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Физические величины

ǸȜȜȞȒȖțȎȠȎХȠȓșȎбХ
ȝȡȠȪбХȞȎȟȟȠȜȭțȖȓХ

ȚȓȠȞ [ ] [ ]x s= = ì

ǿȘȜȞȜȟȠȪХ ȚȓȠȞХȐХȟȓȘȡț-
Ȓȡ

[ ]v = ì/ñ

ȁȟȘȜȞȓțȖȓХ ȚȓȠȞХȐХȟȓȘȡț-
ȒȡХȕȎХȟȓȘȡțȒȡ

[a]Х=ХȚдȟ2

ȁȑșȜȐȎȭХȟȘȜȞȜȟȠȪХ ȞȎȒȖȎțХȐХȟȓ-
ȘȡțȒȡ

[w]Х=ХȞȎȒдȟХ=Хждȟ

ǽȓȞȖȜȒХȐȞȎȧȓ-
țȖȭХȠȓșȎ

ȟȓȘȡțȒȎ [T]Х=Хȟ

ȅȎȟȠȜȠȎХȐȞȎȧȓ-
țȖȭХȠȓșȎ

ȜȏȜȞȜȠХȐХȟȓ-
ȘȡțȒȡ [ ]n = =oá

ñ ñ

1

ǺȎȟȟȎХ ȘȖșȜȑȞȎȚȚ [m]Х=ХȘȑ
ǽșȜȠțȜȟȠȪ ȘȖșȜȑȞȎȚȚХ

țȎХȘȡȏȖȥȓ-
ȟȘȖȗХȚȓȠȞ

[r]Х=ХȘȑдȚ3

ǿȖșȎХ țȪȬȠȜț [F]Х=Х [P]Х=ХǻХ=ХȘȑ⋅Țдȟ2
ǲȓȢȜȞȚȎȤȖȭХ ȚȓȠȞ [x]Х=ХȚ
ǴёȟȠȘȜȟȠȪХȝȞȡ-
ȔȖțȩ

țȪȬȠȜțХ
țȎХȚȓȠȞ

[k]Х=ХǻдȚ

ǾȎȏȜȠȎ ȒȔȜȡșȪ [A]Х=ХǲȔХ=ХǻХ ⋅ХȚ
ǺȜȧțȜȟȠȪ ȐȎȠȠ [P]Х=ХǰȠХ=ХǲȔдȟ
ЭțȓȞȑȖȭ ȒȔȜȡșȪ [E]Х= ǲȔХ=ХȘȑ⋅Ț2дȟ2
ǶȚȝȡșȪȟ [p]Х=ХȘȑХ ⋅ХȚдȟ
ǺȜȚȓțȠȎХȟȖșȩ țȪȬȠȜț-ȚȓȠȞ [M]Х=ХǻХ ⋅ХȚ
ǽșȓȥȜХȟȖșȩ ȚȓȠȞ [l]Х=ХȚ
ǲȎȐșȓțȖȓ ȝȎȟȘȎșȪ [p]Х=ХǽȎХ=ХǻдȚ2
ǼȏȨёȚ ȘȡȏȖȥȓȟȘȖȗХ

