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 ال هداء

ٓ خٍمٕٟ فٙٛ ٠ٙذ٠ٕٟ ٚأ َِ  .ٌٗ اٌؽّذ ٌٚٗ اٌشىش ...را ِشػد فٙٛ ٠شف١ٕٟ اٌٝ 

 .ٔث١ٕا محمد ٚآٌٗ اٌطا٘ش٠ٓ  …اٌٝ أ١ٌٚاء أِشٞ فٟ د١ٔاٞ ٚآخشذٟ 

ٓ سترٕٟ عٍٝ اٌعفح ٚاٌىشاِح اٌٝ ِٓ واْ دعا َِ ٘ا ٔٛسا أػاء ٌٟ إاٌٝ ِٓ أعرّذ ِٕٙا اٌذفء ٚاٌؽٕاْ اٌٝ 

 .أِٟ اٌؽْٕٛ  ...دستٟ اٌٝ

 .ظ١اي ٥اٌٝ سٚغ ٚاٌذٞ اٌزٞ واْ ٍِّٙاً ٚأعراراً ٌ اٌٝ وً عض٠ض غ١ََّثَُٗ اٌّٛخ عٕٟ

 .اٌٝ أخٟ اٌش١ٙذ اٌزٞ واْ دِٗ ٔثشاعاً ٌٟ ٤وًّ دساعرٟ 

 .اٌٝ أخرٟ اٌرٟ وأد خ١ش عٕذ ٌٟ 

 .اٌٝ أخٛأٟ فُٙ اٌعْٛ ٚاٌغٕذ ٌٟ 

 .اٌٝ صٚظٟ اٌعض٠ضاٌزٞ واْ خ١شعْٛ ٌٟ فٟ دساعرٟ 

 .لذَ فٟ ؼ١اذٟ اٌٝ أتٕرٟ ٚأ٨ٚدٞ فٍزج وثذٞ  ٌُٚٙ وً ِا أ

ُِٕٙ اٌٝ أعاذزذٟ اٌىشاَ اٌز٠ٓ ِٕؽٟٛٔ اٌمٛج ٚا٨سادجُ اٌٝ أعاذزذٟ فٟ ظاِعح وشت٩ء اٌّمذعح ٚأخض تاٌزوش 

 .ٔظش اللهٚ٘اب   ششٚق اٌغثاغ ٚاٌذورٛس ِٙذٞ جذورٛساٌ

 .اٌٝ ِششفٟ اٌزٞ ٨ٌٖٛ ٌّا سأخ سعاٌرٟ إٌٛس دورٛس س٠غاْ عثذ ا٨ِاَ 

 .وً ا٤ِرٕاْ ُٟٙٔ تفؼٍُٙ ِٚغاعذذُٙ ٌاٌٝ ص٩ِئٟ اٌز٠ٓ أغشلٛ

 .ٚوً اٌؽّذ ٚاٌشىش لله عضَ ٚظً 

 

 المتواضعهذا الجهد هدي أ  

 

 ةالباحث                                                          



 

 ج 
 

 شـكر وذقذير

ٚاٌظددد٩ج ٚاٌغددد٩َ سب اٌعدددا١ٌّٓ ٔؽّدددذٖ ؼّدددذ اٌدددزاوش٠ٓ ٚٔشدددىشٖ شدددىش اٌشددداوش٠ٓ اٌؽّدددذ لله 

ثٗ طدددددؽٌدددددٗ اٌط١ثددددد١ٓ اٌطدددددا٘ش٠ٓ ٚآخ١دددددش خٍدددددك الله أظّعددددد١ٓ ٚعٍدددددٝ )صلى الله عليه وسلم(  محمد ذٔاعددددد١عٍدددددٝ 

 إٌّرعث١ٓ.

ذٛظددددٗ تفددددائك اٌصٕدددداء ٚا٨ِرٕدددداْ أْ أ٨ اتفؼددددً الله ٚسعا٠رددددٗ  سعدددداٌرٟتعددددذ أعدددداص  ٠٨غددددعٕٟ

، فمددددذ وددددداْ ا٨شدددددشاف ع١ٍٙددددا عٍددددٝ لثٌٛددددٗ ريطااااااٌ ػثااااذ الاياااااو زػااااالاٌ اٌفاػددددً ٨ٞعددددرار

 ٌدددٗ حً ِر١ّٕددد ،خشاظٙدددا عٍدددٝ ٘دددزا إٌؽدددٛافدددٟ  شدددشَ ٤تٍددد  اأذ٠ذج اٌغددد ٨سشددداداذٗ اٌم١ّدددح ٚذٛظ١ٙاذدددٗ

 اٌعّش اٌّذ٠ذ ٚاٌعطاء اٌذائُ.

، سئددد١ظ ا٨فاػدددً جزعددداذا٤ٌدددٝ اْ أذمدددذَ تدددٛافش اٌشدددىش ٚاٌرمدددذ٠ش أوّدددا ٠غدددعذٟٔ ٠ٚشدددشفٕٟ 

 .سعاٌرٟذفؼٍُٙ تاٌّٛافمح عٍٝ ِٕالشح عٍٝ ٚأعؼاء ٌعٕح إٌّالشح 

اسج ٚا٨لرظددداد فدددٟ ظاِعدددح ودددشت٩ء اٌّمذعدددح، ٚاٌدددٝ وّدددا اذمدددذَ تاٌشدددىش اٌدددٝ عّدددادج و١ٍدددح ا٨د

دددسئاعدددح لغدددُ ا٨ؼظددداء، ٚاٌدددٝ ظ١ّددد  اعددداذزذٟ اٌدددز٠ٓ افاػدددٛ ِِ  ّٟ ٓ عٍّٙدددُ اٌرض٠دددش ٚودددشُِٙ ا عٍددد

 اٌٛاع .

ِىرثاخ و١ٍح ا٨داسج ٚا٨لرظاد ظاِعح فٟ ٚاٌرمذ٠ش اٌٝ ظ١ّ  اٌعا١ٍِٓ ٚالذَ اٌشىش 

 ٌّعاٍِح.وشت٩ء ٚظاِعح اٌثظشج ٌّا اتذٖٚ ِٓ ِغاعذج ٚؽ١ة ا

ٌّددددا  ػهااااي زطاااايٍ َااااور ٚا٨عددددرار  يُرظاااار خًؼااااح ي ااااذ شددددىشٞ ٚذمددددذ٠شٞ اٌددددٝ ا٨عددددرار 

 .ٚدعُ فٟ أعاص اٌشعاٌح لذِٖٛ ِٓ ِغاعذج

ٌٍع١ّددد  اٌّٛفم١دددح  حً وّدددا ألدددذَ شدددىشٞ ٚذمدددذ٠شٞ اٌدددٝ ظ١ّددد  ص٩ِئدددٟ فدددٟ ِشؼٍدددح اٌّاظغدددر١ش، ِر١ّٕددد

 ٚإٌعاغ.

عدددْٛ ٚاٌّغددداعذج ٌٚدددُ ِدددذ ٌدددٟ ٠دددذ اٌأذٛظدددٗ تاٌشدددىش ٚاٌرمدددذ٠ش ٚا٨ِرٕددداْ اٌدددٝ ودددً ِدددٓ ٚاخ١دددشا 

  .اٌعزس غرّؽٗاروشٖ فاعر

 ...ويٍ الله انطذاد وانروفيق
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 قائًح انريوز

Mean انريس انًؼُى 

Survival function  اٌثماءداٌح      
Hazard function داٌح اٌّخاؽشج      
Mean Time To failure ِرٛعؾ  صِٓ اٌفشً أٚ اٌٛفاج MTTF 

Probability density function داٌح اٌىصافح ا٨ؼرّا١ٌح      

Cumulative distribution function  اٌرشاو١ّح اٌرٛص٠ داٌح      
Maximum likelihood  عظُا٨ِىاْ ا٤    

Akaike Information Criteria ٍِٛاخ اوا٠ىِٟع١اس ِع AIC 

correction Akaike information 

Criterion 

 AICc اٌّظؽػ  ِع١اس ِعٍِٛاخ اوا٠ىٟ

Mean Square Error ِرٛعؾ ِشتعاخ اٌخطؤ MSE 

Integrative Mean Square Error  ٍِِٟرٛعؾ ِشتعاخ اٌخطؤ اٌرىا IMSE 



 

 ح 
 

 انًطرخهص

ٌرّص١ددً ٚٚطدف ت١أدداخ اٌثمدداء ٌع١ٕددح ِددٓ  ٠عدداد اٌرٛص٠د  ا٨ؼرّدداٌٟ ا٩ٌّئددُااٌددٝ  شعدداٌحاٌ ذٙدذف

ِماعدح  ٚفداذُِٙٓ ذداس٠خ دخدٌُٛٙ اٌّغرشدفٝ ٌؽد١ٓ  (Covid-19)اٌّشػٝ اٌّظات١ٓ تف١شٚط وٛسٚٔا

 ٔفا.آ، فؼ٩ عٓ ذمذ٠ش داٌح اٌثماء ٌٍع١ٕح اٌّزوٛسج ٠اَتا٤

خرٍفدح تؤؼعاَ ع١ٕاخ ِ (Monte carloِٛٔد واسٌٛ )ٚذُ اظشاء ذعشتح  اٌّؽاواج تاعرعّاي ؽش٠مح 

 (Exponential)  انروزيغ الاضي () عاع١حٌرٛص٠عاخ ا٨ؼرّا١ٌح ا٤ثعغ اٌ (50،100،200، 30)

ذوزيغ )ّٛععح اٌؼرّا١ٌح ٨رٛص٠عاخ ااٌٚ ،((Dagum) ذوزيغ داكوو (،  Lindley) ذوزيغ نيُذني 

 نيُااذنيذوزيااغ يارشااال اونكااٍ (، Marshall-Olkin Exponential)يارشااال اونكااٍ الاضااي 

(Marshall-Olkin Lindley)  ، ًداكاووذوزيغ يارشال اونكاٍ عٓ  فؼ٩ (Marshall-Olkin 

Dagum) ) ٌٚاٌّماسٔدح تد١ٓ ؽش٠مدح  اٌثمداءعدٍٛن داٌدح  اخرثاسرشع ( ٌطاٌثحاٌزٞ ذُ تٕاإٖ ِٓ لثً ا

تمداء اٌرٛص٠عداخ ا٨ؼرّا١ٌدح داٌدح  ٌرمدذ٠شفؼً ؽش٠مح أخر١اس٤ Jackknifeعظُ ٚؽش٠مح ا٨ِىاْ ا٤

 .(IMSEاٌرىاٍِٟ ) ؤعرّاد عٍٝ اٌّم١اط ا٨ؼظائٟ ِرٛعؾ ِشتعاخ اٌخطتا٦ٔفاً آ زوٛسجّاٌ

َّْ AIC, AICCٚعددٓ ؽش٠ددك اٌّعددا١٠ش )  داكااوويارشااال اونكااٍ ) اٌرٛص٠دد  اٌّمرددشغ ( ذثدد١ٓ ا

(Marshall-Olkin Dagum) )) وصش ٩ِءِح ٌرّص١ً ٚٚطف ت١أاخ اٌع١ٕح ل١ذ اٌذساعح. أ 
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 انًقذيح 1-1

ٚاٌردٟ ٠ىدْٛ اعرّداد  ٌرؽ١ٍدً ا٨ؼظدائٟا ؼدًا٘دُ ِشِدٓ أ اٌث١أداخ ذّص١ً ٚٚطفِشؼٍح ذعُذ 

. ار اْ ٚ ٩ِئدُ ٌرّص١دً اٌث١أداخ اٌّذسٚعدحأاخر١اس ذٛص٠د  ِٕاعدة ٚرٌه ِٓ خ٩ي تم١ح اٌّشاؼً ع١ٍٙا 

ئدٞ اٌدٝ اٌؽظدٛي عٍدٝ ٔردائط غ١دش طدؽ١ؽح ٚتٙدزٖ اٌؽاٌدح ٠ىدْٛ اذخدار ٠د اخر١اس ذٛص٠  غ١ش ِٕاعة

 .ٌمشاس غ١ش دل١كا

٠عداد اٌرٛص٠د  ا٨ؼرّداٌٟ ا٩ٌّئدُ  ااٌثداؼص١ٓ فدٟ ا٘درُ ( Covid-19ِٕز تذا٠ح ظائؽدح وٛسٚٔدا )

( فدٟ Covid-19ٔاخ اٌثماء عٍٝ ل١ذ اٌؽ١اج ٌٍّشػٝ اٌّظات١ٓ تف١دشٚط وٛسٚٔدا )اٌرّص١ً ٚٚطف ت١

ؽح وٛسٚٔدا ٘دٟ ظائ ّْ أَ ( ، تبعرثاس Covid-19فؼً ؼٛي عٍٛن ف١شٚط وٛسٚٔا )أعث١ً اعطاء فُٙ 

ظا٘شج ٌٙا اعرعّا٨خ دساعح اٌغٍٛن اٌعشٛائٟ ٌ َْ اٚ ٚفك عٍٛن اؼرّاٌٟ ِع١ٓ، ذرث ائ١ح ظا٘شج عشٛ

 ُ٘ ٘زٖ ا٨عرعّا٨خ اٌرٕثئ تغٍٛوٙا اٌّغرمثٍٟ.أعذ٠ذج ِٚٓ 

ر افٟ ِعاي اٌطدة،  ً اٌثماء عٍٝ ل١ذ اٌؽ١اج ٌٙا دٚس اعاعٟدساعح دٚاي ذؽ١ٍ ّْ اِٚٓ اٌّعٍَٛ 

طدثؽد داٌدح اٌثمداء أ، ٚتدزٌه شج اٌثمداء عٍدٝ ل١دذ اٌؽ١داج ٌٍّشػدٝوث١شج فٟ ل١اط ؽٛي فردذشىً ا١ّ٘ح 

 ذئدٞ دٚساً اعاع١ا فٟ اٌرمذ٠ش ٚاٌرٕثئ.

ٌددزا ِددٓ اٌّٙددُ لثددً اٌم١دداَ تذساعددح ٚذؽ١ٍددً ت١أدداخ اٌثمدداء ٌٍّشػددٝ ِعشفددح اٌرٛص٠دد  ا٨ؼرّدداٌٟ 

 (عاعدد١ح )ٛص٠عدداخ ا٨ؼرّا١ٌددح ا٤اٌرِددٓ  تعددغفددٟ ٘ددزٖ اٌذساعددح اخر١دداس ٚدساعددح ا٩ٌّئددُ ٌٙددا، ار ذددُ 

 ،((Dagum) ذوزيااااغ داكااااوو (، Lindley) ذوزيااااغ نيُااااذني،  (Exponential) انروزيااااغ الاضااااي

(، Marshall-Olkin Exponential)ذوزياغ يارشاال اونكاٍ الاضاي ٚذٛص٠عاخ اؼرّا١ٌح ِٛعدعح )

ارشاال اونكاٍ ذوزياغ يفؼد٩ً عدٓ ،  (Marshall-Olkin Lindley) نيُاذنيذوزيغ يارشال اونكٍ 

 ٠٨عداد اٌرٛص٠د  ا٨ؼرّداٌٟاٌزٞ ذدُ تٕداإٖ ِدٓ لثدً اٌثاؼصدح(  ( (Marshall-Olkin Dagum) داكوو

ِٓ ذداس٠خ  (Covid-19)ت١أاخ اٌثماء ٌع١ٕح ِٓ اٌّشػٝ اٌّظات١ٓ تف١شٚط وٛسٚٔا ٌرّص١ً  فؼًا٤

٠ش داٌدح اٌثمداء ٌٍع١ٕدح فؼد٩ عدٓ ذمدذ، فٟ ِؽافظح اٌثظشج ٠اَدخٌُٛٙ اٌّغرشفٝ ٌؽ١ٓ اٌٛفاج ِماعح تا٤

ً آاٌّزوٛسج   .ٔفا

 ٚي ِٕٙددا ٌّٕٙع١ددحا٤اٌفظددً ٠رؼددّٓ ستعددح فظددٛي، ألغددّد اٌددٝ  اٌشعدداٌح٘ددذاف أٌٚرؽم١ددك 

، فددٟ ؼدد١ٓ ذؼددّٓ اٌفظددً اٌصددأٟ اٌعأددة ٚاٌذساعدداخ اٌغدداتمح(اٌّمذِددح ٚاٌّشددىٍح ٚاٌٙددذف ) اٌشعدداٌح
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ٔثددزج عددٓ ِعّٛعددح ِددٓ ٚ ذساعددحاٌاٌّرعٍمددح ت إٌظددشٞ اٌددزٞ ذددُ ف١ددٗ اٌرطددشق ٌددثعغ اٌّفددا١ُ٘ ا٤عاعدد١ح

 Maximum Likelihood Method  ؽش٠مدح ا٦ِىداْ ا٤عظدُ ٚعدشعاٌرٛص٠عداخ ا٨ؼرّا١ٌدح، 

(MLE)  ٚؽش٠مددحJackknife اٌصاٌددس اٌفظددً  ٚخظددض، ٌرمددذ٠ش ِعٍّدداخ ٚداٌددح اٌثمدداء ٌٍرٛص٠عدداخ

عددٍٛب ِؽاودداج ٚاٌرطث١مددٟ، ار ذٕدداٚي اٌعأددة اٌرعش٠ثددٟ ِفٙددَٛ اٌّؽاودداج ٚذطث١ددك ا ٌٍعأددة اٌرعش٠ثددٟ

ٌٍرٛص٠عداخ  فؼدً ؽش٠مدح ذمدذ٠شأٚاخر١داس  ٌّعشفح عدٍٛن داٌدح اٌثمداء (Monte Carloِٛٔرٟ واسٌٛ )

ت١أاخ اٌثماء ٌع١ٕح ِٓ ذؼّٓ ذطث١ك اٌرٛص٠عاخ عٍٝ فمذ  اٌرطث١مٟاِا اٌعأة ٚ ا٨ؼرّا١ٌح ل١ذ اٌذساعح

فٝ ٌؽد١ٓ اٌٛفداج ِماعدح ِٓ ذاس٠خ دخٌُٛٙ اٌّغرش (Covid-19)اٌّشػٝ اٌّظات١ٓ تف١شٚط وٛسٚٔا 

ِد  اظدشاء اخرثدداس ؼغدٓ اٌّطاتمدح ٌرٍده اٌث١أداخ ٚاخر١داس افؼدً ذٛص٠دد   فدٟ ِؽافظدح اٌثظدشج ٠داَتا٤

ذاٌددح اٌثمدداء  ٌوددزٌه اظددشاء ذمذ٠ش، (AIC,AICCفؼددً ذٛص٠دد  )أٌرّص١ٍٙددا عددٓ ؽش٠ددك ِعددا١٠ش اخر١دداس 

 اٌفظدًٚأخ١شاً ، Maximum Likelihood Method (MLE) ؽش٠مح ا٦ِىاْ ا٤عظُ تاعرعّاي 

  .شعاٌحٚاٌرٛط١اخ اٌرٟ خشظد تٙا اٌ ٩ٌعرٕراظاخخظض اٌشات  

 رضانحيشكهح ان 1-2

ٞ عدشعاْ ِدا ا٨ٔرشاس اٌغش٠  ٤ؼذ اٌف١شٚعاخ اٌفراوح ٚاٌـز عٓ ؽش٠ك شعاٌحِشىٍح اٌ ذٕثصك

ٌُ ٓ فٟ ظ١ّ  أؽاء اٌعـا١طاب ا٠٩ٌّأٚاٌزٞ  ،(Covid-19) ظائؽح وٛسٚٔا ذؽٛي اٌٝ ظائؽح ع١ّد

اٌٝ دساعح عدٍٛن  اا دع٨ّف اٌثشش ٚشً اٌؽشوح ا٨لرظاد٠ح ٚا٨ظرّاع١ح فٟ اٌعاٌُ، ِآ جاتٛف ٚذغثة

رٛص٠د  اٌ عدٓ ؽش٠دك ِعشفدح، ظدات١ٓؽدٛي فردشج اٌثمداء عٍدٝ ل١دذ اٌؽ١داج ٌٍِّرٛعدؾ ٚل١داط  ٘زا اٌٛتاء

 ئض ظ١دذجذرّرد  تخظداعطٟ ذمدذ٠شاخ ١ٌتشىً دل١ك  ف١شٚط٘زا اٌ إٌّاعة ٌرّص١ً ٚٚطفؼرّاٌٟ ٨ا

 اٌٛتاء. ااٌٝ داٌح اٌثماء ٚاٌرٛطً اٌٝ ٔرائط ذف١ذ اٌّٙر١ّٓ ٚأطـؽاب اٌمشاس ٌٍؽذ ٚاٌغ١طشج عٍٝ ٘ز
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 رضانحف اناهذأ 1-3

 اٌٝ: شعاٌحذٙذف اٌ

تماء داٌح  ٌرمذ٠شفؼً ؽش٠مح أخر١اس٨ Jackknifeعظُ ٚؽش٠مح ّماسٔح ت١ٓ ؽش٠مح ا٨ِىاْ ا٤اٌ -1

عدٓ ؽش٠دك اظدشاء ذعشتدح  اٌّؽاوداج تاعدرعّاي ؽش٠مدح  ٚرٌده ساعدحٌرٛص٠عاخ ا٨ؼرّا١ٌح ل١ذ اٌذا

تا٨عرّدداد عٍددٝ اٌّم١دداط ا٨ؼظددائٟ ٚ تؤؼعدداَ ع١ٕداخ ِخرٍفددح (Monte carloِٛٔدد ودداسٌٛ )

 .(IMSEِرٛعؾ ِشتعاخ اٌخطا اٌرىاٍِٟ )

ت١أداخ اٌثمدداء ٌع١ٕددح ِددٓ اٌّشػددٝ اٌّظددات١ٓ ا٠عداد اٌرٛص٠دد  ا٨ؼرّدداٌٟ ا٩ٌّئددُ ٌرّص١ددً ٚٚطددف  -2

فدٟ  ٠داَِماعدح تا٤ ٚفداذُِٙدٓ ذداس٠خ دخدٌُٛٙ اٌّغرشدفٝ ٌؽد١ٓ  (Covid-19) ط وٛسٚٔاتف١شٚ

 .ٔفاآفؼ٩ عٓ ذمذ٠ش داٌح اٌثماء ٌٍع١ٕح اٌّزوٛسج ، ِؽافظح اٌثظشج

 انذراضاخ انطاتقح  1-4

ذئدٞ اٌذساعاخ اٌغاتمح دٚساً ِّٙا فٟ اٌثؽس اٌعٍّدٟ، ٚذشدىً ِظدذسا ِّٙدا ٌّعٍِٛداخ غ١ٕدح ٌٍثاؼدس، 

خدش٠ٓ ذ اٌّشذىضاخ اٌشئ١غدح فدٟ تٕداء ا٨ّٔدٛرض اٌفىدشٞ ٌذساعدرٗ، وّدا ذطٍُعدٗ عٍدٝ ذعداسب ا٢ؼأٚذعُذ 

داٌدح ١ّ٘رٙا فٟ اٌثؽس اٌعٍّٟ عد١رُ اٌرطدشق اٌدٝ ِدا ذ١غدش ِٕٙدا ٚاٌردٟ ذرٕداٚي ٩ٌعرفادج ِٕٙا، ٚٔظشا ٤

 .ٚؽشائك ذمذ٠ش٘ا ٚاٌرطث١ماخ اٌع١ٍّح ٌٙا اٌثماء

(ياااد انثازثاااح  وارذااااٌا( ق1994فاااي ػااااو  
[16]
اٌطشائدددك اٌّع١ٍّدددح  عّايرمدددذ٠ش دٚاي اٌثمددداء تاعدددرت 

مداء ٌّشػدٝ فٟ ؼاٌح اٌث١أداخ اٌىاٍِدح ٚغ١دش اٌىاٍِدح، ِد  ذطث١دك عٍّدٟ ٌؽغداب دٚاي اٌثٚٚا٩ٌِع١ٍّح 

 .اٌرٙاب اٌىثذ اٌف١شٚعٟ

(Marshall and Olkin قاذو انثازثااٌ  1997في ػاو 
[31]
ؽش٠مدح ظذ٠دذج ٌرٛعد١  اٌرٛص٠عداخ عدٓ  

 Exponentialاٌرٛص٠دد  ا٨عددٟ ، ٚؽثمددد عٍددٝ ِعٍّددح ظذ٠ددذج اٌددٝ اٌرٛص٠دد  ا٨عاعددٟ اػددافحؽش٠ددك 

distribution) ( ّٝا٨عٟ  ِاسشاي اٌٚىٓ ذٛص٠   ٚٔرط ذٛص٠  ظذ٠ذ ِٛع  ٠غ (Marshall-Olkin 

Exponential distribution) 

 (Howlader & Hossain( قااو انثازثااٌ  2332فاي ػااو  
[28]

مـــدـاء ٌرٛص٠د  ترمذ٠ــدـش داٌـــدـح اٌث 

عٍــدددـٛب أؼغـــدددـة ؽش٠مـدددـح ت١ـــدددـض   اعدددرعّايِـــــدددـٓ إٌدددٛن اٌصدددأٟ عدددٓ ؽش٠دددك  (Pareto)تددداس٠رٛ

ٚؽش٠مدددددح ا٨ِىددددداْ  (Tierney and Kadanعدددددٍٛب اٌثاؼصددددداْ)أ( Lindleyٚاٌثــــدددددـاؼس )
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ِخرٍفدددددح  خ( ٚتاخر١ددددداس اؼعددددداَ ع١ٕددددداMonte Carlo، ٚتذساعدددددح ِؽاوددددداج )(MLEعظدددددُ)ا٤

 Tierney) ؽش٠مدحعٍــدـٝ  (Lindley)عدٍٛب أفؼد١ٍح أ ذٛطً اٌثاؼصاْ اٌٝ (10،20،30،50،100)

and Kadan  )ٚؽش٠مدددح ا٨ِىددداْ ا٤( ُعظدددMLE)  ٟاٌع١ٕددداخ اٌظدددر١شج ٚاٌّرٛعدددطح ؼعددداَأفددد 

ٚتإٌغددثح ٌؽعددَٛ اٌع١ٕدداخ اٌىث١ددشج ذّددد اٌرٛطدد١ح ِددٓ اٌثدداؼص١ٓ تاعددرعّاي اؼددذٜ ٘ددزٖ  ،(10،20،30)

 فؼ١ٍح ٌّمذس عٍٝ آخش فٟ ٘زٖ اٌؽاٌح.أح اٌثماء ٚرٌه ٌعذَ ٚظٛد ٌرمذ٠ش داٌ حَ اٌطشائك اٌص٩ش

( ياخاذ انثازاث  ( قااو2335فاي ػااو  
[7] 

ٚ أفدٟ ؼاٌدح ذٍدٛز اٌث١أداخ  رمدذ٠ش داٌدح اٌثمداء ٌرٛص٠د  ٠ٚثدًت

 تاعرعّاي ؽشائك اٌرمذ٠ش اٌؽظ١ٕح ِٚماسٔرٙا ِ  تعغ اٌطشائك ا٨عر١اد٠ح ٚاٌث١ض٠ح اؼرٛائٙا عٍٝ شٛار

تاعرعّاي ِع١اس١٠ٓ ٌٍّماسٔدح تد١ٓ اٌطشائدك ّٚ٘دا ِرٛعدؾ ِشتد  عٍٛب اٌّؽاواج ٚأٛظ١ف ٚعٓ ؽش٠ك ذ

ذثد١ٓ وفداءج اٌطشائدك اٌؽظد١ٕح فدٟ ذمدذ٠ش داٌدح  اٌخطؤ اٌرىاٍِٟ ِٚرٛعدؾ ِطٍدك اٌخطدؤ إٌغدثٟ اٌرىداٍِٟ

اخ ذددُ اعددرعّاي اٌطش٠مددح اٌؽظدد١ٕح ٌرمددذ٠ش داٌددح اٌثمدداء ٌث١أدداٌثمدداء، ٚفددٟ اٌعأددة اٌرطث١مددٟ ِددٓ اٌذساعددح 

 ِشػٝ اٌغشؽاْ فٟ اٌمطش ا١ٌّٕٟ.

( قاو انثازاث  خاضاى(2312في ػاو  
[12]
ٍرٛص٠د  ا٢عدٟ اٌّثردٛس تطشائدك ا٦ِىداْ ٌرمدذ٠ش داٌدح اٌثمداء ت 

)تاعدرعّاي ذٛعد١  ِعٍِٛداخ  ٚاٌصا١ٔدح )تاعرعّاي ِعٍِٛاخ ظفشٞ اٌّغدثمح( ا٤عظُ ٚؽش٠مح ت١ض ا٤ٌٚٝ

٠مح ظان ٔدا٠ف تا٨عرّداد أ٨ٚ عٍدٝ ؽش٠مدح ا٦ِىداْ ٚؽش٠مح اٌّشتعاخ اٌظرشٜ ٚؽش  ظفشٞ اٌّغثمح(

ا٤عظُ وطش٠مح ظان ٔا٠ف أٌٚٝ ٚشا١ٔا عٍٝ ؽش٠مح ت١ض ا٤ٌٚٝ وطش٠مح ظان ٔا٠ف شا١ٔح ٚاٌّماسٔح ت١ُٕٙ 

 ،(100050030020010) تاعرخذاَ اٌّؽاواج، ٌٙزا اٌرشع اعرّذ اٌثاؼس عٍٝ ؼعَٛ ع١ٕاخ ِخرٍفح ٟ٘

٠مدح ت١دض اٌصا١ٔدح عٍدٝ ظ١ّد  ؽشائدك اٌرمدذ٠ش اٌّعرّدذج ٌٚىافدح ؼعدَٛ ٌمذ أظٙشخ ٔردائط اٌثؽدس ذفدٛق ؽش

 خ.اٌع١ٕا

( Ghitane et al انثازاث وفاي َفاص انؼااو قاذو 
[25]
 )Marshall- ١ٌٕدذٌٟ ِاسشداي اٌٚىدٓ ذٛص٠د  

Olkin Lindley Distribution)  ١ٌٕدذٌٟ ) عدٓ ؽش٠دك اػدافح ِعٍّدح ظذ٠دذج اٌدٝ ذٛص٠دLindley 

distribution ) ،ٚذُ ذمذ٠ش ِعٍّاذٗ تطش٠مح ا٨ِىاْ ا٨عظُ، ٚؽثك اٌرٛص٠ خظائض عغ ٚٔالشا ت ،

عٍٝ ت١أاخ ؼم١م١ح ٨شثاخ اْ اٌرٛص٠  اٌّمرشغ اٌعذ٠ذ ٠رٕاعة تشىً افؼً ِ  اٌرٛص٠  ا٨طٍٟ  رٛص٠ اٌ

 ِ  اٌث١أاخ.

 (اتر اال  ح( قايد انثازث2315  في ػاو
[10]

 ،ح اٌىصافدحداٌد)خدشٜ أاٌدح اٌثمداء ٚدٚاي اؼرّا١ٌدح ترمدذ٠ش د  

ٌث١أاخ ؼم١م١دح ٤َٚلداخ اٌفشدً اٌّماعدح تا٠٤داَ  أشٕداء ِىدٛز ِشػدٝ   (ذاٌح اٌرٛص٠ع١ح ٚداٌح اٌّخاؽشجاٌ
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ٚي فددٟ اٌّغشددفٝ ل١ددذ اٌعدد٩ض، ٚظددشٜ اعددرعّاي شدد٩ز ؽشائددك ِع١ٍّددح  عددشؽاْ اٌشئددح ِددٓ اٌّغددرٜٛ ا٤

، ٚذطث١ددك ( prٟ اٌّمددذسج ٌٚددٚؽش٠مددح ا٨خرثدداس ا٤ shؽش٠مددح اٌرمٍدد١ض   ،mlعظددُ ِىدداْ ا٤ؽش٠مددح ا٦)

( ِٚماسٔددح  BEٚؽش٠مددح تٛسوددٛف  NEؽش٠مددح ١ٍٔغددْٛ ، EMؽش٠مددح اٌرعش٠ددة)ؽشائددك ا٩ٌِع١ٍّددح  

ِٚرٛعددؾ اٌخطددؤ إٌغددثٟ   MSEأفؼدد١ٍح ؽشائددك اٌرمددذ٠ش تاعددرعّاي ِع١دداسٞ ِرٛعددؾ ِشتعدداخ اٌخطددؤ  

 .(MAPEاٌّطٍك)

( ػثااذ الله(  قاااو انثازااث  2018فااي ػاااو  
[4] 

ٚاٌددذٚاي رٛص٠دد  ٠ٚثددً رٚ اٌّعٍّردد١ٓ  ٌ ءترمددذ٠ش داٌددح اٌثمددا

h(t  )، ٚداٌدح اٌخطددٛسج )F(t)، ٚداٌدح اٌرٛص٠د  اٌرشاوّدٟ   f(t)اٌّشذثطدح تٙدا )داٌدح اٌىصافدح ا٨ؼرّا١ٌدح 

 ار اعدرخذَ اٌّع١ٍّح ٚ ا٩ٌِع١ٍّح ٌٍرمدذ٠ش،ِعّٛعح ِٓ اٌطشائك  عّايذُ اعر ار، ْ اٌصذٞعشؽا ػٌّٝش

، ٚؽش٠مدح M.O.M) ، ؽش٠مح اٌعدضَٚ )M.L.E ) عظُ )ىاْ ا٤ِٟ٘ )ؽش٠مح ا٦ حش٩ز ؽشائك ِع١ٍّ

ٚ٘ددٟ  حفمددذ اعددرخذَ شدد٩ز ؽشائددك ٨ِع١ٍّدد حأِددا اٌطشائددك ا٩ٌِع١ٍّدد ،O.L.S)اٌّشتعدداخ اٌظددرشٜ )

ٚاٌطش٠مدح اٌرعش٠ث١دح  Method(NL) Nelsonؽش٠مدح ١ٍٔغدْٛ  ،Method  Kernel)ؽش٠مدح و١شٔدً

Empirical Method(EM)  ِماسٔددح تدد١ٓ ؽشائددك ذمددذ٠ش داٌددح اٌثمدداء  ( ٚتعددذ رٌدده عّددً اٌثاؼددس

فؼددً تدد١ٓ ٌع١ّدد  اٌطشائددك اٌّذسٚعددح  ٌث١دداْ ا٤ MSE)ٚتا٨عرّدداد عٍددٝ ِرٛعددؾ ِشتعدداخ اٌخطددؤ )

ِىدداْ ، اْ ؽش٠مددح )ا٦ػددٝ عددشؽاْ اٌصددذٞاٌّماسٔددح ٌرمددذ٠ش داٌددح اٌثمدداء ٌّش اٌطشائك ؼ١س ت١ٕد ٔرائط 

ا ٔردائط اٌّماسٔدح اِد حتإٌغدثح ٌٍطشائدك اٌّع١ٍّد فؼً إٌرائط ٌرمذ٠ش داٌح اٌثمداءأعطد أ( M.L.E عظُا٤

 .فؼًأعطد ٔرائط أ( Cr.Vؽش٠مح )و١شًٔ ٔٛن  ّْ أت١ٕد  حِع٩١ٍّت١ٓ اٌطشائك اٌ

ذطاارا انثازااث  ازًااذ( 2319فااي ػاااو 
[14]
اٌرٛص٠عدداخ اٌّشوثددح ٚلدداَ ترمددذ٠ش داٌددح اٌثمدداء ٌرٛص٠دد   اٌددٝ 

، ٚفدٟ اٌعأدة اٌرطث١مدٟ لدذس داٌدح اٌثمداء سا٠ٍدٟ( تاعدرعّاي شد٩ز ؽشائدك ذمدذ٠ش-اؼرّاٌٟ ِشوة )٠ٚثدً

 ٌع١ٕح ِٓ اٌّشػٝ اٌّظات١ٓ تغشؽاْ اٌصذٞ فٟ ِؽافظح رٞ لاس.

