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Resumen 

En estedocumentoserealizaunanálisisgeneralsobreeltemadelaintegración financiera 

en los mercados internacionales, orientado principalmente a determinar si existe 

información empírica que permita identificar si la Bolsa de Valores de Nueva York 

(NYSE por sus siglas en inglés) y la Bolsa de Valores de Londres (LSE  por sus 

siglas en inglés) estaban integrados, en el periodo comprendido entre 1906 y 1925. 

Para determinar lo anterior, se utilizan los modelos de cointegración desarrollados 

por Engle & Granger y el Modelo de Vectores Autoregresivos (VAR), aplicados a 

las series de tiempo de rendimientos de NYSE y LSE en el periodo de estudio. 

Del análisis realizado se concluye que si existe evidencia empírica que sugiere una 

posible cointegración de dichos mercados en los años en cuestión; además se 

observó que ambos mercados procesaron de manera rápida y oportuna la 

información proveniente del otro mercado, lo que podría considerarse como una 

característica propia de mercados eficientes. 

El hecho de estar cointegrados supone un nivel de mayor sensibilidad de una bolsa 

de valores frente a posibles movimientos en las variables y condiciones la otra 

bolsa, siendo cualquier efecto reflejado en la situación propia de los rendimientos 

de las acciones transadas y más generalmente en las economías de los países. 

La forma mediante la cual se pudo constatar la eficiencia de los mercados, fue 

observar el resultado de las series explicadas por sus rezagos y la significancia de 

éstos rezagos para explicar el valor presente de la serie, estas pruebas permitieron 

observar que en cada caso la variable rezagada no era significativa. Así, estos 

mercados recibían y procesaban de manera ágil y oportuna la información de los 

rendimientos pasados y la consideraban dentro de las decisiones tomadas, 

considerándose que ya no era significativa en el período futuro. 

PALABRAS CLAVE: Integración�financiera, cointegración, mercados eficientes. 
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Abstrac 

This document provides a general discussion on the issue of financial integration in 

international markets, mainly oriented to determine whether there is empirical 

information to identify performed if the New York Stock Exchange (NYSE) and 

the London Stock Exchange (LSE) were integrated in the period between 1906 and 

1925. 

To determine this, the cointegration models developed by Engle & Granger and 

Vector Autoregressive Model (VAR), applied to the time series of yields NYSE 

and LSE in the study period are used. 

The analysis concludes that if there is empirical evidence suggesting a possible 

cointegration of those markets in the years in question; also it found that both 

markets processed quickly and in a timely manner the information from another 

market, which could be seen as a characteristic of efficient markets. 

Being cointegrated implies a higher level of sensitivity of a stock exchange against 

possible movements in variables and conditions the other bag, with any reflected in 

the actual situation of income from shares traded and more generally in the 

economies effect of the countries. 

The way in which you could verify the efficiency of markets, was observing the 

result of the explained by their backlogs series and significance of these backlogs 

to explain the present value of the series, these tests allowed to observe that in each 

case the variable behind it was not significant. Thus, these markets received and 

processed agile and timely information on past performance and considered way in 

the decisions taken, considering that it was no longer significant in the future 

period. 

KEY WORDS:�financial integration, cointegration, efficient markets. 
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❡①t❡r♥❛s ② ♣r♦❜❧❡♠❛s q✉❡ ❡①♣❡r✐♠❡♥t❡♥ ♦tr❛s ❡❝♦♥♦♠í❛s❀ ♦tr♦ ❛s♣❡❝t♦ ❡s q✉❡ ❛❧
❤❛❜❡r ❛❧t♦s ♥✐✈❡❧❡s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❡♥tr❡ ♠❡r❝❛❞♦s ② ♣❛ís❡s✱ s❡ ♣♦❞rí❛ ❛✉♠❡♥t❛r ❧❛
♣r♦❜❛❜✐❧✐❞❛❞ ❞❡ s✉❢r✐r ✐♥❡st❛❜✐❧✐❞❛❞ ❡❝♦♥ó♠✐❝❛✱ ❞❡r✐✈❛❞❛ ❞❡ ❝✐❡rt♦s ♠♦✈✐♠✐❡♥t♦s
❞❡ ❝❛♣✐t❛❧ ❞❡ ❝❛rá❝t❡r ❡s♣❡❝✉❧❛t✐✈♦❀ ❛sí ♠✐s♠♦ ❡①✐st❡ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ ♣r❡s❡♥t❛r
✉♥❛ ❡❧❡✈❛❞❛ s❡♥s✐❜✐❧✐❞❛❞ ❛♥t❡ ♠♦❞✐✜❝❛❝✐♦♥❡s ❡♥ ❧❛ r❡♥t❛❜✐❧✐❞❛❞ ❞❡ ❧♦s ❛❝t✐✈♦s
② ❡♥ ❧❛s ❡①♣❡❝t❛t✐✈❛s s♦❜r❡ ❡❧ t✐♣♦ ❞❡ ❝❛♠❜✐♦ ❞❡ ❧❛s ♠♦♥❡❞❛s✳ P♦r ú❧t✐♠♦✱ ❡♥
✉♥❛ s✐t✉❛❝✐ó♥ ❞❡ ♠❛②♦r ✐♥t❡r❝♦♥❡①✐ó♥ ❡♥tr❡ ❧♦s ♠❡r❝❛❞♦s ✐♥t❡r♥♦s ② ❡❧ s❡❝t♦r
❡①t❡r♥♦ s❡ ♣♦❞rí❛♥ ❣❡♥❡r❛r ♣r❡s✐♦♥❡s ✜♥❛♥❝✐❡r❛s q✉❡ ❛✉♠❡♥t❡♥ ❧❛ s❡♥s✐❜✐❧✐❞❛❞ ❞❡❧
♣❛ís ❢r❡♥t❡ ❛ ❧❛s ❞✐❢❡r❡♥t❡s ❡①♣❡❝t❛t✐✈❛s ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ✭♣♦r ♣❛rt❡ ❞❡ ✐♥✈❡rs♦r❡s
♥❛❝✐♦♥❛❧❡s ❡ ✐♥t❡r♥❛❝✐♦♥❛❧❡s✮ ② ❞❡ ❧❛s ♣♦❧ít✐❝❛s ✐♠♣❧❡♠❡♥t❛❞❛s✳ ❨✉✱ ❋✉♥❣ ② ❚❛♠
✭✷✵✵✽✮

❙✐ ❞✐✈❡rs♦s ♠❡r❝❛❞♦s ❜✉rsát✐❧❡s ❛ ♥✐✈❡❧ ❧♦❝❛❧ s❡ ❡♥❝✉❡♥tr❛♥ ✈✐♥❝✉❧❛❞♦s ② r❡❧❛✲
❝✐♦♥❛❞♦s ❝♦♥ ❧♦s ❞❡♠ás ♠❡r❝❛❞♦s ❡①✐st❡♥t❡s ❛ ✉♥ ♥✐✈❡❧ ❣❧♦❜❛❧✱ s❡ ♣♦❞rí❛♥ ✐❞❡♥✲
t✐✜❝❛r ❧♦s ♣❛rá♠❡tr♦s ♥❡❝❡s❛r✐♦s ♣❛r❛ ❡✈❛❧✉❛r ♦ ❞❡t❡r♠✐♥❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥✲
t❡❣r❛❝✐ó♥ ❡♥tr❡ ❞✐❝❤♦s ♠❡r❝❛❞♦s✱ ❛sí ❝♦♠♦ ♣♦❞❡r ✉t✐❧✐③❛r ❛❧❣✉♥♦s ♠♦❞❡❧♦s q✉❡
❢❛❝✐❧✐t❡♥ ❞❡t❡r♠✐♥❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❞✐❝❤❛ ✐♥t❡❣r❛❝✐ó♥ ② ❡♥ ❛❧❣✉♥♦s ❝❛s♦s ❡❧ ♥✐✈❡❧
❞❡ ❧❛ ♠✐s♠❛✳

❆❧❣✉♥♦s ❞❡ ❧♦s ♠❡r❝❛❞♦s s♦❜r❡ ❧♦s ❝✉❛❧❡s s❡ ❤❛♥ r❡❛❧✐③❛❞♦ ✐♥✈❡st✐❣❛❝✐♦♥❡s ❡♥
❡❧ t❡♠❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥✱ s♦♥ ❧❛ ❇♦❧s❛s ❞❡ ❱❛❧♦r❡s ❞❡ ▲♦♥❞r❡s ✭▲❙❊ ♣♦r s✉s s✐❣❧❛s
❡♥ ✐♥❣❧és✮✱ ❧❛ ❝✉❛❧ ❢✉❡ ❡st❛❜❧❡❝✐❞❛ ❡♥ ✶✼✼✸✱ ❧♦❣r❛♥❞♦ ✉♥❛ ❡①✐st❡♥❝✐❛ ❢♦r♠❛❧ ❡♥
✶✽✵✶❀ ❛❞❡♠ás ❞❡ ❧❛ ❇♦❧s❛ ❞❡ ❱❛❧♦r❡s ❞❡ ◆✉❡✈❛ ❨♦r❦ ✭◆❨❙❊ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥✲
❣❧és✮✱ q✉❡ s❡ ❡st❛❜❧❡❝✐ó ❞❡ ♠❛♥❡r❛ ✐♥❢♦r♠❛❧ ❡♥ ✶✼✾✷✱ ❧♦❣r❛♥❞♦ ❡①✐st❡♥❝✐❛ ❢♦r♠❛❧
❡♥ ✶✽✶✼❀ ❧❛ ❛♣❛r✐❝✐ó♥ ❝❛s✐ s✐♠✉❧tá♥❡❛ ❞❡ ❧♦s ✐♥t❡r❝❛♠❜✐♦s ❡♥ ❞✐❝❤♦s ♠❡r❝❛❞♦s
❞❡ ✈❛❧♦r❡s✱ ❝r❡❛ ✉♥ ❛✐r❡ ❞❡ s✐♠✐❧✐t✉❞ ❡♥tr❡ ❡❧❧♦s✱ s✐♥ ❡♠❜❛r❣♦✱ ❞❡s❞❡ ❡❧ ♣r✐♥❝✐♣✐♦
❤✉❜♦ ❞✐❢❡r❡♥❝✐❛s ✐♠♣♦rt❛♥t❡s ② ❝❛❞❛ ♠❡r❝❛❞♦ ❡✈♦❧✉❝✐♦♥ó ❞❡ ❢♦r♠❛ ❞✐st✐♥t❛ ❝♦♥
❡❧ ♣❛s♦ ❞❡❧ t✐❡♠♣♦❀ ✉♥ ❡❥❡♠♣❧♦ ❞❡ ❧♦ ❛♥t❡r✐♦r ❡s q✉❡ ❛♠❜♦s ♠❡r❝❛❞♦s ❡r❛♥ ❛s♦✲
❝✐❛❝✐♦♥❡s ❝♦♠❡r❝✐❛❧❡s q✉❡ r❡♣r❡s❡♥t❛♥ ❧♦s ✐♥t❡r❡s❡s ❝♦❧❡❝t✐✈♦s ❞❡ s✉s ♠✐❡♠❜r♦s✱
❧♦ q✉❡ ❢❛❝✐❧✐t❛❜❛ ❧♦s ♥❡❣♦❝✐♦s ❡♥tr❡ ést♦s✱ ♣r♦♣♦r❝✐♦♥❛♥❞♦ ✉♥ ❢♦r♦ ❝♦♥✈❡♥✐❡♥t❡
② ✉♥ ❝♦♥❥✉♥t♦ ❝♦♠ú♥ ❞❡ r❡❣❧❛s✳ ❈✉❛♥❞♦ ❧❛ ❇♦❧s❛ ❞❡ ▲♦♥❞r❡s ❞❡❝✐❞✐ó ❝♦♥str✉✐r
s✉ ♣r♦♣✐❛ ❡❞✐✜❝❛❝✐ó♥ ❡♥ ✶✽✵✶✱ ❧♦ ❤✐③♦ ♣♦r ❧❛ ❡♠✐s✐ó♥ ❞❡ ❛❝❝✐♦♥❡s q✉❡ ♣♦❞rí❛♥
s❡r ❛❞q✉✐r✐❞♦s ♣♦r ❝✉❛❧q✉✐❡r ♣❡rs♦♥❛✱ ❡♥ ❝♦♥s❡❝✉❡♥❝✐❛ s❡ ♣r♦❞✉❥♦ ✉♥ ❞✐✈♦r❝✐♦
❡♥tr❡ ❧♦s q✉❡ ✉t✐❧✐③❛r♦♥ ❡❧ ❡❞✐✜❝✐♦ ♣❛r❛ ❧❛ r❡❛❧✐③❛❝✐ó♥ ❞❡ s✉s ♥❡❣♦❝✐♦s ✭❧♦s ♠✐❡♠✲
❜r♦s✮ ② ❛q✉❡❧❧♦s q✉❡ ❝♦♥tr♦❧❛♥ ❡❧ ❡❞✐✜❝✐♦ ♣✉❡s ❧♦ ✈✐❡r♦♥ ❝♦♠♦ ✉♥ ♥❡❣♦❝✐♦ ❞❡
❧♦s ♣r♦♣✐❡t❛r✐♦s❀ ♣♦r ❡❧ ❝♦♥tr❛r✐♦✱ ❝✉❛♥❞♦ ✜♥❛❧♠❡♥t❡ ❡♥ ✶✽✻✸ ❧❛ ❇♦❧s❛ ❞❡ ◆✉❡✈❛
❨♦r❦ ❞❡❝✐❞✐ó ❝♦♥str✉✐r s✉ ♣r♦♣✐♦ ❡❞✐✜❝✐♦✱ ❡❧ ❞✐♥❡r♦ ❢✉❡ ❧❡✈❛♥t❛❞♦ ❞❡ ❡♥tr❡ ❧♦s
♠✐❡♠❜r♦s✱ ❛ tr❛✈és ❞❡ ❛❧t❛s t❛s❛s ❞❡ ❡♥tr❛❞❛ ② ♣♦r ❧♦s ♣rést❛♠♦s ❜❛s❛❞♦s ❡♥ ❧❛
s❡❣✉r✐❞❛❞ ❞❡ ❧♦s ❜✐❡♥❡s ✐♥♠✉❡❜❧❡s ❛❞q✉✐r✐❞♦s✱ ♥♦ ♣✉❡❞❡ ❤❛❜❡r ❝♦♥✢✐❝t♦ ❡♥tr❡ ❧♦s
♠✐❡♠❜r♦s ② ♣r♦♣✐❡t❛r✐♦s ❡♥ ◆✉❡✈❛ ❨♦r❦✱ ♣✉❡s ❡r❛♥ ❧❛s ♠✐s♠❛s ♣❡rs♦♥❛s✳ ▼✐❝❤✐❡
✭✶✾✽✻✮✳

❆ r❛í③ ❞❡ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s ② ❝♦♥❞✐❝✐♦♥❡s ❞❡ ❧♦s ♠❡r❝❛❞♦s ◆❨❙❊ ② ▲❙❊
♠❡♥❝✐♦♥❛❞♦s ❛♥t❡r✐♦r♠❡♥t❡✱ s❡rí❛ ✐♥t❡r❡s❛♥t❡ ❞❛r r❡s♣✉❡st❛ ❛ ❧❛ ♣r❡❣✉♥t❛✿ ➽❡s✲

✷



t❛❜❛♥ ✐♥t❡❣r❛❞♦s ❧♦s ♠❡r❝❛❞♦s ❜✉rsát✐❧❡s ❞❡ ◆✉❡✈❛ ❨♦r❦ ② ▲♦♥❞r❡s ❞❡ ✶✾✵✻ ❛
✶✾✷✺❄ ❙❡ s❡❧❡❝❝✐♦♥❛ ❡st❡ ♣❡r✐♦❞♦ ❞❡ t✐❡♠♣♦ ♣❛r❛ ❡❧ ❛♥á❧✐s✐s ✱ ❜❛s❛❞♦ ♣r✐♥❝✐♣❛❧✲
♠❡♥t❡ ❡♥ q✉❡ ❤❛② ♣♦❝♦s ❡st✉❞✐♦s q✉❡ ❛❜❛rq✉❡♥ ♦ s❡ ❤❛②❛♥ ♦r✐❡♥t❛❞♦ ❛ ❡st❛
❡t❛♣❛ ❞❡ ❧❛ ❤✐st♦r✐❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ◆❨❙❊ ② ▲❙❊ ✭♣♦st❡r✐♦r ❛❧ ❛ñ♦
✶✾✷✼ s✉r❣❡♥ ✉♥❛ ♠❛②♦r ❝❛♥t✐❞❛❞ ❞❡ ❡st✉❞✐♦s s♦❜r❡ ❛♥á❧✐s✐s ❞❡ ❧♦s ♠❡r❝❛❞♦s ❞❡
✈❛❧♦r❡s ② s✉ ❞✐♥á♠✐❝❛✮❀ ❛❞❡♠ás ❧♦s ♣❡r✐♦❞♦s ❛♥t❡r✐♦r❡s ❛ ✶✾✵✵ ② ♣♦st❡r✐♦r❡s ❛
✶✾✷✻ ❢✉❡r♦♥ ❛ñ♦s ❞❡ ❛❧t❛ ✐♥❡st❛❜✐❧✐❞❛❞ ❞❡ ❧❛s ❡♠♣r❡s❛s ✭❞♦♥❞❡ s❡ ❞✐❡r♦♥ ♠✉❝❤❛s
❢✉s✐♦♥❡s✱ ❛❜s♦r❝✐♦♥❡s ② ❞❡s❛♣❛r✐❝✐ó♥ ❞❡ ❧❛s ♠✐s♠❛s✮✱ s✐t✉❛❝✐ó♥ q✉❡ ♣❡r❥✉❞✐❝❛ ❡❧
♣♦❞❡r ❝♦♥t❛r ❣r✉♣♦s ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s ❝♦♠♣❧❡t♦s q✉❡ s❡ ♠❛♥t❡♥❣❛♥ ❡♥ ❡❧ t✐❡♠♣♦
② s❡r✐❡s ❞❡ t✐❡♠♣♦ ❝♦♥t✐♥✉❛s ❝♦♠♣❛r❛❜❧❡s ♣❛r❛ ❡❧ ❛♥á❧✐s✐s✳ P♦r ♦tr❛ ♣❛rt❡ ❢✉❡ ✉♥
♣❡r✐♦❞♦ ❝❛r❛❝t❡r✐③❛❞♦ ♣♦r ❧❛ ♣r❡✈❛❧❡♥❝✐❛ ❞❡ ♣♦❝❛s ❡♠♣r❡s❛s✱ ❛❧❣✉♥❛s ❝♦t✐③❛❜❛♥
s✉s ❛❝❝✐♦♥❡s ❡♥ ❛♠❜♦s ♠❡r❝❛❞♦s ❧♦ q✉❡ s❡ ♣r❡s✉♠❡ ♣♦❞rí❛ ✐♥❝✐❞✐r ❡♥ ❧❛ ❞✐♥á♠✐❝❛
❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛s ❞❡ ❡s♦s ❛ñ♦s✳ P♦r ú❧t✐♠♦ r❡s✉❧t❛ ✐♥t❡r❡s❛♥t❡ tr❛t❛r
❞❡ ❞✐♠❡♥s✐♦♥❛r ❡❧ ❡❢❡❝t♦ ❞❡ ❧❛ Pr✐♠❡r❛ ●✉❡rr❛ ▼✉♥❞✐❛❧ s♦❜r❡ ❧❛ ❞✐♥á♠✐❝❛ ❞❡❧❛
✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ❛ tr❛✈és ❞❡ ❧❛ s✐t✉❛❝✐ó♥ ♣❛rt✐❝✉❧❛r♠❡♥t❡
❡♥ ❧♦s ♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ◆❨❙❊ ② ▲❙❊✳ ❙❡❣ú♥ ❧♦ ❡①♣✉❡st♦ ❛♥t❡r✐♦r♠❡♥t❡✱ ❡❧
❛♥❛❧✐③❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ◆❨❙❊ ② ▲❙❊✱
❡♥tr❡ ✶✾✵✻ ② ✶✾✷✺✱ ♣✉❡❞❡ ❛♣♦rt❛r ✐♥❢♦r♠❛❝✐ó♥ ♥♦✈❡❞♦s❛ ❡ ✐♠♣♦rt❛♥t❡ ♣❛r❛ ❝♦✲
♥♦❝❡r ② ❡♥t❡♥❞❡r ❧❛ ❞✐♥á♠✐❝❛ ② s✐t✉❛❝✐ó♥ ❞❡ ❞✐❝❤♦s ♠❡r❝❛❞♦s ❡♥ ❡s❡ ♠♦♠❡♥t♦
❞❡ ❧❛ ❤✐st♦r✐❛✳

▲❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡❧ ❡st✉❞✐♦s ❛ ❞❡s❛rr♦❧❧❛r✱ ❡s q✉❡ ❞❛❞❛s ❧❛s ❝♦♥❞✐❝✐♦♥❡s
♣r♦♣✐❛s ❞❡ ❧❛ ❛❝t✐✈✐❞❛❞ ❡❝♦♥ó♠✐❝❛ ✭❛♣❡rt✉r❛ ✜♥❛♥❝✐❡r❛ ② ❞❡s❛rr♦❧❧♦ ❡❝♦♥ó♠✐❝♦✮
❡♥ ❡❧ ♣❡r✐♦❞♦ ♣♦st❡r✐♦r ❛ ✶✾✵✺ ② ❤❛st❛ ✶✾✷✺ ✭❛♥t❡s ② ❞❡s♣✉és ❞❡ ❧❛ ■ ●✉❡rr❛
▼✉♥❞✐❛❧✮ ② ❧❛s ❝♦♥❞✐❝✐♦♥❡s ❝♦♠❡r❝✐❛❧❡s ② ❡❝♦♥ó♠✐❝❛s q✉❡ s❡ ❞❡s❛rr♦❧❧❛r♦♥ ❧♦s
♣❛ís❡s ❞❡ ❊st❛❞♦s ❯♥✐❞♦s ❡ ■♥❣❧❛t❡rr❛ ❡♥ ❡s♦s ♣❡r✐♦❞♦s ✱ s❡ ♣♦❞rí❛♥ ❝♦♥✈❡rt✐r ❡♥
❢❛❝t♦r❡s ✐♠♣♦rt❛♥t❡ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s ♠❡r❝❛❞♦s ❜✉rsát✐❧❡s ♣❡rt❡♥❡❝✐❡♥t❡s ❛
❡st♦s ♣❛ís❡s ✭ ♣❛rt✐❝✉❧❛r♠❡♥t❡ ◆❨❙❊ ② ▲❙❊✮✱ ♣♦r ❧♦ q✉❡ ❡s ♣♦s✐❜❧❡ ✐❞❡♥t✐✜❝❛r ❧❛
♣r❡s❡♥❝✐❛ ❞❡ ✐♥❢♦r♠❛❝✐ó♥ r❡❧❡✈❛♥t❡ q✉❡ ❞❡t❡r♠✐♥❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡♥tr❡
❞✐❝❤♦s ♠❡r❝❛❞♦s✳ ❯♥❛ ❤✐♣ót❡s✐s ❛❧t❡r♥❛t✐✈❛ ❛ ❧♦ ♣❧❛t❡❛❞♦ s❡rí❛ q✉❡ ♥♦ ❡①✐st❡
❡✈✐❞❡♥❝✐❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ♣♦❞❡r ✐❞❡♥t✐✜❝❛r ❛❧❣ú♥ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛
❡♥tr❡ ❡❧ ♠❡r❝❛❞♦ ❞❡ ✈❛❧♦r❡s ❞❡ ◆❨❙❊ ② ▲❙❊✳

❊❧ ♦❜❥❡t✐✈♦ ❣❡♥❡r❛❧ ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❡s ❛♥❛❧✐③❛r ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧✱ ❞✉✲
r❛♥t❡ ❡❧ ♣❡r✐♦❞♦ ❞❡ ✶✾✵✻ ❛ ✶✾✷✺✱ ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❞❡ ❧♦s
♠❡r❝❛❞♦s ❜✉rsát✐❧❡s ◆✉❡✈❛ ❨♦r❦ ② ❞❡ ▲♦♥❞r❡s✳ ▲♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s s♦♥✿ ❛✮
❡①♣♦♥❡r ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧ ❛❧❣✉♥♦s ♠ét♦❞♦s ♦ ♠♦❞❡❧♦s ♣❛r❛ ♠❡❞✐r ❧❛ ♣r❡s❡♥❝✐❛
❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ② ❜✮ ✐❞❡♥t✐✜❝❛r s✐ ❡st❛❜❛♥ ✐♥t❡❣r❛❞♦s ❧♦s ♠❡r❝❛❞♦s ❞❡
◆❨❙❊ ② ▲❙❊ ❡♥ ❡❧ ♣❡r✐♦❞♦ ♣♦st❡r✐♦r ❛ ✶✾✵✻ ② ❛♥t❡r✐♦r ❛ ✶✾✷✺✳

❊♥ ❡st❡ ❞♦❝✉♠❡♥t♦ s❡ ❞❡s❛rr♦❧❧❛✱ ❡♥ ♣r✐♠❡r❛ ✐♥st❛♥❝✐❛✱ ❧♦s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❡♣✲
t♦s s♦❜r❡ ❡❧ t❡♠❛ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❢✉♥❞❛♠❡♥t❛❞♦ ❡♥ ❧❛ r❡❝♦♣✐❧❛❝✐ó♥
❜✐❜❧✐♦❣rá✜❝❛ r❡❧❛❝✐♦♥❛❞❛✳

❊♥ ❡❧ s❡❣✉♥❞♦ ❛♣❛rt❛❞♦ s❡ ❞❡s❝r✐❜❡♥ ❛❧❣✉♥❛s ✐♥✈❡st✐❣❛❝✐♦♥❡s✱ ♦r✐❡♥t❛❞❛s ❛
❡st✉❞✐❛r ❡❧ ❢❡♥ó♠❡♥♦ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡♥ ❧♦s ❞✐❢❡r❡♥t❡s ♣❛ís❡s❀ s❡
r❡s❛❧t❛rá♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❧❛s ✈✐rt✉❞❡s✱ ❞❡❜✐❧✐❞❛❞❡s ② ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❧✉s✐♦♥❡s
❞❡ ❝❛❞❛ ❡♥❢♦q✉❡ ✳

❊♥ ❡❧ t❡r❝❡r ♣✉♥t♦✱ ❡stá ❧❛ s❡❝❝✐ó♥ ♠❡t♦❞♦❧ó❣✐❝❛✱ ❞♦♥❞❡ s❡ ❞❡s❝r✐❜❡♥ ❧❛ ✐♥✈❡s✲
t✐❣❛❝✐ó♥ ❛ ❞❡s❛rr♦❧❧❛r✱ ❛sí ❝♦♠♦ ❧♦s ❞❛t♦s ✉t✐❧✐③❛❞♦s ② ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦

✸



s❡❧❡❝❝✐♦♥❛❞♦ ♣❛r❛ ❡❧ ❛♥á❧✐s✐s✳
❊♥ ❝✉❛rt♦ ❧✉❣❛r s❡ ♣r❡s❡♥t❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❛♣❧✐❝❛❞♦✱ ❞♦♥❞❡ s❡

♣r❡t❡♥❞❡ ✐❞❡♥t✐✜❝❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❞❡ ◆❨❙❊ ② ▲❙❊ ❞❡
✶✾✵✻ ❛ ✶✾✷✺✳

❊♥ q✉✐♥t♦ ❧✉❣❛r s❡ ♠❡♥❝✐♦♥❛♥ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❧✉s✐♦♥❡s✱ ❧✐♠✐t❛❝✐♦♥❡s ②
❛❧❣✉♥❛s r❡❝♦♠❡♥❞❛❝✐♦♥❡s s♦❜r❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ ❡♥❢♦❝❛❞❛s ❛❧ ❝❛s♦ ❡st✉❞✐❛❞♦ ❞❡
◆❨❙❊ ② ▲❙❊✱ ❣❡♥❡r❛❧✐③❛♥❞♦ ❛❧❣✉♥❛s ✐❞❡❛s ❛❧ r❡st♦ ❞❡ ♠❡r❝❛❞♦s✳

✹



✷✳ ■♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ②

❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s

❊♥ ❡st❡ ❛♣❛rt❛❞♦ s❡ ♣r❡s❡♥t❛rá♥ ❧♦s ❛s♣❡❝t♦s ♠ás ✐♠♣♦rt❛♥t❡s s♦❜r❡ ❡❧ t❡♠❛
❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❜❛s❛❞♦ ❢✉♥❞❛♠❡♥t❛❧♠❡♥t❡ ❡♥ ❧❛ r❡❝♦♣✐❧❛❝✐ó♥ ❞❡
❧✐t❡r❛t✉r❛ ❞❡s❛rr♦❧❧❛❞❛ ❡♥ ✐♥✈❡st✐❣❛❝✐♦♥❡s ❞❡ ❛❧❣✉♥♦s ❛✉t♦r❡s ❡♥ ❞✐❢❡r❡♥t❡s ♣❛ís❡s✳

▲❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡ s❡r ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦✿ ✏◆♦ só❧♦ ❡♥ ✉♥ ❛✉♠❡♥✲

t♦ ❡♥ ❧❛s tr❛♥s❛❝❝✐♦♥❡s ✜♥❛♥❝✐❡r❛s ❧❧❡✈❛❞❛s ❛ ❝❛❜♦ ♣♦r ❧♦s ♣❛ís❡s s✐♥♦ t❛♠❜✐é♥ ❡♥

✉♥❛ t❡♥❞❡♥❝✐❛ ❞❡ ❧♦s ♣r❡❝✐♦s ❛ ❝♦♥✈❡r❣❡r✱ ❡①♣r❡s❛❞♦s ❡st♦s ❡♥ ✉♥❛ ♠♦♥❡❞❛ ❝♦✲

♠ú♥✳ ▲❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ♣✉❡❞❡ t❛♠❜✐é♥ r❡q✉❡r✐r ♠❛②♦r❡s

✢✉❥♦s ❞❡ ❝❛♣✐t❛❧❡s ❡ ✐♥❞✉❝✐r ❛❧❣✉♥♦s ❝❛♠❜✐♦s ❡♥ ❧❛ ❡str✉❝t✉r❛ ❞❡ ❧❛ ❡❝♦♥♦♠í❛ ② ❡♥

❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐❝♦s✳ ❆❧ ♠✐s♠♦ t✐❡♠♣♦✱ ♣r♦✈♦❝❛ ❧❛ ♣r♦✲

❢✉♥❞✐③❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ② ❡st♦ ♣r♦♠✉❡✈❡ ❡❧ ❝r❡❝✐♠✐❡♥t♦ ❡❝♦♥ó♠✐❝♦ ② ✉♥ ❛✉♠❡♥t♦

❡♥ ❡❧ ❜✐❡♥❡st❛r✳ ▲❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡ ♣r♦✈❡♥✐r ❞❡ ❛❝✉❡r❞♦s ❢♦r♠❛❧❡s

♦ ❞❡ s✐t✉❛❝✐♦♥❡s ❞❡ ❢❛❝t♦✳ ❊♥ ❡❧ ♣r✐♠❡r ❝❛s♦✱ ♣✉❡❞❡ ❞❡st❛❝❛rs❡ ❧❛ ❡❧✐♠✐♥❛❝✐ó♥

❞❡ r❡str✐❝❝✐♦♥❡s ❛ ❧❛s ♦♣❡r❛❝✐♦♥❡s ✜♥❛♥❝✐❡r❛s ✐♥t❡r♥❛❝✐♦♥❛❧❡s✱ ❧❛ ❛r♠♦♥✐③❛❝✐ó♥

❞❡ ♣♦❧ít✐❝❛s tr✐❜✉t❛r✐❛s✱ r❡❣✉❧❛❝✐♦♥❡s✱ ❡t❝✳❀ ❡♥ ❣❡♥❡r❛❧✱ ❡❧ tr❛t❛♠✐❡♥t♦ ✉♥✐❢♦r♠❡

q✉❡ s❡ ❧❡s ❞❛ ❛ t♦❞♦s ❧♦s ♣❛rt✐❝✐♣❛♥t❡s q✉❡ ♦♣❡r❛♥ ❡♥ ❧♦s ♠❡r❝❛❞♦s ❡♥✈✉❡❧t♦s ❡♥

❡❧ ❛❝✉❡r❞♦✳ ❊♥ ❡❧ s❡❣✉♥❞♦ ❝❛s♦✱ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❞❡ ❢❛❝t♦✱ s❡ ♦❜s❡r✈❛

❝✉❛♥❞♦ ❡♥t✐❞❛❞❡s ❡①tr❛♥❥❡r♦s ❝♦♠✐❡♥③❛♥ ❛ ♦♣❡r❛r ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞♦♠ést✐❝♦ ♦

❝✉❛♥❞♦ ❧❛s ✜r♠❛s ❞♦♠ést✐❝❛s t✐❡♥❡♥ ❛❝❝❡s♦ ❛ ❛❧ ♠❡r❝❛❞♦ ✜♥❛♥❝✐❡r♦ ✐♥t❡r♥❛❝✐♦✲

♥❛❧✳ ❆❞❡♠ás✱ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❤❛ ❡st❛❞♦ ❛s♦❝✐❛❞❛ ❛ ❧❛

✐♥t❡❣r❛❝✐ó♥ ❡♥ ❡❧ ❝♦♠❡r❝✐♦ ② ❡♥ ❧❛ ✐♥✈❡rs✐ó♥✑✳ ◆❡❞❡r✱ ❙❝❤✐r♦ ❙❛ú❧ ✭✷✵✶✺✮
▲♦s ❛✉t♦r❡s ❊♠❛♥✉❡❧ss♦♥✱ ❑❛t✐♥✐❝✱ ② P❡t❡rss♦♥ ✭✷✵✶✷✮✱ ♠❡♥❝✐♦♥❛♥ ❛s♣❡❝t♦s

✐♠♣♦rt❛♥t❡s s♦❜r❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❛ r❛í③ ❞❡ ✉♥❛ ✐♥✈❡st✐❣❛❝✐ó♥ r❡❛❧✐③❛❞❛
❡♥ ❊✉r♦♣❛✱ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❧✉s✐♦♥❡s ❞❡ ❧❛ ♣✉❜❧✐❝❛❝✐ó♥ ❞❡ ❞✐❝❤♦s ❛✉t♦r❡s s❡
❞❡st❛❝❛♥ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✿

✶✳ ▲❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡ ♦❝✉rr✐r ❛❧ ✐♥t❡❣r❛r ❢♦r♠❛❧♠❡♥t❡ ❧♦s ♠❡r✲
❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❝♦♥ s♦❝✐♦s ❝♦♠❡r❝✐❛❧❡s ❡s♣❡❝í✜❝♦s✱ ❡♥ ♣❛rt✐❝✉❧❛r ❧♦s ♣❛ís❡s q✉❡
❝♦♠♣❛rt❡♥ ❧❛ ♣❡rt❡♥❡♥❝✐❛ ❛ ✉♥ ❛❝✉❡r❞♦ r❡❣✐♦♥❛❧ ❣❡♥❡r❛❧✐③❛❞❛✱ ❛q✉í ❡❧ ♣r♦❝❡s♦ ❞❡
✐♥t❡❣r❛❝✐ó♥ ✐♥❝❧✉②❡ ❧❛ ❡❧✐♠✐♥❛❝✐ó♥ ❞❡ ❧♦s ♦❜stá❝✉❧♦s tr❛♥s❢r♦♥t❡r✐③♦s q✉❡ ❡♥❢r❡♥✲
t❛♥ ❧❛s ❡♠♣r❡s❛s ② ❧♦s ✐♥✈❡rs♦r❡s ❡♥ ❧❛ r❡❣✐ó♥ ✭❡♥ ❝✉❛♥t♦ ❛ ❧❛ ❧✐❜r❡ ♠♦✈✐❧✐❞❛❞ ❞❡
❝❛♣✐t❛❧❡s✮ ② ❧❛ ❛r♠♦♥✐③❛❝✐ó♥ ❞❡ ❧♦s ✐♠♣✉❡st♦s ② ❧❛s r❡❣✉❧❛❝✐♦♥❡s ❞❡ ❧♦s ❊st❛❞♦s✳

✷✳ ▲❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡ ♦❝✉rr✐r ❞❡ ♠❛♥❡r❛ ♠❡♥♦s ❢♦r♠❛❧ ✭ ❡♥ ❧✉❣❛r
❞❡ ❛❝t✉❛r ❝♦♠♦ ✉♥ ♣r❡❝✉rs♦r ❞❡ ❧♦s ❛❝✉❡r❞♦s r❡❣✐♦♥❛❧❡s ❡①♣❧í❝✐t❛s✮ s✐♥♦ q✉❡ ♣✉❡✲

✺



❞❡ ❞❛rs❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❛r❛ ❛ tr❛✈és ❞❡ ❛❣❡♥t❡s ✜♥❛♥❝✐❡r♦s ❡①tr❛♥❥❡r♦s q✉❡
t✐❡♥❡♥ ❧❛ ♦♣♦rt✉♥✐❞❛❞ ❞❡ ❝♦♠♣❡t✐r ❡♥ ♦tr♦s ♠❡r❝❛❞♦s✱ ♦♣♦rt✉♥✐❞❛❞❡s ❞❡ ♣rés✲
t❛♠♦s ② ❛❝✉❡r❞♦s ✜♥❛♥❝✐❡r♦s ❡♥tr❡ ❧♦s ❡st❛❞♦s❀ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡
❛sí s✉r❣✐r ✐♥❝❧✉s♦ ❛♥t❡s ❞❡ q✉❡ ✉♥ ❝♦♠♣r♦♠✐s♦ ❢♦r♠❛❧♠❡♥t❡ ❡st❛❜❧❡❝✐❞♦ ❡♥tr❡
♣❛ís❡s✳