ȚȓȠȞ
[V]Х=ХȚ3

ǽȓȞȖȜȒ ȟȓȘȡțȒȎ [T]Х=Хȟ
ȅȎȟȠȜȠȎ ȑȓȞȤ

[ ]ν = =Ãö
1

c

ǲșȖțȎХȐȜșțȩ ȚȓȠȞ [l]Х=ХȚ
ǿȘȜȞȜȟȠȪХȐȜșțȩ ȚȓȠȞХȐХȟȓȘȡț-

Ȓȡ
[v]Х=ХȚдȟ
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Кинематика

ǺȓȣȎțȖȥȓȟȘȜȓХ ȒȐȖȔȓțȖȓХ— ȝȓȞȓȚȓȧȓțȖȓХ ȠȓșХ ȒȞȡȑХ ȜȠțȜȟȖ-
ȠȓșȪțȜХȒȞȡȑȎг
ǺȎȠȓȞȖȎșȪțȎȭХȠȜȥȘȎХ— ȠȓșȜбХȞȎȕȚȓȞȎȚȖХȘȜȠȜȞȜȑȜХȐХȡȟșȜȐȖȭȣХ
ȒȎțțȜȗХȕȎȒȎȥȖХȚȜȔțȜХȝȞȓțȓȏȞȓȥȪг
ǽȞȭȚȜșȖțȓȗțȜȓХ ȒȐȖȔȓțȖȓХ— ȒȐȖȔȓțȖȓХ ȠȓșȎХ ȐȒȜșȪХ ȝȞȭȚȜȗХ
șȖțȖȖбХȘȜȠȜȞȡȬХȝȞȖțȖȚȎȬȠХȕȎХȘȜȜȞȒȖțȎȠțȡȬХȜȟȪХХг
ǸȜȜȞȒȖțȎȠȎХ ȠȓșȎХ— ȞȎȟȟȠȜȭțȖȓХ ȜȠХțȎȥȎșȎХ ȘȜ-
ȜȞȒȖțȎȠХȒȜХȠȓșȎХȐХȒȎțțȩȗХȚȜȚȓțȠХȐȞȓȚȓțȖгХǸȜ-
ȜȞȒȖțȎȠȎХ—ХȢȡțȘȤȖȭХȐȞȓȚȓțȖг

x x t= ( )

ȅȖȟșȜХȟȠȓȝȓțȓȗХȟȐȜȏȜȒȩХȠȓșȎХ— ȥȖȟșȜХțȓȕȎȐȖȟȖȚȩȣХȘȜȜȞȒȖ-
țȎȠбХȜȝȞȓȒȓșȭȬȧȖȣХȓȑȜХȝȜșȜȔȓțȖȓХȐХȝȞȜȟȠȞȎțȟȠȐȓг
ȀȞȎȓȘȠȜȞȖȭХȒȐȖȔȓțȖȭХȠȓșȎХ— șȖțȖȭбХȘȜȠȜȞȡȬХȜțȜХ ȜȝȖȟȩȐȎ-
ȓȠХȐХȝȞȜȟȠȞȎțȟȠȐȓХȝȞȖХȟȐȜёȚХȒȐȖȔȓțȖȖг
ǽȡȠȪХsХ—ХȒșȖțȎХȜȠȞȓȕȘȎХȠȞȎȓȘȠȜȞȖȖбХȝȞȜȗȒȓțțȜȑȜХȠȓșȜȚХȕȎХȐȞȓ-
ȚȭХtг
ǿȘȜȞȜȟȠȪХȠȓșȎХ—ХȏȩȟȠȞȜȠȎХȖȕȚȓțȓțȖȭХȓȑȜХȘȜȜȞ-
ȒȖțȎȠȩХȟȜХȐȞȓȚȓțȓȚгХ v

x

t
=
∆

∆

ǿȞȓȒțȓȓХȕțȎȥȓțȖȓХȟȘȜȞȜȟȠȖХȠȓșȎХ—ХȜȠțȜȦȓțȖȓХ
ȝȞȜȗȒȓțțȜȑȜХȝȡȠȖХȘȜХȐȞȓȚȓțȖбХȕȎХȘȜȠȜȞȜȓХȜțХȏȩșХ
ȝȞȜȗȒȓțг

v
s

t
ñð

=

ǽȡȠȪХ ȖХ ȘȜȜȞȒȖțȎȠȎХ ȠȓșȎХ ȝȞȖХ ȞȎȐțȜȚȓȞ-
țȜȚХ ȝȞȭȚȜșȖțȓȗțȜȚХ ȒȐȖȔȓțȖȖХ (x0Х —Х țȎ-
ȥȎșȪțȎȭХȘȜȜȞȒȖțȎȠȎХȝȞȖХtХ=Хе)г

s x x vt= − =0  

(v = const)

ȁȟȘȜȞȓțȖȓХȠȓșȎХ— ȏȩȟȠȞȜȠȎХȖȕȚȓțȓțȖȭХȓȑȜХȟȘȜ-
ȞȜȟȠȖХȟȜХȐȞȓȚȓțȓȚг a

v

t
=
∆

∆

ǿȘȜȞȜȟȠȪбХȘȜȜȞȒȖțȎȠȎХȖХȝȡȠȪХȝȞȖХ
ȞȎȐțȜȡȟȘȜȞȓțțȜȚХ ȒȐȖȔȓțȖȖХ ȠȓșȎХ
(a = const бХx0ХȖХv0Х—ХțȎȥȎșȪțȩȓХȘȜ-
ȜȞȒȖțȎȠȎХȖХȟȘȜȞȜȟȠȪХȠȓșȎХȝȞȖХtХ=Хе)г

