
استفاده از هر نوع ماشين حساب مجاز است

نام و نام خانوادگی : 
شماره پرونده: 

کد ملی: 

نام پدر: 

نام مدرسه: 

استان: 

منطقه: 

پایه تحصیلی: 

حوزه: 



楝橇楮"懆帙瑪抛眸"幎帙稟槝
"幎渫巍欷抻"橈狆" 舍茲欷枡"惻抻帙狒"擘檳 腋苻"憺巍"椚珎暃"帙旙撩棔囑""徇楙抛暃"槧氈巍"榮憖槝巍欷恂"殪巍戌廝"憖瑪槝巍欷惠狆"徇暃慳"橈狆"巍懆"徇楙抛暃"槧氈巍ヱヰ""徇暃檳"橈暘瑪暃慳

徇抻巍"檣憖拏"橈弭斟戌枡"戌撈槝"懆慳"橈斟帙揀巍"く"

1ふ "殪檳帙恤"榮欷楮憺嶷"槧氈巍Α""榮欷楮憺嶷"槧氈巍"檣戌楙槝"椚禊"擘濆楙惡楮"く徇抻巍"荐牾 腋苹瓩"椈巍欷抻ヱヰヰヰ""橈狆"橈弭抛眸"橈枩"徇抻巍"檣戌楙槝"擘濆槝"幎渫巍欷抻
" 脛 臺茖廝Α""梭瑪枹旙廚"橈狆"捍惠狆"戌樌"檣戌楙槝"憖槝懆巍慳"くくく檳"怩"檳"幀"檳"昶棔巍"殪帙樌"捍惠狆"橈枩" 脩茲渫巍欷抻"懆慳"く徇抻巍"檣憖拏"攵圉圉圉圉牾憺欷廚"椈巍欷抻

"く徇抻巍"檣憖拏"檣慳巍慳"憺巍"憖擽狆榮欷楮憺嶷"殪懆巍戔枡戌廝""暾汳暃慳"殪憖榴廝"楸懆帙狆"檳"荐牾 腋苹瓩"殪帙樌"惻抻帙狒"惻抻帙狒""渫巍欷抻"幎""憖拏"憖樌巍欷恂" 腋苹疸榴楮
橈槝欷枡"橈狆"憺巍"捍惠狆"戌樌"懆慳"巍懆"慳欷恂"檣戌楙槝"憖槝巍欷廚"荵"憺欷楮嶷"捍畍巍慳"戌樌"橈枩"殪巍"欷抻"戌樌巍椈囑"榴枩"幀帙抛恤"く憖

2ふ "憖槝欷拏"荵"莨弭榴楮"殪慳憖擣"幀巍欷恃"橈狆"橈枩" 脩茲渫巍欷抻"懆慳囑"徇抻巍"檣憖拏"檣慳巍慳"惻抻帙狒"徇暃慳."" 舍茲帙橇槝"惻抻帙狒"檣戌楙槝"幎渫巍欷抻"槧氈巍"懆慳
慳"檣慳檳憖悸楮"懆慳" 舍茲帙橇槝"惻抻帙狒"橈枩"憖拏"憖樌巍欷恂"檣慳巍慳" 脩茱暃檳"く憖拏帙狆"徇暃"戌竄巍"橈枩"徇抻巍"槧氈巍"徇暃慳"檣慳檳憖悸楮"憺巍"懆欷撈榴楮惻抻帙狒

" 舍茲帙橇槝畦""惻抻帙狒"徇暃慳"檳隙""""檣憺帙狆"懆慳"橈枩" 舍茲帙樌"幀巍欷恃"憖拏帙狆岷畦 伐 隙"┸ 畦 髪 隙峅""く憖拏"憖榴樌巍欷恂"橈弭斟戌氈憇狒"憖榴拏帙狆"宸苳弸楮
"憺"梭默"憖榴拏帙狆"橈弭抻巍欷恂"帙楙拏"憺巍"椈巍欷抻"梭默"懆慳"憖瑪榴枩"掟戌斟"橈牾檳巍憖榴拏帙狆"檣慳巍慳"橈恃懆慳"梭默"巍懆"惻抻帙狒"徇暃慳"檳"憖瑪榴枩"幀帙抛恤"巍懆."

"徇抻懆慳"幀巍欷恃"憖瑪榴枩"掟戌斟ヱンヵ""憖拏帙狆"橈恃懆慳囑""殪檳帙抛楮"檳" 脩范枡懆戔廝"帙楙拏"幀巍欷恃"戌竄巍"幎懆欷揩"槧氈巍"懆慳ヱンヴ""檳" 脩范枹惧欷枩"檳
"殪檳帙抛楮ヱンヶ"徇斟戌枡"憖瑪樌巍欷恂"巍懆" 舍茲帙橇槝"惻抻帙狒"檣戌楙槝"憖拏帙狆"く"徇抻巍"戌旙揩"帙楙拏" 舍茲帙橇槝"惻抻帙狒"檣戌楙槝"幎懆欷揩"槧氈巍" 臺范擯"懆慳"く

"惻抻帙狒"戌框默慳"殪帙樌"捍惠狆"椚楮帙拏"檳"徇抻巍"椈巍欷抻" 舍茲帙橇槝"惻抻帙狒"橈狆"摧欷燬潸楮"擒暘斟"擘濆揀欷楮"槧氈巍"橈枩"憖瑪拏帙狆"橈弭拏巍慳"橈恃欷廚
莠槝" 脛 脩茖拏欷槝"椚弸楮"慳欷拏"檳懆"椚恤"檳"楸憺渫"擒狆巍"椚稟拏"楝抻懆"囑幎渫慳帙擽楮"くくく檳  "檣憖拉畍"檣慳巍慳" 舍茲帙胙槝"幀巍欷恃"徇暃慳"莊巍欷抻"懆慳"戌竄巍

"掟戌斟"捍磧廳"懆巍憖暘楮"囑憖拏帙狆隙""帙狆"徇抻巍"戌廝巍戌廝隙 噺 ど┻な畦"く 

3ふ 憺巍" 脛茗擽狆"殪帙樌"捍惠狆"憺巍" 脛茗擽狆"懆慳 徇楮湃擣"幎渫巍欷抻  "   """""""""""""く慳欷拏"荵"檣憖默慳さ惻抻帙狒"檣帙廚欷枩ざ""橈枩"徇抻巍"莊巍欷抻
く憖瑪抛盻濆榴廝"橈楮帙槝"惻抻帙狒"懆慳"巍懆"幎帙珎抻帙悸楮"怎檳 腋苹楮"帙楙拏"幎渫巍欷抻"槧氈巍"懆慳"徇抛磧槝"楸憺渫"く慳懆巍慳"檣戌楙槝"榮嶷" 舍茲帙橇槝"幀巍欷恃"擒暘斟

徇抻巍" 脛莟帙禊" 舍茲帙橇槝"幀巍欷恃" 脛 脩茖拏欷槝"く"" 寐徇暃慳"檣憺帙狆"懆慳" 舍茲帙橇槝"幀巍欷恃"戌竄巍"く憖拏"憖樌巍欷恂"檣慳巍慳"椚楮帙禊"檣戌楙槝"憖拏帙狆"徇抻懆慳"幀巍欷恃
"憖拏"檣憖默慳"惻抻帙狒"檣帙廚欷枩"徇楮湃擣"帙恃"戌樌"橈枩"憖瑪榴枩"徇暃慳囑"樌"擒暘斟徇抻巍"惻抻帙狒"檣帙廚欷枩"徇楙抛暃"榮帙楙"く"捍惠狆"橈瑪暘狆"殪帙樌

"憖槝欷拏"檣慳巍慳"惻抻帙狒"荐牾 腋苹瓩"椚稟拏"橈狆"椈欷楙擽楮"懆欷攪"橈狆"憖默帙狆"椈巍欷抻"く""戌竄巍"湃弸楮幀"捍惠狆"懆帙榴枩"懆慳ふ""徇楮湃擣"椈巍欷抻"梭默"憺巍
"憖拏"檣憖默慳"惻抻帙狒"檣帙廚欷枩囑""懆欷攪"橈狆"憖默帙狆"くくく檳"ふ怩"檳"ふ昶棔巍"殪帙樌"捍惠狆"慳欷拏"荵"惻抻帙狒"檣帙廚欷枩"椚楮帙拏"ふ幀"捍惠狆"擒暘斟

