d�] �R�^�]�Y�d�]�c�^ �S�T �e�P�a�X�P�Q�[�T�b �P�[�T�P�c�^�a�X�P�b �]�^ �R�^�a�a�T�[�P�R�X�^�]�P�S�P�b �h �R�^�] �S�X�b�c�a�X�Q�d�R�X�„�] �]�^�a�\�P�[�� �S�T �[�P �b�X�V�d�X�T�]�c�T
�\�P�]�T�a�P�,
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�E�]�P �1�>�> �T�b �d�] �R�^�]�Y�d�]�c�^ �S�T �d�]�X�S�P�S�T�b �R�^�]�^�R�X�S�P�b �R�^�\�^ �]�T�d�a�^�]�P�b�� �R�^�]�T�R�c�P�S�P�b �_�^�a �P�a�c�X�R�d�[�P�R�X�^�]�T�b �b�X�]�t�_�c�X��
�R�P�b�� �R�P�S�P �d�]�P �R�^�] �d�] �R�^�T�±�R�X�T�]�c�T �S�T �_�T�b�^ ���2�[�P�V�P �h �R�^�[�b� ���$�"�#�+��� �E�]�P �1�>�> �c�X�T�]�T �c�a�T�b �R�P�_�P�b�� �T�]�c�a�P�S�P�� �^�R�d�[�c�P
�h �b�P�[�X�S�P� �<�P �_�a�X�\�T�a�P �a�T�R�X�Q�T �[�^�b �S�P�c�^�b �S�T �T�]�c�a�P�S�P� �<�P �R�P�_�P �^�R�d�[�c�P �R�^�]�T�R�c�P �[�P�b �R�P�_�P�b �S�T �T�]�c�a�P�S�P �h �b�P�[�X�S�P
�d�c�X�[�X�i�P�]�S�^ �[�P�b �]�T�d�a�^�]�P�b� �<�P �R�P�_�P �S�T �b�P�[�X�S�P �V�T�]�T�a�P �[�P �X�]�U�^�a�\�P�R�X�„�] �R�P�[�R�d�[�P�S�P ���@�a�T�\�P�[�P�c�W�P �h �F�P�[�P�] �1�a�P��
�b�d���$�"�#�(��� �5�[ �T�]�c�a�T�]�P�\�X�T�]�c�^ �S�T �[�P �1�>�> �a�T�`�d�X�T�a�T �d�] �_�a�^�R�T�S�X�\�X�T�]�c�^ �S�T �a�T�c�a�^�_�a�^�_�P�V�P�R�X�„�] �X�c�T�a�P�c�X�e�^ �`�d�T
�P�_�a�T�]�S�T �d�] �\�P�_�T�^ �S�T �T�]�c�a�P�S�P���b�P�[�X�S�P� �5�b�c�T �_�a�^�R�T�b�^ �c�X�T�]�T �R�d�P�c�a�^ �_�P�b�^�b�, �X�� �_�a�^�_�P�V�P�R�X�„�] �W�P�R�X�P �P�S�T�[�P�]�c�T �S�T
�[�P �T�]�c�a�P�S�P �S�T�[ �_�P�c�a�„�] �S�T �T�]�c�a�T�]�P�\�X�T�]�c�^�� �X�X�� �R�t�[�R�d�[�^ �S�T�[ �T�a�a�^�a �\�T�S�X�P�]�c�T �d�]�P �U�d�]�R�X�„�] �S�T �_�{�a�S�X�S�P �`�d�T �R�^�\��
�_�P�a�P �[�^�b �e�P�[�^�a�T�b �T�b�c�X�\�P�S�^�b �h �S�T �a�T�U�T�a�T�]�R�X�P�� �X�X�X�� �_�a�^�_�P�V�P�R�X�„�] �W�P�R�X�P �P�c�a�t�b �S�T�[ �T�a�a�^�a �_�P�a�P �e�^�[�e�T�a �P �R�P�[�R�d�[�P�a
�R�P�S�P �_�T�b�^� wij �S�T�b�S�T �[�P �b�P�[�X�S�P �P �[�P �R�P�_�P �^�R�d�[�c�P�� �h �X�e�� �T�[ �_�T�b�^wij �b�T �P�R�c�d�P�[�X�i�P �S�T �[�P �b�X�V�d�X�T�]�c�T �\�P�]�T�a�P
wnuevo

ij = wantiguo
ij + � � wij �� �S�^�]�S�T� �b�T �R�^�]�^�R�T �R�^�\�^ �c�P�b�P �S�T �P�_�a�T�]�S�X�i�P�Y�T ���2�[�P�V�P �h �R�^�[�b� ���$�"�#�+��� 

