Study And Research On The Stability Of The Prime Physical Properties Of A High Technology, Polyamide Fabric Manufactured Using Smart Textiles, For Extreme, Athletic Usage.

 Manos Psakis, Basilis Koskoris, Athanasia Tsatsarou, Georgios Priniotakis

Abstract

In this essay, the stability of the prime physical properties of a high technology, poly-amide fabric manufactured for extreme, athletic usage during washing cycles was tested. To this end, it was obtained a substantial quantity of Meryl Nateo, a fabric consisting of specially manufactured 100% polyamide microfibers. The material was divided into four main samples one of which was kept in its original state for comparison reasons. The other two samples were treated with one and five repeated hand-wash cycles according to the manufacturer’s instructions, while the fourth was washed using an industrial-grade, washing machine. After leaving the samples in a controlled environment for 24 hours to relax, each of them was tested with two different pairs of measurements; one to determine the state of their structure after the washing cycles and another to measure the state of their primary physical attributes. With the acquired measurements we can identify the extent of the structural alterations that occur to the samples due to the wash-cycles, and how these alterations influence the key attributes of the fabric and how using the smart textiles technology influences and affects the primary physical properties giving great potentiality. Thus, someone can extract specific information regarding the fastness of the physical behavior of the fabric during maintenance processes and obtain more generic data on the longevity behavior of the specific manufacturing technology used as opposed to other industrial methods like lamination.