❈❛❧✈✐♥ ✭✷✵✶✵✮✱ ✐♥❞✐❝❛ q✉❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ s❡ r❡✜❡r❡ ❛✿ ✏❯♥ ✐♠♣♦r✲

t❛♥t❡ ❢❡♥ó♠❡♥♦ q✉❡ s✉r❣❡ ❞❡ ❧❛ ✐♥t❡r❛❝❝✐ó♥ ❞❡ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐❝♦s✱ ❧♦s ♠♦✲

✈✐♠✐❡♥t♦s ❞❡ ♦❢❡rt❛ ② ❞❡♠❛♥❞❛ ❞❡ ❛❝t✐✈♦s ✜♥❛♥❝✐❡r♦s ❡♥ ❧♦s ♠❡r❝❛❞♦s q✉❡ s❡

r❡❧❛❝✐♦♥❛♥ ❡♥tr❡ s✐ ② t✐❡♥❞❡♥ ❛ ❝♦♠♣♦rt❛s❡ ❞❡ ♠❛♥❡r❛ s✐♠✐❧❛r ❛♥t❡ ❞✐✈❡rs♦s

♠♦✈✐♠✐❡♥t♦s ❞❡ ♦tr❛s ✈❛r✐❛❜❧❡s✑✳
❆sí ♠✐s♠♦ ❡❧ ♣r♦❝❡s♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ t✐❡♥❡ s✉s ✈❡♥t❛❥❛s✱ ❞❡♥tr♦

❞❡ ❧❛s ❝✉❛❧❡s ❡stá♥✿ ✏❯♥❛ ♠❛②♦r ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s ♠❡r❝❛❞♦s ❞❡ r❡♥t❛ ✈❛r✐❛❜❧❡

♣✉❡❞❡ ❝♦♥❞✉❝✐r ❛ ✉♥ ♠❡♥♦r ❝♦st♦ ❞❡❧ ❝❛♣✐t❛❧ ❞❡❜✐❞♦ ❛ ❧❛ ♠❡❥♦r❡s ♣♦s✐❜✐❧✐❞❛❞❡s

♣❛r❛ ❧♦s ✐♥✈❡rs♦r❡s ✐♥t❡r♥❛❝✐♦♥❛❧❡s ♣❛r❛ ❡❧✐♠✐♥❛r ❧♦s r✐❡s❣♦s ❡s♣❡❝í✜❝♦s ❞❡ ❝❛❞❛

♣❛ís ♣♦r ❞✐✈❡rs✐✜❝❛❝✐ó♥✱ ❛ ✉♥ ❝♦♥s✐❣✉✐❡♥t❡ ❛✉♠❡♥t♦ ❡♥ ❡❧ ♥ú♠❡r♦ ❞❡ ❧❛ ✐♥✈❡rs✐ó♥

♣r♦❞✉❝t✐✈❛ ② ♣♦r ❧♦ t❛♥t♦✱ ❛ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❡❧ ❝r❡❝✐♠✐❡♥t♦ ❡❝♦♥ó♠✐❝♦✑✳ ❈❛❧✈✐♥
✭✷✵✶✵✮✳

❊❧ ❢❡♥ó♠❡♥♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ♣✉❡❞❡ ❡st❛r r❡❧❛❝✐♦♥❛❞♦ ❛ ❧❛ ❝♦♥❞✐❝✐ó♥
❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ❝♦♥s✐❞❡r❛❞❛ ❝♦♠♦ ❡❧ ❢❡♥ó♠❡♥♦ ❞♦♥❞❡ ✏❧♦s ♣r♦❝❡s♦s
❛❧❡❛t♦r✐♦s s❡ ❝♦♠♣♦rt❛♥ ❝♦♠♦ ❥✉❡❣♦s ❥✉st♦s✑✱ ♦ ❧♦ q✉❡ ❡s ✐❣✉❛❧✱ ✏❯♥ ♠❡r❝❛❞♦ ❡♥
❡❧ q✉❡ ❧♦s ♣r❡❝✐♦s r❡✢❡❥❛♥ ❧❛ t♦t❛❧✐❞❛❞ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❡①✐st❡♥t❡ ❡s ❞❡♥♦♠✐♥❛❞♦
❡✜❝✐❡♥t❡✑✳ ❋❛♠❛ ✭✶✾✼✵✮✳ ▲♦ ❛♥t❡r✐♦r s❡ r❡✜❡r❡ ❛❧ ❤❡❝❤♦ q✉❡ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐✲
❝♦s q✉❡ ✐♥t❡r✈✐❡♥❡♥ ❡♥ ❧♦s ♠❡r❝❛❞♦s ❝✉❡♥t❛♥ ❝♦♥ ✐♥❢♦r♠❛❝✐ó♥ út✐❧ ② ♦♣♦rt✉♥❛
q✉❡ ✐♥t❡❣r❛♥ ❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡ ❛ ❧❛s ❞❡❝✐s✐♦♥❡s q✉❡ t♦♠❛♥✱ ♣♦r ❧♦ q✉❡ ❝✉❛❧q✉✐❡r
❛❝♦♥t❡❝✐♠✐❡♥t♦ ❢✉t✉r♦ ♣✉❡❞❡ s❡r ❝♦♥s✐❞❡r❛❞♦ ❝♦♠♦ s♦r♣r❡s✐✈♦✳ ▲❛ ❡✜❝✐❡♥❝✐❛ ❞❡
❧♦s ♠❡r❝❛❞♦s ❡s ✉♥❛ ❝♦♥s✐❞❡r❛❝✐ó♥ q✉❡ ❤❛ s✐❞♦ ❡st✉❞✐❛❞❛ ❛♠♣❧✐❛♠❡♥t❡ ❡♥ ❧❛
❧✐t❡r❛t✉r❛✱ ♣♦r ❧♦ q✉❡ ♥♦ s❡ ❛♥❛❧✐③❛rá ❛ ❢♦♥❞♦ ❡♥ ❡st❡ tr❛❜❛❥♦✱ s♦❧❛♠❡♥t❡ s❡ ♣r♦✲
❝❡❞❡rá ❛ ✈❡r✐✜❝❛r s✐ ❧❛s s❡r✐❡s ❞❡ t✐❡♠♣♦ ❡♠♣❧❡❛❞❛s✱ ❝✉♠♣❧❡♥ ❝♦♥ ❧❛ ❝♦♥❞✐❝✐ó♥
❞❡ ❡✜❝✐❡♥❝✐❛✱ ♠❡❞✐❛♥t❡ ✉♥❛ ♣r✉❡❜❛ ❞❡ s✐❣♥✐✜❝❛♥❝✐❛ ❞❡ ❧♦s r❡③❛❣♦s✱ ❝♦♥tr❛st❛♥❞♦
q✉❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ♣❡r✐♦❞♦s ♣❛s❛❞♦s ♥♦ ❛❢❡❝t❛ ❛ ❧♦s ♣❡r✐♦❞♦s ❢✉t✉r♦s✳ ❙❡❣✉✐✲
❞❛♠❡♥t❡ s❡ ❡①♣♦♥❞rá♥ ✉♥❛ s❡r✐❡ ❞❡ ✐♥✈❡st✐❣❛❝✐♦♥❡s ❞♦♥❞❡ s❡ ❛❜♦r❞ó ❡❧ ❢❡♥ó♠❡♥♦
❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡♥ ❞✐❢❡r❡♥t❡s ♣❛ís❡s✱ ❛sí ❝♦♠♦ ❛❧❣✉♥❛s ♠❡t♦❞♦❧♦❣í❛s
❡♠♣❧❡❛❞❛s ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥✳

✷✳✶✳ ▲✐t❡r❛t✉r❛ r❡❧❛❝✐♦♥❛❞❛

❊①✐st❡ ✉♥❛ ✐♠♣♦rt❛♥t❡ ❝❛♥t✐❞❛❞ ❞❡ ✐♥✈❡st✐❣❛❝✐♦♥❡s q✉❡ ❞♦❝✉♠❡♥t❛♥ ❧❛s ♣r✐♥✲
❝✐♣❛❧❡s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ t❛❧❡s ❝♦♠♦ ❧❛s s✐❣✉✐❡♥t❡s✿

▲❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ s❡ ❤❛ ❡st✉❞✐❛❞♦ ♠❡❞✐❛♥t❡ ❡❧ ✉s♦ ❞❡ ❞✐❢❡r❡♥t❡s ♠♦✲
❞❡❧♦s ❞❡ ♣r❡❝✐♦s✱ ❆❦❞♦❣❛♥ ✭✶✾✾✺✮ ❡♥❝✉❡♥tr❛✱ ❡♠♣❧❡❛♥❞♦ ✉♥ ♠♦❞❡❧♦ ❞❡ ✈❛❧♦r❛❝✐ó♥
❞❡ ❛❝t✐✈♦s ❞❡ ❝❛♣✐t❛❧ ✭❈❆P▼✮✱ q✉❡ ❡❧ ❛✉♠❡♥t♦ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ♣♦❧ít✐❝❛ ② ❡❝♦✲
♥ó♠✐❝❛ ❡♥ ❊✉r♦♣❛ ❤❛ r❡❞✉❝✐❞♦ ❧❛s ♦♣♦rt✉♥✐❞❛❞❡s ♣❛r❛ ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❞❡ ❧❛
❝❛rt❡r❛ ② q✉❡ ❧❛s ❛❝❝✐♦♥❡s ❡✉r♦♣❡❛s t✐❡♥❡♥ ✉♥ ♣r❡❝✐♦ ❜❛s❛❞♦ ❡♥ ✉♥ ♠❡r❝❛❞♦ ✐♥t❡✲
❣r❛❞♦ ② ♥♦ ❡♥ ❢❛❝t♦r❡s ❞❡ r✐❡s❣♦ s✐st❡♠át✐❝♦ ❞♦♠ést✐❝♦s❀ s❡ ❛r❣✉♠❡♥t❛ q✉❡ ❡st❡
r❡s✉❧t❛❞♦ ✐♥❞✐❝❛ q✉❡ t♦❞♦s ❧♦s ♠❡r❝❛❞♦s ❡✉r♦♣❡♦s s❡ ❤❛♥ ✐♥t❡❣r❛❞♦ ♠ás✳

✻



●r✉❜❡❧ ② ❋❛❞♥❡r ✭✶✾✼✶✮ ♠✉❡str❛♥ q✉❡ ❡♥tr❡ ✶✾✻✺ ② ✶✾✻✼ ❧❛s ❝♦rr❡❧❛❝✐♦♥❡s ❞❡
❧❛ ✐♥❞✉str✐❛ ❞❡♥tr♦ ❞❡ ❧♦s ♣❛ís❡s s✉♣❡r❛♥ ❧❛s ❝♦rr❡❧❛❝✐♦♥❡s ❞❡ ❧❛ ✐♥❞✉str✐❛ ❡♥tr❡
t♦❞♦s ❧♦s ♣❛ís❡s✳ ❊st♦s ❡st✉❞✐♦s ♠❛r❝❛r♦♥ ❡❧ ✐♥✐❝✐♦ ❞❡ ✉♥❛ ❡①t❡♥s❛ ❝❛♥t✐❞❛❞ ❞❡
✐♥❢♦r♠❛❝✐ó♥ r❡❝♦♣✐❧❛❞❛ ❡♥ ❡❝♦♥♦♠í❛ ✜♥❛♥❝✐❡r❛ s♦❜r❡ ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ✐♥t❡r♥❛✲
❝✐♦♥❛❧❀ ✉♥ ❡❥❡♠♣❧♦ ❞❡ ❡st♦ ❢✉❡ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ❧♦s ❢♦♥❞♦s ❞❡ ✐♥✈❡rs✐ó♥ ❡♥ ❍♦❧❛♥❞❛
❞✉r❛♥t❡ ❡❧ s✐❣❧♦ ✶✽✱ ❡❧ ❝✉❛❧ s❡ ❜❛s❛❜❛ ❡♥ ❧♦s ❜❡♥❡✜❝✐♦s ❞❡ ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❛ tr❛✈és
❞❡ ❧❛ ♣❛rt✐❝✐♣❛❝✐ó♥ ❡♥ ♣r♦♣♦r❝✐♦♥❡s ✐❣✉❛❧❡s ❞❡ ✈❛❧♦r❡s ✐♥t❡r♥❛❝✐♦♥❛❧❡s✱ ❧♦ ❛♥t❡✲
r✐♦r ❤❛ s❡r✈✐❞♦ ♣❛r❛ ❡♥t❡♥❞❡r ❞❡ ♠❡❥♦r ♠❛♥❡r❛ ❝♦♠♦ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛
❡♥tr❡ ❧♦s ♠❡r❝❛❞♦s ② ❡♥tr❡ ❧♦s ♣❛ís❡s✱ ❡①♣❧✐❝❛ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s ❛❝t✐✈♦s
✜♥❛♥❝✐❡r♦s ✳

❈❧✐❝❦ ② P❧✉♠♠❡r ✭✷✵✵✸✮✱ ❛♥❛❧✐③❛♥ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥tr❡ ❧♦s
♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ❞❡ ■♥❞♦♥❡s✐❛✱ ▼❛❧❛s✐❛✱ ❋✐❧✐♣✐♥❛s✱ ❙✐♥❣❛♣✉r ② ❚❛✐❧❛♥❞✐❛ ❡♥
❡❧ ♣❡rí♦❞♦ ♣♦st❡r✐♦r ❛ ❧❛ ❝r✐s✐s ✜♥❛♥❝✐❡r❛ ❛s✐át✐❝❛ ❞❡ ✶✾✾✼✲✶✾✾✽❀ s✉s r❡s✉❧t❛❞♦s
❡♠♣ír✐❝♦s ✐♥❞✐❝❛♥ q✉❡ ❧♦s ♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ❞❡ ❧❛ r❡❣✐ó♥ ♥♦ ❡stá♥ s❡❣♠❡♥t❛✲
❞♦s ♣♦r ❝♦♠♣❧❡t♦ ♣♦r ♥❛❝✐ó♥✱ s✐♥♦ q✉❡ ♣♦❞rí❛♥ ♣r❡s❡♥t❛r r❛s❣♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥❀
s✐♥ ❡♠❜❛r❣♦✱ só❧♦ s❡ ❡♥❝✉❡♥tr❛ ✉♥❛ ❧❡✈❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ r❡s♣❛❧❞❡ ❧♦ ♣❧❛♥t❡❛❞♦
✭s♦❧♦ s❡ ❧♦❣r❛ ❡♥❝♦♥tr❛r ✉♥ ✈❡❝t♦r ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥tr❡ ❧❛s s❡r✐❡s ❞❡ t✐❡♠♣♦
❞❡ ❧♦s ♠❡r❝❛❞♦s ❡st✉❞✐❛❞♦s✮✱ ♣♦r ❧♦ q✉❡ s❡ ♣✉❡❞❡ ♣r❡s✉♠✐r q✉❡ ❧♦s ♠❡r❝❛❞♦s s❡
✐♥t❡❣r❛♥ ❡♥ ❡❧ s❡♥t✐❞♦ ❡❝♦♥ó♠✐❝♦ ❡♥ ❝✉❛♥t♦ ❛ ❧❛s ❛❝❝✐♦♥❡s q✉❡ s❡ tr❛♥③❛♥✱ ♣❡r♦
❧❛ ✐♥t❡❣r❛❝✐ó♥ ♥♦ ❡s ❝♦♠♣❧❡t❛✳

❲♦rt❤✐♥❣t♦♥ ② ❑❛ts✉r❛ ✭✷✵✵✸✮ ✉t✐❧✐③❛r♦♥ ✉♥❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥✲
❣❡r✱ ❝♦♥ ❡❧ ✜♥ ❞❡ ♣r♦❜❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ r❡❧❛❝✐♦♥❡s ❞❡ ❝♦rt♦ ♣❧❛③♦ ❡♥tr❡ ❧♦s ♠❡r✲
❝❛❞♦s ❞❡ ✈❛❧♦r❡s ❡✉r♦♣❡♦s ❛♥t❡s✱ ❞✉r❛♥t❡ ② ❞❡s♣✉és ❞❡ ❧❛ ❛❞♦♣❝✐ó♥ ❞❡ ❧❛ ♠♦♥❡❞❛
ú♥✐❝❛ ❡♥ ❡♥❡r♦ ❞❡ ✶✾✾✾✳ ❙❡ ❡♥❝♦♥tró q✉❡ ❡❧ ♠❡r❝❛❞♦ ❢r❛♥❝és ❡s ❡❧ ♠❡r❝❛❞♦ ❞❡
♠❛②♦r ✐♥✢✉❡♥❝✐❛ ❛♥t❡s ② ❞❡s♣✉és ❞❡ ✶✾✾✾✱ ♣♦r ♦tr❛ ♣❛rt❡✱ ❛✜r♠❛♥ q✉❡✱ ❛✉♥q✉❡
❧♦s ❣r❛♥❞❡s ♠❡r❝❛❞♦s ❞❡ ❛❝❝✐♦♥❡s s✐❣✉❡♥ t❡♥✐❡♥❞♦ r❡❧❛❝✐♦♥❡s ❝❛✉s❛❧❡s✱ ❧❛s ♠ás
❜❛❥❛s ✐♥✢✉❡♥❝✐❛s ❡♥tr❡ ést♦s ✭❇é❧❣✐❝❛✱ ❊s♣❛ñ❛ ② P❛ís❡s ❇❛❥♦s✮ ② ❧♦s ♣❡q✉❡ñ♦s
♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ✭■r❧❛♥❞❛✱ ▲✉①❡♠❜✉r❣♦✱ ❋✐♥❧❛♥❞✐❛ ② ◆♦r✉❡❣❛✮ s✉❣✐❡r❡ q✉❡ ❧❛s
♦♣♦rt✉♥✐❞❛❞❡s ♣❛r❛ ❧❛ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❝❛rt❡r❛ ✐♥t❡r♥❛❝✐♦♥❛❧ ❡♥ ❧♦s ♠❡r❝❛❞♦s
❞❡ ✈❛❧♦r❡s ❡✉r♦♣❡♦s t♦❞❛✈í❛ ❡①✐st❡✳

❈❡②❧❛♥ ✭✷✵✵✻✮ ❡✈❛❧ú❛ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❛ ❧❛r❣♦ ♣❧❛③♦ ❞❡❧ ♠❡r❝❛❞♦ ❞❡ ✈❛❧♦r❡s ❞❡
❧❛ ❯♥✐ó♥ ❊✉r♦♣❡❛ ② ❧♦s ❊❊✳❯❯✱ ✉t✐❧✐③❛♥❞♦ ✐♥❢♦r♠❛❝✐ó♥ ❞❡ ❘✉♠❛♥✐❛✱ ❈r♦❛❝✐❛✱
❇✉❧❣❛r✐❛ ② ❚✉rq✉í❛ ❞✉r❛♥t❡ ❡❧ ♣❡rí♦❞♦ ✷✵✵✵✲✷✵✵✺✱ ❛♣❧✐❝❛♥❞♦ ❧❛ ♣r✉❡❜❛ ❞❡ ❝♦✐♥✲
t❡❣r❛❝✐ó♥ ❞❡ ❏♦❤❛♥s❡♥✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ s❡ ❡♥❝✉❡♥tr❛ ❝♦♥ q✉❡ ❡st♦s ♠❡r❝❛❞♦s ❞❡
✈❛❧♦r❡s t♦❞❛✈í❛ ♥♦ t✐❡♥❡♥ ✉♥ ❡q✉✐❧✐❜r✐♦ ❞❡ ❧❛r❣♦ ♣❧❛③♦ ❛ ♣❡s❛r ❞❡ ❧❛ ❝♦♥✈❡r❣❡♥❝✐❛
❡❝♦♥ó♠✐❝❛ ❣❡♥❡r❛❧ q✉❡ s❡ ✐❞❡♥t✐✜❝ó ❡♥ ❡❧ ❡st✉❞✐♦✳

❨✉✱ ❋✉♥❣ ② ❚❛♠ ✭✷✵✵✽✮ ❡st✉❞✐❛r♦♥ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ✉♥❛ r❡❧❛❝✐ó♥ ❛ ❧❛r❣♦ ♣❧❛③♦
❡♥tr❡ ❞♦s ♦ ♠ás ♠❡r❝❛❞♦s q✉❡ s❡ ♣✉❡❞❡ ✉t✐❧✐③❛r ❝♦♠♦ ✉♥ ✐♥❞✐❝❛❞♦r ❞❡ ❧❛ ✐♥t❡❣r❛✲
❝✐ó♥ ❞❡❧ ♠❡r❝❛❞♦ ❛ ❧♦ ✐♥t❡r♥♦✱ ❡♥❝♦♥tr❛♥❞♦ q✉❡ ❧❛s r❡❧❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥
s❡ ❡♥❝✉❡♥tr❛♥ ♠ás ❞❡s❛rr♦❧❧❛❞❛s ❡♥ ✉♥ ♠❡r❝❛❞♦ ♣❛rt✐❝✉❧❛r✱ ❝✉❛♥t♦ ♠❛②♦r s❡❛
❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡❧❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥tr❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❡♥ ✉♥
❣r✉♣♦ ❞❡ ♣❛ís❡s✱ t❛♠❜✐é♥ ❧♦❣r❛r♦♥ ✐❞❡♥t✐✜❝❛r q✉❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ♥♦ ✐♠♣❧✐❝❛ ❛❧t❛
❝♦rr❡❧❛❝✐ó♥ ♣✉❡s ❞♦s s❡r✐❡s s❡ ♣✉❡❞❡ ❝♦✐♥t❡❣r❛❞❛s ② s✐♥ ❡♠❜❛r❣♦ t✐❡♥❡♥ ✉♥ ♥✐✈❡❧
♠✉② ❜❛❥♦ ❞❡ ❝♦rr❡❧❛❝✐ó♥✳

✼



✷✳✷✳ ▼♦❞❡❧♦s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛

❊♥ ❡st❡ ❛♣❛rt❛❞♦ s❡ ♣r❡s❡♥t❛♥ ❛❧❣✉♥❛s ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ✐♥✈❡st✐❣❛❝✐♦♥❡s s♦✲
❜r❡ ❡❧ t❡♠❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❡♥❢♦❝á♥❞♦s❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❛s♣❡❝t♦s
❣❡♥❡r❛❧❡s ❞❡ ❝❛❞❛ ✉♥❛✱ ❧❛s ❜♦♥❞❛❞❡s ② ❧✐♠✐t❛❝✐♦♥❡s ❞❡ ❧❛s ❤❡rr❛♠✐❡♥t❛s ❡♠♣❧❡❛✲
❞❛s ♣♦r ❧♦s ✐♥✈❡st✐❣❛❞♦r❡s✱ ❝♦♥ ❡❧ ✜♥ ❞❡ ❡❥❡♠♣❧✐✜❝❛r ❧❛s ❞✐❢❡r❡♥t❡s ❢♦r♠❛s ❞❡
❛❜♦r❞❛r ❡❧ t❡♠❛ ❡♥ ❝✉❡st✐ó♥✳

✷✳✷✳✶✳ ❊st✉❞✐♦ ❞❡ P❛r✐❞❛❞ ❞❡ ■♥t❡rés ❘❡❛❧ ✭❘■P✮

❆❤♠❛❞ ✭✷✵✶✵✮ ❞❡✜♥❡ ❧❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ♣❛r✐❞❛❞ ❞❡ ✐♥t❡rés r❡❛❧ ❝♦♠♦ ✏❡❧ ❞✐❢❡✲
r❡♥❝✐❛❧ ❞❡ t✐♣♦s ❞❡ ✐♥t❡rés ❡♥tr❡ ❞♦s ❡❝♦♥♦♠í❛s✱ q✉❡ ❡s ❡q✉✐✈❛❧❡♥t❡ ❛ ❧❛ ❞✐❢❡r❡♥❝✐❛
❡♥tr❡ ❧❛ t❛s❛ ❞❡ ❝❛♠❜✐♦ ② ❡❧ t✐♣♦ ❞❡ ❝❛♠❜✐♦ ❞❡ ❝♦♠♣r❛ ② ✈❡♥t❛ ❞❡ ✉♥❛ ❞✐✈✐s❛
♣❛r❛ ❧❛s tr❛♥s❛❝❝✐♦♥❡s ❛❧ ❝♦♥t❛❞♦ ❞❡ ❞✐❝❤❛ ♠♦♥❡❞❛ ✭♣r❡❝✐♦ s♣♦t✮✑✱ ❛sí ♠✐s♠♦
❞❡s❝r✐❜❡ ❛❧❣✉♥❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ❝♦♠♦ ❧❛s s✐❣✉✐❡♥t❡s✿

✶✳ ❊♥ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ r❡❛❧✐③❛❞❛ ♣♦r ❡❧ ❛✉t♦r✱ s❡ ❡①❛♠✐♥❛ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s
♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❡♥ ❧♦s ♣❛ís❡s ❡✉r♦♣❡♦s✱ ♠❡❞✐❛♥t❡ ❧❛ ✈❡r✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ✈❛❧✐❞❡③
❞❡ ❘■P ❡♥ s✉s ❡❝♦♥♦♠í❛s✳ ❊❧ ✉s♦ ❞❡ ♣r✉❡❜❛s ❞❡ r❛í③ ✉♥✐t❛r✐❛ ❞❡ ♣❛♥❡❧✱ ❡♥❝✉❡♥tr❛
❡✈✐❞❡♥❝✐❛ q✉❡ ❛♣♦②❛ ❧❛ t❡♦rí❛ ❞❡ ❘■P✱ ❧♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s
❡♥ ❡st♦s ♣❛ís❡s ❡stá♥ ❜✐❡♥ ✐♥t❡❣r❛❞♦s ② q✉❡ ❧❛ ❛❞♦♣❝✐ó♥ ❞❡ ✉♥❛ ♠♦♥❡❞❛ ❝♦♠ú♥
s❡rí❛ r❡❧❛t✐✈❛♠❡♥t❡ ❢á❝✐❧✳

✷✳ ❙❡ ❞❡t❡r♠✐♥❛ q✉❡ ❧❛s ♣r✉❡❜❛s ❞❡ r❛í③ ✉♥✐t❛r✐❛ t✐❡♥❡♥ ❜❛❥❛ ♣♦t❡♥❝✐❛ ❡♥
t❛♠❛ñ♦s ❞❡ ♠✉❡str❛ ♣❡q✉❡ñ♦s ② ❝♦♥ ❢r❡❝✉❡♥❝✐❛ ♥♦ ❞✐st✐♥❣✉❡♥ ❧❛s s❡r✐❡s ♥♦ ❡s✲
t❛❝✐♦♥❛r✐❛s ❞❡ ❧❛ s❡r✐❡ ❡st❛❝✐♦♥❛r✐❛✳ ▲❛ ✉t✐❧✐③❛❝✐ó♥ ❞❡ ❞❛t♦s ❞❡ ♣❛♥❡❧ ❛②✉❞❛ ❛
r❡s♦❧✈❡r ❡st❡ ♣r♦❜❧❡♠❛ ♠❡❞✐❛♥t❡ ❡❧ ❛✉♠❡♥t♦ ❞❡❧ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s ❞❡
❞❛t♦s✳

✸✳ ❊❧ s❡❣✉♥❞♦ ❜❡♥❡✜❝✐♦ ❞❡ ❧❛s ♣r✉❡❜❛s ❞❡ ♣❛♥❡❧ ❞❡ r❛í③ ✉♥✐t❛r✐❛ ✈✐❡♥❡ ❞❡
❝✐❡rt❛s ❝✐r❝✉♥st❛♥❝✐❛s ❡♥ ❧❛s q✉❡ ❧♦s ❞❛t♦s ♣❡r♠✐t❡♥ ✉♥ ♠❡❥♦r ❝♦♥tr♦❧ ❞❡ ❧❛s
❝❛r❛❝t❡ríst✐❝❛s ♥♦ ♦❜s❡r✈❛❜❧❡s q✉❡ ❞❡ ♦tr♦ ♠♦❞♦ ❡❝❤❛♥ ❛ ♣❡r❞❡r ❧❛ ❡st✐♠❛❝✐ó♥ ❞❡
r❡❣r❡s✐ó♥✳

✹✳ ▲❛ t❡♦rí❛ ❘■P ❡①♣♦♥❡ ❧❛ ❤✐♣ót❡s✐s ❞❡ q✉❡ s✐ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐❝♦s t✐❡♥❡♥
❡①♣❡❝t❛t✐✈❛s r❛❝✐♦♥❛❧❡s ② ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ② ❞❡ ❜✐❡♥❡s ♣♦s❡❡♥ ✉♥ ♥✐✈❡❧
❞❡ ❞❡t❡r♠✐♥❛❞♦ ❞❡ ❛r❜✐tr❛❥❡ ❡♥ ❢✉♥❝✐♦♥❛♠✐❡♥t♦✱ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés r❡❛❧❡s ❡♥tr❡
♣❛ís❡s ❝♦✐♥❝✐❞✐rá♥ ❡♥tr❡ sí✳

✺✳ ▲❛ ✈❛❧✐❞❛❝✐ó♥ ❞❡ ❧❛ t❡♦rí❛ ❡s ✐♠♣♦rt❛♥t❡ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ q✉❡ ❧❛ ✐❣✉❛❧❞❛❞
❞❡ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés r❡❛❧ ✱ r❡✢❡❥❛ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❧♦s ♠❡r❝❛❞♦s
❞❡ ❜✐❡♥❡s ② ❛❝t✐✈♦s✱ ♦ ❛❧t❡r♥❛t✐✈❛♠❡♥t❡✱ ✐♥❞✐❝❛ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ♠❡r❝❛❞♦s s✐♥
❢r✐❝❝✐ó♥❀ ❧❛ ❡✈✐❞❡♥❝✐❛ ❡♠♣ír✐❝❛ ♣r✉❡❜❛ ❝♦♥ é①✐t♦ ❧❛ t❡♦rí❛ ❞♦♥❞❡ s❡ ❝♦♥s✐❞❡r❛
q✉❡ ❧❛s ♣♦s✐❜✐❧✐❞❛❞❡s ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ❞❡ ❧❛ ❝❛rt❡r❛ ✐♥t❡r♥❛❝✐♦♥❛❧ ❡s ♠í♥✐♠❛ ②
q✉❡ ❡❧ ♣❛♣❡❧ ❞❡ ❧❛ ♣♦❧ít✐❝❛ ♠♦♥❡t❛r✐❛ ❝♦♠♦ ✐♥str✉♠❡♥t♦ ❞❡ ❡st❛❜✐❧✐③❛❝✐ó♥ ❡stá
r❡str✐♥❣✐❞❛ ❡♥ ❧❛ ♠❡❞✐❞❛ ❡♥ q✉❡ ✐♥✢✉②❡ ❡♥ ❧❛ t❛s❛ ❞❡ ✐♥t❡rés r❡❛❧ ❡①t❡r♥❛✳

✻✳ ❊♥ ❧❛ ❝♦♥❝❡♣t✉❛❧✐③❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ s❡ r❡♣r❡s❡♥t❛ ❧❛s ❡①♣❡❝t❛t✐✈❛s r❛❝✐♦✲
♥❛❧❡s ❢♦r♠❛❞❛s ❡♥ ❡❧ ♣❡rí♦❞♦ ❛❝t✉❛❧✱ ❛sí ❝♦♠♦ ❧❛ t❛s❛ ❞❡ ✐♥t❡rés r❡❛❧ ❡①❛♥t❡✱ ❝♦♥
✉♥ ♣❡rí♦❞♦ ❞❡ ♠❛❞✉r❡③✳ ❊st❛ t❛s❛ r❡❛❧ ❡s ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❧❛ t❛s❛ ❞❡ ✐♥t❡rés
♥♦♠✐♥❛❧ q✉❡ ❡s ❧❛ t❛s❛ ❞❡ ✐♥t❡rés r❡❛❧ ♠❡♥♦s ❧❛ ✐♥✢❛❝✐ó♥ ❡s♣❡r❛❞❛✳

✽



✼✳ ❊♥ ❡❧ ♠♦❞❡❧♦ ❘■P q✉❡ ❛♣❧✐❝❛ ❡❧ ❛✉t♦r ❆❤♠❛❞✱ s❡ ❝♦♥❝❧✉②❡ q✉❡ s✐ ❧♦s ❛❣❡♥t❡s
❢♦r♠❛♥ ❡①♣❡❝t❛t✐✈❛s r❛❝✐♦♥❛❧❡s✱ ❧❛ ❞✐❢❡r❡♥❝✐❛ ❡♥tr❡ ❧♦s tér♠✐♥♦s ❞❡ ♣❡rt✉r❜❛❝✐ó♥
s❡rá ✐❣✉❛❧ ❛ ✉♥ ❡rr♦r ✐♠♣r❡✈✐s✐❜❧❡ ❡♥ r❡❧❛❝✐ó♥ ❝♦♥ ❧❛ ♣r❡✈✐s✐ó♥ ❞❡ ❧❛ ❞❡♣r❡❝✐❛❝✐ó♥
❞❡❧ t✐♣♦ ❞❡ ❝❛♠❜✐♦✳ ❚❛♠❜✐é♥ s❡ ♣✉❡❞❡ s❡ñ❛❧❛r q✉❡ s✐ ❡st❛ ❞✐❢❡r❡♥❝✐❛ s❡ r❡✈✐❡rt❡
❛ s✉ ✈❛❧♦r ♠❡❞✐♦✱ ❝✉❛❧q✉✐❡r ❝❤♦q✉❡ s❡rá tr❛♥s✐t♦r✐♦✳ ❯♥ ✈❛❧♦r ♠ás ❛❧t♦ ❞❡ ❧❛
r❛í③ ❡st✐♠❛❞❛ ❝♦♥✈❡r❣❡♥t❡ ❛✉t♦r❡❣r❡s✐✈❛ ✐♠♣❧✐❝❛ q✉❡ ❧♦s ❝❤♦q✉❡s t❡♥❞rá♥ ✉♥
✐♠♣❛❝t♦ ❞❡ ♠ás t✐❡♠♣♦✳ ■♥❝❧✉s♦ ❡♥ ♣r❡s❡♥❝✐❛ ❞❡ r❡✈❡rs✐ó♥ ❛ ❧❛ ♠❡❞✐❛✱ t♦❞❛✈í❛
❡①✐st❡ ❧❛ ♣♦s✐❜✐❧✐❞❛❞ ❞❡ q✉❡ ❡st❡ s❡❛ ❞✐st✐♥t♦ ❞❡ ❝❡r♦✳ ▲♦s ❝♦st♦s ❞❡ tr❛♥s♣♦rt❡✱
❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥ ❧❛ ♣r✐♠❛ ❞❡ r✐❡s❣♦ ❡♥ t♦❞♦s ❧♦s ♣❛ís❡s✱ ❧♦s ❞✐❢❡r❡♥❝✐❛❧❡s ❞❡ t❛s❛s
❞❡ ✐♠♣✉❡st♦s✱ ❡❧ ❝♦♥t❛❣✐♦ ✜♥❛♥❝✐❡r♦ ② ♣r♦❜❧❡♠❛s ❞❡ ♣❡s♦✱ ♣♦❞rí❛♥ ❞❛r ❧✉❣❛r ❛
❧❛ ❝♦♥✈❡r❣❡♥❝✐❛ ❛ ✉♥❛ ♠❡❞✐❛ ❞✐st✐♥t❛ ❞❡ ❝❡r♦✳

P♦r s✉ ♣❛rt❡ ❧♦s ❛✉t♦r❡s ●r♦❤é✱ ❯r✐❜❡ ② ❲♦♦❞❢♦r❞ ✭✷✵✶✻✮✱ t❛♠❜✐é♥ ❛♥❛❧✐③❛r♦♥
❡❧ t❡♠❛ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ♠❡❞✐❛♥t❡ ❡❧ ♠♦❞❡❧♦ ❞❡ P❛r✐❞❛❞ ❈✉❜✐❡rt❛
❞❡ ❚❛s❛s ❞❡ ■♥t❡rés✱ r❡❛❧✐③❛♥❞♦ ✐♠♣♦rt❛♥t❡s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ❞❡♥tr♦ ❞❡ ❧❛s q✉❡
s❡ ♣✉❡❞❡♥ ♠❡♥❝✐♦♥❛r ❧❛s s✐❣✉✐❡♥t❡s✿

✶✳ ▲❛ ♠♦✈✐❧✐❞❛❞ ♣❡r❢❡❝t❛ ❞❡❧ ❝❛♣✐t❛❧ ❡q✉✐✈❛❧❡ ❛ ❧❛ t❛s❛ ❞❡ ✐♥t❡rés r❡❛❧ ✐♥t❡r♥❛
❡♥ ✐❣✉❛❧❞❛❞ ❞❡ ❝♦♥❞✐❝✐♦♥❡s ❝♦♥ ❡❧ ♠✉♥❞♦✳ ❊st♦ s✉❣✐❡r❡ q✉❡ ♦tr❛ ❢♦r♠❛ ❞❡
♣r✉❡❜❛ ♣❛r❛ ❧❛ ♠♦✈✐❧✐❞❛❞ ❞❡❧ ❝❛♣✐t❛❧ ♣♦❞rí❛ s❡r ❧❛ ❞❡ ♠✐r❛r ❛ ❧♦s ❞✐❢❡r❡♥✲
❝✐❛❧❡s ❞❡ t❛s❛s ❞❡ ✐♥t❡rés r❡❛❧❡s ❡♥ t♦❞♦s ❧♦s ♣❛ís❡s✳

✷✳ ▲♦s ❞✐❢❡r❡♥❝✐❛❧❡s ❞❡ t❛s❛s ❞❡ ✐♥t❡rés r❡❛❧✱ ♣♦❞rí❛♥ ♥♦ s❡r ✉♥❛ ❜✉❡♥❛ ♠❡✲
❞✐❞❛ ❞❡ ❧❛ ♠♦✈✐❧✐❞❛❞ ❞❡❧ ❝❛♣✐t❛❧ ❡♥ ❧❛s ♦r❣❛♥✐③❛❝✐♦♥❡s ✐♥t❡r♥❛❝✐♦♥❛❧❡s ♠ás
❞❡s❛rr♦❧❧❛❞❛s ② ❝♦♥ ❝♦♥tr♦❧❡s ❛ ❧❛ ♠♦✈✐❧✐❞❛❞ s✐❣♥✐✜❝❛t✐✈♦s✳