帙廚欷枩"憺巍" 脛茗擽狆"く憖槝欷拏"檣慳巍慳"惻抻帙狒"荐牾 腋苹瓩"欷楮"槧氈巍"懆慳"く憖榴疸抛樌" 脩茱抛瓩"帙樌"惻抻帙狒"檣"懆"擒恂"徇抻懆慳"橈榴牾澁枡"懆檳慳"擒暘斟"慳
慳欷拏"檣慳憺"徇楮湃擣"橈榴牾澁枡"梭默"憺巍"捍磧廝" 脩茱抛瓩"惻抻帙狒"檣帙廚欷枩"懆慳"戌竄巍"く憖槝懆巍憖槝" 脛莢榴楮"檣戌楙槝" 脩茱抛瓩"殪帙樌"惻抻帙狒"檣帙廚欷枩""く憖瑪拉枹狆

"く慳欷拏"荵"檣慳巍慳"戌旙揩"檣戌楙槝 

4ふ 弭斟戌枡"檣憖楮嶷"幎渫巍欷抻"殪巍憖弭廝巍"懆慳" 橈枩"徇狆巍欷廛"椈檳憖恃"憺巍"憖默帙狆"徇狆帙廛"戌氈慳帙暘楮"荵帙楙廚" 橈枩"憖瑪榴枩"徇暃慳"戌竄巍" く憖槝欷拏"橈"拏"帙楙
"帙楙弭恤"慳欷弩槝"徇狆巍欷廛"椈檳憖恃"懆慳"橈枩"憖瑪疸拏巍慳" 脩茱廝帙廛"橈狆"憺帙瑪槝"檳"憖瑪榴枩"椚恤"憖默憖恃"檳"殪懆帙稟弭廝巍"抉檳懆"梭默"憺巍"巍懆"莊巍欷抻"憖瑪疸抻巍欷恂"

椈巍欷抻"橈狆"慳欷恂"惻抻帙狒"殪巍憖弭廝巍"懆慳"巍懆"徇狆帙廛"榮嶷囑""憖瑪抛盻濆榴廝"懆慳帙禊"椚恂巍慳"く"""檳"憖拏帙狆"徇抻懆慳"帙楙拏"椚恤"檣巍懆"戌竄巍"慳懆欷楮"槧氈巍"懆慳
"く徇斟戌枡"憖瑪樌巍欷恂"椚楮帙禊"檣戌楙槝"憖拏帙狆"徇暃慳"檣慳檳憖悸楮"懆慳"楝樌"帙楙拏"惻抻帙狒

5ふ 楸檳慳"椈巍欷抻"橈枩"憖瑪榴枩"橈恃欷廚囑""囑昶棔巍"徇楙抛暃徇抛磧槝"惻抻帙狒"檣帙廚欷枩"く"憖默帙狆"徇楙抛暃"槧氈巍"懆慳"橈狆"摧欷燬潸楮"幎帙珎抻帙悸楮"怎檳 腋苹楮
"抉憺巍戌廝"抉檳懆莅恂"巍"幀帙抛恤" 脛 臺茖拏帙楮"莵恂巍慳"戌框拏憺巍戌廝"憺巍"戌竄巍"く慳欷拏"橈弭拏欷槝"橈楮帙槝"惻抻帙狒"懆慳"懆巍憖暘楮"擒暘斟"檳"憖瑪榴枩"檣慳帙旙弭抻 畦""檳稽""く慳 臺范枡"莠槝"暾棣擽廚"帙楙拏"橈狆"殪巍"檣戌楙槝"囑憖瑪抛盻濆榴廝"巍懆"幀帙抛恤" 脛 臺茖拏帙楮"憺巍"檣憖楮嶷"徇抻慳"橈狆

6ふ 徇默慳檳憖悸楮"憺巍"徇擽槝帙楙楮"檳" 脩范拉磧廝" 舍茲帙槝巍欷恂"檳"徇暃慳"殪巍戌廝"憺巍"榮欷楮憺嶷"槧氈巍"懆慳"囑荅懆帙斟"慳懆檳"徇斟帙抻檳戌枹瑪楮"懆巍戔斟巍"楸戌槝"殪帙樌
巍憖擣巍"慳""く徇抻巍"檣憖拏"檣慳帙旙弭抻巍"茯磧棣穃槝巍""茯磧棣穃槝巍"帙默"檳"荅懆帙斟"慳巍憖擣巍"憺巍"慳欷恂"懆帙瑪弭恂巍"橈狆"憖瑪槝巍欷廚"荵"橈楮帙槝"惻抻帙狒"懆慳"帙楙拏

"く憖瑪榴枩"檣慳帙旙弭抻巍"
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"椈巍欸抻"椈檳巍"""ぶヱヵヰ""戌楙槝ふ檣"

"殪戌撕帙槝"懆慳"戌橇撕" 舍茲帙瑪斟巍戌攘恃"掟戌擣"懆慳"囑 脛茲帙弭抛眸帙廚"幀湃暘槝巍"憺檳懆ンヰ""殪慳欷楙擣"搦恂帙拏"梭默"囑莊帙楙拏"橈恃懆慳"巍懆"殪檳懆
"憺巍戌廚"愡撩抻"檠憖拏" 脛 臺茖楮憺荵"檳"憖榴枩"荵"徑揶槝"殪檳懆"搦恂帙拏"橈默帙抻"捍恂戌惧"徇擣苻"慳欷恂"徇擣帙抻"梭楙禊"橈狆"憖樌巍欷恂

"徑抛恤戌廝"徇擣苻"槧氈巍"懆巍憖暘楮"く憖榴枩"殪 臺范枡"檣憺巍憖槝巍"巍懆" 脛 臺茖楮憺抂欷暃"橈瑪槝帙廛"徇抻巍"懆憖暘惧"橈瑪槝帙廛"戌廝圄""惻抻帙狒"徇暃慳ぶヱ"
"くふ橈瑪槝帙廛"戌廝"抂欷暃"橈瑪槝帙廛 
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شانزدهمین دوره المپیاد نجوم و اختر فيزيك - 1399/04/25

نام : 

نام خانوادگی : 

کد ملی : 
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"橈珎抻帙悸楮畦""戌廝巍戌廝ヰくヱ""橈珎抻帙悸楮"徇暃慳"檳稽""戌廝巍戌廝"などど""莎抛畍帙恃"莵瑪楮""囹ヵヰ""ふ檣戌楙槝 
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ادامه پاسخ سوال 5

نام : 

نام خانوادگی : 

کد ملی : 



椈巍欸抻""楝拉拏"ぶヱヰヰ"ふ檣戌楙槝""

"懆慳"憺巍" 脛茗擽狆"慳苻"殪帙樌"徑拏"檳"帙樌憺檳懆囑""幎帙擣帙旙廚懆巍"懆慳"抂欷廚巍 脩范抻 寐巍檳 臺范抻"檳"抂檳 臺范抻"殪帙樌戌廝巍ヵ""帙廚ヱヴ"""殪 脩范楮欷棣瑪枩
" 脛 臺茖楮憺荵"椚瑪枹拉瓩""囑憖槝欷拏""攵暃巍欷楮"槧氈巍"懆慳"擘帙擽拏"橈狆"殪巍"橈棔帙樌" 缺帙樌帙禳ェヲヲ""檣帙楮"帙默"憖瑪拏懆欷恂"敍巍戌攪巍"懆慳"榮帙楙抻嶷"懆慳

荵"檣憖默慳""戌牾濆揶廚"懆慳"橈枩"慳欷拏"戌牾憺徇抻巍"搦惠拉楮.""椚稟拏ぶヱふ"
"