Introduction 

The following essay deals with the endurance and longevity of new, micro-fiber based, professional athletic fabrics and apparel. In the beginning of the article, there is a brief section providing historical data regarding the evolution of athletic wear from their early forms up until today. The following paragraphs reference the most commonly used synthetic fibers in today’s sportswear and the techniques used in their manufacturing process. The text moves on to referencing some of the key fabrics made by the aforementioned fibers and describing the principle, generic way these fabrics aid in athletic exercise. The outline of the specific mechanics on each of the referenced fabrics is also presented separately to facilitate better understanding on the different approaches that have been made to ensure comfort to the athlete. The next section deals with the measurement process followed; the preparation of the samples, as well as individual details on each of the testing methods used are given as well as the complete obtained results. The final chapter of the essay discusses the key points of the measurements, along with observations on the testing methods, general summarizing and conclusions on the obtained values plus a discussion point on the usage and development of present manufacturing technologies.
Sportswear Evolution
Professional athletic apparel and sportswear – the term used in its verbatim form-   have a surprisingly short history when directly compared to the history of sports and athletics themselves. Even though it is well documented that people throughout the world engaged in organized sporting activities as early as the 8th century B. C., appropriate pieces of clothing were virtually non existent prior to the beginning of the 20th century. It was at that time (late 1920’s) that the first article of clothing that augmented the performance of athletes –albeit in a passive form - came, in the form of the “Polo Shirt”. From that point on, specialized athletic wear have been slowly but steadily evolving up until the mid 50’s; the wide use of the –then- new, synthetic fibers in clothes like nylon and polyester helped to dramatically improve the physical properties of sportswear, primarily enhancing their level of comfort.
In the following decades (1980’s and a1990’s), the sporting apparel products underwent a more dramatic change; from passively aiding pieces of clothing they were slowly transformed into high-tech, specialized pieces of apparel that could actively benefit the athlete performing athletic activities. Newly made fabrics, made from layers of extremely light, synthetic materials and sometimes coated with special laminations, could rapidly siphon humidity and sweat away from the body and even reduce muscle fatigue by absorbing bounces and shocks; properties which made them ideal for use in sports. As the textile technology advanced so did the properties of these fabrics; today’s research and development in textile engineering and especially in the synthetic fiber manufacturing field have produced specialized fibers that actually hold the key properties that are inherent to the produced fabric, thus eliminating the use of costly and not-permanent post-production laminations and chemical processes to the manufactured clothing.
High-Technology Materials, Their Structure and Their Function
Modern athletic apparel and professional sportswear continue to rely heavily on synthetic fibers, though they are sometimes mixed with natural fibers like cotton. The fibers which are widely used in the area of sporting apparel manufacturing are polyester –in a 90% percentage, polyamide (nylon), acrylic, lycra and spandex. The manufacturing process depends on the excellent physical and chemical properties of these fibers (low drying times, low shrinkage, low moisture absorption, high elasticity, superior comfort) however they are rarely used in their simple, elongated tubular fiber form. Through processing, the cross-section of the fibers is molded to specialized shapes and patterns that accentuate the physical properties of the fibers, enabling them to perform more efficiently.
The bulk of the manufactured fibers are produced mainly in the form of micro-fibers. In this micro-fiber form, the aforementioned synthetic fibers can be used in greater number within a constant yarn cross-section, thus enabling the fibers to actively determine the physical and chemical properties of the produced yarn and clothing article respectively, and at the same time keep the total weight of the produced fabric to a minimum. Using the micro-fiber form also improves the total elasticity, “breathability” and smoothness of the finished articles of clothing, thus improving greatly the overall comfort of the finished product.
Massively produced athletic apparel and sportswear however are widely identified by specific brand names, rather than the commercial names of the synthetic fibers that form them, or the technology with which these fibers are manufactured. Commonplace brand names in the professional sportswear field include CoolMax from DuPont, Sphere Tech from Nike and Meryl SkinLifE from Nylstar, which itself is part of a greater line of specialized, synthetic fabrics named Meryl ActiSystem. The main principles behind the physical properties and behavior of these fabrics lie in the form and density of the synthetic fibers used within the cross-section of the yarns; the specialized shape of the micro-fibers cross-section in conjunction enables the fabric to actively try to sustain equilibrium between the humidity and temperature of the body and the environment. When a substantial increase in either of theses factors (temperature and moisture) occur during the athletic activity, the fibers of the fabric transfer the excess moisture and heat away from the body to the outer layer of the article. This process, commonly referred to as “moisture wicking”, is achieved via either the shape of the cross-section of the fibers used, their inherent ability to expand and contract when found in environments of extreme humidity and heat or their ability to alter the structure of the whole fabric to permit greater air-permeability. The later abilities are already being used as guides in the manufacturing of “smart textiles”; by electronically monitoring the changes occurring to the fibers during athletic exercise, a smart textile fabric can automatically adjust the density of its structure in order to actively improve the performance of the athlete by keeping his/her body cool and dry. In the case of high-density, elastic materials, smart fabrics can use small, controlled electric charges to tighten or loosen the pressure that the fabric applies to muscles, thus reducing muscle-fatigue, uncontrolled muscle flexing and bouncing. [1],
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The CoolMax family of fabrics was the first to use polyester fibers with special shape to achive the “moisture wicking” effect. The fibers have 4 channels running along the entire length of their surface, while the core of the fibers is semi-hollow in a “C” shape.[2],[3] These characteristics of the morphology of the fibers enable them to create a capillary effect; the excess moisture is transferred –without being absorbed- across the channels from the inner layer of the fabric to the outer layer where it is spread in a wide surface to facilitate quick evaporation. At the same time, the shape of the cross-section of the fibers used in CoolMax greatly improves the air-permeability of the fabric and is mainly responsible for the fabrics’ natural resistance to pill formation on its surface, benefiting the overall resistance of the fabric to strain.[4],[5]
Sphere Tech
Sphere Tech fabrics also use specialized polyester fibers, branded as Moisture Respondent Transformable fibers or MRT. [6] In this case however, the cross-section of the fibers is not responsible for the physical properties of the fabric. MRT fibers, as their name clearly states, have the unique ability to expand or contract at will depending on the temperature and moisture conditions surrounding them.[7] When placed in a high humidity environment, MRT fibers contract so that excessive moisture and heat can be siphoned rapidly away form the human body. On the contrary, when placed in extremely cold and dry conditions the fibers expand so that the structure of the overall fabric becomes denser, thus preventing the temperature of the athlete to drop sharply.[8]