�4�d�a�P�]�c�T �[�P �_�a�^�_�P�V�P�R�X�„�] �W�P�R�X�P �P�S�T�[�P�]�c�T�� �[�P�b �T�]�c�a�P�S�P�b�gi � 1 �b�T �\�d�[�c�X�_�[�X�R�P�] �X�]�X�R�X�P�[�\�T�]�c�T �_�^�a �[�^�b �_�T�b�^�bw �h
�b�T �b�d�\�P�] �[�^�b �a�T�b�d�[�c�P�S�^�b �X�]�S�X�e�X�S�d�P�[�T�b� �@�^�b�c�T�a�X�^�a�\�T�]�c�T�� �b�T �P�V�a�T�V�P �d�] �b�T�b�V�^b �P �[�^�b �a�T�b�d�[�c�P�S�^�b �R�^�\�^ �d�]
�e�P�[�^�a �S�T �R�^�\�_�T�]�b�P�R�X�„�] �`�d�T �a�T�V�d�[�P �[�P �b�T�ƒ�P�[ �R�^�\�^ �b�T �\�d�T�b�c�a�P�,

z(i )
n =

N i � 1X

k=1

w(i )
nk x i � 1

k + b(i )
n

�S�^�]�S�Ti �T�b �[�P �R�P�_�P �P�R�c�d�P�[ ���b�Xi = 1���g0 �T�b �[�P �T�]�c�a�P�S�P����n �T�b �[�Pn���{�b�X�\�P �]�T�d�a�^�]�P �T�] �[�P �R�P�_�P �P�R�c�d�P�[��k �X�b �c�W�T
k���{�b�X�\�P �]�T�d�a�^�]�P �T�] �[�P �R�P�_�P �P�]�c�T�a�X�^�a�� �hN i � 1 �T�b �T�[ �]�‰�\�T�a�^ �S�T �]�T�d�a�^�]�P�b �T�] �[�P �R�P�_�P �P�]�c�T�a�X�^�a� �5�b�c�T �a�T�b�d�[�c�P�S�^
�_�P�b�P �P �c�a�P�e�{�b �S�T �d�]�P �U�d�]�R�X�„�] �S�T �P�R�c�X�e�P�R�X�„�] ���7�W�X�\�X�a�T�� �4�T�^�� �B�P�Y�� �h �=�X���$�"�#�+�� �S�T �\�P�]�T�a�P �`�d�T

�g(i ) = f (�i(i ))

�S�^�]�S�T�gi �T�b �[�P �b�P�[�X�S�P �S�T �[�P �R�P�_�P �P�R�c�d�P�[�� �hf (�) �T�b �c�•�_�X�R�P�\�T�]�c�T �d�b�P�S�^ �_�P�a�P �P�Y�d�b�c�P�a �[�P �b�T�ƒ�P�[ �^ �X�]�S�d�R�X�a �d�]�P
�]�^ �[�X�]�T�P�[�X�S�P�S� �4�T �T�b�c�P �U�^�a�\�P �[�P �b�T�ƒ�P�[ �_�P�b�P �_�^�a �c�^�S�P�b �[�P�b �R�P�_�P�b �^�R�d�[�c�P�b �W�P�b�c�P �P�[�R�P�]�i�P�a �[�P �R�P�_�P �S�T �b�P�[�X�S�P� 
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x t = x1; x2; xn �� �[�P �b�P�[�X�S�Pyt �T�] �d�] �B�>�> �e�X�T�]�T �S�P�S�P �_�^�a�,

yt = why ht + by

ht = H (whx x t + whh ht � 1 + bh)
���'���)��
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�<�P �\�T�\�^�a�X�P �T�g�_�[�•�R�X�c�P �S�T�[ �<�C�D�= �W�P�R�T �`�d�T �T�b�c�P �c�{�R�]�X�R�P �b�T�P �X�S�T�P�[ �_�P�a�P �d�] �\�^�S�T�[�^ �S�T �_�a�^�]�„�b�c�X�R�^ �P �R�^�a�c�^
�_�[�P�i�^�� �R�P�b�X �T�] �c�X�T�\�_�^ �a�T�P�[ ���7�W�X�\�X�a�T�� �4�T�^�� �4�^�f�]�b�� �h �B�P�Y���$�"�#�+��� �5�[ �<�C�D�= �c�X�T�]�T �c�a�T�b �T�b�c�P�S�^�b �S�T �U�d�]�R�X�^�]�P��
�\�X�T�]�c�^�,