v v at= +0 ,

s x x v t
at

= − = +0 0

2

2

ǼȒțȜȞȜȒțȜȓХ ȝȜșȓХ ȠȭȔȓȟȠȖХ— ȡȟȘȜȞȓ-
țȖȓХȟȐȜȏȜȒțȜȑȜХȝȎȒȓțȖȭХȜȒȖțȎȘȜȐȜХȐХșȬ-
ȏȜȗХȓȑȜХȠȜȥȘȓг

a g= = 9 8,  м/с2

ȁȑșȜȐȎȭХȟȘȜȞȜȟȠȪХȠȐёȞȒȜȑȜХȠȓșȎбХȐȞȎȧȎȬȧȓȑȜȟȭХ
ȐȜȘȞȡȑХȜȟȖХ(DjХ—ХȡȑȜșХȝȜȐȜȞȜȠȎХȕȎХȚȎșȩȗХȝȞȜȚȓ-
ȔȡȠȜȘХȐȞȓȚȓțȖХDt)г

ω
ϕ

=
∆

∆t
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ȁȑșȜȐȎȭХȟȘȜȞȜȟȠȪХȝȞȖХȞȎȐțȜȚȓȞțȜȚХȐȞȎ-
ȧȓțȖȖХ ( const).ω = ω

π
π= =

2
2

T
n

ǽȓȞȖȜȒХȐȞȎȧȓțȖȭХ—ХȐȞȓȚȭбХȕȎХȘȜȠȜȞȜȓХȠȓșȜХȟȜ-
ȐȓȞȦȎȓȠХȜȒȖțХȜȏȜȞȜȠХ(NХ—ХȝȜșțȜȓХȥȖȟșȜХȜȏȜȞȜȠȜȐ)г T

t

N
=

ȅȎȟȠȜȠȎХȐȞȎȧȓțȖȭХ— ȥȖȟșȜХȜȏȜȞȜȠȜȐбХȟȜȐȓȞȦȎ-
ȓȚȩȣХȕȎХȓȒȖțȖȤȡХȐȞȓȚȓțȖг n

N

t
=

ȄȓțȠȞȜȟȠȞȓȚȖȠȓșȪțȜȓХȡȟȘȜȞȓțȖȓХȚȎȠȓȞȖȎșȪ-
țȜȗХ ȠȜȥȘȖбХ ȒȐȖȔȡȧȓȗȟȭХ ȝȜХ ȜȘȞȡȔțȜȟȠȖХ ȞȎȒȖȡȟȎХ
R ХȟȜХȟȘȜȞȜȟȠȪȬХvг

 

a
v

R
ö =

2

ǿȐȭȕȪХșȖțȓȗțȩȣХȖХȡȑșȜȐȩȣХȐȓșȖȥȖțг v R= ⋅ω ,

 a Rö = ω2

Динамика

ǺȎȟȟȎХ— ȚȓȞȎХȘȜșȖȥȓȟȠȐȎХȐȓȧȓȟȠȐȎХȐХȠȓșȓг
ǽșȜȠțȜȟȠȪХȐȓȧȓȟȠȐȎХ— ȜȠțȜȦȓțȖȓХȚȎȟȟȩХȠȓșȎХ
ȘХȓȑȜХȜȏȨёȚȡг ρ =

m

V

ǿȖșȎбХȒȓȗȟȠȐȡȬȧȎȭХțȎХȠȓșȜХ—ХȝȞȜȖȕȐȓȒȓțȖȓХȚȎȟ-
ȟȩХȠȓșȎХțȎХȓȑȜХȡȟȘȜȞȓțȖȓг

 
F m a= ⋅

ǽȞȖțȤȖȝХ ȟȡȝȓȞȝȜȕȖȤȖȖгХ ǳȟșȖХ ȘХ ȠȓșȡХ
ȐХȜȒțȜȗХȓȑȜХȠȜȥȘȓХȝȞȖșȜȔȓțȜХțȓȟȘȜșȪȘȜХȟȖșбХ
ȜțȜХȒȐȖȔȓȠȟȭХȠȎȘбХȏȡȒȠȜХțȎХțȓȑȜХȒȓȗȟȠȐȡȓȠХ
ȜȒțȎХ—ХȞȓȕȡșȪȠȖȞȡȬȧȎȭХȟȖșȎХ


