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12. MoMeHT wWHepHMH TpexocHOro 3JuMmconpa. [IpeAmosiaraercsi, uTo Macca
PaBHOMEPHO pacnpefleena no ofnemy siauncouia. KoopiuuatHwe ocu X, Y, Z
HanNpaBHM BJIOJIb [MIABHBIX OCeH saaknconaa. JAuHE nosyocel ainunconia oGo3Hauum
a, b, c. BHIUMCIHM MOMEHT HHeplHH ero OTHOCHTeJILHO VIAaBHOH OocH Z., DIJIHICOM]
MOKET GblTh TOJIYUCH M3 Iapa PABHOMEPHBIM CKATHEM WJIH PacTSKEHHEM MO TpeM
B3aHMHO IeplIeHJHKYJ/ISPHbIM HalpaBJeHHsAM, HanpuMep IO HaNpaBJeHHAM ocell
X, Y, Z. Bo3bMeM ofHopoAHbl wap paauyca a. Ero MomeHT unepiwd [, = 2/3ma?.
IpousBeneM OZHOPOAHOE CKaTHE B HAlpaBJeHHH ocH Z, 4ToGbi Iuap INpeBpaTHJCH
B GCCKOHEYHO TOHKHE KPYIJBl HMCK (KOHEUHO, C HEDAaBHOMEPHBIM DACMpEACTEHHEM
Macc). MOMEHT HHepIMH [, NpH TOM OCTAeTCS HEMIMEHEHHBIM, a MOMEHTH HHepUHH
Iy u I, 6yayT paBibt Memn cofioll BBUIY CHMMeTpHH. Ha ocHOBaHHH COOTHOMIEHHS
(.36 4) I, = 1, =1yl = Ygma?. TlponaseneM 3aTeM paBHOMEPHOE CIKaTHE KPYIJIOTO
IHCKa B HanpaBneHHu ocH Y 4TOGBE! €ro pa3Mepbl B 3TOM HANpaBJeHHH CHeJaJHCh
paBHEIMH 2b. }m 3TOM MOMEHT MHepUMH [, oCTaHeTCs HEeU3MeHHbIM, a [, clieaeTcs
paBubiM [, = 1/ymb®. [IpuMensis cHOBa coomomeune (36.4), 1ng MomenTa MHepIuMH 1,
TMOAYUEHHOTO 3MJHNTHYECKOTO JHCKa nalileM [, = [ - [, = 1/ym (a2 + B?). Ha-
KOHEIl, TPON3BejleM PaBHOMEPHOe PacTskKeHHe 9J1.r1nmu'{ecxoro JIHCKA B HANPaBJeHHA
ocH Z, yToObl OH NPeBPATHJICS B TPEXOCHEIH S/MIHICOU ¢ Noayocamt a, b, ¢. [Tpu sTom
Benuunna [, ne H3meuuTcsi. TakuM o6pa3oM, MOMEHT HHEPUHH TPEXOCHOTO 3JUIHII-
COHMJla OTHOCHTeJBHO ocH Z paBeH

— ’; (a2 -+ b2). ’ (36.19)

MoMeHTH HHEPIUH OTHOCHTRJIBHO OCTAJIbHBEIX JBYX [JIaBHBIX oceft paBHBI COOTBET-
CTBEHHO
m

), =T (e

§ 37. YpaBHeHHe MOMEHTOB OTHOCHTEJLHO ABHXYIIErocs Hayala
H JABHXKYIIEHCS OCH

1. YpaBuenue momeHtoB (30.5) cnpaBeiaMBO AAsT TOrO cJayuas,
Korja Hauano O, OTHOCHTEJNbHO KOTODOTO PacCMaTpHBAIOTCS MOMEHTHI
L u M, nenodsuwno. Touno Tak ke ypaBHeHHe (32.2) oTHOCHTCS
K MOMEHTAM OTHOCHTENBHO HenodguwcHold ocu. B HeKOTOpBIX cayuasnx,
"OJHAKO, Liesecoo0pa3HO paccMaTpHBaTh Osujtyujiecs Havaia WIH
Jauncyujuecs ocu. UccnienyeM, Kak MeHsIeTCs B 5TOM c/aydyae ypaBHEHHe
momeHToB. Ocobblli HHTepec NpejCTaB/SIOT CJAydYaH, KOrla ypaBHeHHe
MOMEHTOB OTHOCHTEJIbHO JBHXKYLIETOCS Hayaja COXpaHsdeT IIPexHHH
By (30.5).

2. PaccmoTpHM cHauasna OJHY MaTrepHa/bHYIO Tquy byzaem mo-
HHMaTh (O] © U P = MV CKOPOCTb M MMIYJbC 3TOH TOYKH OTHO-
CHTEJNLHO HEMOIBHXKHOH HMHepIMajJbHOH CcHCTEMbl OTcueTa S, a
noji ¥ — ee pajuyc-BeKTOp, NPOBEJEHHHIHl M3 ABHKYILErocsi Hayasa
O. [BuxeHHe Hayana O MoxeT ObiTb KaK PaBHOMEDHBIM, TaK H He-
paBHoMepHEIM. CKOpPOCTb 3TOro JABHXeHHMsi 00O3HauyHM uepe3 o.
MoMeHT HMIyJbca IBHXKYILEHCS TOUKH OTHOCHTe/bHO Hauasa O ompe-
Jenum npexuuM BeipaxenueM (30.3), T.e. L = [rpl. Kak u panb-
e, AudgepeHIHPOBAHHEM 3TOrO BBIPAXKEHHS HalzeM

L =[rpl+I[rpl.
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OnHako Tenepb #» O3HAauaeT He CKOPOCTb MaTepHalbHOH TOUKH 9,
a pasHOCTb MEXJy 5TOH CKOPOCTBIO M CKOPOCTBIO JBHXKyluierocs Ha-
uana vo. Takum oGpasom,

L=[(@~v0) p]+[p),
MM BBHIY ypaBHeHHs HbloToHa p = F M KOJI/IMHEapHOCTH BEKTOPOB
9 u p L = [rF]— [vgp], uaH, Hakowel,

L=M—[oop]. (37.1)
Uro6el 0606WIHTE 3TO YpaBHEHHe HA CJAydyal CHCTeMbl MaTepHaslb-

HBIX TOYeK, HaiuilieM ero A5 [-H MaTepuajbHO# TOUYKH Li=M,+
+[@op;], a 3aTeM npocyMMHpyeM Mo BceM {. TakuM NyTeM CHOBa
nosyudMm ypaBHeHHe (37.1). Opnako Tenepb p OyJAeT 03HAYaThb
HUMIYJbC 6cell cucmemel MaTepHasbHBIX Touek, a M — MOMeHT jefi-
CTBYIOUIHX HA Hee BHEUIHHX CHJI.