Meryl Actisystem

The widest and most diverse family of specialized, professional athletic fabrics is Meryl Actisystem.[9] Comprising of 7-8 different kinds of fabrics, all manufactured using specially designed, ultra-fine polyamide micro-fibers, each of the Meryl Actisystem fabrics addresses different problems that arise during sporting activities. The high fiber count of special polyamide micro-fibers in the yarns’ cross-section, in conjunction with the physical properties inherent in polyamide and the mixing with chemical agents during the production process of the fibers give Meryl Actisystem fabrics their unique and varied properties; The density of the extremely thin micro-fibers is high enough to absorb large amounts of U. V. radiation, while at the same time keeping air-permeability and overall comfort at extremely high levels. While not capable of direct “moisture wicking”, the polyamide micro-fibers used in Actisystem products are relatively non-absorbant and have a tendency to rapidly reject excess of sweat away from the human body. Additionally, in Meryl SkinlifE fabrics, a special chemical agent is mixed with the polyamide polymer that the fibers consists of, that has the ability to keep the bacterial growth on the skin of the athlete in nominal levels and also prevent them from migrating to the fabric, thus enhancing comfort and longevity of the fabric. [10,11,12]
Experimental
As stated, the purpose of this article is to determine the longevity of some of the key properties of professional athletic apparel. To this extent, a substantial amount of pre-dyed, 100% polyamide, knitted fabric of the Meryl Actisystem brand –and specifically under the Meryl Nateo commercial name. The original piece of fabric was divided into 3 equal testing samples, approximately 50 cm wide by 20 cm long each. One of the samples was kept in its original state to facilitate later testing comparison while the other two samples underwent a series of washing cycles, according to the instructions of the manufacturer. The second sample was washed one time, while the third one underwent 5 consecutive wash cycles. Both original and washed fabric samples were left in a controlled environment (22,5o C temperature and 66% moisture percentage) for 24 hours to dry and acquire nominal levels of moisture and temperature. After acclimating the 3 samples, a set of 4 test measurements were performed on each of the samples; two of which were performed to determine the state and alterations on the fabrics’ structure and the other two to determine the state and durability of two of the prime physical properties of the fabric (moisture absorption and air-permeability). Throughout the duration of the measurements, temperature and humidity levels in the laboratory were kept to the aforementioned nominal values.
Results and discussion 
Determining the weight of the fabric with nominal moisture absorption according to ISO standards.
For the purposes of this set of measurements, the 3 samples were placed consecutively on a special, rough surface. The samples were placed in such a way so that they were not stretched, creased or folded in any way. With the use of a certified, SDL round weight cutting equipment, 5 specimens were randomly cut from the whole surface of each of the samples. The specimens were individually weighed in an electronic, 5-digit precision scale. After the completion of the measurements a median for each of the samples was produced, rounded up to the first decimal. The measurements obtained were as follow.
	(
	Sample 1
(Original State)
	Sample 2
(1 Wash Cycle)
	Sample 3
(5 Wash Cycles)

	1.
	2,3520
	2,4765
	2,4307

	2.
	2,3398
	2,4890
	2,4860

	3.
	2,3702
	2,4825
	2,4751

	4.
	2,3853
	2,4387
	2,4817

	5.
	2,3548
	2,4871
	2,4804

	Median (gr/m2)
	236,0
	247,5
	247,1


Table-1 Measurements of the Weight of the Fabric with Nominal Moisture Absorption
Determining the density of rows and columns in knitted structures according to ISO standards.
For the purpose of this set of measurements, the 3 samples were placed consecutively in a smooth, wide surface, under conditions of excellent lighting. The samples were placed in such way so that they were not stretched, creased or folded in any way. With the use of a special, certified “James Heal” magnification lens two sets of 5 measurements for each of the 3 samples were taken; one set to determine the rows’ yarn density and the other to determine columns’ yarn density. The measurements were done by manually counting the number of yarns found in any direction, within a space of 2 centimeters. After the completion of the measurements, a median for each of the sets was produced, referring to a ratio of yarns per one centimeter, rounded up to the nearest non-decimal number. The results obtained were as follow.
	(
	Sample 1
(Original State)
	Sample 2
(1 Wash Cycle)
	Sample 3
(5 Wash Cycles)