ذطارا انثازاث  ادهاى( 2323في ػااو 
[3]
اٌرٛص٠عداخ ا٨ؼرّا١ٌدح اٌّخرٍطدح ٚلداَ ترمدذ٠ش داٌدح اٌثمداء  اٌدٝ 

ش، ٚفدٟ اٌعأدة اٌرطث١مدٟ ذمدذ٠ ٠مدحؽش وصشِٓؤتد واِا ِٓ اٌشذثح اٌصا١ٔدح(-ٌرٛص٠  اؼرّاٌٟ ِخرٍؾ )ا٨عٟ

 .ترذادِؽافظح ٌع١ٕح ِٓ اٌّشػٝ اٌّظات١ٓ تّشع اٌفشً اٌىٍــٛٞ فـــٟ لذس داٌح اٌثماء 

انثازثااح  ضااهو ( قايااد 2323فااي ػاااو 
[5]
ستدد  أترمددذ٠ش داٌددح اٌثمدداء ٌرٛص٠دد  ت١ددشوظ اٌّعّددُ تاعددرعّاي  

ٚتعددذ رٌدده  ٌر١ددش ِعٍِٛاذ١ددح(اٌّشتعدداخ اٌظددرشٜ، اٌث١ض٠ددح اٌم١اعدد١ح ٚا ،عظددُِىاْ ا٤)ا٦ؽشائددك ذمددذ٠ش

اٌّماسٔددح فؼً ت١ٓ اٌطشائك ؼ١س ت١ٕد ٔرائط ِماسٔح ت١ٓ ؽشائك ذمذ٠ش داٌح اٌثماء ٌث١اْ ا٤ حاٌثاؼص دعٍّ
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ٚفدٟ اٌعأدة اٌرطث١مدٟ  ،فؼدً إٌردائط ٌرمدذ٠ش داٌدح اٌثمداءأعطد أ( M.L.E عظُِىاْ ا٤ؽش٠مح )ا٦ ّْ ا

 .ِؽافظح اٌثظشجفـــٟ  تغشؽاْ اٌصذٞٝ اٌّظات١ٓ ِٓ اٌّشػ( 322ذثٍ  )ٌع١ٕح لذسخ داٌح اٌثماء 

ع١رُ اعدرعّاي تعدغ ٚتزٌه ذىْٛ ٘زٖ اٌشعاٌح اعرىّا٨ ٚاػافح ٌٍعٙٛد اٌع١ٍّح اٌرٟ تزٌٙا اٌثاؼصْٛ، ار 

اٌرٛص٠عاخ ا٨ؼرّا١ٌدح ٌذساعدح اٌغدٍٛن اٌعشدٛائٟ ٌفردشج تمداء اٌّشػدٝ اٌّظدات١ٓ تف١دشٚط وٛسٚٔدا فدٟ 

اي ٔفظ اٌرٛص٠عاخ ا٨ؼرّا١ٌح تعذ ذط٠ٛش٘ا تٛاعطح ؽش٠مح اٌثداؼص١ٓ ِؽافظح اٌثظشج، فؼ٩ عٓ اعرعّ

(Marshall and Olkin) 
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 ذً يذ 2-1

تعدغ  ٔثدزج عدٓٚ، اٌذساعدح تّٛػدٛن راخ اٌع٩لح١ُ ا٤عاع١ح فٟ ٘زا اٌفظً عٕمَٛ تبعرعشاع اٌّفا٘

 (، Lindley) ذوزيااغ نيُااذني،  (Exponential) انروزيااغ الاضااي (عاعدد١ح )اٌرٛص٠عدداخ ا٨ؼرّا١ٌددح ا٤

-Marshall)ذوزياغ يارشاال اونكاٍ الاضاي ٚذٛص٠عاخ اؼرّا١ٌح ِٛععح ) ،((Dagum) ذوزيغ داكوو

Olkin Exponential ،) ٍنيُذنيذوزيغ يارشال اونك (Marshall-Olkin Lindley)  ، ٓفؼ٩ً ع

ذمذ٠ش ٚ ،ٕاإٖ ِٓ لثً اٌثاؼصح(اٌزٞ ذُ ت ( (Marshall-Olkin Dagum) داكووذوزيغ يارشال اونكٍ 

 .Jackknifeؽش٠مح ٚ (MLE) عظُِىاْ ا٤طش٠مح ا٦ت ٌىً ذٛص٠  داٌح اٌثماءِٚعٍّاخ 

(Survival Functionداٌح اٌثماء) 2-2
]92[]30[]22[

  

ذاٌح اٌرٛص٠  ٌٟ٘ ِىٍّح ٚ ، tٟ٘ اؼرّاي تماء اٌفشد عٍٝ ل١ذ اٌؽ١اج ؼرٝ اٌٛلد اٌّؽذد داٌح اٌثماء 

 : حذ١ا٢ ؼغة اٌظ١رح س٠اػ١ا داٌح اٌثماء ٚذعشف،      ٠شِض ٌٙا تاٌشِضغا١ٌا ِا ٚ،     اٌرشاو١ّح 

                   

                

                                                                                                         

  ّْ ار ا

: T   الحلللد لحلللدو   و اللللزمل المسلللتغر أزملللل البقللل    متغٌلللرٌمثللل(time to events )

 (.الموتحتى حدو   بق  شوائً الذي ٌشٌر إلى وقت الالع المتغٌر) وهو حد  الموت

 t ِٓاٌٛلد اٌّؽذد( اٌثماء عٍٝ ل١ذ اٌؽ١اج: ٠ّصً ص( . 

 ٙا عرىْٛ :ّٔ ا (Survival function) اٌثماءِٚٓ خظائض داٌح 

 )ِرٕالظح ِ  اٌضِٓ( (non-increasingضا٠ذج )داٌح غ١ش ِر -1

( ٚاٌٛاؼدددذ 0وم١ّدددح عذد٠دددح ِؽظدددٛسج  تددد١ٓ اٌظدددفش )ٙدددا ّٔ أ ٞأ          داٌدددح اؼرّا١ٌدددح -2

(1). 
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ِثاشدشج ، أٚ تشدىً    ضِٓعطٟ اؼرّاي اٌثماء عٍٝ ل١ذ اٌؽ١اج لثدً اٌدذٟ راٌ اٌثماء ٟ٘ داٌح ّْ ار ا

اؼرّاي تماء  عٍٝ عث١ً اٌّصاي ٠عطٟ ، t ٌضِٓاَ تاا٨٘رِّٛػٛن ؽذز اٌاؼرّا١ٌح عذَ ٚلٛن ٟ٘ عاَ  

 .داٌّش٠غ عٍٝ ل١ذ اٌؽ١اج تعذ اٌٛلد اٌّؽذ

( ٚ٘ددزا S(t)=1( فدداْ داٌددح اٌثمداء ذىددْٛ ِغدا٠ٚح ٌٍٛاؼددذ )t=0ٍظدفش اٞ )ٌعٕدذِا ٠ىددْٛ اٌٛلدد ِغددا٠ٚا 

 ( ٠غاٚٞ ٚاؼذ.٠t=0عٕٟ اؼرّاي تماء اٌشخض اٌّظاب عٍٝ ل١ذ اٌؽ١اج عٕذ اٌضِٓ )

  تذانح انثقاءال انًرذثطح انذو 2-3

 function Probability Densityدانح انكثافح الازرًانيح   2-3-1
]53[

 

 اٌرعث١ددشٚ،     ٚاٌرددٟ ٠شِددض ٌٙددا  ،(    ,t) فددٟ اٌّددذج( اٌّددٛخ)  ؼددذٚز اٌؽددذزذّصددً اؼرّدداي 

 :ذٟاٌش٠اػٟ ٌٙا ٠ىْٛ عٍٝ إٌؽٛ ا٢

            
  [        ]

  
                               

  Tذّصً اٌرر١ش فٟ ل١ّح اٌّرر١ش اٌعشٛائٟ      : ّْ ار ا

 ٌٚذاٌح اٌىصافح ا٨ؼرّا١ٌح خظائض ٟ٘ :

        ِٛظثح 

  ٕٝاٞ أٍٛاؼذ اٌظؽ١ػ ٌِغا٠ٚح دائّا      ِعّٛن اٌّغاؼح ذؽد ِٕؽ ّْ : 

∫         

 

 

 

 

ve Densety functioncumulatiدانح انكثافح انردًيؼيح   2-3-2
]33[]2[ 

ذعدددشف عٍدددٝ ٚ ٠ٚF(t)شِدددض ٌٙدددا  t( لثدددً اٌٛلدددد  اٌّدددٛخ)  ؼدددذٚز اٌؽدددذزٚ٘دددٟ اؼرّا١ٌدددح 

 : ٠ٍٟ ِىاْ اٌرعث١ش عٕٙا س٠اػ١ا وّاتا٦ ،ٙا ِىٍّح ٌذاٌح اٌثماءّٔ أ

              ∫       
 

 
                  

 

 ار اْ:

 t  اٌؽذز )اٌّٛخ(٠ّصً اٌٛلد ؼرٝ ؼذٚز 

 tاٌىصافح ا٨ؼرّا١ٌح ٌضِٓ  داٌح     

 داٌح اٌىصافح اٌرعّع١ح ذّرٍه عذج خظائض: ّْ اٚ
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 )ِٓذىْٛ داٌح ِرضا٠ذج ِ  اٌضِٓ ) ذرٕاعة ؽشد٠ا ِ  اٌض.  

  0)ِؽذدج فٟ اٌفرشج,t]  ِٛظثح ت١ٓ اٌظفش ٚاٌٛاؼذ رٙال١ّٚغ١ش عاٌثح . 

Hazard functionدانح انًخاطرج  2-3-3
]91[

  

اؼرّا١ٌح ٚلٛن ؼذز  ٟ٘ٚ Tٌٛلد اٌثماء  h(t)اٌرٟ ٠شِض ٌٙا تاٌشِض  ٟٚ٘ اٌذاٌحداٌح اٌّخاؽشج 

ً عشٛائ١ اً ِرر١ش Tارا واْ ، ص١ِٕح لظ١شج ِذجفٟ  ؽذز٠  ح وصافح اؼرّا١ٌحداٌٚ حذشاو١ّ ٌٗ داٌح ذٛص٠  ا

 فبْ:

 

    =       
         |    

  
          ،        

 

ٚؼغة       داٌح اٌثماءٚ      ١حىصافح ا٨ؼرّاٌاٌ داٌح وٕغثح ت١ٓ اٌّخاؽشجّىٓ وراتح داٌح ٠ٚ

 اٌظ١رح ا٢ذ١ح:

     
    

    
 

    

      
                                                                               

 (MTTF)  reMean Time To failu زيٍ انفشم أو انوفاج  يروضظ 2-4
]72[]32[

  

ٗ اٌم١ّدح اٌّرٛلعدح ٔدّأعٍدٝ ٚاٌدزٞ ٠عدشف   اٌثماء عٍٝ ل١ذ اٌؽ١اجِٓ اٌّما١٠ظ اٌّغرعٍّح فٟ ِٛػٛن ٘ٛ 

 ٠ٚعثش عٕٗ س٠اػ١ا وّا ٠ٍٟ: ٛفاجلثً ؼظٛي اٌ اٌثماء عٍٝ ل١ذ اٌؽ١اج ٌضِٓ 

          ∫                                                                                       
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انرقذير طرائق  2-5
 

 شعداٌحٚفدٟ ٘دزٖ اٌ ،اٌرٛص٠عداخ ا٨ؼرّا١ٌدح ٕ٘ان اٌعذ٠ذ ِٓ اٌطشائدك اٌّغدرعٍّح ٌرمدذ٠ش ِعٍّداخ

ؽش٠مدح ٚ  Maximum Likelihood Estimation(MLE) عظُ ِىاْ ا٤ع١رُ اعرعّاي  ؽش٠مح ا٦

Jackknife ل١دذ  ٌرمذ٠ش ِعٍّاخ ٚداٌح اٌثماء ٌٍرٛص٠عداخ ا٨ؼرّا١ٌدحعظُ اْ ا٤ِىاٌّعرّذج عٍٝ ِمذس ا٦

 .  اٌذساعح

  Maximum Likelihood Estimation(MLE)ػظى يكاٌ الأقح الإطري 2-5-1
[9]]11[

 

عم لات واسعة الاستدلا  الاحص ئً التً له  است طرائقمل بٌل عد هذه الطرٌقة واحدة ت  اذ 

 ائض ِٕٙا:وٛٔٙا ذر١ّض تعذج خظفً التقدٌر 

 (Sufficientاٌىفا٠ح ) (1)

 (Minimum Varianceألً ذثا٠ٓ ) (2)

 (Invarianceاٌصثاخ ) (3)

 ( تاصد٠اد ؼعُ اٌع١ٕح.Unbiasedعذَ اٌرؽ١ض) (4)

 (consistencyا٨ذغاق ) (5)

 (Efficiencyاٌىفاءج ) (6)

عظم هلو اللذي ٌلعل  مك ل الأوال مقدر الإ، فؼ٩ً عٓ أٔٙا ذىْٛ أوصش دلح تاصد٠اد ؼعُ اٌع١ٕح

 .مك ل فً نه ٌته  العظمىم دالة الإلوغ رتٌ

 ل  إ، فل( ملل توزٌلا احتمل لً معلٌل          ) nلدٌن  عٌنلة عشلوائٌة بل لحلم  ل  إلنفرض 

 :على النحو الاتًعظم تعرف مك ل الأدالة الإ

              ∏                  
 
      

 عظم  مك ل الأالإ ام  اللوغ رٌتم الطبٌعً لدالة

  (             )     ∏                  
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لكل  ب لنسلبة  نفل الملذكورة   نعمل  عللى اشلتق   المع دللة ̂  عظلم مك ل الأوللحصو  على مقدرات الإ

 طرائللقو الأالتحلٌلٌللة الاعتٌ دٌللة  ئقطرالصللفر ثللم حلل  المعلل دلات الن تلللة بلل للومسلل واته     معلمللة 

 العددٌة. 

 

   
  (             )  

 

   
[  (∏                 

 

   

)]      

طريقح  2-5-2
 

Jackknife
 [12] 

ر ٠غرخشض ِمدذس ا 1949فٟ عاَ  Quenouilleٚي ِشج ِٓ لثً اٌثاؼس ؽثمد ٘زٖ اٌطش٠مح ٤

Jackknife ذٟ:عٍٝ إٌؽٛ ا٢ 

 ̂            ̂                     

 :ّْ ار ا

 ؽشائك اٌرمذ٠ش ٜٚفماً ٤ؼذ  ذّصً ِمذس اٌّعٍّح  ̂ 

   اٚٞ    ـــــــــــــــــــذغ   
∑  ̂ 
 
   

 
 

  Jackknifeعٍٛب ؼغة أ اخ ا٨ؼرّا١ٌح ل١ذ اٌذساعحعـرٛص٠ٌٍ اٌثماء ٚداٌح  اخذ٠ش اٌّعٍّــار ٠رُ ذم

 :عٍٝ إٌؽٛ ا٨ذٟٚ عظُ ِىاْ ا٤ح ا٦ـتا٨عرّاد عٍٝ ؽش٠م

 ̂            ̂                  

 :ّْ ار ا

 عظُ ىاْ ا٤ـِ: ِمذس اٌّعٍّح تطش٠مح ا٦   ̂ 

 اد ٚفك ا٨عٍٛب اٌراٌٟ:ــــــــــــــــ٠رُ ا٠ع:  ̂ 

  ̂ ا٠عداد ٚ( tn......0t2,0t1ٛعح اٌّرر١دشاخ )ـِدٓ ِعّد t1ٚي زف اٌّرر١دش ا٤ــدـــٚرٌده تؽ  ̂ ا٠عاد  -1

 ٚيُ تذْٚ اٌّرر١ش ا٤ـــــعظا٦ِىاْ ا٤ش٠مح ـؼغة ؽ

زف ــددـ( ٚؼtn......0t2,0t1ٛعح اٌّرر١ددشاخ )ـاٌددٝ ِعّدد t1ٚي ١ش ا٤ـ  اٌّررددـٚرٌدده ترشظ١دد  ̂ ا٠عدداد  -2

ذْٚ ــــدـُ تــدـعظؼغدة ؽش٠مدح ا٦ِىداْ ا٤  ̂ اد ــــدـا٠عشاخ ٚزٖ اٌّرر١دــِٓ ٘ t2أٟ ـــاٌّرر١ش اٌص

 أٟ.ــــــــــاٌّرر١ش اٌص
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 . ̂ ذ ـــــــْ ٔعاٌٝ أ  ̂ اد ــــٚ٘ىزا ٔغرّش تب٠ع -3

   اد ـــــا٠ع -4

  Jackknifeٔطثك ط١رح  -5

 ̂            ̂                  

 ٌٍرٛص٠عاخ ا٨ؼرّا١ٌح                   ̂ اٌثماء ح ـا٠عاد ِمذس دا٠ٌّىٓ  ٚع١ٍٗ

   Probability distributionsالازرًانيحروزيؼاخ ان 2-6

٘دُ ِشاؼدً اٌرؽ١ٍدً ا٨ؼظدائٟ أ٠ٕاعدثٙا ِدٓ  ذٛص٠د  اؼرّداٌٟاٌث١أاخ ػدّٓ  ذّص١ًعذ ِشؼٍح ذُ 

ٔاخ ٚاٌردٟ ذغدرعًّ ٌرٛص٠عداخ اٌرٟ ذعرّذ ع١ٍٙا تم١ح اٌّشاؼً ٚذعشف ٘زٖ اٌّشؼٍح تّشؼٍح  ّٔزظح اٌث١ا

 .اٌظٛا٘ش اٌّذسٚعح ٚاٌرٕثئ تٙا اؼرّا١ٌح ِعشٚفح ٌرّص١ً ت١أاخ

ذغدٍىٙا ٌىدٟ ٠درُ ذفغد١ش  اٌردٟ ٞ اٌرٛص٠عداخ ا٨ؼرّا١ٌدح٨تذ ٌٕدا ِدٓ ِعشفدح ذٍده اٌظدٛا٘ش أ ٌزٌه

 ٚ ذٛص٠عداخزٞ ذغٍىٗ ٚذىْٛ دساعدرٕا ٌٍظدٛا٘ش اِدا عدٓ ؽش٠دك ذٛص٠عداخ ظدا٘ضج أاٌغٍٛن اٌعشٛائٟ اٌ

 ِطٛسج ٌٛطف ٚل١اط ِاذئٚي ا١ٌٗ ذٍه اٌظا٘شج ِٓ ٔرائط اؼرّا١ٌح.

( ٌّدا ٌٙدزٖ اٌظدا٘شج ِدٓ Covid-19) ظائؽدح وٛسٚٔدا٘رُ اٌعذ٠ذ ِٓ اٌثداؼص١ٓ تذساعدح ظدا٘شج أ

آ٨ف اٌثشدش ٚشدً اٌؽشودح ا٨لرظداد٠ح  جاتٛفد دٓ فٟ ظ١ّد  أؽداء اٌعدـاٌُ ٚذغدثث١ا٠٩ٌّ حطاتاش١ش فٟ ذؤ

د اٌع١ٍّح اٌرٟ تزٌٙا اٌثداؼصْٛ، اعرىّا٨ ٚاػافح ٌٍعٙٛ اٌشعاٌحٚتزٌه ذىْٛ ٘زٖ  ،ٚا٨ظرّاع١ح فٟ اٌعاٌُ

ٌفردشج تمداء اٌّشػدٝ اٌّظدات١ٓ ع١رُ اعرعّاي تعغ اٌرٛص٠عاخ ا٨ؼرّا١ٌح ٌذساعح اٌغٍٛن اٌعشٛائٟ ر ا

 ذط٠ٛش٘دأفدظ اٌرٛص٠عداخ ا٨ؼرّا١ٌدح تعدذ  عدٓ اعدرعّايتف١شٚط وٛسٚٔا فٟ ِؽافظدح اٌثظدشج، فؼد٩ 

(Marshall and Olkinٓ )طح ؽش٠مح اٌثاؼص١تٛاع
[31]
ػافح ِعٍّدح ذٌٛذ عائٍح ظذ٠ذج ِٓ خ٩ي ا اٌرٟ 

 Marshall and ٠غّٝ تاعُ عائٍح ِاسشاي اٌٚىٓ ٚاٌرٛص٠  اٌعذ٠ذ إٌاذطعاعٟ ٝ اٌرٛص٠  ا٤اٌ ظذ٠ذج

Olkin  ،ٌٚح اٌثماء ٌٍرٛص٠د  ، فٕؽظً عٍٝ دا     ̅ ٤ٞ ذٛص٠  داٌح اٌثماءتاعرعّاي ٘زٖ اٌطش٠مح  ٕشؤذ

 ذ١ح:ذىْٛ تاٌظ١رح ا٢ٚ      ̅ اٌعذ٠ذ 

 ̅      
  ̅   

   ̅  ̅   
    ̅                                                        

 :ّْ ار ا
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 Marshall and Olkin: ذّصً داٌح اٌثماء ٌٍرٛص٠  اٌعذ٠ذ ٌعائٍح      ̅  

 عاعّٟصً داٌح اٌثماء ٌٍرٛص٠  ا٤: ذ   ̅  

 Marshallٌٍرٛص٠د  اٌعذ٠دذ ٌعائٍدح   c.d.fٚداٌدح اٌرٛص٠د  اٌرشاو١ّدح  p.d.fداٌدح اٌىصافدح ا٨ؼرّا١ٌدح ّْ ٚا

and Olkin ذٟ:ذىْٛ عٍٝ إٌؽٛ ا٢ 

       
     

[   ̅  ̅   ] 
        ̅                                 

 : ار اْ

 Marshall and Olkinٌٍرٛص٠  اٌعذ٠ذ ٌعائٍح  اٌىصافح ا٨ؼرّا١ٌح: ذّصً داٌح       

  عاعٟا٤ٌٍرٛص٠   اٌىصافح ا٨ؼرّا١ٌح: ذّصً داٌح     

       
    

   ̅  ̅   
        ̅                                                    

 ار اْ :

 Marshall and Olkinٌٍرٛص٠  اٌعذ٠ذ ٌعائٍح  اٌرٛص٠  اٌرشاو١ّحّصً داٌح : ذ      

  .عاعٟا٤ٌٍرٛص٠   اٌرٛص٠  اٌرشاو١ّح: ذّصً داٌح     

 Exponential distributionانروزيغ الاضي   2-6-1  
]15[

  

 ٘ددٛ ذٛص٠دد   (Exponential distribution)اٌرٛص٠دد  ا٨عددٟ ،فددٟ ٔظش٠ددح ا٨ؼظدداء اٌش٠اػددٟ     

٠ٚغدرعًّ ٘دزا اٌرٛص٠د  فدٟ ذخّد١ٓ اٌفردشاخ اٌض١ِٕدح تد١ٓ  ،اؼرّاٌٟ ِغرّش اشرك اعّٗ ِٓ اٌذاٌح ا٨عد١ح

 ؼذاز.ٚلٛن ا٤

 اٌدزٞ Tعشدٛائٟ اٌٌٍّرر١دش  pdf  (probability  density  function )داٌدح اٌىصافدح ا٨ؼرّا١ٌدح   ّْ ا

  ٟ:وا٢ذ٠رث  اٌرٛص٠  ا٨عٟ 

   (   )     𝜃                                                                        
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( ٌّرر١دش عشدٛائٟ (CDF  Cumulative  distribution  functionداٌدح اٌرٛص٠د  اٌرشاو١ّدح  اِدا 

 ٠رث  اٌرٛص٠  ا٨عٟ ذعطٝ تاٌظ١رح اٌرا١ٌح :

 (   )                                                                                                   

 ذٟ:ٌٍرٛص٠  ا٨عٟ ذىْٛ عٍٝ إٌؽٛ ا٢داٌح اٌثماء  ّْ ٚا

 (   )                                                                                                        

٠دد  ا٨عددٟ تاعددرعّاي ؽش٠مددح ا٦ِىدداْ ا٤عظددُ ٔرثدد  ٌٍرٛصٚداٌددح اٌثمدداء  ٍّددحٌٍٚؽظددٛي عٍددٝ ذمددذ٠ش ِع

 ذ١ح:اٌخطٛاخ ا٢

                                        

         ∏       

 

   

 

ً فٟ اٌظ١رح ( 7-2) ا٨عٟرٛص٠  ٍذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح ٌ  :اٌّزوٛسج آٔفا

         ∏[   𝜃   ]

 

   

 

             𝜃∑   
 
      

ً ٚتؤخز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح   ٔؽظً عٍٝ: آٔفا

                   ∑  

 

   

  

 

ً ٚتؤخددددز اٌّشددددرمح اٌعضئ١ددددح ا٤ٌٚددددٝ ٌٍظدددد١رح  ( ِٚغدددداٚاذٙا اٌددددٝ اٌظددددفش θ) حتإٌغددددثح ٌٍّعٍّدددد آٔفددددا

 ٔؽظً عٍٝ :

    

  
 

 

 
 ∑  
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 ∑   

 

   

 

 ٘ٛ   عظُ ٌٍّعٍّح ِىاْ ا٤اْ ذمذ٠ش ا٦

 ̂  
 

∑   
 
   

 
 

 ̅
                                                                                                  

ٌذاٌدددح عظدددُ ِىددداْ ا٤ٔؽظدددً عٍدددٝ ِمدددذس ا٦ (9-2) مددداءثفدددٟ داٌدددح اٌ (̂  )ذعددد٠ٛغ اٌّمدددذس تعدددذ ٚ

 .تماء اٌرٛص٠  ا٨عٟ

 ̂       ̂                                                                                                   

 

Olkin Exponential -Marshallالاضي  يارشال اونكٍ ذوزيغ 2-6-2 
]31[

 
]17[

stributiondi 

 1997 عداَ (Marshall-Olkin Exponential distribution) ا٨عدٟ  ِاسشاي اٌٚىدٓ ذٛص٠ لذَ 

ػددافح ِعٍّددح ظذ٠ددذج اٌددٝ اٌرٛص٠دد  ا٨عددٟ ( عددٓ ؽش٠ددك اMarshall and Olkin)ٓ ثددً اٌثدداؼص١ِددٓ ل

Exponential distribution) ( 

 اٌدزٞ Tعشدٛائٟ اٌٌٍّرر١دش  pdf  (probability  density  function )داٌدح اٌىصافدح ا٨ؼرّا١ٌدح   اْ

ذىدْٛ عٍدٝ  (Marshall-Olkin Exponential distribution) ذٛص٠  ِاسشاي اٌٚىٓ ا٨عدٟ ٠رث  

 ذٟ:اٌشىً ا٢

         
   𝜃 

  𝜃   ̅  
                ̅                           

    ار اْ

α ذّصً ِعٍّح اٌشى( ًshape parameter) 

θ ( ذّصً ِعٍّح اٌم١اطscale parameter) 

-Marshall) ِاسشداي اٌٚىدٓ ا٨عدٟ ( ٌّرر١دش عشدٛائٟ ٠رثد  (Survival function  اٌثمداءداٌدح اِا 

Olkin Exponential distribution)  ٍٝذٟ:إٌؽٛ ا٢ذىْٛ ع 

         
 

 𝜃   ̅
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 Marshall-Olkin ِاسشدداي اٌٚىددٓ ا٨عددٟٚداٌددح اٌثمدداء ٌرٛص٠دد   ٍّدداخٌٍٚؽظددٛي عٍددٝ ذمددذ٠ش ِع  

Exponential distribution)) ذ١ح:تاعرعّاي ؽش٠مح ا٦ِىاْ ا٤عظُ ٔرث  اٌخطٛاخ ا٢ 

                                                   

          ∏          

 

   

 

ً فٟ اٌظ١رح  (2-12)ِاسشاي اٌٚىٓ ا٨عٟرٛص٠  ٌذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح   :اٌّزوٛسج آٔفا

          ∏*
     

      ̅  
+

 

   

 

ً ٚتؤخز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح   ٔؽظً عٍٝ: آٔفا

                     ∑  

 

   

  

  ∑            

 

   

 

ً ٚتؤخددددز اٌّشددددرمح اٌعضئ١ددددح ا٤ٌٚددددٝ ٌٍظدددد١رح  ٍظددددفش ٌ( ِٚغدددداٚاذٙا θ,α) حتإٌغددددثح ٌٍّعٍّدددد آٔفددددا

 ٔؽظً عٍٝ :

    

  
 

 

 
  ∑

 

        

 

   

                                                           

    

  
 

 

 
 ∑  

 

   

  ∑
   

   

        

 

   

                                           

٨ ٠ّىدددددٓ ؼٍٙدددددا تددددداٌطشائك اٌرؽ١ٍ١ٍدددددح ( ِعددددداد٨خ غ١دددددش خط١دددددح 15-2( ٚ)14-2اٌّعددددداد٨خ )

ٌٍؽظددددٛي عٍددددٝ ( ١ٔددددٛذٓ سافغددددْٛ) اٌعذد٠ددددح حمدددد٠عددددرعّاي اٌطشؼٍٙددددا تا ذددددٌُٚددددزٌه ا٨عر١اد٠ددددح 

، ٚذعدددددددددددد٠ٛغ اٌّمددددددددددددذساخ     ̂     ̂   عظددددددددددددُِىدددددددددددداْ ا٤ِمددددددددددددذساخ ؽش٠مددددددددددددح ا٦

 .عظُ ٌٙزٖ اٌذاٌحِىاْ ا٤ٔؽظً عٍٝ ِمذس ا٦ (13-2) ثماءفٟ داٌح اٌ     ̂     ̂  

 ̂        
 

 𝜃̂        ̂   

                                                             

 



 ٌعأة إٌظشٞا                                                                                        ٌصأٟاٌفظً ا
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(Lindley Distributionذوزيغ نيُذني   2-6-3
]1[]26[]8[ 

ٕاذعددح ِددٓ خٍددؾ اٌّغددرّشج اٌاٌرٛص٠عدداخ اٌّخرٍطددح ؼددذ أ Lindley Distribution)) ذٛص٠دد  ١ٌٕددذٌٟ

( ِٚعٍّدح θتّعٍّدح ل١داط)  (Gamma Distributionؼذّ٘ا ٠رث  ذٛص٠د  واِدا )ِرر١١ش٠ٓ عشٛائ١١ٓ أ

 (.θخش ٠رث  اٌرٛص٠  ا٨عٟ تّعٍّح ل١اط )( ٚا2٢شىً )

وصافددح  تددذاٌرٟ Lindley Distributionاٌددزٞ ٠رثدد  ذٛص٠دد  ١ٌٕددذٌٟ   (Tاٌّرر١ددش اٌعشددٛائٟ ) ٠عددشف

 :تاٌّعاد٨خ ا٨ذ١ح ٚذٛص٠ع١ح اؼرّا١ٌح

       
  

   
                                            

         (  
   

   
)                                                                      

 (.19-2اِا داٌح تماء ذرعشف تاٌّعادٌح ) 

      (  
   

   
)                                                                                

تاعدرعّاي ؽش٠مدح  Lindley Distributionٚداٌدح اٌثمداء ذٛص٠د  ١ٌٕدذٌٟ  ٍّدحٌٍٚؽظٛي عٍدٝ ذمدذ٠ش ِع

 وؤ٨ذٟ:ِىاْ ا٤عظُ ا٦

                                           

        ∏        

 

   

 

ً اٌّزوٛسج فٟ اٌظ١رح  (17-2)١ٌٕذٌٟرٛص٠  ٌذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح   :آٔفا

        ∏*
  

   
         +

 

   

 

        
   

      
    ∑   

 
   ∏      
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ً ٚتؤخز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح   ٔؽظً عٍٝ: آٔفا

                         ∑        

 

   

  ∑  

 

   

 

ً ٚتؤخز اٌّشرمح اٌعضئ١ح ا٤ٌٚٝ ٌٍظ١رح   ِٚغاٚاذٙا ٌٍظفش:(  ) حتإٌغثح ٌٍّعٍّ آٔفا

    

  
 

  

 
 

 

   
 ∑  

 

   

   

    

  
 

                 ∑   
 
   

      
   

  (   ̂)    ̂   ̂(   ̂)∑  

 

   

   

 : nلغّح اٌطشف١ٓ عٍٝ 

 (   ̂)   ̂   ̂(   ̂) ̅    

 (:θعظُ ٌٍّعٍّح )١رح أفا ٔؽظً عٍٝ ِمذس ؽش٠مح ا٦ِىاْ ا٤ٚتؽً اٌظ

 ̂    
      ̅  √  ̅        ̅

  ̅
                                                                  

ٌذاٌح تماء ذٛص٠  عظُ ِىاْ ا٤س ا٦ٔؽظً عٍٝ ِمذ (19-2) ثماءفٟ داٌح اٌ (̂  )ذع٠ٛغ اٌّمذس  تعذٚ

 .١ٌٕذٌٟ

 ̂      (  
 ̂     

   ̂   

)    ̂                                                                  
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LindleyOlkin -Marshall  نيُذني يارشال اونكٍ ذوزيغ 2-6-4
]25[]12[

distribution
 

ِدٓ  2012 عداَ (Marshall-Olkin Lindley Distribution)  ١ٌٕدذٌٟ ِاسشداي اٌٚىدٓ ذٛص٠د لذَ 

 ١ٌLindleyٕددذٌٟ ) عددٓ ؽش٠ددك اػددافح ِعٍّددح ظذ٠ددذج اٌددٝ ذٛص٠دد  ٓٚآخددش٠ (Ghitane)لثددً اٌثاؼددس 

distribution ). 

