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§ 68. MagaTamx ®Pyko

1. OnbITH! N0 OTKJIOHEHHIO K BOCTOKY CBOOOMHO NaJaIOUIHX TE B IPHH-
ILUIIEe MOTJIH OBl CJIYKHTh 3KCIIePHMEHTA/bHEIM JI0Ka3aTeIbCTBOM HeHHep-
[MaJbHOCTH 3€MHOM CHCTEMbl OTCHeYa M TIPUO/IHXKEeHHOH HHeplHalb-
HoctH cucrembl Konepuuka. OIHAKO MOCTAHOBKA TAKHUX OIBITOB 3aTPY/-
HUTEJNbHA, a4 UX TOUHOCTb HeBesuka. [as aToit renu Gosee Mopxons-
M sBasiercss masmuux Pyxo. Tak. HasbiBaeTcss MacCHBHBIA Luap,
NO/JBELIECHHbIl HA JIOCTAaTOYHO JJIMHHON {HHTH M COBepUIAWOHIK MaJble
Ko/ieGaHHsA OKOJO TOJNOXKEHHS paBHOBECHA. OTKIOHHM MasiTHHK H3
M0JIOKEHHsT PABHOBECHS, a 3aTeM MPeAQCTaBUM ero camomy cebe. Ecin
Obl 3em/is Obl1a HHEpIUHANBHOH CHCTEMOl OTCUeTa, TO Ha MAasiTHHK
feicTBOBANU OBl TOJIBKO «HACTOSHIHE CIJIBM: CHJIA Beca Mg U CUIa HaTs-
XeHus HHTH F (Ccunamu TpeHHMs M CONPOTHBJEHHA BO3JyXa NMpeHebpe-
raem). O6e 3TH CHJIBI JleXkaT B BePTHKAJbHOH IIOCKOCTH. [loaTomy
ec/ M MasTHHKY He cooOLleH TOM40K B GOKOBOM HarpaB/eHHH, TO OH
BCe BpeMsa Oy /leT Koj1ebaThCs B OAHOM U TOH K€ BePTHKAILHOH IIJI0CKOCTH,
HENOABHKHON OTHOCHTEJIbHO 3emytd. ‘OMbITH [I0KA34/1H, YTO 3TO He TaK —
MJIOCKOCTh KayaHWH MasiTHUKA B 3€MHOH CHCTEMe oTcueTa MeJJIeHHO
NOBOPAYUBAETCS BOKPYT BEDTUKANH PAcCMaTPHUBAEMOrO MECTa H IIPHTOM
B TOM € HampaB/eHHH, B KAKOM COBEDIIAIOT CYTOYHOE BpallleHHe
Counnile o 3Be3fibl Ha HeGecHOi cepe. D10 NoKa3bIBaeT, YTO 3eMHAsl CH-
CTeMa OTCYETa HEe SIBJASETCS HHEePIHAJBHOH.

UroGrl 06bACHATh Bpalllenne TIOCKOCTH KayaHui MasiTHUKA, Npef-
IIOJI0XHM, YTO 3em/isi paBHOMEPHO Bpalllaercsi OTHOCHTEILHO HEU3BECT-
HOM HaM HMHEPIHAJBLHOH CHCTEMBl OTCUeTa C YTJOBOIH CKOPOCTHIO ®.
B 3emHOil cucTeme oTcueTa K «HACTOSILUM CHJaM», JeACTBYIOIMM Ha
MasiTHUK, A00ABATCA elle CH/IE WHEPLUHH: LEeHTPOGEXHAsT ¥ KOPHOMH-
coBa. JIBmKenue MasiTHHKa OyJeT ONHCEIBaTbCs ypaBuenueM (65.3).
KopuonucoBa cuna 2 m [ve] nepneHAHKY/IsIpHA K IIOCKOCTH KadyaHHH
MmasgTHHKa. OHa-TO H BEI3LIBA€T BpallleHHe 3TOl IIOCKOCTH.

2. JonyctyM cHauasla, YTO ONBIT NPOU3BENEH Ha IOMKCe 3eMilH.
Torza B ypaBHeHHHU (65.3) BekTop @ Oyzer Hanpas/eH BJIOJb BEPTHKAJH,
Ho pesynbrart jlerko NpeAcKasaTth, c/H PACCMOTPETh KauaHHsi MAaATHHKA
B HHEPIHAJBHON CHCTeMe oTcyeTa. B 3ToH cucTeme HeT HHKaKHX CHJl
HHEpIUUU — JeHCTBYIOT TOJBKO CHJIA Beca mg U CHJla HATSXKEHUsT HATU F.
[losToMy B HHepLHANBLHOH CHCTEME IJIOCKOCTh KauaHHi MasiTHHKa Gy JIeT
COXpaHATh HeH3MEHHOe IoJIoXKeHHe. 3eM/s ke OyJieT BpalaThCsi OTHO-
CHTE/ILHO 3TOH HENOJBHZKHON IIOCKOCTH C YIJIOBOH * CKOPOCTBIO ®.
MHbIMH CJIOBaMH, IIOCKOCTL KauaHHH MasiTHHKA OGyleT BpallaThCs
OTHOCHTEJIbHO 3€MJIH C TOH K€ YIJIOBOH CKOPOCTBbIO @, HO B TPOTHBOIIO-
JIOXKHOM Hampas/JeHHH. PadymeeTcs, pe3yabTaT NpeicKkasanus He MOMKET
3aBHCETH OT C110c00a PACCMOTPEHHS (€CH TOJNBKO C1ioco0 MPaBHMBIbIf).
ITosToMy K TOMY K€ pesyJbTaTy Mbl IPHLLIA Obl, ecad GHl C CaMOro
Hayaja paccMaTpHBA/IH 3aJady B 3eMHOH CHCTEME OTCHeTa ¢ HOMOLIBIO
ypaBHeHH sl OTHOCHTE/ILHOTO JiBUKeHUsA (65.3). D10 3ameuanue nospossier
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JIeTKO pa3obparbcst B Bonpoce, Kak 6yJieT BecTH ce6s JIOCKOCTb KayaHH#
MasITHHKA, ecJIM ONBIT IIPOU3BEJIeH B JII0OOM MecTe 3eMHOH NOBEpXHOCTH
(a He TOJIBKO Ha moJroce). .