"
"槧氈巍"蘗棔帙樌ヲヲ"橈恃懆慳殪巍"" 舍茲帙樌懆欷拉瘟楮"橈枩"囑徇抻巍"幀嶷"惻氈"殪帙樌懆欷棣狆"懆慳"懆欷槝"徇抛枹拏"憺巍" 腋荅帙槝ヶど"楝撈弭榴楮" 罐莪棣揀

"椚稟拏ぶ"憖榴榴枩"荵"掟欷擣"巍懆"懆欷槝" 臺范抛楮"戌牾濆揶廚"帙狆"暾廝帙撩楮"檳"憖槝巍"檣慳戌枩"慳帙惡默巍ヲ"くふ"
"

"ふ昶棔巍"殪帙樌懆欷槝"敍巍戌悸槝巍"橈牾檳巍憺"懆慳"囑捍眸帙廚"昶棣弭惠楮"殪帙默巍檳憺"橈狆"橈恃欷廚"帙狆"殪慳檳懆檳"殪帙樌懆欷槝"橈狆"徇砠抛畍" 臧茹檳戌恂
檣憺帙狆荵"橈枩"憖榴枩"荵" 臺范汳攘廚"殪巍""敍巍戌攪巍"懆慳"榮嶷"橈榴汳楙禊"楝瑪槝巍慳ェヲヲ""橈牾檳巍憺"槧氈巍"懆慳"橈枩"慳欷拏"荵"徑砠抻"戌楮巍"槧氈巍"檳"徇抻巍

"徑牾 脛苞"く楝瑪拏帙狆"殪欷恃"檣憖默憖狒"槧氈巍" 寐榮巍戌撕帙槝"橈狆"殪 脩范拉磧廝"檣憖瑪抻懆"殪帙樌欷廚戌廳"憖樌帙拏"囑檣帙楮"帙默"檳"憖瑪拏懆欷恂"掉戌暃"憺巍
"懆欷棣狆"槧氈巍"徇抛枹拏圄徇抻巍"懆憖暘惧"帙樌""橈枩"徇抛磧槝帙楮憺" 囑懆欷拉瘟楮"梭默"憺巍"懆欷槝"敍巍戌悸槝巍"橈牾檳巍憺"椚暃巍憖恤" ぎ" 舍茲帙楙榴樌巍懆

拏帙狆"榮帙抛枹默"怎濆撩抻"憺巍"懆欷槝" 臧茹檳戌恂"檳"殪慳檳懆檳"殪帙默巍檳憺榴"く憖""徇暃慳ぶヰくヰヱ""憖恤巍檳"囹Αヰ"檣戌楙槝ふ 

"
""""""""""""""""ふ幀"" 椚稟拏"懆慳" 戌竄巍ン""殪 脩范抛窖帙恂" 捍惠狆

"帙樌"梹槝懆"徑磧廚戌廚"憖拏帙狆" 脛茲巍懆欷槝"橈棔帙樌"檣憖榴樌慳"榮帙拉畍"梹槝懆
"圄徇抻巍"橈槝欷框惧"怩懆帙恂"橈狆"椚恂巍慳"憺巍"ぶンヰ"ふ檣戌楙槝"

"
ヱふ"嶷" 臧茲に"" 脛 臧范抻ど""慳懆憺ど"" 臧荐槝懆帙槝ど"戔楮戌暃"
ヲふ"戔楮戌暃ど"" 臧荐槝懆帙槝ど""慳懆憺に"" 脛 臧范抻ど"" 臧茲嶷"
ンふ"徇抻巍" 臺范攘弭楮"擒默巍 腋苻"橈狆"橈弭抛眸"
ヴふ"楝牾懆巍憖槝"懆欷槝"橈牾澁惡廚"湃揩巍"
"
"
"
"

 

"ぶｾ┛ﾝ┞┐ﾁ
ﾘべっ 

ぶ"椚稟拏ヱふ ぶ"椚稟拏ヲふ 

"椚稟拏ン 

‒44 

怩懆帙恂"橈狆"椚恂巍慳"憺巍"帙樌"梹槝懆"徑磧廚戌廚 
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ادامه پاسخ سوال 6

نام : 

نام خانوادگی : 

کد ملی : 



"椈巍欸抻"楝弭旙樌"ぶヱヶヰ  ふ檣戌楙槝""

" 罐殪檳戌枩"橈棔欷廚欷枩"榮帙拉枹胙枩ヱヰΒヲヲUGC"" 脛茲帙拉枹胙枩"懆帙楙暃巍"橈棣楙恃"憺巍"囑帙樌慳懴巍"莇棣斟"幎懆欷揩"殪帙弭抻巍懆"懆慳""殪 臺范拏"檣巍懆
"椈帙抻"懆慳"橈枩"徇抻巍ヱΓヵヴ""く憖拏"昶拉枩"榮欷抛棣牾檳"怩懆欷恃"幎 臧范棔嶷"擒抻欷廚"殪慳湃瑪楮""梭默"榮帙拉枹胙枩"槧氈巍"懆慳" 缺巍 臺范恂巍

檣懆帙弭抻 " 臺范攘弭楮""懆巍慳欷楙槝"殪檳懆"戌廝"戌牾憺"莊欷悸廚" 臺范抛楮"帙狆HR∩""橈枩"徇抻巍"檣憖拏"檣憖樌帙拉楮"憖抻懆"荵"戌撈槝"橈狆""懆慳橈弭抻慳/
" 殪憖榴廝"戌竄巍" く慳 臺范枡"懆巍戌暃" 荅檳檳帙旙瑪暃" 殪帙樌 臺范攘弭楮蘗撩狆巍懆" "幀檳帙榴廚" 檣懆檳慳ゎど"殪巍戌廝" ゎ荅檳檳帙旙瑪暃" 殪帙樌 臺范攘弭楮" 罐

膽
莖憖榴廝帙廚

"帙胙槝嶷" 膕茲戌楮" 寐暾棣撩楮"懆憖暃"擒抻欷弭楮"戌牾憺"椚稟拏"橈狆""憖拏帙狆"
"警塚 噺 伐に┻ねぬ岫Øæ̌怠待 鶏 伐 な岻 伐 ね┻どの 

"
"榮嶷"懆慳"橈枩鶏 ""檳"憺檳懆"徑抛恤"戌廝"幀檳帙榴廚"檣懆檳慳警塚"楙樌"く徇抻巍" 膕茲戌楮"暾棣撩楮"懆憖暃"擒抻欷弭楮"帙樌憖揩懆"懆慳" 脛 臺茖榴悵

"幀檳帙榴廚"檣懆檳慳"帙狆"檣懆帙弭抻"槧氈巍"懆欷槝"橈枩"徇抻巍"檣憖拏"搦惠拉楮ヶくヰン""憺檳懆"憖榴枩"荵" 臺范汳攘廚"く"
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""""""""""""""""""ふ昶棔巍"" 臺范抛楮"殪檳懆"檣憖拏"檣慳巍慳" 寐摧帙暘槝"憺巍"梭瑪楮巍憖枩"懆慳"榮欷榴窖巍"楝樌"檣懆帙弭抻"槧氈巍"榮帙稟楮"憖瑪榴枩"搦惠拉楮
"く徇抻巍"懆巍慳欷楙槝"槧氈巍"殪檳懆"戌廝"莊欷悸廚"ぶヲヰ"ふ檣戌楙槝"

"
ヱ橈撩暘槝"敍巍戌攪巍"ふA """"""""ヲ橈撩暘槝"敍巍戌攪巍"ふB """"""""ン"橈撩暘槝"敍巍戌攪巍"ふC"""""""""ヴ"橈撩暘槝"敍巍戌攪巍"ふD 

"
ふ幀"徇抻巍"憖瑪拏懆欷恂"擘帙擽拏"戌廝巍戌廝"憖榴惧"擒抻欷弭楮"懆欷撩狆"檣懆帙弭抻"槧氈巍"擘帙擽拏"徇暃慳ぶ"圄ヵ""憖恤巍檳"囹ンヰ"檣戌楙槝ふ"