Wmnyabc p MOXKHO TpEeACTaBHTbL B BHAE p = MO¢,TAE Ve — CKO-
pOCTb LieHTpa Macc cHcTembl, TakHM o6pasoM,

L=M—m[vo0c]. (37.2)

ATO U eCTh YPABHEHUE MOMEHMIO8 OMHOCUMEAbHO OBUNCYULEEO0CH HAYAAQ.

Ecau dsuncyweeca nauaro O cosnadaem ¢ yenmpom macc C cucmemet,
TO Vg == V¢, U gopmyaia (37.2) nepexodum g npexcree ypasHerue (30.5).
YpasHerue MOMEHIMOE OMHOCUMEALHO UEHMPQ MACC umeerm makol e
6u0, 4MO U OMHOCUMEN6HO Heno0suMCHoeo Hadaaa. Bonee Toro, B 3TOM
clyyae CKOPOCTH ¥ MaTepHalbHBIX TOYEK He 00sA3aTesIbHO paccMmar-
pPHBAaThb OTHOCUTEJLHO HEMOJBHKHOH cHCTeMbl otcueta S. WX MOXHO
6paTb H OTHOCHTEJHHO caMoro IeHtpa macc C, cunTas ero Kak 6wl
HenoABHKHbIM. Ecain nentp macc C ABHKETCS NPAMONHHEAHO H paBHO-
MEPHO, TO 3TO yTBepXJeHHe HENOCPeICTBEHHO Cle/lyeT H3 IPHHIIMMA OT-
HOCHTeNbHOCTH. HO OHO cripaBe/lyIMBO U B CJTyyae YCKOPEHHOTO IBUKEHHS
IleHTpa Macc. B camoM jiesie, CKOPOCTb KaxKAOM MaTepHasabHOH TOUKH
MOXKeT GhITh IpelCTaBaeHa B BUHlle © = V¢ + Vgruy TAE VUgrw — CKOPOCTH
TOYKH OTHOCHTeJabHO leHTpa Macc C. Iloatomy

L = [rmo]= Y [rmoc]+ D, [FmDo.,).

IlpeanocnenHsisi cyMMa B 3TOM paBeHCTBe paBHa HYJIo. JleicTBHTe/IBHO,
TaK KaK CKOPOCTb ¥¢ OJHA H Ta Ke JJs1 BceX CJaraeMbelX CYMMBI, TO ee

MOXKHO BBIHECTH H3-TIOJ 3HAKa CyMMBbl, 4TO JaeT — [‘ZJC > mr] =
=—[vcrc] X, m, The rc— panuyc-BeKTOp LeHTpa Mace. OH paBeH HyJio,
TaK Kak Hayaso KOOpAMHAT O IO YC/IOBHIO MOMEMEHO B LEHTPe Macc.

Hrak,
L= Z [r’n'vom],

YTO H JIOKa3bIBAaeT Hallle yTBepPKJIEHHE,
Bropoii, 6osee obuiuii, cayuail, Koria ypasHeHHe (37.2) nepexoiurt
B npoctyio dopmy (30.5), nosyuaercs Toraa, KOraa CKOpocT# ¥ H Ug
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KoAauneapHol. B sToM ciyyae BektopHoe mpousBenenue [v,oc] obpa-
maercs B HyJab. Takum 06paszom, koeda ckopocme deudxcyujeeocs nadaaa O
napaasenvra ckopocmu yenmpa mace C, ypasHeHue MOMEHMO8 NPUHU-
maem npocmyo gopmy (30.5). B stom ciyvae, onHako, mpH BBIYHC-
JIEHHH MOMEHTa MMnyJbca L Hajgo 6paTh CKOPOCTH BCEX MATEPHANbHBIX
TO4eK 00513aTeTbHO OMHOCUMEAbHO UHEPYUAAbHOU cucmemsl omeema S,
a He OMHOCUMEAbHO UEHMPa MACC.

3. Anpasornynble pe3y/IbTaTel CHPABELIHBBI M JUIsi MOCTYNATENLHO
JBHAKYLIMXCS Oocel, KOrJa IpH JBHKEHHH OCH OHa BCE BPeMsi OCTaeTcs
napa/Jle/lbHOA CBOEMYy HCXOJHOMY Hamlpap/ieHuio. HeT HeoGxomumocTH
(opMynHpoBaTh 3TH pe3ysabTaThl OTAENBHO, TAK KaK YypaBHEHHE MO-
MEHTOB OTHOCHTE€JLHO OCH IOJy4yaeTcs H3 COOTBETCTBYIOLLErO ypapHe-
HHSI MOMEHTOB OTHOCHTEJBHO TOYKH IIyTeM I[POEKTHPOBAHHS HA
3Ty OCk.

3A0AYHU

1. OnpegesiuTh yCKODEHHS Tesl M HATSXKEHHS HHTH Ha MamuHe ATByja, mpef-
noJiarasi, uTo rmy > my (puc. 71). MoMeHT MHepUHH 6/0Ka OTHOCHTEJBHO TeOMETpH-
4eCKOH ocH paseH I, paguyc 6/o0Ka r. Maccy HHTH cUuTaThb mnpeHeOpeKHMO MaJoH.

Pemenue. Beuay Toro, uTo Macca HHTH NpeHeGPeKUMO MalJa, H3MEHEHHs
Hars:keHu#l Ty 0 T, BAOJb HHTH MOXKHO HE YYHTHIBATb. Y paBHEHHUS
ABHXKeHHs TPY30B H 6J0Ka 6yLyT @

/—&
m1a=T1—m1g, Vad f
My ==myg — Ty, -
dw /
Iﬁt_r(Tl_Tl)' 7;
Ecau HeT NMpPOCKaNb3LIBaHHA HHTH MO GJMOKY, TO 7
Ldo_, ’
dt A
Pewasi 3TH ypaBHeHUS, NOJYIHM i
My — My .
G=——"78 mz
my +my +"r:g mg
nocne uero Haxoaum Ty u T,. Ecau Macca 6/10Ka npeHeGPeXHMO
Mmana, o Ty = T,.
2, K mkuBy kpecra OGepGera (puc. 72) npHKpelvieHa HHTb, T8
K KOTOpO# mojsemied rpy3 Maccel M = 1 xr. I'pys onyckaercst Puc. 71.

C BHICOTH A= 1 M [0 HHXKHEro NOJOXKEHHs, a 3aTeM HauHHAeT
NOJHMMATLCA BBEPX. B 3T0 BpeMA TPOHCXOAWT «PHIBOK», T. €. yBe-
JIMYeHHe HATsikKeHHss HuTH. Haiith Harskenne HMTH T NDH ONyCKaHHH HJH TOA-
HATHE IPY34, 4 TAKKe OUCHHTb NPHGIHKEHHO HATSIKEHHE BO BPEMS PHIBKA Tpyy..
Paanyc wxuea 7 = 3 cM. Ha KpecTe ykpeml/ensl 4eTpipe rpysa ¢ maccod m == 250r
KaXIblH Ba paccTosHAH R = 30 cM OT ero ocH. MOMEHTOM WHEDUMH CaMOro KpecTa
H IIKHBA TpeHeGpeub N0 CPABHEHHIO C MOMEHTOM HHEPLHH IPy30B. PacTsikenne HATH
BO BpPeMsl PbIBKA He YYHTHIBATh. )
OTBeT.T==—A@L§=9—J%g7~=099ﬂh
1+M_’_ 1_{_'_/_”’_
] 4mR?