�#� �1�R�c�X�e�P�R�X�„�] �S�T �[�P �_�d�T�a�c�P �S�T �T�]�c�a�P�S�P�, �[�P �\�T�\�^�a�X�P �S�T �[�P �R�T�[�S�P �P�R�d�\�d�[�P �]�d�T�e�P �X�]�U�^�a�\�P�R�X�„�]

�$� �?�[�e�X�S�P�a �_�d�T�a�c�P �P�R�c�X�e�P�S�P�, �[�P �R�T�[�S�P �Q�^�a�a�P �[�P �X�]�U�^�a�\�P�R�X�„�] �P�R�d�\�d�[�P�S�P



�'� �$ �=�P�c�T�a�X�P�[�T�b �h �\�{�c�^�S�^�b �*�#

�%� �1�R�c�X�e�P�R�X�„�] �S�T �[�P �_�d�T�a�c�P �S�T �b�P�[�X�S�P�, �[�P �b�P�[�X�S�P �±�]�P�[ �b�T �_�a�^�_�P�V�P �P�[ �T�b�c�P�S�^ �±�]�P�[

�4�T�b�S�T �[�P �5�R�d�P�R�X�„�]�'���*�P �5�R�d�P�R�X�„�]�'���#�#�b�T �\�d�T�b�c�a�P�b �[�P�b �T�R�d�P�R�X�^�]�T�b �S�T �_�a�^�_�P�V�P�R�X�„�] �W�P�R�X�P �P�S�T�[�P�]�c�T �S�T
�<�C�D�=

f t = � (wxf x t + whf ht � 1 + bf ) ���'���*��

�S�^�]�S�Tht � 1 �a�T�_�a�T�b�T�]�c�P �T�[ �‰�[�c�X�\�^ �T�b�c�P�S�^ �P�]�c�T�a�X�^�a��� (� � � ) �T�b �[�P �U�d�]�R�X�„�] �b�X�V�\�^�X�S�T�P �[�^�V�•�b�c�X�R�P� �5�[ �T�b�c�P�S�^
�X�]�c�T�a�]�^ �S�T �[�P �R�T�[�S�P �<�C�D�= �b�T �P�R�c�d�P�[�X�i�P �R�^�] �T�[ �_�^�]�S�T�a�P�S�^ �S�T�[ �Q�d�R�[�T �_�a�^�_�X�^ �R�^�]�S�X�R�X�^�]�P�[f t �S�T �[�P �b�X�V�d�X�T�]�c�T
�\�P�]�T�a�P�,

ct = f tct � 1 + i t �c�P�]�W(wxcx t + whcht � 1 + bc): ���'���+��

�<�P �d�]�X�S�P�S �S�T �R�T�[�S�Pct �T�b �d�] �Q�d�R�[�T �P�d�c�^�\�t�c�X�R�^ �[�X�]�T�P�[ �`�d�T �T�b�c�t �R�^�]�c�a�^�[�P�S�^ �_�^�a �d�]�P �d�]�X�S�P�S �S�T �_�d�T�a�c�P �S�T
�^�[�e�X�S�^f t �� �`�d�T �S�T�c�T�a�\�X�]�P �[�P �R�^�]�c�a�X�Q�d�R�X�„�] �S�X�a�T�R�c�P �S�Tct � 1� �<�P �d�]�X�S�P�S �S�T �T�]�c�a�P�S�P �T�g�c�T�a�]�Pi t �b�T �R�P�[�R�d�[�P �S�T
�\�P�]�T�a�P �b�X�\�X�[�P�a �P �[�P �_�d�T�a�c�P �S�T �^�[�e�X�S�^�� �_�T�a�^ �R�^�] �b�d�b �_�a�^�_�X�^�b �_�P�a�t�\�T�c�a�^�b�,