"
ふ怩""橈枹榴氈巍"掟戌斟"帙狆"囑憖拏帙狆"戌牾憺"幎懆欷揶狆" 臺范攘弭楮"槧氈巍"殪巍戌廝"昶棣弭惠楮"殪帙樌憺帙斟"懆慳"殪戌樌帙撕"懆憖暃"幎巍 臺范汳攘廚"懆巍慳欷楙槝"戌竄巍

橈榴癩拉磧廝"殪帙楮慳"徇砠抛畍"囑憖槝懆巍慳"榮帙抛枹默"莚帙擽拏"徇棔帙恤"槧牾潸廚懆欷槝"楝禊"檳"槧牾潸廚懆欷槝戌廳"懆慳"榮帙禳懆帙弭抻"槧氈巍"" 舍茲帙榴拏檳懆""橈狆
""殪帙楮慳"く憖牾懆檳嶷"徇抻憖狆"巍懆" 舍茲帙榴拏檳懆"橈榴汳楙禊"徇暃慳"ぶヰくヰヵ""憖恤巍檳"囹ヴヰ"檣戌楙槝ふ"

"
"
"
"
"
"
"
"
"
"
ふ慳"" 脛茲帙拉枹胙枩"掟戌擣"懆慳"橈枩ぶ"橈棔欷廚欷枩" 寐榮帙拉枹胙枩"槧氈巍"檣憖樌帙拉楮"殪帙弭抻巍懆"懆慳"楝瑪槝巍慳"荵ェヶっンヴb=""橈狆"囑ふ慳懆巍慳"懆巍戌暃
"巍憺 寐巍渕"橈棣揩帙斟"梭抻懆帙燼濆棣瑪枩"梭默"戌樌囑"ヰくヰヵ""く楝牾懆巍慳"幀憇恃"懆憖暃""憖榴惧"帙楮"帙廚"榮帙拉枹胙枩"槧氈巍"橈棣揩帙斟"憖瑪榴枩"搦惠拉楮

梭抻懆帙狒"圄徇抻巍""徇暃慳ぶヱ""梭抻懆帙燼濆棣瑪枩"囹Αヰ"檣戌楙槝ふ" 

 

橈恃欷廚"椈慳帙擽楮"ゎ
膽

莖憖榴廝帙廚ゎ"橈棣沂抛楮"槧氈巍"懆慳"ぎ"幎巍檳"徑抛恤戌廝"檣懆帙弭抻" 腋茯眸帙廚"榮巍欷廚"椚禊"椈慳帙擽楮"檳"ゎ暾棣撩楮"
膽

莖憖榴拉恂懆慳ゎ
"く徇抻巍"攵圉圉燬潸楮" 脩范楮戌廝 

"

"¸ëáÝ"Ê̂fl"ÛxáÞµ"ã¦"~Ų́È"Üëx"¯x"Öà̆Ô"|́áŒ"́»
"ê©ëx̂Æ"fiìä"~¶¡"~Ų́È"Üëx"{Ôy©Ù"…ìÞÌ"â»yÄ¢̋x

…Æ"…äxá”Ý"‡ì¶º¡ 

2 - 7

شانزدهمین دوره المپیاد نجوم و اختر فيزيك - 1399/04/25

نام : 

نام خانوادگی : 

کد ملی : 



 

 Ų́È"́»"̂Ñë»"|óxá̋"zxá«"Ü¢ÆáÝ"¯xëx"̂ì¾"́»"…ìÞÌ"é́x»»á„"Òxá̋"Üëx"éx̂¦"â…Æ"Üìì¹¡"~Ü"»"‚̋y\"K|́áŒx»â"Æâ…"¡"‡ì¶ºäxá”Ý…Æ"…  

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

3 - 7

شانزدهمین دوره المپیاد نجوم و اختر فيزيك - 1399/04/25

پاسخ سوال 7

نام : 

نام خانوادگی : 

کد ملی : 



 

 Ų́È"́»"̂Ñë»"|óxá̋"zxá«"Ü¢ÆáÝ"¯xëx"̂ì¾"́»"…ìÞÌ"é́x»»á„"Òxá̋"Üëx"éx̂¦"â…Æ"Üìì¹¡"~Ü"»"‚̋y\"K|́áŒx»â"Æâ…"¡"‡ì¶ºäxá”Ý…Æ"…  

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

4 - 7

شانزدهمین دوره المپیاد نجوم و اختر فيزيك - 1399/04/25

ادامه پاسخ سوال 7

نام : 

نام خانوادگی : 

کد ملی : 



 

 Ų́È"́»"̂Ñë»"|óxá̋"zxá«"Ü¢ÆáÝ"¯xëx"̂ì¾"́»"…ìÞÌ"é́x»»á„"Òxá̋"Üëx"éx̂¦"â…Æ"Üìì¹¡"~Ü"»"‚̋y\"K|́áŒx»â"Æâ…"¡"‡ì¶ºäxá”Ý…Æ"…  

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  

5 - 7

شانزدهمین دوره المپیاد نجوم و اختر فيزيك - 1399/04/25

ادامه پاسخ سوال 7

نام : 

نام خانوادگی : 

کد ملی : 



́» |́áŒ Öà̆Ô ¯x Üëx 

"ã¶ÄŒã¦ ÛxáÞµ Ê̂fl 

¸ëáÝ"â»yÄ¢̋x …ìÞÌ"
 
{Ôy©Ù Üëx ã¶ÄŒ 

~¶¡ fiìä ê©ëx̂Æ"
…Æ"…äxá”Ý"‡ì¶º¡ 

 



 

 

 

 

ک اد نجوم و اخ ف  شانزدهم المپ

 مرحله دوم اسخ نامه 
 

 

 

 

 

 

 

 

 

 

 



 ثوابت فیزیکی و نجومی
 

 مقدار  کمیت

퐺 ثابت جهانی گرانش  m  s  kg  6.67 × 10   

푐 سرعت نور  m s  3.00 × 10   

휎 ولتزمنب-ثابت استفان   W m  K  5.67 × 10   

ly سال نوری  m 9.46 × 10  
pc پارسک  m 3.09 × 10   

AU واحد نجومی  m 1.50 × 10  
푀⨀ جرم خورشید  kg 1.99 × 10   
푅⨀ شعاع خورشید  m 6.96 × 10   
퐿⨀ درخشندگی خورشید  W 3.85 × 10   
푀⨀ 4.83   قدر مطلق خورشید 
푚⨀  خورشیدقدر ظاهری    −26.8 
푇⨀ دمای موثر سطح خورشید  K 5880 
푅 ماهشعاع     km 1737 

푟  km 384400  فاصله متوسط ماه از زمین 
푀⨁ جرم زمین  kg 5.97 × 10   
푅⨁ شعاع زمین  km 6380  

휖 23.5   تمایل محور زمین° 

 

 

 

 

 

 

 

 



 ه(نمر 150)   اول سؤال 

درجه شمالی، یک شاخص عمودی را روی سطح  30در ظهر روز انقلاب تابستانی، در عرض جغرافیایی ناظری 

خواهد به کمک ساعت خود سرعت چرخش سایه شاخص روی زمین را زمین نصب می کند و میشدۀ تراز 

س بر ثانیه قو 1)دقت پاسخ  ؟بر ثانیه چقدر است ثانیه قوساندازه گیری کند. مقدار این سرعت برحسب 

 ثانیه(.