192 MOMEHT KOJIMYECTBA ABHXEHUS [T]. V

rie I — MoMeHT uHepuuH cucTeMbol, a Ty — HaTS)KeHHe HHTH TPH HellOJBHKHOM
rpyae. Cpesinee HaTSKMENNHC HUTH BO BpeMs PBIEKA Ty MOMKHO OLEHHTb CJELYHOLIHM
o6pazoM. Hajo BEYHCAHTE MAKCHMANbHYIO C KOPOCTb TPy3a M B HHAKHEM MOJIOKEHHH.

nr
O6o3nauum ee v. 3a BpeMa 110J060poTa WKKuBa Af = 5 KOJIMYeCTBO JBIKEHHA TPy3a M

meHsieTcst Ha 2Mvu. Dro H3MeHeHHe PABHO HMNYJLCY CHJIBL, JCHCTBYIOLICH Ha rpys M,
hr

3a 1o ke Bpems, T.e. (Tous — Mg) Al Buluucienus aawt prm_—_Mg—f—W Ta=

=~ 1,42 T,. _

3. Monera Macchl m W pajHyca r, Bpallasick B FOPH30HTANLHOH MJIOCKOCTH BO-
Kpyr cBoeii reOMeTPHUYECKOil OCH C YIVIOBOH CKOPOCTBIO (), BEPTHKaJbHO NaJacT Ha
FOPH3OHTAJbHBIY AHCK M NPHJIHNaeT K HeMy. B pesysbTaTe AHCK NPHXOLHT BO Bpallle-
HHe BOKDYT CcBoeli oCH. Bo3HHMKaIOHIMA MpH 3TOM MOMEHT CHJ TPeHHf B OCH JHCKa

g AR
14

. M
L

mn e s e
m S

H )//
Puc. 73. Puc. 74.

nocTosineH W pabeH M,. Uepe3s kauoe BpemMd BpameHHe AucKa npekpaTturcsa? CKolbKo
o6opotoB N caenaeT JHCK 10 MOJHOH OCTAHOBKH? MOMEHT HHEpILHH NHCKA OTHOCH-
TeJILHO ero reoMeTpHueCcKoi ocH /. PacCTosnHe MeKAY OCSIMH JHCKA H MOHETHl PaBHoO d.

2 y 2
OTBerT. t‘=’£—m; N=)2V11°t‘~’, rae 1=10—f—m<d2—f—%>.

2M,

4. CniollHOH OJHOpPOAHBIH KODOTKHH WWJIHHAP pajuyca r, BpamamollHiics Bo-
KPYT CBOEi reOMETPHYECKOR OCH CO CKOPOCTBIO n 06/C, CTABSIT B BEPTHKAILHOM M0JIO-
KEHHH HA TOPH3OHTAMBHYIO MoBepxHOCTb. CKoJbko oGopoToB N clemaeT UMJAHHAIP,
NpeXe YeM BpalleHHe ero NoJHOCThIO NpekpaTutes? KoahdUiueHT TpeHud CKoMbxKe-
HUS MEXAY OCHOBAHHMEM LWJHHApPA H TNOBEPXHOCTHIO, HA KOTOPYIO OH IOCTABJEH,
He 3aBHUCHT OT CKODOCTH BPAllleHHsi H paBeH k.

‘ 3mrn?

OtBeT. N=—r-
dkg

5. ToHKHIl cTepeHb MacChl m U AJMHHH L (prc. 73) nojpeileH 3a OJMH  KOHeIL
H MOMET BpawaTecss 6e3 TpeHHS BOKDPYT Topr3oHTanbHOH och. K Tol xe ocu nog-
BellleH Ha HHTH JUIHHBI [ IapHK TakoH ke Maccel m. IIJapHK OTKJIOHSETCS Ha HEKOo-
TOpHIl yroa W oTnyckaercs. [Ipn Kakol AIHHe HHTH LIApHK NOC/e Yiapa O CTepxieHb
OCTaHOBHTCA? Yznap aGCoJIOTHO YNPYrHi.

V3

6. MareMaTHYeCKHH MasTHHK MacCel #2 H CTep:xkeHb Maccel M (puc. 74) moxse-
IIEHB! K OJHOM H TOH e Touke A, BOKPYT KOTOPOH OHU MOTYT CBOGOAHO KOJMe6aThCs.
[yvHa HATH MasATHUKA paBHa AJiuHe cTepxHsA. IlapHK MasTHHKA OTKJOHSIOT B CTO-
POHY, T4K YTO OH NPHIOAHHMAaeTcA HA BEICOTY H OTHOCHTENBHO CBOETO HUYKHEro II0JIo-

OtBer. l=
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XKeHHR. 3aTeM [MapHK OTNYCKAIOT, W OH CTAIKUBAeTCs Heynpyro ¢ naixoir. Kak
6yayT ABHraThesl MIADHK H HUKHUE KOHel Majixd Mocse yAapa M Ha KakHEe BHICOTHL
OHH TNOAHUMYTCS?

PemeH ue. CKopocTs mapuKka B HUKHEM MOJIOKEHHU 10 yAapa v o=}/ 2gH.
Tak Kak ynap Heynpyruif, To HeMmoCpPeACTBEHHO MOC/IE yAapa WapHK H HHKHHH KOHelL
CTepXKHf B HHKHEM MOJIOKEeHHH 6Y1yT UMeTh OIHY H TY }Ke CKopocTh v. OHa Haligercs
M3 3aKOHA COXDAHEHHS MOMEHTa MMUYJbCA OTHOCHTENBHO OCH A:

mloy=mlo+Iw,
=1, M2 — i T
re 3 MOMEHT HHEPLHHM CTEPKHS OTHOCHTENBHO To#l ke ocu. Tak Kak
v = [, T0 HANHCaHHOe YpaBHEHHe JaeT
mi2 3m

U Tl Y= I Fam o

Tenepb Hago pewutb, 6yAyT JIH WAPHK M CTEPKeHb NOCAE CTOJKHOBEHHS IBH-
raTbcsl BMECTe HJIK NPH JajlbHeRnieM IBHXEHHH OHE paszofnyrces. C 3TOR WLeNbIO Bbl-
YHCJIKM CKOPOCTb [MIAPHKA U; H HUXKHETO KOHLA CTEPKHS Uy NIPH NOAHSTHH Ha KAKYIO-TO
OIHY H Ty e BLICOTY 4, ecjii 6bl IPH 5TOM OHH JBHIaJHCh HE3ABHCHMO APYT OT ApyTa.
ITH CKODPOCTH HafAyTCA M3 ypaBHeHHH COXpaHeHHs 3HEpTHH

I/

o 1 . h
vi—vp=2ghy, 5 (U =Mg .

