
60·ÂÁ ¨≤± Í¯Î ¨¢‰„Â‰˙¢≤ ßÒÓ ˙¯

Æ±Æ‡Ô‰ ˙ÂÈÂÓ„‰ ˙¯ÊÙÓ ‰˘„Ú· ÈÎ ¨˙ÊÎ¯Ó ‰˘„Ú‰

ÆÍÒÓ ÏÚ Ï·˜˙‰Ï ˙ÂÏÂÎÈ ÔÈ‡ ÔÎÏ ¨˙ÂÓÂ„Ó

∫Â‡‰ÎÂÙ‰ ˙ÂÓ„ ˙Ï·˜˙Ó ˙ÊÎ¯Ó ‰˘„ÚÓ ˜¯ 

Æ®‰¯˘È „ÈÓ˙ ˙ÂÓ„‰ ˙¯ÊÙÓ ‰˘„Ú·©

Æ·®±©∫˙ÈÂÂ˜ ‰Ï„‚‰

(1) m = v
u

= 2

v
30

= 2 ⇒ v = 60cm

(2)
1
v

+ 1
u

= 1
f

1
60

+ 1
30

= 1
f

f = 20 cm

®≤©∫‰˘„Ú‰ ˙ÓˆÂÚ

(3) C = 1
f

= 1
0.2

C = 5 D

Æ‚®±©ÆÂÊ ÌÈÈÙ˜˘Ó ˙˘„ÚÏ ÌÈ‡˙Ó · ÌÈ˘¯˙

®≤©
1
f

= n
n

– 1






1
R1

+ 1
R2





(4)

1
20

= n – 1( ) 1
5

–
1

10






n‰˘„Ú  = 1.5

Æ„ ̈ ‰¯Â¯·‰ ‰ÈÈ‡¯‰ ̃ Á¯Ód‡Â‰ È‡Â¯ ̃ Á¯ Ì„‡ Ï˘ ̈

¯Â¯È·· ˙Â‡¯Ï Ì„‡Ï ˙¯˘Ù‡Ó ‰˘„Ú‰ ÆÈ„Ó ÏÂ„‚

ÏÂ„‚ ̃ Á¯Ó· ̇ ÂÓ„ ̇ ¯ˆÂÈ ‡È‰˘ ÍÎ ̈ÌÈ·Â¯˜ ÌÈÓˆÚ

≠Ï ‰ÂÂ˘ Â‡dÆ

ÈÁ·Ò¢˘˙ ıÈ˜ ‰˜ÈÊÈÙ· ˙Â¯‚·‰ ˙
ÙÈ˜¯Ó ˙ÂÂ¯˙ÙÂ ‰¯ÈÁ· ™ÌÈ‡Ï

ÌÈÏ˘Â¯È ¨ÍÂÈÁ‰ „¯˘ÓÂ ˙Â·ÂÁ¯ ¨ÌÈÚ„Ó‰ ˙‡¯Â‰Ï ‰˜ÏÁÓ‰ ¨ÔÊÂ¯ È„Ú

˙ÂÈÚ·Â†ÌÈÁ·Ó†ÌÈÁ·˙ÂÈÚ·Â†ÌÈÁ·Ó†ÌÈÁ·

Ù‚‰Â ¯Â‡‰ ˙¯Â˙ ≠ ÔÂ˘‡¯ ˜¯ÌÈÏ
Æ± ˜Á¯Ó· ÌÈÈÙ˜˘Ó ˙˘„Ú ÈÙÏ ÌˆÚ ÌÈ·ÈˆÓ30cmÆ‰ÓÓ 

Æ≤ ÈÙ ̇ Ï„‚ÂÓ‰ ÌˆÚ‰ Ï˘ ‰ÎÂÙ‰ ̇ ÂÓ„ ̇ Ï·˜˙Ó ÍÒÓ ÏÚ

Æ‡  ø˙¯ÊÙÓ Â‡ ˙ÊÎ¯Ó ‰˘„Ú‰ Ì‡‰˜Ó®˙Â„Â˜ µ©  Æ

Æ·®±©Æ‰˘„Ú‰ Ï˘ „˜ÂÓ‰ ˜Á¯Ó ˙‡ ·˘Á

®≤©ÆÌÈ¯ËÙÂÈ„· ‰˘„Ú‰ ˙ÓˆÂÚ ˙‡ ·˘Á

®˙Â„Â˜ ±µ©

Æ‚„Á‡ ÁË˘ÓÂ ¯ÂÓ˜ „Á‡ ÁË˘Ó ÂÊ ÌÈÈÙ˜˘Ó ˙˘„ÚÏ

 Ï˘ ˙ÂÈÓÂÓ˜Ú ÒÂÈ„¯ „Á‡ ÁË˘ÓÏ Æ¯ÂÚ˜5cm¨

 Ï˘ ˙ÂÈÓÂÓ˜Ú ÒÂÈ„¯ ¯Á‡‰ ÁË˘ÓÏÂ10 cmÆ

®±©˙˘„ÚÏ ÌÈ‡˙Ó ¨· Â‡ ‡ ¨ÌÈÓÈ˘¯˙‰ È˘Ó ‰ÊÈ‡

øÂÊ ÌÈÈÙ˜˘Ó

ÍÂÈÁ‰ „¯˘Ó ˙ÂÚˆÓ‡· ‰È„Ó‰ Ï˘ ‡È‰ ÌÈÂÏ‡˘‰ ÏÚ ÌÈ¯ˆÂÈ‰ ˙ÂÎÊ ™
‡Ï‡ ˙Â·¯˙‰Â ÍÂÈÁ‰ „¯˘Ó ÌÚËÓ ÔÈ‡ ˙ÂÏ‡˘Ï ˙Â·Â˘˙‰ Æ˙Â·¯˙‰Â

Æ¯Ó‡Ó‰ ÏÚ ÌÂ˙Á‰ ˙ÂÈ¯Á‡·

10�cm�(קמור)

5�cm�(קעור)10�cm�(קעור)

5�cm�(קמור)

‡ ÌÈ˘¯˙· ÌÈ˘¯˙

®≤©‰ÈÂ˘Ú ÂÓÓ˘ ̄ ÓÂÁ‰ Ï˘ ‰¯È·˘‰ Ì„˜Ó ̇ ‡ ·˘Á

®˙Â„Â˜ ±µ©  Æ‰˘„Ú‰

Æ„≠˜Á¯ Ì„‡Ï ÌÈÎÈÈ˘‰ ÌÈÈÙ˜˘Ó Ï˘ ‡È‰ ÂÊ ‰˘„Ú

‰ÈÈ‡¯‰ ÈÂ˜ÈÏ ˙‡ ˙˜˙Ó ÂÊ ‰˘„Ú „ˆÈÎ ¯·Ò‰ ÆÈ‡Â¯

®˙Â„Â˜ ±µ©  Æ‰Ê Ì„‡ Ï˘

‰˘„Ú

‰˘„Ú

‰·È·Ò
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∫Ô‰ ÁÂÂ¯Ó‰ ÚˆÓ‡ ÌÚ ‚È¯Ò‰ ÚˆÓ‡ ˙‡

16.9˚   ,13.2˚   ,12.3˚ ≠Â 17.9˚Æ

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±Æ‡Æ‰·Â˘˙Ï ≥∞•

Æ˜ÂÓÈÏ ∑∞•

Æ·∫®±©≠Ï ∑∞•
¨®±© ‰‡ÂÂ˘ÓÏ ±µ•

¨®≤© ‰‡ÂÂ˘ÓÏ ≤∞•

¨‰·ˆ‰Ï ≤µ•

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

∫®≤©≠Ï ≥∞•
¨®≥© ¯˘˜Ï µ•

¨®Ô‰˘ÏÎ Í¯Â‡ ˙Â„ÈÁÈ·© ‰·ˆ‰Ï µ•

¨˙È¯ÓÂ ‰·Â˘˙Ï µ•

ÆÌÈ¯ËÙÂÈ„· ‰·Â˘˙Ï ±µ•

Æ‚®±©Æ®±©≠Ï ≥∞•

®≤©∫®≤©≠Ï ∑∞•
¨®¥© ‰ÁÒÂÏ ≤µ•

È˘Ï ÌÈÈ·ÂÈÁ ÌÈÎ¯Ú ·Èˆ‰ Ì‡© ‰·ˆ‰Ï ≥∞•

¨®≥∞•≠‰ ˙‡ Ï·˜È ‡Ï ¨ÌÈÒÂÈ„¯‰

Æ‰ÂÎ ˙È¯ÓÂ ‰·Â˘˙Ï ±µ•

Æ„¯Â¯È·· ‰‡Â¯ ÂÈ‡ È‡Â¯ ̃ Á¯ Ì„‡˘ ‰„·ÂÚ‰ ÔÂÈˆÏ µ∞•

ÆÌÈ·Â¯˜ ÌÈÓˆÚ

ÌÈÓˆÚ Ï˘ ˙ÂÓ„ ˙¯ˆÂÈ ‰˘„Ú‰˘ ‰„·ÂÚ‰ ¯Â·Ú µ∞•

Æ¯Â¯È·· ‰‡Â¯ Ì„‡‰ Â·˘ ̈ ÏÂ„‚ ̃ ÈÙÒÓ ̃ Á¯Ó· ÌÈ·Â¯˜

≠È‡Â¯ ˜Á¯ Ì„‡ Ïˆ‡ ∫‰·Â˘˙Ï ˙Â„Â˜‰ ‡ÂÏÓ

Ï˘ ‰˘„Ú· ˙Â¯·˘Â ·Â¯˜ ÌˆÚÓ ˙Â‡·‰ ¨ÌÈÈ¯˜

Æ‰È¯Á‡ ‡Ï‡ ̇ È˙˘¯‰ ÏÚ ̇ ÂÓ„ ̇ Â¯ˆÂÈ ÔÈ‡ ̈ ÔÈÚ‰

ÊÎ¯˙ ‰˘„Ú‰˘ ÍÎ ̈ ÔÈÚ‰ ̇ ˘„Ú „˜ÂÓ ̇ ‡ ̇ Â˘Ï ̆ È

˘Ó˙˘‰Ï ˘È ÔÎÏ ¨®Ï„‚˙ ‰˘„Ú‰ ˙ÓˆÂÚ© ¯˙ÂÈ

Æ˙ÊÎ¯Ó ‰˘„Ú·

Æ≤˙ÂÁÂÏ È˘ ÏÏÂÎ‰ ¯ËÓÂ¯Ë˜ÙÒ ¯‡˙Ó ÍÈÙÏ˘ ÌÈ˘¯˙‰

ÁÂÂ¯Ó Ì‰ÈÈ·Â Ï‚ÚÓ Ï˘ ̇ ˘˜ ®‰ÏÚÓÏÓ Ë·Ó·© Ì˙¯Âˆ˘

 ÂÏ˘ ÚÂ·˜‰˘ ‰ÙÈ˜Ú ‚È¯Ò ÔÎÂ ¨¯ˆ5300¨Ó¢ÒÏ ÌÈˆÈ¯Á 

ÏÎÂ ¨ÌÈÈÎ‡ Ì‰ ‚È¯Ò· ÌÈˆÈ¯Á‰ ÆÁÂÂ¯ÓÏ ÏÈ·˜Ó ‡Â‰Â

˙¯ÂÓ ÏÈÚÙ‰ „ÈÓÏ˙ Æ¯ÂÁ˘· ÌÈÚÂ·ˆ ̄ ËÓÂ¯Ë˜ÙÒ‰ È˜ÏÁ

‰Ú·ˆ˘ ®¯ËÓÂ¯Ë˜ÙÒ‰ Í¯„ ‡ÏÂ ˙Â¯È˘È© ‰‡¯Â ˙ÈÙÒÎ

ÁÂÂ¯Ó‰ È¯ÂÁ‡Ó ̇ ÈÙÒÎ‰ ̇ ¯ÂÓ ̇ ‡ ·Èˆ‰ „ÈÓÏ˙‰ ÆÏÂ‚Ò

Í¯„ ÔÂ·˙‰Â ¨®ÌÈ˘¯˙ ‰‡¯© ¯ËÓÂ¯Ë˜ÙÒ‰ ˙ÂÁÂÏ ÔÈ·˘

ÔÓÂÒÓ‰ ®‰Ï˜Ò© ‚È¯„˙ Ú˜¯ ÏÚ ÌÂ¯Ë˜ÙÒ‰ ÈÂÂ˜· ‚È¯Ò‰

‰Ú·¯‡ ÌÈÚÈÙÂÓ ÔÂ˘‡¯ ¯„Ò·˘ ‡ˆÓ ‡Â‰ Æ˙ÂÁÂÏ‰ ÏÚ

¯·ÁÓ‰ Â˜‰Ó Ì‰Ï˘ ‰ÈÈËÒ‰ ̇ ÂÈÂÂÊ˘ ̈ÌÈÈÏ¯Ë˜ÙÒ ÌÈÂÂ˜

תדריגמנורת�כספית

לוחות
סריג

Æ‡ÆÌÈÈÏ¯Ë˜ÙÒ‰ ÌÈÂÂ˜‰ ̇ Ú·¯‡ Ï˘ Ï‚‰ ÈÎ¯Â‡ ̇ ‡ ·˘Á

®˙Â„Â˜ ±µ©

Æ·‰‡¯˘ ®ÈÊÎ¯Ó‰ ÒÙ‰© ÒÙ‡ ¯„Ò· ¯Â‡‰ Ú·ˆ Â‰Ó

  ø‚È¯Ò‰ Í¯„ „ÈÓÏ˙‰¯·Ò‰®˙Â„Â˜ ±∞©  Æ

Æ‚ø¯ÂÁ˘· ÂÚ·ˆ ¯ËÓÂ¯Ë˜ÙÒ‰ È˜ÏÁ ÏÎ ÚÂ„Ó

®˙Â„Â˜ ±∞©

Æ„ÍÎ ¯ËÓÂ¯Ë˜ÙÒ‰ ˙ÂÁÂÏ ˙‡ ˜ÈÁ¯‰ „ÈÓÏ˙‰ ¯˘‡Î

ÌÈ·Á¯ ÌÈÈÏ¯Ë˜ÙÒ‰ ÌÈÂÂ˜‰ Â‡¯ ¨Ï„‚ ÁÂÂ¯Ó‰˘

®˙Â„Â˜ µ©  Æ‰ÚÙÂ˙‰ ˙‡ ¯·Ò‰  Æ¯˙ÂÈ

Æ‰Ë‰Ï ˙¯ÂÓ· ˙ÈÙÒÎ‰ ˙¯ÂÓ ˙‡ ÛÈÏÁ‰ „ÈÓÏ˙‰

ÌÂ¯Ë˜ÙÒ· ‚È¯Ò‰ Í¯„ ÔÂ·˙‰Â ¨®Ô·Ï ¯Â‡ ˙ËÏÂÙ‰©

Æ¯ˆÂ˘

®±©  øÒÙ‡ ¯„Ò· ÏÁ ÈÂÈ˘ ‰ÊÈ‡¯·Ò‰Æ

®≤©  øÔÂ˘‡¯ ̄ „Ò· ÈÂÈ˘ ÏÁ Ì‡‰¯·Ò‰®˙Â„Â˜ ±∞©  Æ

Æ≤Æ‡∫‚È¯Ò‰ ˙ÁÒÂsinθn = nN*·λ
∫ÔÂ˘‡¯ ¯„Ò ¯Â·Úsinθ1 = N*·λ

∫ÔÂ˘‡¯‰ Â˜‰sin12.3˚ = 5300λ1

λ1 = 4.019 · 10–5 cm

λ1 = 4019 Å

∫È˘‰ Â˜‰sin13.2˚ = 5300λ2

λ2 = 4.309 · 10–5 cm

λ2 = 4309 Å

∫È˘ÈÏ˘‰ Â˜‰sin16.9˚ = 5300λ3

λ3 = 5.485 · 10–5 cm

λ3 = 5485 Å
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∫ÈÚÈ·¯‰ Â˜‰sin17.9˚ = 5300λ4