 

 : 1پاسخنامه مسئله 
 با توجه به شکل روبرو داریم :

  
sin (360 − ℎ)

sin (90 − 푎)
=

푠푖푛퐴

푠푖푛(90 − 훿)
 

→ − sinh 푐표푠훿 = 푠푖푛퐴 cos 푎 

 

 

   حال برای به دست آوردن سرعت چرخش سایه یا همان 

 را در طول روز ثابت فرض می کنیم. باید از رابطه بالا مشتق بگیریم که مِیل خورشید

 

−
푑ℎ

푑푡
푐표푠ℎ 푐표푠훿 =

푑퐴

푑푡
푐표푠퐴 푐표푠푎 −

푑푎

푑푡
 푠푖푛퐴 푠푖푛푎 

 

=می دانیم در هنگام ظهر  است بنابراین :   0

 
푑퐴

푑푡
= −

푑ℎ

푑푡

푐표푠ℎ 푐표푠훿

푐표푠퐴 푐표푠푎
 

 

 م :در نتیجه در هنگام ظهر داری

 

퐴 = 180Á       ℎ = 0       훿 = 휀 = 23.5Á 

푎 = 90 − 휑 + 휀 = 83.5Á 
 

→
푑퐴

푑푡
=

cos (23.5)

cos (83.5)
 
푑ℎ

푑푡
= 8.101 ×

푑ℎ

푑푡
 

→
푑ℎ

푑푡
=

푑ℎ

푑푡́

푑푡́

푑푡
=  

360 × 3600

86400
× 0.9973 = 14.9595 

 

→
푑퐴

푑푡
= 8.101 × 14.959 = 121.1 

푎푟푐푠푒푐

푠푒푐
 

Z 

P 
ű -90 

h - 360 

ŭ - 90 

a - 90 

A 



 نمره(   150)  دومسؤال 

تحلیل این یکسان نیست.  ،میزان انرژی نورانی که یک جرم نجومی در طول موج های مختلف تابش می کند

گیری و تکامل کهکشان های هایی است که ستاره شناسان از طریق آن شکلترین تحلیلتابش جزء اصلی

بازه تابعی است که میزان شدت تابش در هر  (SED) یفیط تابع توزیع انرژی. می کنندبررسی دوردست را 

داده شده است. در  HD13974 ستاره دوتایی توزیع انرژی طیفی طول موج را نشان می دهد. در جدول زیر 

휇푚 1این جدول ستون اول از چپ طول موج برحسب میکرومتر  ) = 10  푚 و در ستون دوم شدت )

ده است )جانسکی واحد شدت تابش است هر جانسکی برابر است با تابش بر حسب میلی جانسکی ثبت ش

 وات بر متر مربع بر استرادیان(.  10

 (휇푚)طول موج   (푚퐽푦)شدت تابش 

(6.2 ± 0.1) × 10  1.5 ± 0.1 
(4.0 ± 0.1) × 10  2.0 ± 0.1 
(2.2 ± 0.1) × 10  3.0 ± 0.1 
(1.6 ± 0.1) × 10  3.6 ± 0.1 
(0.9 ± 0.1) × 10  5.0 ± 0.1 
(3.8 ± 0.2) × 10  7.0 ± 0.1 
(1.6 ± 0.2) × 10  10.0 ± 0.1 
(3.0 ± 0.2) × 10  17.0 ± 0.1 

3.0 ± 0.2 70.0 ± 0.1 
 

 زیر تبعیت کند مدل از  (SED)به نظر می رسد تابع توزیع انرژی 

퐹(휆) = 퐵푒  ( ) 

 ارامتر های مدل هستند.مقادیر ثابت یا پ  퐵و 퐴شدت تابش و   퐹(휆)طول موج،   휆که در آن 

 퐴)دقت محاسبه  های مدل را پیدا کنید.بهترین مقدار پارامتر، خطیو روش برازش ها با استفاده از داده الف(

 نمره(  50؛  میلی جانسکی  100 برابر 퐵و دقت محاسبه  0.1برابر 

 نمره( 10)؟ شده را ذکر کنید های تخمین زدهدو مورد از منشاهای ممکن خطا در پارامتر ب(

نمودار  ط رویخا با نقطه و مدل را بصورت ها ردادهدر پاسخنامه نمودار لگاریتمی داده شده است.  (ج 

 نمره( 30. )رسم کنیدلگاریتمی 

 40می کند. ) توصیفتابش ستاره دوتایی را  عبه دقت تابع توزیبا ذکر دلیل بیان کنید آیا مدل ارائه شده د( 

 نمره(

متر، این میکرو کدام طول موج  برحسب ءبا استفاده از مدل به دست آمده تخمین بزنید به ازا (ه                   

 نمره(  20میکرومتر؛  10)دقت   کند.را ساطع می Jy  0.001دوتایی 



 

 : 2پاسخنامه مسئله 

 را می توان به شکل ساده تری نوشت : 퐹(휆)ابطه : ر الف

퐹(휆) = 퐵 푒 ( ) = 퐵푒 = 퐵휆  
 

 بنابراین بهتر است از طرفین لگاریتم بگیریم. و ما به دنبال یک رابطه خطی هستیماما 

푙표푔퐹 = 푙표푔퐵 + 퐴푙표푔휆 

 

푦ست که در تشابه با ااین رابطه خطی  = 푎푥 + 푏 ،  داریم :در آن 

푦 → log 퐹 

푏 → 푙표푔퐵 

푥 → 푙표푔휆 

푎 → 퐴 

푥)ر طبق جدول مقادیکه   , 푦  .داده شده است  (

 :در این روش باید کمیت  .برای برازش خطی از روش حداقل مربعات استفاده می کنیم

 

ɿ = (푦(푥 ) − 푦  ) = (푎푥 + 푏 − 푦 )  

 : باید داشته باشیم در نتیجه ؛کمینه شوند  푏 و  푎نسبت به پارامترهای مدل یعنی 

 
휕훿

휕푎
= 2푥 (푎푥 + 푏 − 푦 ) = 2(푎 푥 + 푏 푥 − 푥 푦 ) = 0 

휕훿

휕푏
= 2(푎푥 + 푏 − 푦 ) = 2(푎  푥 + 푏 1 − 푦 ) = 0 

 

 می رسیم : "مجهولدو -دو معادله"به این ترتیب به یک 

푎 푥 + 푏 푥 = 푥 푦

푎 푥 + 푏푁 =  푦
 

 

 دو مجهول نتیجه می گیریم :-با حل این دو معادله .تعداد داده هاست 푁که در آن 
 

푏 =
∑ 푦 − 푎 ∑ 푥

푁
        →          푎 푥 + (

∑ 푦 − 푎 ∑ 푥

푁
) 푥 = 푥 푦  

 

푎푁 푥 + 푦 푥 − 푎 ( 푥 ) = 푁 푥 푦  



 

→ 푎 푁 푥 − ( 푥 ) = 푁 푥 푦 − 푥 푦  

 

→ 푎 =
푁 ∑ 푥 푦 − ∑ 푥 ∑ 푦

푁 ∑ 푥 − (∑ 푥 )
 //  푏 =

∑ 푦 − 푎 ∑ 푥

푁
 

 

 باید کمیت های زیر را حساب کنیم :  푏و  푎ضرایب  نبرای بدست آورداکنون 

푥 = 푙표푔휆 = 7.13 

푥 = (푙표푔휆 ) = 7.78 

푦 = 푙표푔퐹 = 31.63 

푥 푦 = (  푙표푔휆 )(푙표푔퐹 ) = 19.56 

 در نتیجه : 

푎 = −2.58 → 퐴 = −2.58     

b = 5.56 → B = 361724  푚퐽푦 
 

 

 

 

 خطاهای ابزارهای اندازه گیری  +تابش های رادیویی حرارتی ابزارها  : ب

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  : ج

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 اط می گذرد.فقط از محدوده خطای یکی از نقیا مدل، همانطور که در نمودار دیده می شود خط رسم شده  : د

شده با  مدل برای کمیت شدت تابش پیش بینی می کند بسیار بیشتر و کمتر از مقدار رصداین مقداری که 

 نیست.ل مناسبی مد بنابراین این مدل، ؛احتساب خطای اندازه گیری دستگاه است

 

 ه :

0.001  퐽푦 = 1 푚퐽푦 

 

퐹(휆) = 퐵휆 = 361724휆 . = 1 
 

→ −2.58 푙표푔휆 = −log (361724) 

 

→ 휆 = 10 . = 142.69 휇푚 

 

 

  



 

 نمره(  180)سوم    سؤال

 است. دانیم که مسیر حرکت اجسام تحت تاثیر نیروهای عکس مجذوری به صورت مقاطع مخروطی می

کنیم. مرکز نیرو را )زاویه( استفاده می  휃)شعاع( و  푟برای توصیف حرکت ذره در صفحه از مختصات   لف(ا

در  푚باشد. یک شهاب سنگ با جرم در نظر بگیرید که در مبدا مختصات می 푀یک سیاره به جرم سنگین 

می دانیم مسیر قاطع مخروطی باشد. تواند در هر کدام از مکند و مینظر بگیرید که با این سیاره برهمکنش می

 حرکت شهاب سنگ از رابطه 

푟(휃) =
푟

1 + 휖 cos 휃 
 

و  푚و  퐸و  퐿را برحسب  휖و  푟، (퐿)ای و تکانه زاویه (퐸)با استفاده از ثابت بودن انرژی  پیروی می کند.