 اٌدزٞ Tعشدٛائٟ اٌٌٍّرر١دش  pdf  (probability  density  function )داٌدح اٌىصافدح ا٨ؼرّا١ٌدح   ّْ ا

ذىْٛ عٍدٝ اٌشدىً (Marshall-Olkin Lindley distribution)  ١ٌٕذٌٟذٛص٠  ِاسشاي اٌٚىٓ ٠رث  

 ذٟ:ا٢

         
  

         𝜃 

   

*   ̅  (  
  

   )
  𝜃 +

                                        

 Marshall-Olkin)  ١ٌٕددذٌِٟاسشدداي اٌٚىددٓ ٌرٛص٠دد   ((Survival functionٚاْ داٌددح اٌثمدداء 

Lindley distribution) ذٟ:ذىْٛ عٍٝ إٌؽٛ ا٢ 

         
  (  

  
   )

  𝜃 

   ̅  (  
  

   )
  𝜃 

   ̅                              

 Marshall-Olkin)  ١ٌٕددذٌٌٟرٛص٠دد  ِاسشدداي اٌٚىددٓ ٚداٌددح اٌثمدداء  ٍّددحٌٍٚؽظددٛي عٍددٝ ذمددذ٠ش ِع

Lindley distribution) ذ١ح:تاعرعّاي ؽش٠مح ا٦ِىاْ ا٤عظُ ٔرث  اٌخطٛاخ ا٢ 

                                                

          ∏          

 

   

 

ً اٌّزوٛسج فٟ اٌظ١رح        ِاسشاي اٌٚىٓ ١ٌٕذٌٟرٛص٠  ٌذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح   :آٔفا
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          ∏[
  

         
 𝜃  

   

*   ̅  (  
   

   )
  𝜃  +

 ]

 

   

 

 تً:ب لامك ل كت بة الصٌغة المذكورة  نف  ب لشك  الآ

          ∏[
         

[   ̅        ]
 
]

 

   

 

            ∏
        

[   ̅        ]
 

 

   

 

ً ٚتؤخز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح   ٔؽظً عٍٝ: آٔفا

                 ∑  [       ]

 

   

  ∑  [   ̅        ]

 

   

 

ً ٚتؤخز اٌّشرمح اٌعضئ١ح ا٤ٌٚٝ ٌٍظ١رح   ِٚغاٚاذٙا ٌٍظفش:(    ) حتإٌغثح ٌٍّعٍّ آٔفا

    

  
 

 

 
  ∑

       

   ̅        

 

   

                                                         

    

  
 ∑

 ́      

       

 

   

   ̅∑
       

   ̅        

 

   

                                    

Where  ́       
 

 𝜃
         

١ٍ١دددددح ( ِعددددداد٨خ غ١دددددش خط١دددددح ٨ ٠ّىدددددٓ ؼٍٙدددددا تددددداٌطشائك اٌرؽ25ٍ-2( ٚ)24-2اٌّعددددداد٨خ )

ٌٍؽظددددٛي عٍددددٝ ( ١ٔددددٛذٓ سافغددددْٛ) اٌعذد٠ددددح حمدددد٠ؼٍٙددددا تاعددددرعّاي اٌطش ذددددُا٨عر١اد٠ددددح ٌٚددددزٌه 

، ٚذعددددددددددد٠ٛغ اٌّمدددددددددددذساخ (    ̂     ̂  ) عظدددددددددددُِىددددددددددداْ ا٤ِمدددددددددددذساخ ؽش٠مدددددددددددح ا٦

 .عظُ ٌٙزٖ اٌذاٌحِىاْ ا٤ٔؽظً عٍٝ ِمذس ا٦ (23-2) ثماءفٟ داٌح اٌ (    ̂     ̂  )
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 ̂        

 ̂    (  
 ̂    

 ̂     
)    𝜃̂    

   ̅  (  
 ̂    

 ̂     
)    𝜃̂   

                                         

Distribution Dagum      داكووذوزيغ  2-6-5
]20[

   

ٌّٕزظدح  1977( عداَ (Dagum,C( ِدٓ لثدً اٌثاؼدس Dagum Distributionاودَٛ )الرشغ ذٛص٠د  د

(، ٚذددُ اعددرخذاِٗ فددٟ عددذج ِعددا٨خ Pareto(ٚ )Log- normalت١أدداخ اٌددذخً وثددذ٠ً عددٓ إٌّددارض )

 ِخرٍفح )ذؽ١ًٍ اٌّع١ٌٛح ٚاٌثماء ٚاٌع٩لح ت١ٓ اٌذخً ٚاٌصشٚج(.

 ذ١ح: ذؤخز اٌظ١رح ا٢( Dagum Distributionشىً داٌح اٌىصافح ا٨ؼرّا١ٌح ٌرٛص٠  داوَٛ ) ّْ ٚا

                    (      )
    

                                           
 :ار أْ

 ( Scale Parameterذّصً ِعٍّح اٌم١اط )    

 ( Shape Parameter ) شىً اخِعٍّ       

 ذٟ:ا٢رٛص٠  اٌرشاو١ّح فرىْٛ تاٌشىً اِا داٌح اٌ

     (      )
  

                                                                                              

 ذىْٛ عٍٝ إٌؽٛ ا٨ذٟ:  ((Survival functionٚاْ داٌح اٌثماء 

       (      )
  

                                                                                     

تاعرعّاي ؽش٠مح  (Dagum Distributionٌرٛص٠  داوَٛ )ّاخ ٚداٌح اٌثماء ٌٍٍٚؽظٛي عٍٝ ذمذ٠ش ِع

 ذ١ح:ِىاْ ا٤عظُ ٔرث  اٌخطٛاخ ا٢ا٦
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            ∏            

 

   

 

فٟ اٌظ١رح  (2-27) (Dagum Distributionٌرٛص٠  داوَٛ )ذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح 

ً اٌّزوٛسج   :آٔفا

            ∏*         (      )
    

+

 

   

 

                   ∏  
    (     

  )
    

 

   

 

 

ً ز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح ٚتؤخ  ٔؽظً عٍٝ: آٔفا

                                ∑     
 
         ∑   (   

   

   
  )  

ً ٚتؤخدددز اٌّشدددرمح اٌعضئ١دددح ا٤ٌٚدددٝ ٌٍظددد١رح  ٍظدددفش ٌ( ِٚغددداٚاذٙا      ) اختإٌغدددثح ٌٍّعٍّددد آٔفدددا

 ٔؽظً عٍٝ :

    

  
 

 

 
 ∑  (     

  )

 

   

                                                              

    

  
 

 

 
      ∑

  
  

     
  

 

   

                                                       

    

  
 

 

 
 ∑    

 

   

      ∑
   

      

     
  

 

   

                                   

( ِعددددداد٨خ غ١دددددش خط١دددددح ٨ ٠ّىدددددٓ ؼٍٙدددددا تددددداٌطشائك 32-2ٚ) (31-2( ٚ)30-2اٌّعددددداد٨خ )

ظدددٛي ( ٌٍؽ١ٔدددٛذٓ سافغدددْٛاٌرؽ١ٍ١ٍدددح ا٨عر١اد٠دددح ٌٚدددزٌه ذدددُ ؼٍٙدددا تاعدددرعّاي اٌطش٠مدددح اٌعذد٠دددح )

، ٚذعدددددد٠ٛغ اٌّمددددددذساخ (   ̂     ̂     ̂ )عظددددددُِىدددددداْ ا٤عٍددددددٝ ِمددددددذساخ ؽش٠مددددددح ا٦
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عظددددُ ٌٙددددزٖ ِىدددداْ ا٤( ٔؽظددددً عٍددددٝ ِمددددذس ا29٦-2فددددٟ داٌددددح اٌثمدددداء )    ̂     ̂     ̂ 

 .اٌذاٌح

 ̂      (       
     )

     
                                                                  

  Dagum DistributionOlkin -Marshallداكوو  يارشال اونكٍ ذوزيغ 2-6-6

 Marshall-Olkin)داودَٛ  ِاسشداي اٌٚىدٓ ذٛص٠د  اشدرماق عٍدٝ ذدُ فدٟ ٘دزٖ اٌشعداٌح اٌعّدً

Dagum Distribution) ؽش٠مددح  رطث١ددكتMarshall-Olkin   ٝداوددَٛ ذٛص٠دد عٍدد (Dagum 

Distribution) ٚ ، ُعًّ تؽصٟ عاتكاٞ  اٌرطشق ا١ٌٗ فٟاْ اٌرٛص٠  إٌاذط ٌُ ٠ر.  

ٌٍّرر١ش  pdf  (probability  density  function )داٌح اٌىصافح ا٨ؼرّا١ٌح   ٌٍٚؽظٛي عٍٝ

 (Marshall-Olkin Dagum distribution) داودَٛ  ٠رث  ذٛص٠  ِاسشاي اٌٚىدٓ اٌزٞ Tعشٛائٟ اٌ

( فرىدْٛ 5-2فدٟ اٌّعادٌدح )داودَٛ رٛص٠د  ٌ (29-2) ٚداٌح اٌثمداء( 27-2ٔعٛع داٌح اٌىصافح ا٨ؼرّا١ٌح )

 (Marshall-Olkin Dagum distribution) داودَٛ  رٛص٠  ِاسشداي اٌٚىدٓداٌح اٌىصافح ا٨ؼرّا١ٌح ٌ

 تاٌشىً ا٨ذٟ:

             
           (      )

    

*   ̅ (  (      )
  

) +
                                      

ً ( 34-٨ٚ2شثاخ اٌظ١رح )  أٙا داٌح اؼرّا١ٌح: اٌّزوٛسج آٔفا

∫                  
 

 

 

     ∫
      (      )

    

[                       ] 
   

 

 

 

Let (      )        
   

 
     (

   

 
)
 

 

 
      

 

   
 (

   

 
)
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     ∫
 (
   

 
)
  

 
 
     

[                ] 
   

 

   
 (
   

 
)
 
 
 
  

  
 

 

 

   ∫
       

[           ] 
   

 

 

 

   ∫
       

[           ] 
   

 

 

 

Let          
 

 

         
 

 
  

 
 

 
  

                    

   ∫
   

  
 
 

[         ] 
   

 

 
  

 
 
 
  

  
 

 

 

  ∫
 

[       ] 
   

 

 

 

 

   
 ∫      [       ]     

 

 

 

 

   
 *
[       ]    

    
+
 

 

 

 

   
[     (

 

 
)]  

 

   
(
    

 
)    

 ( ٟ٘ اؼرّا١ٌح.11-2فبٔٗ ٠رؽمك وْٛ اٌذاٌح فٟ اٌظ١رح ) ٚتزٌه
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 Marshall-Olkin)رٛص٠  ِاسشاي اٌٚىٓ  داوَٛ ٌ ((Survival functionداٌح اٌثماء  ٚٔؽظً عٍٝ

Dagum distribution)  َٛ( 4-2( فدٟ اٌّعادٌدح )29-2)عٓ ؽش٠ك ذع٠ٛغ داٌدح اٌثمداء ٌرٛص٠د  داود

 ٟ: ٚوّا ٠ؤذ

 ̅    
 *  (      )

  
+

   ̅ [            ]
    ̅                              

 Marshall-Olkin Dagum)رٛص٠  ِاسشاي اٌٚىٓ  داوَٛ ٌٌٍٚؽظٛي عٍٝ ذمذ٠ش ِعاٌُ ٚداٌح اٌثماء 

distribution) ذ١ح:تاعرعّاي ؽش٠مح ا٦ِىاْ ا٤عظُ ٔرث  اٌخطٛاخ ا٢ 

                                                                   

              ∏              

 

   

 

ً اٌّزوٛسج فٟ اٌظ١رح  (34-2داوَٛ )ِاسشاي اٌٚىٓ رٛص٠  ٌذع٠ٛغ داٌح اٌىصافح ا٨ؼرّا١ٌح   :آٔفا

              ∏[
           (      )

    

[   ̅                ] 
]

 

   

 

 تً:نف  ب لشك  الآبة الصٌغة المذكورة  ب لامك ل كت 

              ∏[
             

[   ̅            ]
 
]

 

   

 

                ∑
           

[   ̅            ]
 

 

   

 

ً ٚتؤخز اٌٍٛغاسذُ ٌطشفٟ اٌظ١رح   ٔؽظً عٍٝ: آٔفا

                     ∑   [           ]
 
     ∑   [   ̅            ]

 
     

ً ٚتؤخددددز اٌّشددددرمح اٌعضئ١ددددح ا٤ٌٚددددٝ ٌٍظدددد١رح  ِٚغددددداٚاذٙا (        ) اختإٌغددددثح ٌٍّعٍّدددد آٔفددددا

 ٌٍظفش:
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  ∑

           

                           

 

   

                                  

         ̅                                    

                                                                                

    

  
 ∑

 
  

           

           

 

   

  ∑

 
  

[   ̅            ]

   ̅            

 

   

                     

    

  
 ∑

 
  

           

           

 

   

  ∑

 
  

[   ̅            ]

   ̅            

 

   

                      

    

  
 ∑

 
  

           

           

 

   

  ∑

 
  

[   ̅            ]

   ̅            

 

   

                      

خط١دددددددح ٨ ٠ّىدددددددٓ ؼٍٙدددددددا  ِعددددددداد٨خ غ١دددددددش (39-2( ٚ)38-2)ٚ (37-2( ٚ)36-2اٌّعددددددداد٨خ )

( ١ٔددددٛذٓ سافغددددْٛ) اٌعذد٠ددددح حمدددد٠ؼٍٙددددا تاعددددرعّاي اٌطش ذددددُتدددداٌطشائك اٌرؽ١ٍ١ٍددددح ا٨عر١اد٠ددددح ٌٚددددزٌه 

، ٚذعددد٠ٛغ (   ̂     ̂     ̂     ̂ ) عظدددُِىددداْ ا٤ٌٍؽظدددٛي عٍدددٝ ِمدددذساخ ؽش٠مدددح ا٦

ِىدددداْ ٔؽظددددً عٍددددٝ ِمددددذس ا٦ (35-2) ثمدددداءفددددٟ داٌددددح اٌ    ̂     ̂     ̂     ̂ اٌّمددددذساخ

 .عظُ ٌٙزٖ اٌذاٌحا٤

 ̅    
 ̂   [  (   ̂    

  ̂   )
  ̂   

]

   ̅  [  (   ̂    
  ̂   )

  ̂   
]
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 فضم ذوزيغ أيؼايير أخريار  2-7

 ا٨عددرذ٨يِددٓ اٌع١ٍّدداخ اٌّّٙددح ظددذا فددٟ ذعَددذ ع١ٍّددح اخر١دداس اٌرٛص٠دد  ا٩ٌّئددُ ٌث١أدداخ اٌع١ٕددح 

 .ا٨ؼظائٟ

ي اّاٌث١أاخ ع١رُ اعدرعفؼً ذٛص٠  ِٓ اٌرٛص٠عاخ ا٨ؼرّا١ٌح ٌرّص١ً ٚٚطف ٌٍؽظٛي عٍٝ أٚ

  اٌزٞ ٠ّرٍه ألً ل١ّح اٌرٛص٠ْ ار ا، فٟ ٘زٖ اٌذساعحاٌرٛص٠عاخ ٌٍّفاػٍح ت١ٓ ا٨ؼظائ١ح اٌّعا١٠ش تعغ

 :   ش ٠ىْٛ ا٤فؼ١٠ًااٌّع ٌٖٙز

(AIC )  Akaike information criterionيؼيار يؼهوياخ اكايكي    -1
]36][34[

 

ٌىددً ذٛص٠دد  ِددٓ  AICٚذمددَٛ فىشذددٗ عٍددٝ ؼغدداب ل١ّددح  1973عدداَ  Akaikeالرددشغ ِددٓ لثددً اٌثاؼددس 

  :ذٟوا٢ اٌعاِح ٗٚط١رر ش ٠ىْٛ ا٤فؼ١٠ًااٌّع ٖاٌزٞ ٠ّرٍه ألً ل١ّح ٌٙز  ٚاٌرٛص٠ اٌرٛص٠عاخ،

                                                                                         

 ار اْ:

 ( ٌّشا٘ذاخ اٌع١ٕح.Log Likelihood function)داٌح ا٨ِىاْ ا٤عظُ  ٌٛغاس٠رُ :       

r ِ عٍّاخ اٌرٛص٠  : عذد 

AI  ) Akaike ioncorrect   يؼيار يؼهوياخ اكايكي انًصسر    -2

Criterion information)
]23][18[

 

 :ٟذاٌرٛص٠عاخ ٚط١ررٗ اٌش٠اػ١ح وا٢ٚ٘ٛ ِع١اس ٤خر١اسأفؼً ذٛص٠  ِٓ ِعّٛعح 

         
      

     
                                                                                     

 ار اْ:

AIC ِٟع١اس اوا٠ى : 

r  عذد ِعٍّاخ اٌرٛص٠ : 

n  ؼعُ اٌع١ٕح : 
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يروضظ يرتؼاخ انخطأ ، (MSE)يروضظ يرتؼاخ انخطأ ًقاييص الازصائيح  ان 2-8 

((IMSE  انركايهي
]13[ 

  

  (MSE)يروضظ يرتؼاخ انخطأ  -1

 :ذٟعٍٝ اٌشىً ا٢ رّاٌٟاؼرٛص٠  اٌتإٌغثح ٌّعٍّاخ ذىْٛ ط١ررٗ 

   [ ]  
 

 
∑( ̂   )

 
 

   

                                                                            

 ار أْ:

 ذّصً اٌم١ُ ا٨فرشاػ١ح ٌّعٍّاخ اٌرٛص٠ .    

 ٌٍرمذ٠ش. ّعٍّاخ ؼغة اٌطش٠مح اٌّغرعٍّحٍذّصً اٌم١ُ اٌّمذسج ٌ  ̂ :

 : ذّصً عذد ذىشاساخ اٌرعشتح. 

ذىدْٛ عٍدٝ اٌشدىً  اٌرٛص٠د  اؼرّداٌٟتمداء تإٌغدثح ٌذاٌدح  (MSE)ِرٛعؾ ِشتعاخ اٌخطدؤ اِا ط١رح 

 :ذٟا٢

   [ ̂(  )]  
 

 
∑( ̂ (  )    (  ))

 
 

   

،       ، ،   ،                

 ار اْ:

 ذّصً اٌم١ُ اٌؽم١م١ح ٌذاٌح تماء اٌرٛص٠ . (  )   

 ذّصً اٌم١ُ اٌّمذسج ٌذاٌح تماء اٌرٛص٠  ؼغة اٌطش٠مح اٌّغرعٍّح ٌٍرمذ٠ش.  (  ) ̂ :

 : ذّصً عذد ذىشاساخ اٌرعشتح. 

 (.  : ذّصً عذد ِشا٘ذاخ اٌرعشتح )ل١ُ  
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 :انروزيغ ازرًانيثح نذانح تقاء تانُط( IMSE  يروضظ يرتؼاخ انخطأ انركايهي -2

( ٠ّصدً ذىاِدً ٌٍّغداؼح IMSE( ِٓ اٌضِٓ فاْ )ti( ٠ؽغة ٌىً )MSEٌىْٛ ِرٛعؾ ِشتعاخ اٌخطا )

 ط١رح ٘زا اٌّم١اط ٟ٘: ّْ اٚ ( ٚاخرضاٌٙا تم١ّح ٚاؼذج ذعذ عاِح ٌٍضtiِٓاٌى١ٍح )

    [ ̂(  )]  
 

 
∑[

 

 
∑( ̂ (  )    (  ))

 
 

   

]

 

   

 

    [ ̂(  )]  
 

 
∑   [ ̂(  )                                                              
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 ذً يذ3-1

ش٠ثٟ ٚاٌزٞ ٚي اٌعأة اٌرععٕعشع فٟ اٌمغُ ا٤ر الغ١ّٓ اعاع١١ٓ، ذُ ذمغ١ُ ٘زا اٌفظً اٌٝ 

 ( Monte-Carloودداسٌٛ ) -عددرعّاي أعددٍٛب ِٛٔدددبتٔطثددك ف١ددح ذعشتددح اٌّؽاودداج عٍددٝ ت١أدداخ ٌِٛددذج 

 .ٌرمذ٠ش داٌح تماء اٌرٛص٠عاخ ا٨ؼرّا١ٌح ل١ذ اٌذساعح فؼًاخر١اس اٌطش٠مح ا٤ٌرشع 

ٚٚطدف  ا٠عاد اٌرٛص٠  ا٨ؼرّاٌٟ ا٩ٌّئدُ ٌرّص١دًاٌمغُ اٌصأٟ ٠ّصً اٌعأة اٌرطث١مٟ ٠ٚرؼّٓ اِا  

 ِددٓ ذدداس٠خ دخددٌُٛٙ (Covid-19)ت١أدداخ اٌثمدداء ٌع١ٕددح ِددٓ اٌّشػددٝ اٌّظددات١ٓ تف١ددشٚط وٛسٚٔددا 

 ،(AIC, AICC)تا٨عرّداد عٍدٝ اٌّعدا١٠ش فدٟ ِؽافظدح اٌثظدشج ٠داَاٌّغرشفٝ ٌؽ١ٓ اٌٛفداج ِماعدح تا٤

  .ٔفاآ٠ش داٌح اٌثماء ٌٍع١ٕح اٌّزوٛسج فؼ٩ عٓ ذمذ

 ( Mathematica 12.2) تاعرعّاي تشٔاِط ٓٔرائط اٌمغ١ّ ظ١ّ  اٌؽظٛي عٍٝٚذُ   

 انداَة انردريثي :ولانقطى الأ 3-2

يف وو انًساكاج 3-2-1
[6][2] 

طدً ِدٓ ل  اٌؽم١مٟ أٞ ا٠عداد طدٛسج ؽثدك ا٤ذعشف اٌّؽاواج تؤٔٙا ع١ٍّح ذّص١ً ٚذم١ٍذ ٌٍٛا

لد  اٌؽم١مدٟ أْ ٥ّٔدٛرض راذدٗ، ٚوص١دشاً ِدا ٔعدذ فدٟ اٌٛاٌٚ أّٔٛرض دْٚ أخز رٌده إٌظداَ أٚ أٞ ٔظاَ أ

ٕ٘ان ع١ٍّاخ ذىْٛ ِعمذج اٌفُٙ ٨ٚعد١ّا فدٟ تعدغ اٌّشدى٩خ أٚ إٌظش٠داخ ا٦ؼظدائ١ح ٚإٌٙذعد١ح 

ِدا ٠دئدٞ اٌش٠اػد١ح أِدشاً فدٟ غا٠دح اٌظدعٛتح اٌثشا١٘ٓ  عّايعرااٌرٟ ٠ىْٛ ذؽ١ٍٍٙا ذؽ٩١ًٍ )ِٕطم١اً( ت

اخ اٌعشٛائ١ح ِٕٙا ٌٍٛطٛي ِٓ اٌع١ٕ اً ِعرّعاخ ؼم١م١ح، شُ عؽة عذد اٌٝاٌٝ ذشظّح ٘زٖ إٌظش٠اخ 

اٌددٝ اٌؽٍددٛي اٌّصٍددٝ ٌٙددزٖ اٌّشددى٩خ ٌٚرؽ١ٍددً رٌدده فّددٓ ا٤فؼددً أْ ذٛطددف ٘ددزٖ اٌع١ٍّدداخ تظددٛسج 

ّٔٛرض ٠ؽمك ٌٕا لذساً ِدٓ ا٤دسان ٌٍع١ٍّدح ا٤طد١ٍح أٚ ِشاتٙح ٌٍظٛس اٌؽم١م١ح تّٕارض ِع١ٕح ففُٙ ا٨

 ّٔٛرض.ِؽاواج ا٤ عٓ ؽش٠كاٌٛال  اٌؽم١مٟ 

عدذاد ا٤ اٌردٟ ذىدْٛ فدٟ ودً عٍغدٍح ِدٓ اٌعشدٛائ١ح ا٦عدذاد ذ١ٌٛدذ عٍدٝ ّؽاوداجاٌ أعٍٛب ٠ٚعرّذ

 اٌّعا٠ٕح أٔٛان ِٓ ِع١ٓ ٔٛن عٓ ا٨عثاسج ِاٟ٘ اٌّؽاواج ذعشتح ّْ ا أٞ خشٜ،اٌعشٛائ١ح ِغرمٍح عٓ ا٤

 اٌّعرّ  ِٓ ذغؽة اْ ِٓ تذ٨ً  اٌّذسٚعح ٌٍظا٘شج اٌّّصً ا٨فرشاػٟ اٌّعرّ  ِٓ اٌع١ٕح ٘زٖ ذؽغة ار

 اٌّطٍٛتدح إٌردائط اٌدٝ ٌٍٛطدٛي إٌّاعدثح ٚاٌش٠اػد١ح ا٦ؼظدائ١ح ذطث١دك ا٤عدا١ٌة ٠رُ شُ ِٚٓ ؽم١مٟاٌ

 .ٚاٌرؽ١ًٍ اٌّماسٔح اظشاء ٌرشع
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، ِٛٔدد وداسٌٛ Mixed، اٌّخرٍطدح  Analogوصش ِٓ ؽش٠مح ٌٍّؽاواج ِصً )اٌرٕاظش٠دحأٚذٛظذ 

Monte Carlo )ؽش٠مدح ِٛٔدد وداسٌٛ  ّْ ا٨ اMonte Carlo عدٓ عّا٨ ٚذّرداص تاٌّشٚٔدح وصدش اعدرأ

٠رُ ذ١ٌٛذ ع١ٕح ِدٓ اٌّشدا٘ذاخ ذرثد  عدٍٛن ذٛص٠د   عٓ ؽش٠مٙاٚاٌرٟ   جذىشاس اٌع١ٍّح ٌّشاخ عذ ؽش٠ك

 اؼرّاٌٟ ِع١ٓ ٚذىْٛ ٘زٖ اٌّشا٘ذاخ ذرّر  تخاط١ح ا٨عرم١ٌ٩ح.

 وصف ذدرتح انًساكاج: 3-2-2

ّعشفدح ِدذٜ ذداش١ش ؼعدُ ٌ (200,100,50,30ذُ ذٕف١ز اٌّؽاواج تاعرّاد استعح ؼعدَٛ ٌٍع١ٕداخ )

ِعّٛعدح ّٔدارض ِدٓ اٌمد١ُ ا٨فرشاػد١ح ٌّعٍّداخ ودزٌه ذدُ اعرّداد ٚ ،اٌرمدذ٠ش ائكاٌع١ٕح فٟ دلح ٔرائط ؽش

ذوزياغ  ،((Dagذوزيغ داكوو   (، Lin، ذوزيغ نيُذني   (Exp)انروزيغ الاضي  (  ذٛص٠عاخ اٌذساعح

، ذوزيااغ  (M-O- Lin) نيُااذني(، ذوزيااغ يارشااال اونكااٍ M-O- Expيارشااال اونكااٍ الاضااي  

ِدشج  1000ٚذىشاس اٌرعشتدح  ،دٔاٖأ (1-3) يٚاٌّث١ٕح فٟ اٌعذٚ ((M-O- Dag)داكوو يارشال اونكٍ 

  .عٍٝ ذعأظ ِّىٓأٚرٌه تٙذف اٌؽظٛي عٍٝ  اٌم١ُ ا٨فرشاػ١ح ّٔارضِٓ  ّٔٛرضٌىً 

 (1-3ظذٚي )

 اٌرٛص٠عاخ ل١ذ اٌذساعحٍّاخ ٌّع ا٨فرشاػ١ح م١ُّٔارض اٌ

M-O-Dag Dag 
M-O-

Lin 
Lin 

M-O-

Exp 
Exp 

Model 

α ג β δ ג β δ α θ θ α θ θ 

0.5 1 0.5 2.5 1 0.5 2.5 0.5 0.2 0.2 0.5 0.2 0.2 1 

0.5 3 0.5 2.5 3 0.5 2.5 2 0.2 1 2 0.2 1 2 

1 1 1.5 1.5 1 1.5 1.5 0.5 1 2 0.5 1 2 3 

1 10 0.5 1.5 10 0.5 1.5 2 1 - 2 1 - 4 

1 2.5 1.5 2.5 2.5 1.5 2.5 0.5 2 - 0.5 2 - 5 

0.5 1 1 1 1 1 1 2 2 - 2 2 - 6 
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اٌّشا٘ذاخ اٌعشٛائ١ح )اٌث١أاخ( تطش٠مح لتولٌد  معكوس دالة التوزٌا التراكمٌةوقد تم استعم   طرٌقة 

 ٚوّا ٠ؤذٟ :لك  توزٌا مل التوزٌع ت الاحتم لٌة قٌد الدراسة  اٌرؽ٠ًٛ اٌّعىٛط

   (001) فرشجذرث  اٌرٛص٠  إٌّرظُ ػّٓ اٌ Uiذ١ٌٛذ أسلاَ عشٛائ١ح  اولا:

       ،  ،               ، ، ،      ،  . 

