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BBeneHue

Hoporoi ppyr!

B 9 knacce Thl NpoaOJIKHILb H3YYEHHE eCcTe-
CTBEHHOHay4yHoro npenmeta «®Dusukas. IT0
noco6ue momoxet tefe yCBOUTb ero no yyeb-
HuKy A.B. Ileppimkuna «®Pusuka. 9 kmaacc»
A5 0611e06pa3oBaTe/ibHbIX yupexaeHHi. Jlan-
Hoe 1oco0He BKJ4aeT B ceOsl OTBeTHl Ha BCe
BOTIPOCHI M YTNpa)KHeHHs yueOHHKA, a TaKxke
CMOXKET NMOMOYb TeGe MPH BhIMOJHEHUH J1a00-
paTopHHEX paboT yuebHHUKa. Marepuasnsl noco-
OHs pa3MeIllaTcs No rJaBaM U naparpagam.

Mbl HapmeeMcst, 4yTO 3TO nocobGHe MOMOXKET
Tebe YCIelHO YCBOMTb H MOHATH «DPHU3UKYy»
KaK HaykKy.

Ynauu!



IJIABA 1. 3AKOHBI
B3ANMOJEUCTBHUA
U IBU2KEHNUA TEJ

§ 1. MarepuanpHasi TOYKa.
Cucrema otTcuera

Bonpocsr

1. [lon mamepuaserod moukoil B Puskke NnoHuMa-
€TCA TeJ0, pa3MepaMd KOTOPOro B YCJOBUSIX NaHHOMH
3ajldyd MoXHO npeHeOpeuyb. MamepuaivHas mouka
oGsafaeT onpeaeseHHOH Maccoll, HO HMeeT HYJeBbie
(oueHb MaJible) pasmepsl.

2. Mamepuasvras mouxa — abCTpPaKTHOE MOHSA-
THe, T. K. B NpHpofie Bce Tesna 06JafaloT onpejesieH-
HBIMH pa3MepaMH.

3. llonsiTe mamepuarvrol mouku HCIONb3YET-
cA IJIA YIPOLleHWs ycloBUH M pewleHWi 3amay. Ecau
npeHebpedb pa3MepaMM peasibHOrO Tesa, TO HET Heob-
XOJMMOCTH paccMaTpHBaTb [BHXKeHHe Tesa IpH ero
ABHXKEHHH BOKDYT CBOeH ocH (MAY B MoJieTe) UJIH JBH-
KeHHe KaKWUX-TO 4acrel Tesa (kKoseca aBTOMOOHJIS),
eCJM Hac HHTepecyeT C KaKOH CKOPOCTBI [ BHXKETCSH
TEJO.

4. B naHHOM cJy4ae JBHXYileecs TeJ/0 MOXHO
paccMaTpHBaTh KaK MAaTepHANBHYIO TOCKY, €CJAH ero
paszMepbl HAMHOIO MEHblUe pacCTOSIHUSI Ha KOTopoe
OHO fepeMeLlaeTcs.



5. Ecaun paccmarpuBaTth, HalpHMep, ABHXEHHE aB-
TOMOGHJIsI TIPH €ro MnepeMellleHHH W3 ropofa A B ropon
B, To B naHHOM cJyuyae, MPH ONpeleJIeRHH CpeaHeH
CKOPOCTH [BUXKEHHS aBTOMOOMJIS ero MOXKHO paccMar-
pHBaTh KaK MaTepHajbHYI0 TOUKY, ONHAKO €CJH Hac
HHTEpecyeT JABHXKeHHWe aBTOMOOWJA OoJee noapobHo,
TO OKa>keTcsl, 4TO NPH ABHXKEHHH aBTOMOOH.Is, HaMpH-
Mep MepeiHHE W 3aJHUE KOoJieca M3 3a HepoBHOCTeR
AOPOTrH JIBHTAlOTCS N0 pa3HoMy (He CHHXPOHHO).

6. Ecau Teno mBuxKetcsd NOCTYNAaTeNbHO.

7. Mamepuasvnas mouka — 3TO abCTpaKTHOE
noHsATHe 0003Hayawllee TeJO, pasMepbl KOTOPOro He
UI'PAlOT POJIH B YCJOBHAX PacCMaTpHBAeMOH 3aJauH.

8. Ecau Tesio aBHKeTCA TPAMOJHHEHHO.

9. Cucrema orcyeta — 3TO TeJO OTCYeTa, CBfA-
3aHHasi ¢ HUM CHCTeMa KOOPAHHAT M 1npubop ass
U3MEpPeHHs BPEMEHH, M0 OTHOLIEHHIO K KOTOPBbIM pac-
CMAaTpUBAeTCA JABHXKEHUe MaTepHaJbHBIX TOYEK HJIH
TeJ.

YnpaxHenne 1

1. Jla MOXHO, T.K. B JaHHOM CJiy4ae OH Npollesa —
80 -2 = 160 kM = 160000 M, a paamep aBTOMOOHJIA
~3 M, UTO CYyIlleCTBEHHO MeHblIe.

2. C TOYKH 3peHHs QHCIETYEpa, eCNU pacCcMaTpH-
BaTb TOJIbKO MapilpyT camoJieTa, TO MOXHO, HO €CJIM
B BO3AyXe HaXoAATCA ApyrHe CaMoJIeThl HJH OH 3aXO0-
AMT Ha nocagky — Her. C TOUKHM 3peHHs naccakupa
MpU NoJeTe MO MapupyTy — A4, HO NPH NepeMellleHHH
nacca)KMpa BHYTPH caMmoJieTa — HeT.

3. [lon Tenom octyera, B JAaHHOM cJy4ae, 0ObIYHO
NoApa3yMeBaloT TOBEPXHOCTb 3€MJIH.
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4. O6a npaBel. MaJibuuK BbIOpas CHCTEMY OTCHETa
OTHOCHTeJbHO ceBs (oH Oblil HENoOJBHMKEH), a JieBOYKa
OTHOCHTeJbHO cefs (oHa ObiJla Ha Kaueasx).

5. a) OTHOCHTE/IbHO TOBEPXHOCTH 3eMJH; 6) OTHO-
CHTEJbHO TEKyIlleH BOABI; B) OTHOCHTEJbHO TOBEPXHO-
CTH 3eMJIH; T) OTHOCHTeNBHO ueHTpa (ocu) Kojeca; 1)
OTHOCHTEJ/IbHO MOBEPXHOCTH 3eMJIH.

§ 2. llepememenue
Bonpocoi

1. TlosoxeHHe Tesna B 3aJaHHBIE MOMEHT BpeMe-
HH %, Npd AAaHHBIX HaYaJbHBIX YCJAOBHAX (HauasbHOe
MONIOKEHHe, NYThb S, NMPOMYXYTOK BpPeMEHH t) HeJb-
35 OIpefeNHTb OJHO3HAYHO, TAK KaK HEH3BeCTHa €ro
TPaeKTOPHA ABHXXeHHH. Teso HampUMep MOXET JIBH-
raTbCAl B PasHbIX HAMpaBJIEHHSIX OT HauyalbHOH TOYKH,
HJIH [IBUTaThCs MO OKPYXKHOCTH.

2. [lepemewernuem meaa (MaTepHalbHOH TOUKHM)
Ha3blBalOT BeKTOp (HampaBjeHHBIH OTPe30K MPSMOH),
COeIMHAIOUIMH Havya/ibHOe MOJIOKEeHHe Tejia C ero Ko-
HEUHBIM TIOJIOKEHHUEM.

3. [lonoxxeHue Tesa B 3alaHHbIA MOMEHT BpeMeHH
t, TpY MaHHBIX HAuya/JbHBIX YCJOBHAX (HauyajbHOe Mo-
NOMeEHHe, BEKTOP MepeMelleHHs1 S, NPOMeXYTOK Bpe-
MEeHH ) MOXHO ONpeleNMThb OJHO3HAuHO, TaK Kak
M3BeCTHA ero TpaekTopusi ABHKeHuUsi. KoHelu BekTopa
NepeMellleHHsT OJHO3HAYHO MOKA3hiBAeT KOHeYHOe Io-
JoKeHHe Tesa. Hanpumep Tesio gBdrasicb o npsiMoid
B 3a/laHHOM HalpaBJeHHH ¢ MOCTOSHHOH CKOPOCTBIO
T 3a BpeMs { OKAXeTcs HA PacCTOsHHM S = T -t oT
Ha4a bHOTO MOJIOKEHHS,



Ynpaxuenne 2

1. CueTuHK cnuioMerpa onpefeasieT npoliderHbill
nymo.

2. ABTOMOOM/Ib JIOJIXKEH NBUMaThCA NPAMOAUHEL-
HO.

3. OnpeneneHne KOOPAHHATDI
P p
ABUIKYIIErocs Teja

Bonpocsl

1. Bo Bcex cayuasx BbIYMC/EHHS [POM3BOAAT CO
CKaJNApHBIMH BenuuHHaMH. B cayuae BeKTOpoB A4
BLIUMCJEHHH HCNOJb3YIOT WX MPOEKIHH Ha KOOpIH-
HATHbIE OCH.

2. Ilpoekuus BekTOpa Ha ocb OyaeT NMOJOKHTENb-
HOH, €eCJIH BEKTOp COHAmpaBJieH C OCblo, U OTpHLa-
TeNAbHOH B MpoTHBHOM cayuae. (Ecau BekTOp mepnen-
IOMKYJASPEH OCH, TO €ero MpoeKlHst paBHa HYJI0.)

3. r = zp+s,, Tle x — KOHeUHast KOOpJAUHATa Tena,
Ty — HavyaJbHast KOOpAMHATa Tena, Sy — MPOEKIIUs
BEKTOpa IepeMeLIeHH .

¥Ynpamxuenue 3

1.
Spen Smor
"—y——
] 1] 1
1 1 3
] ] 3
—— —& & &——>
o Tpen Teaeroop Tyor

2. a) 9 =1 M; 6) stz = 17+ 82p = 2,44+ (—1,25) =
=115 M; B) oy =39 + 8¢z = 1 + 1,15 = 2,15 M.
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§ 4. IlepememieHre npu NPAMOJHHENHOM
PaBHOMEPHOM JIBHIKECHHH

Bon'pocm

1. CKopocTb paBHOMEPHOrO NPSMOJIMHEHHOTO NBH-

 EHHfl — BEeKTOpHas BeJJHYHHA He U3MeHAILlas CBO-

€ro MOAY/JS W He MeHSAIoulas HampapJeHus (I0CTo-

fIHHAas1), paBHas OTHOLUEHHIO TepeMelleHHs Tesa § 3a

A@HHBIH MPOMEXKYTOK BPEMEHH K 3HAYEHHI0 AAHHOro
., &

NpoMexyTKa U = - {cM. cTp. 17).

2. o popmyne: sy = vt, Tie s; — MPOEKIUA BEK-
TOpa nepemelleHHs Ha ocb X, U; — NPOEKLHA BEKTOpa
CKODOCTH ABHXKeHHsi, { — BpeMsl NepeMelleHHs.

3. Monaynb BexTopa nepeMellleHus |§] paBeH nyTH s
TIIPH PAaBHOMEDHOM NPSAIMOJIHMHEHHOM ABHXeHHu |§] = s.

4. Tlpy paBHOMEpPHOM NPAMOJHHEHHOM JIBHMKEHHH
5] = |9]-t = v-t = 5. [lnowans non rpadukoM
ckopocTh S = |v - t| = |v| - t. CaenosaressHo |3 = S
(cM. puc. 6 ¥ 7 y4yebHHKa).

5. Tlepsoe Tesio ABMXKETCS COHANPaBJEHHO C OCbIO
X ¢ MoayneM ckopoctd v = 30 XKM/4, a BTopoe TeJo
JBHXKETCH B [POTUBONOMOXHOM HalpPaB/JeHHH C MOZLY-
JeM CKOpOCTH ¥ = 25 KM/4.

¥npaxneune 4

1. Monysnb BekTOpa CKOpPOCTH BCerja MOJOXKHTE-
JieH, TI03TOMY ero rpaduk He MoxeT ObiTb HOI OChIO
Ot, a npoexuuss BEKTOpPa CKOPOCTH MOMKeT ObIThb H
OTPHLIATEJIbHOMU.



100 4 I)x, KM/4

§ 5. IipsmoanHeiiHoe paBHOYCKOpPEHHOE
ABHXKEHHE. YCKOopeHHe

Bomnpocel

1. [lpsiMosuHeliHOe pPAaBHOYCKODEHHOE [BHXKEHHE
OTHOCHTCH K HEPaBHOMEPHOMY IBHXKCHHIO, T. K. OHO
TMPOUCXOMUT ¢ NepeMeHHoH (MeHsoeHCcs BO BPeMeHH
0 BeJHYHHe W HalpaBJeHHI0) CKOPOCThIO.

2. Tlog MrHOBeHHO# CKOPOCTBIO HEPaBHOMEPHOIO
ABHXKEHHUS TIOHHMAIOT CKOPOCTb B KOHKPETHOH TOUKH
TPaeKTOPHH B JaHHbIH MOMEHT BPEMEHH.