Ipeo6pa3cBaB BTOpOe ypaBHEHHE K BHAY
vt —0}=23gh,,

BHJHM, UTO Uy > Uy. [lo3ToMy B /i:06OM NOJIOKEHHH MWIapHK OYAeT CTpeMHThCS obor-
HaTb CTepKeHb. A Tak Kak [MIAPHK ABHXKETCH MO3afH CTePKHA, TO OH BCe BPeMs! 6yAeT
NPpHKUMATLCA K CTepxHio. OTClofa crlefyeT, 4TO Nocje yAapa WMIApHK H CT2pXKeHb
6ynyT MONHWUMATbCA Kak elHHOe Tedo. BbICOTY MOAHATHA /& J€rKO ONpPEeASIHTbL H3
3aKoHA coxpaHeHHs sneprud. OHa paBHa

A m . Sm? H
T Tem gl © T (M 2m) (M F3m)

h

7. Péumrb NPeAbILYHIYIO 33/1aUy B NMPEANONOKEHHH, 4T0 J0 yAapa GHJl OTKJIOHEH
cTepeHb (HIKHHEA KOHell ero OB MOJHAT Ha BhicoTy H).

Orser. [locse yjgapa mapuk nojHumaercs Ha A Ml
BBICOTY [ —

3 M 2
m=7 (e
HIXKHHH KOHeLl CTEPXHA ~— Ha BLICOTY

.
Mo\, 2
h2=<M+3m> H=3h

8. Teepapli CTep:KeHb AMHHbI { W Maccsl M Moxker
BPAWATLCA BOKPYT TOPH30HTAIbHOR OCH A, mpoxoxsmed @
yepes ero komell (puc. 75). K Toit xe ocu A nojseureH Puc. 75.
MaTeMaTHYECKUH MAasiTHHK Takoi ke JIMHBI [ M Macchl 1.
IlepBOHAUANBHO CTEPKEHH 3aHHMaeT TOPH3OHTAJIbHOE TIO-
JI0KEeHHe, 4 3aTeM OTMYCKaeTcsi. B HHXKHeM MOJIOXKEHHH MPOHCXOLHT HAEAJNbHO YIpy-
THi yiap, B pe3y/dbTaTe KOTOPOTO IIapPHK H CTepenb NePOPMHPYIOTCH, H YacTb
KHHETHYCCKOH SHEPIHH MepexoiHT B NOTEHIHAIbHYIO JHEPTHIO Jepopmaunu. 3artem
JedopMAIlMsl YMEHbIAeTCsl, ¥ 3anaceHHas [OTEHUHAlbHAsi SHEPrHi BHOBb Mepexo-
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IUT B KHHeTHueckyio. HaHTu 3Havenne noTenumanoHoH 3Hepruu pedopmamun U
B MOMEHT, KOTJla OHa MaKCHMa/bHa.

1 ml2 3 Mm )
Ortsert. U =G T mb Mgl =3 mgl, rfie / —MOMEHT HHepIMH CTEePXKHS.

9. BepTukanpHo BHCsALIAs OJHOpOJHAs Jocka AMHHO# L = 1,5 M H Maccolt

M = 10 Kr MoxeT BpamlaThCsl BOKPYT FOPH30HTANLHOM OCH, MpOXojslleil yepe3 ee
BepXHHH KOHeu. B HHXXHHH KOHeIl JIOCKHM yjapsieT myJs, JeTsilas ropH30HTATbHO
¢ HauaJbHOH cKopocThio V= 600 m/cek. Ilynst mpo6usaer

A JIOCKYy H JIeTHT jallee co ckopocTeio V. OmpejeluTh cKe-
pocts V, ecam mnocae BHICTpesa jocka crana KogeGaTbes
¢ yraoBo# ammauTyno# o = 0,1 pax. Macca nyau m== 10r.

OTmerT. V=Vo—%14— ]/% gl sin%=444 M/c.

10. B obwe#t Touke mnoxBeca A (puc. 76) moABelEHB!
[WapHK HA HHTH JJIMHE [ ¥ OJHOPOJAHEIH CTep:XeHb AJHHGLI L,
OTKJIOHEHHbIH B CTODOHY Ha HeKoTophii yros. IlpH Bo3Bpa-
IIEHHA~ CTEPKHA B8 TMOJOKEHHe DPABHOBECHSI MNPOUCXOLHT
ynpyru#t yaap. [Ipy KakoM COOTHOLIEHHH MeXJY MaccaMu

Puc. 76. cTepkHSI M M Wapuka m WAapUK M TOYKA yJiapa CTepKHS

' 6yayT ABMIaTbCsl MOCJe yaapacC paBHBIMH CKOPOCTSIMH B MpO-

THBOTIOJIOXKHBIX HampasJeHHaX? TIpH KaKOM COOTHOLIEHHH MexAy MaccaMu M u m
OMHCAHHHIH Npolecc HeBO3MOMXKEH?

OrBeTr. ML?= mi% Tak kak L ==/, T0 115 BO3MOXHOCTH Ipolecca HeoG-
xoquMo M << m. Tlpy M > m npouecc HEBO3MOXKEH.

11. Ha ropusoHTalbHEI JHCK, BPAILAIOLIKACST BOKPYT TeOMETPHYECKOH OCH ¢
YIVIOBOH CKOPOCTBIO ;, NajaeT APYroH JAHCK, BPAUIAIOMHHCS BOKPYT TOH XKe OcH
C YIJIOBOH CKOPOCTBIO ;. MOMEHTh! HHEpPIIHH JHCKOB OTHOCHTEJILHO YKa3aHHOH OCH
paBHH cooTBeTcTBeHHO [1 H [,. O6a IuCKa npH yjape CUEMISIOTCS JPYr ¢ JAPYroM
(IpH NOMOLIM OCTPHIX LIHNOB Ha MX MOBepXHOCTAX). Ha CKOJMbKO H3MEHHTCS ofmiast
KHHETHYECKAs 3HePrHsl BPAIIEHHs] CHCTeMbl TNOC/]e TNajeHHs BTOpPoro Aucka? Uem
O0BSCHSIETCST H3MEHeHHe 3HePrHH? I'eoMeTpHuecKHe OCH OGOMX JHMCKOB SIBASIOTCS
NpPOJOJIKEHHEM OJHA APYIoH.

O TBeT. KuherHueckasl SHeprusi BpallleHHs] YMEHBIUHTCS Ha

1 1,

M=o T+h

(0] — wp)2.