	
	Columns
	Rows
	Columns
	Rows
	Columns
	Rows

	1
	34
	48
	34
	49
	34
	49

	2
	34
	47
	34
	49
	35
	49

	3
	34
	48
	34
	48
	35
	50

	4
	34
	48
	35
	48
	34
	49

	5
	34
	48
	34
	49
	34
	49

	Median (yarns/cm)
	17
	24
	17
	24
	17
	25


Table-2 Measurements of the Density of Rows and Columns in Knitted Structures
Determining the moisture-absorption capability of knitted fabrics according to ISO standards.
For the purpose of this set of measurements, the 3 samples were placed consecutively in a smooth, wide surface, under conditions of excellent lighting. The samples were placed in such way so that they were not stretched, creased or folded in any way. Special care was taken in the orientation of the fabric; with its inverted side looking up, and its good side contacting the surface.  A generic, laboratory syringe was filled with pure water and consecutively was used 5 times on each of the samples to drop a single droplet of water on the inverted side of the samples from a height no more than 5 centimeters from the fabric’s surface. A high precision, digital stop-clock was used to clock the exact time needed for the full absorbance of the droplet. The measurements were produced in seconds, and after the completion of the process, a median for each sample was produced. In the case of the absorbance time being less than 5 seconds the median is presented as “below 5”, according to the directions of the ISO standard used. The results obtained are as follow.
	(
	Sample 1
(Original State)
	Sample 2
(1 Wash Cycle)
	Sample 3
(5 Wash Cycles)

	1.
	4
	3
	32

	2.
	4
	3
	36

	3.
	4
	3
	31

	4.
	4
	4
	33

	5.
	3
	3
	31

	Median (sec)
	<5
	<5
	33


Table-3 Measurements of the Moisture-Absorption Capability of Knitted Fabrics
Determining the air-permeability of knitted fabrics by ISO standards.

For the purpose of this set of measurements, the 3 samples were placed consecutively in specialized electronic equipment capable of measuring air-permeability of knitted and/ or woven fabrics. The machine was calibrated individually for every sample to a pre-pressure level of 0,098 Pascal and the level of sensitivity was set to level 3 –from a scale of 1 to 6. Both of these settings were obtained after testing the machine with random pieces of the original fabric. Consecutively, each of the samples was placed in the machine’s measuring surface in such way so that they were not stretched, folded or creased and later locked into place using the appropriate locking mechanism of the machine. The air-permeability testing machine was then turned on giving the precise value of the amount of air pressed through the fabric’s surface. The equipment was used 5 times on different areas of each of the samples so as to obtain a thorough set of measurements. After the process was completed, a median for each sample was produced, rounded up to the second decimal. The results obtained were as follow.
	(
	Sample 1
(Original State)
	Sample 2
(1 Wash Cycle)
	Sample 3
(5 Wash Cycles)

	
	
	
	