 Uiعٍٝ ٚفك  اٌثشٔاِط عّاي٠رُ ذ١ٌٛذٖ تبعر ٠رث  اٌرٛص٠  إٌّرظُ : ٠ّصً ِرر١ش عشٛائٟ ِغرّش

 اٌظ١رح ا٢ذ١ح :

  [     ]،                     []  

ت١أدداخ ذرثدد   ث١أدداخ اٌٌّٛددذج ِددٓ اٌخطددٛج ) أ٨ًٚ( اٌرددٟ ذرثدد  اٌرٛص٠دد  إٌّددرظُ اٌددٝذؽ٠ٛددً اٌشا١ٔددا: 

 ٚوّددا ٘ددٛ ِثدد١ٓ أدٔدداٖ تاعددرخذاَ ِفٙددَٛ ِعىددٛط اٌذاٌددح ا٨ؼرّا١ٌددح ل١ددذ اٌذساعددح  اخرٛص٠عدداٌ

(Inverse Function فبرا وأد ٌذ٠ٕا اٌذاٌح ،)F :ا٢ذ١ح 

u = F(t)         ( 3-1 ) 

Fفاْ ِعىٛط اٌذاٌح 
-1

 ىٓ وراترٙا عٍٝ إٌؽٛ ا٢ذٟ:٠ّ 

t = F
-1

 (u)         ( 3-2 ) 

 اٌرٛص٠  ا٨عٟ: -1

u = F(t) 

      𝜃  

      𝜃  
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ذٛص٠  ِاسشاي اٌٚىٓ ا٨عٟ -2
[31]

   

  
 

 
   

  ̅    ג 

 ̅
  ̅      

 ذٛص٠  ١ٌٕذٌٟ -3

  
               [    𝜃            ]

 
 

 

ذٛص٠  ِاسشاي اٌٚىٓ ١ٌٕذٌٟ -4
[25]

 

  

               *
    𝜃           

ג        
+

 
 

ذٛص٠  داوَٛ -5
[20]

 

  *
 

 
 ( 

 
 
   )+

 
 
 

 

 ذٛص٠  ِاسشاي اٌٚىٓ داوَٛ -6

         

 :(6-2فٟ اٌظ١رح )  c.d.fرٛص٠  اٌرشاو١ّحتاعرعّاي داٌح اٌ

  
    

   ̅  ̅   
 

    

   ̅         
 

    

   ̅   ̅     
   

    ̅    ̅               ̅            ̅  

    ̅

    ̅
      

 (:28-2ذع٠ٛغ داٌح اٌرٛص٠  اٌرشاو١ّح تاٌظ١رح )

    ̅

    ̅
 (      )

  

 

 (
    ̅

    ̅
)
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((

    ̅

    ̅
)
 
 
 
  )      

  *
 

 
((

    ̅

    ̅
)
 
 
 
  )+

 
 
 

 

 

ٛي عٍٝ إٌرائط ذُ اٌؽظ Mathematicaعذ ذٕف١ز تشٔاِط اٌّؽاواج اٌزٞ ذُ وراترٗ تاعرعّاي تشٔاِط  ٚت

 Jackknife( ٚؽش٠مدح S_MLE) عظدُؽش٠مدح ا٦ِىداْ ا٤تاعدرعّاي  داٌدح اٌثمداء ِمدذساخٚاٌرٟ ذّصً 

(S_Jac) ِٚرٛعؾ ِشتعاخ اٌخطؤ MSE  ٍِِٟٚرٛعؾ ِشتعاخ اٌخطؤ اٌرىاIMSE، ُفؼد١ٍح أذؽذد  ش

 .(IMSEىاٍِٟ )ِرٛعؾ ِشتعاخ اٌخطا اٌر ٨عرّاد عٍٝتا اٌثماءذمذ٠شداٌح  ٠محؽش

 .(7-3)اٌعذٚي ( اٌٝ 2-3) اٌعذٚي ِٓ ٌٍرٛص٠عاخ ا٨ؼرّا١ٌح ل١ذ اٌذساعح ٌخظد ٔرائط اٌّؽاواجٚ 
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 ًساكاج انيُاقشح َرائح  3-2-3

 الاضيروزيغ انَرائح يساكاج  3-2-3-1

 .ادٔاٖ (1-3ٚاٌشىً ) (2-3فٟ اٌعذٚي) ا٨عٟرٛص٠  اٌذُ ذٍخ١ض ٔرائط ِؽاواج 

 ( 2-3ظذٚي )

 ٔرائط ذعشتح اٌّؽاواج ٌٍرٛص٠  ا٨عٟ

30 50 100 200 30 50 100 200

0.1 0.96117 0.96041 0.96250 0.96185 0.96158 0.000196 0.000085 0.000059 0.000025

0.2 0.92454 0.92334 0.92714 0.92587 0.92533 0.000670 0.000292 0.000205 0.000085

0.3 0.88994 0.88852 0.89372 0.89188 0.89107 0.001298 0.000565 0.000400 0.000167

0.4 0.85721 0.85571 0.86207 0.85971 0.85865 0.001996 0.000868 0.000618 0.000259

0.5 0.82621 0.82472 0.83204 0.82922 0.82792 0.002710 0.001175 0.000841 0.000354

0.6 0.79682 0.79537 0.80351 0.80026 0.79876 0.003404 0.001472 0.001057 0.000447

0.7 0.76891 0.76753 0.77636 0.77274 0.77106 0.004057 0.001749 0.001259 0.000536

0.8 0.74238 0.74107 0.75049 0.74654 0.74470 0.004655 0.001999 0.001443 0.000617

0.9 0.71714 0.71588 0.72580 0.72157 0.71960 0.005192 0.002221 0.001606 0.000691

1 0.69309 0.69186 0.70223 0.69774 0.69568 0.005664 0.002412 0.001746 0.000755

0.002984 0.001284 0.000923 0.000394

30 50 100 200 30 50 100 200

0.1 0.96117 0.96042 0.96251 0.96185 0.96158 0.000203 0.000087 0.000060 0.000025

0.2 0.92454 0.92336 0.92715 0.92587 0.92533 0.000693 0.000299 0.000207 0.000086

0.3 0.88994 0.88856 0.89373 0.89188 0.89107 0.001340 0.000579 0.000403 0.000168

0.4 0.85721 0.85576 0.86209 0.85971 0.85865 0.002060 0.000890 0.000623 0.000260

0.5 0.82621 0.82479 0.83207 0.82922 0.82793 0.002795 0.001206 0.000848 0.000356

0.6 0.79682 0.79546 0.80355 0.80027 0.79877 0.003510 0.001510 0.001066 0.000450

0.7 0.76891 0.76764 0.77640 0.77275 0.77106 0.004182 0.001794 0.001270 0.000538

0.8 0.74238 0.74119 0.75054 0.74655 0.74470 0.004798 0.002051 0.001455 0.000620

0.9 0.71714 0.71601 0.72586 0.72158 0.71961 0.005350 0.002279 0.001619 0.000694

1 0.69309 0.69200 0.70228 0.69775 0.69568 0.005836 0.002475 0.001761 0.000759

0.003077 0.001317 0.000931 0.000395

S_MLE S_MLE S_MLE S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 1    (θ = 0.2)

ti S_real

S_MLE MSE

n n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.90484 0.89964 0.90488 0.90393 0.90457 0.000335 0.000105 0.000071 0.000043

0.2 0.81873 0.80965 0.81890 0.81716 0.81829 0.001070 0.000343 0.000231 0.000139

0.3 0.74082 0.72894 0.74120 0.73878 0.74028 0.001927 0.000630 0.000423 0.000254

0.4 0.67032 0.65653 0.67095 0.66798 0.66974 0.002745 0.000913 0.000613 0.000368

0.5 0.60653 0.59152 0.60743 0.60402 0.60595 0.003440 0.001163 0.000781 0.000469

0.6 0.54881 0.53315 0.55000 0.54622 0.54826 0.003978 0.001367 0.000917 0.000550

0.7 0.49659 0.48071 0.49806 0.49400 0.49610 0.004352 0.001519 0.001018 0.000610

0.8 0.44933 0.43358 0.45108 0.44681 0.44892 0.004573 0.001621 0.001085 0.000650

0.9 0.40657 0.39121 0.40859 0.40416 0.40624 0.004662 0.001676 0.001121 0.000671

1 0.36788 0.35311 0.37014 0.36561 0.36764 0.004641 0.001691 0.001130 0.000676

0.003172 0.001103 0.000739 0.000443

30 50 100 200 30 50 100 200

0.1 0.90484 0.89953 0.90484 0.90392 0.90457 0.000348 0.000109 0.000072 0.000043

0.2 0.81873 0.80947 0.81884 0.81715 0.81829 0.001112 0.000355 0.000234 0.000139

0.3 0.74082 0.72872 0.74112 0.73877 0.74027 0.002001 0.000651 0.000429 0.000255

0.4 0.67032 0.65627 0.67086 0.66796 0.66973 0.002849 0.000943 0.000621 0.000370

0.5 0.60653 0.59126 0.60734 0.60399 0.60594 0.003567 0.001202 0.000791 0.000471

0.6 0.54881 0.53288 0.54991 0.54620 0.54826 0.004122 0.001412 0.000928 0.000553

0.7 0.49659 0.48045 0.49797 0.49398 0.49609 0.004506 0.001568 0.001031 0.000613

0.8 0.44933 0.43334 0.45100 0.44679 0.44891 0.004733 0.001673 0.001098 0.000653

0.9 0.40657 0.39100 0.40851 0.40414 0.40624 0.004822 0.001730 0.001134 0.000674

1 0.36788 0.35292 0.37007 0.36559 0.36764 0.004797 0.001745 0.001143 0.000679

0.003286 0.001139 0.000748 0.000445

S_MLE S_MLE S_MLE S_MLE

Model 2    (θ = 1)

ti S_real

S_MLE MSE

n n

IMSE

ti S_real

S_jac MSE

n n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.81873 0.80964 0.81890 0.81716 0.81828 0.001070 0.000343 0.000231 0.000139

0.2 0.67032 0.65651 0.67094 0.66798 0.66972 0.002744 0.000913 0.000613 0.000368

0.3 0.54881 0.53313 0.54999 0.54622 0.54824 0.003977 0.001367 0.000917 0.000550

0.4 0.44933 0.43356 0.45107 0.44680 0.44889 0.004572 0.001620 0.001085 0.000650

0.5 0.36788 0.35309 0.37012 0.36560 0.36762 0.004639 0.001691 0.001130 0.000675

0.6 0.30119 0.28795 0.30385 0.29926 0.30112 0.004356 0.001629 0.001086 0.000648

0.7 0.24660 0.23516 0.24957 0.24504 0.24670 0.003881 0.001485 0.000987 0.000587

0.8 0.20190 0.19230 0.20508 0.20071 0.20215 0.003333 0.001302 0.000863 0.000512

0.9 0.16530 0.15745 0.16860 0.16445 0.16568 0.002784 0.001107 0.000732 0.000432

1 0.13534 0.12909 0.13868 0.13479 0.13582 0.002278 0.000920 0.000606 0.000356

0.003363 0.001238 0.000825 0.000492

30 50 100 200 30 50 100 200

0.1 0.81873 0.80946 0.81884 0.81714 0.81828 0.001112 0.000355 0.000234 0.000139

0.2 0.67032 0.65626 0.67085 0.66796 0.66971 0.002848 0.000943 0.000621 0.000370

0.3 0.54881 0.53286 0.54990 0.54619 0.54824 0.004120 0.001412 0.000928 0.000552

0.4 0.44933 0.43332 0.45098 0.44678 0.44889 0.004731 0.001673 0.001098 0.000653

0.5 0.36788 0.35289 0.37005 0.36559 0.36761 0.004795 0.001745 0.001143 0.000679

0.6 0.30119 0.28781 0.30380 0.29925 0.30112 0.004498 0.001680 0.001098 0.000651

0.7 0.24660 0.23506 0.24953 0.24503 0.24670 0.004006 0.001532 0.000999 0.000590

0.8 0.20190 0.19224 0.20505 0.20070 0.20215 0.003438 0.001343 0.000873 0.000514

0.9 0.16530 0.15744 0.16859 0.16445 0.16568 0.002871 0.001142 0.000740 0.000434

1 0.13534 0.12910 0.13868 0.13479 0.13582 0.002348 0.000949 0.000613 0.000358

0.003477 0.001277 0.000835 0.000494

S_MLE S_MLE S_MLE S_MLE

Model 3    (θ =2)

ti S_real

S_MLE MSE

n n

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n
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 ( 1-3اٌشىً )

   ٠ٛػػ ٔرائط ذعشتح اٌّؽاواج ٌٍرٛص٠  ا٨عٟ

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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 ( ٩ٔؼع ِا٠ٍٟ:2-3ِٓ خ٩ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )

فددٟ  Jackknife (S_Jac)طش٠مددح ِماسٔددح ت (S_MLE) عظددُا٤فؼدد١ٍح ٌطش٠مددح ا٦ِىدداْ ا٤ ّْ ا -1

ؼغددة  (IMSEلددً ِرٛعددؾ ِشتعدداخ خطددؤ ذىدداٍِٟ )ا أ٦ِر٩وٙدد ا٨عددٟرٛص٠دد  ٌٍ ثمدداءذمددذ٠ش داٌددح اٌ

 اٌّفرشػح وافح. إٌّارضٚ اؼعاَ اٌع١ٕاخ

ِرٛعدؾ  الدذ اظٙشذد Jackknifeؽش٠مح ٚ عظُ ا٦ِىاْ ا٤ذمذ٠شاخ داٌح اٌثماء تاعرعّاي ؽش٠مح  ّْ ا -2

 لشب اٌٝ اٌم١ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.أ

( ٚ٘دٟ عٍدٝ اٌدذٚاَ ذمد  ل١ّٙدا ػدّٓ tiاٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض تض٠دادج اٌدضِٓ )ل١ُ د ّْ ا -3

 (.1،0اٌفرشج )

 ( ذرٕالض تاصد٠اد ؼعُ اٌع١ٕح.IMSE( ٚاٌّم١اط )MSEاْ ل١ُ اٌّم١اط ا٨ؼظائٟ ) -4

مد١ُ الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌ( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض 1-3ٚوزٌه اٌشىً )

 اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع١ٕاخ اٌّفرشػح.
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 الاضي يارشال اونكٍ َرائح يساكاج ذوزيغ 3-2-3-2

 .ادٔاٖ (2-3ٚاٌشىً ) (3-3فٟ اٌعذٚي) ا٨عٟ ِاسشاي اٌٚىٓ ذُ ذٍخ١ض ٔرائط ِؽاواج ذٛص٠ 

 ( 3-3ظذٚي )

 ٌرٛص٠  ِاسشاي اٌٚىٓ ا٨عٟٔرائط ذعشتح اٌّؽاواج 

30 50 100 200 30 50 100 200

0.1 0.96117 0.96041 0.96250 0.96185 0.96158 0.000196 0.000085 0.000059 0.000025

0.2 0.92454 0.92334 0.92714 0.92587 0.92533 0.000670 0.000292 0.000205 0.000085

0.3 0.88994 0.88852 0.89372 0.89188 0.89107 0.001298 0.000565 0.000400 0.000167

0.4 0.85721 0.85571 0.86207 0.85971 0.85865 0.001996 0.000868 0.000618 0.000259

0.5 0.82621 0.82472 0.83204 0.82922 0.82792 0.002710 0.001175 0.000841 0.000354

0.6 0.79682 0.79537 0.80351 0.80026 0.79876 0.003404 0.001472 0.001057 0.000447

0.7 0.76891 0.76753 0.77636 0.77274 0.77106 0.004057 0.001749 0.001259 0.000536

0.8 0.74238 0.74107 0.75049 0.74654 0.74470 0.004655 0.001999 0.001443 0.000617

0.9 0.71714 0.71588 0.72580 0.72157 0.71960 0.005192 0.002221 0.001606 0.000691

1 0.69309 0.69186 0.70223 0.69774 0.69568 0.005664 0.002412 0.001746 0.000755

0.002984 0.001284 0.000923 0.000394

30 50 100 200 30 50 100 200

0.1 0.96117 0.96042 0.96251 0.96185 0.96158 0.000203 0.000087 0.000060 0.000025

0.2 0.92454 0.92336 0.92715 0.92587 0.92533 0.000693 0.000299 0.000207 0.000086

0.3 0.88994 0.88856 0.89373 0.89188 0.89107 0.001340 0.000579 0.000403 0.000168

0.4 0.85721 0.85576 0.86209 0.85971 0.85865 0.002060 0.000890 0.000623 0.000260

0.5 0.82621 0.82479 0.83207 0.82922 0.82793 0.002795 0.001206 0.000848 0.000356

0.6 0.79682 0.79546 0.80355 0.80027 0.79877 0.003510 0.001510 0.001066 0.000450

0.7 0.76891 0.76764 0.77640 0.77275 0.77106 0.004182 0.001794 0.001270 0.000538

0.8 0.74238 0.74119 0.75054 0.74655 0.74470 0.004798 0.002051 0.001455 0.000620

0.9 0.71714 0.71601 0.72586 0.72158 0.71961 0.005350 0.002279 0.001619 0.000694

1 0.69309 0.69200 0.70228 0.69775 0.69568 0.005836 0.002475 0.001761 0.000759

0.003077 0.001317 0.000931 0.000395

S_MLE S_MLE S_MLE S_MLEBest / sample size (n)

Best / model S_MLE

S_jac MSE

n n

IMSE

Model 1    (θ = 0.2,α= 0.5)

ti S_real

S_MLE MSE

n n

IMSE

ti S_real
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30 50 100 200 30 50 100 200

0.1 0.99000 0.98976 0.99029 0.99015 0.99010 0.000017 0.000008 0.000005 0.000002

0.2 0.98000 0.97954 0.98059 0.98031 0.98020 0.000068 0.000032 0.000020 0.000008

0.3 0.97001 0.96936 0.97091 0.97048 0.97031 0.000147 0.000070 0.000045 0.000018

0.4 0.96002 0.95921 0.96123 0.96065 0.96042 0.000253 0.000121 0.000077 0.000032

0.5 0.95004 0.94910 0.95157 0.95083 0.95055 0.000383 0.000182 0.000116 0.000048

0.6 0.94007 0.93901 0.94193 0.94103 0.94068 0.000534 0.000253 0.000163 0.000067

0.7 0.93011 0.92896 0.93230 0.93124 0.93082 0.000703 0.000332 0.000215 0.000089

0.8 0.92017 0.91893 0.92268 0.92146 0.92097 0.000888 0.000419 0.000272 0.000113

0.9 0.91024 0.90894 0.91308 0.91170 0.91114 0.001087 0.000512 0.000333 0.000139

1 0.90033 0.89899 0.90350 0.90195 0.90133 0.001298 0.000610 0.000399 0.000166

0.000538 0.000254 0.000165 0.000068

30 50 100 200 30 50 100 200

0.1 0.99000 0.98976 0.99029 0.99015 0.99010 0.000018 0.000009 0.000005 0.000002

0.2 0.98000 0.97954 0.98059 0.98031 0.98020 0.000070 0.000033 0.000021 0.000008

0.3 0.97001 0.96937 0.97091 0.97048 0.97031 0.000152 0.000072 0.000045 0.000018

0.4 0.96002 0.95922 0.96123 0.96065 0.96042 0.000262 0.000123 0.000077 0.000032

0.5 0.95004 0.94911 0.95157 0.95083 0.95055 0.000395 0.000186 0.000117 0.000048

0.6 0.94007 0.93902 0.94193 0.94103 0.94068 0.000551 0.000259 0.000164 0.000068

0.7 0.93011 0.92897 0.93230 0.93124 0.93082 0.000725 0.000340 0.000217 0.000089

0.8 0.92017 0.91896 0.92269 0.92146 0.92097 0.000916 0.000429 0.000274 0.000113

0.9 0.91024 0.90897 0.91309 0.91170 0.91114 0.001122 0.000524 0.000336 0.000139

1 0.90033 0.89902 0.90351 0.90195 0.90133 0.001339 0.000624 0.000402 0.000167

0.000555 0.000260 0.000166 0.000069

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 2    (θ = 0.2,α=  2)

ti S_real

S_MLE MSE

n n
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30 50 100 200 30 50 100 200

0.1 0.82621 0.82472 0.83205 0.82923 0.82794 0.002710 0.001176 0.000841 0.000354

0.2 0.69309 0.69187 0.70224 0.69776 0.69569 0.005665 0.002413 0.001746 0.000755

0.3 0.58833 0.58664 0.59864 0.59339 0.59117 0.007124 0.002955 0.002142 0.000956

0.4 0.50412 0.50104 0.51413 0.50871 0.50678 0.007450 0.002994 0.002159 0.001000

0.5 0.43527 0.43021 0.44414 0.43890 0.43753 0.007150 0.002775 0.001985 0.000957

0.6 0.37818 0.37094 0.38550 0.38062 0.37994 0.006575 0.002463 0.001745 0.000878

0.7 0.33031 0.32097 0.33594 0.33150 0.33154 0.005925 0.002147 0.001506 0.000788

0.8 0.28976 0.27862 0.29374 0.28978 0.29049 0.005294 0.001866 0.001297 0.000702

0.9 0.25515 0.24258 0.25762 0.25411 0.25542 0.004720 0.001633 0.001124 0.000624

1 0.22540 0.21179 0.22656 0.22346 0.22527 0.004209 0.001444 0.000987 0.000558

0.005682 0.002187 0.001553 0.000757

30 50 100 200 30 50 100 200

0.1 0.82621 0.82480 0.83208 0.82924 0.82794 0.002795 0.001206 0.000848 0.000356

0.2 0.69309 0.69201 0.70230 0.69778 0.69570 0.005836 0.002476 0.001762 0.000759

0.3 0.58833 0.58679 0.59870 0.59341 0.59117 0.007340 0.003035 0.002161 0.000961

0.4 0.50412 0.50114 0.51419 0.50873 0.50678 0.007680 0.003078 0.002179 0.001005

0.5 0.43527 0.43025 0.44418 0.43890 0.43753 0.007378 0.002856 0.002004 0.000962

0.6 0.37818 0.37091 0.38551 0.38062 0.37994 0.006793 0.002538 0.001763 0.000882

0.7 0.33031 0.32088 0.33591 0.33150 0.33154 0.006128 0.002215 0.001522 0.000792

0.8 0.28976 0.27848 0.29370 0.28977 0.29049 0.005480 0.001929 0.001311 0.000705

0.9 0.25515 0.24240 0.25756 0.25410 0.25542 0.004888 0.001689 0.001137 0.000628

1 0.22540 0.21159 0.22647 0.22344 0.22527 0.004359 0.001495 0.000998 0.000560

0.005868 0.002252 0.001569 0.000761

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 3    (θ = 1,α=  0.5)
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30 50 100 200 30 50 100 200

0.1 0.95004 0.94910 0.95158 0.95084 0.95055 0.000383 0.000182 0.000116 0.000048

0.2 0.90033 0.89900 0.90352 0.90197 0.90133 0.001298 0.000610 0.000399 0.000166

0.3 0.85112 0.84971 0.85593 0.85356 0.85257 0.002470 0.001144 0.000762 0.000320

0.4 0.80263 0.80127 0.80892 0.80579 0.80447 0.003699 0.001688 0.001141 0.000484

0.5 0.75508 0.75377 0.76265 0.75883 0.75724 0.004847 0.002176 0.001489 0.000639

0.6 0.70869 0.70731 0.71726 0.71286 0.71108 0.005826 0.002570 0.001777 0.000772

0.7 0.66362 0.66199 0.67290 0.66804 0.66616 0.006588 0.002852 0.001988 0.000877

0.8 0.62005 0.61793 0.62973 0.62453 0.62264 0.007120 0.003021 0.002118 0.000951

0.9 0.57810 0.57528 0.58788 0.58247 0.58067 0.007429 0.003086 0.002174 0.000995

1 0.53788 0.53417 0.54749 0.54199 0.54036 0.007542 0.003063 0.002165 0.001013

0.004720 0.002039 0.001413 0.000626

30 50 100 200 30 50 100 200

0.1 0.95004 0.94911 0.95158 0.95084 0.95055 0.000395 0.000186 0.000117 0.000048

0.2 0.90033 0.89903 0.90353 0.90197 0.90133 0.001339 0.000624 0.000402 0.000167

0.3 0.85112 0.84976 0.85594 0.85356 0.85257 0.002545 0.001171 0.000768 0.000322

0.4 0.80263 0.80135 0.80895 0.80579 0.80447 0.003809 0.001728 0.001151 0.000486

0.5 0.75508 0.75388 0.76269 0.75883 0.75724 0.004989 0.002228 0.001502 0.000642

0.6 0.70869 0.70742 0.71730 0.71287 0.71108 0.005996 0.002633 0.001792 0.000776

0.7 0.66362 0.66210 0.67295 0.66805 0.66616 0.006782 0.002923 0.002005 0.000881

0.8 0.62005 0.61805 0.62977 0.62454 0.62264 0.007331 0.003098 0.002137 0.000955

0.9 0.57810 0.57538 0.58792 0.58248 0.58067 0.007652 0.003167 0.002193 0.001000

1 0.53788 0.53424 0.54753 0.54200 0.54036 0.007772 0.003146 0.002185 0.001018

0.004861 0.002090 0.001425 0.000629

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 4    (θ = 1,α=  2)
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30 50 100 200 30 50 100 200

0.1 0.69309 0.69189 0.70227 0.69778 0.69571 0.005664 0.002413 0.001747 0.000755

0.2 0.50412 0.50105 0.51415 0.50872 0.50680 0.007450 0.002995 0.002159 0.001000

0.3 0.37818 0.37095 0.38550 0.38062 0.37995 0.006575 0.002463 0.001745 0.000878

0.4 0.28976 0.27862 0.29373 0.28977 0.29049 0.005294 0.001867 0.001297 0.000702

0.5 0.22540 0.21179 0.22653 0.22345 0.22527 0.004209 0.001443 0.000987 0.000558

0.6 0.17730 0.16277 0.17643 0.17403 0.17656 0.003349 0.001166 0.000789 0.000451

0.7 0.14064 0.12639 0.13859 0.13666 0.13954 0.002655 0.000972 0.000653 0.000370

0.8 0.11228 0.09909 0.10967 0.10805 0.11101 0.002091 0.000819 0.000547 0.000307

0.9 0.09010 0.07839 0.08738 0.08594 0.08880 0.001635 0.000688 0.000458 0.000254

1 0.07258 0.06253 0.07005 0.06872 0.07135 0.001273 0.000574 0.000378 0.000209

0.004020 0.001540 0.001076 0.000548

30 50 100 200 30 50 100 200

0.1 0.69309 0.69202 0.70233 0.69779 0.69571 0.005836 0.002476 0.001762 0.000759

0.2 0.50412 0.50116 0.51420 0.50873 0.50680 0.007680 0.003079 0.002180 0.001005

0.3 0.37818 0.37092 0.38551 0.38062 0.37995 0.006793 0.002538 0.001763 0.000882

0.4 0.28976 0.27848 0.29368 0.28976 0.29049 0.005480 0.001929 0.001311 0.000705

0.5 0.22540 0.21159 0.22645 0.22343 0.22526 0.004358 0.001495 0.000998 0.000560

0.6 0.17730 0.16254 0.17634 0.17401 0.17655 0.003465 0.001209 0.000798 0.000453

0.7 0.14064 0.12617 0.13849 0.13663 0.13953 0.002743 0.001007 0.000661 0.000372

0.8 0.11228 0.09890 0.10958 0.10803 0.11101 0.002156 0.000847 0.000554 0.000308

0.9 0.09010 0.07822 0.08730 0.08592 0.08879 0.001683 0.000710 0.000463 0.000255

1 0.07258 0.06240 0.06998 0.06870 0.07134 0.001308 0.000591 0.000382 0.000210

0.004150 0.001588 0.001087 0.000551

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 5    (θ =2,α=  0.5)
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30 50 100 200 30 50 100 200

0.1 0.90033 0.89901 0.90351 0.90198 0.90135 0.001298 0.000610 0.000399 0.000166

0.2 0.80263 0.80129 0.80891 0.80579 0.80449 0.003699 0.001688 0.001141 0.000484

0.3 0.70869 0.70732 0.71725 0.71287 0.71110 0.005826 0.002570 0.001777 0.000772

0.4 0.62005 0.61795 0.62972 0.62454 0.62266 0.007121 0.003020 0.002119 0.000951

0.5 0.53788 0.53417 0.54749 0.54200 0.54037 0.007543 0.003063 0.002165 0.001013

0.6 0.46295 0.45702 0.47157 0.46618 0.46508 0.007318 0.002836 0.002011 0.000987

0.7 0.39563 0.38733 0.40268 0.39768 0.39726 0.006723 0.002493 0.001764 0.000910

0.8 0.33596 0.32557 0.34123 0.33676 0.33706 0.005971 0.002143 0.001508 0.000813

0.9 0.28370 0.27181 0.28726 0.28336 0.28431 0.005193 0.001837 0.001280 0.000712

1 0.23841 0.22575 0.24052 0.23715 0.23860 0.004451 0.001585 0.001092 0.000618

0.005514 0.002184 0.001526 0.000743

30 50 100 200 30 50 100 200

0.1 0.90033 0.89904 0.90352 0.90198 0.90135 0.001339 0.000624 0.000402 0.000167

0.2 0.80263 0.80137 0.80894 0.80580 0.80449 0.003809 0.001728 0.001151 0.000487

0.3 0.70869 0.70744 0.71729 0.71287 0.71110 0.005997 0.002633 0.001792 0.000776

0.4 0.62005 0.61806 0.62977 0.62455 0.62266 0.007331 0.003098 0.002137 0.000956

0.5 0.53788 0.53425 0.54753 0.54201 0.54037 0.007773 0.003145 0.002185 0.001018

0.6 0.46295 0.45704 0.47158 0.46618 0.46508 0.007551 0.002918 0.002030 0.000992

0.7 0.39563 0.38727 0.40268 0.39767 0.39726 0.006946 0.002570 0.001783 0.000915

0.8 0.33596 0.32546 0.34120 0.33675 0.33706 0.006176 0.002213 0.001524 0.000817

0.9 0.28370 0.27166 0.28722 0.28335 0.28430 0.005374 0.001899 0.001295 0.000716

1 0.23841 0.22559 0.24046 0.23713 0.23860 0.004607 0.001641 0.001105 0.000621

0.005690 0.002247 0.001540 0.000746

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 6    (θ =2 , α=  2)
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 ( 2-3اٌشىً )

   ا٨عِٟاسشاي اٌٚىٓ ٌرٛص٠  ٠ٛػػ ٔرائط ذعشتح اٌّؽاواج 

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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Model (4) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (5) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (6) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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  ( ٩ٔؼع ِا٠ٍٟ:3-3ِٓ خ٩ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )

فدٟ ذمدذ٠ش  Jackknife (S_Jac)طش٠مدح ( ِماسٔدح تS_MLEعظدُ )ا٨فؼد١ٍح ٌطش٠مدح ا٦ِىداْ ا٤ ّْ ا -1

ؼغدة  (IMSEلدً ِرٛعدؾ ِشتعداخ خطدؤ ذىداٍِٟ )٦ِر٩وٙدا أا٨عدٟ ِاسشاي اٌٚىدٓ ذٛص٠   تماءداٌح 

 فح.ٚإٌّارض اٌّفرشػح وا اؼعاَ اٌع١ٕاخ

لددذ اظٙشذددا ِرٛعددؾ  Jackknifeؽش٠مددح عظددُ  ٚخ داٌددح اٌثمدداء تاعددرعّاي ؽش٠مددح ا٦ِىدداْ ا٤ذمددذ٠شا ّْ ا -2

 الشب اٌٝ اٌم١ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.

ّٙدا ػدّٓ اٌفردشج ( ٟٚ٘ عٍٝ اٌذٚاَ ذم  لti١ل١ُ داٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض تض٠ادج اٌضِٓ ) ّْ ا -3

(1،0.) 