λ4 = 5.799 · 10–5 cm

λ4 = 5799 Å

Æ·ÆÂÈ·ÈÎ¯ÓÏ „¯ÙÂÓ ÂÈ‡ ¯Â‡‰ ÒÙ‡ ¯„Ò· ÆÏÂ‚Ò

Â‡∫ sinθ0 = 0  ÔÎÏ ¨θ0 = 0Æ

Æ‚ÚÂÓÏ ÍÎ È„È≠ÏÚÂ© Â· Ú‚ÂÙ‰ ¯Â‡‰ ˙‡ ÚÂÏ·Ï È„Î

Æ®‚È¯Ò‰ ÈÙÏÎ ¯Â‡ ˙¯ÊÁ‰

Æ„ÌÈÂ˘ ÌÈÂÂÈÎÓ ̄ Â‡ ÂÎ¯„ ̄ ·ÂÚ ̈ Ï„‚ ÁÂÂ¯Ó‰ ̄ ˘‡Î

ÏÎ Æ‰¯ÂÓ‰ Ï˘ ÌÈÂ˘ ÌÈÈ˙„Â˜ ¯Â‡ ˙Â¯Â˜ÓÓ ≠

ÌÓÂ˜ÈÓ˘ ÌÈÏ¯Ë˜ÙÒ ÌÈÂÂ˜ ̄ ˆÈ È˙„Â˜ ̄ Â‡ ̄ Â˜Ó

ÌÈÂÂ˜‰ ÏÎ Ï˘ ÛÂ¯Èˆ‰ Æ‰ÊÓ ‰Ê ËÚÓ ‰Â˘

¯ˆÈ ¨ÌÈÂÒÓ Ï‚ Í¯Â‡Ï ÌÈÓÈ‡˙Ó‰ ¨ÌÈÈÏ¯Ë˜ÙÒ‰

Æ·Á¯ ÈÏ¯Ë˜ÙÒ Â˜

Æ‰®±©ÂÈ‡ ¯Â‡‰ ÒÙ‡ ¯„Ò· ÆÏÂ‚Ò ÌÂ˜Ó· Ô·Ï ‰È‰È

ÆÂÈ·ÈÎ¯ÓÏ „¯ÙÂÓ

®≤©ÌÂ¯Ë˜ÙÒ Ï·˜˙È ÈÎ ÈÂÈ˘ ÏÂÁÈ ÔÂ˘‡¯ ¯„Ò·

ÆÈÂÂ˜ ‡ÏÂ ®Ï‚‰ ÈÎ¯Â‡ ÏÎ© ÛÈˆ¯

Ù˙È¯„ÂÓ ‰˜ÈÊÈÙ ≠ È˘ ˜¯
Æ≥Æ‡ÌÂË‡Ï ̄ ‰Â· Ï˘ Ï„ÂÓ‰ ÒÒÂ·Ó Ô‰ÈÏÚ˘ ̇ ÂÁ‰‰ ̇ Á‡

∫¯˘˜‰ ‡È‰ ÔÓÈÓ‰

I. mevr = n
h

2π
 ̄ ˘˜ ÈÎ ‰‡¯‰IÈÏ‚ÚÓ‰ ÏÂÏÒÓ‰ Û˜È‰˘ ‰Á‰Ï ÏÂ˜˘ 

Ï‚ Í¯Â‡ Ï˘ ‰ÓÏ˘ ‰ÏÂÙÎ ‡Â‰ ÔÂ¯Ë˜Ï‡‰ Ï˘

®˙Â„Â˜ ±∞©  ÆÔÂ¯Ë˜Ï‡‰ Ï˘ ÈÈÂ¯·≠‰„

Æ·®±©Ï˘ ÌÈÒÂÈ„¯‰ ÈÎ ¨¯‰Â· Ï˘ Ï„ÂÓ‰ ˙¯ÊÚ· ¨‰‡¯‰

·È·Ò Ú‰ ¨ÔÂ¯Ë˜Ï‡‰ Ï˘ ÌÈÈÏ‚ÚÓ‰ ÌÈÏÂÏÒÓ‰

∫¯˘˜‰ ˙‡ ÌÈÓÈÈ˜Ó ¨ÔÓÈÓ‰ ÌÂË‡ ÔÈÚ¯‚

II. r = h2

4π2meke2 n2

Û„· ÌÈÓÂ˘¯‰ ÌÈÈÂËÈ·· ˘Ó˙˘‰Ï È‡˘¯ ÍÈ‡

ÔÂ¯Ë˜Ï‡‰ ÈÏÂÏÒÓ Ï˘ ÌÈÒÂÈ„¯‰ ̄ Â·Ú ̇ Â‡ÁÒÂ‰

ÆÔÓÈÓ ÌÂË‡·

®≤© ¯˘˜Ó˘ ‰‡¯‰IIÌ‰ ÌÈÏ‚ÚÓ‰ ÈÒÂÈ„¯˘ Ú·Â 

®˙Â„Â˜ ≤µ©  ÆÌÈ„È„·

Æ‚¨¯‰Â· Ï˘ ‰Á‰‰ ˙‡ Ì˘ÈÈÏ ¯˘Ù‡ ÈÎ ¯¯·˙Ó

 ̄ ˘˜· ̇ ‡ËÂ·Ó‰IÈÏ‚ÚÓ ÏÂÏÒÓ· Ú‰ ÔÂ¯Ë˜Ï‡ ÏÚ Ì‚ ̈

Æ„ÈÁ‡ ÈË‚Ó ‰„˘·

®±© ̄ ˘˜ ̇ ¯ÊÚ· ̈ ‰‡¯‰IÌÈÏÂÏÒÓ‰ Ï˘ ÌÈÒÂÈ„¯‰ ÈÎ ̈

„ÈÁ‡ ÈË‚Ó ‰„˘· Ú‰ ¨ÔÂ¯Ë˜Ï‡‰ Ï˘ ÌÈÈÏ‚ÚÓ‰

B∫¯˘˜‰ ˙‡ ÌÈÓÈÈ˜Ó ¨

III. r = h
2πeB

n

®≤© ¯˘˜Ó˘ ‰‡¯‰IIIÌ‰ ÌÈÏ‚ÚÓ‰ ÈÒÂÈ„¯˘ Ú·Â 

®˙Â„Â˜ ±µ©  ÆÌÈ„È„·

∫‰Î¯Ú‰ Á˙ÙÓ

Æ≤Æ‡≤∞•Æ‚È¯Ò‰ ˙ÁÒÂ ¯Â·Ú

±µ•xÆÏ‚ Í¯Â‡ ·Â˘ÈÁÂ ‰·ˆ‰ ¯Â·Ú ¥

µ•x®ÆÔ‰˘ÏÎ ˙Â„ÈÁÈ· ¯ÂÁ·Ï ÏÂÎÈ© Æ˙Â„ÈÁÈ ¯Â·Ú ¥

Æ·Æ‰·Â˘˙Ï ∂∞•

Æ˜ÂÓÈÏ ¥∞•

≠ÚÈÙÂÓ‰ ˜ÂÓÈ‰ ˙‡ Ì˘¯Â ¨Ô·Ï Ú·ˆ‰˘ ·˙Î Ì‡

Æ¥∞•≠‰ ˙‡ Ï·˜È ¨ÔÂ¯˙Ù·

Æ‰®±©∫®±©≠Ï ¥∞•
¨‰·Â˘˙Ï ≥∞•

Æ¯·Ò‰Ï ±∞•

®≤©∫®≤©≠Ï ∂∞•
¨‰ÚÈ·˜Ï ±µ•

Æ¯·Ò‰Ï ¥µ•

≠˙¯ÂÓ Ï˘ ‰Ï‡Ó ÌÈÂ˘ Ï‚ ÈÎ¯Â‡ ÂÈ‰È˘ ÔÈÈˆ Ì‡

≤µ• ˙˙Ï ¨®˙ÂÙÈˆ¯Ï ÒÁÈÈ˙‰ ‡ÏÂ© ˙ÈÙÒÎ‰

Æ®¥µ• ÌÂ˜Ó·©

Æ≥Æ‡mevr = n
h

2π

≠· ÏÈÙÎ
2π

mev∫Ï·˜Â 2πr = n
h

mev

ÆÈÏ‚ÚÓ ÏÂÏÒÓ Û˜È‰ ‡Â‰ Ï‡Ó˘ Û‚‡

ÆÈÈÂ¯·≠‰„ Ï‚ Í¯Â‡ ‡Â‰ ÔÈÓÈ Û‚‡· È˘‰ Ì¯Â‚‰

nÆÈÚ·Ë ÌÏ˘ ¯ÙÒÓ ≠ 

Æ·®±©∫¯‰Â· Ï˘ Ï„ÂÓ‰ ˙Á‰

(1) mevr = n
h

2π
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ÔÂ¯Ë˜Ï‡ ¯Â·Ú ÔÂËÂÈ Ï˘ È˘‰ ˜ÂÁ‰

∫ÔÓÈÓ ÌÂË‡·(2) k
e2

r2 = me
v2

r

 ÌÈ¯˘˜Ó(1)≠Â (2)∫ÌÈÏ·˜ÓÂ 

r = h2

4π2meke2 ⋅ n2

®≤©≠Ï ÈÂËÈ·‰r Ì¯Â‚‰Ó ·Î¯ÂÓ 
h2

4π2meke2‡Â‰˘ 

 Ì¯Â‚‰ÓÂ ®ÚÂ·˜© ¯ÙÒÓn2ÌÈ„È„· ÌÈÎ¯Ú Ï·˜Ó˘  

ÌÈ„È„· ÌÈÎ¯Ú· ÚÂ·˜ ̄ ÙÒÓ Ï˘ ‰ÏÙÎÓ‰ Æ®ÌÈÓÏ˘©

ÆÌÈ„È„· ÌÈÎ¯Ú ‡È‰ ®ÌÈÓÏ˘©

Æ‚®±©∫¯‰Â· Ï˘ Ï„ÂÓ‰ ˙Á‰

(1) mevr = n
h

2π
‰„˘· ÔÂ¯Ë˜Ï‡ ¯Â·Ú ÔÂËÂÈ Ï˘ È˘‰ ˜ÂÁ‰

∫ÈË‚Ó

(2) Bev = mv2

r

 ÌÈ¯˘˜Ó(1)≠Â (2)∫ÈÎ Ú·Â 

r = h
2πeB

⋅ n

®≤©¨ÚÂ·˜ Ï„Â‚ Ï˘ ‰ÏÙÎÓÏ ÌÈÂÂ˘ ÌÈÏ‚ÚÓ‰ ÈÒÂÈ„¯

h
2πeB

 ÌÈ„È„· ÌÈÏ„‚· ¨n © n∫ÌÈÎ¯Ú Ï·˜Ó

(1, 2 , 3...ÆÌÈ„È„· ÌÈÎ¯Ú Ì‰ ˙ÂÏÙÎÓ‰ ˙Â‡ˆÂ˙Â ¨

¨®≤© ¯˘˜Ï µ∞•

Æ˘˜Â·Ó‰ ÈÂËÈ·Ï ‰Ú‚‰Ï ±µ•

®≤©∫®≤©≠Ï ≤µ•

≠Ï ≤∞•nÆÌÈ„È„· ÌÈÎ¯Ú 

 ≠Ï µ•
h

2πeBÆÚÂ·˜ Ï„Â‚ 

≠ ≠Ï ‰ÂÎ ‰¯Âˆ· ÒÁÈÈ˙‰ Ì‡n2„È¯Â‰Ï ‡Ï ¨

Æ˙Â„Â˜

Æ¥˙ÚˆÂÓÓ‰ ¯˘˜‰ ˙ÈÈ‚¯‡ ˙‡ ¯‡˙Ó ÍÈÙÏ˘ ÌÈ˘¯˙‰

 ¨ÔÂ‡Ï˜ÂÏ∆E/A ‰„ÈÁÈ· ¨MeV††®ËÏÂÂ ÔÂ¯Ë˜Ï‡ ÔÂÈÏÈÓ© 

 ¨‰ÒÓ‰ ¯ÙÒÓ Ï˘ ‰Èˆ˜ÂÙÎAÆ

∆E≠ ‰È‚¯‡‰ ¯ÓÂÏÎ ¨ÌÂË‡ ÔÈÚ¯‚ Ï˘ ¯˘˜‰ ˙ÈÈ‚¯‡

ÆÔÈÚ¯‚‰ Ï˘ ÌÈÂ‡Ï˜Â‰ ÏÎ ÔÈ· „È¯Ù‰Ï ‰˘Â¯„‰

A≠ Æ®ÔÈÚ¯‚· ÌÈÂ‡Ï˜Â ¯ÙÒÓ© ÔÈÚ¯‚ Ï˘ ‰ÒÓ‰ ¯ÙÒÓ

∫‰Î¯Ú‰ Á˙ÙÓ

Æ≥Æ·®±©∫®±©≠Ï ∑µ•
¨®±© ¯˘˜Ï ±∞•

¨®≤© ¯˘˜Ï µ∞•

Æ˘¯„‰ ÈÂËÈ·Ï ‰Ú‚‰Ï ±µ•

®≤©∫®≤©≠Ï ≤µ•
 ≠Ï ≤∞•n2 ∫Â‡ ̈ ®ÌÈÓÏ˘© ÌÈ„È„· ÌÈÎ¯Ú nÏ·˜Ó 

 ÌÈÎ¯Ú1,  2,  3,...Æ

 ≠Ï µ•
h2

4π2m eke2ÆÚÂ·˜ ¯ÙÒÓ 

Æ‚®±©∫®±©≠Ï ∑µ•
¨®±© ¯˘˜Ï ±∞•

0 50 100 150 200 250 300
0

1

2

3

4

5

6

7

8

9

10

92
Kr 141

Ba

235
U

∆E
A

(MeV)