3. YcKopeHHeM pPaBHOYCKOPEHHOrO ABHXKEHUS d Ha-
3bIBAETCSl OTHOLIEHHE H3MeHEeHHsl CKODOCTH K IpoMe-
XKyTKe BPEMEeHH, 33 KOTOPO€ 3TO H3MeHEeHHe NPOH30-



4. JIsuxKeHHe C MOCTOSHHB YCKOPDEHHEM Ha3blBaeT-
Csl P2BHOYCKOPEHHbLIM [IBHXKEHUEM.

5. Monysb BeKTOpa YCKOPeHHS |@] MOKashiBaeT H3-
MeHEeHHe MOJYJ/Isi CKODOCTH |7 B eNMHHLY BpeMeHH.

6. B CH 3a eguHuLy ycKopeHHs NpHHUMaeTcs
YCKOPEHHE TaKOro PaBHOYCKOPEHHOTO ABHXKEHHS, MPH
KOTOPOM 3a 1 CeKyHIy CKOPOCTb TeJsla M3MeHsercsl Ha
1 M/c, 1. e. 1 M/c? (MeTp Ha ceKyHIy B KBagpaTe WM
APYTHMH CNOBaMH 1 MeTp B CEKYHAY 33 CeKyHAIY).

7. Monysb BeKTOpa CKOPOCTH yBeJHYHBAeTCsl, ec-
JH MPOEKLUHMS YCKOPEHHS Ha OChb BEKTOPa CKOPOCTH
MOJIOXKHTE/bHA, H yMeHbLIAeTCsl, eCJIH OTPHULIATEBLHA.

Ynpaxknenune 5

1. M3 pucyHKa BHMIHO, U4TO CKOPOCTh MEPBOFO aB-
TOMOOHJIs Bo3pacTana GLICTpee yeM BTOPOro, a CJeflo-
BAaTe/IbHO y Hero 6bly10 HoJblilee yCKOpeHHe.,

2.
Harno:
t=30c
v = 10c
U1 =5b¢
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Haiimu:
a—7

Pewenue: =10 4
U1 —Ug Hd— 5 9
= - = — = 1 5 .
¢ ; 30 30" OM/e

Omeem: o = 1,5 m/c?.

3.
Hano:
t=12¢

Av = 6M/c

Haiimu:
a—7?

Pewenue:

Av 6 9
7—1—2—0,5 M/C.

Omeem: o = 0,5 M/c?.

§ 6. CkopocTh NPAMOIHHEHHOrO
PaBHOYCKOPEHHOTO ABMIKEHHS.
I'pa¢puk ckopocTH

Bonpocsl

1. a) vy = vy + azt, 6) vy = azt. Tme v, (t) —
MPOEeKLMsi BEKTOpa CKOPOCTH Ha och X B MOMEHT
BPEMEHH f, a; — TIPOEKLHs BEKTOpa yCKOPEHHs Ha OCb
X, xoy, — NPOEKLHs BEKTOPA HauyaJbHOA CKOPOCTH Ha
ocb X, t — 3alaHHBIH POMEXYTOK BPEMEHH.

2. [padHK npoeKLHH BEKTOPA CKOPOCTH DaBHO-
YCKOPEHHOrQ [BHXKEHHA npeicTasiser cobo# ayd 3a-
JaHHbIH YPaBHEHHEM Uy = Ugg + @t a) HCXOAAUIMH

11



13 HauaJa koopauHat (v, =0, npu t = 0 v, = 0); 6)
UCXOAAWMH U3 TouKH (0, vgz) ¢ yrJIoBBIM KO3DGhHLIH-
€HTOM PAaBHBIM YCKOPEHHIO a,.

3. B ofoux ciayuasx [BHXKEHHE NDOHCXOOHT C
YCKOpEHHEM, OfIHAKO B TIepPOM cJy4dde YCKOpeHHe Mo-
JIOXKHTEJIBbHO, & BO-BTOPOM OTpHLIATeJ/bLHO.

YnpaxHenue 6

1.
Hano:

vy = 2M/c

t=4c

a= —0,25m/c?
Haiimu:

v—7?
Peuwtenue:

v=vp+at =2+(-0,25)-4=2-1=1 m/c%
Omeem: v = 1 m/c?.

2.

Hano:
a=02m/c2
vy = 0M/c
v=2Mm/c

Haiimu:

t— 7

Pewenue:

V—7
v=7ytat=t= U:—:l(]c.

a 0,2

Omsem: t = 10 c.
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t, ¢
T2 5 1 s 3 10
4,
v, M/C
5 |
4]
3
9 |
! i, C
L 2 T
-1
o ]
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5. Teno I a = g = 0,5 M/c?. Teao II: a = 4—;1 =

=1 m/c?.

§ 7. Ilepememenne npu NMPAMOJHHEITHOM
PABHOYCKOPEHHOM IBHMKEHHH

Bonpocsl

1. llposenem npsAMyl0 U3 TOYKM A M napanfefb-
HYI0 ocH t, TakMM o6pa3om ¢urypa ABCD Oyner
COCTOATb M3 ABYX (Hryp: mpsamoyroaoHuka OAKB,
maowansio Soaxp = AO- OB = vgit U TPEYroJbHHKA

C Up— U
ACK, naomanbw Sicg = T-OB: T 0zy
Ve — Vg agt at2

Taxmg obpasoM Space = SoakB + SACKk = Uogt +

+ , UTO COOTBETCTBYeT (DOPMYJle MPOEKUHH Mepe-
MeILeHHs TpH paBHOXCKOPEHHOM IBHKEHHH.

X

2. 5; =Vpr + — 5+ TA€ S¢ — NPOEKLHs mepeMele-
HHfl, Vpy — MNPOEKLHS BEKTOpa HauaJbHOH CKOPOCTH,
(; — TIPOEKLIMS BEKTOpAa YCKOpeHUs, { — BpeMs.

Yopaxuenune 7

1.
Hano:
t=>5¢
a = 0,5m/c?
v = 18KM/4 = 5 M/¢c

Haiimu:
g — 7
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Pewenue:

t2 2
s:vot+%—:5-5+0’55

=25+6,25 = 31,25 M.
Omesem: s =312 M

2.
Hano:
v = 15M/c
v =0M/c
t=20¢
Haimu:

s — 7

Pewernue:

s—vt+at2

t ¢
CaenoBatesbHO
at? (vo/t)t2 vot
= vgt + —— = Vgt + ~——=— = Vgt — —— =
S 0 5 ot + 5 0 5

1 1
— “got = =15-20 = 150 m.
570t = 51520 = 150

Omeem: s = 150 M.

T + 0
3. 5 = «—E—Q—E-t, TK. Ug =UVog + 0zt = 1=
Ur — g :
= 2 "% uy §, = S, cremopatenpHo S = S; =
Gy
2
_ Tzt Uz . Uizt Us U:ﬂ"vﬂxqvg_v&c:}s —
2 ) 2 ax 2a, ¥
_vx—UOz
204
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§ 8. llepememenue Tena npu
NPAMOJIHHEHHOM PaBHOYCKOPEHHOM
ABUKEHMH Oe3 Ha4aJbHOH CKOPOCTH

Bonpocsl
ath
1. Jlns npoeKkUHH MNepeMelleHHs S = —5 7 A
at?
MOIYJSl epeMeIlleHHs § = —.
t2 2t2 t2
2. B n? pas; Mt =2 ( t) /&:an /a_:
St
3. 5089 83, = at2/2 : a(2t)? (315) cee =

=1:4:9...

4. (s1—s0): (s2—s1):(s3—82) : (sa—83)... =
= at?/2 : (a(2t)2/2 — at?/2) : (a(3t)%/2 — a(2)2/2) :
(a(4t)?/2 ~ a(3t)?/2) ... = (1:4)—(1:9) — (4 : 16 —
—9)...=1:3:5:7...

5. 3akoHomepHocTH (3) W (4) HcnoamsyloTCs AJS
ONpefie/ieHHs SBJAETCA JIH ABHXKEHHE PaBHOYCKOpEH-
HbIM HJH HeT (cM. cTp 33).

YupasxkHenue 8

1.
Hano:

s3=2M,t1=1c, tg=1c
Hauamu:

§1, 4 — ?

Pewenue:
51:82:83=1: 35=>81 s3=1:5= s =

2 =04
= = M.
5 ’
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at? 251 2-04 5
5] = —= => @ = — = ——— = (0,8mM/c”.
TR AT T /
Omsem: s; =04 M, a = 0,8 m/c?.
2.
Hano:
85 = 6,3M
t=5¢c
Haimu:
U5 — ?
Pewenue:
at? 2s
v = qat, §=-—=>a= 2,

§ = 81+ 82+ 83+ 84 + 85.
81:52:83:84:85=1:3:5:7:9= 51 =
ty7 g T g 5

= 555152 = 535383 = §55=34 = §85-
CJie10BaTe IbHO:
§=81+ 82+ 83+ 54+ 55 =

1—I—3-£—5+ +1 255 17.5m
— — — — — S5y == — == 3 .

99979 ST g ®

25 2-175
azﬁ':—?“—:l,‘ll\d/cz.

v=at=14-5="7m/c.

Omeem: vs; =7 Mm/c.

§ 9. OTHOCHTENBHOCTb ABHIKEHHSH

Bonpocsl

1. DTo 03Ha4aeT, YTO 3TH BEJHYHHB (CKOPOCTh,
TPaeKTOPHS W MNYTh) ANSl ABUXKEHHS Pa3JHyYalOTCH B
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3aBUCHMOCTH OT TOr0o, M3 KaKOH CHCTEeMbl OTCqeTa
BefleTcs HabaoeHHe.

2. Hanpumep, uesnoBeK CTOKT HEMOABHXKHO Ha no-
BepXHOCTU 3eMJM (HET HH CKOPOCTH, HH TPaeKTOpPHH,
HY TyTH), OJHAKO B 3TO BpeMsi 3eM/s BpallaeTcs
BOKPYI CBOeHl OCH, W CJe10BaTeJbHO YeJOBeK, OT-
HOCHUTE/IbHO, HAMpHUMep LeHTpa 3eMJH, ABHXKeTCA IO
OTIpeNieIeHHON TPaeKTOPHH (IT0 OKPYMKHOCTH), Hepeme-
L[AeTCA H UMeeT OnpeleJieHHYIO CKOPOCTb.

3. [lpuxeHHe Tena (CKOPOCTb, MYTb, TPaeKTOPHA)
pPasyUUHbl B pa3HbIX CHCTEMax OTCYeTa.

4. B renHOUEHTPUYECKOH CUCTeMe TeJio OTcyeTa —
CoJHIle, 8 B TeOLEHTpHYECKoH — 3eMJs.

5. B resvoueHtpuveckofl cucTeMe cMeHa IHA U
HOYM OODBACHAETCS BpalleHHeM 3eMJIH.

YnpaxxHenune 9

1. CxopocTh MJI0Ta OTHOCHTEJbHO Gepera — 2 M/c,
OTHOCHTENBHO BOAK B peke — 0 M/c.

2. Ecau oba Tesna, ¢ KOTOPBIMH CBSI3aHbl CHCTe-
Mbl OTCUETA ITHX TeJ, OCTAIOTCHA HENOABHKHBLIMH APYyT
OTHOCHTENLHO JIPYyTa, TO OHM CBSI3aHbl C TpeTbeH CH-
CTeMOH oTcuyeTa — 3eMJei, OTHOCHTENbHO KOTOPOH H
MPOUCXOAAT U3MEPEHHS.

3. Ecsiu 3TH cHCTEMbl OCTUETA HeMOJABHMKHBI OTHO-

CHTEIRES APYTE APYI000 . 1000 900000 9000
4. 900 wkmfu = 2O = B -

60-60 3600 36
= 250 M/c. DTH CKOPOCTH PABHHI.

5. Tak xak 3emusi BpaulaeTcsl Ha 3anai, TO IPH
ABHKEHHH KaTepa Ha BOCTOK CKOPOCTH ABHXKEHHS Ka-
Tepa (Ukarepa = 90 KM/4 = 25 M/c) H CYTO4HOro
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BpalleHHA 3eMJH CKJIAAbIBAKOTCH, a [IpH JABHXKEHHH
Ha 3anajg — BoeuHTaloTCA, CJen0BaTeNbHO Vgoctox =
= Ugpawenns T Ukarepa = 20 + 250 = 275 M/C, Usanan =
= Uppautennn — UKaTepa =250 — 25 =225 M/C-

§ 10. HaepumansHbie CUCTEMbI OTCUYETA.
IlepBoiit 3akon HeloToHa

Bonpocsl

1. Teso nBH>KeTCH pPaBHOMEPHO W NPSIMOJIHHEHHO,
JHUOO MOKOUTCH.

2. Ecau Teso ABMXKeTCSl paBHOMEPHO M MPSIMOJIH-
HEHHO, TO ero CKOpOCTb He MeHseTcs.

3. o nHauana XVII Beka rocnoacrtsoBaja Teo-
pusi ApHcTOTess, COrJIaCHO KOTOPOH, €C/Id Ha Hero
He OKa3blBaeTCHi BHelLUHee BO3JEACTBHE, TO OHO MO-
XKeT NOKOMUTCSA, a AJS TOro, YToObl OHO JBHIaJoch C
TIOCTOSIHHOH CKOPOCTBHIO Ha HEro HelpepblBHO A0JXKHO
AeHCTBOBATb Apyroe TeJo.

4. Touka 3peHus Tasujiell, 0 JABHKEHHH TeJ, OT-
JHYaeTCsl OT TOYKH 3peHUs ApHUCTOTeJs TeM, 4TO Mo
TeJla MOTYT JBHraTbCs B OTCYTCBHE BHEIUHHX CHJI.