 ( ذرٕالض تاصد٠اد ؼعُ اٌع١ٕح.IMSE( ٚاٌّم١اط )MSEل١ُ اٌّم١اط ا٨ؼظائٟ ) ّْ ا -4

( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌمد١ُ 2-3ٚوزٌه اٌشىً )

 اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع١ٕاخ اٌّفرشػح.
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 نيُذني يساكاج ذوزيغَرائح  3-2-3-3

 .ادٔاٖ (3-3ٚاٌشىً ) (4-3فٟ اٌعذٚي) ١ٌٕذٌٟذُ ذٍخ١ض ٔرائط ِؽاواج ذٛص٠  

 (4-3ظذٚي )

 ٌرٛص٠  ١ٌٕذٌٟٔرائط ذعشتح اٌّؽاواج 

30 50 100 200 30 50 100 200

0.1 0.99654 0.99627 0.99654 0.99649 0.99652 8.704E-07 2.639E-07 1.811E-07 1.078E-07

0.2 0.99282 0.99227 0.99283 0.99273 0.99279 3.690E-06 1.121E-06 7.692E-07 4.581E-07

0.3 0.98885 0.98802 0.98887 0.98872 0.98882 8.755E-06 2.666E-06 1.829E-06 1.090E-06

0.4 0.98466 0.98352 0.98468 0.98448 0.98461 1.634E-05 4.988E-06 3.421E-06 2.038E-06

0.5 0.98024 0.97879 0.98027 0.98001 0.98018 2.670E-05 8.169E-06 5.603E-06 3.338E-06

0.6 0.97561 0.97384 0.97565 0.97534 0.97554 4.006E-05 1.228E-05 8.424E-06 5.020E-06

0.7 0.97078 0.96868 0.97083 0.97046 0.97070 5.661E-05 1.740E-05 1.193E-05 7.111E-06

0.8 0.96576 0.96333 0.96582 0.96539 0.96566 7.654E-05 2.357E-05 1.617E-05 9.636E-06

0.9 0.96056 0.95779 0.96064 0.96013 0.96045 9.998E-05 3.086E-05 2.117E-05 1.262E-05

1 0.95519 0.95207 0.95527 0.95470 0.95506 1.270E-04 3.931E-05 2.696E-05 1.607E-05

0.00004566 0.0000141 0.0000096 0.0000057

30 50 100 200 30 50 100 200

0.1 0.99654 0.99627 0.99654 0.99649 0.99652 9.065E-07 2.730E-07 1.833E-07 1.084E-07

0.2 0.99282 0.99226 0.99282 0.99273 0.99279 3.842E-06 1.160E-06 7.786E-07 4.604E-07

0.3 0.98885 0.98800 0.98886 0.98872 0.98882 9.116E-06 2.758E-06 1.851E-06 1.095E-06

0.4 0.98466 0.98350 0.98467 0.98448 0.98461 1.701E-05 5.158E-06 3.463E-06 2.048E-06

0.5 0.98024 0.97876 0.98026 0.98001 0.98018 2.780E-05 8.447E-06 5.671E-06 3.354E-06

0.6 0.97561 0.97380 0.97564 0.97533 0.97554 4.170E-05 1.270E-05 8.527E-06 5.044E-06

0.7 0.97078 0.96864 0.97082 0.97045 0.97069 5.892E-05 1.799E-05 1.208E-05 7.146E-06

0.8 0.96576 0.96328 0.96581 0.96538 0.96566 7.965E-05 2.437E-05 1.636E-05 9.683E-06

0.9 0.96056 0.95773 0.96062 0.96013 0.96045 1.040E-04 3.191E-05 2.142E-05 1.268E-05

1 0.95519 0.95201 0.95525 0.95470 0.95506 1.322E-04 4.064E-05 2.728E-05 1.615E-05

0.00004751 0.0000145 0.0000098 0.0000058

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 1    (θ = 0.2)

ti S_real

S_MLE MSE

n n
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30 50 100 200 30 50 100 200

0.1 0.95008 0.94703 0.95018 0.94960 0.94996 1.228E-04 3.844E-05 2.636E-05 1.563E-05

0.2 0.90060 0.89489 0.90085 0.89971 0.90039 4.469E-04 1.417E-04 9.711E-05 5.761E-05

0.3 0.85194 0.84394 0.85236 0.85071 0.85166 9.091E-04 2.917E-04 1.999E-04 1.186E-04

0.4 0.80438 0.79446 0.80500 0.80287 0.80406 1.453E-03 4.716E-04 3.231E-04 1.917E-04

0.5 0.75816 0.74666 0.75900 0.75643 0.75782 2.030E-03 6.667E-04 4.566E-04 2.709E-04

0.6 0.71346 0.70071 0.71452 0.71156 0.71311 2.602E-03 8.643E-04 5.917E-04 3.511E-04

0.7 0.67039 0.65669 0.67170 0.66839 0.67006 3.139E-03 1.055E-03 7.216E-04 4.281E-04

0.8 0.62906 0.61468 0.63062 0.62699 0.62876 3.621E-03 1.230E-03 8.412E-04 4.990E-04

0.9 0.58953 0.57470 0.59134 0.58743 0.58927 4.035E-03 1.385E-03 9.467E-04 5.614E-04

1 0.55182 0.53676 0.55387 0.54973 0.55161 4.372E-03 1.516E-03 1.036E-03 6.141E-04

0.0022730 0.0007660 0.0005240 0.0003108

30 50 100 200 30 50 100 200

0.1 0.95008 0.94697 0.95016 0.94959 0.94996 1.277E-04 3.975E-05 2.668E-05 1.571E-05

0.2 0.90060 0.89478 0.90081 0.89970 0.90039 4.646E-04 1.464E-04 9.829E-05 5.789E-05

0.3 0.85194 0.84378 0.85230 0.85069 0.85165 9.445E-04 3.014E-04 2.023E-04 1.192E-04

0.4 0.80438 0.79427 0.80494 0.80286 0.80405 1.508E-03 4.873E-04 3.270E-04 1.927E-04

0.5 0.75816 0.74646 0.75893 0.75641 0.75781 2.106E-03 6.888E-04 4.620E-04 2.722E-04

0.6 0.71346 0.70048 0.71445 0.71154 0.71310 2.698E-03 8.928E-04 5.987E-04 3.528E-04

0.7 0.67039 0.65646 0.67162 0.66837 0.67005 3.254E-03 1.089E-03 7.302E-04 4.302E-04

0.8 0.62906 0.61444 0.63054 0.62697 0.62875 3.752E-03 1.270E-03 8.511E-04 5.014E-04

0.9 0.58953 0.57447 0.59125 0.58741 0.58926 4.178E-03 1.430E-03 9.578E-04 5.642E-04

1 0.55182 0.53654 0.55379 0.54971 0.55161 4.525E-03 1.566E-03 1.048E-03 6.171E-04

0.0023558 0.0007912 0.0005302 0.0003123

S_MLE S_MLE S_MLE S_MLE

Model 2    (θ = 1)

n

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n

IMSE

Best / sample size (n)

Best / model S_MLE 
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30 50 100 200 30 50 100 200

0.1 0.87331 0.86648 0.87357 0.87222 0.87302 6.306E-04 2.011E-04 1.371E-04 8.149E-05

0.2 0.75970 0.74839 0.76036 0.75792 0.75927 1.872E-03 6.130E-04 4.175E-04 2.483E-04

0.3 0.65857 0.64464 0.65972 0.65644 0.65814 3.107E-03 1.043E-03 7.099E-04 4.220E-04

0.4 0.56915 0.55398 0.57080 0.56690 0.56877 4.052E-03 1.394E-03 9.473E-04 5.628E-04

0.5 0.49051 0.47513 0.49264 0.48831 0.49024 4.626E-03 1.627E-03 1.105E-03 6.555E-04

0.6 0.42167 0.40680 0.42425 0.41965 0.42154 4.849E-03 1.742E-03 1.181E-03 6.998E-04

0.7 0.36168 0.34779 0.36463 0.35989 0.36169 4.790E-03 1.755E-03 1.188E-03 7.027E-04

0.8 0.30958 0.29696 0.31284 0.30807 0.30974 4.530E-03 1.690E-03 1.142E-03 6.741E-04

0.9 0.26448 0.25329 0.26797 0.26326 0.26478 4.143E-03 1.572E-03 1.060E-03 6.242E-04

1 0.22556 0.21583 0.22921 0.22463 0.22597 3.690E-03 1.421E-03 9.563E-04 5.618E-04

0.0036289 0.0013058 0.0008842 0.0005233

30 50 100 200 30 50 100 200

0.1 0.87331 0.86634 0.87352 0.87221 0.87302 6.555E-04 2.079E-04 1.387E-04 8.189E-05

0.2 0.75970 0.74818 0.76029 0.75790 0.75927 1.944E-03 6.335E-04 4.226E-04 2.495E-04

0.3 0.65857 0.64439 0.65963 0.65642 0.65813 3.221E-03 1.078E-03 7.184E-04 4.241E-04

0.4 0.56915 0.55374 0.57071 0.56688 0.56877 4.197E-03 1.439E-03 9.586E-04 5.655E-04

0.5 0.49051 0.47490 0.49256 0.48829 0.49023 4.786E-03 1.680E-03 1.118E-03 6.587E-04

0.6 0.42167 0.40661 0.42418 0.41963 0.42154 5.013E-03 1.798E-03 1.195E-03 7.032E-04

0.7 0.36168 0.34763 0.36457 0.35988 0.36169 4.948E-03 1.811E-03 1.201E-03 7.062E-04

0.8 0.30958 0.29684 0.31279 0.30806 0.30974 4.677E-03 1.744E-03 1.155E-03 6.774E-04

0.9 0.26448 0.25320 0.26794 0.26325 0.26477 4.275E-03 1.621E-03 1.072E-03 6.273E-04

1 0.22556 0.21578 0.22919 0.22462 0.22597 3.806E-03 1.466E-03 9.672E-04 5.646E-04

0.0037524 0.0013478 0.0008946 0.0005258

S_MLE S_MLE S_MLE S_MLE

n

Model 3    (θ = 2)

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE
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 ( 3-3اٌشىً )

 ١ٌٕذٌٟ رائط ذعشتح اٌّؽاواج ٌرٛص٠  ٠ٛػػ ٔ

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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  ( ٩ٔؼع ِا٠ٍٟ:4-3ِٓ خ٩ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )

فددٟ  Jackknife (S_Jac)طش٠مددح ( ِماسٔددح تS_MLEعظددُ )اْ ا٤ِىددا٨فؼدد١ٍح ٌطش٠مددح ا٦ ّْ ا -1

ؼغة اؼعاَ  (IMSEلً ِرٛعؾ ِشتعاخ خطؤ ذىاٍِٟ )أا ٦ِر٩وٙ ١ٌٕذٌٌٟرٛص٠   ثماءذمذ٠ش داٌح اٌ

 ٚإٌّارض اٌّفرشػح وافح. اٌع١ٕاخ

ٛعدؾ لدذ اظٙشذدا ِر Jackknifeؽش٠مح عظُ  ِٚىاْ ا٤خ داٌح اٌثماء تاعرعّاي ؽش٠مح ا٦ذمذ٠شا ّْ ا -2

 لشب اٌٝ اٌم١ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.أ

( ٚ٘دٟ عٍدٝ اٌدذٚاَ ذمد  ل١ّٙدا ػدّٓ tiْ ل١ُ داٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض تض٠دادج اٌدضِٓ )ا -3

 (.1،0اٌفرشج )

 ع١ٕح.( ذرٕالض تاصد٠اد ؼعُ اIMSEٌ( ٚاٌّم١اط )MSEْ ل١ُ اٌّم١اط ا٨ؼظائٟ )ا -4

( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌمد١ُ 3-3ٚوزٌه اٌشىً )

 اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع١ٕاخ اٌّفرشػح.
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 نيُذني يارشال اونكٍ َرائح يساكاج ذوزيغ 3-2-3-4

 .ادٔاٖ (4-3ٚاٌشىً ) (5-3)فٟ اٌعذٚي ِاسشاي اٌٚىٓ ١ٌٕذٌٟذُ ذٍخ١ض ٔرائط ِؽاواج ذٛص٠  

 (5-3ظذٚي )

 ٔرائط ذعشتح اٌّؽاواج ٌرٛص٠  ِاسشاي اٌٚىٓ ١ٌٕذٌٟ

30 50 100 200 30 50 100 200

0.1 0.99310 0.99105 0.99393 0.99352 0.99331 1.493E-05 3.041E-06 4.003E-07 1.193E-06

0.2 0.98573 0.98155 0.98745 0.98661 0.98618 6.218E-05 1.286E-05 1.684E-06 5.043E-06

0.3 0.97795 0.97158 0.98060 0.97930 0.97864 1.447E-04 3.042E-05 3.961E-06 1.192E-05

0.4 0.96978 0.96117 0.97340 0.97162 0.97073 2.645E-04 5.651E-05 7.324E-06 2.213E-05

0.5 0.96125 0.95038 0.96588 0.96360 0.96246 4.224E-04 9.180E-05 1.184E-05 3.592E-05

0.6 0.95239 0.93926 0.95807 0.95525 0.95388 6.186E-04 1.368E-04 1.757E-05 5.345E-05

0.7 0.94323 0.92784 0.94997 0.94662 0.94501 8.523E-04 1.918E-04 2.452E-05 7.482E-05

0.8 0.93379 0.91617 0.94163 0.93772 0.93587 1.122E-03 2.570E-04 3.272E-05 1.001E-04

0.9 0.92411 0.90428 0.93306 0.92857 0.92649 1.425E-03 3.323E-04 4.216E-05 1.292E-04

1 0.91422 0.89223 0.92427 0.91921 0.91689 1.758E-03 4.177E-04 5.279E-05 1.620E-04

0.0006684 0.0001530 0.0000195 0.0000596

30 50 100 200 30 50 100 200

0.1 0.99310 0.99104 0.99393 0.99352 0.99331 1.538E-05 3.102E-06 4.147E-07 1.197E-06

0.2 0.98573 0.98154 0.98745 0.98661 0.98618 6.403E-05 1.312E-05 1.745E-06 5.060E-06

0.3 0.97795 0.97156 0.98061 0.97930 0.97864 1.489E-04 3.101E-05 4.106E-06 1.196E-05

0.4 0.96978 0.96115 0.97341 0.97162 0.97073 2.721E-04 5.761E-05 7.592E-06 2.220E-05

0.5 0.96125 0.95036 0.96589 0.96360 0.96246 4.344E-04 9.359E-05 1.228E-05 3.603E-05

0.6 0.95239 0.93923 0.95808 0.95525 0.95388 6.358E-04 1.394E-04 1.821E-05 5.362E-05

0.7 0.94323 0.92781 0.94999 0.94662 0.94501 8.756E-04 1.955E-04 2.543E-05 7.506E-05

0.8 0.93379 0.91614 0.94165 0.93772 0.93587 1.152E-03 2.619E-04 3.394E-05 1.004E-04

0.9 0.92411 0.90426 0.93308 0.92858 0.92649 1.462E-03 3.387E-04 4.373E-05 1.296E-04

1 0.91422 0.89221 0.92430 0.91921 0.91689 1.804E-03 4.257E-04 5.477E-05 1.625E-04

0.0006864 0.0001560 0.0000202 0.0000598

S_MLE S_MLE S_MLE S_MLE

Model 1    (θ = 0.2, α=0.5)

ti S_real

S_MLE MSE

n n

IMSE

ti S_real

S_jac

IMSE

Best / sample size (n)

Best / model S_MLE

MSE

n n
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30 50 100 200 30 50 100 200

0.1 0.99827 0.99764 0.99854 0.99837 0.99833 1.250E-06 2.729E-07 2.139E-08 1.062E-07

0.2 0.99640 0.99509 0.99696 0.99662 0.99652 5.373E-06 1.177E-06 9.205E-08 4.582E-07

0.3 0.99440 0.99237 0.99527 0.99475 0.99459 1.293E-05 2.842E-06 2.218E-07 1.106E-06

0.4 0.99227 0.98949 0.99348 0.99275 0.99254 2.446E-05 5.399E-06 4.206E-07 2.102E-06

0.5 0.99002 0.98644 0.99158 0.99065 0.99037 4.050E-05 8.979E-06 6.981E-07 3.495E-06

0.6 0.98766 0.98324 0.98959 0.98843 0.98809 6.158E-05 1.371E-05 1.064E-06 5.336E-06

0.7 0.98518 0.97989 0.98749 0.98610 0.98570 8.817E-05 1.973E-05 1.528E-06 7.674E-06

0.8 0.98258 0.97640 0.98530 0.98367 0.98320 1.207E-04 2.716E-05 2.100E-06 1.056E-05

0.9 0.97988 0.97277 0.98302 0.98113 0.98059 1.597E-04 3.612E-05 2.787E-06 1.403E-05

1 0.97708 0.96902 0.98065 0.97850 0.97789 2.055E-04 4.673E-05 3.600E-06 1.813E-05

0.0000720 0.0000162 0.0000013 0.0000063

30 50 100 200 30 50 100 200

0.1 0.99827 0.99764 0.99854 0.99837 0.99833 1.278E-06 2.775E-07 2.257E-08 1.065E-07

0.2 0.99640 0.99509 0.99696 0.99662 0.99652 5.494E-06 1.197E-06 9.714E-08 4.594E-07

0.3 0.99440 0.99237 0.99527 0.99475 0.99459 1.322E-05 2.890E-06 2.341E-07 1.109E-06

0.4 0.99227 0.98948 0.99348 0.99275 0.99254 2.500E-05 5.491E-06 4.439E-07 2.108E-06

0.5 0.99002 0.98644 0.99158 0.99065 0.99037 4.140E-05 9.132E-06 7.369E-07 3.505E-06

0.6 0.98766 0.98324 0.98959 0.98843 0.98809 6.293E-05 1.395E-05 1.123E-06 5.351E-06

0.7 0.98518 0.97989 0.98749 0.98610 0.98570 9.009E-05 2.007E-05 1.613E-06 7.695E-06

0.8 0.98258 0.97640 0.98530 0.98367 0.98320 1.233E-04 2.762E-05 2.217E-06 1.059E-05

0.9 0.97988 0.97277 0.98302 0.98113 0.98059 1.631E-04 3.673E-05 2.943E-06 1.407E-05

1 0.97708 0.96901 0.98065 0.97850 0.97789 2.099E-04 4.752E-05 3.801E-06 1.818E-05

0.0000736 0.0000165 0.0000013 0.0000063

S_MLE S_MLE S_MLE S_MLE

Model 2    ( θ = 0.2, α=2)

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n
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30 50 100 200 30 50 100 200

0.1 0.90491 0.87954 0.91682 0.91047 0.90757 2.239E-03 5.471E-04 6.032E-05 2.116E-04

0.2 0.81918 0.77955 0.83987 0.82861 0.82392 5.781E-03 1.635E-03 1.815E-04 6.031E-04

0.3 0.74207 0.69512 0.76879 0.75404 0.74830 8.610E-03 2.729E-03 3.093E-04 9.675E-04

0.4 0.67278 0.62287 0.70321 0.68625 0.67996 1.034E-02 3.571E-03 4.205E-04 1.227E-03

0.5 0.61052 0.56037 0.64276 0.62471 0.61819 1.112E-02 4.077E-03 5.081E-04 1.369E-03

0.6 0.55455 0.50584 0.58707 0.56890 0.56233 1.117E-02 4.259E-03 5.727E-04 1.410E-03

0.7 0.50420 0.45793 0.53582 0.51828 0.51179 1.075E-02 4.178E-03 6.178E-04 1.375E-03

0.8 0.45885 0.41556 0.48869 0.47238 0.46603 1.003E-02 3.908E-03 6.473E-04 1.288E-03

0.9 0.41796 0.37791 0.44539 0.43074 0.42457 9.154E-03 3.522E-03 6.648E-04 1.172E-03

1 0.38104 0.34430 0.40566 0.39296 0.38698 8.218E-03 3.081E-03 6.729E-04 1.043E-03

0.0087405 0.0031507 0.0004655 0.0010668

30 50 100 200 30 50 100 200

0.1 0.90491 0.87950 0.91669 0.90990 0.90757 2.289E-03 5.516E-04 5.744E-05 2.122E-04

0.2 0.81918 0.77955 0.83966 0.82764 0.82392 5.900E-03 1.648E-03 1.723E-04 6.050E-04

0.3 0.74207 0.69515 0.76854 0.75282 0.74830 8.779E-03 2.750E-03 2.929E-04 9.706E-04

0.4 0.67278 0.62293 0.70293 0.68490 0.67996 1.055E-02 3.600E-03 3.976E-04 1.231E-03

0.5 0.61052 0.56045 0.64248 0.62335 0.61819 1.133E-02 4.112E-03 4.805E-04 1.374E-03

0.6 0.55455 0.50592 0.58681 0.56759 0.56233 1.139E-02 4.301E-03 5.429E-04 1.415E-03

0.7 0.50420 0.45799 0.53558 0.51710 0.51179 1.097E-02 4.225E-03 5.886E-04 1.380E-03

0.8 0.45885 0.41561 0.48849 0.47137 0.46603 1.024E-02 3.961E-03 6.216E-04 1.293E-03

0.9 0.41796 0.37793 0.44523 0.42994 0.42457 9.357E-03 3.579E-03 6.452E-04 1.177E-03

1 0.38104 0.34430 0.40554 0.39239 0.38698 8.411E-03 3.144E-03 6.619E-04 1.048E-03

0.0089214 0.0031873 0.0004461 0.0010707

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 3    (  θ = 1, α= 0.5)

ti S_real

S_MLE MSE

n n
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30 50 100 200 30 50 100 200

0.1 0.97440 0.96483 0.97855 0.97597 0.97532 2.758E-04 6.257E-05 4.654E-06 2.491E-05

0.2 0.94770 0.92947 0.95594 0.95081 0.94955 1.020E-03 2.460E-04 1.814E-05 9.589E-05

0.3 0.92005 0.89413 0.93226 0.92463 0.92281 2.103E-03 5.389E-04 3.945E-05 2.055E-04

0.4 0.89159 0.85901 0.90760 0.89756 0.89522 3.399E-03 9.241E-04 6.737E-05 3.448E-04

0.5 0.86245 0.82423 0.88202 0.86971 0.86691 4.796E-03 1.380E-03 1.005E-04 5.036E-04

0.6 0.83277 0.78992 0.85560 0.84122 0.83800 6.194E-03 1.882E-03 1.376E-04 6.719E-04

0.7 0.80268 0.75617 0.82844 0.81218 0.80859 7.516E-03 2.402E-03 1.774E-04 8.398E-04

0.8 0.77230 0.72305 0.80062 0.78274 0.77880 8.701E-03 2.916E-03 2.189E-04 9.987E-04

0.9 0.74176 0.69063 0.77222 0.75299 0.74875 9.706E-03 3.396E-03 2.614E-04 1.141E-03

1 0.71119 0.65895 0.74334 0.72307 0.71856 1.051E-02 3.821E-03 3.042E-04 1.262E-03

0.0054216 0.0017568 0.0001330 0.0006088

30 50 100 200 30 50 100 200

0.1 0.97440 0.96483 0.97855 0.97597 0.97532 2.815E-04 6.361E-05 4.925E-06 2.498E-05

0.2 0.94770 0.92947 0.95594 0.95081 0.94955 1.040E-03 2.500E-04 1.919E-05 9.615E-05

0.3 0.92005 0.89415 0.93227 0.92463 0.92281 2.143E-03 5.477E-04 4.175E-05 2.061E-04

0.4 0.89159 0.85904 0.90761 0.89756 0.89522 3.462E-03 9.390E-04 7.127E-05 3.457E-04

0.5 0.86245 0.82428 0.88203 0.86972 0.86691 4.882E-03 1.402E-03 1.063E-04 5.050E-04

0.6 0.83277 0.78998 0.85563 0.84122 0.83800 6.304E-03 1.911E-03 1.454E-04 6.737E-04

0.7 0.80268 0.75625 0.82847 0.81219 0.80859 7.648E-03 2.440E-03 1.873E-04 8.422E-04

0.8 0.77230 0.72315 0.80065 0.78274 0.77880 8.853E-03 2.962E-03 2.309E-04 1.002E-03

0.9 0.74176 0.69073 0.77226 0.75300 0.74876 9.877E-03 3.450E-03 2.753E-04 1.145E-03

1 0.71119 0.65906 0.74339 0.72308 0.71856 1.069E-02 3.882E-03 3.199E-04 1.265E-03

0.0055186 0.0017847 0.0001402 0.0006106

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 4    (θ =1, α=2 )
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30 50 100 200 30 50 100 200

0.1 0.77512 0.74098 0.79199 0.78796 0.77053 6.438E-03 1.949E-03 6.411E-04 1.300E-03

0.2 0.61251 0.57472 0.63517 0.62883 0.60783 9.350E-03 3.452E-03 1.162E-03 2.092E-03

0.3 0.49095 0.45696 0.51318 0.50647 0.48697 8.694E-03 3.493E-03 1.282E-03 2.034E-03

0.4 0.39777 0.36908 0.41649 0.41076 0.39442 7.044E-03 2.800E-03 1.199E-03 1.648E-03

0.5 0.32495 0.30148 0.33900 0.33492 0.32205 5.497E-03 1.973E-03 1.052E-03 1.227E-03

0.6 0.26716 0.24849 0.27647 0.27423 0.26460 4.333E-03 1.290E-03 8.997E-04 8.805E-04

0.7 0.22076 0.20640 0.22579 0.22530 0.21845 3.516E-03 8.163E-04 7.629E-04 6.265E-04

0.8 0.18313 0.17264 0.18461 0.18560 0.18107 2.940E-03 5.241E-04 6.449E-04 4.514E-04

0.9 0.15239 0.14533 0.15109 0.15324 0.15056 2.516E-03 3.581E-04 5.435E-04 3.342E-04

1 0.12712 0.12306 0.12376 0.12675 0.12553 2.185E-03 2.684E-04 4.562E-04 2.562E-04

0.0052511 0.0016924 0.0008644 0.0010850

30 50 100 200 30 50 100 200

0.1 0.77512 0.74385 0.79202 0.78797 0.77053 6.910E-03 1.994E-03 6.509E-04 1.303E-03

0.2 0.61251 0.57815 0.63523 0.62884 0.60784 1.015E-02 3.533E-03 1.180E-03 2.097E-03

0.3 0.49095 0.45966 0.51323 0.50648 0.48697 9.441E-03 3.580E-03 1.302E-03 2.039E-03

0.4 0.39777 0.37044 0.41651 0.41076 0.39442 7.524E-03 2.880E-03 1.218E-03 1.652E-03

0.5 0.32495 0.30129 0.33898 0.33491 0.32205 5.649E-03 2.043E-03 1.068E-03 1.231E-03

0.6 0.26716 0.24678 0.27641 0.27422 0.26459 4.180E-03 1.349E-03 9.131E-04 8.838E-04

0.7 0.22076 0.20333 0.22571 0.22528 0.21845 3.118E-03 8.679E-04 7.744E-04 6.292E-04

0.8 0.18313 0.16841 0.18452 0.18558 0.18106 2.360E-03 5.689E-04 6.546E-04 4.537E-04

0.9 0.15239 0.14016 0.15100 0.15321 0.15055 1.811E-03 3.967E-04 5.518E-04 3.362E-04

1 0.12712 0.11716 0.12368 0.12672 0.12552 1.401E-03 3.011E-04 4.633E-04 2.579E-04

0.0052541 0.0017513 0.0008776 0.0010883

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 5    (θ = 2, α=0.5)
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30 50 100 200 30 50 100 200

0.1 0.93237 0.91914 0.93676 0.94010 0.92908 1.398E-03 2.595E-04 1.726E-04 1.523E-04

0.2 0.86344 0.84217 0.87175 0.87738 0.85798 4.146E-03 8.734E-04 6.054E-04 4.861E-04

0.3 0.79415 0.76886 0.80565 0.81263 0.78751 6.848E-03 1.613E-03 1.167E-03 8.539E-04

0.4 0.72543 0.69902 0.73922 0.74676 0.71846 8.839E-03 2.296E-03 1.740E-03 1.160E-03

0.5 0.65817 0.63259 0.67326 0.68074 0.65152 9.908E-03 2.800E-03 2.232E-03 1.359E-03

0.6 0.59321 0.56958 0.60859 0.61555 0.58733 1.011E-02 3.070E-03 2.588E-03 1.439E-03

0.7 0.53122 0.51009 0.54600 0.55216 0.52644 9.631E-03 3.112E-03 2.788E-03 1.417E-03

0.8 0.47279 0.45427 0.48623 0.49143 0.46925 8.706E-03 2.970E-03 2.838E-03 1.320E-03

0.9 0.41832 0.40232 0.42992 0.43409 0.41607 7.563E-03 2.710E-03 2.761E-03 1.178E-03

1 0.36809 0.35438 0.37755 0.38071 0.36709 6.385E-03 2.395E-03 2.591E-03 1.018E-03

0.0073535 0.0022099 0.0019484 0.0010383

30 50 100 200 30 50 100 200

0.1 0.93237 0.91552 0.93676 0.94010 0.92908 1.373E-03 2.671E-04 1.741E-04 1.527E-04

0.2 0.86344 0.83606 0.87175 0.87738 0.85798 4.135E-03 8.984E-04 6.105E-04 4.876E-04

0.3 0.79415 0.76130 0.80567 0.81264 0.78751 6.920E-03 1.658E-03 1.177E-03 8.565E-04

0.4 0.72543 0.69098 0.73925 0.74677 0.71846 9.020E-03 2.359E-03 1.754E-03 1.164E-03

0.5 0.65817 0.62492 0.67330 0.68075 0.65152 1.017E-02 2.876E-03 2.249E-03 1.363E-03

0.6 0.59321 0.56302 0.60863 0.61556 0.58734 1.037E-02 3.154E-03 2.607E-03 1.444E-03

0.7 0.53122 0.50522 0.54603 0.55217 0.52644 9.819E-03 3.198E-03 2.808E-03 1.422E-03

0.8 0.47279 0.45148 0.48625 0.49143 0.46925 8.766E-03 3.055E-03 2.857E-03 1.325E-03

0.9 0.41832 0.40181 0.42992 0.43409 0.41607 7.470E-03 2.791E-03 2.780E-03 1.183E-03

1 0.36809 0.35619 0.37754 0.38070 0.36709 6.144E-03 2.471E-03 2.608E-03 1.023E-03

0.0074183 0.0022728 0.0019625 0.0010420

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

ti S_real

S_MLE MSE

n n

Model 6    (θ = 2, α= 2)

 
 

 

 

 

 

 

 

 

 

 

 

 



 اٌعأة اٌرعش٠ثٟ ٚاٌرطث١مٟ                                                                         ٌصاٌساٌفظً ا

 

64 
 

 ( 4-3اٌشىً )

 ١ٌٕذٌٟ ٠ٛػػ ٔرائط ذعشتح اٌّؽاواج ٌرٛص٠  ِاسشاي اٌٚىٓ 

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 

 

Model (4) 
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n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (5) 

n =30 

 

n =50 

 

 

 

 

 

 

 



 اٌعأة اٌرعش٠ثٟ ٚاٌرطث١مٟ                                                                         ٌصاٌساٌفظً ا

 

67 
 

n =100 

 

n =200 

 

Model (6) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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  ( ٩ٔؼع ِا٠ٍٟ:5-3ِٓ خ٩ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )

فددٟ  Jackknife (S_Jac)طش٠مددح ( ِماسٔددح تS_MLEعظددُ )ِىدداْ ا٤ا٨فؼدد١ٍح ٌطش٠مددح ا٦ ّْ ا -1

 (IMSEلً ِرٛعؾ ِشتعاخ خطؤ ذىداٍِٟ )أ٦ِر٩وٙا  ِاسشاي اٌٚىٓ ١ٌٕذٌٟذٛص٠   تماءذمذ٠ش داٌح 

 ٚإٌّارض اٌّفرشػح وافح. ؼغة اؼعاَ اٌع١ٕاخ

لدذ اظٙشذدا ِرٛعدؾ  Jackknifeؽش٠مح عظُ  ِٚىاْ ا٤خ داٌح اٌثماء تاعرعّاي ؽش٠مح ا٦ْ ذمذ٠شاا -2

 ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.لشب اٌٝ اٌم١أ

( ٚ٘دٟ عٍدٝ اٌدذٚاَ ذمد  ل١ّٙدا ػدّٓ tiل١ُ داٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض تض٠دادج اٌدضِٓ ) ّْ ا -3

 (.1،0اٌفرشج )

 ( ذرٕالض تاصد٠اد ؼعُ اٌع١ٕح.IMSE( ٚاٌّم١اط )MSEل١ُ اٌّم١اط ا٨ؼظائٟ ) ّْ ا -4

( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌمد١ُ 4-3ىً )ٚوزٌه اٌش

 اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع١ٕاخ اٌّفرشػح.
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 داكوو َرائح يساكاج ذوزيغ 3-2-3-5

 .ادٔاٖ (5-3ٚاٌشىً ) (6-3فٟ اٌعذٚي) داوَٛذُ ذٍخ١ض ٔرائط ِؽاواج ذٛص٠  

 (6-3ظذٚي )

 ذعشتح اٌّؽاواج ٌرٛص٠  داوَٛٔرائط 

30 50 100 200 30 50 100 200

0.1 0.94386 0.93774 0.94735 0.94471 0.94498 1.540E-03 4.764E-04 3.852E-04 1.299E-04

0.2 0.86743 0.86138 0.87152 0.87016 0.86942 3.655E-03 1.138E-03 9.227E-04 2.768E-04

0.3 0.78325 0.77609 0.78529 0.78690 0.78545 5.349E-03 2.038E-03 1.300E-03 4.300E-04

0.4 0.69686 0.68953 0.69692 0.70088 0.69897 6.797E-03 3.170E-03 1.555E-03 6.291E-04

0.5 0.61242 0.60637 0.61164 0.61662 0.61438 7.811E-03 4.227E-03 1.743E-03 8.446E-04

0.6 0.53304 0.52909 0.53248 0.53736 0.53487 8.306E-03 4.951E-03 1.859E-03 1.017E-03

0.7 0.46078 0.45888 0.46095 0.46510 0.46243 8.353E-03 5.245E-03 1.887E-03 1.108E-03

0.8 0.39664 0.39620 0.39753 0.40081 0.39807 8.078E-03 5.155E-03 1.831E-03 1.116E-03

0.9 0.34081 0.34107 0.34208 0.34467 0.34194 7.594E-03 4.797E-03 1.714E-03 1.063E-03

1 0.29289 0.29317 0.29409 0.29632 0.29369 6.983E-03 4.294E-03 1.565E-03 9.731E-04

0.0064465 0.0035492 0.0014763 0.0007588

30 50 100 200 30 50 100 200

0.1 0.94386 0.93708 0.94726 0.94471 0.94498 2.188E-03 5.018E-04 3.888E-04 1.307E-04

0.2 0.86743 0.86083 0.87150 0.87017 0.86942 4.251E-03 1.190E-03 9.308E-04 2.788E-04

0.3 0.78325 0.77549 0.78535 0.78691 0.78545 5.870E-03 2.123E-03 1.312E-03 4.329E-04

0.4 0.69686 0.68889 0.69708 0.70088 0.69897 7.256E-03 3.301E-03 1.571E-03 6.328E-04

0.5 0.61242 0.60579 0.61192 0.61662 0.61438 8.227E-03 4.417E-03 1.762E-03 8.491E-04

0.6 0.53304 0.52864 0.53289 0.53736 0.53487 8.687E-03 5.207E-03 1.880E-03 1.022E-03

0.7 0.46078 0.45860 0.46144 0.46510 0.46244 8.701E-03 5.522E-03 1.909E-03 1.113E-03

0.8 0.39664 0.39610 0.39749 0.40082 0.39807 8.391E-03 5.322E-03 1.852E-03 1.121E-03

0.9 0.34081 0.34112 0.34206 0.34467 0.34195 7.871E-03 5.005E-03 1.734E-03 1.067E-03

1 0.29289 0.29335 0.29418 0.29633 0.29369 7.223E-03 4.487E-03 1.583E-03 9.772E-04

0.0068666 0.0037074 0.0014922 0.0007625

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 1    (δ=2.5, β=0.5, 1= ג)

ti S_real

S_MLE MSE

n n
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30 50 100 200 30 50 100 200