✸✳ ▲♦s ❞✐❢❡r❡♥❝✐❛❧❡s ❞❡ t❛s❛s ❞❡ ✐♥t❡rés r❡❛❧❡s ♥♦ s♦♥ ❜✉❡♥♦s ✐♥❞✐❝❛❞♦r❡s ❞❡❧
❣r❛❞♦ ❞❡ ♠♦✈✐❧✐❞❛❞ ❞❡❧ ❝❛♣✐t❛❧❀ r❡♣r❡s❡♥t❛♥ ✉♥❛ ❜✉❡♥❛ ♠❡❞✐❞❛ ❞❡ ❧❛ ♠♦✈✐✲
❧✐❞❛❞ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❝❛♣✐t❛❧❡s só❧♦ s✐ ❡❧ ♣r❡❝✐♦ r❡❧❛t✐✈♦ ❞❡ ❧❛s ❝❛♥❛st❛s ❞❡
❝♦♥s✉♠♦ ❡♥tr❡ ♣❛ís❡s ♥♦ ❝❛♠❜✐❛ ❝♦♥ ❡❧ t✐❡♠♣♦ ② s✐ ♥♦ ❤❛② ✐♥❝❡rt✐❞✉♠❜r❡
❡♥ ❡❧ t✐♣♦ ❞❡ ❝❛♠❜✐♦ ♥♦♠✐♥❛❧ ♦ s✐ ❧❛s ♣❡rs♦♥❛s ♥♦ s❡ ♣r❡♦❝✉♣❛♥ ♣♦r ❡❧ t✐♣♦
❞❡ r✐❡s❣♦✳

◆♦ ❡s ♣♦s✐❜❧❡ r❡♣❧✐❝❛r ❡st❡ ♠♦❞❡❧♦ ❡♥ ❡❧ ❡st✉❞✐♦ q✉❡ s❡ ❞❡s❛rr♦❧❧❛r❛ ❡♥ ❡st❡
❞♦❝✉♠❡♥t♦✱ ❞❛❞♦ q✉❡ ♥♦ s❡ ❝✉❡♥t❛ ❝♦♥ ❞❛t♦s ❡st❛❞íst✐❝♦s ❞❡ ❧❛s t❛s❛s ❞❡ ❝❛♠❜✐♦
❞❡ ❧♦s ♣❛ís❡s✱ ❡♥ ❡❧ ♣❡r✐♦❞♦ ❞❡ ✶✾✵✻ ❛ ✶✾✷✺❀ q✉❡ s♦♥ ✈❛r✐❛❜❧❡s ♥❡❝❡s❛r✐❛s ♣❛r❛ ❧❛
✈❛❧✐❞❛❝✐ó♥ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ♠❡❞✐❛♥t❡ ❡❧ ♠♦❞❡❧♦ ❘■P✳

✷✳✷✳✷✳ ❆♥á❧✐s✐s ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛❧❡s

▲♦s ❛✉t♦r❡s ❋✐❣✉❡✐r❛✱ ◆❡❧❧✐s ② P❛r❦❡r ✭✷✵✵✺✮✱ ❞❡st❛❝❛♥ ✐♠♣♦rt❛♥t❡s ❛s♣❡❝t♦s✱
❛sí ❝♦♠♦ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❞✐❢❡r❡♥t❡s ♣r✉❡❜❛s ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❝♦♥s✐❞❡✲
r❛♥❞♦ ✉♥ ❛s♣❡❝t♦ ♣❛rt✐❝✉❧❛r ❞❡ ❧❛ ❣❧♦❜❛❧✐③❛❝✐ó♥✱ ❡s ❞❡❝✐r✱ ❡❧ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥
✜♥❛♥❝✐❡r❛ q✉❡ t✉✈♦ ❧✉❣❛r ❡♥tr❡ ❧♦s ♣r✐♥❝✐♣❛❧❡s ❝❡♥tr♦s ✜♥❛♥❝✐❡r♦s ✐♥t❡r♥❛❝✐♦♥❛❧❡s
❡♥tr❡ ✶✾✽✽ ② ✷✵✵✶✳ ❙❡ ✐❞❡♥t✐✜❝❛ q✉❡ ❧❛ r❡❞✉❝❝✐ó♥ ❡♥ ❡❧ ❝♦st♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥✱ ❧❛
♠❡❥♦r❛ ❡♥ ❧♦s s✐st❡♠❛s ❞❡ ❝♦♠❡r❝✐♦✱ ❧❛ t❡❝♥♦❧♦❣í❛✱ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ♥✉❡✈♦s ✐♥str✉✲
♠❡♥t♦s ✜♥❛♥❝✐❡r♦s ② ❧❛ r❡❧❛❥❛❝✐ó♥ ❞❡ ❝✐❡rt❛s r❡str✐❝❝✐♦♥❡s ❧❡❣❛❧❡s✱ ❤❛♥ ❡st✐♠✉❧❛❞♦
❧♦s ♠♦✈✐♠✐❡♥t♦s ❞❡ ❝❛♣✐t❛❧❡s ❣❧♦❜❛❧❡s✳ P❛r❛ ❞❡t❡r♠✐♥❛r ❧♦ ❛♥t❡r✐♦r ❧♦s ❛✉t♦r❡s

✾



❞❡s❛rr♦❧❧❛♥ ❡❧ ❛♥á❧✐s✐s ❝❡♥tr❛❞♦ ❡♥ ✉♥ ♠♦❞❡❧♦ ❞❡ ✏❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛❧❡s✑✱ q✉❡
s❡ ❡♥❢♦❝❛ ❡♥ ❧♦s ♣❛tr♦♥❡s ❞❡ ♠♦✈✐♠✐❡♥t♦s ❡♥ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés✱ ❞❡♥tr♦ ❞❡ ❧♦s
❛s♣❡❝t♦s ♠ás r❡❧❡✈❛♥t❡s ❝♦♥s✐❞❡r❛❞♦s ♣♦r ❧♦s ❛✉t♦r❡s s❡ ❡♥❝✉❡♥tr❛♥✿

✶✳ ❊❧ ♠♦❞❡❧♦ ❞❡ ❈♦♠♣♦♥❡♥t❡s Pr✐♥❝✐♣❛❧❡s✱ ♥♦ ♦❢r❡❝❡ ✉♥❛ ♠❡❞✐❞❛ ❝✉❛♥t✐✜✲
❝❛❜❧❡ ❞❡❧ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥✱ ❡s ✉♥ ♠ét♦❞♦ ❞❡ tr❛♥s❢♦r♠❛❝✐ó♥ ❞❡ ✉♥
❝♦♥❥✉♥t♦ ❞❛❞♦ ❞❡ ✈❛r✐❛❜❧❡s ❡♥ ✉♥ ♥✉❡✈♦ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐❛❜❧❡s ❞❡ ♠❛t❡r✐❛❧
❝♦♠♣✉❡st♦✱ r❡❢❡r✐❞♦ ❝♦♠♦ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛❧❡s✳ ❊♥ ♦tr❛s ♣❛❧❛❜r❛s✱ s✐
❧♦s ♠❡r❝❛❞♦s ❞❡ ❞✐✈✐s❛s ❡stá♥ ♦♣❡r❛♥❞♦ ❞❡ ♠❛♥❡r❛ ❡✜❝✐❡♥t❡✱ ❡♥t♦♥❝❡s ❡❧
❛r❜✐tr❛❥❡ ❞❡❜❡ ❣❛r❛♥t✐③❛r q✉❡ ❡❧ ❞✐❢❡r❡♥❝✐❛❧ ❞❡ ✐♥t❡rés ❝✉❜✐❡rt♦ ❡♥ ❛❝t✐✈♦s
s✐♠✐❧❛r❡s ❞❡♥♦♠✐♥❛❞♦s ❡♥ ❞✐❢❡r❡♥t❡s ♠♦♥❡❞❛s ❡s ✐❣✉❛❧ ❛ ❝❡r♦ ❡♥ ❝✉❛❧q✉✐❡r
♣✉♥t♦ ❡♥ ❡❧ t✐❡♠♣♦✳

✷✳ ❊❧ ❛tr✐❜✉t♦ ♠ás ✐♠♣♦rt❛♥t❡ ❞❡ ❛♥á❧✐s✐s ❞❡ ❝♦♠♣♦♥❡♥t❡s ♣r✐♥❝✐♣❛❧❡s ❡s s✉
❝❛♣❛❝✐❞❛❞ ❞❡ r❡❞✉❝❝✐ó♥ ❞❡ ❞❛t♦s✳ ▲❛ té❝♥✐❝❛ ❡st❛❞íst✐❝❛ s❡ ❝❡♥tr❛ ❡♥ ❡❧
❝á❧❝✉❧♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥ ♣❛r❛ ❧♦s ❞✐❢❡r❡♥❝✐❛❧❡s ❞❡ t❛s❛s ❞❡
✐♥t❡rés ❝✉❜✐❡rt♦s ❡♥ ❧♦s ♣❛ís❡s s❡❧❡❝❝✐♦♥❛❞♦s ❡♥ ❝♦♠♣❛r❛❝✐ó♥ ❝♦♥ ❧♦s ❞❡ ✉♥
♣❛ís ❞❡ r❡❢❡r❡♥❝✐❛ ♣♦r ❡❥❡♠♣❧♦ ❊st❛❞♦s ❯♥✐❞♦s✳

✸✳ ❙♦❜r❡ ❧❛ ❜❛s❡ ❞❡ ❧♦s ❝♦❡✜❝✐❡♥t❡s ❞❡ ❝♦rr❡❧❛❝✐ó♥✱ ❡❧ ❛♥á❧✐s✐s ❞❡ ❝♦♠♣♦♥❡♥t❡s
♣r✐♥❝✐♣❛❧❡s ❡✈❛❧ú❛ s✐ ❡①✐st❡ ❛❧❣ú♥ ♣❛tró♥ s✉❜②❛❝❡♥t❡ ❞❡ ❧❛s r❡❧❛❝✐♦♥❡s✱ ❞❡
t❛❧ ♠❛♥❡r❛ q✉❡ ❧♦s ❞❛t♦s s❡ ♣✉❡❞❡♥ r❡❞✉❝✐r ❝♦♥ ❡✜❝❛❝✐❛ ❛ ✉♥ ❝♦♥❥✉♥t♦ ❞❡
❢❛❝t♦r❡s✱ ♠❡♥♦r ❡♥ ♥ú♠❡r♦ q✉❡ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐❛❜❧❡s ❞❡ t✐♣♦ ❞❡ ✐♥t❡rés
❝✉❜✐❡rt♦✳

✹✳ P♦r ❧♦ t❛♥t♦✱ ❝❛❞❛ ❞✐❢❡r❡♥❝✐❛❧ ❞❡ t✐♣♦s ❞❡ ✐♥t❡rés ❝✉❜✐❡rt❛ s❡ ♠❛t❡r✐❛❧✐③❛ ❡♥
✉♥❛ ❢✉♥❝✐ó♥ ❧✐♥❡❛❧ ❞❡ ✐♥♦❜s❡r✈❛❜❧❡ ❢❛❝t♦r ❝♦♠ú♥✱ ✈❛r✐❛❜❧❡s ❛❧❡❛t♦r✐❛s ② ✉♥
✈❛❧♦r s✉❜②❛❝❡♥t❡ ❡s♣❡❝í✜❝♦ ② ✈❛r✐❛♥t❡✳ ▲♦s ❢❛❝t♦r❡s ♣✉❡❞❡♥ s❡r ❛s✉♠✐❞♦s
❝♦♠♦ ✈❛r✐❛❜❧❡s ❞❡ ♦r✐❣❡♥ ② r❡♣r❡s❡♥t❛♥ ❧❛s r❡❧❛❝✐♦♥❡s ♦❜s❡r✈❛❞❛s ❡♥ ❧♦s
❞❛t♦s✳

❊❧ ♠♦❞❡❧♦ ❡①♣✉❡st♦ ♥♦ ♣✉❡❞❡ s❡r r❡♣❧✐❝❛❞♦ ❡♥ ❡st❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❞❛❞♦ q✉❡ ♥♦ s❡
❝✉❡♥t❛ ❝♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ② ❧♦s ❞❛t♦s ❡st❛❞íst✐❝♦s ♥❡❝❡s❛r✐♦s ♣❛r❛ ❧❧❡✈❛r ❛ ❝❛❜♦
❧❛s ♣r✉❡❜❛s ✐♠♣❧í❝✐t❛s ❡♥ ❡❧ ♣❡r✐♦❞♦ q✉❡ s❡ ❞❡s❡❛ ❡st✉❞✐❛r ❞❡ ✶✾✵✺ ❛ ✶✾✷✻✳

✷✳✷✳✸✳ ▼♦❞❡❧♦ ❞❡ t❛s❛s ❧✐❜r❡s ❞❡ r✐❡s❣♦ ❞❡ ❛❝t✐✈♦s ✜♥❛♥❝✐❡r♦s

❋❧♦♦❞ ② ❘♦s❡ ✭✷✵✵✹✮ ♣r♦♣♦♥❡♥ ✉♥ ♠♦❞❡❧♦ q✉❡ ❞❡s❛rr♦❧❧❛ ✉♥❛ ♠❡t♦❞♦❧♦❣í❛
s✐♠♣❧❡ ♣❛r❛ ♣r♦❜❛r ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❛❝t✐✈♦s ② ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡♥tr♦ ② ❡♥tr❡ ❧♦s
♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ❡st❛❞♦✉♥✐❞❡♥s❡s✱ ❧❛ té❝♥✐❝❛ s❡ ❜❛s❛ ❡♥ ❧❛ ❡st✐♠❛❝✐ó♥ ② ❝♦♠✲
♣❛r❛❝✐ó♥ ❞❡ t❛s❛s ❧✐❜r❡s ❞❡ r✐❡s❣♦ ♣r❡✈✐st♦s ❡♥ t♦❞♦s ❧♦s ❛❝t✐✈♦s✱ ❞✐❝❤❛s t❛s❛s
♣✉❡❞❡♥ ✈❛r✐❛r ❧✐❜r❡♠❡♥t❡ s♦❜r❡ t✐❡♠♣♦✱ ❧✐♠✐t❛❞❛s só❧♦ ♣♦r ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❞❡✲
❜❡♥ s❡r ✐❣✉❛❧❡s ❛ tr❛✈és ❞❡ ❧♦s ❛❝t✐✈♦s ✭❛❥✉st❛❞♦s ❛❧ r✐❡s❣♦✮ ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❞❡
♠❡r❝❛❞♦s ✐♥t❡❣r❛❞♦s✳ ▲❛s ❝♦♥s✐❞❡r❛❝✐♦♥❡s ♠ás s♦❜r❡s❛❧✐❡♥t❡s ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥
❞❡ ❧♦s ❛✉t♦r❡s s♦♥✿

✶✳ ❙❡ ❞❡st❛❝❛ q✉❡ ❛ ❧♦s ❛❝t✐✈♦s s❡ ❧❡s ♣❡r♠✐t❡ t❡♥❡r ❝❛r❛❝t❡ríst✐❝❛s ❞❡ r✐❡s❣♦
❡stá♥❞❛r ② s♦♥ ❧✐♠✐t❛❞❛s ♣♦r ✉♥ ♠♦❞❡❧♦ ❞❡ ❢❛❝t♦r❡s ❞❡ ❝♦✈❛r✐❛♥③❛s ❡♥ ♣❡rí♦❞♦s
❞❡ t✐❡♠♣♦ ❝♦rt♦s✳

✶✵



✷✳ ❉❡♥tr♦ ❞❡ ❧❛s ♣r✐♥❝✐♣❛❧❡s ❝♦♥❝❧✉s✐♦♥❡s✱ s❡ ❡♥❝♦♥tró q✉❡ ❧❛s t❛s❛s ❧✐❜r❡s ❞❡
r✐❡s❣♦ ❡s♣❡r❛❞❛s ✈❛rí❛♥ ❞rást✐❝❛♠❡♥t❡ ❝♦♥ ❡❧ t✐❡♠♣♦✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡ ❧❛s t❛s❛s
❞❡ ✐♥t❡rés ❛ ❝♦rt♦ ♣❧❛③♦✳

✸✳ ▲♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❡stá♥ ✐♥t❡❣r❛❞♦s ❝✉❛♥❞♦ ❧♦s ❛❝t✐✈♦s t✐❡♥❡♥ ✉♥
♣r❡❝✐♦ ② ❧❛ ♠✐s♠❛ t❛s❛ ❞❡ ❞❡s❝✉❡♥t♦ ❡st♦❝ást✐❝❛✱ ♠ás ♣r❡❝✐s❛♠❡♥t❡✱ s❡ ❞❡✜♥❡♥
❧♦s ♠❡r❝❛❞♦s ❞❡ ✐♥str✉♠❡♥t♦s q✉❡ ❞❡❜❡♥ ✐♥t❡❣r❛rs❡ s✐ t♦❞♦s ❧♦s ♣r❡❝✐♦s ❞❡ ❧♦s
❛❝t✐✈♦s ❡♥ ❡s♦s ♠❡r❝❛❞♦s s❛t✐s❢❛❝❡♥ ❧❛ ✉♥❛ ❝♦♥❞✐❝✐ó♥ ❞❡ ✜❥❛❝✐ó♥ ❞❡ ♣r❡❝✐♦s✳

✹✳ ❙❡ ❤❛❝❡ ❤✐♥❝❛♣✐é ❡♥ ❡❧ ♣r✐♥❝✐♣✐♦ q✉❡ ❧❛ ♣r✉❡❜❛ ✐♥✈❡st✐❣❛ ✉♥❛ ❝♦♥❞✐❝✐ó♥ ♥❡✲
❝❡s❛r✐❛ ♣❡r♦ ♥♦ s✉✜❝✐❡♥t❡ ♣❛r❛ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ❡♥ ♦tr❛s ♣❛❧❛❜r❛s✱
s✐ ❞♦s ❝❛rt❡r❛s ❡stá♥ ❜✐❡♥ ✐♥t❡❣r❛❞♦s ♣❛s❛rá♥ ❧❛ ♣r✉❡❜❛✱ ♣❡r♦ ♣❛s❛r ❧❛ ♣r✉❡❜❛ ♥♦
✐♠♣❧✐❝❛ q✉❡ ❧❛s ❝❛rt❡r❛s ❞❡ ❡st❛r ❜✐❡♥ ✐♥t❡❣r❛❞❛s✳ P♦r ❡❧ ❝♦♥tr❛r✐♦✱ s✐ ❞♦s ❝❛rt❡r❛s
♥♦ ♣❛s❛♥ ❧❛ ♣r✉❡❜❛✱ ❧❛s ❝❛rt❡r❛s ♥♦ ❡stá♥ ❜✐❡♥ ✐♥t❡❣r❛❞❛s✳

P❛r❛ r❡❛❧③❛r ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❡st❡ ♠♦❞❡❧♦ ❡s ♥❡❝❡s❛r✐♦ ❝♦♥t❛r ❝♦♥ ❡st❛❞íst✐✲
❝❛s ❞❡ t❛s❛s r❡♥❞✐♠✐❡♥t♦ ❛❥✉st❛❞❛s ♣♦r r✐❡s❣♦ ❞❡ t♦❞♦s ❧♦s ❛❝t✐✈♦s ✜♥❛♥❝✐❡r♦s
tr❛♥③❛❞♦s ❡♥ ❧♦s ♠❡r❝❛❞♦s ❞❡ ✈❛❧♦r❡s ❛ ❡st✉❞✐❛r✱ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♥♦ s❡ ❝✉❡♥t❛
❡♥ ❡st❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ ♣❛r❛ ❧♦s ❛ñ♦s ♦❜❥❡t✐✈♦ ❞❡ ❛♥á❧✐s✐s✱ ♣♦r ❧♦ q✉❡ ♥♦ ❡s ♣♦s✐❜❧❡
❧❧❡✈❛r ❛ ❝❛❜♦ ❞✐❝❤♦ ♠♦❞❡❧♦✳

✷✳✷✳✹✳ ▼♦❞❡❧♦ ❈♦✐♥t❡❣r❛❝✐ó♥ ❋✐♥❛♥❝✐❡r❛

❙❡❣✉✐❞❛♠❡♥t❡ s❡ ❞❡s❝r✐❜❡ ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧ ❡❧ ♠♦❞❡❧♦ ❞❡ ❛♥á❧✐s✐s ❞❡ ✐♥✲
t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ♠❡❞✐❛♥t❡ ♣r✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✱ ❞❡♥tr♦ ❞❡ ❧♦s ❝✉❛❧❡s
❡①✐st❡♥ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦s ♠ét♦❞♦s✱ ❛ s❛❜❡r ❡❧ ▼♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ② ●r❛♥❣❡r ②
❡❧ ▼♦❞❡❧♦ ❞❡ ❏♦❤❛♥s❡♥✳ ❊❧ ♠♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ② ●r❛♥❣❡r ❢✉❡ ❞❡s❛rr♦❧❧❛❞♦ ❞❡s❞❡
✜♥❛❧❡s ❞❡ ✶✾✽✵✱ ❝✉❛♥❞♦ ❡st♦s ❛✉t♦r❡s ❞❡s❛rr♦❧❧❛r♦♥ ✉♥ ♠ét♦❞♦ ♣❛r❛ ♠❡❞✐r ❧❛
❝♦✐♥t❡❣r❛❝✐ó♥✱ ❡s ❞❡❝✐r ❧♦s ♠♦✈✐♠✐❡♥t♦s ✐♥t❡r♥❛❝✐♦♥❛❧❡s ❛ ❧❛r❣♦ ♣❧❛③♦ ❞❡ ❧♦s ♠❡r✲
❝❛❞♦s ❞❡ ✈❛❧♦r❡s✳ ❊❧ ♣r♦♣ós✐t♦ ❞❡❧ ❡st✉❞✐♦ ❤❛ s✐❞♦ s♦❜r❡ t♦❞♦ ♣❛r❛ ❡st❛❜❧❡❝❡r ❧❛s
♦♣♦rt✉♥✐❞❛❞❡s ❞❡ ❞✐✈❡rs✐✜❝❛❝✐ó♥ ♣❛r❛ ❧♦s ✐♥✈❡rs♦r❡s ❛ ❧❛r❣♦ ♣❧❛③♦ ❡ ✐❞❡♥t✐✜❝❛r
❧❛s ✐♠♣❧✐❝❛❝✐♦♥❡s ♣❛r❛ ❧♦s ✐♥✈❡rs♦r❡s ❡♥ ❧♦s ♣r✐♥❝✐♣❛❧❡s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s✳ ❙❡
✉t✐❧✐③❛ ♠ás ❣❡♥❡r❛❧✐③❛❞❛♠❡♥t❡ ❝♦♥ ❡❧ ✜♥ ❞❡ ♣r♦❜❛r ❧❛ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥ ❡❧ ♠❡r❝❛✲
❞♦ ❞❡ r❡♥t❛ ✈❛r✐❛❜❧❡ ② ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡ ❜♦♥♦s✳ ❊♥❣❧❡ ② ●r❛♥❣❡r ✭✶✾✽✼✮✳ ❉❡♥tr♦
❞❡ ❧♦s ❛s♣❡❝t♦s ♠ás s♦❜r❡s❛❧✐❡♥t❡s q✉❡ ❞❡s❝r✐❜❡♥ ❧♦s ❛✉t♦r❡s s❡ ❡♥❝✉❡♥tr❛♥ ❧♦s
s✐❣✉✐❡♥t❡s✿

✶✳ ❊❧ ❛♥á❧✐s✐s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡s ✉♥❛ ❞❡ ✉♥❛ s❡r✐❡ ❞❡ ♠ét♦❞♦s tr❛❞✐❝✐♦♥❛❧❡s
♣❛r❛ ❡st✐♠❛r ❡❧ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ❞❡❧ ♠❡r❝❛❞♦ ✜♥❛♥❝✐❡r♦✱ s❡ ✉t✐❧✐③❛ ❝♦♥ ❡❧
✜♥ ❞❡ ❡✈❛❧✉❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❡q✉✐❧✐❜r✐♦ ❛ ❧❛r❣♦ ♣❧❛③♦ ❡♥tr❡ ❧❛s
✈❛r✐❛❜❧❡s✱ ❝♦♥ ❧♦ q✉❡ ❧❛s s❡r✐❡s ♥♦ s❡ ❞❡s✈í❛♥ ❞❡♠❛s✐❛❞♦ ❞❡ ❧❛ ♦tr❛✳ ❈♦✐♥t❡❣r❛❝✐ó♥
s✐❣♥✐✜❝❛ q✉❡ ✉♥❛ s❡r✐❡ ❞❡ t✐❡♠♣♦ ♣✉❡❞❡ t❡♥❡r ✉♥❛ t❡♥❞❡♥❝✐❛ ❡st♦❝ást✐❝❛ ❝♦♠ú♥
❝♦♥ ❡❧ ♣❛s❛r ❞❡❧ t✐❡♠♣♦ ② q✉❡ ❛❧ r❡❛❧✐③❛rs❡ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❧✐♥❡❛❧ ❡st❛❝✐♦♥❛r✐❛ ❞❡
❞♦s ♦ ♠ás s❡r✐❡s ♥♦ ❡st❛❝✐♦♥❛r✐❛ ♣✉❡❞❡ s❡r ❡st❛❝✐♦♥❛r✐❛✳ ❙✐ ❡①✐st❡ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥
❧✐♥❡❛❧ ❞❡ ♠❛♥❡r❛ ❡st❛❝✐♦♥❛r✐❛✱ s❡ ❞✐❝❡ q✉❡ ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s ❧❛s s❡r✐❡s ❞❡ t✐❡♠♣♦
♥♦ ❡st❛❝✐♦♥❛r✐❛s✳

✷✳ ❊s ✉♥ ♠ét♦❞♦ ❞❡ ❞♦s ❡t❛♣❛s ♣❛r❛ ❡✈❛❧✉❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥
❡♥tr❡ ✈❛r✐❛❜❧❡s✳ ❊♥ ❡❧ ♣r✐♠❡r ♣❛s♦✱ s❡ ❡st✐♠❛ ✉t✐❧✐③❛♥❞♦ ▼í♥✐♠♦s ❈✉❛❞r❛❞♦s
❖r❞✐♥❛r✐♦s ✭▼❈❖✮ q✉❡ ♠✐♥✐♠✐③❛ ❧❛ ✈❛r✐❛♥③❛ ❞❡ ❧♦s r❡s✐❞✉♦s ② ❧♦s ❤❛❝❡ ♠ás ❡s✲
t❛❝✐♦♥❛r✐❛✳ ❊♥ ♣❛rt✐❝✉❧❛r✱ s❡ ❝♦♥s✐❞❡r❛♥ t♦❞❛s ❧❛s r❡❣r❡s✐♦♥❡s ❞✐r❡❝t❛s ❡ ✐♥✈❡rs❛s✳

✶✶



❊❧ s❡❣✉♥❞♦ ♣❛s♦ ❝♦♥s✐st❡ ❡♥ ♣r♦❜❛r s✐ ❧♦s r❡s✐❞✉♦s s♦♥ ❡st❛❝✐♦♥❛r✐♦s✱ ♣❛r❛ ❝❛❞❛
❡❥❡❝✉❝✐ó♥ ❞❡ r❡❣r❡s✐ó♥ ❡♥ ❡❧ ♣❛s♦ ✉♥♦✳ ❙✐ ❧♦s r❡s✐❞✉♦s s♦♥ ❡st❛❝✐♦♥❛r✐♦s✱ ❧❛s s❡✲
r✐❡s ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s✳ ▲❛ ♣r❡s❡♥❝✐❛ ♦ ❧❛ ❛✉s❡♥❝✐❛ ❞❡ ✉♥❛ r❛í③ ✉♥✐t❛r✐❛ ❡♥ ❧♦s
r❡s✐❞✉♦s ♣✉❡❞❡♥ s❡r ♣r♦❜❛❞❛s ✉s❛♥❞♦ ❡❧ ❚❡st ❉✐❝❦❡② ❋✉❧❧❡r ❆✉♠❡♥t❛❞❛ ♦ ❡❧ ❚❡st
P❤✐❧❧✐♣s✲P❡rr♦♥✳

✸✳ ❊①✐st❡ ✉♥❛ ♣r✉❡❜❛ ♣❛rt✐❝✉❧❛r q✉❡ s❡ ❛♣❧✐❝❛ ❡♥ ❡❧ ♠♦❞❡❧♦ ❞❡♥♦♠✐♥❛❞❛ ✏Pr✉❡✲
❜❛ ❞❡ ❈❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r✱ q✉❡ ✐♥t❡♥t❛ ❞❡t❡r♠✐♥❛r s✐ ✉♥❛ ✈❛r✐❛❜❧❡✱ ♣♦r ❡❥❡♠✲
♣❧♦✱ ✏①✑ ♣r♦✈♦❝❛ ♦tr❛✱ ♣♦r ❡❥❡♠♣❧♦ ✏②✑❀ s❡ ❛♥❛❧✐③❛ ❝ó♠♦ ❣r❛♥ ♣❛rt❡ ❞❡ ❧❛ ❛❝t✉❛❧
✈❛r✐❛❜❧❡ ✏②✑✱ s❡ ♣✉❡❞❡ ❡①♣❧✐❝❛r ♣♦r ❧♦s ✈❛❧♦r❡s ♣❛s❛❞♦s ❞❡ ✏②✑✱ ❧✉❡❣♦ ❛ ✈❡r s✐ ❧❛
❛❞✐❝✐ó♥ ❞❡ ✈❛❧♦r❡s r❡③❛❣❛❞♦s ❞❡ ① ♣✉❡❞❡ ♠❡❥♦r❛r ❧❛ ❡①♣❧✐❝❛❝✐ó♥✳

✹✳ ❊♥ ❧❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♣r✉❡❜❛ ❞❡ ●r❛♥❣❡r✱ s❡ ❞❡❜❡
s✐❡♠♣r❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ✉♥❛ ✈❛r✐❛❜❧❡ ❝❛✉s❛ ♦tr❛ ✈❛r✐❛❜❧❡✱
♥♦ ✐♠♣❧✐❝❛ q✉❡ s❡❛ ❡❧ ❡❢❡❝t♦ ♦ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❡❧❧❛✳ ❈✐❡rt❛♠❡♥t❡✱ ❧❛ ❝❛✉s❛❧✐❞❛❞ ❞❡
●r❛♥❣❡r ♠✐❞❡ ♣r❡❝❡❞❡♥❝✐❛ ② ❝♦♥t❡♥✐❞♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ② ♥♦ ❧❛ ❝❛✉s❛❧✐❞❛❞ ❡♥
❡❧ ✉s♦ ❝♦♠ú♥ ❞❡❧ tér♠✐♥♦✳

✺✳ ❙❡ ❡✈❛❧ú❛ s✐ ❧♦s ♠♦✈✐♠✐❡♥t♦s ❡♥ ✉♥❛ ✈❛r✐❛❜❧❡ ♣r❡❝❡❞❡♥ s✐st❡♠át✐❝❛♠❡♥t❡
♠♦✈✐♠✐❡♥t♦s ❡♥ ♦tr❛ ✈❛r✐❛❜❧❡ ❡ ✐♥❞✐❝❛ s✐ ✐♥❝❧✉②❡♥❞♦ ❧♦s ✈❛❧♦r❡s ♣❛s❛❞♦s ❞❡ ✉♥❛
✈❛r✐❛❜❧❡ ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣✉❡❞❡ ♠❡❥♦r❛r ❧❛ ♣r❡✈✐s✐ó♥ ❞❡ ♦tr❛
✈❛r✐❛❜❧❡✳

✻✳ ▲❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r ❡✈❛❧ú❛ ❧❛ ❝❛♣❛❝✐❞❛❞ ❞❡ ♣r❡❞✐❝❝✐ó♥ ❞❡
❧♦s ♠♦❞❡❧♦s ❞❡ s❡r✐❡s ❞❡ t✐❡♠♣♦✱ ❧♦ q✉❡ s✐❣♥✐✜❝❛ q✉❡ ♣♦♥❡ ❛ ♣r✉❡❜❛ s✐ ❧❛ ✐♥❝❧✉s✐ó♥
❞❡ ❧♦s ✈❛❧♦r❡s ♣❛s❛❞♦s ❞❡ ✉♥❛ ✈❛r✐❛❜❧❡ ❡♥ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣✉❡❞❡
♠❡❥♦r❛r ❧❛ ♣r❡✈✐s✐ó♥ ❞❡ ♦tr❛ ✈❛r✐❛❜❧❡✳

❊♥ ❡❧ ❝❛s♦ ❞❡❧ ♠♦❞❡❧♦ ❞❡ ❏♦❤❛♥s❡♥✱ ♣r♦♣♦r❝✐♦♥❛♥ ❧♦s ✈❛❧♦r❡s ❝rít✐❝♦s✱ q✉❡
s♦♥ ❣❡♥❡r❛❞♦s ❡♠♣❧❡❛♥❞♦ ❡st✉❞✐♦s ❞❡ s✐♠✉❧❛❝✐ó♥✳ ✭❏♦❤❛♥s❡♥ ✭✶✾✽✽✮ ② ❏♦❤❛♥s❡♥
② ❏✉s❡❧✐✉s ✭✶✾✾✵✮✮✳ ❉❡♥tr♦ ❞❡ ❧♦s ❛s♣❡❝t♦s ♠ás r❡❧❡✈❛♥t❡s ❞❡❧ ♠♦❞❡❧♦ q✉❡ ❡①♣♦♥❡♥
❧♦s ❛✉t♦r❡s✱ s❡ ❞❡st❛❝❛♥✿

✶✳ ▲❛ ♣r✉❡❜❛ ❞❡ ❏♦❤❛♥s❡♥ ♣❛r❛ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡s ✉♥ ♠ét♦❞♦ ❞❡ ♠á①✐♠❛ ✈❡✲
r♦s✐♠✐❧✐t✉❞✱ q✉❡ ❛s✉♠❡ q✉❡ ❡❧ s✐st❡♠❛ ❝♦✐♥t❡❣r❛❞♦ ♣✉❡❞❡ s❡r ♠♦❞❡❧❛❞♦ ❝♦♠♦ ✉♥
▼♦❞❡❧♦ ❞❡ ❱❡❝t♦r❡s ❆✉t♦rr❡❣r❡s✐✈♦s ❞❡ ♦r❞❡♥ ✏♣✑ ❝♦♥ ❡rr♦r❡s ❞❡ ●❛✉ss✳

✷✳ ❊❧ ♣r♦♣ós✐t♦ ❞❡ ❧❛ ♣r✉❡❜❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡s ❞❡t❡r♠✐♥❛r s✐ ✉♥ ❣r✉♣♦
❞❡ s❡r✐❡s ♥♦ ❡st❛❝✐♦♥❛r✐❛s ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s❀ s✐❣♥✐✜❝❛ q✉❡ ❞♦s ♦ ♠ás s❡r✐❡s ♥♦
❡st❛❝✐♦♥❛r✐❛s✱ ❝♦♠♣❛rt❡♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ❡st♦❝ást✐❝❛ ❝♦♠ú♥ ❡♥ ❡❧ t✐❡♠♣♦ ② q✉❡
❡①✐st❡ ✉♥❛ ❝♦♠❜✐♥❛❝✐ó♥ ❧✐♥❡❛❧ ❡st❛❝✐♦♥❛r✐❛ ❞❡ ❡❧❧❛s✳

❊❧ ❡st✉❞✐♦ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ❞❡❧ ♠❡r❝❛❞♦ ✜♥❛♥❝✐❡r♦✱ r❡♣r❡s❡♥t❛ ✉♥ ♥♦t❛❜❧❡
❝❛♠♣♦ ❞❡ ❧❛ ✐♥✈❡st✐❣❛❝✐ó♥ ❡♥ ❡❝♦♥♦♠í❛ ✜♥❛♥❝✐❡r❛✳ ❈♦♥ ❡❧ t✐❡♠♣♦✱ ✈❛r✐❛s ♠❡t♦❞♦✲
❧♦❣í❛s ❡❝♦♥♦♠étr✐❝❛s ❤❛♥ s✉r❣✐❞♦ ♣❛r❛ ❡✈❛❧✉❛r ❡❧ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱
❡♥ ♣❛rt✐❝✉❧❛r✱ ♠❡❞✐❛♥t❡ ♣r✉❡❜❛s ❞❡ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❧♦s ✈í♥❝✉❧♦s ✐♥t❡r♥❛❝✐♦♥❛❧❡s
❡♥tr❡ ❧♦s ♠❡r❝❛❞♦s✳ ❊❧ ♠♦❞❡❧♦ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✱ s❡rá ❡❧ q✉❡ s❡ ❞❡s❛rr♦❧❧❡ ❡♥ ❡s✲
t❛ ✐♥✈❡st✐❣❛❝✐ó♥✱ ❞❛❞♦ q✉❡ s❡ ❝✉❡♥t❛♥ ❝♦♥ ❞❛t♦s ❡st❛❞íst✐❝♦s q✉❡ ♣♦s✐❜✐❧✐t❛♥ ❧❛
❝♦♥str✉❝❝✐ó♥ ❞❡ s❡r✐❡s ❞❡ t✐❡♠♣♦ ❛ ❧❛s ❝✉❛❧❡s s❡ ❧❡s ♣✉❡❞❡ ❛♣❧✐❝❛r ❧❛s ❞✐❢❡r❡♥t❡s
♣r✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ♠❡♥❝✐♦♥❛❞❛s✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ❞❡s❝r✐❜✐rá ❝♦♥ ♠ás
❞❡t❛❧❧❡ ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❛ ✉t✐❧✐③❛❞❛✳