5. Xod onvima. Ha rtenexke, ABHXYLEHCS paB-
HOMEpDHO H MPAMOJIHHEHHO, OTHOCHTENbHO 3€MJH, Ha-
xousATeA fBa wapvka. OQUH 1IapHK TIOKOUTCH Ha JHe
TeJEeXKKH, a BTOpoH nonapelueH Ha HuTu. llapuky Ha-
X0JATCH B COCTOSIHHH TOKOS OTHOCHTEJIBHO TeJeXKH,
TAK KAaK CHJIbl JIeHCTBYIOUIHe HAa HUX YPaBHOBELIEHBI.
Ilpn TopMoKeHHH 06a LWIapHKa NMPHUXOIAT B IBHKEHHE.
OHH M3MEHSIIOT CBOK CKOPOCTb OTHOCHTEJIBHO TeJeX-
KH, XOTfl Ha HUX He AeHCTBYIOT HHKAKHe CHJbl, Bbrgoo,
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CuoieioBaTesibHO, B CHCTEMe OTCYETa, CBS3aHHOH C TOp-
MO3SLLEH TeJIeXXKOW 3aKOH WHEDPLIHH He BbINOJIHAETCS.

6. IlepBrili 3akon HbioToHa B coBpeMeHHOH dop-
MVJHPOBKE: CYLIECTBYIOT TAKHE CHCTEMbl OTCUETa, OT-
HOCHTEJIbHO KOTOPBbIX TeJla COXPaHSIOT CBOK CKOPOCTb
HEU3MEHHOH, eCJIM Ha HUX He JeHCTBYIOT Apyrve reJa
(cHJibl) HJIH AeHCTBHEe 3THUX Tes (CHJ) CKOMIIEHCHPO-
BaHO (paBHO HYJIIO).

7. CucTeMbl 0TCYEeTa B KOTOPBIX BHINOJIHAETCA 3a-
KOH WHEPIHH Ha3biBAlOTCS HHEpLHAJbHbIMH, @ B KOTO-
PLIX He BBINOJIHSETCS — HeHHEePUHaJdbHbIMH.

8. Jla, MoxHO. 3T0 BLITEKaeT W3 oONpejieseHHs
MHEPLHANbHBIX CHCTEM OTCYETA.

9. Her, He wHepuunaabHa.

YnpaxHenne 10

a) Jla, 3aKOH WMHEpLHMH BHINOJNHSETCS BO B BCeX
c/yyasix, TaK KaK MallMHKa MpPOJO/KH/AZ NBHKEHHE
OTHOCHTEJbHO 3eMJH; 6) B cJayyae DaBHOMEDHOTO H
MPAMOJIMHEHHOTO [IBHKEHHS [0€e3/1a 3aK0H HHEPUHH
BbIIOJIHAETCA (MaluMHKa HEMOABHXKHA), a MPH TOPMO-
JKeHHH HeT. 3eMJisi BO BCEX CJydasix sIBASeTCH HHep-
UHaJbHOH CHUCTEMOH oOTCYeTa, a noes3l TOJNbKO IpH
PaBHOMEPHOM K NPSMOJIHHEAHOM [BHXEHHH.

§ 11. Bropoii 3akon HeioTona

Bonpocel

1. Ecau Ha rteso peiicTByeT cuJa, TO BCJENCTBHE
3TOTO TEJO JBUXKETCH C YCKOPEHHUEM.
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2. Msy, no KOTOpPOMY CHJbHee YIapH/H, YNeTHT
Jajablie, Tak Kak oH OyzeT ABMraTbcsi ¢ GoJjblieid
CKOPOCTbIO, MOTOMY 4YTO eMy Obli0 COOOLEeHO MpH
yaape GoJiblilee YCKOpeHHe.

3. Onucanue onbita cM. cTp. 43-45. Botgode.. s
3TOTO OMLITA CJefyeT, YTO, PH OLHHAKOBOH AeHCTRY-
IOUleH CHJIe YCKOpeHHS Tes OOpaTHO NPONOpLHOHAJb-
Hbl HX Maccam: F' = aymy; F = aomg = a1 1 ag =
= mgy : m1. Ml BTOPOA BBHIBOA, 4YTO YyCKOpEHHE Te-

Ja NOCTOSHHOH MaccChl NpsAMO IMPOHOPUHOHAJDBHO CHJIE

o 1 2
MPHJIOXKEHHON K HEMY: @] = — Qg = — => @] : 03 =
m

m

=[N F.
4. YckopeHHe TeNa MpPsMO MPOMNOPLHOHAILHO PaB-
HOAEHCTBYIOUIEH CHJ, PHJOKEHHBIX K HeMY, H obpart-

-

HO MPCHOPUHMOHANBHO ero Macce: a= —, rie a —
m

BEKTOD YCKOpEHHs Tesa, £ — BeKTOp paBHOREHCTBY-
OILeH CHJIBL, NPHIOKEHHOH K Tely, m — Macca TeJa.
(3aKOH BHITIOJIHAETCH B KHEPLHANLHOH CHCTEME OTCYe-
Ta.)

5. BekTop yckopeHHs! @ H BEKTOP PaBHONEHCTBYIO-
meit cun F — COHalpaBJieHbl.

6. 13 dopmyasl. F' = am, noayyaeM 1H = 1kr x
x 1'm/c? = 1 kr/c2.

YnpaxneHue 11

1.

Hano:
a=0.8m/c?
m = 20 Kr
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Haimu:
-7

Pewenue:
H3 BToporo 3akoHa HeloToHa
F=am=08-5 =40H.

Omseem: F = 40H.

2.
Hano:

t=20c

v =4m/c

m = 1841 = 184 000 kr
Hauamu:

Fr—-2
Pewenue:

F=am

q = U —17p

t v 4

F=am= ?m = 2—0-184000 = 36800 H = 3,6 kH.
Omeem: F = 3,6 xH.

3.
Hano:

my =maT

ay = 0,08 m/c?

as = 0,64 m/c?

F1=12H
Haiimu:

Fy — 7
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Pewenue: P
1
Fs=agm, Fl=am =>m=— =

F 1 2
= =ay— =064 - —— = 9,6 H.
27 @ = “2a1 0.64- 008
Omeem: F; =96 H.
4.
Hano:
F,=-5H
Fy, =10H
F3=—-2H
m = 0,5Kr
Haimu:
a— 7
Peiwuenue:
F=am

-+
I+ P+ F_ —5+10-2 3

Q= — — = = jmang

0,5 05

3
3

Omeem: o =6 M/c2,

5. Ilpy IBHXKEHHU BBEpPX BEKTOPbl CKOPOCTH H Te-
peMellleHHsl MAYa HampaBJeHbl MPOTHBONOJIOXHO CHJe
TAXKECTH, @ BEKTOD YCKOPeHHsI — B OLHOM HarnpasJie-
HAH. [lpH NBMXKEHHH BHHM3 BEKTOPHl CKOPOCTH, Tlepe-
MEILEHHS H YCKOPEHHS — B OZHOM HAlPaBJEHHH,

6. Bektop yckopexHs Bcerja cOHanpasjeH paB-
HOAEHCTBYIOILEH [PHJIOKEHHBIX CHJI, 8 BEKTOPHl CKO-
POCTH M NepeMellleHHsi MOTYT ObiThb HanpaBJeHBl Kak
MPOTHBONOJOXKHO, TAK H BOAHOM HaNpaBJeHHH.
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§ 12, Tperwmii 3akoH HeloToHa

Bonpochel

1. Onucanue onweita cM. ctp. 48-49. Bo Bcex
OTbITaX C MOMOUILIO ABYX AHHAMOMETPOB H3MepsSIloTCA
CHJIbl, C KOTODbIMH J[Ba TeJa AEeHCTBYIOT [Pyl Ha
apyra. Bueigod. Jlpa Tena nefcTBYIOT ApYr Ha Jpyra c
CHJIaMH DaBHBIMH I10 BeJIHYHHE H NPOTHUBOMOJOXHBIMH
N0 HarpaBJeHHUIO.

2. Cuabl, ¢ KOTOPHIMH ABa Teaa AEUCTBYIOT APYT
Ha [pyra, paBHbl MO MOAYJIO W TPOTHBOIMOJOXKHE M0
HaTpaBeHU0. Fi_5 = —Fy_ (3aKOH BHIOJHSETCA B
MHEpLHaJbHON CHCTEME OTCUeTa).

3. Tak kak Macca 3eMad mi ~ 5,9736 - 10%* «r,
BO MHOrc pas 0oJjibllie MacChl yejoBeka mg = 80 KT,
TO U3 BTOPOro W TpeTbero 3akoHos Helotona caenyer,
yTo 1F1| = IFQ‘ = |d'1|m1 = 152‘7112 = |51| : |[igl =
= my : my = 80/(5,9736 - 10%%) &2 1,34771 - 1072,

4. KocMHueckde Tena (maaHetsbl, cnyTHHKH, Counn-
ie) B3aMMOIEHCTBYIOT OYr ¢ JAPYroM IOCDPeICTBOM
CHJ1 BCEMHPHOrO TATOTeHHA. MarHuThl IPHTATUBAIOTCH
HJIH OTTAJKHBAIOTCS U3 32 MATHHTHBIX CHJI.

5. Tak KakK CHJbl IPHJIOXKEHBl K PasHbIM TeJam, TO
OHY He yPaBHOBEIWBAWT Apyr Apyra. PaBHble mo mo-
IV H NPOTHBOMOJOXHO HanpaBJ/eHHbie CHJIbI ypaB-
HOBELWBAIOT APYT APYra, €cJH OHH NPHJOXKEHBbl K
OLHOMY TeJay.

Ynpaxkuenue 12

1. Fox — CHJa TsKecTH, N — CHJla peakIluu
OTOPHIL.
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2. [Ipenen usmepeHHii juHaMoMeTpa He GyJeT npe-
BHIILIEH, T.K. B UTOl'e Ha Hero geHcTByeT cuJja 80 H.

3. a) u3 Broporo 3akoHa HeioToHa nonyuaem Fo, =
=amy = 02-15 =03 H, a u3 tpervero Fy, =

= —F5; = —0,3 H; 6) u3 Broporo 3akona HbloroHa
nonyyaeM Fiz = amy = 0,2-0,5 = 0,1 H, a u3 tpetbero
Fy; = —Fi; = —0,1 H; B) B nepsoM c/yyae HHTb

HaTATMBaeTCA CHJbHee; I) Fy = azm = a(my + mg) =
=0,2-(1,5+05) =04 H.

§ 13. CBoGonHoe mageHHe Tex

Bonpocsr

1. [druxKeHHe Tesa noj JeHCTBHEM CHJBI TAMKECTH
Ha3biBaeTCs c80000HbIM nadeHuem.

2. Ecau Moy BeKTOPOB mepeMelleHus |5] npoi-
AEHHOTrO LIAPHKOM 3a I10C/]eA0BaTeNbHbIE MPOMEXYTKH
BpeMeHH ¢ OYAYT OTHOCHTCS KAaK S1 @ Sg @ 83... =
=1:3:5..., T0 3T0 OYAeT CJAYXHTb JHOKa3aTelib-
CTBOM TOrO, YTO MajeHHe NPOHCXOLHT € OAHHAKOBLIM
yckopeHueM (cM. § 8, 4 Bonpoc).

3. OnnlT craBHiCsA € LEJbIO ONPefeNUTh 3aBHCHT
JIH yCKopeHHe ¢BOOGOAHOrO NMaeHHs OT Macchl, POPMBI,
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MaTepHassl W T.N. cBoicTB Tesa. K3 aToro omsita Mmo-
XeT ObITh cefaH BHIBOH, YTO YCKOpeHHe CBODOIHOTO
najeHue AJsl BCeX TeJ OAHHAKOBO.

4. YckopeHwe cBOOGOZHOTO MajeHHA — 3TO YCKO-
peHHe BbI3bIBaeMOe CHJIOH npuTsikeHHs 3eman (cunol
TSXKECTH).

5. Ilpu nageHuu Tesa B BO3AYyXe Ha HEro JeH-
CTBYEeT CHJla CONPOTHBJEHHA Bo3gyxa. Kycouek BaThi
najgaeT MelJieHHee TaK Kak HanpuUmep NpH OAUHAKO-
BOM pa3Mepe »KeJIe3HOIO LIiapHKa H KycouyKa BaThl,
nepBBIi GyleT HAMHOrO TsiXKejiee BTOPOro, W BKJAA
CHJbl CONPOTHBAEHUS B pPe3yJbTHPYIOLLYIO cHay Oy-
JIeT 3HAYHTeNbHO GoJbllie AMsT KycOuKa BaThl, YeM AJf
KENe3HOTO IIAPUKA.

6. Cyuwectyer nerenpa, utro [aauneo [anuneit
cOpacblBal MeTalJIMYeCKHe Iapbl pa3sHod Macchl ¢
IMTuzaHckoi 6amHy. OnHako nageHde OLIJIO CJAHIIKOM
GelcTpbIM H ['asugell nponesas ONbITHL [0 CKATHIBAHHIO
IIAPOB MO HAKJOHHOH IJOCKOCTH, 4TOOBI YBEJHYHTh
BPEMSl «[afIeHH ».

¥Ynopaxuenue 13

1.
dano:
t=4c, g=9.8m/c?

T2 T T2 T2
Omeem: h =784 m



2.

Hano:
h=08m
g = 10m/c?

Haumu:
t—7?

Pewenue:
gt? 2h 2-0,8 1,6

h —_— —— t = —_— = —_— —_— =
2 7"V TV T Vo

= 4/0,16 =0,4 c.

Omsem:. t=04 c.