0.1 0.96755 0.91703 0.95478 0.95827 0.96684 2.468E-02 9.837E-03 4.212E-03 8.488E-05

0.2 0.92301 0.87678 0.91101 0.91568 0.92185 2.402E-02 9.745E-03 4.155E-03 2.084E-04

0.3 0.87285 0.83085 0.86157 0.86710 0.87103 2.339E-02 9.582E-03 4.075E-03 3.235E-04

0.4 0.81936 0.78111 0.80846 0.81478 0.81680 2.260E-02 9.349E-03 3.991E-03 4.387E-04

0.5 0.76411 0.72925 0.75348 0.76048 0.76090 2.176E-02 9.124E-03 3.942E-03 5.630E-04

0.6 0.70837 0.67675 0.69819 0.70561 0.70472 2.119E-02 8.952E-03 3.945E-03 6.927E-04

0.7 0.65327 0.62477 0.63943 0.65137 0.64940 2.380E-02 8.629E-03 3.996E-03 8.146E-04

0.8 0.59971 0.57423 0.57381 0.59867 0.59586 2.576E-02 9.384E-03 4.044E-03 9.142E-04

0.9 0.54843 0.52577 0.52171 0.54823 0.54479 2.328E-02 9.486E-03 4.324E-03 9.815E-04

1 0.50000 0.47986 0.47487 0.50054 0.49668 2.064E-02 8.857E-03 4.212E-03 1.013E-03

0.0231118 0.0092945 0.0040895 0.0006035

30 50 100 200 30 50 100 200

0.1 0.96755 0.94163 0.95427 0.96399 0.96685 4.737E-02 9.843E-03 9.541E-03 8.578E-05

0.2 0.92301 0.90140 0.90986 0.92140 0.92188 4.407E-02 9.806E-03 8.979E-03 2.120E-04

0.3 0.87285 0.85550 0.85971 0.87278 0.87108 4.053E-02 9.769E-03 8.337E-03 3.318E-04

0.4 0.81936 0.80589 0.80584 0.82042 0.81687 3.694E-02 9.744E-03 7.663E-03 4.542E-04

0.5 0.76411 0.75392 0.75009 0.76605 0.76099 3.343E-02 9.814E-03 7.013E-03 5.883E-04

0.6 0.70837 0.69503 0.69400 0.71111 0.70483 3.010E-02 1.004E-02 6.421E-03 7.302E-04

0.7 0.65327 0.62758 0.63794 0.65679 0.64954 2.700E-02 9.223E-03 5.892E-03 8.667E-04

0.8 0.59971 0.57190 0.58013 0.60388 0.59602 2.415E-02 1.253E-02 5.414E-03 9.826E-04

0.9 0.54843 0.52328 0.52887 0.54945 0.54496 2.155E-02 1.338E-02 4.970E-03 1.059E-03

1 0.50000 0.47759 0.48146 0.50145 0.49648 1.918E-02 1.211E-02 4.545E-03 1.118E-03

0.0324321 0.0106257 0.0068777 0.0006429

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 2    (δ=2.5, β=0.5, 3= ג)

ti S_real

S_MLE MSE

n
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30 50 100 200 30 50 100 200

0.1 0.99463 0.99345 0.99458 0.99418 0.99504 8.539E-05 9.240E-05 1.602E-05 1.013E-05

0.2 0.97648 0.97881 0.98128 0.97669 0.97887 3.822E-04 4.098E-04 9.807E-05 8.219E-05

0.3 0.94698 0.95150 0.95774 0.94791 0.95144 7.357E-04 1.052E-03 2.251E-04 2.090E-04

0.4 0.90928 0.91221 0.92385 0.91052 0.91510 1.046E-03 1.792E-03 3.811E-04 3.348E-04

0.5 0.86650 0.86576 0.88244 0.86780 0.87299 1.500E-03 2.424E-03 5.854E-04 4.438E-04

0.6 0.82127 0.81650 0.83711 0.82250 0.82796 2.207E-03 2.942E-03 8.399E-04 5.432E-04

0.7 0.77553 0.76727 0.79065 0.77664 0.78214 3.093E-03 3.381E-03 1.120E-03 6.359E-04

0.8 0.73063 0.71968 0.74487 0.73160 0.73700 4.012E-03 3.757E-03 1.394E-03 7.178E-04

0.9 0.68743 0.67456 0.70084 0.68822 0.69348 4.845E-03 4.068E-03 1.635E-03 7.839E-04

1 0.64645 0.63227 0.65910 0.64700 0.65214 5.522E-03 4.311E-03 1.830E-03 8.313E-04

0.0023427 0.0024230 0.0008124 0.0004592

30 50 100 200 30 50 100 200

0.1 0.99463 0.98142 0.99457 0.99418 0.99504 1.196E-02 9.277E-05 1.626E-05 1.019E-05

0.2 0.97648 0.96581 0.98126 0.97669 0.97887 1.291E-02 4.121E-04 9.943E-05 8.255E-05

0.3 0.94698 0.93908 0.95773 0.94792 0.95145 1.273E-02 1.058E-03 2.285E-04 2.099E-04

0.4 0.90928 0.90082 0.92389 0.91053 0.91510 1.218E-02 1.808E-03 3.869E-04 3.363E-04

0.5 0.86650 0.85560 0.88253 0.86781 0.87300 1.169E-02 2.451E-03 5.937E-04 4.458E-04

0.6 0.82127 0.80706 0.83722 0.82250 0.82796 1.131E-02 2.978E-03 8.508E-04 5.459E-04

0.7 0.77553 0.75505 0.79078 0.77665 0.78214 1.345E-02 3.426E-03 1.134E-03 6.391E-04

0.8 0.73063 0.70811 0.74500 0.73160 0.73700 1.390E-02 3.808E-03 1.409E-03 7.216E-04

0.9 0.68743 0.66409 0.70097 0.68822 0.69348 1.359E-02 4.126E-03 1.652E-03 7.882E-04

1 0.64645 0.62283 0.65922 0.64700 0.65214 1.319E-02 4.375E-03 1.848E-03 8.359E-04

0.0126909 0.0024534 0.0008219 0.0004615

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 3    (δ=1.5, β=1.5, 1= ג)

ti S_real

S_MLE MSE

n
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30 50 100 200 30 50 100 200

0.1 0.94386 0.94607 0.93976 0.94679 0.94293 9.143E-04 1.142E-03 3.646E-04 2.125E-04

0.2 0.90585 0.91012 0.90233 0.91061 0.90553 1.590E-03 1.692E-03 6.328E-04 3.480E-04

0.3 0.87285 0.87700 0.86930 0.87879 0.87316 1.968E-03 1.961E-03 8.378E-04 4.430E-04

0.4 0.84292 0.84581 0.83896 0.84964 0.84381 2.198E-03 2.076E-03 1.004E-03 5.152E-04

0.5 0.81521 0.81633 0.81072 0.82244 0.81664 2.350E-03 2.119E-03 1.145E-03 5.744E-04

0.6 0.78926 0.78847 0.78423 0.79683 0.79119 2.466E-03 2.134E-03 1.270E-03 6.259E-04

0.7 0.76479 0.76215 0.75928 0.77257 0.76719 2.579E-03 2.146E-03 1.381E-03 6.729E-04

0.8 0.74159 0.73730 0.73571 0.74948 0.74444 2.705E-03 2.164E-03 1.483E-03 7.172E-04

0.9 0.71953 0.71381 0.71337 0.72745 0.72279 2.850E-03 2.191E-03 1.578E-03 7.594E-04

1 0.69849 0.69160 0.69216 0.70639 0.70213 3.012E-03 2.226E-03 1.665E-03 8.000E-04

0.0022633 0.0019850 0.0011361 0.0005668

30 50 100 200 30 50 100 200

0.1 0.94386 0.94600 0.93976 0.94679 0.94293 9.451E-04 1.156E-03 3.679E-04 2.133E-04

0.2 0.90585 0.91012 0.90236 0.91062 0.90554 1.648E-03 1.716E-03 6.385E-04 3.495E-04

0.3 0.87285 0.87706 0.86933 0.87880 0.87316 2.053E-03 1.991E-03 8.454E-04 4.449E-04

0.4 0.84292 0.84594 0.83899 0.84965 0.84381 2.310E-03 2.112E-03 1.013E-03 5.174E-04

0.5 0.81521 0.81654 0.81074 0.82246 0.81664 2.489E-03 2.159E-03 1.156E-03 5.769E-04

0.6 0.78926 0.78875 0.78424 0.79684 0.79120 2.629E-03 2.179E-03 1.281E-03 6.287E-04

0.7 0.76479 0.76251 0.75929 0.77258 0.76719 2.759E-03 2.196E-03 1.394E-03 6.760E-04

0.8 0.74159 0.73771 0.73571 0.74949 0.74444 2.896E-03 2.220E-03 1.497E-03 7.205E-04

0.9 0.71953 0.71427 0.71337 0.72746 0.72279 3.047E-03 2.252E-03 1.592E-03 7.629E-04

1 0.69849 0.69209 0.69217 0.70639 0.70213 3.211E-03 2.292E-03 1.680E-03 8.037E-04

0.0023987 0.0020273 0.0011463 0.0005694

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 4    (δ=1.5, β=0.5, 10= ג)

ti S_real

S_MLE MSE

n
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30 50 100 200 30 50 100 200

0.1 0.99996 0.99981 0.99967 0.99984 0.99994 9.369E-08 3.627E-07 6.914E-08 9.856E-09

0.2 0.99940 0.99867 0.99826 0.99893 0.99942 3.129E-06 5.736E-06 1.786E-06 4.048E-07

0.3 0.99731 0.99572 0.99494 0.99640 0.99761 2.534E-05 2.799E-05 1.175E-05 3.664E-06

0.4 0.99233 0.98987 0.98862 0.99113 0.99330 1.083E-04 8.353E-05 4.425E-05 1.672E-05

0.5 0.98303 0.97945 0.97798 0.98164 0.98489 3.099E-04 1.906E-04 1.165E-04 4.743E-05

0.6 0.96821 0.96266 0.96172 0.96633 0.97077 6.979E-04 3.701E-04 2.302E-04 9.373E-05

0.7 0.94712 0.93851 0.93893 0.94413 0.94980 1.359E-03 6.393E-04 3.740E-04 1.464E-04

0.8 0.91958 0.90693 0.90943 0.91491 0.92170 2.314E-03 1.002E-03 5.539E-04 2.073E-04

0.9 0.88600 0.86872 0.87382 0.87944 0.88701 3.457E-03 1.448E-03 7.895E-04 2.912E-04

1 0.84728 0.82541 0.83322 0.83902 0.84691 4.656E-03 1.956E-03 1.083E-03 4.083E-04

0.0012931 0.0005723 0.0003205 0.0001215

30 50 100 200 30 50 100 200

0.1 0.99996 0.99978 0.99967 0.99984 0.99994 2.125E-07 3.820E-07 7.103E-08 9.962E-09

0.2 0.99940 0.99859 0.99824 0.99892 0.99942 4.409E-06 5.946E-06 1.817E-06 4.076E-07

0.3 0.99731 0.99560 0.99492 0.99640 0.99761 2.967E-05 2.884E-05 1.191E-05 3.683E-06

0.4 0.99233 0.98972 0.98860 0.99113 0.99330 1.178E-04 8.579E-05 4.471E-05 1.680E-05

0.5 0.98303 0.97933 0.97798 0.98164 0.98489 3.277E-04 1.954E-04 1.176E-04 4.766E-05

0.6 0.96821 0.96262 0.96173 0.96634 0.97077 7.286E-04 3.790E-04 2.323E-04 9.423E-05

0.7 0.94712 0.93856 0.93896 0.94414 0.94980 1.411E-03 6.548E-04 3.776E-04 1.473E-04

0.8 0.91958 0.90709 0.90948 0.91493 0.92170 2.394E-03 1.026E-03 5.592E-04 2.086E-04

0.9 0.88600 0.86899 0.87387 0.87946 0.88701 3.564E-03 1.482E-03 7.969E-04 2.930E-04

1 0.84728 0.82573 0.83328 0.83903 0.84691 4.782E-03 1.999E-03 1.093E-03 4.106E-04

0.0013360 0.0005857 0.0003235 0.0001222

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 5    (δ=2.5, β=1.5, 2.5= ג)

ti S_real

S_MLE MSE

n

 

 

 

 

 

 

 



 اٌعأة اٌرعش٠ثٟ ٚاٌرطث١مٟ                                                                         ٌصاٌساٌفظً ا

 

74 
 

30 50 100 200 30 50 100 200

0.1 0.90909 0.90001 0.92019 0.91007 0.90814 2.331E-03 1.175E-03 6.075E-04 3.166E-04

0.2 0.83333 0.82922 0.84449 0.83300 0.83269 3.843E-03 2.006E-03 9.750E-04 4.565E-04

0.3 0.76923 0.77044 0.77909 0.76754 0.76843 4.995E-03 2.820E-03 1.246E-03 5.326E-04

0.4 0.71429 0.72025 0.72305 0.71150 0.71307 5.904E-03 3.532E-03 1.432E-03 5.928E-04

0.5 0.66667 0.67667 0.67468 0.66302 0.66491 6.647E-03 4.090E-03 1.537E-03 6.462E-04

0.6 0.62500 0.63836 0.63250 0.62062 0.62264 7.261E-03 4.487E-03 1.578E-03 6.934E-04

0.7 0.58824 0.60434 0.59538 0.58323 0.58527 7.765E-03 4.742E-03 1.572E-03 7.338E-04

0.8 0.55556 0.57389 0.56243 0.54998 0.55200 8.174E-03 4.878E-03 1.535E-03 7.676E-04

0.9 0.52632 0.54644 0.53295 0.52021 0.52219 8.498E-03 4.922E-03 1.481E-03 7.950E-04

1 0.50000 0.52154 0.50642 0.49341 0.49535 8.745E-03 4.895E-03 1.417E-03 8.168E-04

0.0064163 0.0037548 0.0013380 0.0006351

30 50 100 200 30 50 100 200

0.1 0.90909 0.90012 0.91632 0.90896 0.90814 2.397E-03 4.546E-03 1.604E-03 3.180E-04

0.2 0.83333 0.82934 0.84128 0.83199 0.83270 3.968E-03 4.881E-03 1.818E-03 4.590E-04

0.3 0.76923 0.77055 0.77649 0.76662 0.76843 5.159E-03 5.347E-03 1.970E-03 5.358E-04

0.4 0.71429 0.72036 0.72063 0.71067 0.71307 6.093E-03 5.661E-03 2.059E-03 5.966E-04

0.5 0.66667 0.67678 0.67126 0.66224 0.66491 6.850E-03 6.447E-03 2.087E-03 6.505E-04

0.6 0.62500 0.63846 0.62912 0.61991 0.62264 7.471E-03 6.982E-03 2.064E-03 6.980E-04

0.7 0.58824 0.60444 0.59234 0.58256 0.58527 7.978E-03 7.054E-03 2.005E-03 7.387E-04

0.8 0.55556 0.57398 0.55972 0.54935 0.55200 8.387E-03 6.986E-03 1.924E-03 7.726E-04

0.9 0.52632 0.54652 0.53056 0.51962 0.52219 8.708E-03 6.849E-03 1.832E-03 8.000E-04

1 0.50000 0.52161 0.50430 0.49285 0.49535 8.952E-03 6.666E-03 1.735E-03 8.218E-04

0.0065964 0.0061418 0.0019097 0.0006391

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 6    (δ=1, β=1, 1= ג)

ti S_real

S_MLE MSE

n
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 ( 5-3اٌشىً )

  ؽاواج ٌرٛص٠  داو٠َٛٛػػ ٔرائط ذعشتح اٌّ

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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Model (4) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (5) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (6) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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  ( ٩ٔؼع ِا٠ٍٟ:6-3ِٓ خ٩ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )

فددٟ  Jackknife (S_Jac)طش٠مددح ( ِماسٔددح تS_MLEعظددُ )ِىدداْ ا٤ا٨فؼدد١ٍح ٌطش٠مددح ا٦ ّْ ا -1

ؼغدة اؼعداَ  (IMSEلً ِرٛعدؾ ِشتعداخ خطدؤ ذىداٍِٟ )أ٦ِر٩وٙا  داوَٛذٛص٠   تماءذمذ٠ش داٌح 

 ٚإٌّارض اٌّفرشػح وافح. اٌع١ٕاخ

لدذ اظٙشذدا ِرٛعدؾ  Jackknifeؽش٠مح عظُ  ِٚىاْ ا٤خ داٌح اٌثماء تاعرعّاي ؽش٠مح ا٦ذمذ٠شا ّْ ا -2

 الشب اٌٝ اٌم١ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.

( ٚ٘دٟ عٍدٝ اٌدذٚاَ ذمد  ل١ّٙدا ػدّٓ tiتض٠دادج اٌدضِٓ )ل١ُ داٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض  ّْ ا -3

 (.1،0اٌفرشج )

 ( ذرٕالض تاصد٠اد ؼعُ اٌع١ٕح.IMSE( ٚاٌّم١اط )MSEل١ُ اٌّم١اط ا٨ؼظائٟ ) ّْ ا -4

( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌمد١ُ 5-3ٚوزٌه اٌشىً )

 ١ٕاخ اٌّفرشػح.اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع
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 داكوو يارشال اونكٍ َرائح يساكاج ذوزيغ 3-2-3-6

 .ادٔاٖ (6-3ٚاٌشىً ) (7-3فٟ اٌعذٚي) ِاسشاي اٌٚىٓ داوَٛذُ ذٍخ١ض ٔرائط ِؽاواج ذٛص٠  

 (7-3ظذٚي )

 ٔرائط ذعشتح اٌّؽاواج ٌرٛص٠  ِاسشاي اٌٚىٓ داوَٛ

30 50 100 200 30 50 100 200

0.1 0.89368 0.88185 0.90092 0.88896 0.88288 1.650E-03 9.368E-04 6.368E-04 4.531E-04

0.2 0.76590 0.75714 0.76511 0.76076 0.75053 2.930E-03 1.866E-03 1.242E-03 7.024E-04

0.3 0.64373 0.64058 0.63462 0.63817 0.62723 3.217E-03 2.571E-03 1.396E-03 8.271E-04

0.4 0.53475 0.53692 0.52329 0.52917 0.51979 2.848E-03 3.138E-03 1.282E-03 8.378E-04

0.5 0.44136 0.44719 0.43288 0.43665 0.42948 2.313E-03 3.454E-03 1.206E-03 7.709E-04

0.6 0.36337 0.37114 0.36071 0.36045 0.35511 1.947E-03 3.572E-03 1.242E-03 6.802E-04

0.7 0.29936 0.30783 0.30319 0.29875 0.29456 1.792E-03 3.590E-03 1.323E-03 5.995E-04

0.8 0.24738 0.25582 0.25707 0.24919 0.24551 1.742E-03 3.557E-03 1.384E-03 5.374E-04

0.9 0.20541 0.21338 0.21976 0.20940 0.20582 1.700E-03 3.487E-03 1.398E-03 4.894E-04

1 0.17157 0.17879 0.18925 0.17736 0.17363 1.628E-03 3.376E-03 1.368E-03 4.481E-04

0.0021766 0.0029547 0.0012479 0.0006346

30 50 100 200 30 50 100 200

0.1 0.89368 0.88254 0.90076 0.88899 0.88389 1.908E-03 9.808E-04 6.465E-04 4.521E-04

0.2 0.76590 0.75570 0.76506 0.76079 0.75000 3.099E-03 1.914E-03 1.254E-03 7.179E-04

0.3 0.64373 0.63856 0.63490 0.63816 0.62552 3.327E-03 2.657E-03 1.410E-03 8.687E-04

0.4 0.53475 0.53544 0.52384 0.52918 0.51781 2.949E-03 3.254E-03 1.305E-03 8.721E-04

0.5 0.44136 0.44667 0.43351 0.43669 0.42790 2.438E-03 3.575E-03 1.234E-03 7.816E-04

0.6 0.36337 0.37157 0.36125 0.36051 0.35429 2.115E-03 3.681E-03 1.264E-03 6.770E-04

0.7 0.29936 0.30904 0.30354 0.29882 0.29458 2.016E-03 3.677E-03 1.337E-03 5.996E-04

0.8 0.24738 0.25757 0.25720 0.24925 0.24632 2.021E-03 3.619E-03 1.389E-03 5.528E-04

0.9 0.20541 0.21545 0.21965 0.20944 0.20727 2.023E-03 3.522E-03 1.397E-03 5.236E-04

1 0.17157 0.18102 0.18893 0.17739 0.17557 1.982E-03 3.387E-03 1.362E-03 4.987E-04

0.0023878 0.0030268 0.0012599 0.0006544

S_MLE S_MLE S_MLE S_MLE

IMSE

ti S_real

S_jac MSE

n n

Model 1    (δ=2.5, β=0.5, 1= ג, α=0.5)

ti S_real

S_MLE MSE

n n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.96755 0.96210 0.92162 0.96422 0.96913 6.668E-04 5.991E-03 1.601E-04 1.032E-04

0.2 0.92301 0.91923 0.88214 0.91842 0.92651 1.721E-03 6.152E-03 3.781E-04 2.815E-04

0.3 0.87285 0.87096 0.83434 0.86776 0.87782 2.736E-03 6.170E-03 5.927E-04 4.398E-04

0.4 0.81936 0.81798 0.78084 0.81440 0.82537 3.384E-03 6.577E-03 8.134E-04 5.555E-04

0.5 0.76411 0.76167 0.72430 0.75986 0.77083 3.478E-03 6.634E-03 1.046E-03 6.335E-04

0.6 0.70837 0.70434 0.66700 0.70536 0.71559 3.343E-03 6.722E-03 1.282E-03 6.844E-04

0.7 0.65327 0.64793 0.61067 0.65187 0.66084 3.291E-03 6.662E-03 1.505E-03 7.157E-04

0.8 0.59971 0.59370 0.55655 0.60017 0.60753 3.391E-03 7.843E-03 1.695E-03 7.307E-04

0.9 0.54843 0.54235 0.50548 0.55082 0.55642 3.579E-03 8.576E-03 1.839E-03 7.306E-04

1 0.50000 0.49419 0.45794 0.50423 0.50808 3.765E-03 8.101E-03 1.928E-03 7.165E-04

0.0029356 0.0069428 0.0011239 0.0005591

30 50 100 200 30 50 100 200

0.1 0.96755 0.92676 0.96555 0.96432 0.96914 3.494E-02 4.714E-02 1.655E-04 1.041E-04

0.2 0.92301 0.88475 0.92566 0.91867 0.92654 3.282E-02 4.345E-02 4.030E-04 2.853E-04

0.3 0.87285 0.83737 0.87696 0.86817 0.87787 3.050E-02 3.930E-02 6.555E-04 4.492E-04

0.4 0.81936 0.78572 0.82118 0.81498 0.82544 2.796E-02 3.501E-02 9.359E-04 5.735E-04

0.5 0.76411 0.73136 0.76278 0.76062 0.77093 2.519E-02 3.094E-02 1.251E-03 6.634E-04

0.6 0.70837 0.67592 0.70341 0.70630 0.71572 2.230E-02 2.728E-02 1.593E-03 7.295E-04

0.7 0.65327 0.61848 0.64393 0.65300 0.66099 2.054E-02 2.406E-02 1.941E-03 7.790E-04

0.8 0.59971 0.56581 0.58078 0.60145 0.60771 1.899E-02 2.126E-02 2.255E-03 8.145E-04

0.9 0.54843 0.51675 0.52615 0.54907 0.55663 1.688E-02 1.878E-02 2.642E-03 8.350E-04

1 0.50000 0.47082 0.47643 0.50240 0.50781 1.497E-02 1.659E-02 2.823E-03 8.458E-04

0.0245087 0.0303787 0.0014665 0.0006079

S_MLE S_MLE S_MLE S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 2    (δ=2.5, β=0.5, 3= ג, α=0.5)

ti S_real

S_MLE MSE

n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.82492 0.84643 0.83840 0.81957 0.83874 3.008E-03 3.388E-03 1.786E-04 6.668E-04

0.2 0.71347 0.73835 0.71642 0.70911 0.72623 3.952E-03 3.436E-03 2.366E-04 7.387E-04

0.3 0.62433 0.64979 0.61755 0.62192 0.63456 4.172E-03 3.347E-03 3.928E-04 7.268E-04

0.4 0.55066 0.57567 0.53762 0.55026 0.55837 4.106E-03 3.486E-03 5.672E-04 6.893E-04

0.5 0.48892 0.51293 0.47269 0.49021 0.49445 3.939E-03 3.657E-03 7.195E-04 6.308E-04

0.6 0.43671 0.45943 0.41948 0.43927 0.44043 3.748E-03 3.738E-03 8.380E-04 5.590E-04

0.7 0.39226 0.41355 0.37542 0.39569 0.39450 3.557E-03 3.711E-03 9.239E-04 4.840E-04

0.8 0.35417 0.37397 0.33854 0.35813 0.35521 3.367E-03 3.601E-03 9.823E-04 4.137E-04

0.9 0.32135 0.33965 0.30735 0.32558 0.32140 3.178E-03 3.438E-03 1.019E-03 3.526E-04

1 0.29289 0.30972 0.28074 0.29721 0.29217 2.988E-03 3.248E-03 1.040E-03 3.022E-04

0.0036014 0.0035049 0.0006898 0.0005564

30 50 100 200 30 50 100 200

0.1 0.82492 0.84596 0.83846 0.81957 0.83874 3.122E-03 3.427E-03 1.881E-04 6.693E-04

0.2 0.71347 0.73834 0.71644 0.70910 0.72623 4.105E-03 3.494E-03 2.522E-04 7.423E-04

0.3 0.62433 0.65045 0.61755 0.62192 0.63456 4.410E-03 3.419E-03 4.127E-04 7.312E-04

0.4 0.55066 0.57712 0.53761 0.55027 0.55837 4.426E-03 3.567E-03 5.894E-04 6.943E-04

0.5 0.48892 0.51513 0.47268 0.49022 0.49445 4.288E-03 3.741E-03 7.426E-04 6.360E-04

0.6 0.43671 0.46223 0.41946 0.43928 0.44043 4.065E-03 3.822E-03 8.612E-04 5.642E-04

0.7 0.39226 0.41673 0.37539 0.39570 0.39450 3.798E-03 3.793E-03 9.465E-04 4.891E-04

0.8 0.35417 0.37732 0.33851 0.35814 0.35521 3.514E-03 3.679E-03 1.004E-03 4.185E-04

0.9 0.32135 0.34295 0.30732 0.32559 0.32140 3.232E-03 3.512E-03 1.040E-03 3.571E-04

1 0.29289 0.31281 0.28070 0.29722 0.29217 2.965E-03 3.318E-03 1.060E-03 3.063E-04

0.0037925 0.0035770 0.0007097 0.0005608

S_MLE S_MLE S_MLE S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 3    (δ=1.5, β=1.5, 1= ג, α=1)

ti S_real

S_MLE MSE

n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.94386 0.95330 0.95464 0.93652 0.95352 7.730E-04 6.554E-04 4.161E-04 1.992E-04

0.2 0.90585 0.91771 0.91981 0.89686 0.91880 1.528E-03 1.119E-03 6.464E-04 3.443E-04

0.3 0.87285 0.88523 0.88756 0.86292 0.88757 2.261E-03 1.373E-03 7.813E-04 4.320E-04

0.4 0.84292 0.85499 0.85711 0.83241 0.85856 2.963E-03 1.486E-03 8.612E-04 4.800E-04

0.5 0.81521 0.82659 0.82820 0.80437 0.83127 3.621E-03 1.517E-03 9.082E-04 5.022E-04

0.6 0.78926 0.79981 0.80068 0.77829 0.80540 4.224E-03 1.507E-03 9.354E-04 5.083E-04

0.7 0.76479 0.77446 0.77447 0.75384 0.78076 4.764E-03 1.483E-03 9.506E-04 5.052E-04

0.8 0.74159 0.75041 0.74948 0.73078 0.75725 5.237E-03 1.460E-03 9.586E-04 4.973E-04

0.9 0.71953 0.72754 0.72565 0.70895 0.73475 5.643E-03 1.448E-03 9.624E-04 4.877E-04

1 0.69849 0.70576 0.70291 0.68821 0.71320 5.983E-03 1.449E-03 9.637E-04 4.782E-04

0.0036997 0.0013497 0.0008384 0.0004434

30 50 100 200 30 50 100 200

0.1 0.94386 0.95236 0.95429 0.93652 0.95352 8.331E-04 6.728E-04 4.199E-04 2.000E-04

0.2 0.90585 0.91688 0.91952 0.89686 0.91881 1.628E-03 1.147E-03 6.521E-04 3.457E-04

0.3 0.87285 0.88448 0.88736 0.86292 0.88757 2.380E-03 1.407E-03 7.886E-04 4.339E-04

0.4 0.84292 0.85432 0.85701 0.83241 0.85856 3.096E-03 1.529E-03 8.699E-04 4.823E-04

0.5 0.81521 0.82601 0.82821 0.80437 0.83127 3.765E-03 1.570E-03 9.184E-04 5.048E-04

0.6 0.78926 0.79933 0.80081 0.77829 0.80540 4.378E-03 1.570E-03 9.470E-04 5.112E-04

0.7 0.76479 0.77409 0.77471 0.75384 0.78077 4.928E-03 1.554E-03 9.636E-04 5.083E-04

0.8 0.74159 0.75017 0.74985 0.73078 0.75725 5.411E-03 1.539E-03 9.730E-04 5.007E-04

0.9 0.71953 0.72744 0.72613 0.70895 0.73476 5.829E-03 1.532E-03 9.781E-04 4.913E-04

1 0.69849 0.70581 0.70351 0.68821 0.71320 6.183E-03 1.537E-03 9.807E-04 4.819E-04

0.0038433 0.0014058 0.0008491 0.0004460

S_MLE S_MLE S_MLE S_MLE

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 4    (δ=1.5, β=0.5, 10= ג, α=1)

ti S_real

S_MLE MSE

n
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30 50 100 200 30 50 100 200

0.1 0.99996 0.99969 0.99989 0.99988 0.99992 5.969E-07 4.801E-08 3.703E-08 1.703E-08

0.2 0.99940 0.99866 0.99919 0.99912 0.99939 7.524E-06 2.186E-06 1.166E-06 6.926E-07

0.3 0.99731 0.99650 0.99737 0.99698 0.99777 3.230E-05 2.028E-05 8.420E-06 5.956E-06

0.4 0.99233 0.99241 0.99383 0.99239 0.99403 9.225E-05 9.848E-05 3.259E-05 2.600E-05

0.5 0.98303 0.98519 0.98773 0.98374 0.98675 2.149E-04 3.267E-04 8.232E-05 7.443E-05

0.6 0.96821 0.97351 0.97738 0.96914 0.97445 4.392E-04 7.951E-04 1.391E-04 1.578E-04

0.7 0.94712 0.95631 0.96023 0.94720 0.95591 8.034E-04 1.450E-03 1.642E-04 2.677E-04

0.8 0.91958 0.93302 0.93443 0.91772 0.93051 1.314E-03 2.089E-03 1.548E-04 3.851E-04

0.9 0.88600 0.90364 0.89989 0.88158 0.89842 1.925E-03 2.552E-03 1.535E-04 4.919E-04

1 0.84728 0.86871 0.85796 0.84027 0.86046 2.562E-03 2.802E-03 1.996E-04 5.780E-04

0.0007391 0.0010136 0.0000936 0.0001988

30 50 100 200 30 50 100 200

0.1 0.99996 0.99969 0.99989 0.99988 0.99992 6.251E-07 5.220E-08 3.851E-08 1.721E-08

0.2 0.99940 0.99867 0.99918 0.99911 0.99939 7.587E-06 2.274E-06 1.194E-06 6.965E-07

0.3 0.99731 0.99650 0.99736 0.99697 0.99777 3.228E-05 2.075E-05 8.552E-06 5.978E-06

0.4 0.99233 0.99240 0.99382 0.99238 0.99402 9.232E-05 9.991E-05 3.297E-05 2.608E-05

0.5 0.98303 0.98519 0.98773 0.98374 0.98676 2.172E-04 3.299E-04 8.318E-05 7.465E-05

0.6 0.96821 0.97358 0.97739 0.96915 0.97446 4.502E-04 8.010E-04 1.409E-04 1.583E-04

0.7 0.94712 0.95648 0.96026 0.94721 0.95591 8.325E-04 1.460E-03 1.672E-04 2.686E-04

0.8 0.91958 0.93328 0.93448 0.91773 0.93052 1.370E-03 2.106E-03 1.595E-04 3.864E-04

0.9 0.88600 0.90396 0.89994 0.88158 0.89843 2.016E-03 2.579E-03 1.607E-04 4.936E-04

1 0.84728 0.86903 0.85802 0.84028 0.86046 2.684E-03 2.839E-03 2.097E-04 5.802E-04

0.0007703 0.0010238 0.0000964 0.0001995

S_MLE S_MLE S_MLE S_MLE

n

IMSE

ti S_real

S_jac MSE

n n

Model 5    (δ=2.5, β=1.5, 2.5= ג, α=1)

ti S_real

S_MLE MSE

n

IMSE

Best / sample size (n)

Best / model S_MLE  
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30 50 100 200 30 50 100 200