푀  و퐺 .نمره(  40))ثابت گرانش( بدست آورید 

به سمت منظومه  푣و سرعت اولیه  푏نهایت دور با پارامتر برخورد شهاب سنگ از بیحال فرض کنید یک  ب(

شود. فقط اثر گرانشی خورشید در نظر گرفته و بررسی کنید چه شرطی بر روی پارامتر های شمسی پرتاب می

 70. )اولیه شهاب سنگ باشد تا شعاع حضیض مدار شهاب سنگ برابر شعاع حرکت مداری کره زمین بشود

 (نمره

کند. بررسی کنید تحت چه حال فرض کنید این شهاب سنگ با کره زمین برخورد کاملا ناکشسان می ج(

ی شمسی خارج تواند زمین را در یک مدار نامقید قرار دهد و درنتیجه زمین از منظورهشرطی این برخورد می

در خلاف  ی زمین اب سنگ و کرهدر لحظه برخورد بردار سرعت شهبرخورد لحظه ای و شود. فرض کنید 

 نمره( 70)باشند.جهت هم 

 . حرکت مداری زمین را دایروی در نظر بگیریددر کل این مسئله 

 

 : 3پاسخنامه مسئله 

 
 الف : 

 

퐿 = 푚푟 휃̇ = 푐푡푒. → 휃̇ =
퐿

푚푟
 

 

퐸 =
−퐺푀푚

푟
+

1

2
푚 푟̇ +

퐿

푚 푟
≡ 푐표푛푠푡. 

 



푟 =
푟

1 + 휖푐표푠휃
→ 푟̇ =

푟 휖휃̇푠푖푛휃

(1 + 휖푐표푠휃)
=

푟 휖푠푖푛휃퐿

푚푟
=

휖푠푖푛휃퐿

푚푟
 

 

퐸 =
−퐺푀푚

푟
(1 + 휖푐표푠휃) +

퐿

2푚푟
(1 + 휖푐표푠휃) +

퐿

2푚푟
휖 푠푖푛 휃 

 

→ 퐸 =
−퐺푀푚

푟
(1 + 휖푐표푠휃) +

퐿

2푚푟
(1 + 2휖푐표푠휃 + 휖 ) 

 
푐표푠توان های مختلف    푐표푠 휃  : را جدا سازی می کنیم 

 

→ توان صفرم  퐸 =
−퐺푀푚

푟
+

퐿

2푚푟
(1 + 휖 ) 

 

توان یکم → −
퐺푀푚휖

푟
+

퐿 휖

푚푟
= 0 

 

→ 푟0 =
퐿2

퐺푀푚2
   

 
 در رابطه انرژی )توان صفرم(  푟با جایگذاری 

 

퐸 =
퐺 푀 푚

2퐿
(휖 − 1) 

 

→ 휖 = 1 +
2퐸퐿2

푚3푀2퐺2
 

 
 برابر با صفر باشد : 휃ب : اگر در حضیض مقدار 

 

퐿 = 푚푏푣   м  퐸 =
1

2
푚푣  

 



푅⊕ =
푟

1 + 휀
 

 

푣 =
퐿(1 + 휀)

푚푟
=

퐿

푚푅⊕
 

 

→ 푣푃 =
푏푣0

푅⊕
 

 

퐸 =
1

2
푚

푏푣

푅⊕
−

퐺푀⨀푚

푅⊕
=

1

2
푚푣  

 

→
퐺푀⨀

푅⊕
=

1
2

푣0
2 −1 +

푏
2

푅⊕
2

→ 푣0(푏) =
2퐺푀⨀

푅⊕
×

1

푏
2

푅⊕
2 − 1

 

 

푀 푅⊕푤 =
푀 푀⨀퐺

푅⊕

→ 푅⊕ =
푀⨀퐺

푤
→ 푅⊕ =

푀⨀퐺

푤
 

푤 =
2휋

1 푦푒푎푟
 

 ج :

 

푣⊕ =
퐺푀⨀

푅⊕
 

 

푣 =
푏푣

푅⊕
=

푏

푅⊕

2퐺푀⨀

푅⊕

1

푏

푅⊕

− 1
 

 
 
 
 



 انه خطی داریم :از پایستگی تک

 

푚푣 − 푀푣⊕ = 푚 + 푀⊕ 푣  

 
 نشان دهیم، می توان نوشت : 푣همچنین اگر سرعت فرار در محل زمین را با 

 

푣 =
2퐺푀⊙

푅⊕
 

 

 →
 ⊕

⊙

⊕

⊕

   − 푀⊕
⊙

⊕
   ⩾ 푚 + 푀⊕

⊙

⊕
    푣   ≥  푣 

 

  푚 ≥ 푀⊕

√2 + 1

−√2 +

2푏

푅⊕

푏

푅⊕

− 1

 

 

 

 
  



 

  نمره( 100) چهارم سؤال 

طبق نظریه نسبیت عام اینشتین می دانیم که در میدان گرانشی یک جسم، فقط ناظرهایی که آزادانه سقوط 

دو دوست فیزیکدان یکی در آسانسور )علی( و زیر . همانند شکل می بینندمستقیم  رانور ، مسیر ی کنندم

푡دیگری در یکی از طبقات ساختمان )سامان( روبروی هم )در سکون( ایستاده اند. ناگهان در زمان  = 0  

در  .کاکی صرفنظر می کنیم()از اثرات اصط کابل آسانسور پاره می شود و آسانسور و علی سقوط آزاد می کنند

این شرایط علی و سامان تصمیم می گیرند که آزمایشی انجام بدهند. علی یک باریکه لیرز را همزمان با پاره 

푡شدن کابل در  = علی می  "اصل هم ارزی"کند. طبق (  ارسال می′푥دقیقاً موازی کف آسانسور )محور   0

 مستقیم و موازی کف آسانسور است.د به دیواره( یک خط )قبل از برخور "همواره"بیند که مسیر لیزر 

لیزر را نسبت به پرتو معادله حرکت  الف(                 

푥)مختصات  . 푦  نمره( 10)بنویسید.  (

معادله حرکت آسانسور را در مختصات سامان  ب(                 

(푥. 푦)  .نمره( 10) بنویسید 

در مختصات سامان به صورت لیزر را  پرتومعادله مسیر  ج(

푦(푥)  نمره( 20) بنویسید؟ 

 푦(푥)یک منحنی به معادله    푅 ،ایشعاع انحنای نقطه د(

= از رابطه 
( ) /

  

به دست می آید که در آن پرایم به معنی مشتق گیری و دو پرایم به معنی مشتق دوم است. با استفاده از این 

ه شعاع انحنای مسیر حرکت باریک لیزر را از دید سامان دقیقاً در لحظه ساطع شدن آن بیابید. مبدا رابط

 نمره( 30) دستگاه ها را به طرز مناسب انتخاب کنید تا محاسبات راحت شود.