✶✷



✸✳ ▼❡t♦❞♦❧♦❣í❛ ❞❡ ❧♦s ♠♦❞❡❧♦s

❞❡ ❈♦✐♥t❡❣r❛❝✐ó♥

❙❡❣✉✐❞❛♠❡♥t❡ s❡ ❞❡s❝r✐❜✐rá ❝♦♥ ❞❡t❛❧❧❡ ❡❧ ♠♦❞❡❧♦ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✱ ✉t✐❧✐③❛❞♦
❡♥ ❡st❛ ✐♥✈❡st✐❣❛❝✐ó♥ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱
❛♣❧✐❝❛❞♦ ❛ ❧❛s s❡r✐❡s ❞❡ t✐❡♠♣♦ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡ ❛❝t✐✈♦s ✜♥❛♥❝✐❡r♦s ❞❡ ❧♦s
♠❡r❝❛❞♦s ❞❡ ◆❨❙❊ ② ▲❙❊ ❞❡ ✶✾✵✻ ❛ ✶✾✷✺✳

✸✳✶✳ ▼♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ② ●r❛♥❣❡r

❙✐ ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s ❧❛s ✈❛r✐❛❜❧❡s ❡♥ ❝✉❡st✐ó♥✱ ❧❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡
●r❛♥❣❡r s❡ t❡st❡❛ ✉t✐❧✐③❛♥❞♦ ✉♥ ♠♦❞❡❧♦ ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❡rr♦r❡s✱ q✉❡ s❡ ❞❡✜♥❡
❞❡ ❧❛ s✐❣✉✐❡♥t❡ ♠❛♥❡r❛✿

△yt = γ0 +
∑r

i=1 ψiθit−1 +
∑m

i=1 γi△yt−1✰εt ✭✶✮

❉♦♥❞❡ θ ❝♦♥t✐❡♥❡ ❧♦s r tér♠✐♥♦s ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❡rr♦r❡s ✐♥❞✐✈✐❞✉❛❧❡s✱ r s♦♥
✈❡❝t♦r❡s ❛ ❧❛r❣♦ ♣❧❛③♦ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥❝♦♥tr❛❞♦s ❛ tr❛✈és ❞❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦
❏♦❤❛♥s❡♥✱ ψ ② γ s♦♥ ♣❛rá♠❡tr♦s ❛ ❡st✐♠❛r✳

❙✐ ♥♦ ❡①✐st❡ ✉♥❛ r❡❧❛❝✐ó♥ ❝♦✐♥t❡❣r❛❞❛✱ ❧❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r s❡
❜❛s❛ ❡♥ ❧❛ s✐❣✉✐❡♥t❡ ♠♦❞❡❧♦ ❱❆❘✿

△yt = γ0 +
∑m

i=1 γi△yt−1✰εt ✭✷✮

▲❛s ✈❛r✐❛❜❧❡s s❡ ❝♦♥s✐❞❡r❛♥ ❡♥ ♣r✐♠❡r❛s ❞✐❢❡r❡♥❝✐❛s ❛ ✜♥ ❞❡ ❡✈✐t❛r q✉❡ ❡❧
❛♥á❧✐s✐s ❞❡ r❡❣r❡s✐ó♥ ❡♥ ❡❧ q✉❡ s❡ ❜❛s❛ ❧❛ ♣r✉❡❜❛ ❞❡ ●r❛♥❣❡r ❝♦♥❞✉③❝❛ ❛ r❡s✉❧t❛❞♦s
❢❛❧s♦s ♦ ❡s♣úr❡♦s✳

❙✐ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ γijl = 0 ✱ ❞♦♥❞❡ ✐ ❂ ✶✱✷✱ ✳✳✳✱ ♠❀ ✭ ♠ ✐♥❞✐❝❛ ❡❧ ♥ú♠❡r♦ ❞❡
✈❛r✐❛❜❧❡s ❛ ❝♦♥s✐❞❡r❛r ❡♥ ❡❧ ❱❆❘✮✱ ❡s r❡❝❤❛③❛❞❛✱ q✉✐❡r❡ ❞❡❝✐r q✉❡ ❧♦s ♣✲✈❛❧♦r❡s
❛s♦❝✐❛❞♦s ❛ ❧♦s ❋✲❡st❛❞íst✐❝❛s s♦♥ ♠ás ❜❛❥♦s q✉❡ ❧♦s ✈❛❧♦r❡s ❝rít✐❝♦s❀ ❧♦ ❛♥t❡r✐♦r
s✉♣♦♥❡ q✉❡ ❧❛ ✈❛r✐❛❜❧❡ ❥✲és✐♠♦ t✐❡♥❡ ✉♥ ❡❢❡❝t♦ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r s♦❜r❡ ❧❛
✈❛r✐❛❜❧❡ ❧✲és✐♠❛✱ ♦ ♠ás ❡s♣❡❝í✜❝❛♠❡♥t❡ q✉❡ ❧♦s ❝❛♠❜✐♦s ❛❝t✉❛❧❡s ❡♥ ❧❛ ✈❛r✐❛❜❧❡
❧✲és✐♠❛ ♣✉❡❞❡ ❡①♣❧✐❝❛rs❡ ♣♦r ❧♦s ❝❛♠❜✐♦s ♣❛s❛❞♦s ❡♥ ❧❛ ❥✲és✐♠❛ ✈❛r✐❛❜❧❡✳

❊♥ ▼♦♥t❡r♦ ✭✷✵✶✸✮ s❡ ♠❡♥❝✐♦♥❛ ❡❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❛ s❡❣✉✐r ♣❛r❛ r❡❛❧✐③❛r ♣r✉❡✲
❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✿

✶✸



❛✮ ❙✐ ❧❛s s❡r✐❡s s♦♥ ❡st❛❝✐♦♥❛r✐❛s s❡ ❡st✐♠❛ ♣♦r ❧♦s ♣r♦❝❡❞✐♠✐❡♥t♦s ❤❛❜✐t✉❛❧❡s
✭▼❈❖ ♦ ●▲▼✮

❜✮ ❙✐ ❧❛s s❡r✐❡s s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐❛s ❞❡ ♦r❞❡♥ ❞✐st✐♥t♦✱ ❢♦r♠❛❧♠❡♥t❡ s❡ ❞✐❝❡ q✉❡
❧❛ s❡r✐❡ t❡♠♣♦r❛❧ Y t t✐❡♥❡ r❛í③ ❞❡ ♦r❞❡♥ ❞ (Yt ∼ I(d)) ❝✉❛♥❞♦ Yt s❡ tr❛♥s❢♦r♠❛ ❡♥
✉♥❛ s❡r✐❡ ❡st❛❝✐♦♥❛r✐❛ ❛❧ s❡r ❞✐❢❡r❡♥❝✐❛❞❛ ❞ ✈❡❝❡s✳ ❊s ❞❡❝✐r✱ s✐ ♥♦ ❡①✐st❡ r❡❧❛❝✐ó♥
❡♥tr❡ ❡❧ ✐♥❝r❡♠❡♥t♦ ❞❡ ❝❛❞❛ ✈❛❧♦r ② ❡❧ ✐♥♠❡❞✐❛t♦ ❛♥t❡r✐♦r ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛r✐❛
✭■✭✵✮✮✱ s✐ ❡①✐st❡ ❞✐❝❤❛ r❡❧❛❝✐ó♥ ② ❡st❛ ❡s ♣r♦♣♦r❝✐♦♥❛❧ ❛ ❧♦ ❧❛r❣♦ ❞❡ ❧❛ s❡r✐❡ s❡ ❞✐❝❡
q✉❡ ❧❛ s❡r✐❡ t✐❡♥❡ r❛í③ ✉♥✐t❛r✐❛ ✭■✭✶✮✮✳ ❙✐ ❧❛ r❡❧❛❝✐ó♥ ♥♦ ❡s ❝♦♥st❛♥t❡ ❛ ❧♦ ❧❛r❣♦
❞❡ ❧❛ s❡r✐❡ ❧❛ r❛í③ s❡rá ❞❡ ♦r❞❡♥ ✷✱ ✸ ♦ ♠ás✳ ❙✐ ❧❛s s❡r✐❡s s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐❛s ❞❡
♦r❞❡♥ ❞✐st✐♥t♦ ❡♥tr❡ sí✱ ♥♦ ♣✉❡❞❡ ❡st✐♠❛rs❡ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❛♠❜❛s✳

❝✮ ❙✐ ❧❛s s❡r✐❡s s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐❛s ❞❡❧ ♠✐s♠♦ ♦r❞❡♥ ♣❡r♦ ♥♦ ❡stá♥ ❝♦✐♥t❡❣r❛✲
❞❛s✿ ♥♦ ♣✉❡❞❡ ❡st✐♠❛rs❡ ❧❛ r❡❧❛❝✐ó♥ ❡♥tr❡ ❛♠❜❛s ♣♦rq✉❡ ❧❛ r❡❣r❡s✐ó♥ ❡s ❡s♣✉r✐❛✱
s❡ ♣✉❡❞❡ ✐♥t❡♥t❛r tr❛♥s❢♦r♠❛r ❧❛s s❡r✐❡s ✭♠❡❞✐❛♥t❡ ❛❧❣✉♥❛ ♦♣❡r❛❝✐ó♥✱ ❧♦❣❛r✐t♠♦s
♦ ❞✐❢❡r❡♥❝✐❛s ♦ r❛t✐♦s ❝♦♥ ♦tr❛s ✈❛r✐❛❜❧❡s✮ ♦ ❤❛❝❡r ✉♥❛ r❡❣r❡s✐ó♥ ♣♦r ♣r✐♠❡r❛s
❞✐❢❡r❡♥❝✐❛s ✭❡❧ r❡s✉❧t❛❞♦ ♥♦s ✐♥❞✐❝❛rá s✐ ❧❛ ❝♦rr❡❧❛❝✐ó♥ ❡①✐st❡ ♦ ♥♦✮✳

❞✮ ❙✐ ❧❛s s❡r✐❡s s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐❛s ♣❡r♦ ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s ❙❡ ♣✉❡❞❡ ♣❛s❛r
❧❛ r❡❣r❡s✐ó♥ ❤❛❜✐t✉❛❧ ✭▼❈❖ ●▲▼✮ ♣❛r❛ ❡st✐♠❛r ❧♦s ❡❢❡❝t♦s ❛ ❧❛r❣♦ ♣❧❛③♦ ② ❡❧
♠♦❞❡❧♦ ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❡rr♦r❡s ♣❛r❛ ❡st✐♠❛r ❧♦s ❡❢❡❝t♦s ❛ ❝♦rt♦ ♣❧❛③♦✳

❊❧ ♠ét♦❞♦ ❞❡ ❊♥❣❧❡ ② ●r❛♥❣❡r t✐❡♥❡ tr❡s ❢❛s❡s✿
✶✮ ❊st✐♠❛❝✐ó♥ ❞❡ ❧❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞ ❞❡ ❧❛s s❡r✐❡s
✷✮ Pr✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥
✸✮ ▼ét♦❞♦ ❞❡ ❝♦rr❡❝❝✐ó♥ ❞❡ ❡rr♦r❡s✳

✸✳✷✳ ▼♦❞❡❧♦ ❞❡ ❏♦❤❛♥s❡♥

❊❧ ♠♦❞❡❧♦ ❞❡ ❏♦❤❛♥s❡♥ ❡s ✉♥❛ ✈❡rs✐ó♥ ❡s♣❡❝í✜❝❛ ❞❡ ✉♥ ♠♦❞❡❧♦ ❞❡ ❱❡❝t♦r❡s
❆✉t♦r❡❣r❡s✐✈♦s ✭❱❆❘✮ ❛ s❛❜❡r✿

✏❯♥ ❱❆❘ ❡s ✉♥ ♠♦❞❡❧♦ ❞❡ ❡❝✉❛❝✐♦♥❡s s✐♠✉❧tá♥❡❛s ❢♦r♠❛❞♦ ♣♦r ✉♥ s✐st❡♠❛

❞❡ ❡❝✉❛❝✐♦♥❡s ❞❡ ❢♦r♠❛ r❡❞✉❝✐❞❛ s✐♥ r❡str✐♥❣✐r✳ ◗✉❡ s❡❛♥ ❡❝✉❛❝✐♦♥❡s ❞❡ ❢♦r♠❛

r❡❞✉❝✐❞❛ q✉✐❡r❡ ❞❡❝✐r q✉❡ ❧♦s ✈❛❧♦r❡s ❝♦♥t❡♠♣♦rá♥❡♦s ❞❡ ❧❛s ✈❛r✐❛❜❧❡s ❞❡❧ ♠♦❞❡✲

❧♦ ♥♦ ❛♣❛r❡❝❡♥ ❝♦♠♦ ✈❛r✐❛❜❧❡s ❡①♣❧✐❝❛t✐✈❛s ❡♥ ♥✐♥❣✉♥❛ ❞❡ ❧❛s ❡❝✉❛❝✐♦♥❡s✳ P♦r

❡❧ ❝♦♥tr❛r✐♦✱ ❡❧ ❝♦♥❥✉♥t♦ ❞❡ ✈❛r✐❛❜❧❡s ❡①♣❧✐❝❛t✐✈❛s ❞❡ ❝❛❞❛ ❡❝✉❛❝✐ó♥ ❡stá ❝♦♥st✐✲

t✉✐❞♦ ♣♦r ✉♥ ❜❧♦q✉❡ ❞❡ r❡t❛r❞♦s ❞❡ ❝❛❞❛ ✉♥❛ ❞❡ ❧❛s ✈❛r✐❛❜❧❡s ❞❡❧ ♠♦❞❡❧♦✳ ◗✉❡

s❡❛♥ ❡❝✉❛❝✐♦♥❡s ♥♦ r❡str✐♥❣✐❞❛s s✐❣♥✐✜❝❛ q✉❡ ❛♣❛r❡❝❡ ❡♥ ❝❛❞❛ ✉♥❛ ❞❡ ❡❧❧❛s ❡❧

♠✐s♠♦ ❣r✉♣♦ ❞❡ ✈❛r✐❛❜❧❡s ❡①♣❧✐❝❛t✐✈❛s✳ P✉❡❞❡♥ ✐♥❝❧✉✐rs❡ t❛♠❜✐é♥ ❝♦♠♦ ✈❛r✐❛❜❧❡s

❡①♣❧✐❝❛t✐✈❛s ❛❧❣✉♥❛s ✈❛r✐❛❜❧❡s ❞❡ ♥❛t✉r❛❧❡③❛ ❞❡t❡r♠✐♥✐st❛✱ ❝♦♠♦ ✉♥❛ ♣♦s✐❜❧❡ t❡♥✲

❞❡♥❝✐❛ t❡♠♣♦r❛❧✱ ✈❛r✐❛❜❧❡s ✜❝t✐❝✐❛s ❡st❛❝✐♦♥❛❧❡s✱ ♦ ✉♥❛ ✈❛r✐❛❜❧❡ ✜❝t✐❝✐❛ ❞❡ t✐♣♦

✐♠♣✉❧s♦ ♦ ❡s❝❛❧ó♥✱ q✉❡ s✐r✈❡ ♣❛r❛ ❧❧❡✈❛r ❛ ❝❛❜♦ ✉♥ ❛♥á❧✐s✐s ❞❡ ✐♥t❡r✈❡♥❝✐ó♥ ❡♥ ❡❧

s✐st❡♠❛✳

P♦r ú❧t✐♠♦✱ ♣♦❞rí❛ ✐♥❝❧✉✐rs❡ ❝♦♠♦ ❡①♣❧✐❝❛t✐✈❛ ✉♥❛ ✈❛r✐❛❜❧❡✱ ✐♥❝❧✉s♦ ❡♥ ✈❛❧♦r

❝♦♥t❡♠♣♦rá♥❡♦✱ q✉❡ ♣✉❡❞❛ ❝♦♥s✐❞❡r❛rs❡ ❡①ó❣❡♥❛ r❡s♣❡❝t♦ ❛ ❧❛s ✈❛r✐❛❜❧❡s q✉❡ ✐♥✲

t❡❣r❛♥ ❡❧ ♠♦❞❡❧♦ ❱❆❘✳ ❙❡ ✉t✐❧✐③❛ ❝✉❛♥❞♦ q✉❡r❡♠♦s ❝❛r❛❝t❡r✐③❛r ❧❛s ✐♥t❡r❛❝❝✐♦♥❡s

s✐♠✉❧tá♥❡❛s ❡♥tr❡ ✉♥ ❣r✉♣♦ ❞❡ ✈❛r✐❛❜❧❡ ② ❝✉❛♥❞♦ ❡①✐st❡ ❡✈✐❞❡♥❝✐❛ ❞❡ s✐♠✉❧t❛♥❡✐✲

❞❛❞ ❡♥tr❡ ✉♥ ❣r✉♣♦ ❞❡ ✈❛r✐❛❜❧❡s ② q✉❡ s✉s r❡❧❛❝✐♦♥❡s s❡ tr❛♥s♠✐t❡♥ ❛ ❧♦ ❧❛r❣♦ ❞❡

✉♥ ❞❡t❡r♠✐♥❛❞♦ ♥ú♠❡r♦ ❞❡ ♣❡rí♦❞♦s✑✳ ◆♦✈❛❧❡s ✭✷✵✶✹✮

✶✹



❊♥ ❣❡♥❡r❛❧✱ ✉♥ ♠♦❞❡❧♦ ❱❆❘ s❡ ❡s♣❡❝✐✜❝❛✱

Yt=A0 +
∑n

s=1AsYt−s +GZt + ut

❞♦♥❞❡ Yt ❡s ✉♥ ✈❡❝t♦r ❝♦❧✉♠♥❛ kx1❀ n ❡s ❡❧ ♦r❞❡♥ ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✱ ♦ ♥ú♠❡r♦
❞❡ r❡t❛r❞♦s ❞❡ ❝❛❞❛ ✈❛r✐❛❜❧❡ ❡♥ ❝❛❞❛ ❡❝✉❛❝✐ó♥✱ ② ut ❡s ✉♥ ✈❡❝t♦r kx1 ❞❡ ✐♥♥♦✲
✈❛❝✐♦♥❡s✱ ❡s ❞❡❝✐r✱ ♣r♦❝❡s♦s s✐♥ ❛✉t♦❝♦rr❡❧❛❝✐ó♥✱ ❝♦♥ V ar(ut) =

∑
❀ ❝♦♥st❛♥t❡✳

❊❧ ❡❧❡♠❡♥t♦ (i; j) ❡♥ ❧❛ ♠❛tr✐③ As❀ 1 ≤1s ≤ n ♠✐❞❡ ❡❧ ❡❢❡❝t♦ ❞✐r❡❝t♦ ♦ ♣❛r❝✐❛❧ ❞❡
✉♥ ❝❛♠❜✐♦ ✉♥✐t❛r✐♦ ❡♥ Yj❡♥ ❡❧ ✐♥st❛♥t❡ t s♦❜r❡ Yi ❛❧ ❝❛❜♦ ❞❡ s ♣❡rí♦❞♦s✱ Yi;t+s✳
▲❛ ❝♦❧✉♠♥❛ j❞❡ ❧❛ ♠❛tr✐③ As ♠✐❞❡ ❡❧ ❡❢❡❝t♦ q✉❡ ✉♥ ❝❛♠❜✐♦ ✉♥✐t❛r✐♦ ❡♥ Yj ❡♥ ❡❧
✐♥st❛♥t❡ t t✐❡♥❡ s♦❜r❡ ❡❧ ✈❡❝t♦r Yt+s✿❊❧ ❡❧❡♠❡♥t♦ ✐✲és✐♠♦ ❡♥ ut ❡s ❡❧ ❝♦♠♣♦♥❡♥t❡
❞❡ Yitq✉❡ ♥♦ ♣✉❡❞❡ s❡r ♣r❡✈✐st♦ ✉t✐❧✐③❛♥❞♦ ❡❧ ♣❛s❛❞♦ ❞❡ ❧❛s ✈❛r✐❛❜❧❡s q✉❡ ✐♥t❡❣r❛♥
❡❧ ✈❡❝t♦r Yt✿

❊♥ ❡❧ ♠♦❞❡❧♦ ❞❡ ❏♦❤❛♥s❡♥ ♣r♦♣✐❛♠❡♥t❡ ❝♦♥s✐❞❡r❛ ✉♥ ❱❆❘ ❞❡ ♦r❞❡♥ ♣✿

Yt = A1Yt−1 + ...+ ApYt−p +Bxt + εt ✭✶✮

❉♦♥❞❡✿
Yt❡s ✉♥ ✈❡❝t♦r ❞❡ Kx1 ❞❡ ✈❛r✐❛❜❧❡s q✉❡ ❡stá♥ ✐♥t❡❣r❛❞♦s ❞❡ ♦r❞❡♥ ✉♥♦✱ ❝♦✲

♠ú♥♠❡♥t❡ ❞❡♥♦t❛❞♦ I(1✮✳
Xt❡s ✉♥ ❞✲✈❡❝t♦r ❞❡ ✈❛r✐❛❜❧❡s ❞❡t❡r♠✐♥✐st❛s✳
εt ❡s ✉♥ ✈❡❝t♦r ❞❡ Kx1❞❡ ✐♥♥♦✈❛❝✐♦♥❡s✳
❱❆❘ s❡ ♣✉❡❞❡ r❡❡s❝r✐❜✐r ❝♦♠♦✿

△Yt = ΠYt−1 +
∑p−1

i=1 Γi△Yt−i +Bxt + εt ✭✷✮

❉ó♥❞❡✿
Π =

∑p

t=1At−I

Γ =
∑p

j=i+1Aj

❙✐ ❧❛ ♠❛tr✐③ ❞❡ ❝♦❡✜❝✐❡♥t❡s
∏

❤❛ r❡❞✉❝✐❞♦ r❛♥❣♦ Γ< k✱ ❡♥t♦♥❝❡s ❡①✐st❡♥
♠❛tr✐❝❡s KxR ② α ② β ❝❛❞❛ ✉♥❛ ❝♦♥ ✉♥ r❛♥❣♦ Γ✱ t❛❧ q✉❡

∏
= αβ ② β′Yt ❡s

❡st❛❝✐♦♥❛r✐❛✱ Γ ❡s ❡❧ ♥ú♠❡r♦ ❞❡ r❡❧❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ② ❝❛❞❛ ❝♦❧✉♠♥❛ ❞❡
β ❡s ❡❧ ✈❡❝t♦r ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✳

❊❧ ♠ét♦❞♦ ❞❡ ❏♦❤❛♥s❡♥ ❝♦♥s✐st❡ ❡♥ ❡st✐♠❛r ❧❛
∏

♠❛tr✐③ ❛ ♣❛rt✐r ❞❡ ✉♥ ❱❆❘
s✐♥ r❡str✐❝❝✐♦♥❡s ② ♣r♦❜❛r s✐ ❡s ♣♦s✐❜❧❡ r❡❝❤❛③❛r ❧❛s r❡str✐❝❝✐♦♥❡s ✐♠♣❧í❝✐t❛s ❡♥ ❡❧
r❛♥❣♦ r❡❞✉❝✐❞♦ ❞❡

∏
✳

❊❧ t❡st ❡st❛❞íst✐❝♦ ♣♦♥❡ ❛ ♣r✉❡❜❛ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ❧❛s
r❡❧❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ r ❝♦♥tr❛ ❧❛ ❤✐♣ót❡s✐s ❛❧t❡r♥❛t✐✈❛ ❞❡ k r❡❧❛❝✐♦♥❡s ❞❡
❝♦✐♥t❡❣r❛❝✐ó♥✱ ❞♦♥❞❡ k ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ✈❛r✐❛❜❧❡s ❡♥❞ó❣❡♥❛s✱ ♣♦r r = 0, 1, ..., k−1.

▲❛ ❡st❛❞íst✐❝❛ ❞❡ s❡❣✉✐♠✐❡♥t♦ ♣❛r❛ ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ r r❡❧❛❝✐♦♥❡s ❞❡ ❝♦✐♥✲
t❡❣r❛❝✐ó♥ s❡ ❝❛❧❝✉❧❛✿

Jtrace = −T
∑k

i=r+t log(1− λi) ✭✸✮

❉♦♥❞❡ λi ❡s ❡❧ ✐✲❡s✐♠♦ ♠❛②♦r ✈❛❧♦r ♣r♦♣✐♦ ❞❡ ❧❛ ♠❛tr✐③
∏
✳

❊❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ♠á①✐♠❛ ✈❡r♦s✐♠✐❧✐t✉❞ ❏♦❤❛♥s❡♥ s❡ ❜❛s❛ ❡♥ ✉♥ ♣r♦❝❡s♦ ❞❡
◆ ■✭✶✮✱ ❧❛s ✈❛r✐❛❜❧❡s ❡♥ ✉♥ ✭♥①✶✮ ❳ ❝♦♠♦ ✉♥ ✈❡❝t♦r ❞❡ r❡❣r❡s✐ó♥ s✐♥ r❡str✐❝❝✐♦♥❡s✿

✶✺



Xt = A1Xt−1 + A2Xt−2 + ...+ ApXt−p + εt ✭✹✮

❉♦♥❞❡
t = 1, 2, ..., T.
♣ r❡♣r❡s❡♥t❛ ❡❧ ♥ú♠❡r♦ ❞❡ ❞❡s❢❛s❡s ❞❡ t✐❡♠♣♦ ② ǫt ❡s ✉♥ ✈❡❝t♦r ✐♥❞❡♣❡♥❞✐❡♥t❡

② ✐❞é♥t✐❝❛♠❡♥t❡ ❞✐str✐❜✉✐❞♦ ♥✲❞✐♠❡♥s✐♦♥❛❧ ✱ ❝♦♥ ♠❡❞✐❛ ❝❡r♦ ② ✈❛r✐❛♥③❛ ♠❛tr✐③✳
❆ ❡s ✉♥❛ (n× n) ♠❛tr✐③ ❞❡ ♣❛rá♠❡tr♦s✳
▲❛ ❡❝✉❛❝✐ó♥ ❛♥t❡r✐♦r ♣✉❡❞❡ ❡♥t♦♥❝❡s s❡r r❡✲❞✐s♣✉❡st❛ ❝♦♠♦ s✐❣✉❡✿

△Xt =
∑p−1

i−1 πi△Xt−i + πXt−p + εt ✭✺✮

❉♦♥❞❡
π = −(I −

∑p

i=1Ai)
②
πi = −(I −

∑i

j=1Aj)
❉♦♥❞❡ ■ ❡s ❧❛ ♠❛tr✐③ ✐❞❡♥t✐❞❛❞✳
❊❧ r❛♥❣♦ ❞❡ π ❡s ✐❣✉❛❧ ❛❧ ♥ú♠❡r♦ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ✐♥❞❡♣❡♥❞✐❡♥t❡ ❞❡ ✈❡❝t♦r❡s

(r) q✉❡ ❡①✐st❡♥ ❡♥tr❡ ❧❛s ✈❛r✐❛❜❧❡s ❡♥ X✳
❙❡ ♣✉❡❞❡ ♦❜t❡♥❡r ♣♦r ♠❡❞✐♦ ❞❡ ♣r✉❡❜❛s✱ ❡❧ ♥ú♠❡r♦ ❞❡ r❛í❝❡s ❝❛r❛❝t❡ríst✐❝❛s

❞❡ π q✉❡ s♦♥ s✐❣♥✐✜❝❛t✐✈❛♠❡♥t❡ ❞✐❢❡r❡♥t❡s ❞❡ ✶✱ s❡ ❞❡♠✉❡str❛ q✉❡ ❡st♦ ♣✉❡❞❡
❧❧❡✈❛rs❡ ❛ ❝❛❜♦ ✉t✐❧✐③❛♥❞♦ ❞♦s ♣r✉❡❜❛s ❡st❛❞íst✐❝❛s✿

λtrace(r) = −T
∑k

i=r+t ln(1− λi) ✭✻✮

λmax(r, r + 1) = −T ln(1− λr+1) ✭✼✮

❉♦♥❞❡ λi s♦♥ ✈❛❧♦r❡s ♣r♦♣✐♦s ② T ❡s ❡❧ ♥ú♠❡r♦ ❞❡ ♦❜s❡r✈❛❝✐♦♥❡s út✐❧❡s✳

✶✻



✹✳ ❆♥á❧✐s✐s ❞❡ ❧♦s ❞❛t♦s ❞❡❧

❡st✉❞✐♦✳

❊♥ ❡st❛ ✐♥✈❡st✐❣❛❝✐ó♥ s❡ ❝✉❡♥t❛ ❝♦♥ ✉♥❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❡❧❛❜♦r❛❞❛ ❛ r❛í③
❞❡ ❧❛ r❡❝♦♣✐❧❛❝✐ó♥ ❞❡ r❡❣✐str♦s ❞❡ ❞✐❢❡r❡♥t❡s ❢✉❡♥t❡s ❞❡ ✐♥❢♦r♠❛❝✐ó♥✱ ❝♦♠♦ ❧♦
s♦♥ ♣á❣✐♥❛s ❞❡ ■♥t❡r♥❡t ❞❡ s✐t✐♦s ♦✜❝✐❛❧❡s ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ❧✐❜r♦s✱ ❡♥tr❡ ♦tr♦s❀
❞♦♥❞❡ s❡ ♣r❡s❡♥t❛❜❛♥ ❧❛s ❝♦t✐③❛❝✐♦♥❡s ❞❡ ❧❛s ❛❝❝✐♦♥❡s ✭♣r❡❝✐♦s✮ ❞❡ ❧❛s ❞✐❢❡r❡♥t❡s
❡♠♣r❡s❛s q✉❡ ❝♦t✐③❛r♦♥ ❡♥ ❧❛ ❇♦❧s❛ ❞❡ ◆✉❡✈❛ ❨♦r❦ ② ▲♦♥❞r❡s ❡♥tr❡ ❧♦s ❛ñ♦s ✶✾✵✻
❛ ✶✾✷✺✳

▲❛s ❡st❛❞íst✐❝❛s ❞❡ ♣r❡❝✐♦s ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡ ❞✐❝❤❛s ❡♠♣r❡s❛s✱ t✐❡♥❡♥ ✉♥❛
♣❡r✐♦❞✐❝✐❞❛❞ ♠❡♥s✉❛❧✱ ❧❛s ❡♠♣r❡s❛s s❡ ♦r❣❛♥✐③❛♥ ♣♦r ♠❡r❝❛❞♦ ❞❡ ✈❛❧♦r❡s s❡❣ú♥
❧❛ ❛❝t✐✈✐❞❛❞ ❡❝♦♥ó♠✐❝❛ q✉❡ ❞❡s❛rr♦❧❧❛♥✳ ❙❡ ♣r♦❝❡❞✐ó ❛ r❡❛❧✐③❛r ✉♥❛ ❞❡♣✉r❛❝✐ó♥
❞❡ ❧❛ ❜❛s❡ ❞❡ ❞❛t♦s✱ ❞♦♥❞❡ s❡ ✐❞❡♥t✐✜❝ó ② s❡❧❡❝❝✐♦♥ó ❛ ❛q✉❡❧❧❛s ❡♠♣r❡s❛s q✉❡
❝✉❡♥t❡♥ ❝♦♥ ❝♦t✐③❛❝✐♦♥❡s ❞❡ ❛❝❝✐♦♥❡s ❡♥ ♣❡r✐♦❞♦s ❧♦ ♠ás ❝♦♥t✐♥✉♦s ♣♦s✐❜❧❡ ❝♦♥ ❡❧
✜♥ ❞❡ ♦❜t❡♥❡r s❡r✐❡s ❞❡ t✐❡♠♣♦ ❧♦ ♠ás ❝♦♠♣❧❡t❛s✳ ❆❞✐❝✐♦♥❛❧♠❡♥t❡✱ s❡ r❡❛❧✐③ó ✉♥
❛♥á❧✐s✐s ♦r✐❡♥t❛❞♦ ❛ ❞❡t❡r♠✐♥❛r ❧❛s ✈❛r✐❛❝✐♦♥❡s ❞❡ ❧♦s ♣r❡❝✐♦s ❞❡ ❞✐❝❤❛s ❛❝❝✐♦♥❡s
❡♥tr❡ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♣❡r✐♦❞♦s ② s❡ ❝❛❧❝✉❧❛r♦♥ ❧♦s r❡♥❞✐♠✐❡♥t♦s ② r❡♥t❛❜✐❧✐❞❛❞❡s
❞❡ ❧❛s ❛❝❝✐♦♥❡s✱ ❝♦♥s✐❞❡r❛♥❞♦ ❧♦s ♣r♦♠❡❞✐♦s ♣♦r ♠❡r❝❛❞♦✳

P❛r❛ r❡❛❧✐③❛r ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧♦s ♠♦❞❡❧♦s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✱ s❡ r❡❛❧✐③ó ✉♥❛
❞✐✈✐s✐ó♥ ❞❡ ❧♦s ❞❛t♦s ❡♥ ❞♦s ♣❡r✐♦❞♦s✱ ❡❧ ♣r✐♠❡r♦ ♣r❡✈✐♦ ❛ ❧❛ Pr✐♠❡r❛ ●✉❡rr❛
▼✉♥❞✐❛❧ ✭P●▼✮✱ ✐♥✐❝✐❛♥❞♦ ❡♥ ♠❛②♦ ❞❡❧ ❛ñ♦ ✶✾✵✻ ② ✜♥❛❧✐③❛♥❞♦ ❡♥ ❥✉♥✐♦ ❞❡❧ ❛ñ♦
✶✾✶✹ ❝♦♥ ❡❧ ❝✐❡rr❡ ❞❡ ❧♦s ♠❡r❝❛❞♦s✳ ❊❧ s❡❣✉♥❞♦ s❡rá ♣♦st❡r✐♦r ❛ ❧❛ r❡❛♣❡rt✉r❛
❞❡ ❧♦s ♠❡r❝❛❞♦s ② ❞✉r❛♥t❡ ② ❞❡s♣✉és ❞❡ ❧❛ P●▼✱ ❡st♦ ❡s ❡♥tr❡ ❛❜r✐❧ ❞❡ ✶✾✶✺ ②
❞✐❝✐❡♠❜r❡ ❞❡ ✶✾✷✺✳ ❙❡ ❝♦♥str✉②❡r♦♥ ❞♦s s❡r✐❡s ❞❡ t✐❡♠♣♦✱ ❧❛ q✉❡ s❡ ♥♦♠❜r❛rá
✏♥②s❡✑✱ q✉❡ ❝♦rr❡s♣♦♥❞❡ ❛ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ◆❨❙❊ ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s
s✉❜♣❡r✐♦❞♦s ❣❡♥❡r❛❞♦s❀ ❧❛ s❡❣✉♥❞❛ s❡r✐❡ ❞❡ t✐❡♠♣♦ ❧❧❛♠❛❞❛ ✏❧s❡✑✱ ❝♦♥t✐❡♥❡ ❧♦s
r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊ ❞❡ ♠❛♥❡r❛ ❛♥á❧♦❣❛ ♣❛r❛ ❧♦s ❞♦s s✉❜♣❡r✐♦❞♦s ❡♥ ❝✉❡st✐ó♥✳

❊❧ ❛♥á❧✐s✐s ❞❡ ❧♦s ❞❛t♦s ✐♥✐❝✐❛ ❝♦♥ ❧❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❝❛❞❛ s❡r✐❡ ❞❡ t✐❡♠♣♦
❡♥ ❝❛❞❛ s✉❜♣❡r✐♦❞♦✱ ♣♦st❡r✐♦r♠❡♥t❡ s❡ ❛♣❧✐❝ó ❧❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ❝♦♥✐t❡❣r❛❝✐ó♥
❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r✱ ❧✉❡❣♦ s❡ ❡✈❛❧✉ó ❡❧ t❡st ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❱❆❘ ② ❡❧ ❝❛s♦
❡s♣❡❝í✜❝♦ ❞❡ ❏♦❤❛♥s❡♥❀ ❛♠❜♦s ❝♦♥ ❧❛ ❛②✉❞❛ ❞❡❧ ♣r♦❣r❛♠❛ ❡❝♦♥♦♠étr✐❝♦ ❊✈✐❡✇s❀
❝♦♠♦ s✐❣✉✐❡♥t❡ ♣❛s♦ s❡ ❛♣❧✐❝ó ❡❧ t❡st ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r q✉❡ ♣♦s❡❡ ❡st❛
♠✐s♠❛ ❤❡rr❛♠✐❡♥t❛ ✱ t♦❞♦ ❝♦♥ ❡❧ ✜♥ ❞❡ ❞❡t❡r♠✐♥❛r s✐ ❡①✐st❡ ✐♥❢♦r♠❛❝✐ó♥ s✉✜❝✐❡♥t❡
♣❛r❛ ♣♦❞❡r ❞❡❝✐r q✉❡ ❧♦s ♠❡r❝❛❞♦s ◆❨❙❊ ② ▲❙❊ s❡ ❡♥❝✉❡♥tr❛♥ ✐♥t❡❣r❛❞♦s ❡♥ ❡❧
♣❡r✐♦❞♦ s❡❧❡❝❝✐♦♥❛❞♦✳