0.1 0.83333 0.85321 0.82664 0.82979 0.83183 3.681E-03 3.376E-03 3.076E-04 2.179E-04

0.2 0.71429 0.72848 0.70468 0.70332 0.71449 6.673E-03 5.792E-03 4.284E-04 4.929E-04

0.3 0.62500 0.63008 0.61615 0.60976 0.62627 8.117E-03 6.356E-03 6.466E-04 8.119E-04

0.4 0.55556 0.55208 0.54824 0.53795 0.55728 8.997E-03 6.115E-03 8.565E-04 1.049E-03

0.5 0.50000 0.48957 0.49424 0.48111 0.50174 9.577E-03 5.600E-03 1.038E-03 1.188E-03

0.6 0.45455 0.43879 0.45018 0.43497 0.45602 9.884E-03 5.031E-03 1.193E-03 1.250E-03

0.7 0.41667 0.39695 0.41352 0.39678 0.41771 9.948E-03 4.494E-03 1.324E-03 1.260E-03

0.8 0.38462 0.36198 0.38250 0.36464 0.38512 9.825E-03 4.016E-03 1.437E-03 1.239E-03

0.9 0.35714 0.33240 0.35591 0.33723 0.35707 9.570E-03 3.603E-03 1.531E-03 1.201E-03

1 0.33333 0.30709 0.33285 0.31358 0.33267 9.232E-03 3.250E-03 1.610E-03 1.156E-03

0.0085505 0.0047633 0.0010372 0.0009865

30 50 100 200 30 50 100 200

0.1 0.83333 0.85291 0.82659 0.82970 0.83188 3.721E-03 3.396E-03 3.177E-04 2.196E-04

0.2 0.71429 0.72770 0.70471 0.70313 0.71473 6.727E-03 5.851E-03 4.539E-04 5.061E-04

0.3 0.62500 0.62917 0.61626 0.60958 0.62655 8.217E-03 6.444E-03 6.831E-04 8.300E-04

0.4 0.55556 0.55124 0.54839 0.53781 0.55755 9.143E-03 6.220E-03 8.981E-04 1.066E-03

0.5 0.50000 0.48889 0.49441 0.48102 0.50197 9.765E-03 5.712E-03 1.080E-03 1.201E-03

0.6 0.45455 0.43832 0.45035 0.43493 0.45621 1.011E-02 5.144E-03 1.233E-03 1.257E-03

0.7 0.41667 0.39669 0.41367 0.39678 0.41784 1.021E-02 4.603E-03 1.362E-03 1.262E-03

0.8 0.38462 0.36195 0.38263 0.36468 0.38521 1.011E-02 4.120E-03 1.470E-03 1.236E-03

0.9 0.35714 0.33257 0.35601 0.33730 0.35712 9.867E-03 3.701E-03 1.561E-03 1.194E-03

1 0.33333 0.30744 0.33292 0.31368 0.33267 9.539E-03 3.342E-03 1.636E-03 1.145E-03

0.0087399 0.0048533 0.0010695 0.0009917

S_MLE S_MLE S_MLE S_MLE

Model 6    (δ=1, β=1, 1= ג, α=0.5)

ti S_real

S_MLE MSE

n

IMSE

Best / sample size (n)

Best / model S_MLE

n

IMSE

ti S_real

S_jac MSE

n n
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 ( 6-3اٌشىً )

  داوَِٛاسشاي اٌٚىٓ ٠ٛػػ ٔرائط ذعشتح اٌّؽاواج ٌرٛص٠  

Model (1) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (2) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (3) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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Model (4) 

n=30 

 

n =50 

 

n =100 

 

n =200 

 

Model (5) 

n =30 

 

n =50 
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n =100 

 

n =200 

 

Model (6) 

n =30 

 

n =50 

 

n =100 

 

n =200 
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  ( ٩ٔؼع ِا٠ٍٟ:7-3ي إٌرائط اٌّث١ٕح فٟ اٌعذٚي )ِٓ خ٩

فددٟ  Jackknife (S_Jac)طش٠مددح ( ِماسٔددح تS_MLEعظددُ )ِىدداْ ا٤ا٨فؼدد١ٍح ٌطش٠مددح ا٦ ّْ ا -1

 (IMSEلً ِرٛعؾ ِشتعاخ خطدؤ ذىداٍِٟ )أ٦ِر٩وٙا  ِاسشاي اٌٚىٓ داوَٛذٛص٠   تماءذمذ٠ش داٌح 

 ٚإٌّارض اٌّفرشػح وافح. ؼغة اؼعاَ اٌع١ٕاخ

لدذ اظٙشذدا ِرٛعدؾ  Jackknifeؽش٠مح عظُ  ِٚىاْ ا٤خ داٌح اٌثماء تاعرعّاي ؽش٠مح ا٦ذمذ٠شا ّْ ا -2

 لشب اٌٝ اٌم١ُ اٌؽم١م١ح ٌذاٌح اٌثماء ٚرٌه ٌٍّٕارض ٚاؼعاَ اٌع١ٕاخ اٌّفرشػح وافح.أ

ٓ ( ٚ٘دٟ عٍدٝ اٌدذٚاَ ذمد  ل١ّٙدا ػدtiّل١ُ داٌح اٌثماء اٌؽم١م١ح ٚاٌّمذسج ذرٕالض تض٠دادج اٌدضِٓ ) ّْ ا -3

 (.1،0اٌفرشج )

 ( ذرٕالض تاصد٠اد ؼعُ اٌع١ٕح.IMSE( ٚاٌّم١اط )MSEل١ُ اٌّم١اط ا٨ؼظائٟ ) ّْ ا -4

( ٠ٛػػ ِاذٛطدً ا١ٌدٗ فدٟ ِدا ٠خدض الردشاب اٌمد١ُ اٌرمذ٠ش٠دح ٌذاٌدح اٌثمداء ِدٓ اٌمد١ُ 6-3ٚوزٌه اٌشىً )

 اٌؽم١م١ح عٕذ وً ؼعُ ِٓ ؼعَٛ اٌع١ٕاخ اٌّفرشػح.
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   رطثيقيانداَة انانثاَي:  انقطى 3-3

ث١أداخ اٌثمداء ٌع١ٕدح ِدٓ اٌّرّصٍدح ت اٌذساعدحخظض ٘زا اٌمغدُ ٨عدرعشاع ذؽ١ٍدً ت١أداخ ع١ٕدح 

اٌّغرشدفٝ ٌؽد١ٓ اٌٛفداج ِماعدح  ِدٓ ذداس٠خ دخدٌُٛٙ (Covid-19)اٌّشػٝ اٌّظات١ٓ تف١شٚط وٛسٚٔا 

 .ٔفاآ٠ش داٌح اٌثماء ٌٍع١ٕح اٌّزوٛسج فؼ٩ عٓ ذمذفٟ ِؽافظح اٌثظشج،  ٠اَتا٤

 انسقيقيحانثياَاخ  3-3-1

 Covid-19 فيروش كوروَا

٘دٛ أؼددذ فظدائً اٌف١شٚعدداخ اٌّعشٚفدح ٚاٌٛاعددعح ا٨ٔرشداس ٚاٌرددٟ ذغدثة اعشاػددا ِصدً اٌؽّددٝ 

ِٓ لثً ِٕظّح اٌظؽح اٌعا١ٌّح ٤ٚٚي (  2عاسط )ٚٔض٨خ اٌثشد ٚغ١ش٘ا، ذُ اورشاف ف١شٚط وٛسٚٔا 

فٟ ِذ٠ٕح ٚٚ٘داْ اٌظد١ٕ١ح، أرشدش ٘دزا اٌف١دشٚط  2019د٠غّثش  /وأْٛ ا٤ٚي  31ِشج فٟ اٌظ١ٓ فٟ 

ِٓ ِذْ اٌظ١ٓ اٌشعث١ح اٌٝ اٌذٚي ا٤خشٜ ٚأطثػ ٠ّصً ظائؽح عا١ٌّح ٠ٙذد ؼ١اج ا٨ٔغاْ ٚعَثةَّ اصِدح 

 .الرظاد٠ح ٚاظرّاع١ح ٚطؽ١ح

ً ٠ٛ 14تعذ ١ِٛ٠ٓ اٌٝ  Covid-19لذ ذظٙش ع٩ِاخ ٚأعشاع  ِٓ اٌرعشع ٌٗ. ٚذغّٝ  ِا

جَ اٌؽؼأح". ٠ّىٓ أْ ذرؼّٓ اٌع٩ِاخ ِذشع ٚاٌغاتمح ٌظٙٛس ا٤عشاع "ح ٌٍرع٩ؼماٌاٌّذج 

اٌرٕفظ ٚا٦س٘اق، ٌٚىٓ فٟ اٌؽا٨خ اٌّرمذِح ِٓ  ٟ٘ اٌؽّٝ ٚاٌغعاي ٚػ١ك) ٚا٤عشاع اٌشائعح

لذ ذشًّ (، ٚاٌّشع فمذ ٠ظاب اٌّش٠غ تآ٨َ، ٚأغذاد ا٤ٔف، ٚاٌششػ، ٚآ٨َ فٟ اٌؽٍك ٚاعٙاي

 ُ.ؼاعرٟ اٌزٚق أٚ اٌش اٌّثىشج فمذاْا٤عشاع 

ذرشاٚغ ت١ٓ خف١فح اٌٝ ِعرذٌح،  Covid-19 تـ عٍٝ اٌشغُ ِٓ أْ أعشاع ِعظُ اٌّظات١ٓ

اْ  ،٠ّىٓ أْ ٠غثة اٌّشع ِؼاعفاخ ؽث١ح شذ٠ذج ٚأْ ٠ئدٞ اٌٝ اٌٛفاج تإٌغثح ٌثعغ ا٤شخاص

 ذ اٌعذٜٚوثاس اٌغٓ أٚ ِٓ ٌذ٠ُٙ ِشاوً طؽ١ح أط٩ً أوصشُ عشػح ٧ٌطاتح تاٌّشع اٌشذ٠ذ عٕ

٨ٚتذ ٌّٓ ٠عأْٛ اسذفان دسظاخ اٌؽشاسج ٚاٌغعاي ٚػ١ك اٌرٕفظ اٌؽظٛي عٍٝ دعُ  Covid-19 تـ

عٓ ؽش٠ك ذعشع ا٤شخاص ٌشرار اٌّشػٝ إٌاذط عٓ اٌغعاي  Covid-19ؽثٟ. ٠ٕرمً ٚتاء 

ر ٚاٌعطظ ٌّٚغُٙ ٌٍفُ ٚا٤ٔف ٚاٌع١ٕ١ٓ، وّا ٠ٕرمً عٓ ؽش٠ك ٌّظ ا١ٌذ٠ٓ ٥ٌعطػ اٌٍّٛشح تاٌشرا

 .اٌؽاًِ ٌٍف١شٚط
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 عٕٙاِشاع اٌعظش اٌؽا١ٌح اٌرٟ ِٓ ا١ّ٘٤ح اظشاء اٌذساعاخ أٚ اٌٛتاء ِٓ أ٠عذ ٘زا اٌّشع ٚ

  .ْٛعٍٝ اٌطشائك ا٨ؼظائ١ح ٚاٌش٠اػ١ح اٌرٟ ٠رٕاٌٚٙا اٌثاؼص اٚذطث١ك اٌث١أاخ إٌاذعح عٕٙ

ٌٛفاج ٌٍّشػٝ اٌّش٠غ عٍٝ ل١ذ اٌؽ١اج ٌؽ١ٓ ا ج تماءِذرّصً فٟ ذاٌرٟ ٚذُ ظّ  اٌث١أاخ 

ِٓ عع٩خ اٌّشػٝ اٌشالذ٠ٓ فٟ ِغرشفٝ اٌثظشج  COVD-19تفا٠شٚط وٛسٚٔا اٌّظات١ٓ 

ِظاب ٚذّصٍد ٘زٖ ( ِش٠غ n=155تؽعُ )ذُ أخز ع١ٕح عشٛائ١ح  ، اراٌرع١ٍّٟ فٟ ِؽافظح اٌثظشج

ِذج اٌثماء ِٕز ذؽد اٌع٩ض ٌؽ١ٓ اٌٛفاج ٚلذ ذُ اعرثاس  ٠اَ( تاLifetimes٤ٚلاخ اٌثماء )اٌث١أاخ تم١اط أ

ٚاٌعذٚي ا٢ذٟ  ، 31/8/2020ٌرا٠ح  1/7/2020اٌٛفاج ٚاعرثاسا ِٓ اٌرشخ١ض ٚاخز اٌع٩ض ٌٚؽ١ٓ 

 .ذساعح٠ٛػػ اٌث١أاخ اٌؽم١م١ح ل١ذ اٌ

 (8-3ظذٚي )

عٍٝ ل١ذ اٌؽ١اج ِٓ ذاس٠خ اٌذخٛي ٌٍّغرشفٝ ٌٚؽ١ٓ  وٛسٚٔاِذج تماء اٌّش٠غ اٌّظاب تفا٠شٚط ٠ّصً 

 (٠اَاٌٛفاج )تا٤

1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 

3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 

4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 

6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 

7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 

9 9 10 10 10 10 10 10 10 10 10 11 11 11 12 

12 12 12 12 13 13 13 14 14 14 14 14 15 15 15 

15 15 15 15 16 16 16 16 16 16 17 17 17 18 18 

18 18 19 19 20 20 21 22 22 22 24 25 27 31 33 

33 34 34 46 47           

 

 اٌث١أاخ اٌؽم١م١ح ِئششاختشص ٠ث١ٓ أ دٔاٖا( 9-3)ٚاٌعذٚي 
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 (9-3ظذٚي )

 تشص اؼظاءاخ اٌع١ٕح ٌٍث١أاخ اٌؽم١م١ح ٠ث١ٓ أ

Min 1 

Mean 9.8 

Variance 73.1535 

Skewness 1.7151 

Kurtosis 6.7778 

Median 7 

Standard Deviation 8.55298 

Max 47 

 

 ذسهيم انثياَاخ 3-3-2

 ( ا٨ؼرّا١ٌددح ( ٌٍرٛص٠عدداخ 8-٩ِ3ءِددح اٌث١أدداخ اٌؽم١م١ددح فددٟ اٌعددذٚي )ِددذٜ ٌرددشع ِعشفددح 

ذوزيااغ يارشااال اونكااٍ  ،((Dagذوزيااغ داكااوو   (، Lin، ذوزيااغ نيُااذني   (Exp)انروزيااغ الاضااي 

داكاوو ، ذوزيغ يارشاال اونكاٍ  (M-O- Lin) نيُذني(، ذوزيغ يارشال اونكٍ M-O- Expالاضي  

(M-O- Dag) ) اخرثدداس٠ٓفمددذ ذددُ  اظددشاء اخرثدداس ؼغددٓ اٌّطاتمددح  ٌٍث١أدداخ اٌؽم١م١ددح عددٓ ؽش٠ددك 

(Cramer- Von Mises, Anderson-Darling) : ٚتؽغة اٌفشػ١ح 

  اٌث١أاخ ذ٩ئُ اٌرٛص٠    

  اٌث١أاخ ٨ذ٩ئُ اٌرٛص٠    

(Cramer- Von Mises, Anderson-Darling) ا٨خرثاس٠ٓٚذىْٛ ط١رح 
 [24]
 ذٟ:تاٌشىً ا٢ 

-1- Anderson-Darling
 

  
   ∑

[              ]

    [      ]

 

   

                                                                  

 :ّْ ار ا

        ذّصً داٌح اٌرٛص٠  اٌرعش٠ثٟ
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-2-  Cramer- Von Mises 

 

  
   ∑[              ]                                                                

 

   

 

 .ٌع١ٕح اٌذساعح ثاساخ ؼغٓ اٌّطاتمحاخر ل١ُدٔاٖ أ (10-3)اٌعذٚي ٠ٛػػ ٚ

 (10-3ظذٚي )

  اخرثاساخ ؼغٓ اٌّطاتمح ل١ُ

Decision 
Anderson-D Cramer- V 

Distributions 
P-Value statistic P-Value statistic 

don’t  reject H0 0.0675301 1.95775 0.0592779 0.257202 Exp 

don’t  reject H0 0.485481 0.793402 0.722657 0.0747671 M-O- Exp 

don’t  reject H0 0.0704462 1.67465 0.0551755 0.229116 Lin 

don’t  reject H0 0.499082 0.774992 0.63099 0.0909669 M-O- Lin 

don’t  reject H0 0.391233 0.937944 0.490113 0.121316 Dag 

don’t  reject H0 0.540037 0.722426 0.674444 0.0830434 M-O- Dag 

 

 ( ا٤ذٟ: 10-٠3رث١ٓ ِٓ اٌعذٚي )

وثدش ِدٓ أ (Cramer- Von Mises  ،Anderson-Darling) ٩ٌخرثداساخ  P-Valueاْ ل١ّدح  -1

٩ِءِددح اٌث١أدداخ اٌؽم١م١ددح ) ( ٚ٘ددزا ٠ددئدٞ اٌددٝ عددذَ سفددغ فشػدد١ح اٌعددذ0.05َِغددرٜٛ اٌّع٠ٕٛددح )

 .(ل١ذ اٌذساعح ا٨ؼرّا١ٌحٌٍرٛص٠عاخ 

 (، Lin، ذوزيااغ نيُااذني   (Exp)انروزيااغ الاضااي  (  ا٨عاعدد١ح رٛص٠عدداخٌٍ  P-Valueل١ّددح  ّْ ا -2

ذوزياغ يارشاال اونكاٍ )اٌّٛعدعح اٌرٛص٠عداخ   P-Valueل١ّدح ِدٓ  طدرشأ ((Dagذوزياغ داكاوو  

ذوزياغ يارشاال اونكاٍ  (M-O- Lin) نيُاذني(، ذوزياغ يارشاال اونكاٍ M-O- Expالاضاي  

  .وصش ٩ِئّح ٌٍع١ٕح ل١ذ اٌذساعحأ ٠عاخ اٌّٛععحاٌرٛص ّْ ٚ٘زا ٠ذي عٍٝ أ ((M-O- Dag)داكوو 
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  ذوزيغاخريار افضم  3-3-3

( AICc( ِٚع١اس ِعٍِٛاخ اوا٠ىٟ اٌّظؽػ )AIC)  رُ اعرعّاي  ِع١اس ِعٍِٛاخ اوا٠ىٟع١

ٚؼظٍٕا عٍٝ ل١ُ اٌّعا١٠ش اٌّٛػؽح فٟ ٠ّصً ٠ٚظف ع١ٕح اٌذساعح  ذٛص٠ فؼً أ ٌرشع ذؽذ٠ذ 

 (Mathematica 12.2عرعّاي تشٔاِط )دٔاٖ تاأ( 11-3اٌعذٚي )

 (11-3ظذٚي )

 (AIC ،AICcل١ُ اٌّعا١٠ش ) 

AICc AIC Estimate of Parameter Distributions 

1280.62 1280.59            Exp 

1279.79 1279.73 
           

M-O- Exp 
          

1278.21 1278.18            Lin 

1276.77 1276.7 
           

M-O- Lin 
           

1279.79 1279.67 

          

Dag            

 1280.38 =ג

1272.61 1272.41 

          

M-O- Dag 
           

 .807244 =ג

           

 

 مق رنة (M-O- Dag) داوَٛذٛص٠  ِاسشاي اٌٚىٓ افضلٌة ع٩ٖ أ( 11-٠3رؼػ ِٓ اٌعذٚي )

، ٚتزٌه ٠عذ ٘ٛ (AIC ،AICc) ق  قٌمة للمع ٌٌر نتٌلة امتلاكه أ قٌد الدراسة  ت الاحتم لٌة لتوزٌعب

ث١أاخ اٌثماء ٌع١ٕح ِٓ اٌّشػٝ اٌّظات١ٓ اٌّرّصٍح تع١ٕح اٌذساعح فؼً فٟ ذّص١ً ٚٚطف اٌرٛص٠  ا٤

ؽافظح فٟ ِ ٠اَاٌّغرشفٝ ٌؽ١ٓ اٌٛفاج ِماعح تا٤ ِٓ ذاس٠خ دخٌُٛٙ (Covid-19)تف١شٚط وٛسٚٔا 

 .اٌثظشج

 دٔاٖ ٠ٛػػ داٌح اٌىصافح ا٨ؼرّا١ٌح ٌٍرٛص٠عاخ ا٨ؼرّا١ٌح ل١ذ اٌذساعح.( أ7-3ٚاٌشىً ) 
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لتوزٌع ت الاحتم لٌة المحددة فً للبٌ ن ت الحقٌقٌة ولاٌىصافح ا٨ؼرّا١ٌح ( منحنٌ ت دالة 7-2شك )

 الدراسة

 نهثياَاخ انسقيقيح  انثقاءذقذير دانح  3-3-4

ِاسشاي ٌرٛص٠   اٌثماءعظُ فٟ ذمذ٠ش داٌح ِىاْ ا٤فؼ١ٍح ؽش٠مح ا٦أٓ اٌمغُ اٌرعش٠ثٟ تعذ اْ ذث١ٓ ِ

تٛاعطرٙا ٚداٌح اٌّخاؽشج داٌح اٌىصافح اٌرع١ّع١ح  داٌح اٌثماء عٍٝ ل١ذ اٌؽ١اج ٚ، ذُ ذمذ٠ش اٌٚىٓ داوَٛ

 ا٢ذٟ: (12-3) ٚذُ ادساض إٌرائط فٟ اٌعذٚيٌٍث١أاخ اٌؽم١م١ح  

 

 ( 12-3ظذٚي )

 ٚداٌح اٌّخاؽشج ٌٍث١أاخ اٌؽم١م١ح داٌح اٌىصافح اٌرع١ّع١ح  ِمذساخ داٌح اٌثماء ٚ ٠ٓث١

i ti S(t) F(t) h(t) 
1.  1 0.953564 0.0464364 0.0671664 

2.  1 0.953564 0.0464364 0.0671664 

3.  1 0.953564 0.0464364 0.0671664 
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i ti S(t) F(t) h(t) 
4.  1 0.953564 0.0464364 0.0671664 

5.  1 0.953564 0.0464364 0.0671664 

6.  1 0.953564 0.0464364 0.0671664 

7.  1 0.953564 0.0464364 0.0671664 

8.  1 0.953564 0.0464364 0.0671664 

9.  1 0.953564 0.0464364 0.0671664 

10.  1 0.953564 0.0464364 0.0671664 

11.  1 0.953564 0.0464364 0.0671664 

12.  1 0.953564 0.0464364 0.0671664 

13.  1 0.953564 0.0464364 0.0671664 

14.  1 0.953564 0.0464364 0.0671664 

15.  3 0.882154 0.117846 0.0865655 

16.  3 0.882154 0.117846 0.0865655 

17.  3 0.882154 0.117846 0.0865655 

18.  3 0.882154 0.117846 0.0865655 

19.  3 0.882154 0.117846 0.0865655 

20.  3 0.882154 0.117846 0.0865655 

21.  3 0.882154 0.117846 0.0865655 

22.  3 0.882154 0.117846 0.0865655 

23.  3 0.882154 0.117846 0.0865655 

24.  3 0.882154 0.117846 0.0865655 

25.  3 0.882154 0.117846 0.0865655 
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i ti S(t) F(t) h(t) 
26.  3 0.882154 0.117846 0.0865655 

27.  3 0.882154 0.117846 0.0865655 

28.  3 0.882154 0.117846 0.0865655 

29.  3 0.882154 0.117846 0.0865655 

30.  2 0.804076 0.195924 0.0978628 

31.  3 0.804076 0.195924 0.0978628 

32.  3 0.804076 0.195924 0.0978628 

33.  3 0.804076 0.195924 0.0978628 

34.  3 0.804076 0.195924 0.0978628 

35.  3 0.804076 0.195924 0.0978628 

36.  3 0.804076 0.195924 0.0978628 

37.  3 0.804076 0.195924 0.0978628 

38.  3 0.804076 0.195924 0.0978628 

39.  3 0.804076 0.195924 0.0978628 

40.  3 0.804076 0.195924 0.0978628 

41.  4 0.726352 0.273648 0.104925 

42.  4 0.726352 0.273648 0.104925 

43.  4 0.726352 0.273648 0.104925 

44.  4 0.726352 0.273648 0.104925 

45.  4 0.726352 0.273648 0.104925 

46.  4 0.726352 0.273648 0.104925 

47.  4 0.726352 0.273648 0.104925 
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i ti S(t) F(t) h(t) 
48.  4 0.726352 0.273648 0.104925 

49.  5 0.652414 0.347586 0.109461 

50.  5 0.652414 0.347586 0.109461 

51.  5 0.652414 0.347586 0.109461 

52.  5 0.652414 0.347586 0.109461 

53.  5 0.652414 0.347586 0.109461 

54.  5 0.652414 0.347586 0.109461 

55.  5 0.652414 0.347586 0.109461 

56.  5 0.652414 0.347586 0.109461 

57.  5 0.652414 0.347586 0.109461 

58.  5 0.652414 0.347586 0.109461 

59.  6 0.583842 0.416158 0.112431 

60.  6 0.583842 0.416158 0.112431 

61.  6 0.583842 0.416158 0.112431 

62.  6 0.583842 0.416158 0.112431 

63.  6 0.583842 0.416158 0.112431 

64.  6 0.583842 0.416158 0.112431 

65.  6 0.583842 0.416158 0.112431 

66.  6 0.583842 0.416158 0.112431 

67.  6 0.583842 0.416158 0.112431 

68.  6 0.583842 0.416158 0.112431 

69.  6 0.583842 0.416158 0.112431 
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i ti S(t) F(t) h(t) 
70.  6 0.583842 0.416158 0.112431 

71.  7 0.521202 0.478798 0.114429 

72.  7 0.521202 0.478798 0.114429 

73.  7 0.521202 0.478798 0.114429 

74.  7 0.521202 0.478798 0.114429 

75.  7 0.521202 0.478798 0.114429 

76.  7 0.521202 0.478798 0.114429 

77.  7 0.521202 0.478798 0.114429 

78.  7 0.521202 0.478798 0.114429 

79.  7 0.521202 0.478798 0.114429 

80.  7 0.521202 0.478798 0.114429 

81.  8 0.464503 0.535497 0.115833 

82.  8 0.464503 0.535497 0.115833 

83.  8 0.464503 0.535497 0.115833 

84.  8 0.464503 0.535497 0.115833 

85.  8 0.464503 0.535497 0.115833 

86.  9 0.413471 0.586529 0.116886 

87.  9 0.413471 0.586529 0.116886 

88.  9 0.413471 0.586529 0.116886 

89.  9 0.413471 0.586529 0.116886 

90.  9 0.413471 0.586529 0.116886 

91.  9 0.413471 0.586529 0.116886 
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i ti S(t) F(t) h(t) 
92.  9 0.413471 0.586529 0.116886 

93.  10 0.367697 0.632303 0.117747 

94.  10 0.367697 0.632303 0.117747 

95.  10 0.367697 0.632303 0.117747 

96.  10 0.367697 0.632303 0.117747 

97.  10 0.367697 0.632303 0.117747 

98.  10 0.367697 0.632303 0.117747 

99.  10 0.367697 0.632303 0.117747 

100.  10 0.367697 0.632303 0.117747 

101.  10 0.367697 0.632303 0.117747 

102.  11 0.326727 0.673273 0.118511 

103.  11 0.326727 0.673273 0.118511 

104.  11 0.326727 0.673273 0.118511 

105.  12 0.290108 0.709892 0.119233 

106.  12 0.290108 0.709892 0.119233 

107.  12 0.290108 0.709892 0.119233 

108.  12 0.290108 0.709892 0.119233 

109.  12 0.290108 0.709892 0.119233 

110.  13 0.257409 0.742591 0.11994 

111.  13 0.257409 0.742591 0.11994 

112.  13 0.257409 0.742591 0.11994 

113.  14 0.228235 0.771765 0.120634 
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i ti S(t) F(t) h(t) 
114.  14 0.228235 0.771765 0.120634 

115.  14 0.228235 0.771765 0.120634 

116.  14 0.228235 0.771765 0.120634 

117.  14 0.228235 0.771765 0.120634 

118.  15 0.202229 0.797771 0.121307 

119.  15 0.202229 0.797771 0.121307 

120.  15 0.202229 0.797771 0.121307 

121.  15 0.202229 0.797771 0.121307 

122.  15 0.202229 0.797771 0.121307 

123.  15 0.202229 0.797771 0.121307 

124.  15 0.202229 0.797771 0.121307 

125.  16 0.17907 0.82093 0.121938 

126.  16 0.17907 0.82093 0.121938 

127.  16 0.17907 0.82093 0.121938 

128.  16 0.17907 0.82093 0.121938 

129.  16 0.17907 0.82093 0.121938 

130.  16 0.17907 0.82093 0.121938 

131.  17 0.158468 0.841532 0.122499 

132.  17 0.158468 0.841532 0.122499 

133.  17 0.158468 0.841532 0.122499 

134.  18 0.140164 0.859836 0.122962 

135.  18 0.140164 0.859836 0.122962 
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i ti S(t) F(t) h(t) 
136.  18 0.140164 0.859836 0.122962 

137.  18 0.140164 0.859836 0.122962 

138.  19 0.123924 0.876076 0.123298 

139.  19 0.123924 0.876076 0.123298 

140.  20 0.109537 0.890463 0.123479 

141.  20 0.109537 0.890463 0.123479 

142.  21 0.0968119 0.903188 0.123483 

143.  22 0.0855725 0.914427 0.123296 

144.  22 0.0855725 0.914427 0.123296 

145.  22 0.0855725 0.914427 0.123296 

146.  24 0.0669281 0.933072 0.122313 

147.  25 0.0592453 0.940755 0.121521 

148.  27 0.0465564 0.953444 0.119384 

149.  31 0.0292095 0.970791 0.113391 

150.  33 0.0233642 0.976636 0.109856 

151.  33 0.0233642 0.976636 0.109856 

152.  34 0.0209527 0.979047 0.10802 

153.  34 0.0209527 0.979047 0.10802 

154.  46 0.00654118 0.993459 0.0865826 

155.  47 0.0060034 0.993997 0.0850074 

Sum 1111 77.49998 77.50002 16.62555 

Mean 9.8 0.5 0.5 0.107262 
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 ٔفاً:( اٌّزوٛس آ12-٠3رث١ٓ ِٓ اٌعذٚي )

ٞ ذرٕاعة عىغ١ا ِ  اٌضِٓ( ٚ٘زا ِا ٠رٕاعة ِ  إٌظش٠ح ح اٌثماء ِرٕالظح تض٠ادج اٌضِٓ )أداٌ ّْ ا -1

 ا٨ؼظائ١ح. 

 .ل١ُ داٌح اٌىصافح اٌرع١ّع١ح ذم  ل١ّٙا ت١ٓ اٌظفش ٚاٌٛاؼذ، ٟٚ٘ فٟ ذضا٠ذ ٚذرٕاعة ؽشد٠ا ِ  اٌضِٓ -2

ُ ّؼذّ٘ا ِرأٞ اْ أ اً ٠غاٚٞ ٚاؼذ  CDFع١حداٌح اٌىصافح اٌرع١ّل١ُ ٚ S(t) ٌثماءداٌح ال١ُ ِعّٛن  ّْ ا -3

 خش.٣ٌ

٠غاٚٞ ( أٞ أْ ِرٛعؾ اؼرّاي تماء اٌّش٠غ اٌّظاب تاٌفا٠شٚط 0.5ِرٛعؾ ل١ُ داٌح اٌثماء ٘ٛ ) -4

  .ا٠اَ ذمش٠ثا عششجٌىً  50%

ْ ِرٛعؾ ٚلد ٚفاج اٌّش٠غ اٌّظاب تاٌفا٠شٚط ( أٞ أ9.8) MTTFتٍ  ِرٛعؾ اٌٛلد ٌٍٛفاج  -5

 ثا.ا٠اَ ذمش٠ عششج٠ثٍ  

 

 

تإٌغثح ِماسٔح تاٌرٛص٠  اٌرعش٠ثٟ  ِاسشاي اٌٚىٓ داوَٛ ٌرٛص٠  اٌىصافح اٌرع١ّع١ح ( داٌح8-3شىً )

  ٌٍث١أاخ اٌؽم١م١ح
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تإٌغثح ٌٍث١أاخ ِماسٔح تاٌرٛص٠  اٌرعش٠ثٟ  ِاسشاي اٌٚىٓ داوٌَٛرٛص٠   اٌثماء( شىً داٌح 9-3شىً )

  اٌؽم١م١ح
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 انروصياخالاضرُراخاخ و

اٌرعش٠ثٟ ٓ ا٨عرٕراظاخ ٚاٌرٛط١اخ ِٓ خ٩ي اٌعأة اٌٝ ِعّٛعح ِ حاٌثاؼص دذٛطٍ

 .ذساعحٚاٌرطث١مٟ ٌٍ

 الاضرُراخاخ  4-1

ٞ ذرٕاعة عىغ١ا ِ  اٌضِٓ( ٚ٘زا ِا٠رطاتك ِ  ِا ذُ ح اٌثماء ِرٕالظح تض٠ادج اٌضِٓ )أداٌ ّْ ا -1

 عشػٗ فٟ اٌعأة إٌظشٞ.

 ذم  ل١ّٙا ت١ٓ اٌظفش ٚاٌٛاؼذ، ٟٚ٘ فٟ ذضا٠ذ ٚذرٕاعة ؽشد٠ا ِ  اٌضِٓ.ل١ُ داٌح اٌىصافح اٌرع١ّع١ح  -2

ِرٛعؾ ِشتعاخ اٌخطؤ اٌرىاٍِٟ  عٍٝ اٌّع١اس ا٨ؼظائٟ تا٦عرّاداٌعأة اٌرعش٠ثٟ ظٙش أ -3

(IMSE) طش٠مح ِماسٔح تعظُ ِىاْ ا٤فؼ١ٍح ؽش٠مح ا٦أJackknife   تماءفٟ ذمذ٠ش داٌح 

 ((Dagذٛص٠  داوَٛ ) (، Lin، ذٛص٠  ١ٌٕذٌٟ ) (Exp)٨عٟ اٌرٛص٠  ا ()اٌرٛص٠عاخ ا٨عاع١ح 

 ١ٌٕذٌٟ(، ذٛص٠  ِاسشاي اٌٚىٓ M-O- Expذٛص٠  ِاسشاي اٌٚىٓ ا٨عٟ )ٚاٌرٛص٠عاخ اٌّٛععح )

(M-O- Lin)  ٓداوَٛ ذٛص٠  ِاسشاي اٌٚى(M-O- Dag)). 

شاي اٌٚىٓ ِاسٌرٛص٠   وأد ا٤فؼ١ٍح ٚاػؽح (AIC, AICCاٌّعا١٠ش)عٓ ؽش٠ك ِماسٔح ٔرائط  -4

١أاخ اٌثماء ٌع١ٕح ِٓ اٌّشػٝ اٌّظات١ٓ تف١شٚط وٛسٚٔا ت) فٟ ذّص١ً اٌث١أاخ اٌؽم١م١ح داوَٛ

(Covid-19) فٟ ِؽافظح اٌثظشج. 