3.
Hano:
h=45M
g~ 10m/c?
t1i=1c
Haidmu:
t, 51, 8¢ — ?
Pezueuue2 )
h = i 81 = g—tl
27 2

St = S1-t — S1~(t—1) TM€ S1-+ NepeMelleHHe K ¢
CeKyHJe, Sj_(;—1) — [epeMelleHHe K (t — 1)

cexyHne
t-—l
Slt-—- 51~ (t 1) =
Ortkyna t = 1/ = 3c.
gt2 10 - 12
51 =
2 2
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2 2
gt t—1
St:SI—t_Sl—(t—l):__%_
2 2 2 2
2 (t—1) 221 -1

.2%—1 3 2

Omsem: t=3c,81=5M, s =25 M.

§ 14. JIpuxenue Tena, 6poUIeHHOIO
BepTUKaJabHO BBepx. HeBecomocTth

Bonpocs!

1. CuJyia Tsi2KeCTH JEHCTBYET Ha BCe TeJa, He3aBH-
CHMO OT TOro TOAGPOUIEHO OHO BBEPX WJHM HAXOLHTCH
B COCTOSIHHM HOKOS.

2. Tesio mop6poiieHHOE BBEPX MPH OTCYTCTBHH CH-
JIbl TPEHHs ABHXETCH ¢ YCKOpeHHeM ¢BOOGOAHOro na-
JIeHHs1 ¢ HampaBJeHHbBIM K 3emJje. CKOpOCTb JABHXKe-
HHUS Tesa MeHsieTcss no 3akoHy o(t) = v(0) — gt, roe
v(t) — CKOpOCTb TeJa B MOMEHT BpeMend t, v(0) —
HayaJbHasi CKOPOCTb, g — YCKOpeHHe CBOOOZHOro mna-
neHusi, t — BpeMms. CHayasa Tesi0 NOJHHMaeTCs BBEPX,
C TOCTENeHHO YMEeHbLIALIEHCA CKOPOCTBIO, NOTOM B
BocIIe# TouKe uepes Bpems 0 = v(0) ~ gty = ty/p =
= 0(0)/g, Ha paccrosuun s = v(0)t1; — gtf/z/Q =
= v(0)2(0)/9—90(0)*/(2¢°) = v(0)?/g—gv(0)*/(2¢°) =
= (290(0)*)/(2¢°) — gv(0)*/(29°) = gv(0)*/(2¢%) =
= v(0)?/2g OT NOBEPXHOCTH 3€MJH €0 CKOPOCThb CTa-
HeT paBHOH HYJH, a 3aTeéM TeJo HayHeT NMafaTh BHH3
€ MOCTETNeHHO YBEJNWUUBAOLICHC CKOPOCTBIO M0 33aKO-
Hy v(t) = gt U NOCTHI'HET IIOBEPXHOCTH 3eMJH Yepes
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BpeMsi s = gt>/2 = t = \/2s/g = v(0)/g, ynas Ha
[IOBEPXHOCTb 3€MJIH CO CKOPOCTbIO U(ly/p) = gli/a =
= gv(0)/g = v(0), T.e. ¢ TOH CKOPOCTBLK), C KOTODOH
6bl10 Noa6polleHo, TOJbKO MPOTHBOMNOJIOXKHO Halpas-
JIeHHOH.

3. Bricota nogbema 3aBHCHT OT HayaJbHOH CKOpO-
cTH. (BoluMcaeHus cMm. npeablayuiaii Bompoc.)

4. [lpy cBOGOLHOM HABMXKEHHHM Tesa BBePX 3HaKH
POEKUHH BEKTOPOB CKOPOCTH U YCKOPEHHS NPOTHBO-
TIOJIOXK HBI.

5. Omnucanusa onwiToB cM. cTp. H8-59. Busod.
Ecan Ha Teno neHCTByeT TOJBKO CHJIAa TSIXKECTH, TO
€ro BeC paBeH HYJIO, T.€. OHO HAaXOAUTCA B COCTOSHHH
HEBECOMOCTH.

Ynpaxuenue 14

Hano:
vo = 9,8M/¢c, g=9.8m/c?
Haimu:
to=0s Stp_g — °
Pewenue:
U:vg—gtv:(]:O:}tU:O:Eg:gls*zlc_
9,8
gtgzo B 98-t

Sty:() = UOtv=0 -
—49=49 wm.

Omeem: t,—o=1c¢, s¢,_, =49 M.

§ 15. 3aKOH BCEMHPHOro TATOTEHHS
Bonpochl

1. BeceMupHBIM TAroTeHHeM GhlIO HA3BAHO B3aHM-
HOe TIPHTsXKeHHe BceX Tes BO BcesieHHOH.
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2. CuJiBl BCEMHPHOT'C TATOTEHHA HHade Ha3BIBAKOT-
CS rpaBUTALKOHHBIMU (OT JaT. gravitas — «TAXecTb»).

3. 3aKOH BCEMHPHOrO TATOTEHHs OB OTKPHIT B
Hcaakom Hewotonom B XVII Beke.

4. Jlpa n106bIX TeNa MPUTSTUBAIOTCA APYT K APYTY
C CHJIOH, NPAMO MPOMOPLHOHAJIBHOK POH3BEAEHHIO HX
Macc ¥ o6paTHO MPOMOPLUMOHANBHO KBAaJPaTy paccTos-
HHUSl MeXIY HHMH.

5. Fip = G5
Mexay TedaMu, G = 6,67 - 10~ H- m%2/kr?> — rpasu-
TallHOHHAs TOCTOSIHHAS, 7], My — MAacChl Tesa, 7 —
pPacCTOSIHHE MEXIY TeJaMH.

6. ®opMyny MOXHO MPUMEHUTb AJd pacuyeTa rpa-
BHTAlLlHOHHBIX CHJI, eC/JH Teja MOXKHO IpHHATH 3a
MaTepHa/bHble TOUKH: |) ecaW pa3Mepri Tes MHOTO
MEHbIIIE YEM PACCTOSIHHSA MeXAy HUMHU; 2) ecqH fBa
Tesla HMeKT Lapoo6pasHylo (GopMy H OAHOPOAHEL 3)
ecJid OHO TeJio, apoo6pasHod (opMBEl BO MHOTO pa3
fonblie Mo Macce U pa3Mepy BTOPOTO.

7. B cooTBeTCTBUH C 3aKOHOM BCEMHPHOIO TAroTe-
Husl 96/10KO TpPUTSirMBaeT 3eMJl0 C TakoH e CHJIOH,
yTo U 3emJss 6J0KO, TOJNBKO [IPOTHBOMNOJOXHO Ha-
NpaBJeHHOMH.

, rie Fip — CHJa NPUTAKEHHSA

Ynpaxnaenue 15

1. TlageHue Tes Ha 3eMJIO MOA JEHCTBHEM CHJIBI
THMECTH, NPUTSKeHHe HeGecHbX Tea (3emau, JIyHbl,
COJIHLA, TJIaHeT, KOMET, METEOPUTOB) APYT K APYTY.

2. [lo Mepe yaaseHus CTaHUUH OT 3eMJH H IIpH-
G6mKeHHs1 ee K JlyHe cHJa NPHUTAXKEHHS ee K 3eMJe
ymenbicemes a K JlyHe yseauuugaemcs, T.K. OLHO
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pacCTofAHHEe YMEHbLIACTCHA, a HApYroe pacTerT. Koraa

CTaHUHUS HAXOJUTCA Ha CepelHHe NMYTH, TO Fieymm =

MmMaey; mii
_ G_R;MJ H Fiigua = GTY'“, COOTBETCTBEHHO
F M3 81
Semas __ MW = —~ =81, T.e. Ha cepefiuHe 3eMJisi

FJTyHa FJIyHa 1
NPHTArHBAET CTaHLHIO B 81 pa3 cunbHee uem JlyHa.

3. Her, tena nputsiruBaroT APYyr Apyra ¢ OQHHa-
KOBLIMH CHJIaMH, T.K. CHUJIA IIPUTSXKEHHUH I[PONOPLHUO-
Ha/ibHa NPOM3BEACHHIO UX MaccC.

4. a) na, cuna NpUTAKEHUs NeHCTBOBaJa HAa BCeM
MyTH; 6) BCeMHpHas CHJa TATOTEHHs (MPHTSMKEHHe
3eMJIH); B) NpH JBHXXEHHWH BBEpX CKOPOCTb H YCKOpe-
HHe TeJla PA3HOHAMNpPaBJeHbl, a NPH NBHXEeHHHU BHU3 —
COHanpaeJieHHl.

5. lla, Bce Tesa NpHTATHBAOTCS APYL K APYTY,
HO CHJIA MPUTHXEHHA YeJoBeKa K JIyHe MHOro MeHb-
we 4eM K 3emJe T.K. JIlyHa HaxoQHTCH 3HAUHTEJNBHO
AaJblIe.

§ 16. Yckopenue cBoG0aHOro NajgeHnsd Ha
3emJiie U Apyrux HeGeCHBIX TeJax

Bonpocsl

1. [lpuTsaxkeHHe Tes K 3eMJie SBASETCS ONHUM H3
CJIy4aeB BCEMHPHOTO TATOTEHHHA.
2. B COOTBETCTBHH C 33aKOHOM BCEMHDHOIO TATOTe-

: Mam
HHA: FTﬂ)K = Lrarorenuss FTH!‘OTBHHS{ =G 7‘2 H FTSI)K =
M'3m
= _7"2—’ T.e. [10 Mepe yHaJIeHHA TeJia OT NOBEPXHOCTH

3eMsiM cHJa TskKecTd OyHeT yMeHbLuaTbesi 0GpaTHO
MPONIOPLIHOHAJILHO KBaApaTy paccTosiHus (paccTosiHue
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U3MepsieTC OT LEHTpPa 3eMIHM A0 LEHTPA THAXECTH
Tedqa).

3. Tlo dopmyne Frx = mg, ' — cuna Ttsaxe-
CTH, m — Macca Tesa, § — YCKOpeHWe cBoBOAHOrO
nafeHHusl. 7

4. Tak kaxk 3eM/si HEMHOTO CILIIOCHYTa Y T0JIOCOB,
TO cHUJIa TskecTH TaM Gyfet 6oJqblle yeM Ha IKBaToOpe
(moaTomMy KocMOIPOMBI MOGJMKE K IKBATOPY).

5. Yckopenue cBobogHoro nagesue Ha JlyHe gy =

hji

= Gﬁ’ H OHO MPHOJH3UTENbHO B LIECTh Pa3 MEHbILE
3

yeM Ha 3em.e.

¥Ynpaxsenune 16

1.
Hano:
m] = 2,9Kl
mg = 6001 = 0,6 KT
mg = 1,217 = 1200 KT
my4 = 501 = 50000 Kr
g = 10 m/c?
Haiamu:
F‘rmxl, FTSI)K21 Fm)x3v Fraxa — ?
Pewenue:
Frowi = gmy = 10-2,5 = 25 H.
Frgwa = gma=10-0,6 =6 H.
Fraxs = gmg = 10 - 1200 = 12 kH.
Frama = gmg = 10 - 50000 = 500 gH.

32



Omeem: Figz1 = 25 H, Frono = 6 H, Fraxg = 12 kH,
Fraxa = 500 xH.

2.
Harno:

m = 64 KT

g = 10m/c?
Haidmu:

FTmK - ")

Pewenue:

FTmKZQmZ 10'64:640 H.
Omeem: P, = 640 H. 3emHoil wap nputAruBaercs
K 4eJOBeKY C TaKOH ke CHJIOH.

3.
Hano:
FTSI)K = 819.3 H
g = 10m/c?
Haiimu:
m— 7
Pewenue: Fo 8193

Faux =gm=m= = = 81,93 Kr.
g 10

Omsem: m = 81,93 kr.

4. Her, no pannoli ¢Qopmyne pacCUHTHIBATE CHAY
TAXKECTH HeJNb3A, T.K. PacCTOsIHHE OT 3eMJH B NaHHOM
clyyae CPaBHHMO C ee pasmepamu. Ho cuay Tsaxectn
B JaHHOM cCJjlyyae MOXKHO paccyuTaTh no Qopmyine

Mpakern {13

EFroow = GRS , e h — BBICOTA [0JIeTA DPAKETH
(Rs + h)? P

Hall MOBEPXHOCTHIO 3eMJIH.
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5. Her, Ha sicrpefa melCTByeT CHJA TSKECTH, W
eCJIH OH CJIOXKHT KpblJbf OH CIIHKHDYeT BHHU3 H ylnajer
Ha 3eMJI0.

6. [Tycts ‘13% = a. [lockonbky Frax ~ m, TO
fo _ a= ————————(R3 ) HJH YNPOUIEHHO a = —(R + ) =
A yap TR

aR? = R> + 2hR + h? = h* + (2R)h + (1 — a)R%.
Pelan KBaJpaTHOEC ypaBHEHHE NOJydaeM:

hig = —2R+ (23;2;4(1_.1)32 _ _R+aR = R(—

—1++/a) = hy = R(y/a—1), ho = —R{y/a+1). Bropoi
KOpeHb OTOpACBIBAEM, TAK Ka OH BCerfia OTpHLaTeJeH,
cnemoBatenbHo h = (y/Fp/Fn, — 1)R.

TakuM o6pasom ecau Fo/Fy, = 4, 10 h = (V4 —
~1)R=(2~-1)R=R,anpu Fy/F, =9=h=(v/9—
—-1DR=(3-1)R=2R.