✶✼



❆s✐♠✐s♠♦ s❡ r❡❛❧✐③ó ✉♥ ❛♥á❧✐s✐s ♦r✐❡♥t❛❞♦ ❛ ✐❞❡♥t✐✜❝❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s
♠❡r❝❛❞♦s✱ ❛♣❧✐❝❛♥❞♦ ▼í♥✐♠♦s ❈✉❛❞r❛❞♦s ❖r❞✐♥❛r✐♦s✱ ❝♦♥tr❛st❛♥❞♦ ❝❛❞❛ s❡r✐❡ ❞❡
t✐❡♠♣♦ s♦❜r❡ sí ♠✐s♠❛ r❡③❛❣❛❞❛ ✉♥ ♣❡rí♦❞♦✳ P♦r ú❧t✐♠♦ ② ❝♦♥ ❡❧ ✜♥ ❞❡ ❝♦♥tr❛st❛r
❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❧♦s ♣❛s♦s ❛♥t❡r✐♦r❡s✱ s❡ ❛♣❧✐❝❛r♦♥ ❧♦s ♠♦❞❡❧♦s ❞❡
❝♦✐♥t❡❣r❛❝✐ó♥ ❛ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés ❞❡ ❝❛❞❛ ♣❛ís ✭ ❧❛ ❚❛s❛ ❞❡❧ P❛♣❡❧ ❈♦♠❡r❝✐❛❧
♣❛r❛ ◆✉❡✈❛ ❨♦r❦ ✭❞❡✜♥✐❞❛ ❝♦♠♦ ✏t✐♥②✑✮ ② ♣❛r❛ ▲♦♥❞r❡s✱ ❧❛ ❚❛s❛ ❞❡ ❉❡s❝✉❡♥t♦
❞❡❧ ▼❡r❝❛❞♦ ❆❜✐❡rt♦ ✭❞❡✜♥✐❞❛ ❝♦♠♦ ✏t✐❧✑✮✮ ❡♥ ❧♦s ♣❡r✐♦❞♦s ❡♥ ❝✉❡st✐ó♥✱ ✭❞✐❝❤❛s
t❛s❛s ♣♦s❡❡♥ ✉♥❛ ♣❡r✐♦❞✐❝✐❞❛❞ ♠❡♥s✉❛❧ ② ❢✉❡r♦♥ ♦❜t❡♥✐❞❛s ❞❡❧ s✐t✐♦ ✇❡❜ ♦✜❝✐❛❧
❞❡❧ ❇❛♥❝♦ ❞❡ ▲❛♥❞r❡s ② ❞❡ ❧❛ ❘❡s❡r✈❛ ❋❡❞❡r❛❧ ❞❡ ❊st❛❞♦s ❯♥✐❞♦s✮✳ ❊❧ ♦❜❥❡t✐✈♦
❞❡❧ ❛♥á❧✐s✐s ❡s ✐❞❡♥t✐✜❝❛r s✐ ❡①✐st❡ ✐♥❢♦r♠❛❝✐ó♥ s✉✜❝✐❡♥t❡ ♣❛r❛ ✐♥❢❡r✐r ✐♥t❡❣r❛❝✐ó♥
✜♥❛♥❝✐❡r❛ ❡♥tr❡ ◆❨❙❊ ② ▲❙❊✱ ❡①♣❧✐❝❛❞❛ ♣♦r ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❞✐❝❤❛s t❛s❛s
❞❡ ✐♥t❡rés✳

✹✳✶✳ Pr✐♠❡r ♣❡rí♦❞♦ ✭♠❛②♦ ❞❡ ✶✾✵✻ ❛ ❥✉♥✐♦ ❞❡ ✶✾✶✹✮✿
Pr❡✈✐♦ ❛❧ ❝✐❡rr❡ ❞❡ ❧♦s ♠❡r❝❛❞♦s✳

❙❡❣✉✐❞❛♠❡♥t❡ s❡ ❛♥❛❧✐③❛r❛ ❡❧ ♣❡r✐♦❞♦ ♣r❡✈✐♦ ❛ ❧❛ P●▼✱ ✐♥✐❝✐❛♥❞♦ ❝♦♥ ❡❧ ▲❙❊
② ♣♦st❡r✐♦r♠❡♥t❡ ❡❧ ◆❨❙❊✳

✹✳ ✶✳ ✶✳ ▲❖◆❉❖◆ ❙❚❖❈❑ ❊❳❈❍❆◆●❊ ✭▲❙❊✮

❊♥ ❡st❛ s✉❜s❡❝❝✐ó♥✱ s❡ ✈❡rá ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❧❛s
❛❝❝✐♦♥❡s ❞❡❧ ▲❙❊✳

●rá✜❝♦ ✶✳ ❍✐st♦❣r❛♠❛ ❞❡ ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ❤✐st♦❣r❛♠❛ ♠✉❡str❛ ✉♥❛ ♠❡❞✐❛ ❝❡r❝❛♥❛ ❛ ❝❡r♦✱ ❝♦♥ ✉♥ ❡st❛❞íst✐❝♦ ❞❡
❏❛rq✉❡✲❇❡r❛ q✉❡ ❤❛❝❡ ♣❡♥s❛r q✉❡ ❧♦s ❞❛t♦s ❛♥❛❧✐③❛❞♦s ♣♦❞rí❛♥ t❡♥❡r ✉♥ ❝♦♠✲
♣♦rt❛♠✐❡♥t♦ s✐♠✐❧❛r ❛ ✉♥❛ ❞✐str✐❜✉❝✐ó♥ ♥♦r♠❛❧✱ s✐t✉❛❝✐ó♥ q✉❡ ♣✉❡❞❡ s❡r r❡❢♦r③❛❞❛
❝♦♥ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ q✉❡ s❡ ♣r❡s❡♥t❛ ❡♥ ❡❧ s✐❣✉✐❡♥t❡ ❣rá✜❝♦✱ ❞♦♥❞❡ s❡ ❛♣r❡✲
❝✐❛ ✉♥❛ s✐t✉❛❝✐ó♥ ❞❡ ❡✈♦❧✉❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s s✐♥ ✉♥❛ t❡♥❞❡♥❝✐❛ ♠❛r❝❛❞❛✱ ♣✉❡s s❡
♠✉❡✈❡ ❡♥ t♦r♥♦ ❛ s✉ ♠❡❞✐❛✳

✶✽



●rá✜❝♦ ✷✳ ❈♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊♥ ❡❧ ❣rá✜❝♦ ❛♥t❡r✐♦r✱ s❡ ♦❜s❡r✈❛♥ tr❡s ❝❛í❞❛s ✐♠♣♦rt❛♥t❡s✱ ❧❛ ❞❡❧ ✶✾✵✼✱ ♣r♦✲
❜❛❜❧❡♠❡♥t❡ ♣♦r ❡❧ ♣á♥✐❝♦ q✉❡ ✐♥✐❝✐❛ ❡♥ ◆✉❡✈❛ ❨♦r❦ ② s❡ tr❛s❧❛❞❛ ❛ ▲♦♥❞r❡s✱
❧❛s ♦tr❛s ❞♦s s✉❝❡❞❡♥ ❡♥ ✶✾✶✷✱ ♣r❡s✉♠✐❜❧❡ ♠❡♥t❡ ♣r♦✈♦❝❛❞❛ ♣♦r ❡❧ ✏❍♦♠❡ ❘✉❧❡
❈r✐s✐s✑✱ ❝♦♥s❡❝✉❡♥❝✐❛ ❞❡ ❧❛ ❛♣r♦❜❛❝✐ó♥ ❞❡ ❧❛ ✏❚❤✐r❞ ❍♦♠❡ ❘✉❧❡ ❇✐❧❧✑ q✉❡ ❜✉s❝❛❜❛
♠ás ❛✉t♦♥♦♠í❛ ♣❛r❛ ■r❧❛♥❞❛ r❡s♣❡❝t♦ ❛❧ ❘❡✐♥♦ ❯♥✐❞♦ ② ❝♦♠♦ ❝♦♥s❡❝✉❡♥❝✐❛ s❡
❣❡♥❡ró ✐♥❡st❛❜✐❧✐❞❛❞ ♣♦❧ít✐❝❛ ② ♠✐❧✐t❛r ❛ ♥✐✈❡❧ ✐♥t❡r♥♦✳

✹✳ ✶✳ ✷✳ ◆❊❲ ❨❖❘❑ ❙❚❖❈❑ ❊❳❈❍❆◆●❊ ✭◆❨❙❊✮

❊♥ ❡st❛ s✉❜s❡❝❝✐ó♥✱ s❡ ❛♥❛❧✐③❛rá ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡
❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ◆❨❙❊✳

●rá✜❝♦ ✸✳ ❍✐st♦❣r❛♠❛ ❞❡ ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ◆❨❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✶✾



❊❧ ❤✐st♦❣r❛♠❛ ♠✉❡str❛ ✉♥❛ ♠❡❞✐❛ ❝❡r❝❛♥❛ ❛ ❝❡r♦❀ s✐♥ ❡♠❜❛r❣♦✱ ❡st❛ s❡r✐❡
♥♦ s❡ ❝♦♠♣♦rt❛ ❝♦♠♦ ✉♥❛ ♥♦r♠❛❧✱ s✐t✉❛❝✐ó♥ q✉❡ s❡ ❛♣r❡❝✐❛ ❝♦♥ ♠ás ❞❡t❛❧❧❡
❡♥ ❡❧ s✐❣✉✐❡♥t❡ ❣rá✜❝♦✱ ❞♦♥❞❡ s❡ ❛♣r❡❝✐❛ s✉ ❝♦♠♣♦rt❛♠✐❡♥t♦ s✐♥ ✉♥❛ t❡♥❞❡♥❝✐❛
♠❛r❝❛❞❛✱ ♣✉❡s s❡ ♠✉❡✈❡ ❡♥ t♦r♥♦ ❛ s✉ ♠❡❞✐❛✳

●rá✜❝♦ ✹✳ ❈♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ◆❨❙❊ ✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙❡ ♦❜s❡r✈❛♥ ❞♦s ❝❛í❞❛s ✐♠♣♦rt❛♥t❡s✱ ❛♠❜❛s ❡♥ ✶✾✵✼✱ s✐♠✐❧❛r ❛ ❧♦ s✉❝❡❞✐❞♦ ❡♥
❡❧ ❛♥á❧✐s✐s ❛ ❧❛ s❡r✐❡ ❞❡ ▲♦♥❞r❡s❀ ❡♥ ◆✉❡✈❛ ❨♦r❦ s❡ ❣❡♥❡ró ✉♥ ♣á♥✐❝♦ ✜♥❛♥❝✐❡r♦
② ✉♥ ♠♦♠❡♥t♦ ❞❡ r❡❝❡s✐ó♥✱ ❣❡♥❡r❛♥❞♦ ✉♥❛ ❝♦rr✐❞❛ ❜❛♥❝❛r✐❛✱ ♣r♦✈♦❝❛♥❞♦ q✉❡
✈❛r✐❛s ✐♥st✐t✉❝✐♦♥❡s ❜❛♥❝❛r✐❛s ❝❛②❡r❛♥ ❡♥ ❜❛♥❝❛rr♦t❛✳

✹✳ ✷✳ ❙❡❣✉♥❞♦ ♣❡rí♦❞♦ ✭❛❜r✐❧ ❞❡ ✶✾✶✺ ❛ ❞✐❝✐❡♠❜r❡ ❞❡
✶✾✷✺✮✿ P♦st❡r✐♦r ❛ ❧❛ r❡❛♣❡rt✉r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s✳

❊st❛ s❡❝❝✐ó♥ s❡ r❡❢❡r✐rá ❛❧ ♣❡rí♦❞♦ ♣♦st❡r✐♦r ❛ ❧❛ r❡❛♣❡rt✉r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s✱
s❡ ♠❛♥t❡♥❞rá ✉♥❛ ❡str✉❝t✉r❛ s✐♠✐❧❛r ❛❧ ❛♥á❧✐s✐s r❡❛❧✐③❛❞♦ ❡♥ ❧❛ s❡❝❝✐ó♥ ❛♥t❡r✐♦r✳

✹✳ ✷✳ ✶✳ ▲❖◆❉❖◆ ❙❚❖❈❑ ❊❳❈❍❆◆●❊

❊♥ ❡st❛ s✉❜s❡❝❝✐ó♥✱ s❡ ✈❡rá ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❧❛s
❛❝❝✐♦♥❡s ❞❡❧ ▲❙❊ ♣♦st❡r✐♦r ❛ ❧❛ P●▼✱ ✐♥✐❝✐❛♥❞♦ ❝♦♥ ❧❛ ❞❡s❝r✐♣❝✐ó♥ ❞❡ ❧♦s ❞❛t♦s
♠❡❞✐❛♥t❡ ❡❧ s✐❣✉✐❡♥t❡ ❤✐st♦❣r❛♠❛✳

✷✵



●rá✜❝♦ ✺✳ ❍✐st♦❣r❛♠❛ ❞❡ ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊ ✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ❤✐st♦❣r❛♠❛ ♠✉❡str❛ ✉♥❛ ♠❡❞✐❛ ❝❡r❝❛♥❛ ❛ ❝❡r♦❀ s✐♥ ❡♠❜❛r❣♦✱ ❡st❛ s❡r✐❡
♥♦ s❡ ❝♦♠♣♦rt❛ ❝♦♠♦ ✉♥❛ ♥♦r♠❛❧✱ ❛ ❞✐❢❡r❡♥❝✐❛ ❞❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❞♦♥❞❡ sí s❡
❝♦♠♣♦rt❛❜❛ ❝♦♠♦ ✉♥❛ s❡r✐❡ ♥♦r♠❛❧❀ ❛❞❡♠ás✱ ♣r❡s❡♥t❛ ✉♥❛ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r
♠❛②♦r✱ ❡st♦ s❡ tr❛❞✉❝❡ ❝♦♠♦ ✉♥ ❛✉♠❡♥t♦ ❡♥ ❡❧ r✐❡s❣♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ♠❡r❝❛❞♦✳

▲❛ ❛s✐♠❡trí❛ s✉❢r❡ ✉♥ ❝❛♠❜✐♦✱ ♣❛s❛ ❞❡ s❡r ♣♦s✐t✐✈❛ ❛ s❡r ♥❡❣❛t✐✈❛✱ ❡st♦ s✐❣✲
♥✐✜❝❛ q✉❡ ❡❧ ♠❡r❝❛❞♦ t✐❡♥❡ r❡❧❛t✐✈❛♠❡♥t❡ ♠ás r❡♥❞✐♠✐❡♥t♦s ♣♦s✐t✐✈♦s q✉❡ ❡♥ ❡❧
♣r✐♠❡r ♣❡rí♦❞♦❀ ❡st♦ s❡ r❡✢❡❥❛ ❡♥ ✉♥❛ ♠❡❞✐❛ q✉❡ tr✐♣❧✐❝❛ ❧❛ ❛♥t❡r✐♦r✳ ❙✐♥ ❡♠✲
❜❛r❣♦✱ ❝♦♠♦ s❡ ✈❡rá ❡♥ ❡❧ s✐❣✉✐❡♥t❡ ❣rá✜❝♦✱ ❡♥ ❡st❡ ♣❡rí♦❞♦✱ ❡❧ ♠❡r❝❛❞♦ t✉✈♦ s✉
♠❛②♦r ❝❛í❞❛ ♣♦st❡r✐♦r ❛ ✶✾✷✵✳

●rá✜❝♦ ✻✳ ❈♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊ ✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❉❡❧ ❣rá✜❝♦ ❛♥t❡r✐♦r✱ ❧❧❛♠❛ ❧❛ ❛t❡♥❝✐ó♥ ❡❧ ❞❛t♦ ❞❡❧ ❛ñ♦ ✶✾✷✶✱ ❡♥ ❡st❡ ❛ñ♦ ❡♥tró
❡♥ ✈✐❣♦r ❧❛ ✏❍♦♠❡ ❘✉❧❡✑✱ ❛♣r♦❜❛❞❛ ❡♥ ✶✾✶✷✱ s✉ t❛r❞í❛ ♣✉❡st❛ ❡♥ ✈✐❣❡♥❝✐❛ ♣✉❞♦
r❡tr❛s❛rs❡ ♣♦r ❡❧ ✐♥✐❝✐♦ ❞❡ ❧❛ Pr✐♠❡r❛ ●✉❡rr❛ ▼✉♥❞✐❛❧✳ ❆❞❡♠ás ❞❡ ❧❛ ❝❛í❞❛ ❡♥
✶✾✷✵ ❡♥ ◆✉❡✈❛ ❨♦r❦✱ q✉❡ ♣✉❞♦ r❡❢♦r③❛r ❡s❡ ❡❢❡❝t♦ ❡♥ ▲♦♥❞r❡s✳

✷✶



✹✳ ✷✳ ✷✳ ◆❊❲ ❨❖❘❑ ❙❚❖❈❑ ❊❳❈❍❆◆●❊

❊♥ ❡st❛ s✉❜s❡❝❝✐ó♥✱ s❡ ✈❡rá ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❧❛s ❛❝✲
❝✐♦♥❡s ❞❡❧ ◆❨❙❊ ♣♦st❡r✐♦r ❛ ❧❛ P●▼✱ ♠❡❞✐❛♥t❡ ❡❧ ❛♥á❧✐s✐s ❞❡❧ s✐❣✉✐❡♥t❡ ❤✐st♦❣r❛✲
♠❛ ② ♣♦st❡r✐♦r♠❡♥t❡ ❝♦♥ ❞❡s❝r✐♣❝✐ó♥ ❞❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s ❞❛t♦s ♠❡❞✐❛♥t❡
✉♥ ❣rá✜❝♦ ❧✐♥❡❛❧✳

●rá✜❝♦ ✼✳ ❍✐st♦❣r❛♠❛ ❞❡ ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❆ ❞✐❢❡r❡♥❝✐❛ ❞❡❧ ♣❡rí♦❞♦ ❛♥t❡r✐♦r ❛ ❧❛ P●▼✱ ❡♥ ❡st❛ ♦❝❛s✐ó♥✱ ❧❛ s❡r✐❡ s❡ ❝♦♠✲
♣♦rt❛ ❝♦♠♦ ✉♥❛ ♥♦r♠❛❧✱ ❝♦♥ ✉♥❛ ♠❡❞✐❛ ② ✉♥❛ ❞❡s✈✐❛❝✐ó♥ ❡stá♥❞❛r ♠❛②♦r❡s ❛ ❧♦s
♠♦str❛❞♦s ❡♥ ❡❧ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✳ ❙✉ ❛s✐♠❡trí❛ ❜❛❥❛✱ ✐♥❞✐❝❛ ♠ás r❡♥❞✐♠✐❡♥t♦s ♥❡✲
❣❛t✐✈♦s✱ ❡♥ tér♠✐♥♦s r❡❧❛t✐✈♦s✳ ❊❧ s✐❣✉✐❡♥t❡ ❣rá✜❝♦ ♠✉❡str❛ ❢✉❡rt❡s ♠♦✈✐♠✐❡♥t♦s
❡♥ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ♠❡r❝❛❞♦✳ ▲❛ ♠ás ✐♠♣♦rt❛♥t❡✱ ❧❛ ❝❛í❞❛ ❡♥ ✶✾✷✸✳

●rá✜❝♦ ✽✳ ❈♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳
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▲❛ ❝❛í❞❛ ❡♥ s❡♣t✐❡♠❜r❡ ❞❡ ✶✾✷✵ ❝♦✐♥❝✐❞❡ ❝♦♥ ❡❧ ❛t❡♥t❛❞♦ ❡♥ ❡❧
✏❉✐str✐t♦ ❋✐♥❛♥❝✐❡r♦ ❞❡ ▼❛♥❤❛tt❛♥✑✱ ❡❧ ❞í❛ ✶✻ ❞❡ ❡s❡ ♠❡s✳ ▲❛ ✐♥❝❧✉✲
s✐ó♥✱ ❡①❝❧✉s✐ó♥✱ ❢✉s✐♦♥❡s ② ♦tr♦s ❝♦♠♣♦rt❛♠✐❡♥t♦s ❞❡ ❧❛s ❡♠♣r❡s❛s✱
q✉❡ ♦❝✉rr✐❡r♦♥ ♣♦st❡r✐♦r❡s ❛ ❧❛ ❣✉❡rr❛✱ ♣✉❞♦ ❤❛❜❡r ❣❡♥❡r❛❞♦ ❝✐❡rt❛
✐♥❝❡rt✐❞✉♠❜r❡ ❡♥tr❡ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐❝♦s ♣❛rt✐❝✐♣❛♥t❡s ❞❡♥tr♦ ❞❡
❡s❡ ♠❡r❝❛❞♦✳

▲❛ ❝❛í❞❛ ❡♥ ✶✾✷✸✱ ♣r♦♣✐❛♠❡♥t❡ ❡♥ ♠❛②♦✱ ♣✉❡❞❡ ❞❡❜❡rs❡ ❛ ❧❛ ✐♥❡s✲
t❛❜✐❧✐❞❛❞ ♣♦❧ít✐❝❛ q✉❡ s❡ ❣❡♥❡r❛ ❛ r❛í③ ❞❡ ❧❛ ❡♥❢❡r♠❡❞❛❞ ② ❡❧ ♣♦st❡r✐♦r
❢❛❧❧❡❝✐♠✐❡♥t♦ ❞❡❧ ♣r❡s✐❞❡♥t❡ ❡♥ t✉r♥♦✱ ❲❛rr❡♥ ●✳ ❍❛r❞✐♥❣✳
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✺✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s

❡st✐♠❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥

② ❛♥á❧✐s✐s ❞❡ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s

♠❡r❝❛❞♦s✳

❊♥ ❡st❡ ❛♣❛rt❛❞♦ s❡ ♠✉❡str❛♥✱ ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ❞✐❢❡✲
r❡♥t❡s ♣r✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ② ❛♥á❧✐s✐s ❞❡ ❡✜❝✐❡♥❝✐❛✱ r❡❛❧✐③❛❞❛s ♠❡❞✐❛♥t❡ ❧❛
❤❡rr❛♠✐❡♥t❛ ❊✈✐❡✇s ✾✱ ♣❛r❛ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s ♣❡r✐♦❞♦s s❡❧❡❝❝✐♦♥❛s ✱ ✐♥❝♦r♣♦r❛♥❞♦
❧♦s ❝✉❛❞r♦s ❞❡ r❡s✉❧t❛❞♦s q✉❡ ❣❡♥❡r❛ ❡❧ ♣r♦❣r❛♠❛ ② ❡❧ ❛♥á❧✐s✐s ❝♦rr❡s♣♦♥❞✐❡♥t❡
❞❡ ❧❛s ✈❛r✐❛❜❧❡s✱ ❝♦♥ ❡❧ ✜♥ ❞❡ ❞❡t❡r♠✐♥❛r s✐ ❡①✐st❡ ♣r❡s❡♥❝✐❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥
❡♥ ❝❛❞❛ ♣❡r✐♦❞♦ ② s✐ ❧♦s ♠❡r❝❛❞♦s ❡r❛♥ ❡✜❝✐❡♥t❡s✳ P❛r❛ ✉♥ ♠❡❥♦r ❞❡t❛❧❧❡ ❞❡ ❧♦s
r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s s❡ ♣✉❡❞❡ ❝♦♥s✉❧t❛r ❡❧ ❛♣❛rt❛❞♦ ❞❡ ❛♥❡①♦s✳

✺✳✶ Pr✐♠❡r ♣❡rí♦❞♦ ✭♠❛②♦ ❞❡ ✶✾✵✻ ❛ ❥✉♥✐♦ ❞❡ ✶✾✶✹✮✿
Pr❡✈✐♦ ❛❧ ❝✐❡rr❡ ❞❡ ❧♦s ♠❡r❝❛❞♦s✳

❙❡ ♣r❡s❡♥t❛✱ ❝♦♠♦ ♣r✐♠❡r ♣❛s♦✱ ✉♥ ❝✉❛❞r♦ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s
❞❡ ❉✐❝❦❡② ❋✉❧❧❡r ❆✉♠❡♥t❛❞❛ ✭❆❉❋✱ ♣♦r s✉s s✐❣❧❛s ❡♥ ✐♥❣❧és✮ ② P❤✐❧❧✐♣s✲P❡rr♦♥
✭PP✮ ❛♣❧✐❝❛❞♦s ❛ ❧❛s s❡r✐❡s ❞❡ t✐❡♠♣♦ ❞❡ ▲❙❊✳

❈✉❛❞r♦ ✶✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❡❧ ▲❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲❛s ♣r✉❡❜❛s ♠✉❡str❛♥ q✉❡ ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛r✐❛✱ ❡s ❞❡❝✐r✱ ❡s ■ ✭✵✮✱ ✜♥❛♥✲
❝✐❡r❛♠❡♥t❡✱ s❡ ♣✉❡❞❡ ✐♥t❡r♣r❡t❛r✱ ❝♦♠♦ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❡❧ ♠❡r❝❛❞♦ ♥♦ ♠✉❡str❛
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✉♥❛ t❡♥❞❡♥❝✐❛✱ s✐♥♦ q✉❡ ❝♦♠♦ s❡ ♦❜s❡r✈ó ❛♥t❡s✱ s❡ ♠✉❡✈❡ ❡♥ t♦r♥♦ ❛ s✉ ♠❡❞✐❛✱
s❡ r❡♥❞✐♠✐❡♥t♦ ❡s♣❡r❛❞♦ ❡s ♠✉② ❝❡r❝❛♥♦ ❛ ❝❡r♦✳

❙❡❣✉✐❞❛♠❡♥t❡ s❡ ♣r❡s❡♥t❛ ✉♥ ❝✉❛❞r♦ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❞❡
❆❉❋ ② PP ♣❛r❛ ❡❧ ❝❛s♦ ◆❨❙❊✳

❈✉❛❞r♦ ✷✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❡❧ ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡ ♥♦ t✐❡♥❡ r❛í③ ✉♥✐t❛r✐❛✱ ❡s ❞❡❝✐r✱ ❡s ✉♥❛
s❡r✐❡ ❡st❛❝✐♦♥❛r✐❛✳ ❉❡s❞❡ ❡❧ ♣✉♥t♦ ❞❡ ✈✐st❛ ✜♥❛♥❝✐❡r♦✱ ✐♠♣❧✐❝❛ q✉❡ ❡❧ r❡♥❞✐♠✐❡♥t♦
❡s♣❡r❛❞♦ ❡s ❝❡r❝❛♥♦ ❛ s✉ ♠❡❞✐❛✱ ❡s ❞❡❝✐r✱ ❛ ❝❡r♦✳

❙❡❣✉✐❞❛♠❡♥t❡ ❝♦♠♦ s❡❣✉♥❞♦ ♣❛s♦✱ s❡ ♠♦str❛rá♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❞♦s ❡❝✉❛✲
❝✐♦♥❡s✱ ❝♦♥ ❡❧ ✜♥ ❞❡ ✐❞❡♥t✐✜❝❛r s✐ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❡①✐st❡♥t❡ ❡♥ ❡❧ ▲❙❊ ♣✉❡❞❡
❡①♣❧✐❝❛r ❝♦♠♣♦rt❛♠✐❡♥t♦s ❡♥ ❧❛s ✈❛r✐❛❜❧❡s ❞❡❧ ◆❨❙❊ ② ✈✐❝❡✈❡rs❛✳

❙❡❣✉✐❞❛♠❡♥t❡✱ s❡ ♣r❡s❡♥t❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ❡❝✉❛❝✐ó♥✱

lset = c∔ β ∗ nyset ∔ ǫt ✭✶✮

❉♦♥❞❡✱ ❧s❡t ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ▲❨❙❊ ❡♥ ❡❧ ♣❡rí♦❞♦
t ✳ ❆s✐♠✐s♠♦ ♥②s❡t ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ◆❨❙❊ ❡♥ ❡❧
♣❡rí♦❞♦ t ✳

❈✉❛❞r♦ ✸✳ ▲❙❊ ❡①♣❧✐❝❛❞♦ ♣♦r ◆❨❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✷✺



▲♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❧♦ q✉❡ s✉❝❡❞❡ ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡ ◆❡✇ ❨♦r❦ t✐❡♥❡
❡❢❡❝t♦s s✐❣♥✐✜❝❛t✐✈♦s ② ♣♦s✐t✐✈♦s ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡ ▲♦♥❞r❡s✱ s✐♥ ❡♠❜❛r❣♦✱ ❧♦ ♠ás
r❡❧❡✈❛♥t❡ ❡♥ ❡st❛ ❡❝✉❛❝✐ó♥ ❡s ❧❛ s❡r✐❡ ❞❡ r❡s✐❞✉♦s ❞❡ ❛❝✉❡r❞♦ ❛ ❧♦ ♣❧❛♥t❡❛❞♦ ❡♥ ❧❛
t❡♦rí❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥❀ s♦❜r❡ ❧♦s r❡s✐❞✉♦s s❡ r❡❛❧✐③❛r♦♥ ♣r✉❡❜❛s ❞❡ ❆❉❋ ② PP✱
♣❛r❛ ❡st✐♠❛r s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞✱ ❧♦s r❡s✉❧t❛❞♦s s❡ ♣r❡s❡♥t❛♥ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❈✉❛❞r♦ ✹✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❧♦s r❡s✐❞✉♦s✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊♥ ❡st❡ ❝❛s♦✱ ❝❛❜❡ s❡ñ❛❧❛r q✉❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❡st❛s ♣r✉❡❜❛s
❞❡❜❡♥ ❛♥❛❧✐③❛rs❡ ❝♦♥ ❧♦s ✈❛❧♦r❡s ❝rít✐❝♦s ❡st✐♠❛❞♦s ♣♦r ❡❧ ▼❛❝❦✐♥♥♦♥ ✭✷✵✶✵✮✱ ②❛
q✉❡ s♦♥ r❡s✉❧t❛❞♦s ❞❡ ✉♥❛ r❡❣r❡s✐ó♥ ② ♥♦ ❞❡ ✉♥❛ s❡r✐❡ ♦r✐❣✐♥❛❧✳ P❛r❛ ❡st❡ ❝❛s♦✱ ❡st❡
✈❛❧♦r ❝rít✐❝♦ ❡s ✲✸✱✹✵✳ ❚❛♥t♦ ❧❛ ♣r✉❡❜❛ ❞❡ ❆❉❋✱ ❝♦♠♦ ❧❛ ❞❡ PP✱ ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡
❡s ❡st❛❝✐♦♥❛r✐❛✱ ❡st♦ ♥♦s ❞✐❝❡ q✉❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❛♠❜♦s ♠❡r❝❛❞♦s t✐❡♥❡♥ ✉♥❛
r❡❧❛❝✐ó♥ ❡st❛❜❧❡ ❡♥ ❡❧ ❧❛r❣♦ ♣❧❛③♦✱ ❡s ❞❡❝✐r✱ ❡stá♥ ✐♥t❡❣r❛❞♦s ✜♥❛♥❝✐❡r❛♠❡♥t❡✳ ❙✐♥
❡♠❜❛r❣♦✱ ❧❛ ♣r✉❡❜❛ ❞❡❜❡ r❡❛❧✐③❛rs❡ ❡♥ ❛♠❜❛s ❞✐r❡❝❝✐♦♥❡s✱ ♣✉❡s ♥♦ ❤❛② ❝❡rt❡③❛ ❞❡
❝✉á❧ s❡r✐❡ ❡s ❧❛ ❡①♣❧✐❝❛❞❛ ② ❝✉á❧ ❡s ❧❛ ❡①♣❧✐❝❛t✐✈❛✳ P❛r❛ ❧❧❡✈❛r ❛ ❝❛❜♦ ❧♦ ♣❧❛♥t❡❛❞♦
❛♥t❡r✐♦r♠❡♥t❡✱ s❡ ❛♥❛❧✐③❛♥ t❛♠❜✐é♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ❡❝✉❛❝✐ó♥✱

nset = c∔ β ∗ lset ∔ ǫt ✭✷✮

❉♦♥❞❡✱ ❧s❡t ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ▲❨❙❊ ❡♥ ❡❧ ♣❡rí♦❞♦
t ② ❧❛ ✈❛r✐❛❜❧❡ ♥②s❡t ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ◆◆❨❙❊ ❡♥
❡❧ ♣❡rí♦❞♦ t ✳ ▲♦s r❡s✉❧t❛❞♦s s❡ ♠✉❡str❛♥ ❡♥ ❡❧ ❝✉❛❞r♦ s✐❣✉✐❡♥t❡✿

❈✉❛❞r♦ ✺✳ ◆❨❙❊ ❡①♣❧✐❝❛❞♦ ♣♦r ▲❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✷✻



▲♦s r❡s✉❧t❛❞♦s ❞❡❧ ♠❡r❝❛❞♦ ❞❡ ▲♦♥❞r❡s t❛♠❜✐é♥ s♦♥ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❡①✲
♣❧✐❝❛r ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♠❡r❝❛❞♦ ❞❡ ◆✉❡✈❛ ❨♦r❦✱ ❛❞❡♠ás ést♦s t❛♠❜✐é♥ t✐❡♥❡♥
✉♥ ❡❢❡❝t♦ ♣♦s✐t✐✈♦ ❡♥ ◆✉❡✈❛ ❨♦r❦✳

❆❧ ✐❣✉❛❧ q✉❡ ❡♥ ♣❛s♦ ❛♥t❡r✐♦r✳
❙❡ ♦❜t✉✈♦ ❧❛ s❡r✐❡ ❞❡ r❡s✐❞✉♦s ② s❡ ❡st✉❞✐ó s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞✱ s❡ ♣r❡s❡♥t❛

❡st♦s r❡s✉❧t❛❞♦s ❛ ❝♦♥t✐♥✉❛❝✐ó♥✿

❈✉❛❞r♦ ✻✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❧♦s r❡s✐❞✉♦s✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❡st❛s ♣r✉❡❜❛s ❞❡❜❡♥ ❛♥❛❧✐③❛rs❡ ❝♦♥ ❧♦s ✈❛❧♦r❡s
❝rít✐❝♦s ❡st✐♠❛❞♦s ♣♦r ❡❧ ▼❛❝❦✐♥♥♦♥ ✭✷✵✶✵✮✱ ❛❧ ✐❣✉❛❧ q✉❡ s❡ ❤✐③♦ ❡♥ ❡❧ ♣❛s♦
❛♥t❡r✐♦r ✳ P❛r❛ ❡st❡ ❝❛s♦✱ ❡st❡ ✈❛❧♦r ❝rít✐❝♦ ❡s ✲✸✱✹✵✱ t❛♥t♦ ❧❛ ♣r✉❡❜❛ ❞❡ ❆❉❋✱
❝♦♠♦ ❧❛ ❞❡ PP✱ ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛r✐❛✱ ❧♦ q✉❡ ♥♦s ❞✐❝❡ q✉❡ ❧♦s
r❡♥❞✐♠✐❡♥t♦s ❞❡ ❛♠❜♦s ♠❡r❝❛❞♦s t❛♠❜✐é♥ t✐❡♥❡♥ ✉♥❛ r❡❧❛❝✐ó♥ ❡st❛❜❧❡ ❡♥ ❡❧ ❧❛r❣♦
♣❧❛③♦ ✭❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✷✮✱ ❡s ❞❡❝✐r✱ ❡stá♥ ✐♥t❡❣r❛❞♦s ✜♥❛♥❝✐❡r❛♠❡♥t❡✳

❉❛❞♦ q✉❡ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ❛♥á❧✐s✐s ❞❡ r❡s✐❞✉♦s ❞❡ ❛♠❜❛s ❡❝✉❛❝✐♦♥❡s✱ s❡
❧❧❡❣❛ ❛ ❧❛ ♠✐s♠❛ ❝♦♥❝❧✉s✐ó♥✱ ❞♦♥❞❡ s❡ ✐❞❡♥t✐✜❝❛ q✉❡ s♦♥ ❡st❛❝✐♦♥❛r✐♦s✱ s❡ ♣✉❡❞❡
❝♦♥❝❧✉✐r q✉❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❡stá♥ ✐♥t❡❣r❛❞♦s ❡♥ ❡st❡ ♣r✐♠❡r ♣❡rí♦❞♦✱
✐♥❝❧✐♥á♥❞♦s❡ ♣♦r ❡❧ ❤❡❝❤♦ q✉❡ ❧❛ ✈❛r✐❛❜❧❡ ▲❙❊ ♣✉❡❞❡ s❡r ❧❛ ❡①♣❧✐❝❛t✐✈❛✳

❙❡ ♣r♦❝❡❞❡rá ❛ ❝♦♥t✐♥✉❛❝✐ó♥ ❛ ♣r❡s❡♥t❛r ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❞❡
❝♦✐♥t❡❣r❛❝✐ó♥ ❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r ② ❡❧ t❡st ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❞❡ ❏♦❤❛♥s❡♥ ❞✐✲
r❡❝t❛♠❡♥t❡✱ ♠❡❞✐❛♥t❡ ✉♥ ❝✉❛❞r♦ ❝♦♥ ❡❧ r❡s✉♠❡♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❛♠❜❛s
♣r✉❡❜❛s✳

❈✉❛❞r♦ ✼✳ Pr✉❡❜❛ ❞❡ ❊♥❣❧❡✫●r❛♥❣❡r ② t❡st ❞❡ ❏♦❤❛♥s❡♥ ♣❛r❛ ▲❙❊ ② ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r ✐♥❞✐❝❛ q✉❡ ❧❛s s❡r✐❡s ❝♦✐♥t❡❣r❛♥❀ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❊♥❣❧❡ ✫
●r❛♥❣❡r✱ ♣♦r ❞❡✜♥✐❝✐ó♥ ❞❡ ❧❛ ♣r✉❡❜❛✱ ❧♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❡①✐st❡ ✐♥❢♦r♠❛✲
❝✐ó♥ ♣❛r❛ ♣r❡s✉♠✐r q✉❡ t✐❡♥❡ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✳

✷✼



❘❡s♣❡❝t♦ ❛ ❧❛ ♣r✉❡❜❛ ❞❡ ❏♦❤❛♥s❡♥✱ s❡ ✐❞❡♥t✐✜❝❛ q✉❡ ❧♦s r❡s✉❧t❛❞♦s ♥♦ s♦♥
❝♦♥❝❧✉②❡♥t❡s✱ ❞❛❞♦ q✉❡ ❧❛ ♣r♦♣✐❛ ♠❡t♦❞♦❧♦❣í❛ ❞❡ ♠♦❞❡❧♦ ❡s ❛♣❧✐❝❛❜❧❡ ❛ s❡r✐❡s
❝♦♥ ❝♦♥❞✐❝✐♦♥❡s ■✭✶✮✱ ♣❡r♦ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❧❛s s❡r✐❡s ❝♦♥ q✉❡ s❡ ❝✉❡♥t❛ s♦♥ ■✭✵✮
✭♣❛r❛ ♠ás ❞❡t❛❧❧❡ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ✈❡r ❛♥❡①♦s r❡s✉❧t❛❞♦s ♣r✉❡❜❛s ❞❡ ❏♦❤❛♥s❡♥✮❀
❝♦♥ ❡❧ ✜♥ ❞❡ s♦❧✉❝✐♦♥❛r ❡st❡ s✐t✉❛❝✐ó♥ s❡ ♣r♦❝❡❞✐ó ❛ ❛♣❧✐❝❛r ✉♥ ♠♦❞❡❧♦ ❱❆❘
♠ás ❣❡♥❡r❛❧✱ ❞♦♥❞❡ s❡ ♣r♦♣♦♥❡ ✉♥ s✐st❡♠❛ ❞❡ ❡❝✉❛❝✐♦♥❡s✱ ❝♦♥ t❛♥t❛s ✈❛r✐❛❜❧❡s
❝♦♠♦ s❡r✐❡s ❛ ❛♥❛❧✐③❛r ♦ ♣r❡❞❡❝✐r✱ ♣❡r♦ ❡♥ ❡❧ q✉❡ ♥♦ s❡ ❞✐st✐♥❣✉❡ ❡♥tr❡ ✈❛r✐❛❜❧❡s
❡♥❞ó❣❡♥❛s ② ❡①ó❣❡♥❛s✱ ❛sí ❝❛❞❛ ✈❛r✐❛❜❧❡ ❡s ❡①♣❧✐❝❛❞❛ ♣♦r ❧♦s r❡t❛r❞♦s ❞❡ ❧❛
✈❛r✐❛❜❧❡ ♠✐s♠❛ ② ♣♦r ❧♦s r❡t❛r❞♦s ❞❡ ❧❛s ❞❡♠ás ✈❛r✐❛❜❧❡s✱ s❡ ❝♦♥✜❣✉r❛ ❡♥t♦♥❝❡s
✉♥ s✐st❡♠❛ ❞❡ ❡❝✉❛❝✐♦♥❡s ❛✉t♦r❡❣r❡s✐✈❛s ♦ ✉♥ ✈❡❝t♦r ❛✉t♦r❡❣r❡s✐✈♦✳