i t = � (wxi x t + whi ht � 1 + bi ): ���'���#�"��

�<�P �b�P�[�X�S�Pht �S�T �[�P �R�T�[�S�P �<�C�D�= �c�P�\�Q�X�{�] �b�T �_�d�T�S�T �P�_�P�V�P�a�� �P �c�a�P�e�{�b �S�T �[�P �_�d�T�a�c�P �S�T �b�P�[�X�S�Pot �� �`�d�T �c�P�\�Q�X�{�]
�d�b�P �d�]�P �d�]�X�S�P�S �b�X�V�\�^�X�S�T�P �_�P�a�P �[�P �P�R�c�X�e�P�R�X�„�]�,

ht = ot �c�P�]�W(ct ) ���'���#�#��

�S�^�]�S�Tot = � (wxox t + whoht � 1 + bo) �hi; f; o �hc �b�^�] �[�P �T�]�c�a�P�S�P�� �T�[ �^�[�e�X�S�^�� �[�P �_�d�T�a�c�P �S�T �b�P�[�X�S�P �h �[�P �R�T�[�S�P��
�c�^�S�P�b �c�X�T�]�T�] �T�[ �\�X�b�\�^ �c�P�\�P�ƒ�^ �`�d�T �T�[ �e�T�R�c�^�a �^�R�d�[�c�^h�� �hw �T�b �[�P �\�P�c�a�X�i �S�T �_�^�]�S�T�a�P�S�^�b� 

�'� �$� �&� �3�^�]�c�a�^�[ �S�T �R�P�[�X�S�P�S �S�T �S�P�c�^�b

�@�P�a�P �a�T�S�d�R�X�a �T�[ �a�X�T�b�V�^ �S�T �b�T�b�V�^�b �X�]�S�d�R�X�S�^�b �_�^�a �S�P�c�^�b �X�]�T�g�P�R�c�^�b�� �[�^�b �P�d�c�^�a�T�b �P�_�[�X�R�P�] �d�] �_�a�^�R�T�b�^ �S�T �R�^�]��
�c�a�^�[ �S�T �R�P�[�X�S�P�S �`�d�T �R�^�]�b�c�P �S�T �c�a�T�b �T�c�P�_�P�b�, �X�� �F�T�a�X�±�R�P�R�X�„�] �S�T �[�P �X�]�c�T�V�a�X�S�P�S �S�T �[�^�b �S�P�c�^�b�, �\�d�T�b�c�a�P�b �`�d�T
�R�P�a�T�R�T�] �S�T �X�]�U�^�a�\�P�R�X�„�] �T�b�T�]�R�X�P�[ ���R�„�S�X�V�^ �S�T �T�b�c�P�R�X�„�]�� �R�„�S�X�V�^ �S�T �e�P�a�X�P�Q�[�T�� �U�T�R�W�P �h �W�^�a�P�� �h �e�P�[�^�a �S�T �[�^�b �S�P��
�c�^�b �� �b�T �T�[�X�\�X�]�P�] �S�T�[ �R�^�]�Y�d�]�c�^ �S�T �S�P�c�^�b� �X�X�� �S�T�c�T�R�R�X�„�] �S�T �P�]�^�\�P�[�•�P�b �Q�P�b�P�S�P �T�] �[�•�\�X�c�T�b �±�Y�^�b�, �_�P�a�P �T�e�X�c�P�a
�b�^�Q�a�T�T�b�c�X�\�P�a �T�[ �a�T�R�d�a�b�^�� �S�T�b�R�P�a�c�P�\�^�b �[�P�b �\�d�T�b�c�a�P�b �`�d�T �b�d�_�T�a�P�] �T�[ �e�P�[�^�a �\�t�g�X�\�^ �W�^�a�P�a�X�^ �S�T �a�P�S�X�P�R�X�„�]
�b�^�[�P�a �T�g�c�a�P�c�T�a�a�T�b�c�a�T ��I 0��� �@�^�a �[�^ �c�P�]�c�^�� �b�T �a�T�`�d�X�T�a�T �`�d�TI 0 � I mt �S�^�]�S�TI mt �T�b �[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[
�\�T�S�X�S�P �T�] �T�[ �\�^�\�T�]�c�^t�� �hI 0 �T�b