§ 18. IIpamMoanHeHOEe U KPUBOJTUHEHHOE
ABHIKEHHE

Bonpocsr

1. Illapux npuoOperaeT CKOpOCTb ¥ JABHIKETCS OT
TOYKH B K Touke A mnoA JAeldCTBHEM CHJAbl YIPYro-
CTH Fypn,, BO3HHMKAKOLIEH M3-3a paCTsXKEHUS LIHYpa.
YckopeHHe @, CKOPOCTb WapHKa U W JeHCTBYIOLas Ha
Hero cujia yIpyroctv ﬁynp, HalpaBJeHbl OT TOYKH B
K TO4Ke A, ¥ NMO3TOMY LUADHK ABHXKETCS MO IPSIMOH.

2. Cuna ynpyrocTH Fypp B IUHype BO3HMKAeT U3-3a
€ro pacTsXKeHHsl, OHa HallpaBjeHa BJIOJb LUIHYpa MO
HanpasJeHuio K Touke (). BekTop ckopoctd U W cHAa
YIOPYTOCTH Fynp JIEXKAT Ha TMEPeCceKaioHiuXcs MpAMBbIX,
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CKOPOCTb HaNpaBJeHa 1o KacaTeJbHOH K TPaeKTOPHH,
a CHJIa YIPYTrocTH K Touke (), NMO3TOMY LIAPUK JBH-
XeTcsl KPHBOJHHEHRHO.

3. Tesno non neHCTBHEM CHJBI ABHXKETCH TPAMOJH-
HefHO €CJIH ero CKOpocTh ¥ W cHia F, geficTBymolas
Ha Hero, HanpabJieHbl BAOJb ONHOH NPSIMOM, H, KpH-
BOJMHEHHO €C/H OHHM HanpaBJeHbl BAOJb MepeceKaio-
IIAXCSA TIPSIMBIX.

Ynpaxknenue 17

1. Cuna F mogeiicTeoBana B HanpasJ/leHHH 3, T.XK. ¥
IIapHKa TOSBH/IACh COCTABJAKILAS CKOPOCTH HepreH-
AHKYJAApHasi K Ha4aJbHOMY HaNpaB/IeHHI0 CKOPOCTH.

2. Ha yyactkax 0-3, 7-9, 10-12, 16-19 Ha wapuk
JEeHACTBOBAJA BHELUHASl CH/a H3MeHAWllas HanpasJe-
HHe ero ABuxKeHud. Ha yuactkax 7-9 u 10-12 Ha
IIapHK JAeHCTBOBala CHJa, KOTOpas ¢ OAHOH CTOPOHHI
M3MeHslJ1a ero HanpasJieHHe a ¢ Jpyroil TOpMO3uJa ero
ABHXEHHE B HAnpaBJEHHH [0 KOTOPOMY OH JIBHTaJICA.

3. Cuna pefictBoBana Ha yuactkax AB u CD, Tax
KaK IIapHK M3MeHHJ HalpasJieHHe, ONHAKO H Ha JIpYy-
THX y4acTKax MOMfa felcTBOBaTh CHJIa, HO HE H3Me-
HAKILAA HalpaBJeHHe, 4 H3MEHSIIOLAsi CKOPOCTb €ro
ABHKEHHS!, YTO He 0Tpa3u/och Obl Ha ero TpPaeKTOPHH,

§ 19. /IBnkeHue TeJa MO0 OKPYHKHOCTH
€ NOCTOSIHHOM IO MOAYJIIO CKOPOCTBHIO
Bonpocs!

1. C nomolllb onbiTa ¢ BpallaiOWUMC TOYHAbHBIM
kamHeM. Mckpbl BeIpbiBatouiecs: W3-noj MeraJJidue-
CKOTO TIPYTa, NPUJIOKEHHOMY K TOUMJIBHOMY KaMHIo,
HampaBJeHbl N0 KacaTeJIbHOH K OKPYMHOCTH KaMHS.
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2. YcxopeHue Tena U PH €ro JIBHXKEHHH TI0 OKPYXK-
HOCTH C MOCTOSIHHOW M0 MOAYJIO CKOPOCTbIO |U] Ha-
MpaBJeHHO N0 paAuyCy OKDYXHOCTH K €e LEeHTPY H
HA3HIBACTCS UENMPOCIPEMUMELLHELM.

3. Tlo dopmyne a,. = ?; rae d,. — MOAYJb
BEKTOpa LeHTPOCTPEMHUTE/NBHOIO YCKOpPEeHHs, U — CKO-
POCTb ABHXKEHHSA TeJa II0 OKPYXKHOCTH, 7 — pajuyc
OKPY2KHOCTH 10 KOTODOW ABUTaeTCH TeJo.

4. Cuna HanpaBjeHa OT TeJa Mo pajHycy OKpYX-
HOCTH, K UEHTPY 3TOH OKPYXHOCTH H paBHa: F,. =

=, ,m= o
=dyem=—.
Ynpaxnenne 18
1.
Harno:
r=2lcm=021m
v=20m/c
Haamu:
au_c_ - ?
Pewenue:
v 20 05M/c2
Qe = — = — == 19, i
e e 21
Omsem: a,. = 19,05m/c?.
2.
Hano:
R=2cMm=0,02Mm
t=60c¢
Haiimu:
au_cv - ?
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Peuwenue:

2
au.c — T
v=1/t,
l=2nR.
Omeem: CrenoBaTesibHO ay . ~ 2.2 - 1074 m/c?.
2 Ir/t)? 27 R)?/1* R?
arpp  Yhn | Usp/0 | GEREPIE (B2
5 R/3 R/2 R/2 B2
L Y
R/2

4 Aeex _ U(%EK/R _ UczeK _ (QWR)Z/tgeK _

" Gon B U2/ R N vauu B (QWR)Q/’:Q

MHH

2 2
t
_ (MHH) - (3600) = 3600. CnenoBaTesibHO

CeKYHJIHasi CTpeJika ABHXKeTCH C OOJbIIHM YCKOPEHH-

eM.
5.
Hano:
Mz =6,0-10%kr
My =70-10%2kr
G = 6,67 10711 H-mM2/kr2
Rpz =3,84-108 m

Haiimu:
Fzn, aye o, om0 — ?

Peuienue: MM
a) Pyg = G=>5-" = 6,67-107!! x
6,0 - 1024 . f(JJI?-) 1022
: ’ ~19-10% H.
(3,84 - 108)2
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Fan  19-100
Mg 70-102

6) Fin = aue aMn = aye 1=
=27-1072 M/2c2.

5) e = i = o = e ks =

— /271073 -3,84 - 10® = 1018,23 = 1 KM/c.

Omsem: Fi;~19-102 H, a,. 1~2,7-1073 m/c?,
v~ 1 KM/c.

§ 20. HckyccTBeHHBIE CITYTHHKH 3eMIH

Bonpocsl

1. B 6e3B03AylIHOM KOCMHYECKOM MPOCTPAHCTBE
CUJbl TPEHHS [PAKTHYECKH PAaBHBI HYJAW, MO3TOMY
NJA3aHeTbl, UX COYTHHKH, KOMETbl, acCTepOMABbl H Ap.
JBUTAIOTCS  NIO 3aMKHYTHIM TPaeKTOPHAM MNoA Jed-
CTBHEM CHJ BCEMHPHOTO TAroTeHus (3eMmJsi BOKpYr
Connua, Jlyna Bokpyr 3emaH, komerta [anjess BOKpyr
Conxua ¥ ap.).

2. CKopocTb CNYTHHKOB HaMpabJ/ieHa Mo OKPYXKHO-
CTH W JOCTaTOYHO BBHICOKA, I03TOMY OHM He MNafawT
Ha 3eMJI0 NoJ AeHCTBHEM CHJIBL TSI?KECTH.

3. Taxk xak ofpalleHre COYTHHKA BOKPYr 3eMJH
TIPOHCXONMUT NOI AeHCTBHEM TOJbKO CHJIBI TSXKECTH, TO
TAKOE [BHXKEHHE MOXHO CYMTAThb CBOGOAHBIM MajeHH-
eM.

4. Yrobnl (u3MyecKoe Teno C€Tajl0 HCKYCCTBEH-
HBIM CIYTHHKOM 3eMJd HeoOX0AUMO HeoOXOAHMO Co-
OBILHTL €MY TMEPBYI0 KOCMHKUYECKYH CKOPOCTD.
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2 2
0}

5. Mye = =5 Oue = g r=R3=9=— =

v = \/gH3, rie v — nepeas KoCMHuecKas CKOpPOCTb,
g — YyCKOpeHHe CBODOAHOTO MajfieHHs Ha TNOBEPXHOCTH
3eman, Rz — panuyc 3emau. Ecau ke BbicoTa Ha
KOTOPOH JBHXeTcs cr?/THHK h cpaBauma ¢ Rz, ToO

3

r=R3+hg=G

!

(Rs + h)Z'

6. CnyTHUK 06AafaoIHi TOYHO MEPBOH KOCMHYE-
CKOH CKOPOCTbIO OyAeT ABUraTbCsl BOKPYT 3eMay [0
KpyroBoil opbute. C yBeJHYeHHEM CKOPOCTH OH Oy-
feT ABHTaTbCs MO 3agdncy. TIpH AOCTHKEHHH TOYHO
BTOPOH KOCMHUECKOH CKOpOCTH No ayre napabosibl U
NPH NPEBLIIIEHHH 3TOH CKOPOCTH MO THIepbo/e OTHO-
CUTEJbHO 3eMJIH.

¥YnpaxuHenue 19

1.
Hano:

h = 2600 kM = 2600000M = 2,5 - 106 M

M3 =86,0-10%kr

R3=64-105m

G =6,67-10"1 H-m2/kr?

Haimu:
v— 7
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Pewenue:

[, Ms
o= GR3+hV

=4/6,67-10711.

6,0 - 10 B
6,4-106 +25.106

/4,002 - 101
— = 107 = =
8.9 100 4/ 4,49663 - 10 6705 M/c
= 6,7 KM/c.
Omeem: v=~67 KkM/c.
2.
Hawno:
gn = 1,6 M/c?
v = 1,6TkM/c = 1670 M/c
Haiimu
Ry — ?
Pewenue: ) > 16702
gn:;_:”zﬂ:iw = 174100 m=
= 1740 Ku. e

Omeem: Ry~ 1740 kM.

§ 21. Umnyasc Tena. 3aKOH COXpaHeHHs
HMIYJIbCa

Bomnpocsl

1. UMnyabcoM Tesia p HasbiBaeTCsl BeKTOPHAA (H-
3MyecKasl BeJHUMHA, DABHast MPOU3BEACHHIO MacChl Te-
Jla Ha ero CKopocThb: p = mu.
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2. HanpagJsieHHe BeKTOpa CKOPOCTH U COBMajaeT ¢
HaTpaBJieHHe BEKTOPa CKOPOCTH U IBHXKYILETOCH TeJa.

3. 3a egunuuy mmnyanca B CH npuHumaor um-
nyJabC Teaa Maccod 1 kr, ABHXKYlIerocss co CKOpPoCTb
1 M/c, T.e. 1 Kr-M/c (KuJorpaMM-MeTp B CEKYHIY).

4. Onucanue onnita cM. ctp. 79-80. Buoisod. Idtor
OMBIT CBHIETENBLCTBYET, YTO HMIYJAbC CHCTEMBl M3
ABYX LIAPHKOB OCTaeTCsl [IOCTOSHHBIM.

6. Tlop 3aMKHyTOM cHCTeMOH TIOHHMaeTcsl Takas
CHCTeMa Ha KOTOPYIO He JEHCTBYIOT BHELIHHE CHJIbL.
HHBIMH cjioBaMH Tesia 06pa3yloT 3aMKHYTYIO CHCTEMY,
eci OHH B3aHMOIEHCTBYIOT TOJBKO APYT C APYTOM.

6. B n11060# 3aMKHYTOH CHCTeMe BEKTOpHasi CyMMa
UMIY/JAbCOB TeJ COXpaHsieTCsl MOCTOAHHOH. @] + P2 +
+ p3 + ... =const, rie P; — UMOYAbC i-TO TeJa.

7. my0g; + malpe = mi¥) + mgla, rae my, mg —
MacChl COOTBETCTBEHHO MEepBOr0 M BTOPOTO B3aHWMO-
AeHCTBYIOLLEr0 TeJa, Tgi, Ug2 — HX CKOPOCTH O
B3aHMOAEHCTRBHUS, Ty, U3 — CKOPOCTH 3THX TeJ T0C/e
B3aUMOJEHCTBHUS.

Ynpaxuenune 20

1.
Hano:
mp = 0,2Kr
mg = 0,2kr
U1 = 0,1 xr
Uy, = —0,1Kr
Haimu:
Plzs P2z — ?
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Pewenue:
Pz = MV = 0,2-0,1 = 0,02 kr-m/c.
Dor = Mozl = —0,2.0,1 = —0,02 kr-m/c.

Omsem: p,, = 0,02 kr-M/c, pyy = -0,02 xr-m/c.
BeKkTopEl HMIYNbCOB MPOTHBOINOJIGKHO HATIPABJEHL] —
3HaYHT He PaBHbI, 4 MOAYJH PaBHbL.

2.

Hano:
7y = 54 kM/4 = 15M/¢
e = T2 KM/u = 20 M/c
mo = 11T = 1000 KT

Pewenue:
Ap = ps — p1 = moy — muy = m(ve — v1) = 1000 x
% (20 — 15) == 5000 kr-m/c

Omeem: Ap = 5000 kr-m/c

3. Tak Kak UMNy/nbC CHCTeMbl 00 Hayaja ABHXKe-
HHUs yejoBeka p = 0, TO IOC/Ae erg ABHXKEHHS, MO
3aKOHY COXPaHEHH MMIyJbca JOAKA HOJKHA HauyaTb
JIBUTaTbCA B TIPOTHBOIIONIONHOM HATPAaBJEHHH.