 نمره( 10). در سطح زمین حساب کنیداین شعاع را برای میدان گرانشی  ه(

حال فرض کنید که یک باریکه نور در اطراف یک جسم بسیار چگال در حرکت است طوری که شعاع  و(

انحنای حرکت این باریکه با شعاع جسم برابر است. رابطه جرم و شعاع این جسم را بیابید. این جسم چه 

 نمره( 20)موجود فیزیکی می تواند باشد؟

 

 

 



 : 4پاسخنامه مسئله 
 رعت نور در خلاء در نظر بگیریمهوا را تقریباً برابر با س : اگر سرعت نور در الف

    داریم : پرتوهادر نقطه ارسال  أبا انتخاب مبد
푥 ǋ = 푐푡
푦 ǋ = 0

 

푡همچنین در تقریب سرعت های کم  = 푡 ǋ 

 

y     : ب = −  g푡 

 

  : ج
푥 = 푥 ǋ = 푐푡

 푦 = 푦 ǋ − 푔푡
→ 푦 = 0 − → 푦(푥) = −  

 

 : د

1

푅
=

y′′(x)

(1 + y′(x) )
 

 

푦 ǋ(푥) =
−푔푥

푐
    ,     푦 ǋǋ(푥) = −

푔

푐
 

 

→
1

푅
=

−
푔
푐

1 +
푔 푥

푐

→
1

푅
| =  +

푔

푐
 

 

 

  : ه
푔 ≅ 10 푚

푠
푐 ≅ 3 × 10  푚

푠⁄
→   ≅  

×    
  → 푅 ≅ 9 × 10  푚    

 

푅که البته این فاصله را می توان به پارسک نیز باز نویسی کرد ≅ 푝푐  .خواهد بود 
 

 

푔(푅)         : و = ? // 푔(푅) =   

 

  اگر  
( )

=   →  =  → 푅 = 푅 .  .این جسم یک سیاهچاله استو در نتیجه ≡
 

 

  



  مره(ن  160)  پنجم سؤال 

و  بین ماهحداقل جدایی زاویه ای منجم فرانسوی ، (André Danjon)میلادی آندره دانژون  30در دهه 

علت این  .کرد تعیین Ј7 خورشید را ماه و های جوان پس از مقارنه هلالمشاهد پذیر شدن برای خورشید، 

خاطر جلوگیری امر ممانعتِ عوارض سطحی )مانند کوه ها و پستی و بلندی های لبه ماه( از تابش هلال نازک ب

زارهای ابه کمک مدت ها رصدی حتی ب نام گرفت. حدّ دانژوناست. این جدایی زاویه ای از عبور نورشان 

ل رصد در پرتوهای حا با این .بود درتمند در جدایی زاویه ای کمتر از این مقدار ثبت نشد و این حد مورد قبولق

موج های  ؛ زیرا در طولنیز هلال تشکیل خواهد شد از حد دانژون شان می دهد در زوایای کمترنفروسرخ  

 بیشتر است.نور بلندتر پراکندگی در جو کمتر و درصد عبور 

 

 

با توجه به حد تفکیک چشمانِ تیزبین )یک  .و کروی شکل در نظر بگیریدصاف را لبه ماه  الف(                 

ند مسلح چ برای تفکیکِ ضخامت هلال با چشم غیربین ماه و خورشید ای دقیقه قوس( کمترین جدایی زاویه

 نمره( 60) ؟خواهد بوددرجه 

 

1 )10                       2 ) 20                    3)15                         4  )30  

 
 

در اگر است نشان می دهد. درجه  5.2ماه را هنگامی که جدایی زاویه ای بین ماه و خورشید  زیرتصویر ب( 

. باشد Ј70از دید مرکز قرصِ ماه( در تصویر طول کمان هلال ، 휃گشودگی هلالِ روشن ماه )زاویه این هنگام 

 .(نمره 100؛ کیلومتر 0.1) دقت پاسخ  ماه را برحسب کیلومتر بدست آورید ۀفاعات لببلندیِ ارت

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

휃 



 : 5پاسخنامه مسئله 

الف : اگر حد تفکیک چشم انسان یک دقیقه قوسی باشد، بدون توجه به 

ارتفاعات لبه های ماه باید ضخامت مرکز هلال )که ضخیم ترین جای آن 

 به همین مقدار برسد :است( از روی زمین 
 

با توجه به تصویر روبرو جدایی زاویه ای زمین از خورشید از دید ماه، معادل 

 با

 180° − 휂 هست و چون زاویه به رأس خورشید را نیز می توان تقریباً صفر

جدایی زاویه ای ماه از خورشید از دید ناظر  휃در نظر گرفت، در نتیجه زاویه 

 زمینی است.

 

tan(1′) =
푅 − 푅 cos 휂

푑
→ 휂 = cos 1 −

푑 tan(1′)

푅
= 20.66° 

 

 ( است.2این بخش راه دیگری نیز با استفاده از فاز ماه دارد، که حاصل آن گزینه )
 

داشت که در آن زاویه هلال ب : اما با در نظر گرفتن پستی و بلندی های لبه ماه، تصویری مانند روبرو خواهیم 

휂 =  است. 5/2°

خط چین در حقیقت لبه ای از ماه است که به سبب ارتفاعات خط هلال را 

نیز  OAB∆نوک هلال است و مثلث  Aمشخص می کنند، در نتیجه نقطه 

 مثلث کروی است.

푂در این مثلث دو زاویه  ≡ 휂  وA  و푂퐴 =  را داریم؛ بنابراین : 55°

 

cos 퐴 cos 푎 = sin 퐴 cot 푂 − sin 푏 cot 퐴퐵 

→ cos 55° cos 90° = sin 90° cot 5.2° − sin 55° cot 퐴퐵 

→ cot 퐴퐵 =
cot 5.2°

sin 55°
→ 퐴퐵 = 4.2634° 

 

 زاویه بدست آمده ارتفاعات لبه ماه از دید ناظر زمینی است، در نتیجه ارتفاع کوه ها مقدار زیر است :

 

cos 4.26° =
푅

푅 + ℎ
→ ℎ = 4820 푚 ≡ 4.8 퐾푚 

 

еувϾ йϠ ϥЇ͟ йгуж 

иϝв ϤϝКϝУϦϼϜ 

O 

A 

B 

'1 

 نیمه پشت به زمین

 بطرف ناظر زمینی

 بطرف خورشید

ʂ 



نوری  Ј4.26بنابراین چون از هیچ کجای لبه های ماه در جدایی زاویه ای کمتر از زاویه بدست آمده یعنی 

 Ј4.3تا  Ј4.2 عبور نمی کند تا به زمین برسد، حد جدید برای آستانه تشکیل هلال نازک در جدایی زاویه ایِ

 باید تعریف شود.

 

  



 3ل ش

 

  نمره( 100) ششم  سؤال

زمین متری کیلو 14تا  5ابرهای سیروس و سیرواسِتراتوس در ارتفاعات  ،روزها و شب های سرداز  بعضیدر 

شود  دیده می در آسماناطراف خورشید یا ماه  در Ј22گاهاً هاله ای به شعاع در این مواقع شوند،  تشکیل می

 (1)شکل  .مشخص استزیر که در تصویر 

 

 

ضلعیِ منتظم ایجاد -6ت نور در بلورهای یخ آب است، که منشورهایی ناشی از شکس ایدرجه 22هالۀ این 

 (.2کرده اند و مطابق با تصویر مسیر نور را عوض می کنند )شکل 

 

ای تغییر زاویه انحراف نورهای خروجی نسبت به نورهای ورودی با توجه به زوایای مختلف تابش، در بازهالف( 

 قرص از زاویه این در که شود می سبب امر این و است Ј22 دانیم کمینه آن در اطراف می کند که می

لورها ب این شکست ضریب. باشیم جوی پدیده این ناظرانِ به بیشتری رسیده پرتوهای شاهد ماه، یا و خورشید

راهنمایی : حداقل زاویه انحراف نور از یک منشور، زمانیست که زوایای ورودی و خروجی نور از  چقدر است؟

 (نمره 70؛ واحد 0.01)دقت  د.نباشسطوح یکسان 

 

بخش خاکستری رنگ نشان دهنده هاله نورانی باشد ترتیب رنگ ها از داخل  3اگر در شکل  ب(                

 نمره( 30) به خارج چگونه است؟ 

 
 قرمز - نارنجی - زرد - سبز ïبی آ (1

 آبی - سبز ïزرد  -ارنجی ن -قرمز (2

 یر استبسته به شرایط متغ (3

 اصلا تجزیه نور نداریم (4

 
 
 
 

 

 ͻϝкϼнЯϠ

Ϸтͼ 

ل ( ل ( )1ش  )2ش

Á22 ه خارج ب رنگ ها از داخل   ترت



 
  