A

∫ÈÈÈÙÂ‡ ÈÈÚ¯‚ ÚÂ˜È· ÍÈÏ‰˙ ÍÈÙÏ

92
235U+0

1n → 56
141Ba+36

92Kr +30
1n

Æ‡ ¯˘˜‰ ˙ÈÈ‚¯‡ ÈÎ ‰‡¯‰Â Û¯‚· ¯ÊÚÈ‰∆E†ÔÈÚ¯‚ Ï˘

92
235U≠Ï ·Â¯È˜· ‰ÂÂ˘ „ÈÁÈ 2.8 · 10–10J®˙Â„Â˜ ±µ©  Æ

Æ· ÔÈÚ¯‚ Ï˘ ̄ ˘˜‰ ̇ ÈÈ‚¯‡ ̇ ‡ ·˘ÁÂ Û¯‚· ̄ ÊÚÈ‰56
141Ba

 ÔÈÚ¯‚ Ï˘ ¯˘˜‰ ˙ÈÈ‚¯‡ ˙‡Â ¨„ÈÁÈ36
92KrÆ„ÈÁÈ 

®˙Â„Â˜ ±µ©

Æ‚‰ÏÂ„‚ ÚÂ˜È·‰ È¯ˆÂ˙ Ï˘ ˙ÏÏÂÎ‰ ˙ÈËÈ˜‰ ‰È‚¯‡‰

ÌÈ·È‚Ó‰ Ï˘ ̇ ÏÏÂÎ‰ ̇ ÈËÈ˜‰ ‰È‚¯‡‰Ó92
235U+0

1n( )Æ

Æ˙ÈËÈ˜‰ ‰È‚¯‡· ˙ÙÒÂ˙Ï ¯Â˜Ó‰ Â‰Ó ¯·Ò‰

®˙Â„Â˜ ±∞©
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Æ¥Æ‡ÔÂ‡Ï˜ÂÏ ˙ÚˆÂÓÓ‰ ¯˘˜‰ ˙ÈÈ‚¯‡ ¨Û¯‚‰ ÈÙ≠ÏÚ

 ‡È‰7.6 MeV∫‡È‰ ÔÈÚ¯‚‰ ÏÎÏ ‰È‚¯‡‰ ÔÎÏ Æ

∆EU = 7.6 ⋅106 eV ⋅ 235 ⋅1.6 ⋅10–19 J
eV

=

= 2.86 · 10–10J

Æ· Ï˘ ¯˘˜ ˙ÈÈ‚¯‡Ba∫
∆EBa = 8.4 · 106 · 141 · 1.6 · 10–19

∆EBa = 1 · 90 · 10–10 J

 Ï˘ ¯˘˜ ˙ÈÈ‚¯‡Kr∫
∆EKr = 8.5 · 106 · 92 · 1.6 · 10–19

∆EKr = 1.25 · 10–10 J

Æ‚‡Â‰ ˙ÏÏÂÎ‰ ˙ÈËÈ˜‰ ‰È‚¯‡· ˙ÙÒÂ˙Ï ¯Â˜Ó‰

ÌÈ¯ˆÂ˙‰ Ï˘ ¯˘˜‰ ˙ÂÈ‚¯‡ ÔÈ· ˘¯Ù‰‰
∆EBa + ∆EKr = 1.90 · 10–10 + 1.25 · 10–10 = 3.15 · 10–10 J

 ÌÈ·È‚Ó‰ Ï˘ ¯˘˜‰ ˙ÂÈ‚¯‡ ÔÈ·Ï(2.86 · 10–10 J)Æ

Æ„ÌÂÈ¯Â‡ ÔÈÚ¯‚ Ï˘ ÚÂ˜È·· ˙¯¯Á˙˘Ó‰ ‰È‚¯‡‰

∫„ÈÁÈ
∆EBa + ∆EKr – ∆EU =
1.90 · 10–10 + 1.25 · 10–10 – 2.86 · 10–10 = 0.28 · 10–10 J

 Ï˘ ÚÂ˜È·· ˙¯¯Á˙˘Ó‰ ‰È‚¯‡‰1 kg∫ÌÂÈ¯Â‡ 
∆E = 0.28 · 10–10 · 2.5 · 1024

∆E = 7 · 1013 J

∫‰Î¯Ú‰ Á˙ÙÓ

Æ¥Æ‡ ˙‡È¯˜ ¯Â·Ú ≤∞•7.6 MeV†ÆÛ¯‚‰Ó

Æ≤≥µ≠· ‰ÏÙÎ‰ ¯Â·Ú µ∞•

 ≠· ‰ÏÙÎ‰ ¯Â·Ú ≤∞•1.6 · 10–19Æ

 ≠· ‰ÏÙÎ‰ ¯Â·Ú ±∞•106Æ

Æ·µ∞•xÆ¯˘˜‰ ˙ÂÈ‚¯‡ È˙˘Ï ≤

Æ‚≠Ï˘ ¯˘˜‰ ˙ÈÈ‚¯‡ ‡Â‰ ¯Â˜Ó‰ ∫·˙Î ˜¯ Ì‡

Æ˙Â„Â˜‰ ‡ÂÏÓ ˙‡ ˙˙Ï ¨ÌÂÈ¯Â‡

≠ÔÈ·Ï ÌÂÈ¯Â‡‰ ˙ÒÓ ÔÈ· ˘¯Ù‰ ÈÙ≠ÏÚ ˜ÓÈ Ì‡

Æ˙Â„Â˜‰ ‡ÂÏÓ ̇ ‡ ̇ ˙Ï ̈ÌÈ¯ˆÂ˙‰ ̇ ÂÒÓ ÌÂÎÒ

Æ„ÔÈÚ¯‚ ÚÂ˜È·· ˙¯¯Á˙˘Ó‰ ‰È‚¯‡‰ ·Â˘ÈÁÏ ∂∞•

Æ„ÈÁÈ ÌÂÈ¯Â‡

 ÚÂ˜È·· ˙¯¯Á˙˘Ó‰ ‰È‚¯‡‰ ·Â˘ÈÁÏ ¥∞•1 kg

ÆÌÂÈ¯Â‡

Æ„ ÚÂ˜È·· ˙¯¯Á˙˘Ó‰ ‰È‚¯‡‰ ˙‡ ·Â¯È˜· ·˘Á1 kg

 Ï˘92
235U ≠· ÈÎ ÚÂ„È Ì‡ ̈ ÔÂ˙‰ ÍÈÏ‰˙· 1kg Ï˘ 92

235U

≠Î ˘È2.5·1024®˙Â„Â˜ ±∞©  ÆÌÈÓÂË‡  

≠∫˙ÂÒÓ È˘¯Ù‰ ÈÙ≠ÏÚ ·˘ÈÁ Ì‡

∆E = MU + Mn – (MBa + MKr + 3Mn)

Æ˙Â„Â˜‰ ‡ÂÏÓ ˙‡ ˙˙Ï

ÙÁÈ˘˜ ÛÂ‚ Ï˘ ‰˜ÈÎÓ ≠ È˘ÈÏ˘ ˜¯
Æµ‰Ù¯Ó ‡Â‰ ÌÈÂÒÓ Ú‚¯· ÆÔÂ¯„Ó ‰ÏÚÓ· ̄ Â„Î Ï‚Ï‚Ó „ÈÓÏ˙

˙È˙ÏÁ˙‰ ̇ Â¯È‰Ó· ‰˜ÏÁ‰ ÈÏ· Ï‚Ï‚˙Ó ̄ Â„Î‰ Ê‡Â ̈ ÂÓÓ

v0 ˜Á¯Ó· ¯ˆÚ ¯Â„Î‰ ÆÔÂ¯„Ó‰ ‰ÏÚÓ· s‰·˘ ‰„Â˜‰Ó 

ÆÂÓÓ ‰Ù¯‰ „ÈÓÏ˙‰

 Â˙ÒÓ ¨„ÈÁ‡ ¯Â„Î‰ ÈÎ ÔÂ˙M ÂÒÂÈ„¯ ¨RÚÂÙÈ˘‰ ˙ÈÂÂÊÂ 

 ‡È‰ ÔÂ¯„Ó‰ Ï˘θÆ

v0

θ

Æ‡ ̃ Á¯Ó‰ ̇ ‡ ·˘ÁsÌÈÏ„‚‰ ̇ ¯ÊÚ· Í˙·Â˘˙ ̇ ‡ ‡Ë· Æ

v0 ¨θ ˙È˘ÙÂÁ‰ ‰ÏÈÙ‰ ˙ˆÂ‡˙Â© g®˙Â„Â˜ ≤∞©  Æ®

Æ· ˜Á¯Ó‰ ÚÂ„Ó ¯·Ò‰sÏ·˜˙Ó ‰È‰˘ ˜Á¯Ó‰Ó ÏÂ„‚ 

 ˙È˙ÏÁ˙‰ ˙Â¯È‰Ó· ÚÂÏ ‰ÏÈÁ˙Ó‰ ‰·È˙ ¯Â·Úv0

®˙Â„Â˜ ±∞©  Æ®ÏÂ‚Ï‚ ÈÏ·Â© ÍÂÎÈÁ ÈÏ· ‰ÚÂ

Æ‚ ˙ÂÚˆÓ‡· ‡Ë·v0† ≠Âθ˙‡ ¯Â„Î‰ ¯·ÂÚ Â·˘ ÔÓÊ‰ ˙‡ 

 ˜Á¯Ó‰s®˙Â„Â˜ ±∞©  ÆÔÂ¯„Ó‰ ‰ÏÚÓ· 

Æ„Ï·˜˙Ó ‰È‰˘ ÔÓÊ‰Ó ÏÂ„‚ ‚ ÛÈÚÒ· ̇ ‡ˆÓ˘ ÔÓÊ‰ Ì‡‰

Â‡ ÂÏ ‰ÂÂ˘ ¨®· ÛÈÚÒ© ÍÂÎÈÁ ÈÏ· ‰Ú‰ ‰·È˙‰ ¯Â·Ú

  øÂÓÓ ÔË˜˜Ó®˙Â„Â˜ ±∞©  Æ

ÆµÆ‡ ˙ÏÏÂÎ‰ ‰È‚¯‡‰ ¨‰È‚¯‡‰ ¯ÂÓÈ˘ ˜ÂÁ ÈÙ≠ÏÚE0

‰ÂÂ˘ ¨ÂÓÓ ‰Ù¯Ó „ÈÓÏ˙‰ ¯˘‡Î ¨¯Â„Î‰ Ï˘

 ˙ÏÏÂÎ‰ ‰È‚¯‡ÏE∫‰·Â‚‰ ‡È˘· ¯Â„Î‰ Ï˘ 
E0 = E

(1)
Mv0

2

2
+ Iω0

2

2
= Mgh ∫ÔÎÏ

(2) I = 2
5

MR2

(3) ω0 = v0

R
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(4) h = s · sin θ
 ˙·ˆ‰Ó(2) ¨(3)≠Â (4)≠· (1)∫ÌÈÏ·˜Ó 

s = 7v0
2

10gsin θ

Æ·∫ÈÏÂÏÈÓ ÔÂ¯˙Ù
ÊÎ¯Ó Ï˘ ˙ÈËÈ˜ ‰È‚¯‡ ‰˙Â‡ ˘È ‰·È˙ÏÂ ¯Â„ÎÏ

˙ÈËÈ˜ ‰È‚¯‡ ÍÎÏ ÛÒÂ· ˘È ¯Â„ÎÏ Í‡ ¨‰ÒÓ‰

‰ÏÂ„‚ ¯Â„Î‰ Ï˘ ˙ÏÏÂÎ‰ ‰È‚¯‡‰ ÔÎÏ Æ˙È·Â·ÈÒ

 ˜Á¯Ó‰© ¯˙ÂÈ ‰‰Â·‚ ‰„Â˜· ¯ˆÚÈÈ ‡Â‰Â ¨¯˙ÂÈs

Æ®¯˙ÂÈ ÏÂ„‚ ‰È‰È ¯Â·ÚÈ ‡Â‰˘

∫È¯ÓÂ ÔÂ¯˙Ù
∫ÔÂ¯„Ó‰ ‰ÏÚÓ· ‰·È˙‰ ¯Â·Ú

v2 = v0
2 – 2 ⋅ g ⋅ sin θ ⋅ x

x = v0
2

2 ⋅ g ⋅ sin θ

   ∫Ô‡ÎÓx < sÆ

Æ‚ ¯Èˆ© ÔÂËÂÈ Ï˘ È˘‰ ˜ÂÁ ÈÙ≠ÏÚx∫®„¯ÂÓ‰ ÔÂÂÈÎ· 

Mgsin θ – f s = Ma(1)