❊s ✐♠♣♦rt❛♥t❡ ❛❝❧❛r❛r q✉❡ ❡♥ ❡❧ ♠♦❞❡❧♦ ❱❆❘ ♣✉❡❞❡♥ ❡st✐♠❛rs❡ ❝♦♥ ❜❛st❛♥t❡
♣r❡❝✐s✐ó♥ ❧♦s ❡❧❡♠❡♥t♦s ❣❧♦❜❛❧❡s ❞❡❧ ♠♦❞❡❧♦✱ ❧❛ ❞❡s✈✐❛❝✐ó♥ tí♣✐❝❛ r❡s✐❞✉❛❧ ② ❧♦s
♠✐s♠♦s r❡s✐❞✉♦s✱ ♦ ❡❧ ❡❢❡❝t♦ ❣❧♦❜❛❧ ❞❡ ✉♥❛ ✈❛r✐❛❜❧❡ s♦❜r❡ ♦tr❛✱ ❧♦ q✉❡ s❡ r❡s✉♠❡
❡♥ ❧♦s ❝♦♥tr❛st❡s ❞❡ ❝❛✉s❛❧✐❞❛❞ q✉❡ ✈❡r❡♠♦s ♠ás ❛❞❡❧❛♥t❡✳

❙✐♥ ❡♠❜❛r❣♦✱ ♥♦ ❝❛❜❡ ❤❛❝❡r ✐♥t❡r♣r❡t❛❝✐♦♥❡s ❞❡ ❝♦❡✜❝✐❡♥t❡s ✐♥❞✐✈✐❞✉❛❧❡s ❡♥
❞✐st✐♥t♦s r❡t❛r❞♦s✱ ♥✐ ❧❧❡✈❛r ❛ ❝❛❜♦ ❝♦♥tr❛st❡s ❞❡ ❤✐♣ót❡s✐s s♦❜r❡ ❝♦❡✜❝✐❡♥t❡s
✐♥❞✐✈✐❞✉❛❧❡s✳ ◆♦✈❛❧❡s ✭✷✵✶✹✮

❊❧ ♠♦❞❡❧♦ ❱❆❘ ✉t✐❧✐③❛ r❡③❛❣♦s t❛♥t♦ ❞❡ ❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛ ❝♦♠♦ ❞❡ ❧❛
✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛t✐✈❛ ♣❛r❛ ❡①♣r❡s❛r ❡❧ ✈❛❧♦r ❛❝t✉❛❧ ❞❡ ❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♣r❡s❡♥t❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❡❧ ❝✉❛❧ ❝✉❡♥t❛ ❝♦♥ ✉♥
r❡③❛❣♦ ❞❡ ✻ ♣❡rí♦❞♦s✱ ♣✉❡s ❡s❛ ❢✉❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡③❛❣♦s ó♣t✐♠♦s ✐♥❞✐❝❛❞❛ ♣♦r
❡❧ ❝r✐t❡r✐♦ ❞❡ ❆❦❛✐❦❡✳

✷✽



❈✉❛❞r♦ ✽✳ ❘❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✷✾



❉❡ ❝✉❛❞r♦ ❛♥t❡r✐♦r✱ s❡ ♦❜s❡r✈❛ q✉❡ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ✈❛r✐❛❜❧❡s s♦♥ ❡st❛❞íst✐❝❛✲
♠❡♥t❡ ✐♥s✐❣♥✐✜❝❛♥t❡s✱ ❡st♦ ❡s ❝♦♥❣r✉❡♥t❡ ❝♦♥ ♠❡r❝❛❞♦s ❡✜❝✐❡♥t❡s✱ q✉❡ ♣r♦❝❡s❛♥
❧❛ ✐♥❢♦r♠❛❝✐ó♥ rá♣✐❞❛♠❡♥t❡ ② ♦♣♦rt✉♥❛♠❡♥t❡✳ ❚❛♠❜✐é♥ s❡ ♦❜s❡r✈❛ q✉❡ ❝✉❛♥❞♦
❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛ ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊✱ ❡❧ ♠♦❞❡❧♦ ♣r❡s❡♥t❛
✉♥❛ ♠❛②♦r ❜♦♥❞❛❞ ❞❡ ❛❥✉st❡✱ ❛✉♥q✉❡ s✐❣✉❡ s✐❡♥❞♦ ❜❛❥❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧♦ ♠ás
r❡❧❡✈❛♥t❡ ❞❡ ❝♦rr♦❜♦r❛r ❡s q✉❡ ❧♦s r❡s✐❞✉♦s ♥♦ ❡sté♥ ❝♦rr❡❧❛❝✐♦♥❛❞♦s ❡♥tr❡ sí❀
♣❛r❛ ❧♦ ❝✉❛❧ s❡ r❡❛❧✐③❛r♦♥ ♣r✉❡❜❛s ❞❡ ▼✉❧t✐♣❧✐❝❛❞♦r ▲❛❣r❛♥❣✐❛♥♦ ✭▲▼✮✳

❈✉❛❞r♦ ✾✳ ❆✉t♦❝♦rr❡❧❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊♥ ❝❛❞❛ ❝❛s♦ ♥♦ ❡①✐st❡ ❡✈✐❞❡♥❝✐❛ ❡st❛❞íst✐❝❛ ♣❛r❛ r❡❝❤❛③❛r ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛
❞❡ q✉❡ ♥♦ ❡①✐st❡ ❛✉t♦❝♦rr❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ❱❆❘✱ ❛ ✉♥ ♥✐✈❡❧ ❞❡ s✐❣♥✐✲
✜❝❛♥❝✐❛ ❞❡ ✺✪✳ ❈♦♥tr❛st❛❞♦ ❧♦ ❛♥t❡r✐♦r✱ s❡ ♣✉❡❞❡ t♦♠❛r ❧♦s r❡s✐❞✉♦s ❞❡ ❛♠❜❛s
❡❝✉❛❝✐♦♥❡s ② ♣r♦❜❛r s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞✳

❈✉❛❞r♦ ✶✵✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✸✵



❉❡ ❧♦s r❡s✉❧t❛❞♦s ♠♦str❛❞♦s ❡♥ ❡❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r✱ s❡ ❝♦♥❝❧✉②❡ q✉❡ ❧♦s r❡✲
s✐❞✉♦s s♦♥ ❡st❛❝✐♦♥❛r✐♦s✱ ❡st♦ ❡s q✉❡ ❧♦s ♠❡r❝❛❞♦s ❡stá♥ ✐♥t❡❣r❛❞♦s✱ ♦ ❧♦ q✉❡
❡s s✐♠✐❧❛r✱ ♠❛♥t✐❡♥❡♥ ✉♥❛ r❡❧❛❝✐ó♥ ❡st❛❜❧❡ ❛ ❧❛r❣♦ ♣❧❛③♦✳ ❊st❡ r❡s✉❧t❛❞♦ ❡s ✐♠✲
♣♦rt❛♥t❡ ♣♦rq✉❡ ❝♦rr♦❜♦r❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❡❧ ♠♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ✫
●r❛♥❣❡r✳ ❙❡❣✉✐❞❛♠❡♥t❡ s❡ ♣r♦❝❡❞❡ ❛ ✐❞❡♥t✐✜❝❛r ❧❛ r❡❧❛❝✐ó♥ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ❧❛s
✈❛r✐❛❜❧❡s✱ ❝♦♥ ❡❧ ✜♥ ❞❡ ✐❞❡♥t✐✜❝❛r s✐ ❡❧ ❤❡❝❤♦ ❞❡ ❛❣r❡❣❛r ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ❞❡
❛❧❣✉♥❛ s❡r✐❡ ❞❡ t✐❡♠♣♦✱ ❛②✉❞❛ ❛ ❡①♣❧✐❝❛r ❞❡ ♠❡❥♦r ♠❛♥❡r❛ ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡
❧❛ ♦tr❛ s❡r✐❡ ❡str✉❞✐❛❞❛✱ ♣❛r❛ ❧♦ ❝✉❛❧ s❡ ❛♣❧✐❝❛ ❡❧ t❡st ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r
❝✉②♦s r❡s✉❧t❛❞♦s s❡ ❞❡s❝r✐❜❡♥ ❡♥ ❡❧ s✐❣✉✐❡♥t❡ ❝✉❛❞r♦✿

❈✉❛❞r♦ ✶✶✳ Pr✉❡❜❛ ❈❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r ♣❛r❛ ▲❙❊ ② ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙✐ ❜✐❡♥✱ r❡❝❤❛③❛r ❧❛ ❤✐♣ót❡s✐s ❞❡❧ t❡st ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r✱ ❡s ✉♥❛ ❝♦♥✲
❞✐❝✐ó♥ ♥❡❝❡s❛r✐❛✱ ♥♦ ❡s s✉✜❝✐❡♥t❡ ♣❛r❛ ✐♥❞✐❝❛r ❝❛✉s❛❧✐❞❛❞✱ ♥✐ t❛♠♣♦❝♦ ✐♥❞✐❝❛ s✉
❞✐r❡❝❝✐ó♥✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❡st❛ ❡s ✉♥❛ r❡❢❡r❡♥❝✐❛ ❞❡ q✉❡ ❡st♦s ♠❡r❝❛❞♦s ♣✉❡❞❡♥
t❡♥❡r ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❝❛✉s❛❧✐❞❛❞✳ ❉❡ ❛❝✉❡r❞♦ ❛ ❡st♦s r❡s✉❧t❛❞♦s✱ ❧♦s ♠❡r❝❛❞♦s
♥♦ s❡ ❝❛✉s❛♥ ❡♥ ♥✐♥❣✉♥❛ ❞✐r❡❝❝✐ó♥✳ ❖tr♦ t❡♠❛ ✐♠♣♦rt❛♥t❡ ❛ ❛♥❛❧✐③❛r ❡♥ ❡❧ ❝❛♠♣♦
❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ❡s ❡❧ ❞❡ ❞❡t❡r♠✐♥❛r ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ✭❧❛
❛s✐♠✐❧❛❝✐ó♥ ♦ ✐♥❝♦r♣♦r❛❝✐ó♥ ♦♣♦rt✉♥❛ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ❛ ❧❛s ❡①♣❡❝t❛t✐✲
✈❛s ❢✉t✉r❛s✮✳ P♦r ❡❧❧♦✱ s❡ ♣❧❛♥t❡❛ ❧❛ ♣r✉❡❜❛ ❝♦♥ ❡❧ ❞❡s❛rr♦❧❧♦ ❞❡ ✉♥ ♠♦❞❡❧♦ ❞❡
▼í♥✐♠♦s ❈✉❛❞r❛❞♦s ❖r❞✐♥❛r✐♦s✱ s❡ t♦♠❛rá ❝❛❞❛ s❡r✐❡ ❡①♣❧✐❝❛❞❛ ② s❡ ✉s❛rá ❝♦♠♦
✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛t✐✈❛ s✉ r❡③❛❣♦ ❡♥ ✉♥ ♣❡rí♦❞♦❀ ♣r✐♠❡r❛♠❡♥t❡✱ ❧❛ ♣r✉❡❜❛ ❞❡ ▲❙❊✿

❈✉❛❞r♦ ✶✷✳ ▲❙❊ ❡①♣❧✐❝❛❞❛ ♣♦r s✉ r❡③❛❣♦✳

✸✶



▲♦ ✈❛❧✐♦s♦ ❞❡ ❡st❛ ♣r✉❡❜❛ ❡s ♦❜s❡r✈❛r ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♥♦ s✐❣♥✐✜❝❛♥❝✐❛
❞❡❧ r❡③❛❣♦ ② ❞❡ s✉ ❜❛❥♦ ❘✲❝✉❛❞r❛❞♦✱ ❧♦ q✉❡ ✐♥❞✐❝❛ q✉❡ ❡❧ ♠❡r❝❛❞♦ ❛❞❛♣tó s✉
❝♦♠♣♦rt❛♠✐❡♥t♦ ❛ s✉ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛✱ ♣♦r ❧♦ q✉❡ ❡❧ ♣❛s❛❞♦ ♥♦ ✐♥✢✉②❡ ❡♥ ❧♦s
❞❛t♦s ♣r❡s❡♥t❡s ❞❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡❧ ♠❡r❝❛❞♦✳

❆❧ ✐❣✉❛❧ q✉❡ ❧❛ ♣r✉❡❜❛ ❞❡❧ ▲❙❊❀ ❡❧ ◆❨❙❊ ♣❛r❡❝❡ s❡r ❡✜❝✐❡♥t❡ ❡♥ ✐♥❝♦r♣♦r❛r
❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ② ❛❞❛♣t❛r s✉s ❡①♣❡❝t❛t✐✈❛s ❡♥ ❡❧ ♣r❡s❡♥t❡✳ ❙❡❣✉✐❞❛♠❡♥t❡
s❡ ♠✉❡str❛ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ♣r✉❡❜❛ ❛♣❧✐❝❛❞❛✳

❈✉❛❞r♦ ✶✸✳ ◆❨❙❊ ❡①♣❧✐❝❛❞❛ ♣♦r s✉ r❡③❛❣♦✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❆❧ ✐❣✉❛❧ q✉❡ ❡❧ ❝❛s♦ ❞❡ ▲❙❊✱ s❡ ♣✉❡❞❡ ♦❜s❡r✈❛r ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♥♦ s✐❣✲
♥✐✜❝❛♥❝✐❛ ❞❡❧ r❡③❛❣♦ ② ❞❡ s✉ ❜❛❥♦ ❘✲❝✉❛❞r❛❞♦✱ ❞❡❧ ♠✐s♠♦ ♠♦❞♦ q✉❡ ❧❛ ♣r✉❡❜❛
❞❡❧ ▲❙❊❀ ❡❧ ◆❨❙❊ ♣❛r❡❝❡ s❡r ❡✜❝✐❡♥t❡ ❡♥ ✐♥❝♦r♣♦r❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ②
❛❞❛♣t❛r s✉s ❡①♣❡❝t❛t✐✈❛s ❡♥ ❡❧ ♣r❡s❡♥t❡✳

❊♥ r❡s✉♠❡♥✱ s❡ ♣✉❡❞❡ ❝♦♥s✐❞❡r❛r q✉❡ ❧❛ ❡✜❝✐❡♥❝✐❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ◆❨❙❊ ②
▲❙❊✱ ❡①♣r❡s❛❞❛ ❡♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s✱ r❛❞✐❝❛ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❡♥ ❡❧
❤❡❝❤♦ q✉❡ ❧♦s ❛❣❡♥t❡s ❡❝♦♥ó♠✐❝♦s q✉❡ ♣❛rt✐❝✐♣❛♥ ❡♥ ❧♦s ♠❡r❝❛❞♦s s♦♥ ❝❛♣❛❝❡s
❞❡ ✐♥❝♦r♣♦r❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❡❝♦♥ó♠✐❝❛ ❣❡♥❡r❛❞❛ ❡♥ ❡❧ ♣❛s❛❞♦✱ ❞❡ ♠❛♥❡r❛ ❡✜✲
❝✐❡♥t❡ ② ♦♣♦rt✉♥❛✱ ❛❞❛♣t❛♥❞♦ s✉ ❝♦♠♣♦rt❛♠✐❡♥t♦ ② ❧❛s ❡①♣❡❝t❛t✐✈❛s s❡❣ú♥ ❞✐❝❤❛
✐♥❢♦r♠❛❝✐ó♥✱ ❧♦ q✉❡ ✐♠♣❧✐❝❛ q✉❡ t♦❞♦ s✉❝❡s♦ ❢✉t✉r♦ ❡s ✐♠♣r❡❞❡❝✐❜❧❡ ♦ s♦r♣r❡s✐✈♦✳

P❛r❛ ❝♦♥❝❧✉✐r ❡st❛ s❡❝❝✐ó♥✱ s❡ ♣✉❡❞❡ ✐♥❞✐❝❛r q✉❡ ♣r❡✈✐♦ ❛❧ ❝✐❡rr❡ ❞❡ ❧♦s ♠❡r✲
❝❛❞♦s ❛ ♠❡❞✐❛❞♦s ❞❡ ✶✾✶✹ ❛♠❜♦s ♠❡r❝❛❞♦s ❢✉♥❝✐♦♥❛♥ ✐♥t❡❣r❛❞❛♠❡♥t❡ ② s♦♥
❡✜❝✐❡♥t❡s ♣r♦❝❡s❛♥❞♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥✱ t❛♥t♦ ❧❛ ❞❡❧ ♦tr♦ ♠❡r❝❛❞♦✱ ❝♦♠♦ ❧❛ ♣r♦♣✐❛✳

✺✳ ✷✳ ❙❡❣✉♥❞♦ ♣❡rí♦❞♦ ✭❛❜r✐❧ ❞❡ ✶✾✶✺ ❛ ❞✐❝✐❡♠❜r❡ ❞❡
✶✾✷✺✮✿ P♦st❡r✐♦r ❛ ❧❛ r❡❛♣❡rt✉r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s✳

❊♥ ❡st❡ ❛♣❛rt❛❞♦ s❡ r❡❛❧✐③❛rá ✉♥ ❛♥á❧✐s✐s s✐♠✐❧❛r ❛❧ ❞❡t❛❧❧❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡
✭ ♣❡r✐♦❞♦ ♣r❡✈✐♦ ❛❧ ❝✐❡rr❡ ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ♣r♦❞✉❝t♦ ❞❡ ❧❛ P●▼✮✱ ♣❡r♦ ❛♣❧✐❝❛❞♦

✸✷



❛ ❧♦s r❡❣✐str♦s ♣♦st❡r✐♦r❡s ❛ ❧❛ ❛♣❡rt✉r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ◆❨❙❊ ② ▲❙❊ ② ❤❛st❛
✶✾✷✺✳

❙❡ ♣r❡s❡♥t❛ ✉♥ ❝✉❛❞r♦ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❞❡ ❆❉❋ ② PP ❛♣❧✐✲
❝❛❞♦s ❛❧ ▲❙❊✳

❈✉❛❞r♦ ✶✹✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❡❧ ▲❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛

▲❛s ♣r✉❡❜❛s ♠✉❡str❛♥ q✉❡ ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛r✐❛✱ ❡s ❞❡❝✐r✱ ❡s ■ ✭✵✮✱❧♦ q✉❡ s❡
♣✉❡❞❡ ✐♥t❡r♣r❡t❛r ❝♦♠♦ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ❡❧ ♠❡r❝❛❞♦ ♥♦ ♠✉❡str❛ ✉♥❛ t❡♥❞❡♥❝✐❛✱
s✐♥♦ q✉❡ ❝♦♠♦ s❡ ♦❜s❡r✈ó ❛♥t❡s✱ s❡ ♠✉❡✈❡ ❡♥ t♦r♥♦ ❛ s✉ ♠❡❞✐❛✱ ❛ú♥ ❛ ♣❡s❛r
❞❡ s❡r r❡❧❛t✐✈❛♠❡♥t❡ ♠❛②♦r ❛❧ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✱ s✉ r❡♥❞✐♠✐❡♥t♦ ❡s♣❡r❛❞♦ s✐❣✉❡
s✐❡♥❞♦ ♠✉② ❝❡r❝❛♥♦ ❛ ❝❡r♦✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ❞❡s❝r✐❜❡ ❡❧ ♠✐s♠♦ ♣r♦❝❡s♦ ♣❛r❛ ❡❧ ◆❨❙❊✳

❈✉❛❞r♦ ✶✺✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❡❧ ◆❨❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡ ♥♦ t✐❡♥❡ r❛í③ ✉♥✐t❛r✐❛✱ ❡s ❞❡❝✐r✱ ❡s ✉♥❛
s❡r✐❡ ❡st❛❝✐♦♥❛r✐❛✱ ❧♦ ❛♥t❡r✐♦r ✐♠♣❧✐❝❛ q✉❡ ❡❧ r❡♥❞✐♠✐❡♥t♦ ❡s♣❡r❛❞♦ ❡s ❝❡r❝❛♥♦ ❛
s✉ ♠❡❞✐❛✱ ❡s ❞❡❝✐r✱ ❛ ❝❡r♦✳

❆❧ ✐❣✉❛❧ q✉❡ ❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ s❡ ♠♦str❛rá♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❞♦s ❡❝✉❛✲
❝✐♦♥❡s✳

❊♥ ❧❛ ♣r✐♠❡r❛✱ ❧❛ s❡r✐❡ ▲❙❊ ❡s ❡①♣❧✐❝❛❞❛ ♣♦r ❧❛ s❡r✐❡ ◆❨❙❊❀ ❧❛ s❡❣✉♥❞❛✱ ❛ ❧❛
✐♥✈❡rs❛✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♣r❡s❡♥t❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♣r✐♠❡r❛ ❡❝✉❛❝✐ó♥✱

lset = c∔ β ∗ nyset ∔ ǫt ✭✸✮✳

▲♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ✸ s❡ ❞❡t❛❧❧❛♥ ❡♥ ❡❧ ❝✉❛❞r♦ ✶✻✱
❛ ❝♦♥t✐♥✉❛❝✐ó♥✿

✸✸



❈✉❛❞r♦ ✶✻✳ ▲❙❊ ❡①♣❧✐❝❛❞♦ ♣♦r ◆❨❙❊

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s ✈❛❧♦r❡s ✐♥❞✐❝❛♥ q✉❡ ❧♦s s✉❝❡s♦s q✉❡ s❡ ❞❡s❛rr♦❧❧❛♥ ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡
◆❡✇ ❨♦r❦ ♣✉❡❞❡♥ t❡♥❡r ❡❢❡❝t♦s ♣♦s✐t✐✈♦s ✱ ♣❡r♦ ❞❡ ♠❡♥♦s s✐❣♥✐✜❝❛♥❝✐❛ ❡♥ ❡❧
♠❡r❝❛❞♦ ❞❡ ▲♦♥❞r❡s✱ s✐ ❧♦ ❝♦♠♣❛r❛♠♦s ❝♦♥ ❧♦ ❡✈✐❞❡♥❝✐❛❞♦ ❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✳
❙❡ ❛♥❛❧✐③❛♥ ❧♦s r❡s✐❞✉♦s ❞❡ ❧❛ ❡❝✉❛❝✐ó♥ ♣❛r❛ ❡st✐♠❛r s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞✱ ❧♦s
r❡s✉❧t❛❞♦s s❡ ♣r❡s❡♥t❛♥ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❈✉❛❞r♦ ✶✼✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❧♦s r❡s✐❞✉♦s✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❉❡ ♥✉❡✈♦ ❝❛❜❡ s❡ñ❛❧❛r q✉❡ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❡st❛s ♣r✉❡❜❛s ❞❡❜❡♥
❛♥❛❧✐③❛rs❡ ❝♦♥ ❧♦s ✈❛❧♦r❡s ❝rít✐❝♦s ❡st✐♠❛❞♦s ♣♦r ❡❧ ▼❛❝❦✐♥♥♦♥✱ ✉s❛♥❞♦ ❡❧ ✈❛❧♦r
❝rít✐❝♦ ❡s ✲✸✱✸✼✳ ❚❛♥t♦ ❧❛ ♣r✉❡❜❛ ❞❡ ❆❉❋ ② PP✱ ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛✲
r✐❛✳ ❊st♦ ♥♦s ❞✐❝❡ q✉❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❛♠❜♦s ♠❡r❝❛❞♦s t✐❡♥❡♥ ✉♥❛ r❡❧❛❝✐ó♥
❡st❛❜❧❡ ❡♥ ❡❧ ❧❛r❣♦ ♣❧❛③♦✱ ❡s ❞❡❝✐r✱ ❡♥ ❡st❡ ♣❡rí♦❞♦ t❛♠❜✐é♥ ❡stá♥ ✐♥t❡❣r❛❞♦s
✜♥❛♥❝✐❡r❛♠❡♥t❡✳ ❈♦♠♦ s❡ ❤❛ ❝♦♠❡♥t❛❞♦✱ ❧❛ ♣r✉❡❜❛ ❞❡❜❡ r❡❛❧✐③❛rs❡ ❡♥ ❛♠❜❛s
❞✐r❡❝❝✐♦♥❡s✱ ♣✉❡s ♥♦ ❤❛② ❝❡rt❡③❛ ❞❡ ❝✉á❧ s❡r✐❡ ❡s ❧❛ ❡①♣❧✐❝❛❞❛ ② ❝✉á❧ ❡s ❧❛ ❡①♣❧✐✲
❝❛t✐✈❛✳ P♦r ❡❧❧♦✱ s❡ ❛♥❛❧✐③❛♥ t❛♠❜✐é♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ s✐❣✉✐❡♥t❡ ❡❝✉❛❝✐ó♥ ✹ ②
❧♦s r❡s✉❧t❛❞♦s s❡ ❡①♣r❡s❛♥ ❡♥ ❡❧ ❝✉❛❞r♦ ✶✽✳

nset = c∔ β ∗ lset ∔ ǫt✭✹✮

✸✹



❈✉❛❞r♦ ✶✽✳ ◆❨❙❊ ❡①♣❧✐❝❛❞♦ ♣♦r ▲❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

P❛r❛ ❡st❡ ❝❛s♦✱ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♠❡r❝❛❞♦ ❞❡ ▲♦♥❞r❡s t❛♠❜✐é♥ s♦♥ s✐❣♥✐✜✲
❝❛t✐✈♦s✱ ❛✉♥q✉❡ ♠❡♥♦s s✐❣♥✐✜❝❛t✐✈♦s q✉❡ ❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❡♥ s✉ ❢✉♥❝✐ó♥ ❞❡
❡①♣❧✐❝❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ❣❡♥❡r❛❞❛ ❡♥ ❡❧ ♠❡r❝❛❞♦ ❞❡ ◆✉❡✈❛ ❨♦r❦✱ ❧♦ q✉❡ ♣♦❞rí❛
s✉❣❡r✐r q✉❡ ▲❙❊ ♣♦st❡r✐♦r ❛ ❧❛ ❛♣❡rt✉r❛ ❞❡ ❧♦s ♠❡r❝❛❞♦s ❞✐s♠✐♥✉②♦ s✉ ✐♥✢✉❡♥✲
❝✐❛ ❡♥ ❡❧ ♠❡r❝❛❞♦ ◆❨❙❊✱ s✐t✉❛❝✐ó♥ q✉❡ ♣♦❞rí❛ ❝♦✐♥❝✐❞✐r ❝♦♥ ❧❛ ❤✐st♦r✐❛✱ ❞❛❞♦
q✉❡ ❛ r❛í③ ❞❡ ❧❛ P●▼ ♠✉❝❤♦s ✐♥✈❡rs♦r❡s ✐♠♣♦rt❛♥t❡s✱ ♦r✐❣✐♥❛r✐♦s ❞❡ ▲♦♥❞r❡s ②
q✉❡ tr❛♥③❛❜❛♥ ❛❝❝✐♦♥❡s ❡♥ ◆❨❙❊✱ ❞❡❥❛r♦♥ ❞❡ r❡❛❧✐③❛r ♠♦✈✐♠✐❡♥t♦s ❞❡ ❝❛♣✐t❛❧ ②
♦♣❡r❛❝✐♦♥❡s ❜✉rsát✐❧❡s✳ ■❣✉❛❧♠❡♥t❡✱ s❡ ♦❜t✉✈♦ ❧❛ s❡r✐❡ ❞❡ r❡s✐❞✉♦s ② s❡ ❡st✉❞✐ó
s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞✱ ❡♥ ❡❧ ❝✉❛❞r♦ ✶✾✱ s❡ ♣r❡s❡♥t❛ ❡st♦s r❡s✉❧t❛❞♦s✿

❈✉❛❞r♦ ✶✾✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧❛s ♣r✉❡❜❛s ❆❉❋ ② PP ♣❛r❛ ❧♦s r❡s✐❞✉♦s✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❡st❛s ♣r✉❡❜❛s ✐♥❞✐❝❛♥ q✉❡ ❧❛ s❡r✐❡ ❡s ❡st❛❝✐♦♥❛r✐❛❀
❛❧ ✐❣✉❛❧ q✉❡ ❝♦♠♦ s❡ ✈✐♦ ❛♥t❡r✐♦r♠❡♥t❡✱ s❡ ♣✉❡❞❡ ❞❡❞✉❝✐r q✉❡ ❡①✐st❡ ✐♥❢♦r♠❛❝✐ó♥
♣❛r❛ ♣❡♥s❛r q✉❡ ❧♦s ♠❡r❝❛❞♦s ❡stá♥ ✐♥t❡❣r❛❞♦s ✜♥❛♥❝✐❡r❛♠❡♥t❡✳

❉❛❞♦ q✉❡ ❝♦♥ ❧♦s r❡s✐❞✉♦s ❞❡ ❛♠❜❛s ❡❝✉❛❝✐♦♥❡s s❡ ❧❧❡❣❛ ❛ ❧❛ ♠✐s♠❛ ❝♦♥❝❧✉s✐ó♥
❞❡ s❡r ❡st❛❝✐♦♥❛r✐♦s✱ ❡♥ ❡st❡ ♣✉♥t♦ s❡ ♣✉❡❞❡ ❝♦♥❝❧✉✐r q✉❡ ❧♦s ♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s
t❛♠❜✐é♥ ❡stá♥ ✐♥t❡❣r❛❞♦s ❡♥ ❡st❡ ♣❡rí♦❞♦✳ ❙❡ ♣r♦❝❡❞❡ ❛ ❛♣❧✐❝❛r ❧❛s ♣r✉❡❜❛s ❞❡
❊♥❣❧❡ ✫ ●r❛♥❣❡r ② ❏♦❤❛♥s❡♥ ❞✐r❡❝t❛♠❡♥t❡✱ ♣❛r❛ ✈❡r✐✜❝❛❝✐ó♥ ❞❡ ❧♦ ❛♥❛❧✐③❛❞♦✳ ❆
❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♣r❡s❡♥t❛ ✉♥ ❝✉❛❞r♦ ❝♦♥ ❡❧ r❡s✉♠❡♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❛♠❜❛s
♣r✉❡❜❛s✳

✸✺



❈✉❛❞r♦ ✷✵✳ Pr✉❡❜❛ ❈❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r ♣❛r❛ ▲❙❊ ② ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ❝✉❛❞r♦ ❛♥t❡r✐♦r ✐♥❞✐❝❛ q✉❡✱ ❛❧ ✐❣✉❛❧ q✉❡ ❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❧❛s s❡r✐❡s
❝♦✐♥t❡❣r❛♥❀ ❡♥ ❡❧ ❝❛s♦ ❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r❀ ♣♦r ❞❡✜♥✐❝✐ó♥ t✐❡♥❡ ✉♥❛ r❡❧❛❝✐ó♥ ❞❡
❝♦✐♥t❡❣r❛❝✐ó♥❀ r❡s♣❡❝t♦ ❛ ❧❛ ♣r✉❡❜❛ ❞❡ ❏♦❤❛♥s❡♥✱ ❡❧ ♠♦❞❡❧♦ ♥♦ ♠✉❡str❛ s❡r ❧♦
s✉✜❝✐❡♥t❡♠❡♥t❡ ❡s♣❡❝í✜❝♦ ♣❛r❛ ♣r♦❜❛r ❝♦✐♥t❡❣r❛❝✐ó♥ ❜❛s❛❞♦ ❡♥ ❧❛s ❝❛r❛❝t❡ríst✐❝❛s
❞❡ ❧❛s s❡r✐❡s q✉❡ ②❛ s❡ ❡①♣❧✐❝ó✱ ♣♦r ❧♦ q✉❡ s❡ ❞❡s❛rr♦❧❧❛♥ ❧♦s ♠✐s♠♦s ♣❛s♦s ♣❛r❛
❞❡t❡r♠✐♥❛r ❡❧ ♠♦❞❡❧♦ ❱❆❘ ❣❡♥❡r❛❧✳

❈♦♠♦ s❡ ✐♥❞✐❝ó ❡♥ ❧❛ s✉❜s❡❝❝✐ó♥ ❛♥t❡r✐♦r✱ ❡❧ ♠♦❞❡❧♦ ❱❆❘ ✉t✐❧✐③❛ r❡③❛❣♦s t❛♥t♦
❞❡ ❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛ ❝♦♠♦ ❞❡ ❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛t✐✈❛ ♣❛r❛ ❡①♣r❡s❛r ❡❧ ✈❛❧♦r
❛❝t✉❛❧ ❞❡ ❧❛ ✈❛r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ♣r❡s❡♥t❛♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧
♠♦❞❡❧♦ q✉❡ ♣r❡s❡♥t❛ ✉♥ r❡③❛❣♦ ❞❡ ✶ ♣❡rí♦❞♦✱ ♣✉❡s ❡s❛ ❢✉❡ ❧❛ ❝❛♥t✐❞❛❞ ❞❡ r❡③❛❣♦s
♠í♥✐♠♦s q✉❡ ♥♦ ❣❡♥❡r❛r♦♥ ♣r♦❜❧❡♠❛s ❞❡ ❛✉t♦❝♦rr❡❧❛❝✐ó♥✳

✸✻



❈✉❛❞r♦ ✷✶✳ ❘❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ❤❡❝❤♦ ❞❡ q✉❡ ❧❛ ♠❛②♦rí❛ ❞❡ ❧❛s ✈❛r✐❛❜❧❡s s♦♥ ❡st❛❞íst✐❝❛♠❡♥t❡ ✐♥s✐❣♥✐✜❝❛♥✲
t❡s✱ s✐♠✐❧❛r ❛❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❡s ❝♦♥❣r✉❡♥t❡ ❝♦♥ ♠❡r❝❛❞♦s ❡✜❝✐❡♥t❡s✱ ❝♦♥t✐♥ú❛♥
♣r♦❝❡s❛♥❞♦ rá♣✐❞❛♠❡♥t❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥✳ ❙❡ s✐❣✉❡ ♦❜s❡r✈❛♥❞♦ q✉❡ ❝✉❛♥❞♦ ❧❛ ✈❛✲
r✐❛❜❧❡ ❡①♣❧✐❝❛❞❛ ❡s ❧❛ s❡r✐❡ ❞❡ r❡♥❞✐♠✐❡♥t♦s ❞❡❧ ▲❙❊✱ ❡❧ ♠♦❞❡❧♦ ♣r❡s❡♥t❛ ✉♥❛
♠❛②♦r ❜♦♥❞❛❞ ❞❡ ❛❥✉st❡✱ ❛✉♥q✉❡ s✐❣✉❡ s✐❡♥❞♦ ❜❛❥❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❧♦ ♠ás r❡❧❡✲
✈❛♥t❡ ❞❡ ❝♦rr♦❜♦r❛r ❡s q✉❡ ❧♦s r❡s✐❞✉♦s ♥♦ ❡sté♥ ❝♦rr❡❧❛❝✐♦♥❛❞♦s✱ ❞❡ ✐❣✉❛❧ ❢♦r♠❛
♠❡❞✐❛♥t❡ ✉♥ ❛♥á❧✐s✐s ▼✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡ ▲❛❣r❛♥❥❡✳

✸✼



❈✉❛❞r♦ ✷✷✳ ❆✉t♦❝♦rr❡❧❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

▲♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♥ q✉❡ ❡♥ ❝❛❞❛ ❝❛s♦ ♥♦ ❡①✐st❡ ❡✈✐❞❡♥❝✐❛ ❡st❛❞íst✐❝❛ ♣❛r❛
r❡❝❤❛③❛r ❧❛ ❤✐♣ót❡s✐s ♥✉❧❛ ❞❡ q✉❡ ♥♦ ❡①✐st❡ ❛✉t♦❝♦rr❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s
❞❡❧ ❱❆❘✱ ❛ ✉♥ ♥✐✈❡❧ ❞❡ s✐❣♥✐✜❝❛♥❝✐❛ ❞❡ ✺✪✱ ❡st♦ ❝♦♥ ✉♥ ♦r❞❡♥ ❞❡ ✷ r❡③❛❣♦s✳
❈♦♥tr❛st❛❞♦ ❧♦ ❛♥t❡r✐♦r✱ s❡ ♣✉❡❞❡ t♦♠❛r ❧♦s r❡s✐❞✉♦s ❞❡ ❛♠❜❛s ❡❝✉❛❝✐♦♥❡s ②
♣r♦❜❛r s✉ ❡st❛❝✐♦♥❛r✐❡❞❛❞ ❝♦♠♦ s❡ ♣r❡s❡♥t❛ ❛ ❝♦♥t✐♥✉❛❝✐ó♥✳