4.

Hano:

m1 = 30T = 35000 kr

my = 28T = 28000 kr

U142 = 0,5M/¢

Vo2 = OM/c
Haiimu:
U1 — D
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Pewenue:
[To 3akoHY cOXpaHeHHs] UMIYJbCa:
MUyl + Malo2 — MV142 + Mal142 = MU0 =

mi + msa
= v149(m1 +mg) = vo = % ‘U142 =
35000 + 28000
= 35000 -0,5=10,9 M/c.

Omeem: vy = 0,9M/c.

§ 22. PeaktnBHOe JBHKeHHe. PakeThl

Bonpocs!

1. Ilycte HanyTHIA WIADHK HAXOAHMTCS B COCTOSHHH
nokosl. IIpu OTKPHITUM OTBEPCTHSI W3 HEro HauHWHaeT
BbIPBIBATBCA BO3AYX B CTOPOHY OT LUApHKa €O CKO-
POCTBbIO U, U CJIel0BaTe/IbHO 00J/aAO{M HMIYJIbCOM
Psos.- 1aK KaK CHCTeMa 3aMKHyTa (B HeH TOJILKO lua-
PHK W BO3yX BbIPHLIBAIOLIHACH H3 Herc), TO BBEINOJHS-
eTCA 3a8KOH COXpaHeHHsl UMMNyabca: 0 = Phos. + Puap.
(LIapUK HaXOMJICA B COCTOSSHHH TOKOS, MOITOMY Ha-
YaJbHbIH HMIYJbC CHCTeMBl paBeH HYJ0). CrenoBa-
TeJbHO HWapHK OyfeT JieTeTb B NPOTHBOMOJIOKHYIO OT
CTpYH BO3flyXa cTopoHy. (MMnyasc mapuka pyap. Ha-
npasJ/ieH B MPOTHBOMOJIMKHYIO CTOPOHY).

2. B npupome B KauyecTBe MpUMepa MOXHO TNpH-
BECTH PeaKTHBHOe ABHKEHHE Yy PacTeHHH: co3peBlUHe
nJaoabl OellleHOro Orypua, M MHBOTHBIX: KaJbMaphl,
OCbMHHOI'H, MeAy3bl, KapakaTHlbkl W Ap. (KMUBOTHbIE
nepeiBHraloTcsi, BolbpacbiBasi BCacblBaeMyK HMH BO-
ay). B TexHuke mpocTefiliuM NprMepoM peakTHBHOTO
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IBHXKEHHS SIBJISIETCH ceeHeposoe Koaeco, DoJee CloX-
HBIMH TIpHMepaMM ABJSIIOTCS: ABHXKeHHe paker (Koc-
MHYECKHMX, MOPOXOBbIX, BOEHHbIX), BOAHBIX CPENCTB
NepeBHIXEeHHs] C BOAOMETHBIM JBHrarejeM (rHApoOMo-
TOLMKJIOB, KaTepoB, TEIJIOXOA0B), BO3AYILHbLIX CPEACTB
nepeaBHKEHUA C BO3AYLUIHO-PEAKTUBHBIM JBHraTeJseM
(peaKTHBHBIX CaMOJIETOB).

3. PakeTbl UCNOJB3YIOTCS B pasJH4HBIX 06JacTaX
HayKH H TeXHHKH: B BOEHHOM jeJie, B Hay4HbIX HCCJle-
NIOBAHHSAX, B KOCMOHABTHKE, B CIIOPTE H Pa3BJIeUeHHUSX.

4. KocmnueckHit kopab/b, MpHGOpHBIH OTCEK, 6akK
C OKHCJaHTeseM, 6aK ¢ TOpIOYHM, HacoChl, KaMepa Cro-
pPaHuA, COMJIO.

5. B cooTBeTcTBHH ¢ 3aKOHOM COXPaHEHHS MM-
MyJbCca pakeTa JIeTHUT 3a cCueT TOTO, UTO U3 Hee BbITaJ-
KHBAlTCA ¢ OOJBILIOH CKOPOCTHIO Tasbl, 00Jajanilne
ornpefileIeHHBIM UMNYJIbCOM, U pakeTe cooblilaeTcss UM-
MyJbC TaKOH e BeJUUUHB], HO HampaBJieHHbIH B I11po-
THBOIOJOKHYIC cTOpoHY. [a3bl BhibpachiBaloTCs uepes
COIJIO, B KOTOPOM CropaeT TOIJIMBO JOCTHrast MpH
3TOM BBICOKOH TeMmIepaTypbl H AaBjeHHs. B conso no-
CTYAAKT TOMJIWBO H OKHCAUTEJNb, HarHeTaeMmble TyAa
HACOCAMH.

6. CKopocTb pakeThl 3aBHCHT B [IEPBYIO OYepeib OT
CKOPOCTH HCTeUYeHHs Ta30oB U Macchl pakeTbl. CKOPOCTh
HCTEYeHHUS ra3oB 3aBHCHT OT THMNA TONJIHBA H THIa
OKHCJHTend. Macca pakeTbl 3aBUCHMT HalpHMep OT
TOTO Kakyl CKOPOCTb €M XOTAT COOOLUUTb WU OT
TOr0, KaK Hajieko OHa [0JKHA YJeTeTh.

7. MHorocTyneH4aTble pakeTbl CNOCOOHBI Pa3BH-
BaTh OOJBIIYI0 CKOPOCTb H JIeTeTh JaJbllie OAHOCTY-
NeHYaThIX.
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8. Tocagka xocMHYecKOro Kopabss OCYLIeCTBJIs-
eTcsl TakuM o00pa3oM, uToObl €ro CKOpOCTb IO Mepe
MPUGIHKEHHST K MOBEPXHOCTH CHHXKANACh. DTO OCTH-
raeTcsl HCMOJb30BaHHEM TOPMO3HOH CHCTEMBbl, B POJIH
KOTOPOH MOXKeT BBEICTYTIaTh WJH MapallloTHasi CHCTeMa
TOPMOXKEHUS UJIH TOPMOXKEHHE MOXKET ObiTh OCYLURCTB-
JEHO C TIOMONIbK pAKeTHOro JABUraTensi, NpU ITOM
comjio Hanpapiasercs BHu3 (K 3emae, JlyHe u T. 1.),
3a cYeT Yero racCHTCH CKOPOCTh.

¥Ynpaxaenne 21

1.

Hano:
Vgsy = 2 M/c:
vs = 8M/C
Mg = DKF

mﬂ+q == 200 KF

Haiimu:

Uppy — ?

Pewenue:
[To 3akoHy coxpaHeHHsi HMIYJabCA H NPHHUMAS BO
BHUMaHHe, 4TO A0 OpocKa JoaKa ABHTanach ¢
BECJIOM TI0JIyYaeM:
(Matu + Me)Vaiu = MarqUnyy — Ml = Uppy =
~ {Mapa + Ma)Uppq +mpvy  (20045)-2+45-8
B Mty 200 B

A0+40 45045 o0
200 200 20 WE
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Omeem: v, ., = 2.25 M/c

2.

Hano:
Mobonouxu — 00T = 0,3 Kr
Mnopoxa = 1001 = 0,1 Kr
Unopoxa = 100 M/C

Haiimu:

Uobonourn — °

Pewenue:
H3 3axoHa coxpaHeHHsI HMITyJbCa

0= Mo6onoarnPobonouxn — Mngpoxa¥nopoxa = Uobonoukn —
_ MnopoxaUnopoxa 0,

= = - 100 ~ 33,3 m/c.

Mobonodru 0,3
Omeem: Uygon0um = 33,3 M/c.

3. Ha wmamus ¢ nomowbio Jdepmcamess TpH-
KPEeMUJIH BOPOHKY C TPHCOEIHHEeHHOH K HeH CHM3Y
pe3urosol mpybkroi ¢ UCKPEBAEHHOH Hacadkoil Ha
KOHIle, a8 CHH3y Da3MeCTHJIH 40moOK. 3aTeM CBepXYy B
BOPOHKY M3 emMKOCmu CTaJH JUThb BOAY, NPH 3TOM BO-
Ja BbJIHBAJach U3 TPYOKH B JIOTOK, a caMa TpyOka U3
BePTHKaJIbHOTO MOJOXKEHHS CMecmuAaces. DTOT OMbIT
CAYKHUT UINIOCTPalMel peakmusnozo 08uiceHus oc-
HOBAHHOIO HA 3QKOHE COXPAHEHUR UMRYAbCA.

4. a) nanpHOCTH MoJieTa BOABI B cTpye OydeT
yMeHblIaThesi; 6) M0 Mepe BHITEKAHHMA BOJBI TPyOKa
OyneT npUOJIHKATBCA K TOPH3OHTAJBHOMY [0JIOXKe-
HHIO. OTH SBJIEHHSI CBsI3aHbl C TeM, YTO JABJeHHE
BOAbLl B TpyOKe OylIeT yMeblUaTbCs, & CJeA0BaTEJNLHO
M UMAOYJbC C KOTOPHIM BbiOpachiBaeTcsl BOAA.
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§ 23. BuiBog 3aKoHa coxpaHeHUS NMOJHOA
MeXaHW4eCKOH sHepruu

Bonpocer
1. TMonnofi Mexanwueckodl (HAM MeXaHUYeCKOM)
SHeprHel Tesa HWJAM CUCTeMa TeJl Ha3biBaeTcsl CYM-

mu
Ma TOTeHUHaAbHBIX (mgh) H KHHETHYECKHX (T)

JHeprui Tesa MJM CHCTEMBl Tedl.
2
muv
Evons = Exun + Ener = mgh + 5
2. MexaHuueckasi 3Heprusi 3aMKHYTOH CHCTeMBbI
TeJ OCTaeTCsl MOCTOSAHHOH, eC/H MeXAYy TeslaMH CH-
cTeMbl JEHUCTBYIOT TOJBKO CHJbl TAFGTEHHS W CHJIHI

NPYroCTH
yopy FEony = const

3. KuHernueckas W mnoTeHIHaabHasi FHEPrusi 3a-
MKHYTOH CHCTEMbl MOTYT MeHSiThcs, nNpeobpasysch
APYT B ApYyTa.

Ynpamxuenne 22

mu?
L. > Enor. + Y Exun. = const uau mgh; + Tl =
mua
= mgh? + T
2.
Harno:
hy = 36m
hi1=31m
g = 10m/c?
Haiimu:
v—7?
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Pewenue:
I cnocob
v =gt

t2 2(hg —
ho— hy = 96 oy [2lha = )
2 g

Uzg\fﬁp‘g_—hl) = \/Z(h()—hl) =

= 1/2(36 — 31) - 10 = v/100 = 10 m/c.
II cnoco6 0

mgh():mghlJr%:?»U: V2(ho —h)g =

=10 M/c.
Omeem: v =10 m/c.

3.

Harno:
vo = HM/c
g = 10m/c?

Haimu:
h—7?

Peutenue:

I cnocob
gt
h =vgt — —
0"

g 52
g 29 29 2-10 T
IIc2noc06 )
" mgh = b= 20 =195 .
29

2
Omeem: h = 1,25 m.
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I'JTABA II. MEXAHUYECKHE
KOJIEBAHHSA U BOJIHBI. 3BYK

§ 24. KoaebatenbHoe ABHIKEHHE

Bonpocsl

1. B kauecTBe npUMepoB KoJeOAaTeNbHBIX ABHKe-
HHA MOXHO [PUBECTH: JBHXXEHHE WIJbl ILBeHHOH Ma-
LIHHBI, KayeseH, MasiTHHKAa 4acos; KosebaHHe Oepe-
BbeB M JHCThEB MOA JelCTBHEM BeTpa; KoJebaHue
CTPYH MY3bIKaJbHbIX HHCTPYMEHTOB; 6HeHHe cepala H
ABIXaHHeE.

2. YTBepxKJeHHe O TOM, UTO KoJjebaTesbHOE IBH-
XKeHHe TepPHOLHYHO O03HayaeT, 4YTO OHO MOBTOPAETCS
yepes oMNpeAeseHHble OJHHAKOBLIE NPOMEXYTKH Bpe-
MeHH.

3. [lepuonoM koneGanuii HasbiBaeTcsl MHHHMAJIb-
HbIH ITPOMEXYTOK BPEMEHH, yepe3 KOTOpHIH 3TO JBH-
XeHHe TOBTOPSETCS.

4. Tena Ha pHCyHKe coBeplialoT KoseGaTesabHoe
ABHXXEHHE TPH 3TO NPOXOAs yepe3 MOJ0KEeHHEe PaBHO-
BeCHA.,

§ 25. CroGoaHbIe KONEOaAHUS.
Kone6areabHble cucrembl. MagTHUK
Bomnpocsl

1. B toukax B, C mpyXHHa pacTAHyTa, Ha TeJo
AEHCTBYET CHJIa YIIPYTOCTH (CUNIa pacTsiKEHHS).
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B rtoukax D, A npyxuHa cxara, Ha TeJo neH-
CTBYeT CHJa ynpyroct (cuaa cxartusi). B touxke O
NpyxHHa He PacTAHYTZ W He €XaTa, CHJa YIPYTOCTH
He AedCTBYeT (TOYKA DABHOBECHS).