٠غاٚٞ ( أٞ أْ ِرٛعؾ اؼرّاي تماء اٌّش٠غ اٌّظاب تاٌفا٠شٚط 0.5ِرٛعؾ ل١ُ داٌح اٌثماء ٘ٛ ) -5

 .ا٠اَ ذمش٠ثا عششجٌىً  50%
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 اخانروصي  4-2

،  (Exp)اٌرٛص٠  ا٨عٟ  ()اخ ا٨ؼرّا١ٌح رٛص٠عٍعظُ ٌرمذ٠ش داٌح اٌثماء ٌاعرعّاي ؽش٠مح ا٦ِىاْ ا٤ -1

(، M-O- Expذٛص٠  ِاسشاي اٌٚىٓ ا٨عٟ ) ،((Dagذٛص٠  داوَٛ ) (، Linذٛص٠  ١ٌٕذٌٟ )

 .(M-O- Dag)داوَٛ ، ذٛص٠  ِاسشاي اٌٚىٓ  (M-O- Lin) ١ٌٕذٌٟذٛص٠  ِاسشاي اٌٚىٓ 

ً اخ ا٨ؼرّا١ٌح اٌّزوٛسج آاٌرٛص٠ع ذطث١ك -2  عٍٝ ؼاٌح اٌث١أاخ ذؽد اٌّشالثح. ٔفا

 ِشاع.ظؽح ٩ٌعرفادج ِٕٙا ٌرفغ١ش عٍٛن أٔٛان أخشٜ ِٓ ا٤اعرّاد اٌذساعح ٌذٜ  ٚصاسج اٌ -3

ِٚماسٔرٙا ِ  ؽش٠مح  داٌح تماء اٌرٛص٠عاخ ا٨ؼرّا١ٌح ل١ذ اٌذساعحخشٜ ٌرمذ٠ش اعرعّاي ؽشائك أ  -4

 .MLEعظُ ا٦ِىاْ ا٤

 اعرعّاي ذٛص٠  ِاسشاي اٌٚىٓ داوَٛ اٌّمرشغ ِٓ لثً اٌثاؼصح فٟ دساعاخ اٌثماء عٍٝ ل١ذ اٌؽ١اج. -5
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 اولا: انًصادر انؼرتيح

 انقراٌ انكريى

(،" ذمدددذ٠ش داٌددح ِع١ٌٛددح أّددٛرض ١ٌٕدددذٌٟ ٩ٌظٙدداد ٚاٌّرأددح"، سعددداٌح 2014فددشاط ِٕددزس،) اٌثددذساْ، -1

 ١ٍح ا٨داسج ٚا٨لرظاد. ِاظغر١ش، اٌعاِعح اٌّغرٕظش٠ح، و

(،"ذمذ٠شاخ داٌح اٌّع١ٌٛدح ٌرٛص٠د  تٛاعدْٛ ِد  ذطث١دك عٍّدٟ"، 2017اٌثالش، ص٠ٕة محمد تالش طادق،) -2

 سعاٌح ِاظغر١ش فٟ عٍَٛ ا٨ؼظاء، ظاِعح وشت٩ء/ و١ٍح ا٨داسج ٚا٨لرظاد/ لغُ ا٨ؼظاء.

واِدا ِدٓ -رّداٌٟ ِخدرٍؾ )ا٨عدٟ(،"ذمذ٠شاخ داٌح اٌثمداء ٌّٕدٛرض اؼ2020دُ٘ محمد طاؼة، )أاٌث١اذٟ،  -3

اٌشذثح اٌصا١ٔح( "، سعاٌح ِاظغر١ش فٟ عٍَٛ ا٨ؼظداء، ظاِعدح ودشت٩ء/ و١ٍدح ا٨داسج ٚا٨لرظداد/ لغدُ 

 ا٨ؼظاء.

"، اخ ا٨ٚعدؾداٌح اٌثماء ٌّش٠ؼاخ عدشؽاْ اٌصدذٞ فدٟ ِٕطمدح اٌفدش (،" 2018ؼّضج، عثذ الله أؼّذ ) -4

 ظاِعح  اٌمادع١ح. /و١ٍح عٍَٛ  اٌؽاعٛب  ٚاٌش٠اػ١اخ  /سعاٌح ِاظغر١ش

(،"ذمددذ٠شاخ ِعٍّدداخ ٚداٌددح اٌثمدداء ٌرٛص٠دد  ت١ددشوظ اٌّعّددُ ِدد  2020اٌغددٍّاْ، عددٍٜٛ ٔعدد١ُ ظ١ّددً، ) -5

ذطث١ك عٍّٟ "، سعاٌح ِاظغر١ش فدٟ عٍدَٛ ا٨ؼظداء، ظاِعدح ودشت٩ء/ و١ٍدح ا٨داسج ٚا٨لرظداد/ لغدُ 

 .ا٨ؼظاء

اعدرخذاَ اٌّؽاوداج فدٟ ِماسٔدح ِمدذساخ اٌدرمٍض ٌّعٍّدح " ،(2008)، ٔعاج عثذ اٌعثاس سظة ،اٌشّشٞ -6

و١ٍدح  /ظاِعدح تردذاد ،ا٤ؼظداء عٍدَٛ أؽشٚؼدح دوردٛساٖ فدٟ "،اٌشىً ٌرٛص٠د  ٚا٠ثدً ٌث١أداخ اٌّشالثدح

 ./لغُ ا٨ؼظاء ا٤داسج ٚا٤لرظاد

اٌرمذ٠ش اٌؽظ١ٕح ٌذاٌدح اٌثمداء ِد  ذطث١دك عٍّدٟ (، دساعح ِماسٔح ٌطشق 2005شش٠ُ، ِاظذ ٘ثح الله ، ) -7

 ظاِعح ترذاد. /و١ٍح ا٦داسج ٚا٦لرظاد  /عٍٝ ِشع عشؽاْ دَ فٟ ا١ٌّٓ، اؽشٚؼح دورٛساٖ 

ٚلداخ أدساعدح ِماسٔدح فدٟ ذؽ١ٍدً  –١ٌٕذٌٟ (" ذمذ٠ش ِعٍّح اٌم١اط ٌرٛص٠  2018عثذ الله، شائشج ٔعُ، ) -8

 .278-266، 43ٍعٍَٛ، اٌعذد ا٨ٔرظاس"، ِعٍح و١ٍح اٌشافذ٠ٓ اٌعاِعح ٌ

https://qu.edu.iq/repository/?p=25793


 اٌّظادس

 

109 
 

اعرعّاي تعغ اٌرٛص٠عاخ اٌّثردٛسج فدٟ تٕداء ٔظداَ خث١دش (،"2021اٌعاِشٞ، تٙاء عثذ اٌشصاق لاعُ،) -9

"، اؽشٚؼددح دورددٛساٖ فددٟ عٍددَٛ ٌرمددذ٠ش اٌفرددشج اٌّصٍددٝ ٨عددرثذاي اٌّىددائٓ ٚاٌّعددذاخ ِدد  ذطث١ددك عٍّددٟ

 ا٨ؼظاء ،ظاِعح وشت٩ء/و١ٍح ا٨داسج ٚا٨لرظاد.

(،"ذمدذ٠ش داٌدح اٌثمداء ٌث١أداخ ؼم١م١دح واٍِدح ٌّدشع عدشؽاْ اٌشئدح"، 2015اي ؼغد١ٓ))فشؼاْ، اترٙ -10

 سعاٌح ِاظغر١ش فٟ عٍَٛ اٌش٠اػ١اخ، و١ٍح اٌرشت١ح اتٓ ا١ٌٙصُ، ظاِعح ترذاد.

فؼددً ؽش٠مددح ٌرمددذ٠ش ِعٍّدداخ ذٛص٠دد  واتددا ا٨ؼرّدداٌٟ ِدد  ذطث١ددك أ(،"اخر١دداس 2018فٙددذ، تددالش وددش٠ُ،) -11

 ظاِعح وشت٩ء/و١ٍح ا٨داسج ٚا٨لرظاد. ،َٛ ا٨ؼظاءاظغر١ش فٟ عٍعٍّٟ"، سعاٌح ِ

(، " ِماسٔح تعغ ؽشائك ذمذ٠ش داٌح اٌثماء ٌٍرٛص٠  ا٨عٟ اٌّثرٛس"، ِعٍح ٨2012صَ، ظاعُ ؼغٓ، ) -12

 .419-403، 68، اٌعذد18اٌعٍَٛ ا٨لرظاد٠ح ٚا٨داس٠ح، اٌّعٍذ 

سعداٌح  ِد  ذطث١دك عٍّدٟ"، Burr XII(،"اٌرؽ٠ٛدً اٌرىع١ثدٟ ٌرٛص٠د  2021) ِٙدذٞ، ِٕرظدش ظّعدح، -13

 ظاِعح وشت٩ء/و١ٍح ا٨داسج ٚا٨لرظاد. ،اظغر١ش فٟ عٍَٛ ا٨ؼظاءِ

سا٠ٍدٟ( ِد  ذطث١دك -(،"ذمذ٠شاخ داٌح اٌثماء ٌرٛص٠  اؼرّاٌٟ ِشوة )٠ٚث2019ًِعٍٟ، اؼّذ عاظً، ) -14

 اء.عٍّٟ"، سعاٌح ِاظغر١ش فٟ عٍَٛ ا٨ؼظاء، ظاِعح وشت٩ء/ و١ٍح ا٨داسج ٚا٨لرظاد/ لغُ ا٨ؼظ

(،"ا٨ؼظاء اٌش٠اػدٟ"وراب ِٕٙعدٟ، داس اٌىردة ٌٍطثاعدح ٚإٌشدش، ظاِعدح 1990٘شِض، ا١ِش ؼٕا،) -15

 اٌّٛطً، اٌعشاق.

(، "ذمذ٠ش دٚاي اٌثماء ٌٍّشػٝ اٌّظات١ٓ تاٌرٙداب اٌىثدذ اٌفدا٠شٚط فدٟ 1994ٚاسذاْ، غادج ٠ٛعف، ) -16

ا٨داسج ٚا٨لرظداد/ لغدُ سعداٌح ِاظغدر١ش فدٟ عٍدَٛ ا٨ؼظداء، ظاِعدح تردذاد/ و١ٍدح اٌمطش اٌعشالدٟ"، 

 ا٨ؼظاء.

 ثاَيا: انًصادر الاخُثيح

17- Bdair, O. M. (2012). Different methods of estimation for Marshall-Olkin 

exponential distribution. Journal of Applied Statistical Science, 19(2), 13-

29.  
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 انردريثي ترَايح يساكاج انقطى

Simulation of  ((Exponential Distribution)) 

(*define Exponential distribution*) 

Expo[θ_]:= ProbabilityDistribution[E
-x θ

 θ,{x,0,∞},Assumptions->θ>0]; 

(*PDF*) 

f[x_]:=E
-x θ

 θ; 

(*Replication and samples size*) 

r=1000;n1=30;n2=50;n3=100;n4=200; 

(*Model*) 

            
(**defin the models of generating random samples**) 

distGen1=Expo[θ1]; 

(***Generating 1000 random samples of size {25,50,100,200}***) 

SeedRandom[0];{data1=RandomVariate[distGen1,{r,n1}]; 

 data2=RandomVariate[distGen1,{r,n2}]; 

 data3=RandomVariate[distGen1,{r,n3}]; 

 data4=RandomVariate[distGen1,{r,n4}]; 

 }; 

  

data5 = Table[Delete[data1[[j]], i], {i, 1, n1}, {j, 1, r}]; data6 = Table[Delete[data2[[j]], i], {i, 1, 

n2}, {j, 1, r}]; data7 = Table[Delete[data3[[j]], i], {i, 1, n3}, {j, 1, r}]; data8 = 

Table[Delete[data4[[j]], i], {i, 1, n4}, {j, 1, r}];  

  

<<Optimization`UnconstrainedProblems` 

  

 maximum likelihood 

mlm1=Table[res= 

    FindDistributionParameters[data1[[i]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm2=Table[res= 

    FindDistributionParameters[data2[[i]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm3=Table[res= 

    FindDistributionParameters[data3[[i]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm4=Table[res= 

    FindDistributionParameters[data4[[i]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

Jacnife with maximum likelihood 

jac1=Table[res= 

    FindDistributionParameters[data5[[i]][[j]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n1},{j,1,r}]; 

jac2=Table[res= 
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    FindDistributionParameters[data6[[i]][[j]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n2},{j,1,r}]; 

jac3=Table[res= 

    FindDistributionParameters[data7[[i]][[j]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n3},{j,1,r}]; 

jac4=Table[res= 

    FindDistributionParameters[data8[[i]][[j]],Expo[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n4},{j,1,r}]; 

  

  

(*@MODEL1@*) 

(*Maximum likelihood*) 

{TableForm[{Mean[{θ}/. mlm1],Mean[{θ}/. mlm2],Mean[{θ}/. mlm3],Mean[{θ}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ"}} 

  ],TableForm[{Mean[{(Subscript[θ, 1]-θ)
2
}/.mlm1],Mean[{(Subscript[θ, 1]-

θ)
2
}/.mlm2],Mean[{(Subscript[θ, 1]-θ)

2
}/. mlm3],Mean[{(Subscript[θ, 1]-θ)

2
}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)"}} 

  ]} 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/.mlm1], 

   Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/. mlm2], 

   Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/. mlm3], 

   Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/.mlm4], 

   Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm1], 

   Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm2], 

   Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm3], 

   Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. mlm4]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

(*Jacnife*) 

(*Estimate maen of the parameters for the model with all samples*) 

{TableForm[{Mean[Mean[{θ}/. jac1]],Mean[Mean[{θ}/. jac2]],Mean[Mean[{θ}/. 

jac3]],Mean[Mean[{θ}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ"}} 

  ],TableForm[{Mean[Mean[{(Subscript[θ, 1]-θ)
2
}/.jac1]],Mean[Mean[{(Subscript[θ, 1]-

θ)
2
}/.jac2]],Mean[Mean[{(Subscript[θ, 1]-θ)

2
}/. jac3]] 

   ,Mean[Mean[{(Subscript[θ, 1]-θ)
2
}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)"}} 
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  ]} 

(*****Estimate Relibility function for the model*****) 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/.jac1]], 

   Mean[Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/. jac2]], 

   Mean[Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/. jac3]], 

   Mean[Mean[Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]/.jac4]], 

   Mean[Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac1]], 

   Mean[Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac2]], 

   Mean[Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac3]], 

   Mean[Mean[(Table[SurvivalFunction[Expo[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. jac4]]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

 

Simulation of  ((M-O Exponential Distribution)) 

(*define Marshal-Olkin Exponential distribution*) 

moExpo[θ_,λ_]:= ProbabilityDistribution[(E
-x θ

 θ λ)/(1-(1-λ)E^(-x θ))
2
,{x,0,∞},Assumptions-

>θ>0&&λ>0]; 

(*PDF*) 

f[x_]:=(E
-x θ

 θ λ)/(1-(1-λ)E^(-x θ))
2
; 

(*Replication and samples size*) 

r=1000;n1=30;n2=50;n3=100;n4=200; 

(*Model*) 

θ1=0.2;1;2;λ1=0.5;1; 

(**defin the models of generating random samples**) 

distGen1=moExpo[θ1,λ1]; 

(***Generating 1000 random samples of size {25,50,100,200}***) 

SeedRandom[0];{data1=RandomVariate[distGen1,{r,n1}]; 

 data2=RandomVariate[distGen1,{r,n2}]; 

 data3=RandomVariate[distGen1,{r,n3}]; 

 data4=RandomVariate[distGen1,{r,n4}]; 

 }; 

  

data5 = Table[Delete[data1[[j]], i], {i, 1, n1}, {j, 1, r}]; data6 = Table[Delete[data2[[j]], i], {i, 1, 

n2}, {j, 1, r}]; data7 = Table[Delete[data3[[j]], i], {i, 1, n3}, {j, 1, r}]; data8 = 

Table[Delete[data4[[j]], i], {i, 1, n4}, {j, 1, r}];  

  

<<Optimization`UnconstrainedProblems` 
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 maximum likelihood 

mlm1=Table[res= 

    FindDistributionParameters[data1[[i]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm2=Table[res= 

    FindDistributionParameters[data2[[i]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm3=Table[res= 

    FindDistributionParameters[data3[[i]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm4=Table[res= 

    FindDistributionParameters[data4[[i]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

Jacnife with maximum likelihood 

jac1=Table[res= 

    FindDistributionParameters[data5[[i]][[j]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n1},{j,1,r}]; 

jac2=Table[res= 

    FindDistributionParameters[data6[[i]][[j]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n2},{j,1,r}]; 

jac3=Table[res= 

    FindDistributionParameters[data7[[i]][[j]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n3},{j,1,r}]; 

jac4=Table[res= 

    FindDistributionParameters[data8[[i]][[j]],moExpo[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n4},{j,1,r}]; 

  

  

(*@MODEL1@*) 

(*Maximum likelihood*) 

{TableForm[{Mean[{{θ},{λ}}/. mlm1],Mean[{{θ},{λ}}/. mlm2],Mean[{{θ},{λ}}/. 

mlm3],Mean[{{θ},{λ}}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ","λ"}} 

  ],TableForm[{Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-

λ)
2
}}/.mlm1],Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/.mlm2],Mean[{{(Subscript[θ, 

1]-θ)
2
},{(Subscript[λ, 1]-λ)

2
}}/. mlm3],Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/. 

mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)","MSE(λ)"}} 

  ]} 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/.mlm1], 

   Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/. mlm2], 

   Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/. mlm3], 

   Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/.mlm4], 
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   Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm1], 

   Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm2], 

   Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm3], 

   Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. mlm4]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

(*Jacnife*) 

(*Estimate maen of the parameters for the model with all samples*) 

{TableForm[{Mean[Mean[{{θ},{λ}}/. jac1]],Mean[Mean[{{θ},{λ}}/. 

jac2]],Mean[Mean[{{θ},{λ}}/. jac3]],Mean[Mean[{{θ},{λ}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ","λ"}} 

  ],TableForm[{Mean[Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-

λ)
2
}}/.jac1]],Mean[Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-

λ)
2
}}/.jac2]],Mean[Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/. jac3]] 

   ,Mean[Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-λ)

2
}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)","MSE(λ)"}} 

  ]} 

(*****Estimate Relibility function for the model*****) 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/.jac1]], 

   Mean[Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/. jac2]], 

   Mean[Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/. jac3]], 

   Mean[Mean[Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]/.jac4]], 

   Mean[Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac1]], 

   Mean[Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac2]], 

   Mean[Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac3]], 

   Mean[Mean[(Table[SurvivalFunction[moExpo[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. jac4]]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

 

  

Simulation of  ((lindely  Distribution)) 

(*define Lindely distribution*) 
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lindly[θ_]:= ProbabilityDistribution[(E
-x θ

 (1+x) θ
2
)/(1+θ),{x,0,∞},Assumptions->θ>0]; 

(*PDF*) 

f[x_]:=(E
-x θ

 (1+x) θ
2
)/(1+θ); 

(*Replication and samples size*) 

r=1000;n1=30;n2=50;n3=100;n4=200; 

(*Model*) 

θ1=0.2;1;2; 

(**defin the models of generating random samples**) 

distGen1=lindly[θ1]; 

(***Generating 1000 random samples of size {25,50,100,200}***) 

SeedRandom[0];{data1=RandomVariate[distGen1,{r,n1}]; 

 data2=RandomVariate[distGen1,{r,n2}]; 

 data3=RandomVariate[distGen1,{r,n3}]; 

 data4=RandomVariate[distGen1,{r,n4}]; 

 }; 

  

data5 = Table[Delete[data1[[j]], i], {i, 1, n1}, {j, 1, r}]; data6 = Table[Delete[data2[[j]], i], {i, 1, 

n2}, {j, 1, r}]; data7 = Table[Delete[data3[[j]], i], {i, 1, n3}, {j, 1, r}]; data8 = 

Table[Delete[data4[[j]], i], {i, 1, n4}, {j, 1, r}];  

  

<<Optimization`UnconstrainedProblems` 

  

 maximum likelihood 

mlm1=Table[res= 

    FindDistributionParameters[data1[[i]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm2=Table[res= 

    FindDistributionParameters[data2[[i]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm3=Table[res= 

    FindDistributionParameters[data3[[i]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm4=Table[res= 

    FindDistributionParameters[data4[[i]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

Jacnife with maximum likelihood 

jac1=Table[res= 

    FindDistributionParameters[data5[[i]][[j]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n1},{j,1,r}]; 

jac2=Table[res= 

    FindDistributionParameters[data6[[i]][[j]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n2},{j,1,r}]; 

jac3=Table[res= 

    FindDistributionParameters[data7[[i]][[j]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n3},{j,1,r}]; 

jac4=Table[res= 
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    FindDistributionParameters[data8[[i]][[j]],lindly[θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n4},{j,1,r}]; 

  

(*@MODEL1@*) 

(*Maximum likelihood*) 

{TableForm[{Mean[{θ}/. mlm1],Mean[{θ}/. mlm2],Mean[{θ}/. mlm3],Mean[{θ}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ"}} 

  ],TableForm[{Mean[{(Subscript[θ, 1]-θ)
2
}/.mlm1],Mean[{(Subscript[θ, 1]-

θ)
2
}/.mlm2],Mean[{(Subscript[θ, 1]-θ)

2
}/. mlm3],Mean[{(Subscript[θ, 1]-θ)

2
}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)"}} 

  ]} 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/.mlm1], 

   Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/. mlm2], 

   Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/. mlm3], 

   Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/.mlm4], 

   Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm1], 

   Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm2], 

   Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm3], 

   Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. mlm4]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

(*Jacnife*) 

(*Estimate maen of the parameters for the model with all samples*) 

{TableForm[{Mean[Mean[{θ}/. jac1]],Mean[Mean[{θ}/. jac2]],Mean[Mean[{θ}/. 

jac3]],Mean[Mean[{θ}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ"}} 

  ],TableForm[{Mean[Mean[{(Subscript[θ, 1]-θ)
2
}/.jac1]],Mean[Mean[{(Subscript[θ, 1]-

θ)
2
}/.jac2]],Mean[Mean[{(Subscript[θ, 1]-θ)

2
}/. jac3]] 

   ,Mean[Mean[{(Subscript[θ, 1]-θ)
2
}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)"}} 

  ]} 

(*****Estimate Relibility function for the model*****) 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/.jac1]], 

   Mean[Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/. jac2]], 

   Mean[Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/. jac3]], 

   Mean[Mean[Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]/.jac4]], 
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   Mean[Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac1]], 

   Mean[Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac2]], 

   Mean[Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac3]], 

   Mean[Mean[(Table[SurvivalFunction[lindly[θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. jac4]]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

Simulation of  ((Marshal-Olkin Lindly 

Distribution)) 

(*define Marshal-Olkin Lindely distribution*) 

molindly[θ_,λ_]:= ProbabilityDistribution[(E
x θ

 (1+x) θ
2
 (1+θ) λ)/(E^(x θ) (1+θ)+(1+θ+x θ) (-

1+λ))
2
,{x,0,∞},Assumptions->θ>0&&λ>0]; 

(*PDF*) 

f[x_]:=((E
-x θ

 (1+x) θ
2
)/(1+θ) λ)/(1-(1-λ) (E^(-x θ) (1+θ+x θ))/(1+θ))

2
; 

(*Replication and samples size*) 

r=1000;n1=30;n2=50;n3=100;n4=200; 

(*Model*) 

θ1=0.2;1;2;λ1=0.5;1; 

(**defin the models of generating random samples**) 

distGen1=molindly[θ1,λ1]; 

(***Generating 1000 random samples of size {25,50,100,200}***) 

SeedRandom[10];{data1=RandomVariate[distGen1,{r,n1}]; 

 data2=RandomVariate[distGen1,{r,n2}]; 

 data3=RandomVariate[distGen1,{r,n3}]; 

 data4=RandomVariate[distGen1,{r,n4}]; 

 }; 

  

data5 = Table[Delete[data1[[j]], i], {i, 1, n1}, {j, 1, r}]; data6 = Table[Delete[data2[[j]], i], {i, 1, 

n2}, {j, 1, r}]; data7 = Table[Delete[data3[[j]], i], {i, 1, n3}, {j, 1, r}]; data8 = 

Table[Delete[data4[[j]], i], {i, 1, n4}, {j, 1, r}];  

  

<<Optimization`UnconstrainedProblems` 

Needs["NETLink`"] 

<<NETLink` 

Needs["IntegratedServices`"] 

  

 maximum likelihood 

mlm1=Table[res= 
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    FindDistributionParameters[data1[[i]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm2=Table[res= 

    FindDistributionParameters[data2[[i]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm3=Table[res= 

    FindDistributionParameters[data3[[i]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm4=Table[res= 

    FindDistributionParameters[data4[[i]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

Jacnife with maximum likelihood 

jac1=Table[res= 

    FindDistributionParameters[data5[[i]][[j]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n1},{j,1,r}]; 

jac2=Table[res= 

    FindDistributionParameters[data6[[i]][[j]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n2},{j,1,r}]; 

jac3=Table[res= 

    FindDistributionParameters[data7[[i]][[j]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n3},{j,1,r}]; 

jac4=Table[res= 

    FindDistributionParameters[data8[[i]][[j]],molindly[θ,λ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n4},{j,1,r}]; 

  

  

(*@MODEL1@*) 

(*Maximum likelihood*) 

{TableForm[{Mean[{{θ},{λ}}/. mlm1],Mean[{{θ},{λ}}/. mlm2],Mean[{{θ},{λ}}/. 

mlm3],Mean[{{θ},{λ}}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ","λ"}} 

  ],TableForm[{Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-

λ)
2
}}/.mlm1],Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/.mlm2],Mean[{{(Subscript[θ, 

1]-θ)
2
},{(Subscript[λ, 1]-λ)

2
}}/. mlm3],Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/. 

mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)","MSE(λ)"}} 

  ]} 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/.mlm1], 

   Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/. mlm2], 

   Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/. mlm3], 

   Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/.mlm4], 

   Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm1], 
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   Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm2], 

   Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm3], 

   Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. mlm4]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

 (*Jacnife*) 

(*Estimate maen of the parameters for the model with all samples*) 

{TableForm[{Mean[Mean[{{θ},{λ}}/. jac1]],Mean[Mean[{{θ},{λ}}/. 

jac2]],Mean[Mean[{{θ},{λ}}/. jac3]],Mean[Mean[{{θ},{λ}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"θ","λ"}} 

  ],TableForm[{Mean[Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-

λ)
2
}}/.jac1]],Mean[Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-

λ)
2
}}/.jac2]],Mean[Mean[{{(Subscript[θ, 1]-θ)

2
},{(Subscript[λ, 1]-λ)

2
}}/. jac3]] 

   ,Mean[Mean[{{(Subscript[θ, 1]-θ)
2
},{(Subscript[λ, 1]-λ)

2
}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(θ)","MSE(λ)"}} 

  ]} 

 (*****Estimate Relibility function for the model*****) 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/.jac1]], 

   Mean[Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/. jac2]], 

   Mean[Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/. jac3]], 

   Mean[Mean[Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]/.jac4]], 

   Mean[Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac1]], 

   Mean[Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac2]], 

   Mean[Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac3]], 

   Mean[Mean[(Table[SurvivalFunction[molindly[θ,λ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. jac4]]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

Simulation of  (( Dagum Distribution)) 

(*define Dagum distribution*) 

dagum[α_,β_,θ_]:= ProbabilityDistribution[x
-1-α

 α β (1+θ x^-α)
-1-β

 θ ,{x,0,∞},Assumptions-

>α>0&&β>0&&θ>0]; 

(*PDF*) 

f[x_]:=x
-1-α

 α β (1+θ x^-α)
-1-β

 θ; 
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r=1000;n1=30;n2=50;n3=100;n4=200; 

(*Model*) 

α1=2.5;1;1.5;β1=0.5;1;1.5;θ1=1;0.5; 

(**defin the models of generating random samples**) 

distGen1=dagum[α1,β1,θ1]; 

(***Generating 1000 random samples of size {25,50,100,200}***) 

SeedRandom[];{data1=RandomVariate[distGen1,{r,n1}]; 

 data2=RandomVariate[distGen1,{r,n2}]; 

 data3=RandomVariate[distGen1,{r,n3}]; 

 data4=RandomVariate[distGen1,{r,n4}]; 

 }; 

  

<<Optimization`UnconstrainedProblems` 

 

data5 = Table[Delete[data1[[j]], i], {i, 1, n1}, {j, 1, r}]; data6 = Table[Delete[data2[[j]], i], {i, 1, 

n2}, {j, 1, r}]; data7 = Table[Delete[data3[[j]], i], {i, 1, n3}, {j, 1, r}]; data8 = 

Table[Delete[data4[[j]], i], {i, 1, n4}, {j, 1, r}];  

  

<<Optimization`UnconstrainedProblems` 

  

 maximum likelihood 

mlm1=Table[res= 

    FindDistributionParameters[data1[[i]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm2=Table[res= 

    FindDistributionParameters[data2[[i]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm3=Table[res= 

    FindDistributionParameters[data3[[i]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

mlm4=Table[res= 

    FindDistributionParameters[data4[[i]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,r}]; 

Jacnife with maximum likelihood 

jac1=Table[res= 

    FindDistributionParameters[data5[[i]][[j]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n1},{j,1,r}]; 

jac2=Table[res= 

    FindDistributionParameters[data6[[i]][[j]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n2},{j,1,r}]; 

jac3=Table[res= 

    FindDistributionParameters[data7[[i]][[j]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n3},{j,1,r}]; 

jac4=Table[res= 

    FindDistributionParameters[data8[[i]][[j]],dagum[α,β,θ],ParameterEstimator-

>"MaximumLikelihood"],{i,1,n4},{j,1,r}]; 
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(*@MODEL1@*) 

(*Maximum likelihood*) 

{TableForm[{Mean[{{α},{β},{θ}}/. mlm1],Mean[{{α},{β},{θ}}/. 

mlm2],Mean[{{α},{β},{θ}}/. mlm3],Mean[{{α},{β},{θ}}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"α","β","θ"}} 

  ],TableForm[{Mean[{{(Subscript[α, 1]-α)
2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-

θ)
2
}}/.mlm1],Mean[{{(Subscript[α, 1]-α)

2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-

θ)
2
}}/.mlm2],Mean[{{(Subscript[α, 1]-α)

2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-θ)

2
}}/. 

mlm3], 

   Mean[{{(Subscript[α, 1]-α)
2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-θ)

2
}}/. mlm4]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(α)","MSE(β)","MSE(θ)"}} 

  ]} 

TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/.mlm1], 

   Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/. mlm2], 

   Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/. mlm3], 

   Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/.mlm4], 

   Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm1], 

   Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm2], 

   Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.mlm3], 

   Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. mlm4]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 

(*Jacnife*) 

(*Estimate maen of the parameters for the model with all samples*) 

{TableForm[{Mean[Mean[{{α},{β},{θ}}/. jac1]],Mean[Mean[{{α},{β},{θ}}/. 

jac2]],Mean[Mean[{{α},{β},{θ}}/. jac3]],Mean[Mean[{{α},{β},{θ}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"α","β","θ"}} 

  ],TableForm[{Mean[Mean[{{(Subscript[α, 1]-α)
2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-

θ)
2
}}/.jac1]],Mean[Mean[{{(Subscript[α, 1]-α)

2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-

θ)
2
}}/.jac2]], 

   Mean[Mean[{{(Subscript[α, 1]-α)
2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-θ)

2
}}/. jac3]] 

   ,Mean[Mean[{{(Subscript[α, 1]-α)
2
},{(Subscript[β, 1]-β)

2
},{(Subscript[θ, 1]-θ)

2
}}/. jac4]]} 

  ,TableHeadings->{{"30","50","100","200"},{"MSE(α)","MSE(β)","MSE(θ)"}} 

  ]} 

(*****Estimate Relibility function for the model*****) 
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TableForm[{Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}], 

   Mean[Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/.jac1]], 

   Mean[Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/. jac2]], 

   Mean[Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/. jac3]], 

   Mean[Mean[Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]/.jac4]], 

   Mean[Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac1]], 

   Mean[Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac2]], 

   Mean[Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/.jac3]], 

   Mean[Mean[(Table[SurvivalFunction[dagum[α,β,θ],t],{t,0.1,1,0.1}]-

Table[SurvivalFunction[distGen1,t],{t,0.1,1,0.1}])
2
/. jac4]]}, 

  TableHeadings-

>{{"R_real","30","50","100","200","MSE30","MSE50","MSE100","MSE200"}, 

{"0.1","0.2","0.3","0.4","0.5","0.6","0.7","0.8","0.9","1"}},TableDirections->Column 

  ]//AccountingForm 
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Abstract 

The study aims to find the appropriate probability distribution to 

represent and describe the survival data for a sample of patients infected with 

Coronavirus (Covid-19) from the date of their admission to the hospital until 

death measured in days, as well as estimating the survival function of the 

aforementioned sample. 

The simulation experiment was conducted using the Monte Carlo 

method with different sample sizes (30, 50, 100, 200) for some basic 

probability distributions (Exponential distribution, Lindley distribution, 

Dagum distribution), and probability distributions Expanded (Marshall-Olkin 

Exponential distribution, Marshall-Olkin Lindley distribution, as well as the 

Marshall-Olkin Dagum distribution that was built by the researcher) For the 

purpose of testing the survival function behavior and comparing the 

Maximum Likelihood method and Jackknife method to choose the best 

method for estimating the survival function of the aforementioned probability 

distributions based on the statistical scale mean integral error squares (IMSE). 

Through the criteria (AIC, AICC), it was found that the proposed 

distribution (Marshall-Olkin Dagum) is more suitable for representing and 

describing the data of the sample under study. 
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