❈✉❛❞r♦ ✷✸✳ ❘❡s✉❧t❛❞♦s ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❉❡❧ ❝✉❛❞r♦ ✷✸ s❡ ❝♦♥❝❧✉②❡ q✉❡ ❧♦s r❡s✐❞✉♦s s♦♥ ❡st❛❝✐♦♥❛r✐♦s✱ ❡st♦ ❡s q✉❡
❧♦s ♠❡r❝❛❞♦s✱ s✐♠✐❧❛r q✉❡ ❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❡stá♥ ✐♥t❡❣r❛❞♦s✱ ♦ ❧♦ q✉❡ ❡s
❧♦ ♠✐s♠♦ s❡ ♣♦❞rí❛ ❞❡❝✐r q✉❡ ♠❛♥t✐❡♥❡♥ ✉♥❛ r❡❧❛❝✐ó♥ ❡st❛❜❧❡ ❛ ❧❛r❣♦ ♣❧❛③♦✳ ❉❡
✐❣✉❛❧ ❢♦r♠❛ s❡ ♣✉❡❞❡ ✐♥❞✐❝❛r q✉❡ s❡ ❝♦rr♦❜♦r❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❝♦♥ ❊♥❣❧❡
✫ ●r❛♥❣❡r✳

❙❡❣✉✐❞❛♠❡♥t❡ s❡ ♣r♦❝❡❞❡ ❛ r❡❛❧✐③❛r ❧❛s ♣r✉❡❜❛s ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r✱ ❡❧
❝✉❛❞r♦ ✷✹ ♠✉❡str❛ ❧♦s r❡s✉❧t❛❞♦s✳

✸✽



❈✉❛❞r♦ ✷✹✳ Pr✉❡❜❛ ❈❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r ♣❛r❛ ▲❙❊ ② ◆❨❙❊✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙✐ ❜✐❡♥✱ r❡❝❤❛③❛r ❧❛ ❤✐♣ót❡s✐s ❞❡❧ t❡st ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r✱ ❡s ✉♥❛ ❝♦♥✲
❞✐❝✐ó♥ ♥❡❝❡s❛r✐❛✱ ♥♦ ❡s s✉✜❝✐❡♥t❡ ♣❛r❛ ✐♥❞✐❝❛r ❝❛✉s❛❧✐❞❛❞✱ ♥✐ t❛♠♣♦❝♦ ✐♥❞✐❝❛ s✉
❞✐r❡❝❝✐ó♥✱ s✐♥ ❡♠❜❛r❣♦✱ ❡st❛ ❡s ✉♥❛ r❡❢❡r❡♥❝✐❛ ❞❡ q✉❡ ❡st♦s ♠❡r❝❛❞♦s ♣✉❡❞❡♥
t❡♥❡r ✉♥❛ r❡❧❛❝✐ó♥ ❞❡ ❝❛✉s❛❧✐❞❛❞✱ ❞❡ ❛❝✉❡r❞♦ ❛ ❡st♦s r❡s✉❧t❛❞♦s✱ ❧♦s ♠❡r❝❛❞♦s
♥♦ s❡ ❝❛✉s❛♥ ❡♥ ♥✐♥❣✉♥❛ ❞✐r❡❝❝✐ó♥✱ ♣❛r❛❧❡❧❛♠❡♥t❡ ❛ ❧♦ ❛♥❛❧✐③❛❞♦ ❡♥ ❡❧ ♣r✐♠❡r
♣❡r✐♦❞♦✳ ▲❛ ❤✐♣ót❡s✐s ❞❡ q✉❡ ▲❙❊ ♥♦ ❝❛✉s❛✱ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ ●r❛♥❣❡r✱ ❛ ◆❨❙❊✱
s❡ r❡❝❤❛③❛ ❝♦♥ ♠❡♥♦r ❢✉❡r③❛ q✉❡ ❡❧ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✱ s✐♥ ❡♠❜❛r❣♦✱ ❧❛ ❞✐❢❡r❡♥✲
❝✐❛ s✐❣✉❡ s✐❡♥❞♦ ✉♥ ✈❛❧♦r ❞❡ ♣r♦❜❛❜✐❧✐❞❛❞ ❛❧t♦✳ ▲❛ ❤✐♣ót❡s✐s ❞❡ q✉❡ ◆❨❙❊ ♥♦
❝❛✉s❛✱ ❡♥ ❡❧ s❡♥t✐❞♦ ❞❡ ●r❛♥❣❡r✱ ❛ ▲❙❊ s❡ r❡❝❤❛③❛ ❝♦♥ ♠✉❝❤❛ ♠ás ❢✉❡r③❛ q✉❡
❡♥ ❡❧ ♣r✐♠❡r ♣❡rí♦❞♦✱ ❧♦ q✉❡ ♣♦❞rí❛ ✐♥❞✐❝❛r q✉❡ ❛ r❛í③ ❞❡ ❧❛ P●▼✱ ❡❧ ❤❡❝❤♦ ❞❡
✉s❛r ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ❞❡ ✉♥ ♠❡r❝❛❞♦ ♣♦❞rí❛ ♠❡❥♦r❛r ❧❛ ❡①♣❧✐❝❛❝✐ó♥ ❞❡ ❧♦ q✉❡
s✉❝❡❞❡ ❡♥ ❡❧ ♦tr♦✱ ✐♠♣❧✐❝❛♥❞♦ ❛❧❣✉♥❛ ✐♥✢✉❡♥❝✐❛ ♦ ❣r❛❞♦ ❞❡ ❛❢❡❝t❛❝✐ó♥ ❞❡ ❧♦ q✉❡
s✉❝❡❞❡ ❡♥ ✉♥ ♠❡r❝❛❞♦ s♦❜r❡ ❡❧ ♦tr♦✳

❊♥ s❡❣✉✐❞❛✱ s❡ ♣r❡s❡♥t❛♥ ❧❛s ♣r✉❡❜❛s ❝♦rr❡s♣♦♥❞✐❡♥t❡s ❛ ❧❛s ♣r✉❡❜❛s ❞❡ ❧♦s
♠❡r❝❛❞♦s ❝♦♥ s✉s r❡③❛❣❛❞❛s✳ Pr✐♠❡r❛♠❡♥t❡✱ ❧❛ ♣r✉❡❜❛ ❞❡ ▲♦♥❞♦♥ ❙t♦❝❦ ❊①❝❤❛♥✲
❣❡ ❡♥ ❡❧ ❝✉❛❞r♦ ✷✺✿

❈✉❛❞r♦ ✷✺✳ ▲❙❊ ❡①♣❧✐❝❛❞❛ ♣♦r s✉ r❡③❛❣♦✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✸✾



❊st♦s r❡s✉❧t❛❞♦s s♦♥ s✐♠✐❧❛r❡s ❛ ❧♦s ❞❡❧ ♣❡rí♦❞♦ ❛♥t❡r✐♦r✱ ❝♦♥ ✉♥ ❘✲❝✉❛❞r❛❞♦
❜❛❥♦✱ q✉❡ ✐♥❞✐❝❛ q✉❡ ❡❧ ♠❡r❝❛❞♦ ❛❡s ❡✜❝✐❡♥t❡✳ ▲♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ♣r✉❡❜❛ ❡♥
◆❨❙❊ s❡ ♣r❡s❡♥t❛♥ ❡♥ ❡❧ ❝✉❛❞r♦ ✷✻✳

❈✉❛❞r♦ ✷✻✳ ◆❨❙❊ ❡①♣❧✐❝❛❞❛ ♣♦r s✉ r❡③❛❣♦✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

■❣✉❛❧♠❡♥t❡ ♥♦ s❡ ❛♣r❡❝✐❛ s✐❣♥✐✜❝❛♥❝✐❛ ❡♥ ❡❧ r❡③❛❣♦ ② s❡ t✐❡♥❡ ✉♥ ❜❛❥♦ ❘✲
❝✉❛❞r❛❞♦✱ s✐♠✐❧❛r♠❡♥t❡✱ ❛ ❧❛ ♣r✉❡❜❛ ❞❡❧ ▲❙❊❀ ❡❧ ♠❡r❝❛❞♦ ◆❨❙❊ ♣❛r❡❝❡ s❡r ❡✜✲
❝✐❡♥t❡ ❡♥ ✐♥❝♦r♣♦r❛r ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ② ❛❞❛♣t❛r s✉s ❡①♣❡❝t❛t✐✈❛s ❡♥ ❡❧
♣r❡s❡♥t❡✳

❊♥ ❝♦♥❝❧✉s✐ó♥✱ s❡ ♣✉❡❞❡ ✐♥❞✐❝❛r q✉❡ ♣♦st❡r✐♦r ❛ ❧❛ r❡❛♣❡rt✉r❛ ❞❡ ❧❛s tr❛♥✲
s❛❝❝✐♦♥❡s ❜✉rsát✐❧❡s✱ ❛ ♠❡❞✐❛❞♦s ❞❡ ✶✾✶✹✱ ❛♠❜♦s ♠❡r❝❛❞♦s ❢✉♥❝✐♦♥❛♥ ✐♥t❡❣r❛✲
❞❛♠❡♥t❡ ② s♦♥ ❡✜❝✐❡♥t❡s ♣r♦❝❡s❛♥❞♦ ❧❛ ✐♥❢♦r♠❛❝✐ó♥✱ t❛♥t♦ ❧❛ ❞❡❧ ♦tr♦ ♠❡r❝❛❞♦✱
❝♦♠♦ ❧❛ s✉②❛ ♣r♦♣✐❛✳ ❙✐♥ ❡♠❜❛r❣♦✱ s✐ s❡ ❝♦♠♣❛r❛♥ ❝♦♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡❧ ♣r✐♠❡r
♣❡rí♦❞♦✱ ❡♥ ❡❧ s❡❣✉♥❞♦ ♣❡rí♦❞♦ ♣❛r❡❝❡ ❡①✐st✐r ✉♥❛ ♠❡♥♦r ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✳

✺✳✸✳ Pr✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❞❡ ❧❛s t❛s❛s ❞❡ ✐♥t❡✲
rés ❞❡ ◆❨❙❊ ② ▲❙❊ ✶✾✵✻ ❛ ✶✾✷✺

❆❞✐❝✐♦♥❛❧♠❡♥t❡ ❛ ❛♥á❧✐s✐s r❡❛❧✐③❛❞♦ ❤❛st❛ ❛❤♦r❛✱ ❞♦♥❞❡ s❡ ✉t✐❧✐③❛♥ ❧♦s r❡♥❞✐✲
♠✐❡♥t♦s ❞❡❧ ♠❡r❝❛❞♦ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❝♦✐♥t❡❣r❛❝✐ó♥✱ ❛ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ tr❛❜❛❥❛rá
❡❧ ♠♦❞❡❧♦ ✉t✐❧✐③❛♥❞♦ t❛s❛s ❞❡ ✐♥t❡rés✱ r❡❣✐str❛❞❛s ♠❡♥s✉❛❧♠❡♥t❡ ♣❛r❛ ❞❡t❡r♠✐♥❛r
s✐ ❡①✐st✐ó ❝♦✐♥t❡❣r❛❝✐ó♥ ❡♥tr❡ ◆❨❙❊ ② ▲❙❊ ❡♥tr❡ ✶✾✵✻ ② ✶✾✷✺✳

▲♦ ❛♥t❡r✐♦r ♣❛r❛ ♣♦❞❡r r❡❢♦r③❛r ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s ❡♥ ❧♦s ❛♣❛rt❛❞♦s
❛♥t❡r✐♦r❡s❀ ♠ás ❡s♣❡❝í✜❝❛♠❡♥t❡✱ s❡ ✉t✐❧✐③❛rá ❧❛ ❚❛s❛ ❞❡❧ P❛♣❡❧ ❈♦♠❡r❝✐❛❧ ♣❛r❛
◆✉❡✈❛ ❨♦r❦ ✭❞❡✜♥✐❞❛ ❝♦♠♦ ✏t✐♥②✑✮ ② ♣❛r❛ ▲♦♥❞r❡s✱ ❧❛ ❚❛s❛ ❞❡ ❉❡s❝✉❡♥t♦ ❞❡❧
▼❡r❝❛❞♦ ❆❜✐❡rt♦ ✭❞❡✜♥✐❞❛ ❝♦♠♦ ✏t✐❧✑✮✳

❊❧ ❛♥á❧✐s✐s t✐❡♥❡ ❧❛ ❝♦♥s✐❞❡r❛❝✐ó♥ q✉❡ ❧❛s ♣r✉❡❜❛s s❡ r❡❛❧✐③❛rá♥ ❡♥ s♦❧♦ ♣❡r✐♦❞♦
✭✶✾✵✻ ❛ ✶✾✷✺✮✱ ♣✉❡s ❧❛ ✐♥❢♦r♠❛❝✐ó♥ s♦❜r❡ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés ❡stá ❞✐s♣♦♥✐❜❧❡ ♣❛r❛
t♦❞♦ ❡❧ ♣❡r✐♦❞♦ ❞❡ ❡st✉❞✐♦✳ Pr✐♠❡r❛♠❡♥t❡✱ s❡ ❞❡t❡r♠✐♥❛rá ❧❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞ ❞❡
❧❛s s❡r✐❡s ❞❡ t❛s❛s ❞❡ ✐♥t❡rés✱ t❛❧ ② ❝♦♠♦ s❡ ♠✉❡str❛ ❡♥ ❡❧ ❝✉❛❞r♦ ✷✼✳
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❈✉❛❞r♦ ✷✼✳ ❊st❛❝✐♦♥❛r✐❡❞❛❞ ❞❡ ❧❛s s❡r✐❡s ✏t✐♥②✑ ② ✏t✐❧✑ s❡❣ú♥ ❆❉❋ ② PP✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❈♦♠♦ s❡ ♦❜s❡r✈❛✱ ❛♠❜❛s s❡r✐❡s s♦♥ ❡st❛❝✐♦♥❛r✐❛s t❛❧ ② ❝♦♠♦ s❡ ❡s♣❡r❛❜❛ ♣❛r❛
♣♦❞❡r ♣r♦❜❛r ❝♦✐♥t❡❣r❛❝✐ó♥✳ ❆ ❝♦♥t✐♥✉❛❝✐ó♥✱ s❡ ❡st✉❞✐❛rá♥ ❞♦s ❡❝✉❛❝✐♦♥❡s✱ ❧❛
♣r✐♠❡r❛✱ ❧❛ t❛s❛ ❞❡ ✐♥t❡rés ❞❡ ◆❡✇ ❨♦r❦ ❡①♣❧✐❝❛❞❛ ♣♦r ❧❛ ❞❡ ▲♦♥❞r❡s✱ ❧❛ s❡❣✉♥❞❛✱
❡s ❧❧❛ t❛s❛ ❞❡ ✐♥t❡rés ❞❡ ▲♦♥❞r❡s ❡①♣❧✐❝❛❞❛ ♣♦r ❧❛ ❞❡ ◆❡✇ ❨♦r❦✳

tinyt = c+ tilt + εt ✭✺✮

Pr♦❝❡❞✐é♥❞♦s❡ ❛ ❝❛❧❝✉❧❛r ❧❛ r❡❣r❡s✐ó♥ ❡♥ ❝✉❡st✐ó♥✱ s❡ ♦❜t✐❡♥❡♥ ❧♦s r❡s✉❧t❛❞♦s
❡①♣r❡s❛❞♦s ❡♥ ❡❧ ❝✉❛❞r♦ ✷✽

❈✉❛❞r♦ ✷✽✳ ❚❛s❛ ❞❡ ◆❡✇ ❨♦r❦ ❡①♣❧✐❝❛❞❛ ♣♦r ▲♦♥❞r❡s✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙❡❣ú♥ ❧♦s r❡s✉❧t❛❞♦s✱ ❧❛ t❛s❛ ❞❡ ▲♦♥❞r❡s ❡s s✐❣♥✐✜❝❛t✐✈❛ ② ❛❢❡❝t❛ ♣♦s✐t✐✈❛♠❡♥✲
t❡ ❛ ❧❛ t❛s❛ ❞❡ ◆❡✇ ❨♦r❦✱ ❡st♦ ♣♦❞rí❛ s❡r ✉♥ ✐♥❞✐❝✐♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❛r❛✳
❙❡❣✉✐❞❛♠❡♥t❡ s❡ ❛♥❛❧✐③❛rá ❧❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞ ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡ ❡st❛ ❡❝✉❛❝✐ó♥✳

✹✶



❈✉❛❞r♦ ✷✾✳ Pr✉❡❜❛s ❆❉❋ ② PP ❛ ❧♦s r❡s✐❞✉♦s ❞❡ ❧❛ ❚❛s❛ ❞❡ ◆❡✇ ❨♦r❦

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❉❡ ❛❝✉❡r❞♦ ❛ ❧♦s r❡s✉❧t❛❞♦s✱ ❧♦s r❡s✐❞✉♦s s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐♦s✱ ❡s ❞❡❝✐r ❧❛s
s❡r✐❡s ♥♦ ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s✳ ❊①✐st❡ ✉♥❛ r❡❧❛❝✐ó♥ ❡s♣✉r✐❛ ❡♥tr❡ ❛♠❜❛s✱ ❧♦ q✉❡ ❡s
❧♦ ♠✐s♠♦ ❧❛ r❡❧❛❝✐ó♥ s❡ ♣♦❞rí❛ ❝♦♥s✐❞❡r❛r q✉❡ ♥♦ ❡s ❡st❛❜❧❡ ❡♥ ❡❧ ❧❛r❣♦ ♣❧❛③♦✳
❆❤♦r❛✱ s❡ ♣r♦❝❡❞❡rá ❛ ❡st✐♠❛r ❧❛ s❡❣✉♥❞❛ ❡❝✉❛❝✐ó♥ ✭✻✮ ② ❧♦s r❡s✉❧t❛❞♦s ❡♥ ❡❧
❝✉❛❞r♦ ✸✵✳

tilt = c+ tinyt + εt ✭✻✮

❈✉❛❞r♦ ✸✵✳ ❚❛s❛ ❞❡ ▲♦♥❞r❡s ❡①♣❧✐❝❛❞❛ ♣♦r ◆❡✇ ❨♦r❦✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❙❡❣ú♥ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛ ❡❝✉❛❝✐ó♥✱ ② ❛♥á❧♦❣❛♠❡♥t❡ ❛❧ ❝❛s♦ ❛♥t❡r✐♦r✱ ❧❛
t❛s❛ ❞❡ ◆❡✇ ❨♦r❦ ❡s s✐❣♥✐✜❝❛t✐✈❛ ② ❛❢❡❝t❛ ♣♦s✐t✐✈❛♠❡♥t❡ ❛ ❧❛ t❛s❛ ❞❡ ▲♦♥❞r❡s✱
✐❣✉❛❧♠❡♥t❡ ♣♦❞rí❛ ❝♦♥s✐❞❡r❛rs❡ ❝♦♠♦ ✉♥ ✐♥❞✐❝✐♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❛r❛✳ ❆❤♦r❛
❜✐❡♥✱ s❡ ❛♥❛❧✐③❛rá ❧❛ ❡st❛❝✐♦♥❛r✐❡❞❛❞ ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡ ❡st❛ ❡❝✉❛❝✐ó♥✳

❈✉❛❞r♦ ✸✶✳ Pr✉❡❜❛s ❆❉❋ ② PP

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✹✷



❉❡ ❛❝✉❡r❞♦ ❛ ❧♦s r❡s✉❧t❛❞♦s✱ s✐♠✐❧❛r♠❡♥t❡ ❛ ❧❛ ❡❝✉❛❝✐ó♥ ❛♥t❡r✐♦r✱ ❧♦s r❡s✐❞✉♦s
s♦♥ ♥♦ ❡st❛❝✐♦♥❛r✐♦s✱ ❡s ❞❡❝✐r ❧❛s s❡r✐❡s ♥♦ ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s✳ ❊♥ ❝♦♥❝❧✉s✐ó♥✱
❞❡❧ ♠♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r ♥♦ s❡ ♣✉❡❞❡ ❝♦♥❝❧✉✐r q✉❡ ❡①✐st❛ ✐♥t❡❣r❛❝✐ó♥ ✜✲
♥❛♥❝✐❡r❛ ❡♥tr❡ ❧♦s ♠❡r❝❛❞♦s ❞❡ ▲♦♥❞r❡s ② ◆❡✇ ❨♦r❦✱ ✉t✐❧✐③❛♥❞♦ ♣❛r❛ ❡❧ ❛♥á❧✐s✐s
❧❛s t❛s❛s ❞❡ ✐♥t❡rés✳ P❛r❛ ❝♦♥tr❛st❛r ❧♦ ❛♥t❡r✐♦r✱ s❡ ❝♦rr❡rá ✉♥ ♠♦❞❡❧♦ ❞❡ ❱❡❝t♦✲
r❡s ❆✉t♦rr❡❣r❡s✐✈♦s ❝♦♥ ❧❛s s❡r✐❡s ❞❡ t❛s❛s ❞❡ ✐♥t❡rés✱ q✉❡ t❡♥❞rá ✼ r❡③❛❣♦s✱ ❞❡
❛❝✉❡r❞♦ ❛❧ ❝r✐t❡r✐♦ ❞❡ ❆❦❛✐❦❡✳

❈✉❛❞r♦ ✸✷✳ ❘❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

✹✸



❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

❊❧ ♠♦❞❡❧♦ ❱❆❘ ❞❡♠✉❡str❛ ✉♥ ❘ ❈✉❛❞r❛❞♦ r❡❧❛t✐✈❛♠❡♥t❡ ❛❧t♦✱ ② ✈❛r✐❛s ✈❛✲
r✐❛❜❧❡s s✐❣♥✐✜❝❛t✐✈❛s✳ ❙✐♥ ❡♠❜❛r❣♦✱ ❝♦♠♦ ②❛ ✐♥❞✐❝ó ❝♦♥ ❛♥t❡r✐♦r✐❞❛❞✱ ❡s r❡❧❡✈❛♥t❡
♦❜s❡r✈❛r q✉❡ ♥♦ ❡①✐st❡ ❛✉t♦❝♦rr❡❧❛❝✐ó♥ ❡♥tr❡ ❧♦s r❡s✐❞✉♦s✳ P♦r ❧♦ t❛♥t♦ s❡ ♣r♦❝❡❞❡
❛ ❡st✐♠❛r ❡❧ ❡st❛❞íst✐❝♦ ❞❡ ▼✉❧t✐♣❧✐❝❛❞♦r❡s ❞❡ ▲❛❣r❛♥❥❡✳

❈✉❛❞r♦ ✸✸✳ ❆✉t♦❝♦rr❡❧❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

P❛r❛ t♦❞♦s ❧♦s ❝❛s♦s✱ ♥♦ s❡ r❡❝❤❛③❛ ❧❛ ❤✐♣ót❡s✐s ❞❡ ♥♦ ❛✉t♦❝♦rr❡❧❛❝✐ó♥✱ ♣♦r
❧♦ q✉❡ s❡ ♣✉❡❞❡ ♣r♦❝❡❞❡r ❛ r❡❛❧✐③❛r ❡❧ ❡st✉❞✐♦ ❞❡ ❧♦s r❡s✐❞✉♦s ❞❡❧ ♠♦❞❡❧♦ ❛
❝♦♥t✐♥✉❛❝✐ó♥✳

❈✉❛❞r♦ ✸✹✳ ❘❡s✉❧t❛❞♦s ❞❡❧ ♠♦❞❡❧♦ ❱❆❘✳

❋✉❡♥t❡✿ ❊❧❛❜♦r❛❝✐ó♥ ♣r♦♣✐❛✳

✹✹



❉❡ ❛❝✉❡r❞♦ ❛ ❧♦s r❡s✉❧t❛❞♦s✱ ❧♦s r❡s✐❞✉♦s ❞❡ ❛♠❜❛s ❡❝✉❛❝✐♦♥❡s s♦♥ ❡st❛❝✐♦✲
♥❛r✐♦s✱ ❡s ❞❡❝✐r✱ ❧❛s s❡r✐❡s ❡stá♥ ❝♦✐♥t❡❣r❛❞❛s✱ ❡st♦ ❞❛ ♣✐❡ ❛ ✐♥❞✉❝✐r q✉❡ ♣♦❞rí❛
❡①✐st✐r ❡✈✐❞❡♥❝✐❛ ❡♠♣ír✐❝❛ q✉❡ s✉❣✐❡r❛ ❧❛ ❡①✐st❡♥❝✐❛ ❞❡ ❛❧❣ú♥ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥
✜♥❛♥❝✐❡r❛ ❡♥ ◆❡✇ ❨♦r❦ ② ▲♦♥❞r❡s✳

❊①✐st❡ ❞✐s❝r❡♣❛♥❝✐❛ ❡♥ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❞❡ ❛♠❜♦s ♠♦❞❡❧♦s✱ ②❛ q✉❡ ❊♥❣❧❡ ✫
●r❛♥❣❡r ✐♥❞✐❝❛♥ q✉❡ ♥♦ ❡①✐st❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✱ ♣❡r♦ ❝♦♥ ❡❧ ♠♦❞❡❧♦ ❱❆❘
✐♥❞✐❝❛ q✉❡ sí ❡①✐st❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛✳

P♦r ❧♦ ❛♥t❡r✐♦r ❡❧ ✉s♦ ❡①❝❧✉s✐✈♦ ❞❡ t❛s❛s ❞❡ ✐♥t❡rés✱ ❡♥ ❡st❡ tr❛❜❛❥♦✱ ♥♦ ❡s
s✉✜❝✐❡♥t❡ ♣❛r❛ ❧❧❡❣❛r ❛ ❛❧❣✉♥❛ ❝♦♥❝❧✉s✐ó♥ ② s❡ ❞❡❜❡ ❛♥❛❧✐③❛r ❡♥ ❝♦♥❥✉♥t♦ ❝♦♥ ❡❧
♠♦❞❡❧♦ ❞❡ r❡♥❞✐♠✐❡♥t♦ ❞❡ ❧❛s ❛❝❝✐♦♥❡s✱ ②❛ ❡①♣✉❡st♦ ❡♥ ❡st❡ tr❛❜❛❥♦✳

✹✺



✻✳ ❈♦♥❝❧✉s✐♦♥❡s✱ ❧✐♠✐t❛❝✐♦♥❡s

② r❡❝♦♠❡♥❞❛❝✐♦♥❡s✳

❆ ❝♦♥t✐♥✉❛❝✐ó♥ s❡ ♣r❡s❡♥t❛rá♥ ❧❛s ❝♦♥❝❧✉s✐♦♥❡s ❞❡❧ ❛♥á❧✐s✐s ❞❡ ❧♦s ❞❛t♦s✱ ♠❡✲
❞✐❛♥t❡ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡❧ ♠♦❞❡❧♦ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥❀ ❧❛s ❧✐♠✐t❛❝✐♦♥❡s ❝♦♥ ❧❛s q✉❡ s❡
tr❛❜❛❥ó ❡♥ ❡❧ ❡st✉❞✐♦ ❛sí ❝♦♠♦ ❛❧❣✉♥❛s r❡❝♦♠❡♥❞❛❝✐♦♥❡s q✉❡ s❡ ♣♦❞rí❛♥ ❝♦♥s✐✲
❞❡r❛r ❡♥ ❢✉t✉r❛s ✐♥✈❡st✐❣❛❝✐♦♥❡s✳

✻✳✶✳ ❈♦♥❝❧✉s✐♦♥❡s

❊s ♣♦s✐❜❧❡ ❛✜r♠❛r q✉❡ ❡①✐st❡ ❡✈✐❞❡♥❝✐❛ ❡♠♣ír✐❝❛ q✉❡ ✐♥❞✐❝❛ q✉❡ ❧♦s ♠❡r❝❛❞♦s
▲❙❊ ② ◆❨❙❊✱ ❡st✉✈✐❡r♦♥ ✐♥t❡❣r❛❞♦s ❡♥ t♦❞♦s ❧♦s ♣❡rí♦❞♦s ❡st✉❞✐❛❞♦s✱ ❜❛s❛❞♦s
❡♥ ❧❛s ♣r✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❛♣❧✐❝❛❞❛s ❡♥ ❡st❡ ❡st✉❞✐♦✳

❚❛♥t♦ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ◆❨❙❊✱ ❝♦♠♦ ❧♦s ❞❡❧ ▲❙❊✱ ♣r❡s❡♥t❛♥ ✉♥ ❝♦♠♣♦r✲
t❛♠✐❡♥t♦ ❞❡ s❡r✐❡s ❡st❛❝✐♦♥❛r✐❛s✱ ❞♦♥❞❡ s✉ ✈❛❧♦r ❡s♣❡r❛❞♦ ❡r❛ ❝❡r❝❛♥♦ ❛ ✵✳ ▲❛
❛♣❛r✐❝✐ó♥ ❞❡ ♥✉❡✈❛s ❡♠♣r❡s❛s✱ ❞❡s❛♣❛r✐❝✐ó♥ ❞❡ ♦tr❛s ② ❧❛s ❢✉s✐♦♥❡s ❞❡ ❛❧❣✉♥❛s
♦tr❛s✱ ♣✉❞♦ ♣r♦✈♦❝❛r ✐♥❡st❛❜✐❧✐❞❛❞ ❡♥ ❧♦s ♠❡r❝❛❞♦s ② ✈♦❧❛t✐❧✐❞❛❞ q✉❡ ❧❧❡✈❛r♦♥ ❛
❡s♦s r❡s✉❧t❛❞♦s✳

▲♦s ♠❡r❝❛❞♦s ❡st✉❞✐❛❞♦s ❡st❛❜❛♥ ❝♦✐♥t❡❣r❛❞♦s ❡♥ ❝❛❞❛ ✉♥♦ ❞❡ ❧♦s s✉❜✲♣❡rí♦❞♦s
❡st✉❞✐❛❞♦s✳ ▲♦s r❡s✉❧t❛❞♦s ❞❡ ❧❛s ❡❝✉❛❝✐♦♥❡s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ♣❡r♠✐t✐❡r♦♥ ♦❜s❡r✲
✈❛r q✉❡ ❧♦s ♠❡r❝❛❞♦s ❡r❛♥ s✐❣♥✐✜❝❛t✐✈♦s ♣❛r❛ ❡①♣❧✐❝❛rs❡ ♠✉t✉❛♠❡♥t❡✱ s✐♥ ❡♠✲
❜❛r❣♦✱ ❧❛ ❢✉❡r③❛ ❞❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ♣❛r❡❝❡ ❝❛❡r ❡❧ s❡❣✉♥❞♦ ♣❡rí♦❞♦✳

❊❧ ❤❡❝❤♦ ❞❡ ❡st❛r ❝♦✐♥t❡❣r❛❞♦s ✈♦❧✈í❛ ♠ás s❡♥s✐❜❧❡s ❛ ❧♦s ♠❡r❝❛❞♦s ❛♥t❡ ❧♦s
❝❛♠❜✐♦s ❡♥ ❧❛s ✈❛r✐❛❜❧❡s ❡❝♦♥ó♠✐❝❛s ❞❡❧ ♦tr♦ ♣❛ís✱ s✐❡♥❞♦ ❝✉❛❧q✉✐❡r ❡❢❡❝t♦ r❡✢❡✲
❥❛❞♦ ❡♥ ❧❛ s✐t✉❛❝✐ó♥ ❡s♣❡❝í✜❝❛ ❞❡ ❝❛❞❛ ♠❡r❝❛❞♦ ② ❣❡♥❡r❛❧✐③❛❞❛ ♠ás ❛♠♣❧✐❛♠❡♥t❡
❛ ❧❛ s✐t✉❛❝✐ó♥ ❡❝♦♥ó♠✐❝❛ ❣❡♥❡r❛❧✳

▲❛ Pr✐♠❡r❛ ●✉❡rr❛ ▼✉♥❞✐❛❧ ♣❛r❡❝❡ s❡r ✉♥ ❢❛❝t♦r r❡❧❡✈❛♥t❡ ❡♥ ❡❧ ❝♦♠♣♦rt❛✲
♠✐❡♥t♦ ② ❞❡s❡♠♣❡ñ♦ ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ❜❛s❛❞♦ ❡♥ ❧♦s r❡s✉❧t❛❞♦s ❣❡♥❡r❛❞♦s ❡♥ ❧❛
❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛s ♣r✉❡❜❛s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥✳

❊❧ ❡st✉❞✐♦ ❞❡ ❡st♦s ♠❡r❝❛❞♦s ♣❡r♠✐t✐ó ♦❜s❡r✈❛r ❡❧ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧♦s
♠❡r❝❛❞♦s ✜♥❛♥❝✐❡r♦s ❡♥ ✉♥❛ é♣♦❝❛ ❞❡ ❣r❛♥ r❡❧❡✈❛♥❝✐❛ ❡♥ ❧❛ ❡❝♦♥♦♠í❛ ♠✉♥❞✐❛❧
❝♦♠♦ ❧♦ ❡s ❧♦s ❛ñ♦s ♣r❡✈✐♦s ❛ ❧❛ ●r❛♥ ❉❡♣r❡s✐ó♥ ❞❡❧ ❛ñ♦ ✶✾✷✾✳

❚❛♥t♦ ❝♦♥ ❡❧ ♠ét♦❞♦ ❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r ❝♦♠♦ ❝♦♥ ❡❧ ✉s♦ ❞❡ ♠♦❞❡❧♦s ❱❆❘✱
s❡ ♣✉❞♦ ❞❡t❡r♠✐♥❛r q✉❡ ❡①✐st❡ ✐♥❢♦r♠❛❝✐ó♥ q✉❡ ♣♦❞rí❛ ✐♥❞✐❝❛r q✉❡ ❡❧ ◆❡✇ ❨♦r❦
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❙t♦❝❦ ❊①❝❤❛♥❣❡ ② ❡❧ ▲♦♥❞♦♥ ❙t♦❝❦ ❊①❝❤❛♥❣❡ ❡st❛❜❛♥ ❝♦✐♥t❡❣r❛❞♦s ❡♥ ❝❛❞❛ ✉♥♦
❞❡ ❧♦s s✉❜✲♣❡rí♦❞♦s ❡st✉❞✐❛❞♦s✱ ❧♦ q✉❡ ❞❛ ❢♦rt❛❧❡③❛ ② r♦❜✉st❡❝❡ ❧♦s ❝á❧❝✉❧♦s ②
r❡s✉❧t❛❞♦s ❣❡♥❡r❛❞♦s✳

❆❞❡♠ás✱ s❡ ♣✉❞♦ ♦❜s❡r✈❛r q✉❡ ❛♠❜♦s ♠❡r❝❛❞♦s ♣r♦❝❡s❛r♦♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥
q✉❡ s❡ ❣❡♥❡r❛❜❛ ❡♥ ❡❧ ♦tr♦ ♠❡r❝❛❞♦ ❞❡ ❢♦r♠❛ ❡✜❝✐❡♥t❡✱ ❛✉♥q✉❡ ❡❧ ▲❙❊ ♣❛r❡❝❡
s❡r ♠❡♥♦s ❡✜❝✐❡♥t❡ q✉❡ ❡❧ ◆❨❙❊✱ ❜❛s❛❞♦ ❡♥ ❧❛ ♣r✉❡❜❛ ❞❡ s✐❣♥✐✜❝❛♥❝✐❛ ❞❡ ❧♦s
r❡③❛❣♦s ❛♣❧✐❝❛❞❛✳ ❊st❛s ♣r✉❡❜❛s ♣❡r♠✐t✐❡r♦♥ ♦❜s❡r✈❛r q✉❡ ❡♥ ❝❛❞❛ ❝❛s♦ ❧❛ ✈❛✲
r✐❛❜❧❡ r❡③❛❣❛❞❛ ♥♦ ❡r❛ s✐❣♥✐✜❝❛t✐✈❛ ② q✉❡ ❡❧ ✈❛❧♦r ❞❡❧ ❘ ❝✉❛❞r❛❞♦ t❛♠❜✐é♥ ❢✉❡
❜❛❥♦✳ ❆sí✱ ❡st♦s ♠❡r❝❛❞♦s ❛❞❛♣t❛♥ s✉ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❛ ❧❛s ❡①♣❡❝t❛t✐✈❛s ❞❡❧
♣❡r✐♦❞♦✱ ♦s❡❛ r❡❝✐❜í❛♥ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ♣❛s❛❞❛ ❛s✐♠✐❧á♥❞♦❧❛ ❞❡ ♠❛♥❡r❛ ♦♣♦rt✉♥❛
② ❡✜❝✐❡♥t❡✱ ❛♣❧✐❝á♥❞♦❧❛ ❛ ❧❛ t♦♠❛ ❞❡ ❞❡❝✐s✐♦♥❡s ❡♥ ❡❧ ♣❡rí♦❞♦ s✉❜s✐❣✉✐❡♥t❡✳

❙✐ s❡ r❡❛❧✐③❛ ✉♥ ❛♥á❧✐s✐s ❣❧♦❜❛❧ ❞❡ ❧♦s ♠♦❞❡❧♦s✱ s❡ ♣✉❡❞❡ ♣❡♥s❛r q✉❡ ❡①✐stí❛
✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡♥tr❡ ❡❧ ▲❙❊ ② ❡❧ ◆❨❙❊✱ s✐♥ ❡♠❜❛r❣♦✱ ❧♦s r❡s✉❧t❛❞♦s ❝♦♥ ❡❧
♠♦❞❡❧♦ ❞❡ ❊♥❣❧❡ ✫ ●r❛♥❣❡r ❛♣❧✐❝❛❞♦ ❛ ❧❛s t❛s❛s ❞❡ ✐♥t❡rés✱ ♣✉❡❞❡ ❤❛❝❡r ♣❡♥s❛r
q✉❡ ❧❛ ✐♥t❡❣r❛❝✐ó♥ ♥♦ ❡r❛ ❝♦♠♣❧❡t❛ ② q✉❡ ❥✉st❛♠❡♥t❡ ❧❛s ❞✐❢❡r❡♥❝✐❛s ❡♥ ❧❛s t❛s❛s
❞❡ ✐♥t❡rés ♣✉❡❞❡ s❡r ♣♦r ❧❛s ❞✐❢❡r❡♥t❡s ♣♦❧ít✐❝❛s ❞❡ ❛♠❜♦s ♠❡r❝❛❞♦s✳