12. IIkuBEI ABYX MAaXOBHKOB COefHHeHEI peMHeM (pHC. 77). PaauycH wkuBOB
paBubl R; H R,. MoMeHTH HHEPLUHH MAaxOBHKOB OTHOCHTEJIBHO HX [EOMETPHYECKHX

Puc. 77.

ocefi paBHH [; B [,. YnepxuBas BTOPOHl MaXOBHK H peMeHb HENOJBHKHBIMH, Packpy-’
YHBAIOT NEPBBIi MaXOBHK JO YIJIOBOH CKOPOCTH (), BCJEJCTBHE YEro MEXLY OChIO
NEpBOrO MaXOBHXa H PeMHEM BOSHHKAeT CKOJibXKeHHe. 3aTeM DeMeHb H BTOpOiH Ma-
XOBHK OTNycKaior. [IpeHefperasi BCeMH CHJIAMH TpEHHS, 3a HEKJIIOYEHHEM CHJ Tpe-
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HHSl CKOJIbKEHHS MEXJY PeMHeM H OCSIMH MAXOBUKOB, HaWTH YCTAHOBHMBLUMECS CKO-
pocTH BpalleHHS MaXOBHKOB ®; H ,, T. €. CKOPOCTH IOC/e NMpeKpauleHHst CKodbxke-
nus. Hafity takke norepio AK KHHETHUECKOH 3HePrHH HA TPeHHE CKOJIbXKeHHA.
Maccoit pemHs npene6peub.

Peweuue. Braronaps TpeHHIO CKONbKeHMs HaTsKenust pemust cBepxy T
u chudy T, 6yayT pasubiMu. IIpuMensis K MaxoBHKaM ypasHenue (33.4), NONyYHM

d(l)z .

d
hgr=—TIR, L, 2=(Ta—T)R,

IogesnM 5TH ypaBHEeHUS COOTBETCTBEHHO HA R; M Ry, CJIOMHM H TPOHHTETPHpYeM.
Toraa noayuum
Lo | Lo,

R, TR,

Bxoasias cioga noctosunas paBHa J;0)/Rj, TdK KaK B HaualbHbIfl MOMEHT @ =
== @y, W, = 0. Korna ckosbXeHue npekpaTures, To o, R; = o,R,. Peias nosayues-
HYIO CHCTeMY YpaBHEHHH, HaiJeM YIJOBhIE CKODOCTH ®; H @, {l0C/e MpeKpauleHUus
CKOJIbXKEHHA: '

= const.

® =_~_]1R§ ® @y = ]1R1R2 o Vi L!)(l)/
! LR+ IR} » : LR+ 1,RY o )
[Totepst KuMHeTHUeCKOH >SHEPTHH Ha TpeHHe paBHa

A = TR LR

13. Tlouemy B npexpiaymeit 3agaue NOJHLIH Mo-
MeHT KOJIHYECTBa JBHKEHHS CHCTEMEBI HE COXpaHseTcH?
14. Onroponusiit auck A Maccht M, u pagnyca ry
(pHc. 78) packpyyeH A0 YIVIOBOH CKOPOCTH @, H NpH- Puc. 78.
BeJeH B KOHTAKT C JHCKOM B, OCb BpauleHHA KOTOPOTO
MeprenluKyaspHa kK ocH Aucka A. Macca nucka B
paBHa M,, a paccTosiiHe MexX1y TOUKOH CONPHKOCHOBEHHSI H OCbi0 IHCKa A DaBHO .
HaiiTn ycTaHoBuBIIHECS YIJIOBEIE CKOPOCTH JHCKOB )y H () H MOTEPIO SHEPTHHU B NPO-
ljecce ycTaHoBJAeHusl. TpeHHeM B ocfiX, a TaKKe TpEHHeM KaueHHsi npeHeGpeub.

0.

OTBeT. 0 Myri gy © Myr 2 0o=2 0
T MMy T P Myi+ M 0
[ToTepst 3Hepruu
AK M M,ria? .

T AL M)

15. BepTukanbHblil cTO6 BbicOTON [ NMOAmuNMBaeTCs Y OCHOBAHHS W Majaer
Ha 3eMJIO, MOBOpPAYUBAsCh BOKPYI HHXKHero ocHoBaHus. OrpelenHTb JHHERHYIO
CKOPOCTb €r0 BepXHETo KOHLa B MOMEHT yjAapa o 3eMmo. Kakas touka cron6a Gyjger B
3TOT MOMEHT MMeTb TY e CKODOCThb, KaKylo HMeJo Gbl TeJO, majas ¢ TOH Xe BEICOTHI,
KaK H JaHHas ToyKa?

OteeT v= ) 3gl. HckoMas TOUKa HAXOAMTCH HA pPACCTOSHHH X = 3/y/
OT OCHOBaHHA cTOJI6A. .

16. MavenuTcst nu oTBeT B Npeasliywlell 3ajnade, ec/AH CTOJG [EPBOHayanbHO
CTOSJ1 B BepPTHKANBbHOM MOJIOXKEHHH Ha abCoJIOTHO TVIAJKOM Jbly, a 3aTeM Havall
najalb TOA JeHCTBHEM CHJAH TskecTH? UeM OyleT OT/IHYATbCA ABHXKEHHE CTON6a
B TOM C/1ydae OT ABHKEHHS B NpelpAyIeM caydae?

Pewenwue. Ilo Teopeme KEéHura kKuHeTHuecKasi SHeprus crtojba caaraercs
M3 KHHETHUEeCKOH SHEPTHH IBHXKEHHs ero LeHTpa Macc '/, muv% co CKOpoCTbiO U, H

KMHETHYECKOH SHepTHHU BpaleHus 1/, /02 BOKPYT LeHTpa Mace ¢ YIJIOBOH CKOPOLTHIO Q.
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3a BpeMs najieHust LeHTP Macc MPOXOAHT nyTe /2. [Ipu 3ToM coBepmaeTcsi paGorta
mgl/2, KoTopas MAET Ha TPUPALIEHHE KUHETHYECKOH SHEepruHu:

.
mog Il mgl
2 2 2
B HHKHEM TO/IOXKEHHH, KOra CTO/G rOPU3OHTANIEH, Up == 1/, lo. Umes 310 B BULY,
a Takke HCTo/b3ys Beipaxenuwe [ =1/, mP, moayumm v, =/ ¥ 3gl. Cxopocts

BepXHEro KoHIla ctoaa Bjsoe GoJblie, T. e. pasHa v = )/ 3gl. OTciona BHIHO, YTO
pe3yJbpTaTel 6YAYT TaKHMH 3Ke, YTO H B Tpexpiaymeil 3agave. OfHako xapakTep ABH-
xeHust 6yieT Apyrum. B mpeapiaymeM ciyuyae cTos16 NPH NajeHHH BPamwancsad BOKPYT
CBOEro HHIKHEro ocHoBaHus. [Ipu 3TOM LEHTp Macc cTosifa JBHrajcs 1o AYre OKpyx-
HoCcTH. B paccmaTpHBaeMoM cJlyuae, NOCKOJIBKY Bce JeHCTBYIOIIHE CHJIBI HampasJ/eHEl
BEPTHKANBHO, LEHTP Macc CTojifa NpH €ro najeHHH Bce BpeMs OyJeT HaXOLHTBCS
Ha OJHOH H TOH :Ke BepPTHKAJH.