(2) R ⋅ f s = Iα

(3) I = 2
5

MR2

(4) α = a
R

 ÌÈ¯˘˜‰Ó(2) ¨(3)≠Â (4)∫Ï·˜ 

(5) f s = 2
5

Ma

 ˙·ˆ‰Ó(5)≠· (1)∫Ï·˜ 

(6) a = 5gsin θ
7

(7) v = v0 + at

0 = –v0 + at

 ˙·ˆ‰Ó(6)∫Ï·˜ ‰Â¯Á‡‰ ‰‡ÂÂ˘Ó· 

t = 7v0

5gsin θ

Æ„˙ˆÂ‡˙Ó ‰Ë˜ ®ÏÈÚÏ  ®∂© ÈÂËÈ·© ¯Â„Î‰ ˙ˆÂ‡˙

 ‰·È˙‰(g sinθ)Æ

¯Â·ÚÈ ̄ Â„Î‰ ÔÎÏ ̈˙È˙ÏÁ˙‰ ̇ Â¯È‰Ó ‰˙Â‡ Ì‰Ï ̆ È

© ̄ ˙ÂÈ ÍÂ¯‡ ÔÓÊ· Í¯„‰ ‰˙Â‡ ̇ ‡tÛÈÚÒ· ·˘ÂÁÓ‰ 

Æ®¯˙ÂÈ ÏÂ„‚ ‚

∫‰Î¯Ú‰ Á˙ÙÓ

ÆµÆ‡‰ÂÂ˘ ˙È˙ÏÁ˙‰‰ ‰È‚¯‡‰˘ ÔÂÈÚ¯‰ ¯Â·Ú ≤∞•

Æ˙ÈÙÂÒ‰ ‰È‚¯‡Ï

Æ®±© ¯˘˜Ï µµ•

Æ®≤© ¯˘˜Ï µ•

Æ®≥© ¯˘˜Ï µ•

Æ®¥© ¯˘˜Ï µ•

ÆÔÂÎ ÈÙÂÒ ¯˘˜Ï ±∞•

Æ‚Æ®±© ¯˘˜Ï ≥∞•

Æ®≤© ¯˘˜Ï ≥∞•

Æ®≥© ¯˘˜Ï µ•

Æ®¥© ¯˘˜Ï µ•

Æ®∑© ¯˘˜Ï ±∞•

ÆÈÙÂÒ ÈÂËÈ·Ï ‰Ú‚‰Ï ≤∞•

¯Á‡ ÔÂ¯˙Ù

v2 = v0
2 – 2as

s =
7v0

2

10gsin θ

a =
v0

2

2 ⋅ s
=

5g sin θ
7

¯Á‡‰ ÔÂ¯˙ÙÏ „Â˜È
 ‰ÁÒÂÏ ≥∞•v2 = v0 – 2asÆ 

 ˙·ˆ‰Ï ≥∞•v≠Â sÆ‰ÁÒÂ· 

 ¯Â·Ú ÈÂËÈ·Ï ±∞•aÆ

Æ®∑© ¯˘˜Ï ±∞•

ÆÈÙÂÒ ÈÂËÈ·Ï ‰Ú‚‰Ï ≤∞•

Æ∂ ‰Ï˘ ‰ÒÓ‰˘ ¨‰„ÈÁ‡Â ‰ÏÂ„‚ ‰˜ÒD10kg‰Ï˘ ÒÂÈ„¯‰Â 

30cm  Ï˘ ˙È˙ÈÂÂÊ ˙Â¯È‰Ó· ˙··Â˙ÒÓ ¨5
rad
s

¯Èˆ ·È·Ò 

˙ÈÏ‡È„¯ ‰ÏÈÒÓ ‰ËÂ¯Á ‰˜Ò„‰ ÏÚ Æ‰ÊÎ¯Ó· ̄ ·ÂÚ‰ ÈÎ‡

 Â˙ÒÓ˘ ÔË˜ ÛÂ‚ ÁÂÓ ‰ÏÈÒÓ‰ ÏÚ Æ‰„Â„¯4 kg‡Â‰Â ¨

ÂÁ„˜ ̄ Èˆ‰ Í¯„ Æ˙ÈÏ‡È„¯‰ ‰ÏÈÒÓ‰ Í¯Â‡Ï ̃ ¯ ÚÂÏ ÏÂÎÈ

ÏÚ˘ ÛÂ‚Ï „Á‡ ‰ˆ˜· ¯Â˘˜‰ ËÂÁ Â¯È·Ú‰ ÂÎ¯„Â ¨¯ÂÁ

‡ˆÓ ÛÂ‚‰˘ ÍÎ ˜ÊÁÂÓ ËÂÁ‰ Ï˘ ¯Á‡‰ ‰ˆ˜‰ Æ‰ÏÈÒÓ‰

ÆÍÂÎÈÁ‰ ˙ÂÁÂÎ ˙‡ ÁÊ‰ Æ˙··Â˙ÒÓ‰ ‰˜Ò„‰ ‰ˆ˜·

Æ‡˙Î¯ÚÓ‰ Ï˘ ®˙È·Â·ÈÒ‰© ̇ ÈËÈ˜‰ ‰È‚¯‡‰ ̇ ‡ ·˘Á

®˙Â„Â˜ ±∞© ÆÌÈ˘¯˙· ¯‡Â˙Ó‰ ·ˆÓ·

Æ·˜Á¯ÓÏ ÚÈ‚Ó ÛÂ‚‰˘ „Ú ‰ËÓ ÈÙÏÎ ËÂÁ‰ ˙‡ ÌÈÎ˘ÂÓ
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 Ï˘15 cm˙È˙ÈÂÂÊ‰ ̇ Â¯È‰Ó‰ ̇ ‡ ·˘Á Æ‰˜Ò„‰ ̄ ÈˆÓ 

®˙Â„Â˜ ±µ© Æ‰Ê ·ˆÓ· ‰˜Ò„‰ Ï˘

Æ‚®±©· ÛÈÚÒ· ¯‡Â˙Ó‰ ·ˆÓ· ˙ÈËÈ˜‰ ‰È‚¯‡‰ Ì‡‰

‰Ë˜ Â‡ ‡ ÛÈÚÒ· ˙‡ˆÓ˘ ‰È‚¯‡‰Ó ‰ÏÂ„‚

  ø‰ÓÓ˜ÓÆ

®≤©˙ÂÈËÈ˜‰ ˙ÂÈ‚¯‡· ˘¯Ù‰Ï ¯Â˜Ó‰ Â‰Ó

®˙Â„Â˜ ±µ©  ø®±© ÛÈÚÒ≠˙˙·˘

Æ„¨ËÂÁ‰Ó ÌÈÙ¯Ó ‰˜Ò„‰ ‰ˆ˜· ‡ˆÓ ÛÂ‚‰ Â·˘ ·ˆÓ·

È‰Ó Æ˙··Â˙ÒÓ‰ ‰˜Ò„‰Ó ‰ˆÂÁ‰ ˜¯Ê ÛÂ‚‰Â

®˙Â„Â˜ ±∞©  øÛÂ‚‰ ÈÏ· ‰˜Ò„‰ Ï˘ ̇ È˙ÈÂÂÊ‰ ̇ Â¯È‰Ó‰

ω1 = 7.5 rad/s

Æ‚Ek = 1
2

(
1
2

MR2 + mr2 )ω1
2 =(1)

= 1
2

(
1
2

⋅10(0.3)2 + 4(0.15)2 ⋅ 7.52

Ek = 15.1875 J

∫ÔÎÏEk > Ek
0

®≤©‰„Â·Ú‰ ‡Â‰ ̇ ÂÈËÈ˜‰ ̇ ÂÈ‚¯‡· ̆ ¯Ù‰‰ ̄ Â˜Ó

Æ˙Î¯ÚÓ‰ ÏÚ ËÂÁ· Í˘ÂÓ‰ ‰˘Ú˘

Æ„∫È˙ÈÂÂÊ Ú˙ ¯ÂÓÈ˘

(1) (
1
2

MR2 + mR2 )ω0 = 1
2

MR2ω2 + Rmv

(2) v = ω0R

 ˙·ˆ‰ È¯Á‡(2)≠· (1)∫ÌÈÏ·˜Ó 

ω2 = ω0 = 5 rad/s

גוף

דיסקה
מסילה

חוט

Æ∂Æ‡Ek
0 = 1

2
I0ω0

2 = 1
2

(I + I )ω0
2 =(1)

= 1
2

(
1
2

MR2 + mR2 )ω0
2 = 1

2
(
1
2

⋅10 ⋅ 0.32 + 4 ⋅ 0.32 )52

Ek
0 = 10.125J

Æ·∫È˙ÈÂÂÊ Ú˙ ¯ÂÓÈ˘ ÈÙ≠ÏÚ

I0ω0 = I1ω1(1)

ω1 = I0

I1

ω0

ω1 =

1
2

MR2 + mR2

1
2

MR2 + mr2
ω0

ω1 =

1
2

⋅10(0.3)2 + 4(0.3)2

1
2

⋅10(0.3)2 + 4(0.15)2
5

∫‰Î¯Ú‰ Á˙ÙÓ

Æ∂Æ‡Æ®±© ÈÂËÈ·Ï ≤∞•

Æ‰„Ó˙‰‰ ÈËÓÂÓ ÌÂÎÒÏ ˙ÂÒÁÈÈ˙‰Ï ≤∞•

Æ‰„Ó˙‰‰ ÈËÓÂÓÏ ÌÈÈÂËÈ·Ï ≤∞•

Æ‰·ˆ‰Ï ≤∞•

Æ‰„ÈÁÈ ÌÚ ‰ÂÎ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

Æ·ÆÈ˙ÈÂÂÊ Ú˙ ¯ÂÓÈ˘ Ï˘ ÔÂÈÚ¯Ï ≤∞•

Æ˙Â‡ÂÂ˘Ó· ÔÂÈÚ¯‰ ÌÂ˘È¯Ï ¥∞•

Æ‰·ˆ‰Ï ≤∞•

Æ˙Â„ÈÁÈ ÌÚ ‰ÂÎ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

Æ‚®±©Æ®±©≠Ï ∂∞•

®≤©Æ®≤©≠Ï ¥∞•

Æ„ÆÈ˙ÈÂÂÊ Ú˙ ¯ÂÓÈ˘ Ï˘ ÔÂÈÚ¯Ï ≤∞•

Æ®±© ¯˘˜Ï ∂∞•

Æ®≤© ¯˘˜Ï ±∞•

Æ˙ÈÙÂÒ ‰·Â˘˙Ï ‰Ú‚‰Ï ±∞•

≠∫‰·Â˘˙Ï ˙Â„Â˜‰ ‡ÂÏÓ

ÈÎ ¨‰˙˘Ó ‰È‡ ‰˜Ò„‰ Ï˘ ˙È˙ÈÂÂÊ‰ ˙Â¯È‰Ó‰

Ú˙‰ ÌÚ ‰˜Ò„‰ ̇ ‡ ·ÊÂÚÂ Â˙ÚÂ˙· „ÈÓ˙Ó ÛÂ‚‰

ÂÏ ‰È‰˘ È˙ÈÂÂÊ‰

· ω0) ¯Â„Î· ω2 + I‰˜Ò„)ω0 = I¯Â„Î+ I ‰˜Ò„(IÆ

ÛÂ‚‰˜Ò„
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Ù·¯ ˜¯ÔÈÙÂÏÈÁ Ì¯Ê ≠ ÈÚÈ
Æ∑¨ÈÂÈ˘Ï ˙˙È Â˙Â¯È„˙˘ ¨ÔÈÙÂÏÈÁ Á˙Ó ¯Â˜Ó ÌÈ¯·ÁÓ

 Â˙Â„‚˙‰˘ „‚ ∫ÏÈÎÓ‰ È¯ÂË Ï‚ÚÓÏ70Ω ÏÈÏÒ ¨‡Ï
ÈÏ‡„È‡ ÂÏÂ·È˜˘ Ï·˜ ̈10µF† ̄ ËÓ¯ÙÓ‡ÂACÂ˙Â„‚˙‰˘ 

 Ï˘ È·ÈË˜Ù‡ Á˙Ó ˘È Á˙Ó‰ ¯Â˜ÓÏ Æ‰ÁÈÊ40VÂÈ‡˘© 

Ì¯Ê‰ ˙ÓˆÂÚ Ï˘ Û¯‚ Ï·˜Ï È„Î Æ®˙Â¯È„˙· ÈÂÏ˙I Ï‚ÚÓ· 

 ˙Â¯È„˙‰ Ï˘ ‰Èˆ˜ÂÙÎf¯Â˜Ó‰ ˙Â¯È„˙ ˙‡ ÌÈ˘Ó ¨

˙Â‡ˆÂ˙ Æ®È·ÈË˜Ù‡ Í¯Ú© ̄ ËÓ¯ÙÓ‡‰ ̇ ‡È¯˜ ̇ ‡ ÌÈ„„ÂÓÂ

∫ÍÈÙÏ˘ ‰Ï·Ë· ˙ÂÓÂ˘¯ ˙Â„È„Ó‰

f (Hz) 0 10 20 30 40 50 55 60 65 70 80

I (mA) 0 26 56 98 170 317 432 500 442 350 230

Æ‡Æ˙Â¯È„˙‰ Ï˘ ‰Èˆ˜ÂÙÎ Ì¯Ê‰ ˙ÓˆÂÚ Ï˘ Û¯‚ ËË¯Ò

®˙Â„Â˜ ±∞©

ÆÍÈÙÏ˘ ÌÈÙÈÚÒ‰ ÏÚ ‰ÚÂ Û¯‚· ¯ÊÚÈ‰

Æ·®˙Â„Â˜ µ© ÆÏ‚ÚÓ‰ Ï˘ ‰„Â‰˙‰ ˙Â¯È„˙ ˙‡ ‡ˆÓ

Æ‚®˙Â„Â˜ ±≤© ÆÏÈÏÒ‰ Ï˘ ˙ÈÓÂ‡‰ ˙Â„‚˙‰‰ ˙‡ ·˘Á

Æ„®±©˙ÂÈÂ¯È„˙‰ È˙˘ ÔÈ· ̆ ¯Ù‰‰© ¢ÒÙ‰ ·ÁÂ¯¢ ̇ ‡ ·˘Á

Æ®ÈÏÓÈÒ˜Ó‰ ˜ÙÒ‰‰Ó ÈˆÁ ‡Â‰ ˜ÙÒ‰‰ Ô‰·˘

®≤©®˙Â„Â˜ ±≥©  ÆÏ‚ÚÓ‰ Ï˘ ˙ÂÎÈ‡‰ Ì¯Â‚ ˙‡ ·˘Á

Æ‰ÆÈÂÒÈ‰ ÏÚ ÌÈ¯ÊÂÁÂ Ï‚ÚÓ‰Ó „‚‰ ˙‡ ÌÈ‡ÈˆÂÓ

¨Ï„‚È ‡Â‰ Ì‡ Ú·˜ ÔÏ‰Ï˘ ÌÈÏ„‚‰Ó „Á‡ ÏÎ È·‚Ï

∫‰˙˘È ‡Ï Â‡ ÔË˜È

Æ˙ÂÎÈ‡‰ Ì¯Â‚ ¨ÈÏÓÈÒ˜Ó‰ Ì¯Ê‰ ¨‰„Â‰˙‰ ˙Â¯È„˙

¯·Ò‰®˙Â„Â˜ ±∞©  Æ

Æ·f0 = 60 Hz

Æ‚∫‡È‰ Ï‚ÚÓ‰ ˙·ÎÚ ‰„Â‰˙·

Z0 = R + RL(1)

Z0 = V
IMax

(2)