	1.
	8,88
	8,40
	8,30

	2.
	8,40
	8,72
	8,08

	3.
	8,69
	8,29
	8,01

	4.
	8,92
	8,15
	8,27

	5.
	8,36
	8,07
	7,98

	Median (cm3/cm2/sec)
	8,65
	8,33
	8,13


Table-4 Measurements of the Air-Permeability of Knitted Fabrics
With the completion of the measurements multiple points of interest appear. As stated in the previous section, the first couple of measurements regard fabric weight and structural form. Since the Meryl Techno is a high-tech, professional athletic fabric whose properties heavily depend on the alignment and density of the polyamide micro-fibers, it is inevitable that any major alterations to these factors will greatly affect the key properties of the fabric.
Having established this connection, we move on to interpreting the obtained values of this first set of measurements. As far as the fabric’s weight is regarded, the original sample starts off as a light-weight fabric, ideal for athletic purposes. The successive washing cycles that both the second and third sample underwent only showed a slight –though measurable- increase of the overall weight. Specifically, the increase –which is of a percentage of 4, 7% compared with the original sample’s median weight- becomes apparent even from the second sample that underwent a single wash cycle. However, though this change clearly implies a tendency of the fabric to shrink as far as commercial standards go, this increase is not substantial nor is it wide enough to change the lightness of the fabric. This becomes even more apparent when comparing the third sample with the previous two; the individual measurements as well as the median weight show minute increase compared with the second sample –about 0,0002%-, and practically the same percent of weight increase when compared to the first, original sample. Additionally, it appears that even though the first wash cycle affected the weight of the fabric, subsequent washings did not have any measurable effects.
The points discussed above are more evident when interpreting the obtained values regarding the density of the yarns in the samples’ structure. The original sample shows a mid-density fabric -17 yarns per centimeter in the rows direction, and 24 yarns per centimeter in the columns direction- which justifies the light-weightiness of the fabric. The values obtained from the second sample, clearly show a slight tendency of the fabric to shrink, even though the medians for both rows and columns remain the same with the original sample. This tendency is even more apparent in the third sample where the yarn count in the columns’ direction is increase by one yarn per centimeter, while in the rows’ direction the same shrinkage tendency starts to appear when looking at individual measurements. The shrinkage tendency is not great, and is fully aligned with the tendency of the fabric to gain weight as observed in the previous paragraph. Overall structural behavior of the samples shows high endurance of the material to the washing cycles which will logically be translated into stability of the key properties of the fabric.
Having established the endurance of the fabric’s structural stability, we move on to the next set of measurements, regarding the key physical properties of the material; moisture absorption and air permeability. The most interesting aspect of this set of measurements comes when interpreting the moisture absorption capability of the fabric. In its original, unwashed state, the first sample appears highly absorbent, allowing the droplet of water to rapidly move from the inner surface to the outer one. The median value of absorption ability of the fabric is below 5 seconds, thus classifying the fabric as excellent. The same applies to the second sample as well; the shrinkage of the yarns causes more micro-fibers to appear in the same area of fabric, thus achieving the capillary effect more efficiently. When looking at the obtained values, this translates as a 1 second reduction in the time needed to absorb the droplet. However, the third sample shows a great increase in the time needed to absorb the droplet; the estimated median is 33 seconds, which is equivalent to an 88% increase when compared to median of the other two samples. Taking under consideration the values obtained by the previous two sets of measurements –the ones regarding the structural integrity of the fabric- the explanation of this effect is dual in nature. While in the second sample, the shrinkage tendency the fabric shows, has a positive effect as far as absorption goes, in the third sample, where that tendency appears completed, the shrinking of the fabric probably causes the yarns of the fabric to approach one another in such a dense way that the opposite effect happens; the absorption surface of the yarns is reduced, thus taking more time for the specific sample to absorb the droplet. It should also be taken under consideration that the third sample has undergone 5 consecutive washing cycles meaning that any possible excess of dye still left on the surface of the fabric has been completely removed. It is well known that molecules excess of dye left on fabrics tend to form chemical bonds with the molecules of water, thus helping in some way the absorption capability of the fabric itself. The removal of such molecules during the washing cycles may also have caused the sharp increase in the time needed for the third sample to absorb the droplet of water.
Some of these aspects are also evident when analyzing the final set of measurements, regarding the air-permeability property of the samples. The original sample gives a median of 8, 65 cubic centimeters of air per square centimeter of fabric per second, which is in accordance with the sample’s structural characteristics –medium density of yarns- and shows a satisfactory air permeability property of an athletic fabric. The second sample –in which the shrinkage effect is starting to appear- shows a slight decrease of the amount of air able to move through the fabric’s structure. The difference between the two median values is estimated around 0, 23%, which is enough to give the second sample the same satisfactory classification as the first one. When observing the third sample’s measurements –where the shrinkage effect is almost completed- the decrease in airflow is even more evident; there is a 6, 39% decrease in airflow when comparing the medians of the first and third sample, and a 2, 46% decrease when comparing the second and third median values. Although the classification of the ability of the third sample to permit air to flow through its structure remains the same as the previous’ this decrease is in accordance with the conclusions made in the last paragraph; it indeed appears that after 5 washing cycles, the structure of the third sample has become more dense so that air and water can move with greater difficulty through the mass of the sample. However, the overall behavior of all three samples has remained steady throughout this set of measurements.
Conclusions 