I 0 = I sc

�
1 + 0; 033cos

�
360

D � 3
365

��
� sin� ���'���#�$��

�S�^�]�S�TD �T�b �T�[ �S�•�P �Y�d�[�X�P�]�^��I sc �T�b �[�P �R�^�]�b�c�P�]�c�T �b�^�[�P�a(1;367 [W/ m2]) �`�d�T �a�T�_�a�T�b�T�]�c�P �[�P �T�]�T�a�V�•�P �S�T�b�S�T �T�[
�C�^�[ �S�T �[�P �b�d�_�T�a�±�R�X�T �_�T�a�_�T�]�S�X�R�d�[�P�a �P �[�P �S�X�a�T�R�R�X�„�] �S�T �_�a�^�_�P�V�P�R�X�„�] �S�T �[�P �X�a�a�P�S�X�P�]�R�X�P �_�^�a �d�]�X�S�P�S �S�T �t�a�T�P ���÷�T�]��
�$�"�"�*�� �hsin� = cos�cos�cos! s + sin�sin�: �X�X�X �� �S�T�c�T�R�R�X�„�] �S�T �P�]�^�\�P�[�•�P�b �Q�P�b�P�S�P �T�] �[�•�\�X�c�T�b �W�^�a�P�a�X�^�b�,
�_�P�a�P �T�e�X�c�P�a �b�d�Q�T�b�c�X�\�P�a �T�[ �a�T�R�d�a�b�^�� �d�c�X�[�X�i�P�\�^�b �R�^�\�^ �[�•�\�X�c�T �X�]�U�T�a�X�^�a �T�[ �% �� �S�T �[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[



�*�$ �' �@�a�^�]�„�b�c�X�R�^ �S�T �R�^�a�c�^ �_�[�P�i�^ �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �V�[�^�Q�P�[ �T�] �P�\�Q�X�T�]�c�T�b �c�a�^�_�X�R�P�[�T�b

�T�] �R�X�T�[�^ �S�T�b�_�T�Y�P�S�^ ��I cst ���� �S�^�]�S�TI cst = I 0� � �3�^�]�b�X�S�T�a�P�\�^�b �[�P�b �\�d�T�b�c�a�P�b �_�^�a �S�T�Q�P�Y�^ �S�T�[ �[�•�\�X�c�T �X�]�U�T�a�X�^�a
�R�^�\�^ �e�P�[�^�a�T�b �P�]�„�\�P�[�^�b �h �[�P�b �T�[�X�\�X�]�P�\�^�b �S�T�[ �R�^�]�Y�d�]�c�^ �S�T �S�P�c�^�b� 

�@�P�a�P �T�b�c�X�\�P�a �[�P �c�a�P�]�b�\�X�c�P�]�R�X�P �P�c�\�^�b�U�{�a�X�R�P� �hI cst �� �[�^�b �P�d�c�^�a�T�b �X�\�_�[�T�\�T�]�c�P�] �T�[ �\�^�S�T�[�^ �S�T �;�a�T�X�c�W �h �;�a�T�X�S�T�a
���÷�T�]���$�"�"�*���,

I cs = I 0� ���'���#�%��

�5�[ �_�a�^�R�T�S�X�\�X�T�]�c�^ �P�]�c�T�a�X�^�a �b�X�V�d�T �[�P �]�^�a�\�P�c�X�e�P �E�>�5�'�"�"�'�&�" ���1�5�>�?�B���$�"�"�&���� �h �[�P�b �a�T�R�^�\�T�]�S�P�R�X�^�]�T�b �S�T
���5�b�c�{�e�T�i �h �R�^�[�b� ���$�"�#�#���� �`�d�T �P�_�[�X�R�P�Q�P �T�[ �R�^�]�c�a�^�[ �S�T �R�P�[�X�S�P�S �P �[�^�b �S�P�c�^�b �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �T�] �5�b�_�P�ƒ�P� 

�'� �$� �'� �9�\�_�d�c�P�R�X�„�] �S�T �S�P�c�^�b

�<�P �X�\�_�d�c�P�R�X�„�] �S�T �S�P�c�^�b �T�b �T�[ �_�a�^�R�T�b�^ �S�T �R�^�\�_�[�T�c�P�a �[�^�b �S�P�c�^�b �U�P�[�c�P�]�c�T�b �R�^�] �e�P�[�^�a�T�b �a�P�i�^�]�P�Q�[�T�b� �5�] �T�b�c�T
�R�P�b�^�� �[�^�b �P�d�c�^�a�T�b �d�c�X�[�X�i�P�] �T�[ �•�]�S�X�R�T �S�T �R�[�P�a�X�S�P�S�� �`�d�T �T�b �[�P �a�T�[�P�R�X�„�] �T�]�c�a�T �[�P �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a �P �]�X�e�T�[ �S�T�[
�b�d�T�[�^ �h �[�P �a�P�S�X�P�R�X�„�] �b�^�[�P�a �T�g�c�a�P�c�T�a�a�T�b�c�a�T�� �T�] �[�d�V�P�a �S�T �c�a�P�c�P�a �S�X�a�T�R�c�P�\�T�]�c�T �[�^�b �S�P�c�^�b �S�T �X�a�a�P�S�X�P�]�R�X�P �b�^�[�P�a� 