FðåçбХȞȎȐțȎȭХ

ȐȓȘȠȜȞțȜȗХȟȡȚȚȓХȫȠȖȣХȟȖșг

  
F F Fðåç = + +1 2 ... Х

ǶțȓȞȤȖȎșȪțȎȭХ ȟȖȟȠȓȚȎХ ȜȠȟȥёȠȎХ— ȟȖȟȠȓȚȎХ ȜȠȟȥёȠȎб ȜȠțȜȟȖ-
ȠȓșȪțȜХȘȜȠȜȞȜȗХȠȓșȜХȝȜȘȜȖȠȟȭХȖșȖХȒȐȖȔȓȠȟȭХȟХȝȜȟȠȜȭțțȜȗХȟȘȜȞȜ-
ȟȠȪȬбХȓȟșȖХȟȡȚȚȎХȝȞȖșȜȔȓțțȩȣХȘХțȓȚȡХȟȖșХȞȎȐțȎХțȡșȬг
ǽȓȞȐȩȗХ ȕȎȘȜțХ ǻȪȬȠȜțȎг ǳȟșȖХ țȎХ ȠȓșȜХ
țȓХȒȓȗȟȠȐȡȓȠХȟȖșȎбХȠȜХȜțȜХȝȜȘȜȖȠȟȭХȖșȖХȒȐȖ-
ȔȓȠȟȭХȟХȝȜȟȠȜȭțțȜȗХȟȘȜȞȜȟȠȪȬг


a = 0,   

если 

F = 0

ǰȠȜȞȜȗХ ȕȎȘȜțХ ǻȪȬȠȜțȎг ǽȞȜȖȕȐȓȒȓțȖȓХȚȎȟȟȩХ
ȠȓșȎХ țȎХ ȓȑȜХ ȡȟȘȜȞȓțȖȓХ ȞȎȐțȜХ ȞȓȕȡșȪȠȖȞȡȬȧȓȗХ
ȝȞȖșȜȔȓțțȩȣХȘХțȓȚȡХȟȖșг

ma F
 
= ðåç
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ȀȞȓȠȖȗХȕȎȘȜțХǻȪȬȠȜțȎгХǳȟșȖХȒȐȎХȠȓșȎХȐȕȎȖȚȜ-
ȒȓȗȟȠȐȡȬȠХ ȒȞȡȑХ ȟХ ȒȞȡȑȜȚбХ ȠȜХ ȟȖșȎбХ ȒȓȗȟȠȐȡȬȧȎȭХ
țȎХȝȓȞȐȜȓХȠȓșȜХȟȜХȟȠȜȞȜțȩХȐȠȜȞȜȑȜбХȞȎȐțȎХȝȜХȚȜ-
ȒȡșȬХ ȖХ ȝȞȜȠȖȐȜȝȜșȜȔțȎХ ȝȜХ țȎȝȞȎȐșȓțȖȬХ ȟȖșȓбХ
ȒȓȗȟȠȐȡȬȧȓȗХțȎХȐȠȜȞȜȓХȠȓșȜХȟȜХȟȠȜȞȜțȩХȝȓȞȐȜȑȜг

 
F F12 21= −

ǽȞȖțȤȖȝХ ȜȠțȜȟȖȠȓșȪțȜȟȠȖХ ǱȎșȖșȓȭгХ ȁȞȎȐțȓțȖȭбХ ȐȩȞȎȔȎȬ-
ȧȖȓХ ȕȎȘȜțȩХǻȪȬȠȜțȎбХ ȖȚȓȬȠХ ȜȒȖțХȖХ ȠȜȠХȔȓХ ȐȖȒХ ȐХșȬȏȜȗХȖțȓȞ-
ȤȖȎșȪțȜȗХȟȖȟȠȓȚȓХȜȠȟȥёȠȎг
ǵȎȘȜțХȟșȜȔȓțȖȭХȟȘȜȞȜȟȠȓȗХȐХȘșȎȟȟȖȥȓȟȘȜȗХȚȓ-
ȣȎțȖȘȓХ ( ′v Х—Х ȟȘȜȞȜȟȠȪХ ȠȓșȎХ ȜȠțȜȟȖȠȓșȪțȜХ ȟȖȟȠȓ-
ȚȩХȜȠȟȥёȠȎбХȘȜȠȜȞȎȭХȒȐȖȔȓȠȟȭХȟȜХȟȘȜȞȜȟȠȪȬХ


V ХȜȠ-

țȜȟȖȠȓșȪțȜХǵȓȚșȖ)г

  
v v V= ′ +

ǿȖșȎХȠȞȓțȖȭХ—ХȟȖșȎХȟȤȓȝșȓțȖȭХȚȓȔȒȡХȠȓșȎȚȖбХ
ȝȞȜȭȐșȭȬȧȎȭХ ȟȓȏȭХ ȝȞȖХ ȝȜȝȩȠȘȓХ ȟȚȓȟȠȖȠȪХ ȜȒțȜХ
ȠȓșȜХ ȜȠțȜȟȖȠȓșȪțȜХ ȒȞȡȑȜȑȜХ (NХ—Х ȟȖșȎХ țȜȞȚȎșȪ-
țȜȑȜХȒȎȐșȓțȖȭбХmХ—ХȘȜȫȢȢȖȤȖȓțȠХȠȞȓțȖȭ)г