✻✳✷✳ ▲✐♠✐t❛❝✐♦♥❡s

❊❧ ♣r✐♥❝✐♣❛❧ ♣r♦❜❧❡♠❛ r❡❧❛❝✐♦♥❛❞♦ ❝♦♥ ❡❧ ✉s♦ ❞❡❧ ❛♥á❧✐s✐s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥
❝♦♥ ❡❧ ✜♥ ❞❡ ❡①❛♠✐♥❛r ❡❧ ❣r❛❞♦ ❞❡ ✐♥t❡❣r❛❝✐ó♥ ✜♥❛♥❝✐❡r❛ ❡s q✉❡ ♥♦ ❞❛ ♥✐♥❣✉♥❛
✐♥❞✐❝❛❝✐ó♥ s♦❜r❡ ❧❛ ❞✐♥á♠✐❝❛✱ ❞✐r❡❝❝✐ó♥ ♦ ❝♦♠♣♦rt❛♠✐❡♥t♦ ❞❡ ❧❛ ❝♦♥✈❡r❣❡♥❝✐❛✳
❯♥❛ s♦❧✉❝✐ó♥ ♣❛r❝✐❛❧ ❛ ❡st❡ ♣r♦❜❧❡♠❛ s❡ ♣r♦♣♦r❝✐♦♥❛ ❝♦♥ ❧❛ ❛♣❧✐❝❛❝✐ó♥ ❞❡ ❧❛
♣r✉❡❜❛ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ s♦❜r❡ ❞✐❢❡r❡♥t❡s s✉❜✲♣❡r✐♦❞♦s✳

❊❧ ♣r♦❝❡❞✐♠✐❡♥t♦ ❞❡ ♣r✉❡❜❛ ❞❡ ❊♥❣❧❡✲●r❛♥❣❡r ❡stá s❡s❣❛❞♦ ❤❛❝✐❛ ❧❛ ❛❝❡♣✲
t❛❝✐ó♥ ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ t✐❡♥❡ q✉❡ s❡r t♦♠❛❞♦ ❡♥ ❝✉❡♥t❛✱ ②❛ q✉❡ ❡♥ ❧❛ ♣r✐♠❡r❛
❡t❛♣❛ s❡ ❡st✐♠❛ ❡❧ ♠♦❞❡❧♦ ✉t✐❧✐③❛♥❞♦ ❡❧ ♠ét♦❞♦ ❞❡ ▼❈❖✱ ❧♦ q✉❡ ♠✐♥✐♠✐③❛ ❧❛
✈❛r✐❛♥③❛ ❞❡ ❧♦s r❡s✐❞✉♦s ② ❧♦s ❤❛❝❡ ♠ás ❡st❛❝✐♦♥❛r✐❛✱ ♣♦r ❡s♦ s❡ ✉t✐❧✐③ó ❡❧ ♠♦❞❡❧♦
❱❆❘ ♣❛r❛ ❞❛r❧❡ r♦❜✉st❡③ ❛ ❧♦s r❡s✉❧t❛❞♦s ♦❜t❡♥✐❞♦s✳

❊❧ r❡s✉❧t❛❞♦ ❞❡ ❧❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❊♥❣❧❡✲●r❛♥❣❡r ♣✉❡❞❡ ✈❡rs❡ ❛❢❡❝t❛❞❛
♣♦r ❡❧ ♦r❞❡♥ ❝♦♥s✐❞❡r❛❞♦✳ ❊st❛ ❛❞✈❡rt❡♥❝✐❛ s❡ ❞❡❜❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ ❛❧ ✐♥t❡r♣r❡t❛r
❧♦s r❡s✉❧t❛❞♦s✳ ❆❞❡♠ás✱ ❡♥ ❧❛ ✐♥t❡r♣r❡t❛❝✐ó♥ ❞❡ ❧♦s r❡s✉❧t❛❞♦s ❞❡ ❡st❛ ♣r✉❡❜❛✱ s❡
❞❡❜❡ s✐❡♠♣r❡ t❡♥❡r ❡♥ ❝✉❡♥t❛ q✉❡ ❡❧ ❤❡❝❤♦ ❞❡ q✉❡ ✉♥❛ ✈❛r✐❛❜❧❡✱ ♣♦r ❡❥❡♠♣❧♦✱ ✏②✑
✱❝❛✉s❛ ❡♥ tér♠✐♥♦s ❞❡ ●r❛♥❣❡r ❛ ♦tr❛ ✈❛r✐❛❜❧❡✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦ ✏①✑❀ ♥♦ ✐♠♣❧✐❝❛
q✉❡ ① ❡s ❡❧ ❡❢❡❝t♦ ♦ ❡❧ r❡s✉❧t❛❞♦ ❞❡ ❡s❛ ✈❛r✐❛❜❧❡ ✏②✑❀ ❞❡ ❤❡❝❤♦✱ ❧❛ ❝❛✉s❛❧✐❞❛❞ ❞❡
●r❛♥❣❡r ♠✐❞❡ ♣r❡❝❡❞❡♥❝✐❛ ② ❝♦♥t❡♥✐❞♦ ❞❡ ❧❛ ✐♥❢♦r♠❛❝✐ó♥ ② ♥♦ ❧❛ ❝❛✉s❛❧✐❞❛❞ ❡♥
❡❧ ✉s♦ ♠ás ❝♦♠ú♥ ❞❡❧ tér♠✐♥♦✳

❖tr❛ ❧✐♠✐t❛❝✐ó♥ ❞❡ ❡st❡ tr❛❜❛❥♦ ❤❛ s✐❞♦ ❡❧ ❝♦♥s✐❞❡r❛r t♦❞❛s ❧❛s ❡♠♣r❡s❛s ❞❡❧
♠✐s♠♦ t❛♠❛ñ♦ ✭❛❧ ♣♦♥❞❡r❛r ❧❛ ❝♦t✐③❛❝✐ó♥ ❞❡ ❧❛s ❛❝❝✐♦♥❡s ❞❡ ♠❛♥❡r❛ ❣❡♥❡r❛❧
t♦♠❛♥❞♦ só❧♦ ❡♥ ❝✉❡♥t❛ ❡❧ ♣r❡❝✐♦ ❞❡ ❧❛s ♠✐s♠❛s✮✱ ❡st♦ ♣♦r ❝✉❛♥t♦ ♥♦ ❡①✐stí❛♥
❞❛t♦s ♣❛r❛ ❡st❛❜❧❡❝❡r ❡❧ ♣❡s♦ ❞❛ ❝❛❞❛ ❡♠♣r❡s❛ ❡♥ s✉s r❡s♣❡❝t✐✈♦s ♠❡r❝❛❞♦s ♣✉❡s
s❡ ❞❡s❝♦♥♦❝❡ ❡❧ ✈♦❧✉♠❡♥ ❞❡ ❧❛s ❛❝❝✐♦♥❡s q✉❡ ❝❛❞❛ ❡♠♣r❡s❛ tr❛♥❝ó ❡♥ ❡❧ ♠❡r❝❛❞♦✳
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✻✳✸✳ ❘❡❝♦♠❡♥❞❛❝✐♦♥❡s

❊♥ ❡st✉❞✐♦s ❢✉t✉r♦s ❡s ♦♣♦rt✉♥♦ ❝♦♥s✐❞❡r❛r ❡❧ ♣❡s♦ r❡❧❛t✐✈♦ ❞❡ ❧❛ ❡♠♣r❡s❛
❡♥ ❡❧ ♠❡r❝❛❞♦ ✭❝♦♥s✐❞❡r❛♥❞♦ ❡❧ ✈♦❧✉♠❡♥ ❞❡ ❛❝❝✐♦♥❡s q✉❡ ✈❡♥❞❡ ❝❛❞❛ ❡♠♣r❡s❛✮✱
♣❛r❛ ♣♦♥❞❡r❛r s✉ ♣❛rt✐❝✐♣❛❝✐ó♥ ② s✉ ❛❢❡❝t❛❝✐ó♥ ❡♥ ❡❧ ♠✐s♠♦ ② ❞❡t❡r♠✐♥❛r s✐ ❛❧
❛❧❣✉♥❛s q✉❡ t✐❡♥❡♥ ♠ás ✐♥✢✉❡♥❝✐❛ ♦ ✐♠♣♦rt❛♥❝✐❛ r❡❧❛t✐✈❛ q✉❡ ♦tr❛s✳

❈♦♠♦ ❧♦s ♠♦❞❡❧♦s ❞❡ ❝♦✐♥t❡❣r❛❝✐ó♥ ❛♥❛❧✐③❛♥ ❧❛ t❡♥❞❡♥❝✐❛ ❞❡ ❧❛ s❡r✐❡ ❡♥ ❡❧
❧❛r❣♦ ♣❧❛③♦✱ s❡ ♣♦❞rí❛♥ r❡❛❧✐③❛r t❡st ❝♦♥s✐❞❡r❛♥❞♦ ❧❛ ✐♥tr♦❞✉❝❝✐ó♥ ❞❡ ♦tr❛s ✈❛✲
r✐❛❜❧❡s ✜♥❛♥❝✐❡r❛s ② ❞❡❧ ♠❡r❝❛❞♦ r❡❛❧✱ ♣❛r❛ ❝❛♣t✉r❛r ❧♦s ❡❢❡❝t♦s ❞❡ ést❛s ❞❡♥tr♦
❞❡ ❧♦s ❝♦♠♣♦rt❛♠✐❡♥t♦s ❞❡ ❧♦s ♠❡r❝❛❞♦s✱ ❝♦♠♦ ♣♦r ❡❥❡♠♣❧♦ ❡❧ Pr♦❞✉❝t♦ ■♥t❡r♥♦
❇r✉t♦✱ t❛s❛s ❞❡ ✐♥✢❛❝✐ó♥✱ t✐♣♦ ❞❡ ❝❛♠❜✐♦✱ ✐♥❞✐❝❡s ❞❡ ❝r❡❝✐♠✐❡♥t♦ ❡♥tr❡ ♦tr❛s✳

▲❛ ♣r✉❡❜❛ ❞❡ ❝❛✉s❛❧✐❞❛❞ ❞❡ ●r❛♥❣❡r s❡ ♣✉❡❞❡ ❧❧❡✈❛r ❛ ❝❛❜♦ ❝♦♥ ❡❧ ✜♥ ❞❡
♣r♦❜❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ ✉♥♦ ♦ ♠ás ❧í❞❡r❡s ❡♥ ❡❧ ♠❡r❝❛❞♦ ✭s✮ ❞❡♥tr♦ ❞❡ ❛❧❣✉♥❛
r❡❣✐ó♥ ❡♥ ♣❛rt✐❝✉❧❛r ② ❛sí ♣♦❞❡r ❡✈❛❧✉❛r ❧❛ ♣r❡s❡♥❝✐❛ ❞❡ r❡❧❛❝✐♦♥❡s ❞❡ ❝♦rt♦ ♣❧❛③♦
❡♥tr❡✱ ♣♦r ❡❥❡♠♣❧♦✱ ❧♦s í♥❞✐❝❡s ❞❡ ❛❝❝✐♦♥❡s ② ❡♥tr❡ ❧♦s r❡♥❞✐♠✐❡♥t♦s ❞❡ ❧♦s ❜♦♥♦s
❞❡❧ ❣♦❜✐❡r♥♦✱ ✐♥✈❡st✐❣❛❝✐♦♥❡s q✉❡ ♣♦❞rí❛♥ s❡r ❞❡s❛rr♦❧❧❛❞❛s ❡♥ ❡❧ ❢✉t✉r♦✳
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✼✳ ❇✐❜❧✐♦❣r❛❢í❛

❆❤♠❛❞✱ ❙✳ ✭✷✵✶✵✮ ❋✐s❤❡r ❊✛❡❝t ✐♥ ◆♦♥❧✐♥❡❛r ❙❚❆❘ ❋r❛♠❡✇♦r❦✿ ❙♦♠❡
❊✈✐❞❡♥❝❡ ❢r♦♠ ❆s✐❛✳ ❊❝♦♥♦♠✐❝s ❇✉❧❧❡t✐♥ ✸✵✿✹✱ ✷✺✺✽✲✷✺✻✻✳

❆❦❞♦❣❛♥✱ ❍✳ ✭✶✾✾✺✮ ❚❤❡ ■♥t❡❣r❛t✐♦♥ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❈❛♣✐t❛❧ ▼❛r❦❡ts✿
❚❤❡♦r② ❛♥❞ ❊♠♣✐r✐❝❛❧ ❊✈✐❞❡♥❝❡✱ ❊❞✇❛r❞ ❊❧❣❛r✱ ❆❧❞❡rs❤♦t✳

❈❛♠♣❜❡❧❧✱ ❏✳✱ ▲♦✱ ❆✳✱ ✫ ❆✳ ▼❛❝❑✐♥❧❛②✱ ❈✳✭✶✾✾✼✮✳ ❚❤❡ ❊❝♦♥♦♠❡tr✐❝s ♦❢
❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts✳Pr✐♥❝❡t♦♥✱ ◆❡✇ ❏❡rs❡②✿ Pr✐♥❝❡t♦♥ ❯♥✐✈❡rs✐t② Pr❡ss✳

❈❛❧✈✐♥ ✱ ❘✳ ✭✷✵✶✵✮✳ ❆ss❡ss✐♥❣ ✜♥❛♥❝✐❛❧ ✐♥t❡❣r❛t✐♦♥✿ ❛ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥
❊✉r♦♣❡ ❛♥❞ ❊❛st ❆s✐❛✳ ❊❝♦♥♦♠✐❝ P❛♣❡rs ✹✷✸✱ ❊✉r♦♣❡❛♥ ❈♦♠♠✐ss✐♦♥✳

❈❡②❧❛♥✱ ❖✳ ✭✷✵✵✻✮✳ ❆ ❈♦✲✐♥t❡❣r❛t✐♦♥ ❆♥❛❧②s✐s ❆♣♣r♦❛❝❤ t♦ ❊✉r♦♣❡❛♥ ❯♥✐♦♥
■♥t❡❣r❛t✐♦♥✿ t❤❡ ❈❛s❡ ♦❢ ❆❝❝❡❞✐♥❣ ❛♥❞ ❈❛♥❞✐❞❛t❡ ❈♦✉♥tr✐❡s✳ ❊✉r♦♣❡❛♥ ■♥✲
t❡❣r❛t✐♦♥ ❖♥❧✐♥❡ P❛♣❡rs✳

❈❧✐❝❦✱ ❘✳ ✫ P❧✉♠♠❡r✱ ▼✳ ✭✷✵✵✸✮✳ ❙t♦❝❦ ▼❛r❦❡t ■♥t❡❣r❛t✐♦♥ ✐♥ ❆❙❊❆◆
❛❢t❡r t❤❡ ❆s✐❛♥ ❋✐♥❛♥❝✐❛❧ ❈r✐s✐s✳ ❚❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❈❡♥tr❡ ❢♦r ❙t✉❞② ♦❢
❊❛st ❆s✐❛♥ ❉❡✈❡❧♦♣♠❡♥t✱ ❑②t❛❦②✉s❤✉✳ ❲♦r❦✐♥❣ P❛♣❡r ❙❡r✐❡s✱ ✈♦❧✳ ✷✵✵✸✲
✵✻✳

❊♠❛♥✉❡❧ss♦♥✱ ❘✳✱ ❑❛t✐♥✐❝✱ ●✳ ✫ P❡t❡rss♦♥✱ ❉✳✭ ✷✵✶✷✮ ❋✐♥❛♥❝✐❛❧ ■♥t❡❣r❛t✐♦♥
✐♥ ❊✉r♦♣❡ ❛ ❈♦✐♥t❡❣r❛t✐♦♥ ❆♥❛❧②s✐s ♦❢ ❊✉r♦♣❡❛♥ ❙t♦❝❦ ▼❛r❦❡ts✱ ▲②♥❦♦✲
♣✐♥❣s ❯♥✐✈❡rs✐t❡t ✱ ❋❛❝✉❧t② ♦❢ ❆rts ❛♥❞ ❙❝✐❡♥❝❡s✱ ▼❛st❡r✬s t❤❡s✐s ✐♥ ❊❝♦✲
♥♦♠✐❝s✱ ■❙❘◆✿ ▲■❯✲■❊■✲❋■▲✲❆✕✶✷✴✵✶✷✷✸✖❙❊

❊♥❣❧❡✱ ❘✳ ✫ ●r❛♥❣❡r✱ ❈✳ ✭✶✾✽✼✮✳ ❈♦✲✐♥t❡❣r❛t✐♦♥ ❛♥❞ ❊rr♦r ❈♦rr❡❝t✐♦♥✿ ❘❡✲
♣r❡s❡♥t❛t✐♦♥✱ ❊st✐♠❛t✐♦♥ ❛♥❞ ❚❡st✐♥❣✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✈♦❧✳ ✺✺✱ ♥♦✳ ✷ ✭▼❛r❝❤✮✱
♣♣✳ ✷✺✶✲✼✻✳

❋❛♠❛✱ ❊✳❋✳ ✭✶✾✼✵✮✳ ❊✣❝✐❡♥t ❈❛♣✐t❛❧ ▼❛r❦❡ts✿ ❆ ❘❡✈✐❡✇ ♦❢ ❚❤❡♦r② ❛♥❞
❊♠♣✐r✐❝❛❧ ❲♦r❦✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✷✺✭✷✮✱ ✸✽✸✲✹✶✼

❋✐❣✉❡✐r❛✱ ❈✳✱◆❡❧❧✐s✱ ❏✳ ●✳ ✫ P❛r❦❡r✱ ❉✳ ✭✷✵✵✺✮ ❚❡st✐♥❣ ❢♦r ✐♥t❡r♥❛t✐♦♥❛❧
❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts ✐♥t❡❣r❛t✐♦♥✱ ❙❲P ✷✴✵✺

❋❧♦♦❞✱ ❘ ✫ ❘♦s❡✱ ❆ ✭✷✵✵✹✮✳ ❋✐♥❛♥❝✐❛❧ ■♥t❡❣r❛t✐♦♥✿ ❆ ◆❡✇ ▼❡t❤♦❞♦❧♦❣②
❛♥❞ ❛♥ ■❧❧✉str❛t✐♦♥✳ ■♥t❡r♥❛t✐♦♥❛❧ ▼♦♥❡t❛r② ❋✉♥❞ ❲P✴✵✹✴✶✶✵ ●r✉❜❡❧✱ ❍✳
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✭✶✾✻✽✮✳ ■♥t❡r♥❛t✐♦♥❛❧❧② ❉✐✈❡rs✐✜❡❞ P♦rt❢♦❧✐♦s✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇
✻✽✱ ✶✷✾✾✲✶✸✶✹

●r♦❤é✱ ❙✳✱ ❯r✐❜❡ ✫ ❲♦♦❞❢♦r❞✭✷✵✶✻✮✳ ■♥t❡r♥❛t✐♦♥❛❧ ▼❛❝r♦❡❝♦♥♦♠✐❝s✳❈♦✲
❧✉♠❜✐❛ ❯♥✐✈❡rs✐t②✳❊❊❯❯✳ ♣ ✷✷✶✲✷✺✼

●r✉❜❡❧✱ ❍✳ ✫ ❋❛❞♥❡r✱ ❑✳ ✭✶✾✼✶✮ ❚❤❡ ■♥t❡r❞❡♣❡♥❞❡♥❝❡ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧
❊q✉✐t② ▼❛r❦❡ts✱ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡ ✷✻✭✶✮✱ ✽✾✲✾✹✳

❏♦❤❛♥s❡♥✱ ❙✳ ✭✶✾✽✽✮✳ ❙t❛t✐st✐❝❛❧ ❛♥❛❧②s✐s ♦❢ ❝♦✐♥t❡❣r❛t✐♦♥ ✈❡❝t♦rs✳ ❏♦✉r♥❛❧
♦❢ ❊❝♦♥♦♠✐❝ ❉②♥❛♠✐❝s ❛♥❞ ❈♦♥tr♦❧✱ ✈♦❧ ✶✷✱ ♣♣✳ ✷✸✶✲✷✺✹✳

❏♦❤❛♥s❡♥✱ ❙✳ ✫ ❏✉s❡❧✐✉s✱ ❑✳ ✭✶✾✾✵✮✳ ▼❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞ ❡st✐♠❛t✐♦♥ ❛♥❞
✐♥❢❡r❡♥❝❡ ♦♥ ❝♦✐♥t❡❣r❛t✐♦♥ ✕ ✇✐t❤ ❛♣♣❧✐❝❛t✐♦♥s t♦ t❤❡ ❞❡♠❛♥❞ ❢♦r ♠♦♥❡②✳
❖①❢♦r❞ ❇✉❧❧❡t✐♥ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✈♦❧✳ ✺✷✱ ♥♦✳ ✷✱ ♣♣✳ ✶✻✾✲✷✶✵✳

❑❛s❛✱ ❑✳ ✭✶✾✾✷✮✳ ❈♦♠♠♦♥ ❙t♦❝❤❛st✐❝ ❚r❡♥❞s ✐♥ ■♥t❡r♥❛t✐♦♥❛❧ ❙t♦❝❦ ▼❛r✲
❦❡ts✳ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s✱ ✷✾✱ ✾✺✲✶✷✹✳

❑♦r❛❥❝③②❦✱ ❘♦❡rt ❆✳✱ ✶✾✾✻✮✳ ▼❡❛s✉r❡ ❖❢ ❙t♦❝❦ ▼❛r❦❡t ■♥t❡❣r❛t✐♦♥ ❢♦r
❉❡✈❡❧♦♣❡❞ ❛♥❞ ❊♠❡r❣✐♥❣ ▼❛r❦❡ts✳ ❲♦r❧❞ ❇❛♥❦ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✶✵✭✷✮✱
✷✻✼✲✽✾✳

▲♦♥❣✐♥✱ ❋✳ ✫ ❙♦❧♥✐❦✱ ❇✳ ✭✶✾✾✺✮ ■s t❤❡ ❈♦rr❡❧❛t✐♦♥ ✐♥ ■♥t❡r♥❛t✐♦♥❛❧ ❊q✉✐t②
❘❡t✉r♥s ❈♦♥st❛♥t✿ ✶✾✻✵ ✕ ✶✾✾✵✱ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ▼♦♥❡② ❛♥❞ ❋✐✲
♥❛♥❝❡ ✶✹✭❋❡❜r✉❛r②✮✱ ✸✲✷✻✳
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Primer período: Mayo del año 1906 a junio del año 1914.  

Anexo 1. Prueba ADF para LSE. 

 

 
Fuente: Elaboración propia. 

 

Anexo 2. Prueba PP para LSE. 

 

 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 Hipótesis nula: LSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -9.219669  0.000000

Variable dependiente: D(LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficiente Error est Estadísit t P-Value

LSE(-1) -0.938101 0.101750 -9.219669 0.0000

R Cuadrado 0.469619      Criterio de Akaike -4.181291
Durbin-Watson 1.989652      Criterio de Schwarz -4.154747

 Hipótesis nula: LSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -9.204119  0.000000

Variable dependiente: D(LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

LSE(-1) -0.938101 0.101750 -9.219669 0.0000

R Cuadrado 0.469619      Criterio de Akaike -4.181291
Durbin-Wats... 1.989652      Criterio de Schwarz -4.154747
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Anexo 3. Prueba ADF para NYSE. 

 

Fuente: Elaboración propia. 

 

Anexo 4. Prueba PP para NYSE. 

 

Fuente: Elaboración propia. 

 

 

  

 Hipótesis nula: LSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -9.462419  0.000000

Variable dependiente: D(NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficiente Error est Estadíst t P-Value

NYSE(-1) -0.963807 0.101856 -9.462419 0.0000

R Cuadrado 0.482570      Criterio de Akaike -3.744284
Durbin-Watson 1.976374      Criterio de Schwarz -3.760094

 Hipótesis nula: NYSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -9.487531  0.000000

Variable dependiente: D(NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficiente Error est Estadíst t P-Value

NYSE(-1) -0.963807  0.101856 -9.462419  0.000000

R Cuadrado  0.482570     Criterio de Akaike -3.770827
Durbin-Watson  1.976374     Criterio de Schwarz -3.744284
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Anexo 5. Prueba ADF para residuos de LSE explicado por NYSE 

 

 

Fuente: Elaboración propia. 

 

 

 

 

Anexo 6. Prueba PP para residuos de LSE explicado por NYSE 

 

Fuente: Elaboración propia. 

  

 Hipótesis nula: RESID_LSE_X_NYSE tiene raíz unitaria

Estadíst t

Estadístico de Dickey-Fuller Aumentado -9.917154

Variable dependiente: D(RESID_LSE_X_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficiente Error est Estadíst t P-Value

RESID_LSE_X_NYSE(-1) -1.008423  0.101685 -9.917154  0.000000

R Cuadrado  0.506040 Criterio de Akaike -4.318575
Durbin-Watson  2.005572 Criterio de Schwarz -4.292032

 Hipótesis nula: RESID_LSE_X_NYSE tiene raíz unitaria

Estadíst t Ajust

Estadístico de Phillips-Perron -9.917154

Variable dependiente: D(RESID_LSE_X_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficient... Error est Estadíst t P-Value

RESID_LSE_X_NYSE(-1) -1.008423  0.101685 -9.917154  0.000000

R Cuadrado  0.506040 Criterio de Akaike -4.318575
Durbin-Watson  2.005572 Criterio de Schwarz -4.292032
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Anexo 7. Prueba ADF para residuos de NYSE explicado por LSE. 

 

Fuente: Elaboración propia. 

 

Anexo 8. Prueba PP para residuos de NYSE explicado por LSE. 

 

Fuente: Elaboración propia. 

 

  

 Hipótesis nula: RESID_NYSE_X_LSE tiene raíz unitaria

Estadíst t

Estadístico de Dickey-Fuller Aumentado -10.19844

Variable dependiente: D(RESID_LSE_X_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficient... Error est Estadíst t P-Value

RESID_NYSE_X_LSE(-1) -1.037036  0.101686 -10.19844  0.000000

R Cuadrado  0.520003 Criterio de Akaike -3.914123
Durbin-Watson  1.957425 Criterio de Schwarz -3.887580

 Hipótesis nula: RESID_NYSE_X_LSE tiene raíz unitaria

Estadíst t Ajust

Estadístico de Phillips-Perron -10.19186

Variable dependiente: D(RESID_NYSE_X_LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 97 después de ajustes

Variable Coeficient... Error est Estadíst t P-Value

RESID_NYSE_X_LSE(-1) -1.037036  0.101686 -10.19844  0.000000

R Cuadrado  0.506040 Criterio de Akaike -3.914123
Durbin-Watson  1.957425 Criterio de Schwarz -3.887580
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Anexo 9. Prueba de Engle & Granger para LSE y NYSE 

 

Fuente: Elaboración propia. 

 

Anexo 10. Prueba ADF para residuos del VAR con NYSE como dependiente. 

 

 
Fuente: Elaboración propia. 

 

 

 

 

 

 

 

 

 Series: NYSE LSE 
Muestra: 1906M05 1914M06
Observaciones incluídas: 98
Hipótesis nula: Las series no están cointegradas

Dependiente Estadístico tau Prob.* Estadístico z Prob.*
NYSE -10.19844  0.0000 -100.5925  0.0000
LSE -9.917154  0.0000 -97.81706  0.0000

*P-values de MacKinnon (1996).

Resultados intermedios:
NYSE LSE

Rho - 1 -1.037036 -1.008423
Desv. Est. Rho  0.101686  0.101685
Varianza del residuo  0.001157  0.000772
Numbero de rezagos  0  0
Número de observaciones  97  97

Hipótesis nula: RESID_VAR_NYSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -9.532954  0.0000

Variable dependiente: D(RESID_VAR_NYSE)
Método: Mínimos cuadrados
Muestra (ajustada): 1906M12 1914M06
Observaciones incluídas: 91 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_VAR_NYSE(-1) -1.004087 0.105328 -9.532954 0.0000

R Cuadrado 0.502423    Criterio de Akaike -3.949709
Durbin-Watson 1.981707    Criterio de Schwarz -3.922117
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Anexo 11. Prueba johansen para LSE y NYSE.

 

 

Anexo 12. Prueba PP para residuos del VAR con NYSE como dependiente. 

 

Fuente: Elaboración propia. 

 

Hipótesis nula: RESID_VAR_NYSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -9.533057  0.0000

Variable dependiente: D(RESID_VAR_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M12 1914M06
Observaciones incluídas: 91 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_VAR_NYSE(-... -1.004087 0.105328 -9.532954 0.0000

R Cuadrado 0.502423    Criterio de Akaike -3.949709
Durbin-Watson 1.981707    Criterio de Schwarz -3.922117
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Anexo 13. Prueba ADF para residuos del VAR con LSE como dependiente. 

 

Fuente: Elaboración propia. 

 

 

Anexo 14. Prueba PP para residuos del VAR con LSE como dependiente. 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 

 

Hipótesis nula: RESID_VAR_LSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -9.942480  0.0000

Variable dependiente: D(RESID_VAR_LSE)
Método: Mínimos cuadrados
Muestra (ajustada): 1906M12 1914M06
Observaciones incluídas: 91 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_VAR_LSE(-1) -1.052141 0.105823 -9.942480 0.0000

R Cuadrado 0.523364    Criterio de Akaike -4.568390
Durbin-Watson 1.969939    Criterio de Schwarz -4.540799

Hipótesis nula: RESID_VAR_LSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -9.964542  0.0000

Variable dependiente: D(RESID_VAR_LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1906M06 1914M06
Observaciones incluídas: 91 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_VAR_LSE(-1... -1.052141 0.105823 -9.942480 0.0000

R Cuadrado 0.523364    Criterio de Akaike -4.568390
Durbin-Watson 1.969939    Criterio de Schwarz -4.540799
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Segundo período: Abril de 1915 a diciembre de 1925. 

 

Anexo 15. Prueba ADF para LSE. 

 

Fuente: Elaboración propia. 

 

Anexo 16. Prueba PP para LSE. 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 Hipótesis nula: LSE tiene raíz unitaria

Estadíst t Prob.*

Estadístico de Dickey-Fuller Aumentado -11.77419  0.000000

Variable dependiente: D(LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficiente Error est Estadís t P-Value

LSE(-1) -1.047420  0.088959 -11.77419  0.000000
C  0.007078  0.003089  2.291574  0.023600

R Cuadrado  0.523866 Criterio de Akaike -3.894822
Durbin-Watson  1.983803 Criterio de Schwarz -3.850259

 Hipótesis nula: LSE tiene raíz unitaria

Estadíst t Ajust Prob.*

Estadístico de Phillips-Perron -11.76712  0.000000

Variable dependiente: D(LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficiente Error est Estadísit t P-Value

LSE(-1) -1.047420  0.088959 -11.77419  0.000000
C  0.007078  0.003089  2.291574  0.023600

R Cuadrado  0.523866    Criterio de Akaike -3.894822
Durbin-Watson  1.983803    Criterio de Schwarz -3.850259
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Anexo 17. Prueba ADF para NYSE 

 

Fuente: Elaboración propia. 

 

 

 

Anexo 18. Prueba PP para NYSE. 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 

 Hipótesis nula: NYSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -10.86019  0.000000

Variable dependiente: D(NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficiente Error est Estadíst t P-Value

NYSE(-1) -0.935252  0.086117 -10.86019  0.000000

R Cuadrado  0.481440 Criterio de Akaike -3.043581
Durbin-Watson  1.856582 Criterio de Schwarz -3.021300

 Hipótesis nula: NYSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -10.86960  0.00000...

Variable dependiente: D(NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficiente Error est Estadísit t P-Value

NYSE(-1) -0.935252  0.086117 -10.86019  0.00000...

R Cuadrado  0.481440 Criterio de Akaike -3.04358...
Durbin-Watson  1.856582 Criterio de Schwarz -3.02130...
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Anexo 19. Prueba ADF para residuos de LSE explicado por NYSE. 

 

Fuente: Elaboración propia. 

 

 

Anexo 20. Prueba PP para residuos de LSE explicado por NYSE 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 

 Hipótesis nula: RESID_LSE_X_NYSE tiene raíz unitaria

Estadíst t

Estadístico de Dickey-Fuller Aumentado -12.04762

Variable dependiente: D(RESID_LSE_X_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficiente Error est Estadísit t P-Value

RESID_LSE_X_NYSE(-1) -1.066944  0.088561 -12.04762  0.00000...

R Cuadrado  0.533337 Criterio de Akaike -3.94737...
Durbin-Watson  1.983566 Criterio de Schwarz -3.92509...

 Hipótesis nula: RESID_LSE_X_NYSE tiene raíz unitaria

Estadíst t Ajust

Estadístico de Phillips-Perron -12.02387

Variable dependiente: D(RESID_LSE_X_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_LSE_X_NYSE(-1) -1.066944  0.088561 -12.04762  0.000000

R Cuadrado  0.533337    Criterio de Akaike -3.947379
Durbin-Watson  1.983566    Criterio de Schwarz -3.925098
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Anexo 21. Prueba ADF para residuos de NYSE explicado por LSE 

 

Fuente: Elaboración propia. 

 

 

Anexo 22. Prueba PP para residuos de NYSE explicado por LSE. 

 

Fuente: Elaboración propia. 

 

 

 

 

 

 Hipótesis nula: RESID_NYSE_X_LSE tiene raíz unitaria

Estadíst t

Estadístico de Dickey-Fuller Aumentado -11.15330

Variable dependiente: D(RESID_NYSE_X_LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_NYSE_X_LSE(-... -0.964087  0.086440 -11.15330  0.00000...

R Cuadrado  0.494755    Criterio de Akaike -3.08382...
Durbin-Watson  1.863396    Criterio de Schwarz -3.06154...

 Hipótesis nula: RESID_NYSE_X_LSE tiene raíz unitaria

Estadíst t Ajust

Estadístico de Phillips-Perron -11.15366

Variable dependiente: D(RESID_NYSE_X_LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M05 1925M12
Observaciones incluídas: 128 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_NYSE_X_LSE(-... -0.964087  0.086440 -11.15330  0.000000

R Cuadrado  0.494755    Criterio de Akaike -3.083824
Durbin-Watson  1.863396    Criterio de Schwarz -3.061543
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Anexo 23. Prueba de Engle & Granger para LSE y NYSE 

 

Fuente: Elaboración propia. 

 

Anexo 24. Prueba de Johansen para LSE y NYSE 

 

 

 Series: NYSE LSE
Muestra: 1915M04 1925M12
Observaciones incluídas: 129
Hipótesis nula: Las series no están cointegradas

Dependiente Estadístico tau Prob.* Estadístico ... Prob.*
NYSE -11.15330  0.000000 -123.4032  0.000000
LSE -12.04762  0.000000 -136.5689  0.000000

*P-values de MacKinnon (1996).

Resultados intermedios:
NYSE LSE

Rho - 1 -0.964087 -1.066944
Desv. Est. Rho  0.086440  0.088561
Varianza del residuo  0.002660  0.001122
Numbero de rezagos  0  0
Número de observaciones  128  128
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Anexo 25. Prueba ADF para residuos del VAR con NYSE como dependiente. 

 

Fuente: Elaboración propia. 

 

Anexo 26. Prueba PP para residuos del VAR con NYSE como dependiente. 

 

Fuente: Elaboración propia. 

 

  

Hipótesis nula: RESID_VAR_NYSE tiene raíz unitaria

Estadíst t Prob.

Estadístico de Dickey-Fuller Aumentado -10.93537  0.0000

Variable dependiente: D(RESID_VAR_NYSE)
Método: Mínimos cuadrados
Muestra (ajustada): 1915M07 1925M12
Observaciones incluídas: 127 después de ajustes

Variable Coeficient... Error est Estadísit t P-Value

RESID_VAR_NYSE(-1) -0.951774 0.087036 -10.93537 0.0000

R Cuadrado 0.486780    Criterio de Akaike -3.092901
Durbin-Watson 0.486780    Criterio de Schwarz -3.070506

Hipótesis nula: RESID_VAR_NYSE tiene raíz unitaria

Estadíst t A... Prob.

Estadístico de Phillips-Perron -10.94170  0.0000

Variable dependiente: D(RESID_VAR_NYSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M07 1925M12
Observaciones incluídas: 127 después de ajustes
Sample (adjusted): 1915M06 1925M12

Variable Coeficient... Error est Estadíst t P-Value

RESID_VAR_NYSE(-... -0.951774 0.087036 -10.93537 0.0000

R Cuadrado 0.486780    Criterio de Akaike -3.092901
Durbin-Watson 1.955871    Criterio de Schwarz -3.070506
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Anexo 27. Prueba ADF para residuos del VAR con LSE como dependiente. 

 

Fuente: Elaboración propia. 

 

Anexo 28. Prueba PP para residuos del VAR con LSE como dependiente. 

 

Fuente: Elaboración propia. 

Hipótesis nula: RESID_VAR_LSE tiene raíz unitaria

Estadístico ... Prob.

Estadístico de Dickey-Fuller Aumentado -11.22318  0.0000

*MacKinnon (1996) one-sided p-values.

Variable dependiente: D(RESID_VAR_LSE)
Método: Mínimos cuadrados

Muestra (ajustada): 1915M07 1925M12
Observaciones incluídas: 127 después de ajustes

Variable Coeficient... Error estEstadístico ... Prob.  

RESID_VAR_LSE(-1... -0.996798 0.088816 -11.22318 Prob.

R-squared 0.499912 Criterio de Akaike -3.921708
Durbin-Watson 1.986442 Criterio de Schwarz -3.899313

Hipótesis nula: RESID_VAR_LSE tiene raíz unitaria

Estadíst t Ajust Prob.

Estadístico de Phillips-Perron -11.23242  0.0000

Variable dependiente: D(RESID_VAR_LSE)
Método: Mínimos cuadrados
Muestra (adjustada): 1915M07 1925M12
Observaciones incluídas: 127 después de ajustes

Variable Coeficient... Error est Estadíst t P-Value

RESID_VAR_LSE(-1... -0.996798 0.088816 -11.22318 0.0000

R Cuadrado 0.499912    Criterio de Akaike -3.921708
Durbin-Watson 1.986442    Criterio de Schwarz -3.899313

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)