! | ' 71 9
A AN
5'&/.7/77
4
CooooIoooIs L ] 4
g Feap A\
‘Puc. 79. Puc. 80.

17. OnHoponHBIfl cTep:KeHb Macckl m W AIHHE [ (puc. 79) nagaer 6e3 HauaJbHOR
CKOPOCTH H3 NOJI0KeHHUs I, Bpauasace 6e3 TPCHHSA BOKPYT HEMOABHMHOH rOpH30OHTA/b-
Hofi ocu O. Haiitn ropusoHTanbuyo Fr,, M BePTHKAIbHY0 Fyenp COCTAB/ISIONIHE
CHJIBI, C KOTOPHIMH ocb O feficTBYeT Ha CTCPXKeHb B FOPH30HTAJIbHOM MOJIOKEHHH 2.

P eweHue KuHeTHuecKas 5Heprus CTepP:KHS B FOPH3OHTANBHOM MOJIOKEHHH
1/, 10* = 1/, mgl. 1lenTpocTpeMuTe/NLHOE YCKOPEHHE LEHTPa MacC CTepXKHA
B TOM e N0JoXeHHH 2//2. Orcioga no TeopeMe o IBMXKEHHH LEHTPa Macc

Frop = mw? l— = mﬁmg=§—mg.
P 2 21 "% 2
[TpuMeHUB K BpallleHHIO CTePKHSA B NOJOXKEHHH 2 ypaBHeHHe (33.4), moayunM
o b
dt 2°

O1ciofa HaXoQUM BEPTHKA/JbHYIO COCTaBJSIOIYI0 YCKOPEHHSI LEHTPa MacC B TOM e
TOJIOXKEHHH:
_ldo mgl 3
=TT T ®
Hanee,
ma:mg_FBepT'
B pesyabTate nosyuntcs

1
FBep., =m(g—a)= i mg.

18. A6co/moTHO TBepias OIHOPOAHAs Gajka seca P JleXXHT CBOHMH KOHIAMH
Ha JByX a6COMIIOTHO TBeDPAbIX onopax (puc. 80, 4). Onuy u3 Hux subuBawT. HalTh
HaualbLiyIo CHIY AaBMeHHs, NEHCTBYIOLIYIO Ha ocTasuylocs onopy (puc. 80, 0).
Orser. F=1/, P,
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Koraa 6anka nexama Ha JAByX omopax, Ha KaxAyl H3 onop JAeHAcTBoBasia
cuna 1/, P, TIpu GLicTpoM yJajleHHHM OOHOH H3 OMOp CHAA, eHCTBYIOULAS HAa OCTaB-
wycs Onopy, CKauykoo6pasHO YyMeHbiuaercsl BABOe. Takoe ckagkoobpa3noe H3Me-
HeHHe CBSI3aHO C HiealA3aluuell — 6alKa M Oopa CYHTAIOTCA aGCOJIOTHO TBEPALIMH.
Peanbuble 6anku W onopu Jedopmupylorcss. Ilpu ydere sToro o6crosTenbcTsa Ha-
rpy3ka Ha onopy F 6yIeT MeHSTbCS HeIpPepLIBHO.

19, I'MMHACT Ha mepeKJajHHe BHMNOJHSET Gonblof 060pPOT M3 CTOMKH Ha py-
Kax, T. e. Bpallaercs, He Cru6ascb, BOKPYI NepeKJaJUHbl Noj JeHCTBHEM COGCTBEH-
Horo Beca. OUEHHTb MpPHOJIHKEHHO HAHOOJbLIYIO HArpy3ky F Ha ero pPyKH, mpeHe-
6perasi TpeHHeM JaJoHeH O NMepeKJagHHy.

2

OTBerT. F=<1—|—4alm
BeKd OTHOCHTEJIbHO MepPEeKJaIuHbl, @ — PACCTOSHHE MEXKAY OCbI0 BpALIEHHMS M LEH-
TPOM MacC yeqoBeKa. EC/IH MpPH OLEHKE MOMEHTa HHEPUHH MOJSTHPOBATH YeJOBEKa
OJHOPOJAHLIM CTepIKHEM, BpallaloUUMCs BOKPYT OLHOIO
U3 ero KOHLOB, TO modydurcs F = 4mg. ¢

20. UenoBeK Ha aTTpaKLHMOHE (THMAHTCKHE IarH»
JBHXKETCS MO 3aMKHYTOH TPaeKTOPHM TaKHM 06pasoM,
YTO JOCTHraeMasi HM BLICOTA OTHOCHTEJbHO IOJIOMeE-
HHS DPABHOBECHS MeHsieTCs B IPeAeNaX OT Ayyy A0 Ayaxc-
OnpenenHTs MaKCHMAalbHYI0O H MHHMMaJlbHYIO CKO-
POCTH YeJioBeKa INpH TAaKOM JBHKeHHH, ecJH AJIHHA
BePeBKH, Ha KOTODOH OH YAepKHBaeTcsl, paBHa [.

Pemernue. Ha ocHOBaHHM 3aKOHa coxpaHe-
HHS SHEPTHH

>mg, rae m — Macca, I — MomenT HHEPUHUH 4YeJso-

v? 4 2gh = const. (37.3)

MoMeHT cu/bl TSXKeCTH OTHOCHTEIbHO TOUKH NojBeca
"He MMeeT BepTHKaJbHOH cocTaBasolell. MOMEHT CHJH
HaTsiKeHHs BepeBKH paseH HyJno. ITosTomy npu aBu- Puc. 81

JKEHHHM YeJIOBeKa BepTHKaJAbHAsA CoCTaBsOUlasl ero t

MOMEHTa KOJHYeCTBA IBUKEHHUS OCTAaeTCs HEH3MEHHOH.

B nonoxenusx, rie BbicOTa A MAaKCUMaJbHa WIM MHHHMaJbHA, CKOPOCTb YeJOBEKa U
TOPH30HTaNbHA, 2 MOMEHT KOJIMYECTBA [BHIKEHHS paBeH mur, rje r — paccTosiHHe
IO BepPTHKaJbHOH OCH, BOKPYr KOTOpOH BpaljaeTcs YeJOBeK. 3HAYHT, B 3THX NO-
JOMEHUSIX BeJMYHHA ur OQHAa M Ta me. B MOMeHT, KOrZa BbicOTa /i MaKCUMaJlbHa
WJIH MHHHMalbHa, OMNHIIEM B BEePTHKANbHOH IJIOCKOCTH OKPYXKHOCTb C LEHTPOM
B Touke mojseca O, npoXoAsIIyIO Yepe3 TOUKY HaxOXAeHHsS yeqoBeka M (puc. 81).
INo u3BecTHOH reoMeTpuyeckoil Teopeme r2 = AB-BC, uau r2 = (21 — h) h. [TosToMy
B NOJIOXKEHHUSAX, I'le A MakCHUMaJbHa H MHHHMaJLHA,

(2l — h) hv2 = const. (37.4)

3anuwem cootaotwenus (37.3) u (37.4) 4151 3THX NOJOXKEHHH, UMes B BUAY, YTO MakK-
CHMYMY A COOTBETCTBYET MHHHUMYM v, M HaoGopoT. [lToayum:

viﬁaKC + 2ghyun = Vi T+ 28hvaxcs (21 — hyyry) hMHHU;{aKc = (2! — hyaxe) hMaKCngHH .