≠Ó(1)≠ÓÂ (2)∫

RL = V
IMax

– R

RL = 40

500 ⋅10–3 – 70

RL = 10Ω

Æ„®±© Ì¯Ê‰ ·Â˘ÈÁI 1

2

∫ÈÏÓÈÒ˜Ó‰ ˜ÙÒ‰‰Ó ÈˆÁ· 

PMax = Z0 ⋅ IMax
2 = 80 ⋅ (0.5)2 = 20W

1
2

PMax = 10W

1
2

PMax = (R + RL ) ⋅ I 1

2

2

10 = 80 ⋅ I 1

2

2

I 1

2

= 0.354A

Ì¯Ê‰ Ï·˜˙Ó Ô‰·˘ ̇ ÂÈÂ¯È„˙‰ È˙˘ Û¯‚‰ ÈÙ≠ÏÚ

I 1

2

∫Ô‰ 

f1 ≈ 50 Hz

f2 ≈ 68 Hz
f2 – f1 ≈ 18 Hz

®≤©Q = f 0

f 2 – f1

Q = 60
18

Q ≈ 3.3

Æ‰ ‰„Â‰˙‰ ˙Â¯È„˙‰˙˘Ó ‰È‡˜¯ ‰ÈÂÏ˙ ‡È‰ ÈÎ ¨

≠·L≠·Â C    (f 0 = 1

2π LC
)Æ

 Ï‚ÚÓ· ÈÏÓÈÒ˜Ó‰ Ì¯Ê‰ Ï„‚˙ÏÏÂÎ‰ ̇ Â„‚˙‰‰ ÈÎ

Æ∑Æ‡

0 10 20 30 40 50 60 70 80 f(Hz)

100

200

300

400

500
I(mA)
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 ¨‰Ë˜ Ï‚ÚÓ‰ Ï˘ ®‰·ÎÚ‰©Imax = V
ΣR

Ì¯Â‚ 

Ï‚ÚÓ‰ Ï˘ ˙ÈÓÂ‡‰ ˙Â„‚˙‰‰ ÈÎ Ï„‚ ˙ÂÎÈ‡‰

Ë˜Õ ‰ÁÒÂ‰ ÈÙ ÏÚ ¨‰Q = 1
ΣRCω0

Æ

Â‡ÆÏ‚ÚÓ· ˙Ê·Ê·˙Ó ‰È‚¯‡ ˙ÂÁÙ ÈÎ ∫

Â‡Ï‚ÚÓ· Ì¯Ê‰ ̈ ‰Ë˜ ̇ ÈÓÂ‡‰ ̇ Â„‚˙‰‰˘ ÔÂÂÈÎ ∫

‰„Á ‰È‰˙ ‰ÓÂ˜Ú‰ ÔÎÏÂ ̈ ˙ÂÈÂ¯È„˙ Ô˙Â‡ ̄ Â·Ú Ï„‚

Æ¯˙ÂÈ

Æ∏ ‡Â‰ ÂÏ˘ È·ÈË˜Ù‡‰ Á˙Ó‰˘ ¨ÔÈÙÂÏÈÁ Á˙Ó ¯Â˜ÓÏ12V

 ÂÏ˘ ̇ Â¯È„˙‰Âf ‡È‰ 50 HzÈÏ‡„È‡ ‡Ï ÏÈÏÒ ̄ ÂË· Â¯·ÂÁ ̈

 Â˙Â„‚˙‰˘ „‚Â5ΩÆ

È·ÈË˜Ù‡ Á˙Ó ‰‡¯‰ „‚‰ ˙Âˆ˜ ÔÈ· ¯·ÂÁ˘ ¯ËÓËÏÂÂ

 Ï˘6V ‡Â‰ Ï‚ÚÓ· ˜ÙÒ‰‰ Æ11.52WÆ

Æ‡ÍÎ ®ÌÈ·Â˘ÈÁ ÈÏ·© ˙·¯Â˜Ó ÌÈÁ˙Ó ˙Ó¯‚‡È„ ¯ÈÈˆ

ÆÌÈÁ˙Ó‰ Ï˘ ¢È¯ÂË˜ÂÂ‰ ÌÂÎÒ‰¢ ̇ ‡ ̄ Â¯È·· ‚ˆÈÈ˙˘

 ¨¯Â˜Ó‰ Á˙Ó ˙‡ ‰Ó¯‚‡È„· ÔÓÒVÔÈ· Á˙Ó‰ ˙‡ ¨

 ¨„‚‰ ˙Âˆ˜VR ÏÈÏÒ‰ ˙Âˆ˜ ÔÈ· Á˙Ó‰ ˙‡ ¨VS˙‡ ¨

 ÚÙÂÓ‰ ̇ ÈÂÂÊφ ÚÙÂÓ‰ ̇ ÈÂÂÊ ̇ ‡Â Ì¯ÊÏ Á˙Ó‰ ÔÈ·˘ φs

®˙Â„Â˜ ±∞©  ÆÌ¯ÊÏ ÏÈÏÒ‰ Á˙Ó ÔÈ·˘

Æ·®˙Â„Â˜ µ©  ÆÏ‚ÚÓ· Ì¯Ê‰ ˙ÓˆÂÚ ˙‡ ·˘Á

Æ‚®±©ÆÏÈÏÒ‰ Ï˘ ˙ÈÓÂ‡‰ ˙Â„‚˙‰‰ ˙‡ ·˘Á

®≤©®˙Â„Â˜ ±µ© ÆÏÈÏÒ‰ Ï˘ ˙Â‡¯˘‰‰ ˙‡ ·˘Á

Æ„ÆÏÈÏÒ‰ ˙Âˆ˜ ÔÈ· È·ÈË˜Ù‡‰ Á˙Ó‰ ˙‡ ·˘Á

®˙Â„Â˜ ±∞©

Æ‰®±© ˜ÙÒ‰‰ Ì¯Â‚ ˙‡ ·˘ÁcosφÆ

®≤©ÆÌ¯ÊÏ Á˙Ó‰ ÔÈ· ÚÙÂÓ‰ ˘¯Ù‰ ˙‡ ·˘Á

®˙Â„Â˜ ±∞©

∫‰Î¯Ú‰ Á˙ÙÓ

Æ∑Æ‡ÆÌÈ¯Èˆ‰ ˙ÂÓ˘Ï ±∞•

Æ˙Â„ÈÁÈÏ ±∞•

Æ‰„ÈÓ ‰˜Ï ±∞•

ÆÛ¯‚‰ ËÂË¯ÒÏ ∑∞•

Æ‚Æ®±© ‰‡ÂÂ˘ÓÏ ¥∞•

Æ®≤© ‰‡ÂÂ˘ÓÏ ≤∞•

≤xÆ˙Â‡ÂÂ˘Ó‰ È˙˘· ‰·ˆ‰Ï ±µ•

Æ‰„ÈÁÈÏÂ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

Æ„®±©∫®±©≠Ï ∏∞•

 ·Â˘ÈÁÏ ≤µ•
1

2
PmaxÆ

 ·Â˘ÈÁÏ ≤µ•I 1

2

Æ

≤x≠Ï ±∞•f1≠Â f2Æ

Æ‰„ÈÁÈ ÌÚ ˘¯Ù‰‰ ·Â˘ÈÁÏ ±∞•

≠ ·˘ÈÁ Ì‡I 1

2

∫‰ÁÒÂ‰ ÈÙ≠ÏÚ 

I 1

2

=
Imax

2
=

0. 5

2
·Â˘ÈÁÏ µ∞•≠‰ ÏÎ ̇ ‡ ̇ ˙Ï ̈

I 1

2

Æ

®≤©Æ®≤©≠Ï ≤∞•

∫·Ï ÌÈ˘ ˙‡ ·˘ÁÏ „ÈÓÏÏ˙Ï ¯˙ÂÓ QÈÙ≠ÏÚ 

 ∫‰ÁÒÂ‰Q =
1

RCω0
¨

Q =
1

80 ⋅10 ⋅10–6 ⋅ 2π ⋅ 60
≈ 3. 3

Æ∏Æ‡

VS

φs φ

V

VR

Æ·VR = I · R

I = VR

R
= 6

5

I = 1.2A

Æ‚®±©P = I2(R + RL)

11.52 = 1.22(5 + RL)

RL = 3Ω
®≤©∫‡È‰ Ï‚ÚÓ‰ ˙·ÎÚ

(2) Z = V
I

= 12
1.2

= 10Ω
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∫‰Î¯Ú‰ Á˙ÙÓ

Æ∏Æ‡≠Ï ≤∞•VsÆ

≠Ï ≤∞•VRÆ

≠Ï ≤∞•VÆ

≤x≠Ï ±∞•φ≠ÏÂ φsÆ

Æ˙ÈÏÈ·˜ÓÏ ≤∞•

Æ‚®±©≠Ï ¥∞•(1)∫
 ‰ÁÒÂÏ ≤µ•(1)Æ

Æ˙È¯ÓÂ ‰·Â˘˙ÏÂ ‰·ˆ‰Ï ±µ•

®≤©≠Ï ∂∞•(2)∫
 ·Â˘ÈÁÏ ±µ•Z = 10ΩÆ

 ‰ÁÒÂÏ ±µ•(3)Æ

 ·Â˘ÈÁÏ ±∞•XLÆ

 ‰ÁÒÂÏ ±∞•(4)Æ

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

‚ ÛÈÚÒ ÔÂ¯˙ÙÏ ˙¯Á‡ Í¯„Ï „Â˜È
 ·Â˘ÈÁÏ ±µ•ZÆ

 Ï˘ ‰‡ÂÂ˘ÓÏ ±∞•tgφÆ

 ‰‡ÂÂ˘ÓÏ ±µ•(3)Æ

Æ˙Â‡ÂÂ˘Ó· ‰·ˆ‰Ï ±µ•

 ·Â˘ÈÁÏ ≤µ•RL≠Â XLÆ

 ‰‡ÂÂ˘ÓÏ ±∞•(4)Æ

≠Ï ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•LÆ˙Â„ÈÁÈ ÌÚ 

∫·Ï ÌÈ˘∫Ï˘ÓÏ ¨ÔÂ¯˙ÙÏ ÌÈÎ¯„ „ÂÚ ˘È 

cos φ =
R + RL

Z

cosφ = 0.8

Z = 10Ω
Æ„ ‰ÁÒÂÏ ¥∞•(5)Æ

 ‰ÁÒÂÏ ≥∞•(6)Æ

Æ‰·ˆ‰Ï ≤∞•

Æ˙Â„ÈÁÈÂ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

∫˙¯Á‡ Í¯„Ï „Â˜È
 ‰ÁÒÂÏ ∂∞•(7)Æ

 ·Â˘ÈÁÂ ‰·ˆ‰Ï ¥∞•VsÆ

Æ‰®±©≠Ï µ∞•(1)∫
 ‰ÁÒÂÏ ±µ•(8)Æ

 ·Â˘ÈÁÂ ‰·ˆ‰Ï ≥µ•cos φÆ

®≤©≠Ï µ∞•(2)∫·Ï ÌÈ˘ ∫ ˙‡ ·˘ÈÁ Ì‡ cos φ˙‡Â  φ
 ÈÎ Ì˘¯ ÔÙÂ‡ Â‰˘ÊÈ‡·Â ¨‚ ÛÈÚÒ· Â‡ „ ÛÈÚÒ·φ

‡ÂÏÓ ̇ ‡ ̇ ÏÏ ̈ Ì¯ÊÏ Á˙Ó‰ ÔÈ· ÚÙÂÓ‰ ̆ ¯Ù‰ ‡Â‰

Æ‰ ÛÈÚÒÏ ˙Â„Â˜‰

(3) Z2 = (R + RL )2 + XL
2

∫®≥©≠ÓÂ ®≤©≠Ó

XL
2 = 100 – (5 + 3)2

XL = 6Ω
(4) XL= ωL

L = XL

ω
= 6

2π50

L = 0.0191 H

‚ ÛÈÚÒ ÔÂ¯˙ÙÏ ˙¯Á‡ Í¯„
 ·Â˘ÈÁφ∫‰ ÛÈÚÒ· ÂÓÎ φ = 36.87˚

 ·Â˘ÈÁZ∫®≤© ‚ ÛÈÚÒ· ÂÓÎ Z = 10Ω(2)

tgφ = XL

R + RL

(3) Z2 = (R + RL )2 + XL
2

 ÌÈÓÏÚ È˘ ÌÚ ˙Â‡ÂÂ˘Ó È˙˘ ÌÈÏ·˜ÓXL≠Â RLÆ
(4) XL= ωL

Æ„Vs
2 = VR L

2 + VL
2(5)

(6) VR L

2 + VL
2 = I2 (RL

2 + XL
2 )

≠Ó(4)≠Â (5)∫

Vs
2 = 1.22 (32 + 36) = 64.8

Vs = 8.05V

˙¯Á‡ Í¯„
 ·Â˘ÈÁφ∫‰ ÛÈÚÒ· ÂÓÎ φ = 36.87˚

∫ÌÈÒÂÈÒÂ˜‰ ËÙ˘ÓÂ ÌÈÁ˙Ó‰ ˙ÈÏÈ·˜Ó ÈÙ≠ÏÚ

Vs
2 = VR

2 + V2 – 2VR ⋅ V cos φ(7)

Vs
2 = 62 + 122 – 2 ⋅ 6 ⋅12 cos36.87˚

Vs = 8.05V

Æ‰®±©P = V · I cosφ(8)

cos φ = P
V ⋅ I

= 11.52
12 ⋅1.2

cosφ = 0.8

®≤©φ = 36.87˚
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ÆπÆ‡∫‰ÈÏÚ ÏÚÂÙ‰ ÈÂÏÈÚ‰ ÁÂÎÏ ‰ÂÂ˘ ‰„ÂÒÙ¯‰ Ï˜˘Ó

(1) mg = ρ'V'g
mÌÚ˘ + mıÚ = ρ'V'