�5�] �]�d�T�b�c�a�^�b �T�g�_�T�a�X�\�T�]�c�^�b�� �[�^�b �P�d�c�^�a�T�b �R�^�\�_�[�T�c�P�a�^�] �[�^�b �S�P�c�^�b �U�P�[�c�P�]�c�T�b �T�[ �_�a�X�\�T�a �S�•�P �R�^�] �d�] �e�P�[�^�a �S�T �#� 
�<�d�T�V�^�� �[�P �c�{�R�]�X�R�P �R�^�]�b�X�S�T�a�P �c�a�T�b �R�P�b�^�b�, �b�X �[�^�b �S�P�c�^�b �U�P�[�c�P�]�c�T�b �T�b�c�t�] �T�] �X�� �(�� �X�X�� �#�*�� �^ �X�X�X�� �T�]�c�a�T �) �h �#�) �W�^�a�P�b� 
�5�] �T�[ �_�a�X�\�T�a �R�P�b�^�� �T�[ �S�P�c�^ �U�P�[�c�P�]�c�T �T�b �T�[ �_�a�^�\�T�S�X�^ �T�]�c�a�T �T�[ �e�P�[�^�a �T�] �[�P �\�X�b�\�P �W�^�a�P �S�T�[ �S�•�P �P�]�c�T�a�X�^�a �R�^�]
�T�[ �e�P�[�^�a �S�T�[ �•�]�S�X�R�T �S�T �R�[�P�a�X�S�P�S �S�T �[�P�b �) �W�^�a�P�b �S�T�[ �S�•�P �P�R�c�d�P�[� �5�] �T�[ �b�T�V�d�]�S�^ �R�P�b�^�� �T�[ �e�P�[�^�a �T�b �T�[ �a�T�b�d�[�c�P�S�^
�S�T�[ �_�a�^�\�T�S�X�^ �T�]�c�a�T �[�^�b �S�P�c�^�b �P �[�P�b �#�) �W�^�a�P�b �S�T�[ �S�•�P �P�R�c�d�P�[ �h �T�[ �e�P�[�^�a �P �[�P�b �#�* �W�^�a�P�b �S�T�[ �S�•�P �P�]�c�T�a�X�^�a� �5�]
�T�[ �c�T�a�R�T�a �R�P�b�^�� �T�[ �e�P�[�^�a �X�\�_�d�c�P�S�^ �R�^�a�a�T�b�_�^�]�S�T �P �[�P �\�T�S�X�P �T�]�c�a�T �T�[ �e�P�[�^�a �P �[�P �\�X�b�\�P �W�^�a�P �S�T�[ �S�•�P �P�]�c�T�a�X�^�a
�h �T�[ �e�P�[�^�a �S�T �[�P�b �W�^�a�P�b �X�]�\�T�S�X�P�c�P�\�T�]�c�T �P�]�c�T�a�X�^�a �h �b�X�V�d�X�T�]�c�T� �C�X �T�[ �S�P�c�^ �X�]�\�T�S�X�P�c�P�\�T�]�c�T �b�X�V�d�X�T�]�c�T �]�^ �T�b�c�t
�S�X�b�_�^�]�X�Q�[�T�� �{�b�c�T �]�^ �b�T �R�^�]�b�X�S�T�a�P �T�] �T�[ �R�t�[�R�d�[�^� 

�@�P�a�P �[�P �X�\�_�d�c�P�R�X�„�] �S�T �S�P�c�^�b �S�X�P�a�X�^�b �b�T �d�b�P�a�^�] �[�^�b �\�^�S�T�[�^�b �T�\�_�•�a�X�R�^�b �Q�P�b�P�S�^�b �T�] �c�T�\�_�T�a�P�c�d�a�P �S�T �8�P�a��
�V�a�T�P�e�T�b �h �C�P�\�P�]�X ���8�P�a�V�a�T�P�e�T�b �h �C�P�\�P�]�X���#�+�*�$����

H
H0

= a(Tmax � Tmin )0;5 ���'���#�&��
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