Pemas atu YPaBHECHHS, IOJYYUM
9 Qghmauc (21 — hmasc)

o _ 37.5
MakKc 2 — (Ayake + Amw) ’ ( )
o2 28 (2 — P (37.6)

Muu 21— (hMﬂKC+hMHH) )
Ilpu 3TOM yuTeHo, uTO B pealbHbIX YCJAOBHAX A < [, Tak 4To BenuuuHa (37.5) mefi-
CTBHTEJLHO MAKCHMaibHa, a (37.6) — neficTBHTeIbHO MHHHMaJbHA. ECHH Ay,ye H
Ayuy TPEHE6PEXKHMO Masbl 1O CPABHEHHIO ¢ [, TO
2 — 2 pa—
v = 28hyaxes . Uy = 28Muune 37.7)

Makc
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21. Tlo BHyTpeHHeH NOBEPXHOCTH KOHHYECKOH BODOHKH, CTOfUIEH BEpPTHKAaNbHO,
Ge3 TpeHusi CKOJNb3HT MajeHpKHi wapHk (puc. 82), B HauadbHbIA MOMEHT LIapHK
HaXOJWJCS Ha BLICOTE fiy, @ CKODOCTb €ro vy Ghilia ropu3oHTadbna. Halith vp, ecan
H3BECTHO, 4TO TNPH AafibHEHIleM JBHKEHHH IIAPHK NOJHHMAaeTcs1 0 BLICOTH A, a 3a-
TeM HauHHAeT ONYyCcKaThcs. HalTA TakiKe CKOpPOCTb ILAPHKA
B HAaHBbLICLIEM [IOJIOXKEHHH U.

OTrBerT 112———?—‘@f 02——£}i

VTR Ry T ht+hy

22. Tskenas BepeBKa (JiMHeflHast IVIOTHOCTb P) AJHHBH L
DepeKHHYTa uepe3 GJIOK C MOMEHTOM HHeDUHH H PaJHyCOM r.
B nauanpupii MoMeHT GJIOK HeNojABHXKeH, a GOJBIIHE H3
CBEILHBAIOLIHXCS KOHLOB BepeBKH uMeer AJauHY [. Haiitu
YIJIOBYIO CKOPOCTb BpauieHHst 6loKa @, KOTAa BepeBKa CO-
CKOJIb3HET ¢ Hero. BepeBka ABaraercs no 6JoKy 6e3 CKOJb-
JKEHHs!, TpeHHe B OCH GJIOKA He YyUYHTHIBATh.

g
TBeT @P=————u [L2-4-4r2 12— (L—1—mr)?].
Puc. 82. N T+ Lpm F5F ¢ Y]

Y K a3 aH He. Bocnonb3oBaTbCd 3aKOHOM COXpPaHEHHS
SHEPTHH. :

23. Mereoput Maccw m = 10°T, ABuMraswmiics co CKopocThlo u== 50 kM/c,
yaapuiacs o 3emio Ha mupoTe ¥ == 60°. Bcst ero KMHeTHuecKasi SHePrusi nepeunia
B TEIJIOBYIO (BHYTDEHHIOIO) SHEPTHIO, a caM OH Hcrnapuics. Kakoe MakcHManbHoe
BJIHSIHHE MOT OKasaTb YAap TaKOro MeTeOpHTa Ha IPOJOJIKHTENBHOCTh CYTOK?

O T B e T. MakcHMalbHOe H3MEHEHHe TNPOJO/KHTENBHOCTH cYTOK AT, BbI3BaH-
HOE YIapoM MeTeopHTa, onpelensercss GOpMyJoi

AT . muR cos O
T —  2nd

T,

rie T = 86164 c — NpONOJNXKHTENBHOCTb CYTOK, R = 6400 kM — pamuyc, M =
= 6-10% 1T — macca 3eman, / — ee MOMEHT MHepuHH. Ecau cuuTath 3eMJI0 ofHO-
poAHEIM wwapoM, To [/ = %/; MR? (1a caMoM Jiesle H3-3a BO3PACTAHUS NJIOTHOCTH K LiEH-
TpY 3eMJIH MOMEHT HHEPLHH e€e HEeCKOJbKO MeHbllle W COCTaBJseT NPHGIH3UTENbHO
=1/, MR?). B pesynprare noayustca AT/T ~ 2:107%, AT ~ 2.107%0 c.

24. OueHHTb, C KaKO# MHHHMAJbHOH CKOPOCTBIO U HYXHO BHIIYCTHTb H2 3KBa-
Tope 3emJsn cHapsax Macce m = 1000 T, 4ToGbl H3MEHHUTb NPOJCJKHTEILHOCTb 3€M-
HBIX CyTOK Ha AT = | MuH? -

O tBeT. HauBHrogHediiuM SIBNIAETCS BHICTPesl B FODH3OHTANBHOM HanpasJe-
HHH B INIOCKOCTH 3KBaTtopa. B 3ToM cayuae

c—v __ _5_ mectT4 N?_S miciT4
¢ 18mIM (AT)2 36 m2M2R2 (AT)?

~2.1072,

rAe ¢ — CKOPOCTb cBeTa B BakyyMe. OcTalbHble 0603HaUeHHS TakKHe e, KaK B Ipe-
IbiAymei 3agade. OTHOCHTeNbHO NPHOJHMKEHHBIX BLIUHCIEHHH cM. § 22.