A‰„ÂÒÙ¯‰ ÁË˘ ≠ 
200 · 0.2 · A + 600 · 0.2 · A = 1000A · h

h = 0.16m

Æ·ÏÂ·Ë‰ ̃ ÏÁ‰ ‰·Â‚ ̈ ‰„ÂÒÙ¯‰ ̇ ‡ ÌÈÎÙÂ‰ ÂÈ‰ ÂÏÈ‡

≠Ï ‰ÂÂ˘ ‰È‰ ÌÈÓ·hÆ

∫˜ÂÓÈÁÂÎÏ ‰ÂÂ˘ ‰„ÂÒÙ¯‰ Ï˜˘Ó ÌÚÙ‰ Ì‚ 

ÆÈÂÏÈÚ‰

È˘· ÔÎÏ ¨‰Á„˘ ÏÊÂ‰ Ï˜˘ÓÏ ‰ÂÂ˘ ÈÂÏÈÚ‰ ÁÂÎ

ÌÈ¯˜Ó‰ È˘· ÔÎÏ Æ‰Á„ ÌÈÓ ÁÙ Â˙Â‡ ÌÈ¯˜Ó‰

Æ‰ÂÂ˘ ÌÈÓ· ÏÂ·Ë‰ ‰·Â‚‰

∫Â‡Æ‰˙˙˘‰ ‡Ï ‰„ÂÒÙ¯‰ ˙ÂÙÈÙˆ 

Æ‚∫ÈÂÏÈÚ‰ ÁÂÎÏ ‰ÂÂ˘ ÏÏÂÎ‰ Ï˜˘Ó‰
Mg + mg = ρ'V''g
80 + (200 · 0.2 · A + 600 · 0.2 · A) = 1000 · A ·H

H = 0.24m

Æ„®±©≠Ï ‰ÂÂ˘ ‰È‰ÈhÆ

∫˜ÂÓÈ ‰‡ÂÂ˘Ó ÈÙÏ (1) ÁË˘‰ ¨‡ ÛÈÚÒ· A

Æ®ÁË˘· ÈÂÏ˙ È˙Ï· ‰·Â‚‰© ÌˆÓËˆÓ

∫Â‡Æ‰˙˙˘‰ ‡Ï ‰„ÂÒÙ¯‰ ˙ÂÙÈÙˆ 

®≤©≠Ó ÏÂ„‚ ‰È‰ÈHÆ

∫˜ÂÓÈÚ˜˘˙ ‡È‰ ÔÎÏ ̈ ‰Ï„‚ ‰„ÂÒÙ¯‰ ̇ ÂÙÈÙˆ 

Æ¯˙ÂÈ

ÙÌÈÊ‚‰Â ÌÈÏÊÂ‰ ≠ È˘ÈÓÁ ˜¯
Æπ˙ÂÙÈÙˆ ÆıÚ ÁÂÏÏ ÌÚ˘ ÁÂÏ ̃ È·„‰ ‡Â‰ ∫‰„ÂÒÙ¯ ‰· Ì„‡

  ‡È‰ ÌÚ˘‰ ÁÂÏ200
kg

m3 ÂÈ„ÓÓÂ ¨2m x 1 m x 20 cmÆ

  ‡È‰ ıÚ‰ ÁÂÏ ˙ÂÙÈÙˆ600
kg

m3È„ÓÓÏ ÌÈÂÂ˘ ÂÈ„ÓÓÂ ¨

‰„ÂÒÙ¯‰ ˙‡ ÒÈÎ‰ Ì„‡‰ Æ®‡ ÌÈ˘¯˙ ‰‡¯© ÌÚ˘‰ ÁÂÏ

 ‡È‰ ÂÈÓÈÓ ˙ÂÙÈÙˆ˘ ¯‰Ï1000
kg

m3ÈÙÏÎ ÌÚ˘‰ ÁÂÏ˘Î ¨

Æ‰ËÓ

2m

1m20 cm

20 cm

עץ

שעם

Æ‡ ‰·Â‚‰ ˙‡ ·˘ÁhÆÌÈÓ· ÏÂ·Ë˘ ‰„ÂÒÙ¯‰ ˜ÏÁ Ï˘ 

®˙Â„Â˜ ≤∞©

Æ·ıÚ‰ ÁÂÏ˘ ÍÎ ‰„ÂÒÙ¯‰ ˙‡ ÍÙÂ‰ ‰È‰ Ì„‡‰ ÂÏÈ‡

ÏÂ·Ë‰ ‰„ÂÒÙ¯‰ ̃ ÏÁ Ï˘ ‰·Â‚‰ Ì‡‰ ̈‰ËÓ ÈÙÏÎ ‰È‰

≠Ó ÏÂ„‚ ‰È‰ ÌÈÓ·h øÂÏ ‰ÂÂ˘ Â‡ ÂÓÓ ÔË˜ ¨˜ÓÆ

®˙Â„Â˜ ±∞©

Æ‚ Â˙ÒÓ˘ ̈ Ì„‡‰80 kg¯‰· ‰Ùˆ‰ ‰„ÂÒÙ¯‰ ÏÚ „ÓÚ ̈

 ‰·Â‚‰ ˙‡ ·˘Á Æ‰ËÓ ÈÙÏÎ ÌÚ˘‰ ÁÂÏ˘ÎH˜ÏÁ Ï˘ 

®˙Â„Â˜ ±∞©  ÆÌÈÓ· ÏÂ·Ë˘ ‰„ÂÒÙ¯‰

Æ„¯ÂÙ‡‰ ˜ÏÁ‰© ‰„ÂÒÙ¯‰Ó ˜ÏÁ ¯ÒÈ Ì„‡‰

¯‰Ï ˙¯ÒÂÓ‰ ‰„ÂÒÙ¯‰ ˙‡ ÒÈÎ‰Â ¨®ß· ÌÈ˘¯˙·˘

Æ‰ËÓ ÈÙÏÎ ÌÚ˘‰ ÁÂÏ˘ ÍÎ

עץ

שעם

®±©‰„ÂÒÙ¯‰ ÏÚ „ÓÂÚ ÂÈ‡ Ì„‡‰ Â·˘ ·ˆÓ·

ÏÂ·Ë˘ ‰„ÂÒÙ¯‰ ˜ÏÁ Ï˘ ‰·Â‚‰ Ì‡‰ ¨˙¯ÒÂÓ‰

≠Ó ÏÂ„‚ ÌÈÓ·h≠Ó ÔË˜ ¨®‡ ÛÈÚÒ· ˙·˘ÈÁ˘© hÂ‡ 

  øÂÏ ‰ÂÂ˘·Â˘ÈÁ ÈÏ· ˜Ó®˙Â„Â˜ µ©  Æ

®≤©¨˙¯ÒÂÓ‰ ‰„ÂÒÙ¯‰ ÏÚ „ÓÂÚ Ì„‡‰ Â·˘ ·ˆÓ·

ÏÂ„‚ ÌÈÓ· ÏÂ·Ë˘ ‰„ÂÒÙ¯‰ ̃ ÏÁ Ï˘ ‰·Â‚‰ Ì‡‰

≠ÓH≠Ó ÔË˜ ¨®‚ ÛÈÚÒ· ˙·˘ÈÁ˘© HøÂÏ ‰ÂÂ˘ Â‡ 

·Â˘ÈÁ ÈÏ· ˜Ó®˙Â„Â˜ µ©  Æ

∫‰Î¯Ú‰ Á˙ÙÓ

ÆπÆ‡ÆÈÂÏÈÚ‰ ÁÂÎÏ ‰ÂÂ˘ Ï˜˘Ó‰˘ ÔÂÈÚ¯Ï ≤∞•

 ‰ÁÒÂÏ ≤∞•(1)Æ

Æ‰·ˆ‰Ï ¥∞•

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

Æ·Æ‰·Â˘˙Ï ∏∞•

Æ˜ÂÓÈÏ ≤∞•

Æ‚‰ÂÂ˘ ®Ì„‡ ´ ‰„ÂÒÙ¯© ÏÏÂÎ‰ Ï˜˘Ó‰˘ ÔÂÈÚ¯Ï ≤∞•

ÆÈÂÏÈÚ‰ ÁÂÎÏ

Æ‰ÁÒÂÏ ≤∞•

Æ‰·ˆ‰Ï ¥∞•

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

ß‡ ÌÈ˘¯˙

ß· ÌÈ˘¯˙
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Æ±∞Æ‡∫·ˆÓ‰ ˙‡ÂÂ˘Ó
pV  = nRT

p · 40 · 10–4 · 0.2 = 0.046 ·8.31 ·(20 + 273)

p = 1.4 ⋅105 N

m2

Æ· ¯ÈÂÂ‡‰ ıÁÏpıÁÏ‰ Ï˘ ÌÂÎÒÏ ‰ÂÂ˘ ÏÎÓ· 

 È¯ÙÒÂÓË‡‰pa∫‰ÎÂ·‰ ıÁÏÂ 
(1) p  = pa + mg/A

1.4 ⋅105 = pa + 16 ⋅10

40 ⋅10–4

pa = 105 N

m2

Æ‚ÆÈ¯ÙÒÂÓË‡‰ ıÁÏÏ ‰ÂÂ˘ È˜ÙÂ‡‰ ÏÎÓ· ıÁÏ‰

∫ÏÈÈÂ· ˜ÂÁ ÈÙÏ
(2) pV  = paV'

p · A · h = pa · A · h'

h' = p ⋅ h
pa

h' = 1.4 ⋅105 ⋅ 0.2

105

h' = 0.28 m

Æ„®±©≠Ï µ∞•(1)∫
¨‰ÚÈ·˜Ï ¥∞•

Æ˜ÂÓÈÏ ±∞•

®≤©≠Ï µ∞•(2)∫
¨‰ÚÈ·˜Ï ¥∞•

Æ˜ÂÓÈÏ ±∞•

Æ±∞ ÂÒÈÒ· ÁË˘˘ ÈÏÈÏ‚ ÏÎÓ ÍÂ˙·40 cm2 ÌÈ‡ˆÓ ¨0.046

 Ï˘ ‰¯ÂË¯ÙÓË· ¯ÈÂÂ‡ ÏÂÓ20˚CÆ

‰˙ÒÓ˘ ̇ „ÈÈ ‰ÎÂ· ̇ ÂÚˆÓ‡· ÔÂÈÏÚ‰ Â‰ˆ˜· ̄ Â‚Ò ÏÎÓ‰

16 kg ÏÎÓ‰ ÒÈÒ· ÏÚÓ ‰‰·Â‚Â ¨20 cmÆ®‡ ÌÈ˘¯˙ ‰‡¯© 

‚‰˙Ó ¯ÈÂÂ‡‰Â ¨ÏÎÓ‰ ÔÈ·Ï ‰ÎÂ·‰ ÔÈ· ÍÂÎÈÁ ÔÈ‡˘ Á‰

ÆÈÏ‡„È‡ Ê‚Î

20 cm

‡ ÌÈ˘¯˙

Æ‡®˙Â„Â˜ ±µ©  ÆÏÎÓ· ‡ÂÏÎ‰ ¯ÈÂÂ‡‰ ıÁÏ ˙‡ ·˘Á

Æ·®˙Â„Â˜ ≤∞©  ÆÈ¯ÙÒÂÓË‡‰ ıÁÏ‰ ˙‡ ·˘Á

Æ‚Æ· ÌÈ˘¯˙· ¯‡Â˙ÓÎ ¨È˜ÙÂ‡ ·ˆÓÏ ÏÎÓ‰ ˙‡ ÌÈËÓ

Á‰ Æ‰Ê ·ˆÓ· ÏÎÓ‰ ÒÈÒ·Ó ‰ÎÂ·‰ ˜Á¯Ó ˙‡ ·˘Á

Æ‰ÚÂ·˜ ˙¯‡˘ ‡ÂÏÎ‰ ¯ÈÂÂ‡‰ Ï˘ ‰¯ÂË¯ÙÓË‰ ÈÎ

®˙Â„Â˜ ±µ©

· ÌÈ˘¯˙

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±∞Æ‡Æ·ˆÓ‰ ˙‡ÂÂ˘ÓÏ ≤∞•

Æ‰·ˆ‰Ï ∂∞•

Æ‰„ÈÁÈ ÌÚ ‰ÂÎ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

Æ·ÆÌÈˆÁÏ‰ ÌÂÎÒÏ ‰ÂÂ˘ ÏÎÓ· ̄ ÈÂÂ‡‰ ıÁÏ˘ ÔÂÈÚ¯Ï ≤∞•

 ‰ÁÒÂÏ ¥∞•(1)Æ

Æ‰·ˆ‰Ï ≤∞•

Æ‰„ÈÁÈ ÌÚ ‰ÂÎ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•

Æ‚≤∞•ıÁÏÏ ‰ÂÂ˘ È˜ÙÂ‡‰ ÏÎÓ· ̄ ÈÂÂ‡‰ ıÁÏ˘ ‰ÚÈ·˜Ï

ÆÈ¯ÙÒÂÓË‡‰

 ¯˘˜Ï ≥∞•(2)Æ

Æ‰·ˆ‰Ï ≥∞•

Æ‰„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ≤∞•
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Ù‰˜ÈÓÈ„ÂÓ¯˙ ≠ È˘È˘ ˜¯
Æ±±Æ‡∫ÍÈÙÏ˘ ÌÈ‚˘ÂÓ‰ ˙‡ ¯„‚‰ Â‡ ¯·Ò‰

®±© ÚÂ·˜ ÁÙ· È¯ÏÂÓ ÌÂÁ ÏÂ·È˜(cV)®˙Â„Â˜ µ©  Æ

®≤© ÚÂ·˜ ıÁÏ· È¯ÏÂÓ ÌÂÁ ÏÂ·È˜(cp)®˙Â„Â˜ µ©  Æ

Æ· ÚÂ„Ó ¯·Ò‰cp≠Ó ÏÂ„‚ ˙ÂÈ‰Ï ·ÈÈÁ cVÈ‡˘¯ ÍÈ‡ Æ

 ¯˘˜‰ ÏÚ ÍÓ˙Ò‰Ïcp – cV = R®˙Â„Â˜ ∏©  Æ

Æ‚‰¯ÂË¯ÙÓË· ÈÏÎ· ÌÈ‡ˆÓ ÈÓÂË‡≠„Á ÈÏ‡„È‡ Ê‚ ÏÂÓ ≤

 Ï˘300 KÈ˘ ÌÂÈÒ· Æ˙Â¯ÙÒÂÓË‡ ≥ Ï˘ ıÁÏ·Â 

 ÌÈÎÈÏ‰˙AB≠Â ACÊ‚‰ ̈ ÍÈÙÏ˘ ÌÈ˘¯˙· ÌÈ¯‡Â˙Ó‰ ̈

 Ï˘ ‰¯ÂË¯ÙÓË ‰˙Â‡Ï ÚÈ‚Ó400 KÆ

Æ·≠ÏÚ ËÏ˜˘ ÌÂÁ‰Ó ˜ÏÁ ¨ÚÂ·˜ ¯‡˘ ıÁÏ‰ ¯˘‡Î

˙‡ÏÚ‰· ‡ÏÂ Ê‚‰ ˙ÂË˘Ù˙‰· Ú˜˘ÂÓ Ê‚‰ È„È

È„Î Ê‚Ï ÌÂÁ „ÂÚ ˜ÙÒÏ ˘È ÔÎÏ© ÂÏ˘ ‰¯ÂË¯ÙÓË‰

≠· ÂÏ˘ ‰¯ÂË¯ÙÓË‰ ˙‡ ˙ÂÏÚ‰Ï1˚CÆ®

˙‡ÏÚ‰Ï ˜ÚÂÓ ËÏ˜˘ ÌÂÁ‰ ÏÎ ÚÂ·˜ ÁÙ·©

˙‡ÏÚ‰Ï ̄ ÓÂÏÎ ̈ ˙ÂÏÂ˜ÏÂÓ‰ Ï˘ ̇ ÈËÈ˜‰ ‰È‚¯‡‰

Æ®‰¯ÂË¯ÙÓË‰

∫·Â˘ÈÁ ÈÙ≠ÏÚ ¯·Ò‰
∫ÚÂ·˜ ÁÙ·∆U = Q(1)