 
 

 : 6پاسخنامه مسئله 

휃الف : با توجه به تصویر روبرو که در حالتِ کمترین زاویه انحراف رسم شده است و  ≡ 22°، 

푖می دانیم زاویه ورود و خروج نور به بلورهای یخی یکسان است و در نتیجه  = 푖′  و البته که푟 = 푟′ ؛

 بنابراین :

 

 

푛 sin 푖 = 푛 sin 푟 
훾 = 180° − (푟 + 푟′) 

퐴 + 훾 = 180° → 퐴 = 푟 + 푟 = 2푟
→ 푟 = 30° 

 

휃 = (푖 − 푟) + (푖 − 푟′) → 휃
= 2푖 − 2푟 ≡ 22° 

→ 푖 =
22° + 2푟

2
=

82°

2
= 41° 

 

→ 푛 =
푛 sin 푖

sin 푟
=

1 × sin 41°

sin 30°
= 1.3121 

 

 

رهای با طول موج کوتاه تر بیشتر می شکنند و مثلاً ب : می دانیم در هر یک از بلورهای یخی، در نهایت نو

نورهای آبی بیشتر از قرمز خواهند شکست. در این شرایط از بلورهایی که به خورشید نزدیک ترند )جدایی 

22)زاویه ای کمتری نسبت به خورشید دارند( نورهایی که کمتر و به اندازه  − 휀)°  منحرف شده اند به

رهایی که از خورشید دورترند )جدایی زاویه ای بیشتری نسبت به خورشید دارند( چشمانمان رسیده؛ اما بلو

22)نورهایی که بیشتر و به اندازه  + 휀)° ...منحرف شده اند به چشمانمان خواهند رسید 

های بیرونی آبی تر باشند و گزینه ای قرمز، اما لایهЈ22های درونی این هاله این عامل سبب می شود تا لایه

 رست است.( د2)

 
  

푛

= 휋푟

푛

=

θ 

Á60  

A 

i 
r r' 

i' 

n 

γ 



 

  نمره(  160) هفتم سؤال 

ی است راه شیر یدر راستای صورت فلکی اژدها، از جمله اقمار کهکشان 10822UGCکهکشان کوتوله کرویِ 

با  غیرمت اخیراً در این کهکشان یک ستاره میلادی توسط آلبرت جورج ویلسون کشف شد. 1954که در سال 

ی قیفاووسی متغیرهابندی دستهدر  به نظر می رسدهده شده است که مشا ،HRمسیر تحولی زیر بر روی نمودار 

به شکل برای متوسط قدر مطلقِ مرئی آنها  "ابندگیِ متغیرهای قیفاووسیت-دوره تناوب"  رابطۀقرار گیرد. اگر 

 باشد  زیر

 

푀 = −2.43(log 푃 − 1) − 4.05 
 

مشخص چنین در رصدها سط قدر مطلق مرئی است. هممتو 푀دوره تناوب بر حسب روز و   푃که در آن 

 .تغییر می کندروز  6.03شده است که نور این ستاره با دوره تناوب 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



مشخص کنید مکان این ستاره هم اکنون در کدامیک از نقاطِ داده شده روی مسیر تحولی  الف(                  

 نمره( 20) بر روی این نمودار است.

 

 D( اطراف نقطه C         4( اطراف نقطه B         3( اطراف نقطهA         2( اطراف نقطه1

 

 (نمره 30؛ واحد 5؟ )دقت شعاع این ستاره بطور متوسط چند برابر شعاع خورشید است ب(

 

ینکه این اگر نمودار تغییرات قدر ظاهری در فازهای مختلف برای این متغیر بصورت زیر باشد، با فرض ا ج(

کمینه دمای به  روشنایی ستارگان در پرنورترین و کم نورترین حالت شعاعی یکسان دارند، نسبت دمای بیشینه

 (نمره 40؛ واحد 0.05) دقت روشنایی را بدست آورید.

 
 
 
 
 
 
 
 
 
 

 ءزاقرار دارد(، به اِ =Ј6/34bمی دانیم در راستای مشاهده این کهکشانِ کوتوله )که در عرض کهکشانی  د(

 است؟ پارسکمشخص کنید فاصله این کهکشان تا ما چند  قدر جذب داریم. 0.05 ،هر یک کیلوپارسک فاصله

  (نمره 70؛ کیلوپارسک 1)دقت 

 

و معادل کل توان تابشی ستاره برحسب وات  "درخشندگی مطلق"معادل  "تابندگی": در این مسئله توجه

 برمتر مربع است.

 
 

 : 7پاسخنامه مسئله 

درخشندگی برای آن ها، می توان متوسط قدر -با داشتن دوره تناوب این متغیر و رابطه دوره تناوب الف :

مطلق مرئی و سپس تابندگی ستاره را یافت : دقت شود که برای این ستاره، تابندگی در فیلتر مرئی را با تقریب 

 بش سنجی صفر است(خوبی همان درخشندگی مطلق در نظر گرفته ایم. )معادل با اینکه تصحیح تا

 

푀 = −2.43(log 6.03 − 1) − 4.05 = −3.52 

푀 − 푀 ⨀ = −2.5 log
퐿

퐿⨀
→ 퐿 = 10 . ( . . ) 퐿⨀ = 2188 퐿⨀ 



 

 خواهد بود. Bکه با توجه به محور لگاریتمیِ تابندگی روی نمودار، متناظر با نقطه 

 

برابر است با  کلوین باشد، شعاع ستاره 6000ه شده برای این ستاره از روی نمودار ب : حال اگر دمای خواند

: 

 

퐿 = 4휋푅 휎푇 → 푅 =
퐿

4휋휎푇
=

2188 × 3.85 × 10

4휋 × 5.67 × 10 × 6000

= 3.02 × 10  푚 
 

 برابر شعاع خورشید است. 43.4که برابر با 

رفته باشد، ( را درست گ3( یا )1ی با کمی خطا در قسمت )الف( گزینه های )دقت شود که چنانچه دانش آموز

تا   40.6کلوین در نظر گرفته است و جواب قسمت )ب( را در محدوده  5800تا  6200محدوده دمایی را 

ین بخش را ابرابر شعاع خورشید محاسبه کرده و بنابراین در محدوده خطای در نظر گرفته شده، نمره  4.46

 د گرفت.خواه

 

 ست،ا+ 5.20+ تا .519ج : از روی منحنی نوری نیز مشخص است که تغییرات قدر ظاهری بطور متوسط از 

푅همچنین  = 푅 ≡ 푅 

 

푚 − 푚 = −2.5 log
푏

푏
= −2.5 log

퐿
4휋푑
퐿
4휋푑

=
퐿

퐿

= −2.5 log
4휋푅 휎푇

4휋푅 휎푇
 

→ 19.5 − 20.5 = −10 log
푇

푇
→

푇

푇
= 10 . = 1.26 

 

+ در نظر 6.20+ تا 19.45دقت شود که چنانچه دانش آموزی با نهایت دقت مقادیر تغییرات قدر ظاهری را از 

 ود.ببدست خواهد آورد، که در محدوده خطای لحاظ شده خواهد  1.30گرفته باشد نیز نسبت دماها را 

 

ستا داده شده د : در این بخش عرض کهکشانی ظاهراً داده ای اضافی است زیرا مستقیماً مقدار جذب در آن را

 است...

 

푚 − 푀 = 5 log 푑(푝푐) − 5 + 퐴 = 5 log 푑(푝푐) − 5 + 푎
푚푎푔

퐾푝푐
푑(퐾푝푐) 



→ +20 − (−3.52) = 5 log 푑(푝푐) − 5 + 0.05 × 10 푑(푝푐) → 푑 = 80059 푝푐 
 

ه باشد + نیز قرار داد025.20دقت شود که چنانچه دانش آموزی با دقت گفته شده متوسط قدر ظاهری را 

 ن است.برای نمره دهی بیشتر از آ پارسک بدست خواهد آورد، که خطای اشاره شده 80383نیز فاصله را 
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