25. Ilyascapamuy Ha3HIBAIOTCS HeOeCHble OODBEKTH, HNOCHJIAOUIHE HMIYJILCH
palHOH3JyyeHHs, CJeAylollHe APYr 3a APYroM ¢ BHICOKOCTAOHJ/ILHBIMH NePHOJaMH,
KOTODHIe JI/IS1 H3BEeCTHHIX K HacTOSIIleMy BPEMEHH MYJbCapCB JexaT B NpefesiaX NpH-
MepHO oT 3-107% 1o 4 c. Cor/acHo COBpeMeHHEIM INPEACTABJIEHHAM MYyJhcaph Npes-
CTaBJSAIOT coB0i BpamaoLiHecss HeHTPOHHbIe 3Be3/lbl, 06pa3oBaBLIxeCs B pe3yJ/hTaTe
rpaBHTallHOHHOTO C3kaTHA. HelTpoHHBIe 3B23bI MOAOGHEI THTAHTCKHM aTOMHBIM 1P aM,
NOCTPOEHHBIM H3 OJHHX TOJIbKO HEHTPOHOB. ILIOTHOCTHL BelllecTBa P B HEHTPOHHOH
3Be3jle He OJHOPOJLHA, HO NpPH IPYGHIX OLEHKAX €e MOXKHO CUMTAThb OJHOH H TOH Ke
10 BCeMy 0fbSMY 3Be31H H MO NOPSAKY BeJHUMHE! paBHoi 1014 r/cM®. QuenuTthb nepHoa
Bpailenuss T, ¢ KakuM crano Ou Bpauartscs CoslHIE, ecJH 6bl OHO IPEeBPaTHJIOCH
B HeHTpoHH Y0 3Be3ny. IlnoThocTs BeecTBa CoJlHLLA BO3pacTaeT K ero-LeHTpY, a pas-
JIMYHBIC CJIOH €r0 BPalllaloTCst C PasjJHYHbIMH CKOPOCTMH, IIpH oueHKe 3THMH 06CTOS-
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TeJbCTBaMK npeHeGpedb H CYHTATh, UTO CPEAHSsS MJOTHOCTb COJIHEYHOTO BELIECTBA
po = 1,41 r/cm3, a neproa Bpamenus Coanua Ty = 2,2-10° c.

2
OTser T~T0<%’>/3=1,3-10"3 c.

f

26. [napkuii TBepamil cTepXeHb AAMHH [, ¥ Maccel M paBHOMeDHO Bpalaercs
C YIVIOBOH CKOPOCTbIO ®; BOKPYT HEIOABH:KHOH OCH, NMPOXOAsLIEH Yepe3 OIMH H3
KOHLIOB CTepKHS NepNeHAHKY/sIPHO K ero npofoabHoll ocH. Ha cTep:keHb HafleT mia-
pHK Macch! m. Buavase wapHK HaxoAUMTCA Ha CBOGOAHOM KOHLE CTEDXKHS H Bpallaercs
BMECTe ¢ HHM (ynop, MMEIOUWMACA Ha KOHLE CTepXKHS, He NO3BOJIseT INapHKy co-
CKOJIB3HYTb €O CTepXKH#A). B HeKoTopull MOMEHT IapHKy cooluiaeTcsi CKOPOCThb o,
HanpasjieHHasi BAOJIb CTEPXKHA K OcH BpauleHHs. OnpeleinTh HaHMEHbllee paccTosi-
HHe [, jo KoToporo npHOJIH3HTCA INaPHK K OCH BpalleHHs, H YIJOBYIO CKOPOCTb
CHCTEME! (® B 5TOM NOJIOKEHHH. B Kakywo cTopoHy GyJeT H3OUHYT CTepKeHb, KOrAa
IIapHK NBH:KeTCs IO HaNPaBJEHHIO K OcH BpaieHHs? Kak H3MeHHTCs1 H3THG CTepXKHS,
KOT/la WAPHK, AOCTHTHYB HAMMEHbLIUEr0 yJajJieHHs O OCH, HAyHeT JBHraThes B 06-
paTHOM HanpaBJIeHHH?

) —
OTBeT =0+ I——mL————, =1, 1/%0 [Mpu npuGanxkenuy wapura
<§— .M+m> 12wy

K OCHM BpallleHHs cTepxeHb GyJeT M3rMGaThCs B CTOPOHY, TPOTHBOTIONOXKHYIO Bpa-
wenHo. IIpH yjaneHnH MmapHKa M3rHG CTepikHs H3MEHHTCS B OGPAaTHYIO CTOPOHY.

§ 38. 3axoHbl coxpaHeHHS] H CHMMETpHs
NPOCTPAHCTBA H BpEMEHH

1. 3aKOH cOXpaHeHHd SHEPTHH ABJSAETCH CIEJCTBHEM OJHOPOIHOCTH
BpeMeHH, 3aKOH COXDaHEHHSl HMIyJbCa — CJIEJCTBHEM OJHOPOJHOCTH
IpOCTPAHCTBA, A 3aKOH COXPAaHEHHS MOMEHTA HMIYJbCa — CJEICTBHEM
M30TPONIHH M[pPOCTPAHCTBAa. Takoe YTBepXkJAEeHHE BCTpPEYaeTCsl OUYeHb
yacto. OJHAaKO H3-3a CBoeH KpaTKOCTH OHO MOXKET NPHBECTH K OIHGOY-
HBIM [peACTaBJieHHsiM. MOXHO TNOAYMaTb, 4TO YKAa3aHHBIX CBOMCTB
NPOCTPAHCTBA H BpPEMEHH JOCTAaTOYHO, YTOOBl BBIBECTH 3TH 3aKOHBI
coxpaHeHHsi. A 310 HeBepHO. [lepeyHciieHHBle 3aKOHBI COXpaHEHHs
ABJISIIOTCA CJIEACTBHUSIMH BTOPOro 3akoHa HploTOHa (UM 3aKOHOB, €My
SKBUBAJIEHTHBIX), €CJIH €ro AOIOJHHUTH HEKOTOPBIMH YTBEPKAEHHSIMH OT-
HOCHTEJIbHO JeHCTBYIOILHX cHJ. Tak, npH BbIBOJAE 3aKOHOB COXpaHEHHA
HMIIyJIbCa H MOMEHTa HMIyJ/bCa HOCTATOYHO NPEINOJONKHTL, YTO CHJILI
NIOMYHHAKTCH 3aKOHY pasercmea Oedcmeus w npomueodeticmeusn. Ho
BMECTO 3TOTO 3aKOHA MOXKHO BOCIIOJIL30BATHCSL H JPYTHMH MOJIOXKe-
HuamH. W yTBepiKJeHHe, NpHBeileHHOE B Hauyaje 3TOro naparpadga,
HaJO [IOHUMATh B TOM CMBICJ/IE, UTO NIepPeUHC/IEHHEIE B HeM 3aKOHbI COXpa-
HEHHsI MOXKHO TOJIYYHTb U3 68mopoco 3axoHa Heiomona, ecau K Hemy
NPUCOCOUHUMb  CEOUCMBA CUMMEMPUU NPOCITIPAHCMBA U BPEMeHU, a
UMEHHO: 0OHOPOGHOCTb NPOCMPARCIIBA U 8PEMERU, O MAKIHCE USOMPONUI0
npocmpancmea. Brnpouem, NpH BbIBOJE 3aKOHA COXPaHEHHS SHEPrHH
HAJO BBECTH H HEKOTOphle Gosee crielHalbHble IPENONOKeHHsT OTHOCH-
TeJIbHO XapakTepa JeHCTBYIOIHX CHJL.

2. Tlpex/ie ueM NPHBOAHTbL BLIBOJ 3aKOHOB COXPaHEHHs, HCIOJIb-
3yIOlMI OXHOPOLHOCTL H H30TPOMNHIO IIPOCTPAHCTBA, @ TaKKe OAHOPOX-