F Nòð = µ

ǿȖșȎХ ȡȝȞȡȑȜȟȠȖХ— ȟȖșȎбХ ȐȜȕțȖȘȎȬȧȎȭХȐХ ȠȓșȓХȝȞȖХ ȓȑȜХȒȓȢȜȞ-
ȚȎȤȖȖг
ȁȝȞȡȑȎȭХȒȓȢȜȞȚȎȤȖȭХ—ХȝȜȟșȓХȟțȭȠȖȭХțȎȑȞȡȕȘȖХȠȓșȜХȝȞȖȜȏȞȓ-
ȠȎȓȠХȝȓȞȐȜțȎȥȎșȪțȡȬХȢȜȞȚȡг
ǵȎȘȜțХ ǱȡȘȎг ǽȞȖХ ȡȝȞȡȑȜȗХ ȒȓȢȜȞȚȎȤȖȖХ ȟȖșȎХ
ȡȝȞȡȑȜȟȠȖХ ȝȞȜȝȜȞȤȖȜțȎșȪțȎХ ȐȓșȖȥȖțȓХ ȒȓȢȜȞȚȎ-
ȤȖȖХ(kХ—ХȔёȟȠȘȜȟȠȪХȝȞȡȔȖțȩбХxХ—ХȓёХȡȒșȖțȓțȖȓ)г

F kxóïð = −

ǵȎȘȜțХ ȐȟȓȚȖȞțȜȑȜХ ȠȭȑȜȠȓțȖȭгХ ǿȖșȎХ ȝȞȖȠȭ-
ȔȓțȖȭХ ȒȐȡȣХ ȠȜȥȓȥțȩȣХ ȚȎȟȟХ ȝȞȜȝȜȞȤȖȜțȎșȪțȎХ
ȖȣХ ȝȞȜȖȕȐȓȒȓțȖȬХ ȖХ ȜȏȞȎȠțȜХ ȝȞȜȝȜȞȤȖȜțȎșȪțȎХ
ȘȐȎȒȞȎȠȡХ ȞȎȟȟȠȜȭțȖȭХȚȓȔȒȡХțȖȚȖХ (mжХ ȖХm2Х—Х
ȚȎȟȟȩХ ȠȓșбХ rХ —Х ȞȎȟȟȠȜȭțȖȓХ ȚȓȔȒȡХ țȖȚȖбХ
G = ⋅ −6 67 10 11, Хǻ⋅Ț2дȘȑ2Х—ХȑȞȎȐȖȠȎȤȖȜțțȎȭХȝȜ-
ȟȠȜȭțțȎȭ)г

F G
m m

r
= 1 2

2

ȁȟȘȜȞȓțȖȓХȟȐȜȏȜȒțȜȑȜХȝȎȒȓțȖȭХțȎХȐȩ-
ȟȜȠȓХhХțȎȒХȝȜȐȓȞȣțȜȟȠȪȬХǵȓȚșȖХ(MХ—ХȚȎȟ-
ȟȎХǵȓȚșȖбХRХ—ХȓёХȞȎȒȖȡȟ)г

g h G
M

R h
( )

( )
=

+ 2

ǽȓȞȐȎȭХ ȘȜȟȚȖȥȓȟȘȎȭХ ȟȘȜȞȜȟȠȪХ— ȟȘȜ-
ȞȜȟȠȪбХ ȘȜȠȜȞȡȬХ ȒȜșȔțȜХ ȖȚȓȠȪХ ȠȓșȜбХ ȥȠȜ-
ȏȩХ ȟȠȎȠȪХ ȖȟȘȡȟȟȠȐȓțțȩȚХ ȟȝȡȠțȖȘȜȚХ ǵȓȚ-
șȖХ (gХ =Х обнХ Țдȟ2Х —Х ȡȟȘȜȞȓțȖȓХ ȟȐȜȏȜȒțȜȑȜХ
ȝȎȒȓțȖȭбХRХтХлйееХȘȚХ—ХȞȎȒȖȡȟХǵȓȚșȖ)г

v gR1 8= ≈  км/с
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