(2) Q = ncv∆T

(3) cv = ∆U
n∆T

∫ÚÂ·˜ ıÁÏ·∆U = Q  – W(4)
(5) ∆U = ncp∆T – p∆V

(6) cp = ∆U + p∆V
n∆T

(7) cp = cv + p∆V
n∆T

∫ÔÎÏcp > cv

Æ‚®±©ÁÙ

®≤©ıÁÏ

Æ„®±©QAB = ncp(TB – TA)(9)

QAB = 2 ⋅ 5
2

⋅8.31(400 – 300)

QAB = 4155 J

®≤©QAC = ncv(TB – TA)(10)

QAC = 2 ⋅ 3
2

⋅8.31(400 – 300)

QAC = 2493 J

Æ‰®±©ÆÈÓ¯˙ÂÊÈ‡ ÍÈÏ‰˙

®≤©∫ÈÓ¯˙ÂÊÈ‡ ÍÈÏ‰˙·
(11) QBC = WBC

(12) WBC = n ⋅ R ⋅ TB ⋅ ln
VC

VB

pCVC = pBVB

(13)
VC

VB

= pB

pC

 ÍÈÏ‰˙·AB∫
pA

TA

= pB

TB

400300200100

3

P
(אטמוספרה)

A C

B

T(K)

È˘Ó „Á‡ ÏÎ· ÚÂ·˜ ̄ ‡˘ ÈÓÈ„ÂÓ¯˙ Ï„Â‚ ‰ÊÈ‡ Ú·˜

∫ÌÈÎÈÏ‰˙‰

®±© ÍÈÏ‰˙·AB®˙Â„Â˜ ¥© Æ

®≤© ÍÈÏ‰˙·AC®˙Â„Â˜ ¥© Æ

Æ„È˘Ó „Á‡ ÏÎ· ‰Ú˜˘Â‰˘ ÌÂÁ‰ ˙ÂÓÎ ˙‡ ·˘Á

∫ÌÈÎÈÏ‰˙‰

®±© ÍÈÏ‰˙·AB®˙Â„Â˜ ∂© Æ

®≤© ÍÈÏ‰˙·AC®˙Â„Â˜ ∂© Æ

Æ‰®±©˜ÒÂ¯Ó‰ Â˜‰ È„È≠ÏÚ ¯‡Â˙Ó‰ ÍÈÏ‰˙‰ ‚ÂÒ Â‰Ó

 ÔÈ·B≠Ï C®˙Â„Â˜ ∂©  øÌÈ˘¯˙· 

®≤©≠· ÏÈÁ˙Ó‰ ÍÈÏ‰˙· Ê‚Ï ‰ÙÒÂ˘ ÌÂÁ‰ ̇ ÂÓÎ È‰Ó

B≠Ï ÚÈ‚ÓÂ C®˙Â„Â˜ ∂©  ø

Æ±±Æ‡®±©cvÈ„Î Ê‚ Ï˘ ÏÂÓÏ ˜ÙÒÏ ˘È˘ ÌÂÁ‰ ˙ÂÓÎ ≠ 

ÒÂÈÊÏˆ ˙ÏÚÓ· ÂÏ˘ ‰¯ÂË¯ÙÓË‰ ˙‡ ˙ÂÏÚ‰Ï

ÆÚÂ·˜ ¯‡˘ ÂÁÙ ¯˘‡Î ¨˙Á‡

®≤©cpÈ„Î Ê‚ Ï˘ ÏÂÓÏ ˜ÙÒÏ ˘È˘ ÌÂÁ‰ ˙ÂÓÎ ≠ 

ÒÂÈÒÊÏˆ ̇ ÏÚÓ· ÂÏ˘ ‰¯ÂË¯ÙÓË‰ ̇ ‡ ̇ ÂÏÚ‰Ï

ÆÚÂ·˜ ¯‡˘ ÂÏ˘ ıÁÏ‰ ¯˘‡Î ¨˙Á‡
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(14) pB = pA ⋅ TB

TA

= 3 ⋅ 400
300

= 4atm

≠Ó13 ,12 ,11†≠Â14∫

QBC = 2 ⋅8.31⋅ 400 ⋅ ln
4
3

QBC = 1912.5  J

Æ±≤Í˘Ó· ÁÙ‰Â ıÁÏ‰ ˙Â˙˘‰ ˙‡ ¯‡˙Ó ÍÈÙÏ˘ ÌÈ˘¯˙‰

 ¨Â¯˜ ˙ÂÎÓ Ï˘ „Á‡ ¯ÂÊÁÓABCDAÆ

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±±Æ‡®±©Æ®±©≠Ï µ∞•

®≤©Æ®≤©≠Ï µ∞•

Æ·≠Ú˜˘ÂÓ ÌÂÁ‰ ÏÎ ÚÂ·˜ ÁÙ· ÈÎ ¯È·Ò‰ ˜¯ Ì‡

˙ÂË˘Ù˙‰Ï ÒÁÈÈ˙‰ ‡ÏÂ ¨‰¯ÂË¯ÙÓË‰ ˙‡ÏÚ‰Ï

Æ· ÛÈÚÒÏ ∂∞• ˙˙Ï ¨ÚÂ·˜ ıÁÏ· Ê‚‰

·Â˘ÈÁ ÈÙ≠ÏÚ ¯·Ò‰Ï „Â˜È
Æ®±©≠Ï ≤∞•

Æ®≤©≠Ï ±µ•

Æ®≥©≠Ï ±∞•

Æ®¥©≠Ï ≤∞•

Æ®µ©≠Ï ±µ•

Æ®∂©≠Ï ±∞•

Æ®∑©≠Ï ±∞•

Æ‚®±©Æ®±©≠Ï µ∞•

®≤©Æ®≤©≠Ï µ∞•

Æ„®±©∫®±©≠Ï µ∞•
Æ®π© ‰ÁÒÂÏ ≤∞•

Æ‰·ˆ‰Ï ≤∞•

Æ‰„ÈÁÈÂ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

®≤©∫®≤©≠Ï µ∞•
Æ®±∞© ‰ÁÒÂÏ ≤∞•

Æ‰·ˆ‰Ï ≤∞•

Æ‰„ÈÁÈÂ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•

Æ‰®±©Æ®±©≠Ï µ∞•

®≤©∫®≤©≠Ï µ∞•
Æ®±±© ‰‡ÂÂ˘ÓÏ µ•

Æ®±≤© ‰‡ÂÂ˘ÓÏ ±∞•

Æ®±≥© ‰‡ÂÂ˘ÓÏ ±∞•

Æ®±¥© ‰‡ÂÂ˘ÓÏ ±∞•

Æ‰·ˆ‰Ï ±∞•

Æ‰„ÈÁÈÏÂ ˙È¯ÓÂ ‰·Â˘˙Ï µ•

P

V

A

D

C

B

 ˙ÂÚˆÓ‡· ˙ÏÚÂÙ ‰ÂÎÓ‰nÈÏ‡„È‡ Ê‚ Ï˘ ÌÈÏÂÓ 

 ˙Â¯ÂË¯ÙÓË‰ ÔÈ· ÈÓÂË‡≠„ÁT1≠Â T2 ∫ÔÂ˙  ÆT2 > T1Æ

Æ‡ÌÈÎÈÏ‰˙ Ì‰ ̄ ÂÊÁÓ‰ Ï˘ ÌÈÚË˜‰ ̇ Ú·¯‡Ó ÂÏÈ‡ Ú·˜

®˙Â„Â˜ ∏©  ÆÌÈÈË·‡È„‡ Ì‰Ó ÂÏÈ‡Â ¨ÌÈÈÓ¯˙ÂÊÈ‡

Æ·© ‰¯ÂË¯ÙÓË‰ È‰Ó Ú·˜T1 Â‡ T2ÔÓ ˙Á‡ ÏÎ· ®

 ˙Â„Â˜‰D ,C ,B ,A®˙Â„Â˜ ∏©  

Æ‚‰ÂÎÓ‰ ¨¯ÂÊÁÓ‰ Ï˘ ÌÈÈÓ¯˙ÂÊÈ‡‰ ÌÈÚË˜‰ „Á‡·

Ê‚‰ Ï˘ ˙ÈÓÈÙ‰ ‰È‚¯‡‰ Æ®˙È·ÂÈÁ© ‰„Â·Ú ‰˘ÂÚ

‰„Â·ÚÏ ‰È‚¯‡‰ ¯Â˜Ó ÔÎ Ì‡ Â‰Ó Æ‰ÚÂ·˜ ˙¯‡˘

®˙Â„Â˜ ±∞©  ø‰Ê ÚË˜· ‰˘ÂÚ ‰ÂÎÓ‰˘

Æ„‰ÂÎÓ‰ ¨¯ÂÊÁÓ‰ Ï˘ ÌÈÈË·‡È„‡‰ ÌÈÚË˜‰ „Á‡·

Ï‡ ÌÂÁ ¯·ÚÓ ÔÈ‡ ‰Ê ÚË˜· Æ®˙È·ÂÈÁ© ‰„Â·Ú ‰˘ÂÚ

‰„Â·ÚÏ ‰È‚¯‡‰ ̄ Â˜Ó ÔÎ Ì‡ Â‰Ó Æ‰ÓÓ Â‡ ‰ÂÎÓ‰

®˙Â„Â˜ ±∞©  ø‰Ê ÚË˜· ‰˘ÂÚ ‰ÂÎÓ‰˘

Æ‰®±©ÌÈÚË˜· ‰˘ÂÚ ‰ÂÎÓ‰˘ ̇ ÏÏÂÎ‰ ‰„Â·Ú‰ ̇ ‡ ‡Ë·

 ˙¯ÊÚ· ¨ÌÈÈÓ¯˙ÂÊÈ‡‰T2 ,T1 ,nÌÈÁÙ‰Â 

 ˙Â„Â˜· ÌÈÓÈ‡˙Ó‰D ,C ,B ,A∫
VD ,  VC , VB , VAÆ

®≤©ÌÈÚË˜· ‰˘ÂÚ ‰ÂÎÓ‰˘ ˙ÏÏÂÎ‰ ‰„Â·Ú‰ È‰Ó

®˙Â„Â˜ ±¥©  øÌÈÈË·‡È„‡‰

Æ±≤Æ‡  ∫ÌÈÈÓ¯˙ÂÊÈ‡ ÌÈÎÈÏ‰˙AB≠Â CDÆ

  ∫ÌÈÈË·‡È„‡ ÌÈÎÈÏ‰˙BC≠Â DAÆ

Æ·T2≠· A≠·Â BÆ

T1≠· C≠·Â DÆ

Æ‚ÈÓ¯˙ÂÊÈ‡ ÍÈÏ‰˙· ˙È·ÂÈÁ ‰„Â·ÚÏ ‰È‚¯‡‰ ¯Â˜Ó

Æ˙ËÏÂ˜ ‰ÂÎÓ‰˘ ÌÂÁ‰ ‡Â‰

Æ„ÈË·‡È„‡ ÍÈÏ‰˙· ˙È·ÂÈÁ ‰„Â·ÚÏ ‰È‚¯‡‰ ¯Â˜Ó

ÆÊ‚‰ Ï˘ ˙ÈÓÈÙ‰ ‰È‚¯‡‰ ‡Â‰
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Æ‰®±©WA→B = nRT2ln
VB

VA

WC→D = nRT1ln
VD

VC

ΣW = nR(T2ln
VB

VA

+ T1ln
VD

VC

)

®≤©ÆÒÙ‡
(WB→C + WD→A = –ncV(T1 – T2) – ncV(T2 – T1))

ÌÈ¯Èˆ ˙Î¯ÚÓÏ ÒÁÈ· ¯Á‡‰ ˜È˜ÏÁ‰ Ï˘ ˙ÈÒÁÈ‰

®˙Â„Â˜ ≤∞©   ÆÔÂËÂ¯Ù‰ ÌÚ ‰Ú‰

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±≤Æ‡¥xÆÌÈÎÈÏ‰˙‰ ˙Ú·¯‡Ï ≤µ•

Æ·¥xÆ˙Â„Â˜‰ Ú·¯‡Ï ≤µ•

Æ‰®±©∫®±©≠Ï ∂∞•
≤x≠Ï ≤µ•WAB≠ÏÂ WC→D

Æ¯Â·ÈÁÏ ±∞•

®≤©®≤©≠Ï ¥∞•Æ

≠¨ÂÈ·Â˘ÈÁ· ‰ÚËÂ ·˘ÈÁ Ì‡ Í‡ ̈˜ÂÓÈ· Í¯Âˆ ÔÈ‡

∫È˜ÏÁ „Â˜È ˙˙Ï

≤x≠Ï ±µ•WB→C≠ÏÂ WD→AÆ¯Â·ÈÁÏ ±∞• ¨ 

Ù·˘ ˜¯Ù‰ ˙ÂÒÁÈ‰ ˙¯Â˙ ≠ ÈÚÈ˙ÈË¯
Æ±≥ÍÎ ÌÈ˜È˜ÏÁ ıÈ‡Ó Ï˘ „ÈÁ‡ ÈÏÓ˘Á ‰„˘· ı‡ÂÓ ÔÂËÂ¯Ù

˙˙È ‰ˆÂ‡˙‰ ÔÓ ̇ Ú·Â‰ ‰È¯˜‰ ÆÚÂ·˜ ÁÂÎ ÂÈÏÚ ÏÚÂÙ˘

Æ‰ÁÊ‰Ï

Æ‡Ï˘ ‰Èˆ˜ÂÙÎ ÔÂËÂ¯Ù‰ ˙Â¯È‰Ó ‰„„Ó Í¯Ú˘ ÈÂÒÈ·

ÆÔÓÊ‰

 ̈ ÍÈÙÏ˘ ̇ ÂÓÂ˜Ú‰ È˙˘Ó ÂÊÈ‡(1) Â‡ (2)˙‡ ̇ ¯‡˙Ó ̈

  øÈÂÒÈ‰ ˙Â‡ˆÂ˙¯·Ò‰®˙Â„Â˜ ±∞©  Æ

t

v
(2)