2. Ilpu npubauxkeHuu Lwlapuka K To4yke () nHampas-
JIeHHH CKOPOCTH M YCKOPEHHSs LiapHKa COBINAAawT, Mo-
3TOMY CKOpOCTb yBeauuupaercd. IIpu ynajeHHH 1wa-
pHKa OT TOUYKH (J CKOPOCTb H YCKOpeHHe pasHoHamnpas-
J€HHBI, TIO3TOMY CKODOCTb YMeHblaeTcCsl. YCKOpeHHe
06yCJI0BNIEHO CHJIOH YIIPYTOCTH.

3. Iapuk He ocTaHaBAHBaeTCcsl TaK XKakK OH MpH
MPOXOXAEHHH TOYKH paBHOBecHsi oOJafaeT CKOpO-
CTbIO, HO Ha Hero B 3TOH TOYKe He ACHCTBYeT CHJA
YIpPYrOCTH.

4. CBoOOAHBIMH Ha3blBaIOTCA KOJeO2HHA IIPOHCXO-
Aslpe 6Jaarofaps TOJNbKO HadaJbHOMY 3anacy 3Hep-
THH.

5. Kone6aTesibHBIMH CHCTeMaMH HasblBalOT TaKue
CHCTEMbI TeJl, KOTOPble CIOCOGHBI COBepllIaTbh CBOOOA-
Hbie KoJeOaHHu.

6. Tlog MasiTHHKOM NOHMMAaKOT TBepaoe TeJo, COo-
BepLIalolee MOA ACHCTBUEM [PHJIOKEHHBIX CHI KOJe-
OaHHsA OKOJIO HEMOJBHMKHOK TOUKH HJIH BOKDYT OCH.

7. B xoaebaTesbHYIO CUCTEMY [PYXKHHHbIH MasT-
HUK BXOAMT TeJO W MPYyKHHAa K KOTOPOMY OHO IDH-
KpenneHo. B kosnebaTe/lbHYI0 CHCTeMy HHUTSHOH MasT-
HUK BXONHUT TEJI0O ¥ HUTh K KOTOPOMY OHO [0IBeLIeHO.

YopasuHenune 23

1. KosebateabHble cHcTeMbl — 6), T), e). He ko-
neGaTesbHbBIE CHCTEMBI — a), B), 1).
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2. a) Kosie6aHUA TIPOMCXOAAT MO JEHCTBHEM CHJIBL
YIPYTrOCTH LIHYPOB; 6) HET, TaKas CHJa He BO3HHKJIA
Obl; B) B 3Ty KoJ1eGaTeNbHYI0 CHCTEMY BXOASIT LIHYPHI
M [HCK; T) 13, TaKas CHCTEeMa fIBJSETCH MasiTHHKOM.

§ 26. BeanuuHsl, xapakTepH3yoUHe
KojebaTeqbHOE ABHIKEHHE

Bonpocsi

1. AMniuTyno# KoneGaHusi HasbIBaeTCs HaHOOJb-
liee 1Mo MOLYJ OTKJIOHEeHHe KoJebJjrollerocd Teja oT
noJioXKeHHst paBHoBecHd. OHa obosHavyaeTcss 6yKBOiA A
u B cicteMe CH n3mepsiercs B MeTpax (M), HO MOXHO
H3MEPATb M B CAaHTUMETpaX, a TaKKe HB Tpajycax.

ITepronom KoseGaHHs Ha3bIBaeTCs MPOMEXYTOK Bpe-
MEHH B TEUEHHH KOTOPOr0 TeJO COBEpILAeT I[OJHOe
koJjiebanue. OH oGo3HayaeTcss GYKBOH T M B CHCTeMe
CH usmepsietcs B cekynmpax (c).

Yactoroll koseGaHWs Ha3biBA€TCH YHCJO KoJeba-
HUH B efdHHLy BpemeHH. OHa 0603Hauaercss GYKBOi
v (10) u B cucreme CH usmepsercs B repuax (I'u,
1Ty =1c¢ 1.

2. TlonHoe KoneGanne — 3To KosebaHHe 3a BpeMs
T (nepuon KoJieGaHHs).

3. Tlepnon W yactoTa KoseBaHUsI CBA3AHBI COOTHO-

ureHeMm 7' = —.

4. a) qaCTVOTa Ko/se6aHHA MasiTHHKAa ¥ yMeHblla-
€TCA C YBeNMYeHHeM IJIMHHbl HHTH [; 6) nepuwon T
KoJieOaHHs MasiTHHKAa pacTer ¢ yBeJHYeHHEeM JJIMHHDI
HUTH .
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5. YacroTa c¢B0oOOAHLIX KoJeOaHHH HasbiBaeTCs
cobHCcTBeHHOH 4acToTod KoJebarenbHoil cucteMmbl. Ha-
NpUMep, ecJH OTKJOHHTB FPy3 HUTSHOrO MasATHHUKA
OT TOJIOXKEHHS PAaBHOBECHS H OTIYCTHTb, TO OH Oy-
net KoJjeBatbcd ¢ cOBCTBEHHOH 4YacTOTOM, eCJH Xe
TPy3y COOOLUTH OnpeaefeHHyw, OTJHYHYI OT HYJA
CKOPOCTL, TO OH 6yneT KosnebaThest ¢ IPyrod 4acTOTOH.

6. Ecnu MafATHUKM KoseOJI0TCs B MPOTHBOMNONOXK-
HbIX ¢azax, To B JAO0OH MOMEHT BpeMeHH HX CKOpO-
¢t GyAyT HanpapieHb! [IPOTHBOIOJ0XKHO APYT APYTY,
H Haob0OPOT, ecnu OHH KoJebJITCA B OLHHAKOBLIX
(ha3ax, TO HX CKOPOCTH COHAINpaBJIEHHDL.

YnpakHenue 24

1. B onuHakoBbix (hasax kosebnercsi cucTeMa 6).
B npoTHBOMOJNOKHEIX (hazaXx CUCTEMSL a), B), T)
2.

Hano:
v=2TI1
Haimu:
T —7?
Pewenue:
T = t_1_ 0,5¢
Ty T
Omeem: T =05 c.
3.
Harno:
T=0bc
Haiimu:
v — 7
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Pewenue:
1

05

Omeem: v =2 I1.
4.

Hano:
n = 600
t=1muH =60c

=2 Tu.

==

V=

Haimu:

n 600
= - = — = 10Iu.
t = 60 i
Omesem: v = 10 I'u.
5.
Hano:
A=3cm, ¢ ~1T t —1T t —3T ta =T
s a1_4v2_2!3_494’_
Haiimu;
Sip, SiT, $37, ST — ?
Pewenue:

OuesunHo, yto 3a Bpems ty = T rpys npoiizer
NyTb PaBHbIH s7 = 4A =43 =12 ¢m,

ClleloBaTeNbHO: NpH t] = =71 —
1 12 1
S%ZST-Z:-?I—:?)CM, antgziT—
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1
51 :ST-B-ZH:GCM, npy tz = -1 —
Sif = 87 - Z =9 cM
Omeem: sip = 3 em, sip = 6 oM, ssp = 9 cM,
ST = 12 cm.
6.
Hano:
A=10ecMm=0,1Mm
v=0,5I1
t=2c
Haitmu:
S -2 '
Pewenue:
14 1
S(t)=4A—=, T = —.
() =447, T=-
CaepoBaTtesbHO

t
S(t) =4AT =4Avt=4-0,1-0,5-2=04 m.
Omeem: S =04 M.

7. TlocTOSHHBIMH BeJUUWHAMH ABJAITCA — aM-
nauTypa, 4acTtoTa, Nnepruoa. HEPEMEHHbIMH — CKOpPOCTb
K CHJId.

§ 27. T'apmonnyeckue KosebaHUA

Bonpocel

1. OnuiT u3o6pakeHHbIH Ha puc. D9 craBUTCA C
LeJbl0 BHSICHUTH, MO KAKOMY 3aKOHY MEHSIIOTCA KO-
OpAHHATHI KoJeGaHHH MPYXMHHHOIO MasTHHKA M Kak
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rpadHMyecKy BBITISAMT [aHHAsl 3aBUCHMOCTb. OH Bhi-
MOJIHAETCH B CJeAywolieM nopsinke: 1) B BOPOHKY
TPUKPEIJIEHHYI0 K NPYXHHHOMY MasiTHMKY Hachbina-
0T MEeCOK WJIH HaJMBAIT Kpacsallyw XHUAKOCTb. [lox
Hero KJaayT MJIHHHYK OYMaXKHYIO JeHTY; 2) MasTHHK
MPUBOJAT B [IBHXKEHHE, a JIEHTY MEepeMelialoT ¢ NoCTo-
- AHHOH CKOPOCTBIO B HANpaBJIEHHH MEPNEHAHKYASPHOM
NAOCKOCTH KoseGaHuid. B pesynbrarte onmitTa mosyua-
eTCs KpHBas NokasaHHag Ha puc. 60, v HasbiBaeMas
CHHYCOUIOH.

2. KpuBas nunus usobpameduas Ha puc. 60 na-
3piBaeTcsl cHHycouaod. Otpe3ky 0A — cooTBeTcTByeT
amniuTyna KosebaHui A, a orpesky 07 — mepuos
KosleOaHHuH.

3. [apmonHyeckHMHU Ko/leGaHUAMH HA3bIBAIOTCS KO-
Je6aHuA NMPH KOTOPHIX (DH3HYeCKas BeJHYHHA H3MeHd-
€TCsl BO BPEMEHH 110 3aKOHY CHHYCA HJIH KOCHHYCA,

4. C noMollbI OnbiTa H300pPAXKEHHOro Ha pHc. 61
MOXKHO MOKa3aTh, 4TO KoJeGaHHWA HHTSHOTO MasiTHHKA
NPOMCXOAAT 110 3aKOHY CHAYCA HJM KOCHHYCA, TO €CTh
ABJSIOTCSA TaPMOHHUYECKHUMH.

5. MaremMaTHYeCKMM MafTHHKOM Ha3blBaeTCs Ma-
ATHHK COCTOSILLIMH U3 MAaTepPHAJbHON TOUYKH, KOJedJo-
IMHCA Ha HE MEHSIIOLUMMCSI OT BPEMEHH pacCTOSHHM
OT TOYKH NojBeca (Ha HeBeCOMOH HepacTsKHMOM HUTH
HJIH HJIH Ha HEBECOMOM CTEDKHE).

6. Peanbublii HUTHHON MafTHHK OyAeT coBepliaTh
KoJsebanus OJHM3KHe K rapMOHHYECKHM, ecau oH: 1)
TnpeacTaBasier co6oi TAXKENBIH IIAPHK, Macca KOTOpo-
FO BO MHOTO pa3 ©oJbllle HUTH Ha KOTOPOH OH MOJ-
BeLUeH; 2) 9Ta HUTh MJ0X0 pacTsXHMa; 3) ee NIHHHA
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3HAYMTENBHO GOJblle JHaMeTpa LIapHKa; 4) aMILIUTY-
Aa KoJieGaHHi He3HauWTesIbHa; D) TpPeHHe B CHCTeMe
MaJo (TpeHHe B TOYKe MOABeCa HUTH H TPeHHe apUKa
M HHTH O BO3LYX).

7. llpx coBepieHHeM TeJOM TapMOHHYECKHX KO-
JeGaHui CHJia, YCKOPEHHEe U CKOPOCTb MEHSIOTCS MO
3aKOHY cHHyca MJH KocHHyca. CHJla W yCKOpeHHe co-
OTBETCTBEHHO JOCTHTAKOT MAKCHMalbHBIX 3HAYeHHH B
KPaHHHX TOJOKEHUSAX, & CKOPOCTb TIPH TNPOXOXKIEHUH
TOYKH PaBHOBECHS.

§ 28. 3aryxalomue KoaebaHuA
Bonpocsl

1. Tlpu npuGaHKeHUH lIAPHKa K TOJOXKEHHIO paB-
HOBECHSI ero CKOPOCTb ¥ yBeJHuHBaeTcH (TaK Kak
CKOPOCTb M YCKOpEHHe COHanpaBJeHbl), CJefoBaTe/IbHO

YBeJHUYHBAETCH M €r0 KHHETHYECKasa 3Heprus EKHH =
2
mo

2
2. Ecau notepb 3HEeprHH HeT, TO COTJIACHO 3aKO-

HY COXpaHeHHWs IMOJHOH MeXaHH4YeCKOH 3HEeprHH oHa
OCTaeTCsl MOCTOSIHHOM W paBHA TOH, KOTOpas Oblia Yy
Kose6aTeNbHOH CHCTEMbl BHadaJe.

3. B peanbHbIX YC/OBHAX TeJO He MOMXET COBep-
waTthb KoJebaTeNbHble [BUXKEHHs 6e3 MoTeph SHEPrHH,
YaCcTh €ee PacXOAYeTcsl Ha IMpeoJloNeHHs CHJl TPEHHs,
npeoGpasysch B BHYTPEHHIOIO 3HEPTHIO (HarpeBaeTcs).

4. AMNJHTYIA 3aTyXawLUX KojeBaHHH C TeueHH-
€M BpeMeHH yMeHbIllaeTcs.

5. B Bome cuna conpoTHBieHHsi Ooablle YeM B
Bo3fyxe (Tak Kak BoAa IMUJIOTHee), MO3ITOMY B HeH
ObicTpee MpeKpaTaTcs KoseOaHHs MasTHHKA.
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YopaxxHenue 25

1.
Hanpapnenne | g Eos
NBHKEHHUST ynp 'U EIIOT EKHH C Bea
MAasiTHHKA Tpe. Tpe_
HHEM | HHA
Or Bx O < > < > < const
OrOxk A > < > < < const
Or Ak O < > < > < const
Or Ok B > < > < < const

2. a) B = 0,01 [x, EQ =0 Jlx; 6) EP =0 Ix,
B¢ = 0,01 DH?K, E,’(:)= 0 Ox; B) EA = EB —
= Frnom = Enonn = Eroan = 0,01 IIx.