Summarizing the conclusions drawn individually for every set of measurements, it becomes apparent that modern athletic-purpose fabrics show remarkable behavior during the processes of maintenance (washing). Their structure remains almost unaltered during the washing cycles and any occurring alterations do not decrease the effectiveness of the fabrics’ key properties. In our measurements there was a substantial decrease in performance when it came down to measuring the third sample, however it should be taken under consideration that Meryl Techno fabric which was examined throughout this document is not advertised nor manufactured as a top performance “moisture wicking” material. Its key features are light weightiness and superb air-permeability, where in both fields all of the samples excel. Furthermore the new breed of high-tech fabrics –of which Meryl Techno is part of- that depend on specialized mico-fibers as far as physical properties go are obviously a great improvement on older technologies like lamination and chemical coating. Both of the later techniques, used in the past to imbue materials with special properties, have shown time and again that are easily susceptible to the strain of washing, and once the coating is removed through the process of constant washing cycles all that remains is a plain fabric, losing all of its special properties. In the case of new fabrics, where the properties of them depend solely on the micro-fiber structure, not only their longevity is far more superior but also the production costs are reduced dramatically since there is no further need for costly and unstable post production, chemical finishing processes.
Further studies on this subject can easily link the new technology micro-fiber fabrics with the smart textile field; when using specific forms of synthetic fibers –like MRT- and applying electronic monitoring equipment directly on the garment, it is possible to track the reaction of the fibers to the moisture and heat produced by the athlete during exercise and thus help in finding better methods of training, ways to prolong stamina and, in a matter of speaking, manage the power of the muscles. If one takes under consideration that fibers which react to electrical charges are used today, it could also be possible via monitoring the athlete‘s production of sweat and heat to determine muscle fatigue, and consecutively send a small electrical charge to the fibers so that they can expand or contract, thus controlling the flexing of the muscles; this in turn would dramatically increase the comfort of the garment and prevent any muscular injuries caused by athletic activities. It is clear enough that the new breed of high-tech, professional sportswear opens up an entirely new range of possibilities for the textile engineering research of the future.
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Image-1 Schematics of the Structure of the Coolmax Fiber





The extended surface of the cross-section of the fiber allows the faster sublimation of the moisture





The great gaps amongst the fibers contribute to the fastest movement of the moisture





Schematics of the movement of the moisture across the channels





The great gaps amongst the fibers contribute to the fastest movement of the moisture





The extended surface of the cross-section of the fiber allows the faster sublimation of the moisture





The extended surface of the cross-section of the fiber allows the faster sublimation of the moisture
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Image-2 schematics of the function of the Sphere React Dry








             Dry= flat shape





Wet= 3-D shape
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Image-3  Schematics of the function of the Sphere React Cool
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Image-4 Schematics of the function of the Sphere React Pro








Dry=closely woven structure





Wet= sparse structure





Wet= Flat Shape





Wet= 3-D and breathable shape





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