(1)

Æ·‰ÁÂÓÓ ÔÂËÂ¯Ù‰ ̇ ‡ ıÈ‡‰Ï È„Î ̆ Â¯„ Á˙Ó ‰ÊÈ‡ ·˘Á

®˙Â„Â˜ ≤∞©  Æ¯Â‡‰ ˙Â¯È‰Ó ˙ÈˆÁÓ „Ú

Æ‚Ì‚ ı‡Â‰˘ ¯Á‡ ˜È˜ÏÁ ÔÂËÂ¯Ù‰ ÏÂÓ Ú ıÈ‡Ó Â˙Â‡·

˙Â¯È‰Ó‰ ˙‡ ·˘Á Æ¯Â‡‰ ˙Â¯È‰Ó ˙ÈˆÁÓÏ ‡Â‰

Æ±≥Æ‡Æ®±© ‡È‰ ‰ÓÂ˜Ú‰

˙ÎÏÂ‰ Â˙ˆÂ‡˙ ÔÎÏ ¨‰Ï„‚Â ˙ÎÏÂ‰ ÔÂËÂ¯Ù‰ ˙ÒÓ

Æ‰Ë˜Â

∫Â‡˙Â¯È‰Ó ̇ ‡ ̄ Â·ÚÏ ‰ÏÂÎÈ ‰È‡ ÔÂËÂ¯Ù‰ ̇ Â¯È‰Ó 

˙Â¯È‰Ó ‡Â‰˘ ¨ÏÂ·‚Ï ˙Ù‡Â˘ ˙Â¯È‰Ó‰ ÔÎÏ Æ¯Â‡‰

Æ¯Â‡‰

Æ·∫˙ÈÙÂÒ‰ ‰È‚¯‡Ï ‰ÂÂ˘ ÈÏÓ˘Á‰ ‰„˘‰ ˙„Â·Ú
(1) eV = Ek

(2) eV = m0c2

1 –
v
c







2
– m0c2

1.6 ⋅10–19 ⋅ V = 1.67 ⋅10–27 ⋅ (3 ⋅108 )2 1

1 –
0.5c

c






2
– 1



















V = 1.45 · 108 V

Æ‚
ux

' = ux – v

1 — v
ux

c2

 ¯Èˆx∫ÔÂËÂ¯Ù‰ ˙ÚÂ˙ ÔÂÂÈÎ· 

ux
' = –0.5c – 0.5c

1 – 0.5c
(−0.5c)

c2

ux
' = –0.8c

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±≥Æ‡Æ‰ÚÈ·˜Ï ≤∞•

Æ˜ÂÓÈÏ ∏∞•

Æ·Æ®±© ‰ÁÒÂÏ ¥∞•

Æ®≤© ‰ÁÒÂÏ ≥∞•

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙ÏÂ ‰·ˆ‰Ï ≥∞•

Æ‚Æ‰ÁÒÂÏ ¥∞•

Æ‰·ˆ‰Ï µ∞•

Æ˙Â„ÈÁÈ ÌÚ ˙È¯ÓÂ ‰·Â˘˙Ï ±∞•
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Æ±¥aÃJ∆˙ÈÏÏÁ ‰Ï‚Ó ı¯‡‰ ¯Â„Î ÈÙ ÏÚ˘ ‰¯˜· ˙Á˙· ¯

 ˙Â¯È‰Ó· ı¯‡‰ ¯Â„Î Ï‡ ˙·¯˜˙Ó‰0.6 cÈÂÏÈ‚‰ Ú‚¯· Æ

ı¯‡‰ ¯Â„Î ÔÈ·Ï ˙ÈÏÏÁ‰ ÔÈ· ˜Á¯Ó‰ ÈÎ ¯˜·‰ ‡ˆÂÓ

 ‡Â‰5.4 x 106 km˙ÂÈ‰˘‰‰ ˙‡ ÁÈÊ‰Ï ¯˘Ù‡ ÈÎ Á‰ 

Æ¯Â‡‰ ˙Â¯È‰Ó ˙ÂÈÙÂÒÓ ˙ÂÚ·Â‰

חללית

0.6 c

כדור�הארץ

Æ‡ÈÙ≠ÏÚ ı¯‡‰ ¯Â„Î· ˙ÈÏÏÁ‰ ˘‚˙˙ ÔÓÊ ‰ÓÎ ÍÂ˙·

®˙Â„Â˜ ±∞©  ø‰ÏÂÏÒÓ ̇ ‡ ‰˘˙ ‡Ï Ì‡ ̈¯˜·‰ È·Â˘ÈÁ

Æ·‰ÏÈ‚ ¨˙ÈÏÏÁ‰ ˙‡ ‰ÏÈ‚ ¯˜·‰˘ Ú‚¯ Â˙Â‡· ˜ÂÈ„·

ÌÈ‡ˆÓ ˙ÈÏÏÁ‰Â ı¯‡‰ ¯Â„Î ÈÎ ˙ÈÏÏÁ‰ ÒÈÈË

˙Â˘‚˙‰‰ ̆ Á¯˙˙ ÔÓÊ ‰ÓÎ ÍÂ˙· Æ˙Â˘‚˙‰ ÏÂÏÒÓ·

Ì‡ ¨ÒÈÈË‰ È·Â˘ÈÁ ÈÙ≠ÏÚ ı¯‡‰ ¯Â„ÎÏ ˙ÈÏÏÁ‰ ÔÈ·

®˙Â„Â˜ ≤∞©  ø‰ÏÂÏÒÓ ˙‡ ‰˘˙ ‡Ï ˙ÈÏÏÁ‰

Æ‚¨ÈÂÏÈ‚‰ Ú‚¯· ı¯‡‰ ̄ Â„Î ÔÈ·Ï ̇ ÈÏÏÁ‰ ÔÈ· ̃ Á¯Ó‰ Â‰Ó

®˙Â„Â˜ ±∞©  ø˙ÈÏÏÁ‰ ÒÈÈË „„ÂÓ˘ ÈÙÎ

Æ„‡ˆÓ˘ ‰ÊÓ ‰Â˘ ‚ ÛÈÚÒ· ˙·˘ÈÁ˘ ˜Á¯Ó‰ Ì‡‰

  ø¯˜·‰¯·Ò‰®˙Â„Â˜ ±∞©  Æ

∫‰Î¯Ú‰ Á˙ÙÓ

Æ±¥Æ‡Æ‰ÁÒÂÏ ≥∞•

Æ‰·ˆ‰Ï µ∞•

Æ˙Â„ÈÁÈÏÂ ·Â˘ÈÁÏ ≤∞•

Æ·Æ‰ÁÒÂÏ ≥∞•

Æ‰·ˆ‰Ï ∂∞•

Æ˙Â„ÈÁÈÏÂ ·Â˘ÈÁÏ ±∞•

Æ‚Æ‰ÁÒÂÏ ≥∞•

Æ‰·ˆ‰Ï ∂∞•

Æ˙Â„ÈÁÈÏÂ ·Â˘ÈÁÏ ±∞•

Æ„Æ‰ÚÈ·˜Ï ∂∞•

Æ˜ÂÓÈÏ ¥∞•

∫‰·Â˘˙ Ï·˜Ï

 ÈÙ≠ÏÚ ¯˙ÂÈ ÏÂ„‚ ˜Á¯Ó „„ÂÓ ¯˜·‰l0 = lγÈÙ≠ÏÚ Â‡ 

ÆÍ¯Â‡‰ ˙Â¯ˆ˜˙‰ Ï˘ ‰ÚÙÂ˙‰

Æ±¥Æ‡ ¯Èˆx∫˙ÈÏÏÁ‰ ˙ÚÂ˙ ÔÂÂÈÎ· 

t = ∆x
v

= 5.4 ⋅109

0.6 ⋅ 3 ⋅108

t = 30s

Æ·∆t = γ · ∆t0

30 = ∆t0

1 –
0.6c

c






2

∆t0 = 24s

Æ‚l = v · ∆t = 0.6c · 24 = 4.32  · 106 km

Â‡∫l = l0
γ

= 5.4 ⋅109 ⋅ 1 – 0.62

Æ„‰˙Â‡ ‡È‰ ˙Â¯È‰Ó‰Â ‰Â˘ ÔÓÊ‰ ÈÎ ‰Â˘ ˜Á¯Ó‰

Æ˙Â¯È‰Ó

‰„Â‰˙

°ÌÈ¯ÂÓ‰ ˙ÚÈ„ÈÏ°ÌÈ¯ÂÓ‰ ˙ÚÈ„ÈÏ°ÌÈ¯ÂÓ‰ ˙ÚÈ„ÈÏ°ÌÈ¯ÂÓ‰ ˙ÚÈ„ÈÏ°ÌÈ¯ÂÓ‰ ˙ÚÈ„ÈÏ
ÌÎÏ˘ ÌÈ¯Ó‡Ó ÂÎÊÈ ‰¢˘˙ ß‰ „ÁÂÈÓ ¯ÊÂÁ· ·Â˙ÎÏ Ì‡˙‰·
˙¯·ÂÁ· ÌÒ¯ÂÙ˘ ÈÙÎ ̇ ÂÓÏ˙˘‰ ÏÂÓ‚· ¢‰„Â‰˙¢· ÂÓÒ¯ÂÙÈ˘
®±ππ¥ ¯·ÂË˜Â‡ ¨¥∑ ßÓÚ ¨π¥ ¯·Ó·Â≠¯·ÂË˜Â‡© ¨¢ÍÈ˙ÂÈÂÎÊ¢

∫ÈË·Ï¯‰ ÚË˜‰ ÔÏ‰Ï Æ ‚∂ ÛÈÚÒ
ÈÚ„Ó ÌÂÒ¯Ù Â‡ ¯˜ÁÓ ˙„Â·ÚÈÚ„Ó ÌÂÒ¯Ù Â‡ ¯˜ÁÓ ˙„Â·ÚÈÚ„Ó ÌÂÒ¯Ù Â‡ ¯˜ÁÓ ˙„Â·ÚÈÚ„Ó ÌÂÒ¯Ù Â‡ ¯˜ÁÓ ˙„Â·ÚÈÚ„Ó ÌÂÒ¯Ù Â‡ ¯˜ÁÓ ˙„Â·Ú

ÌÒ¯ÂÙ˘ ¨ÈÚ„Ó ¯Â·ÈÁ Â‡ ¯˜ÁÓ ˙„Â·Ú ·˙Î˘ ¨‰‡¯Â‰ „·ÂÚ
˙Ú≠·˙Î·È¢Ú ˙ÂÓÏ˙˘‰ ÏÂÓ‚Ï Â˙ÂÎÊ ˜„·È˙ ¨˙ËÏ˜· Â‡ 

Ì„‡≠ÁÂÎ Û‚‡· ‰ÎÓÒ‰Â ‚Â¯È„ Û‚ „ÈÏ ̇ ÏÚÂÙ‰ ̇ „ÁÂÈÓ ‰„ÚÂ
„·ÂÚ ˙‡ ‰˙ÎÈÊ ‡Ï ‰Â„‰ ‰„Â·Ú‰˘ È‡˙· ˙‡Ê Æ‰‡¯Â‰·
¯ÙÒÓ ÏÚ ËÈÏÁ˙ ‰„ÚÂÂ‰ Æ¯‡Â˙· Â‡ ¯Î˘ ˙‚¯„· ‰‡¯Â‰‰

∫ÔÏ‰ÏÎ ÌÈÏÏÎ‰ È¢ÙÚÂ ‰˙Ú„ ÏÂ˜È˘ ÈÙÏ ÌÈÏÂÓ‚‰
Æ˙ÂÓÏ˙˘‰ ÏÂÓ‚· ÌÈÎÊÓ ÌÈ‡ ÌÂ‚¯˙ Â‡ ËÂ˜ÈÏ ¨‰ÎÈ¯Ú

˙‡¯Â‰Ï ÊÎ¯Ó· ̈ÌÈ„ÂÓÈÏ ̇ ÂÈÎÂ˙ Û‚‡· ̃ ÒÚÂÓ‰ ‰‡¯Â‰ „·ÂÚ
¨·¢ÂÈÎÂ ®Á¢ËÓ© ˙ÈÎÂÈÁ ‰È‚ÂÏÂÎËÏ ÊÎ¯Ó· ¨®Ó¢ÏÓ© ÌÈÚ„Ó‰

ÆÂ„È˜Ù˙ Û˜Â˙· ‰·È˙Î „Ú· ÏÂÓ‚· ‰ÎÂÊÈ ‡Ï
¨˙ÂÁÙÏ ‰‡ÏÓ ‰¯˘ÓÓ ≤Ø≥ Ï˘ Û˜È‰· ‰‡¯Â‰· ̃ ÒÚÂÓ‰ „·ÂÚ
Ï˘ Û˜È‰· Ï¢‰ ˙Â¯‚ÒÓ‰ ˙Á‡· ‰·È˙Î· Ì‚ ˜ÒÚÂÓ ‡Â‰Â
˙·È˙Î ̄ Â·Ú· ÏÂÓ‚Ï ‰˘˜· ̆ È‚‰Ï È‡ÎÊ ‰È‰È ̈‰¯˘Ó ±Ø≥ „Ú
Â˙¯˘Ó ̄ ÂÚÈ˘ ÏÚ ̄ Â˘È‡ ‡ÈˆÓ‰Ï ÂÈÏÚ ÍÎ Ì˘Ï  ÆÈ„ÂÓÈÏ ̄ ÓÂÁ

Æ‰„Â·Ú‰ ˙ÂÓÂ˜Ó È˘Ó
Ì˜ÏÁ  ÆÌÈÓÂÒ¯Ù‰ ˙‡ ¯ÈÊÁ‰Ï ·ÈÈÁ˙È ‡Ï ÍÂÈÁ‰ „¯˘Ó
ÌÈ¯ÊÁÂÓ Ì·Â¯ Í‡ ¨„¯˘Ó‰ Ï˘ ˙ÂÂ˘ ˙ÂÈ¯ÙÒ· ÌÈ¯‡˘

ÆÌ‰ÈÏÚ·Ï
˙¢Á ßÒÓ „ÁÂÈÓ ÒÙÂË ‚¢Ú Â˘‚ÂÈ ‰Ê ÛÈÚÒ È¢ÙÚ ˙Â˘˜·
ÆÍÂÈÁ‰ „¯˘Ó Ï˘ ̇ ÂÈÊÂÁÓ‰ ̇ ÂÎ˘Ï· ÂÏ·˜Ï Ô˙È˘ ̈∞µ∞Æ≤∞≤