§ 29. BeinyxaeHHbIe KoneGaHus

Bonpocs!

1. CBoGonHble KoJeOaHHSI He MOTYT ObITH He3aTy-
XaoUIUMH, TaK KaK 4acTb 3HEpPrHH BCeria yXOOHT Ha
NPEOJ0JICHHEe CHJI TPEHMS.

2. Ons toro uytoBel KoneGaHus GbLIM He3aTyXaio-
IMMH Heo0X0AUMO BOCIIOJIHATL NOTEpI0 3HEepPrH#, Ha-
NpUMep IPUKAAALIBAsA MEPUOAHUECKH K TeJy BHel-
HIOK CHJY.

3. BruiHy>kKaeHHEIMH KoneGaHUSIMH Ha3BIBAIOTCST KO-
JeGaHusA TIPOUCXOAslIKe Moj AeHCTBHEM BHELTHEH ne-
PHOAMYECKH M3MEHSIIOIMHCH CHJIbLL.

4. BriHyXpawoiled cuj0# Ha3bIBAETCS BHEILHsAS,
NepHOAHYECKH U3MEHSOLAsaCs CHJla Bbi3bIBaIOLLas Bbi-
Hy>KAeHHble KoJjiebanus.
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5. Kose6GaHusi yCcTaHOBHJIHCH, €CJIH aMIIMTyAa M
4acToTa BbIHYXKJEHHbIX KoJeGaHWH MepectaioT H3Me-
HSATBCS.

6. UacTora ycTaHOBHBLUHXCSl BHIHYXXIEHHBIX KOJ€-
OaHH#l K 4acTOTa BbIHYXJAMWLLEH CHNbl PABHBL.

7. BoiHyXaeHHble KoseHaHHA COBEpIIAT MOPLIHH
B JBHrarteje, [UBeHHasa HIla, MmMeMOpaHa 3BYKOBOro
AMHAMHKA, JONACTH BETPAHOH Me/bHHLIH.

8. BuinyxknenHwle KoseGaHHS MPOUCXOAAT OO0 Tex
nop, MoKa AeHCTByeT BHIHYXKJawolllasd cuia.

YnpaxHenue 26

1. CoBogubie KonebaHusi — 0), T) €). BHIHYX/eH-
Hple — a) — e). BrlHyXJeHHble KoleOaHHs MOTYT CO-
BEpLIATh BCE TEJd T.K. OHH TPOHCXOAAT MON NEHCTBH-
eM BHELIHeil [MepUOAHYeCKOH CHJIbl, a BO3MOXHOCTb
CHCTeMBbl coBepiiaTh CBOGOAHEIE KoJeGaHHst 3aBUCHT
OT TOr0 €CTb JIH B 3TOH CHCTeMbl CHJbl CHOCOOHbIE
BO3BpalllaTh €e B MepBOHAuaJbHOE COCTosAHHe (YTpy-
roCTh BETKH, NPYXKHUHBI, GOPTHKH YAILUKH).

2. a) na, takde KoJeBaHHsS MOTYT MpPOHCXOAHMTH,
HanpHUMep pacKauuBaHWe Kauesed WK MasiTHUK 44COB;
6} Her, Takue KoJeGaHHS NMPOUCXOLUTb HE MOLYT IO
ONpeJesieHHIO.

§ 30. PesonaHc

Bonpocer

1. Leav oneima. JleMOHCTpalud sIBJIEHHS pe30-
Hauca. Xod oneema: 1) KoneGaHusi MasiTHHKaA /, depes
HWTb, NIEPENAIOTC MASITHHKY 2, IJMHA HUTH KOTOPOTO
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HEeH3MeHHa, Bb3blBasi ero KoseGaHus; 2) NpH yMeHb-
IIEHWH AJWHBI HUTH MasiTHHKa [ 4JactoTa ero KoJe-
GaHUH HayHeT NPHONMKATBCA K COOCTBEHHOH 4dacToTe
MafsTHHKZ 2; 3) NpH 3TOM aMIIHTYAA BBIHYXKAEHHBIX
koneGaHUH MasfTHHKa 2 OyneT Bo3pactaTb; 4) B Mo-
MEHT, KOrlla YacTOTa BBIHYXKJAIOIIeH CHJb MasiTHHKa
I coBnajer ¢ 4acToTOH COOCTBEHHbIX KoJleOaHHH MasiT-
HHKa 2 (ofHHaxKoBasd JJHHA HHTeH MaATHHKOB) MafT-
HHKH OyAyT Kosie6aTbcsl B OAMHAKOBHIX (pa3ax; D) mnpu
AaJipHedIlleM YMEeHbIIeHHH OIJNWHBI HHTH MasiTHHKa [
4acToTa KoJie6aHHi MasTHHKa 2 GyneT yMeHbIIaThesl.

2. fBneHue pe3oHaHCa 3akKJKYaeTcs B TOM, 4TO
TIpH COBMNAAEHHWH 4YacTOThl BbLIHYXKJAIOLIEH CHJABI C
co6CTBeHHOH 4acTOTOM CHCTEeMBl aMIJIMTYHAA BBHIHYXK-
JeHHBIX KoJIeOaHUH [OCTHraeT CBOEro MaKCHMAaJbHOIO
3HauYeHHA.

3. B pe3onanc kosebneTcs MasiTHHK I, Tak Kak
ero IJIHHA HUTH paBHa [JHHE HHUTH MasiTHWKa J.

4. TloHaTHe pe3oHaHca NPHMEHHMO K BbIHYXKJEH-
HbIM KOJIeDAHUSAM.

5. Bpeanoe nposisjieHHe pe30oHaHCA MOXHO YBH-
IeTb Ha TNpPHMepe pa3pyLIeHHS MOCTOB, BBICOTHBIX CO-
OpYXKEHUH, 3aTOMJIeHUA NnapoxoaoB Ha BoJgHax. [loso-
XKHTeJIbHOEe ABJIEHHE pe30HaHCa MPOSIBJASETCH HAaNpPH-
Mep TpH HAcTpOilKke MY3BIKaJbHBIX HHCTPYMEHTOB C
MIOMOILLLbIO KaMEPTOHA, B PalHO3JEKTPOHHKE.

YupaxkHenue 27

1. a) mastHuky I, 2 u 4 GyLYT COBEpIUATh BHIHYXK-
AeHHble KoJe0aHHs, T.K. OHH KosebjwoTcs mom Aed-
CTBHMEM IIHypa, 0) BBIHYMKAAWOLIAA CHJId BO3HMKAET
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6aarogaps xoJje6GaHHI0 MasiTHUKA;, B} 4acTOTAa MasiTHHU-
Ka / paBHa yacToTe MasiTHHKa 3, 4acTOTa MasiTHUKa
2 GoJbllle YacTOTH MasiTHHKaA J, 4YacToTa MAasTHHKA
! MeHbllle 4YacTOThl MafATHHKA J; T) T.K. KX AJUHBI
OIHHAKOBBI, TO HX COOGCTBEHHbIE YACTOTHl COBNANAIOTH
OHH K0J1e6J10TCSl B pe3oHaHce.

2. Bona HauuHaeT pacnJ/ecKHBaeTcs Korfa 4acroTa
11aros MaJibuHKa COBNajeT ¢ cOOCTBEHHOHM 4acTOTOH
Kone6aHW Beapa ¢ BOAOH B pyKax Majbunka. Ecau
4acTOTHl He COBMAZalT, TO BeApPO MepectaeT CHUJBHO

pdCKauHBaTbCsl.

. . 1 1
3. Tlepuon konebanuil xauenefi T = — = 0F =
v ?
= 2 ¢, ¢JIeloBaTeJNBHO WX HAN0 MOATAJKHBATb 4Yepes3

npoMexXyTKH BpemeHd At =T =2 c.

§ 31. PacnpocTpaneHnne KojsebaHu#H
B cpene. BoaHbl

Bonpocsi

1. Boawnamu Ha3bIBAKTCS BO3MYLIEHHs, pacrpo-
CTPaAHSAIOLIHECH B MPOCTPAHCTBE M yAaJdoliHecs OT
MecTa UX BO3HUKHOBEHHS.

- 2. B beryuieii BosiHe J1060H NpHPOAL NPOHCXOAUT
neperoc anepeuu 6e3 MepeHoca BeLLeCTBa.

3. B Oerywell BonHe nepenoc gewjecmea He 1poO-
HCXOLHT.

4. ¥Ynpyeue soaHbl — 3ITO MeXaHHYECKHE BOJIHbI
pacmpocTpaHsAolllHecs B YIPYrod cpefe.

5. DJeKTPOMAarHHTHblE BOJHE!, BOJHH Ha IOBEPX-
HOCTH BO[BL.
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§ 32. IIponosibHBIE H NMONEpeyHbIe BOJTHBI

Bonpocs!

1. [lpodoabHuimu BOAHGMU HA3BIBAKTCA TaKue
BOJIHBI, B KOTODBIX KOJeGaHUS YacTHULL MPOHCXOANT
BO/b HANPABJEHHA UX PaclpoCTPAHEHHs, HAMPHMePp,
Kosie6aHHA BHTKOB B MpyXHHe, 3BYKOBble (aKycTHye-
CKHE) BOJIHbI.

[Tepeurnbimu 80AHaML HA3BIBAIOTCS TaKHe BOJIHBI, B
KOTOPbIX KONeOaHHs YacTHL MPOHCXOAAT MepreHIHKY-
JIAPHO HanpaBJIEHHIO UX DACIPOCTPAHEHUS, HaNpHMeD,
BOJIHBI Ha MOBEPXHOCTH BOJbI, 3/€KTPOMArHHTHBIE BOJ-
HBI,

2. BosiHamu ciBUra sIBJSIIOTCS TOMEPEUHBIE BOJIHBI,
BosHamMu cxxaTHsl M pacTsXKeHHA SABJSKTCA NPOAOJb-
HbI€ BOJIHBI.

3. ¥npyrue nonepeutble BOJHB MOTYT pacnpocTpa-
HATCH TOJILKO B TBeploOH cpeje. ¥NpyrHe NpoAoJ/bHEIE
BOJIHbI MOTYT DPACIPOCTPaHATCA B TBEPOOH, XHIKOH
WK rasoobpa3Hoi cpene.

4. B kHIKoH ¥ ra3006pasHbIX cpenax He BO3HHKa-
10T YIPYTHe CHJIBl TIPH CABHTE.

§ 33. duuHa BOJHBI.
CropocTb pacnpocTpaHeHus BOJH

Bonpocer

1. JInMHHOH BOJIHBl Ha3bIBAETCS PACCTOSIHHE MeX-
Ny RByMsI OJHMKaWUIMMH TOUKaMH KoJeOJIOIIMMHCH B
OJIHHAKOBLIX (ha3ax.
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2. InvnHHa BoslHB 0603HA4aeTcs rpedeckoi 6yKBOH
X (nam6pa).

3. KoneGateabHbil npouecc pacnpocTpaHseTcs Ha
paccTOofHWe paBHOE AJIMHEe BOJHBI A 32 NePHOI MOJHO-
ro Kojebanus 7.

4. JlnuHY BOJHBI MOXHO DAacCYKTaTh N0 (opMy-
Jam: A = o7, rie A — JQJMHHA BOJIHBI, ¥ — CKOPOCTh
pacrpocTpaneHHss KojebGaHui, T — nepHop KoJjeba-
HHH.

CkopocTb pacrpocTpaHeHHs TMONepeyHblX H TIpo-
JOJbHBIX BOJIH PACCYHUTHIBAIOT N0 (POpMysaM: U = T =
= Av, e v — ckopocm BOJIHBI, A — [JIMHHA BOJIHBI,
T — nepHoa KosebaHu#l, v — yacToTa KoJiebGaHHH.

5. InuHa npomosbHOH BOJHBLI Ha puc. 69 paBHa
PacCTOSIHHMIO MeXAY TOuKaMH 1 ¥ 2 (MAaKCUMYM BOJIHbI)
¥ 3 14 (MHHHMYM BOJIHBL).

¥npaxxnenue 28

1.
Hano:
A=270m
T =13,5¢
Haiimu:
v —7?
Petwuenue:
‘ A 250
/\ZUT=>'U—? —F’S—QO M/C

Omeem: v =20 m/c.
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2.
Hano:
v =200Tu, v=340mM/c

Haiimu:
A—=7

Pewenue:

v 340
S v 200
Omsem: )\ =17 m.

3.
Hawno:

v=15M/c, A=6M
Hadmu:

T—7?

Pewenue:

A6
A=1T=>T=—-=—
v v 15

1,7 M.

=4 ¢.

Omsem: T =14 c.

§ 34. Hcrounuku 3ByKa.
3ByKOBbI€ KOJeOaHHs

Bonpocsl

1. B nepsom onbite (puc. 70} 3axkaTas B THCKH Me-
TaJJH4YeCcKas JHHeHKa U3faeT 3BYK NIPH ee KoJeGaHUH.
Bo Bropom onkite (puc. 71) MoxHo nabmonaTe KoJe-
GaHus CTPYHbI, KOTOPasi MPH 3TOM TOXKe U3[AeT 3BYK.
B TpeTbem onbiTe (puc. 72) Habmonaercs 3ByuanHe
KamepToHa. B yerBeproM oneite (puc. 73) kosebaHus
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