3. JlomycTHM, YTO ONBIT NPOHM3BEJEH B TOYKE 3EMHOH NOBEPXHOCTH
¢ reorpaduueckofi wHpoTol U. Pas/ioxkuM BEKTOp yIJIOBOH CKOPOCTH
Ha IBe COCTAaBJAMKIHe: BEPTHKANbHYI0O ®, H TOPH30HTAJBHYIO
® = @, + ®©, [OPH30HTATBHYIO COCTABJAIONLYIO B CBOIO OYepelb Pas-
JIOKHM Ha Be COCTaBJSIONINE: ® | H ® |, H3 KOTOPHIX @) JIEXKUT B IJIOC-
KOCTH KauaHHH MasiTHHKA, a © | K Hell mepneHauKyaspHa (puc. 189).
Torpa ypaBuenue (65.3) npeacTaBUTCs B BHIE

ma—mg + 2m [06,] 4+ 2m [00 ]+ 2m [0w;] 4+ F.

Coctapsiomas cuabl Kopuoauca 2m [ve ] nanpaBneHa Brosb HHTH
MasTHHKA. OHA CJleTKa MeHsieT HaTsKeHHe HHMTH, a C HUM H NepHoJ
Kojebanuii MasTHHkKa. Ha mo-
JIOKEeHHe IJIOCKOCTH KauaHui
MasiTHHKA 3Ta COCTaBJISIOLAs
He OKasblBaeT BAHAHMA. B 3a-
Jaue O BPAUIEHHH TJIOCKOCTH
KauaHHH MasfiTHHKA €€ MOXHO
ot6pocuts. Bropas cocraBasio-
uas cusel Kopuosuca 2m [vo,)
B Haweli 3ajgaue Haubojee
BaxHa. OHa TepneHAHKYAApHA
K IIJIOCKOCTH KauaHuil MassTHHKA
H BBI3bIBAaeT BpalleHHe 3TOH
m/10ckocTH. Tpethbs cocraBasio-
was 2m [ow;] Toxe nepnenzu-

KYJIsIpHA K IIJIOCKOCTH KayaH"H
MasiTHHKA, a [I0TOMY OHAa TAaK2Ke OKa3blBaeT BJIMSIHHE HA 3TY IJIOCKOCTh.

OnHako NpH MajbiXx KoneGaHHsX MasiTHHKA 3Ta COCTABJIAOLIAs Masa
B CHJy MaJlocTH yriia oe. KpoMme Toro, npu xose6aHHsIX MaATHHKA OHA
NepPHOIMUeCKH MeHsieT HamnpaBieHHe. Korga MasiTHHK JBHMKETCS OT
uentpa O BIpaBo WJIH BJEBO, cocTaBasiiomas 2m [vo,] nanpassena
3a MJIOCKOCTh pHcyHKa (puc. 189). Korza maaruuk u3 kpafinux no-
JIOXKeHHH npubaHKaercs K eHTpY. O, OHa HanpasJ/ieHa POTHBOIOJOXKHO,
T. e. K udraremo. [losromy cuna 2m [ve] He nmpHBOZMT K cucTema-
THYECKOMY BpalleHHI0 NJIOCKOCTH KoJeGaHHH MasTHHKA, a BHI3LIBAeT
JIHUIL Majble KoJeGaHHsI ee OTHOCHTENbHO CPEIHEro MOJOXKEHUs. Ty

CHJIy MO2KHO TaKXe OT6pOCHTb. B pe3yJ/bTaTe ypaBHEHHE OTHOCHTEJIb-
HOTro JABHXXCHHSI MIPHMET BH]I

ma=mg-+2m[ve,]+ F. (68.1)

W3 ypaBHeHHsI Bhmaja TOPH3OHTA/bHAasl COCTABJISIOLLAS YIJIOBOM
CKOPOCTH ®. YpaBHeHHe NPHHAJNO TakoH ke BHJ, KaK U Ha MOJIOCE.
Bcs pasuHua TOMBKO B TOM, YTO BMECTO INOJIHOH YIVIOBOH CKOpPOCTH

Puc. 189.
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B HEro BOILLIA €e BEPTHKAJbHAS COCTABJSIOMAS ®,. 3HAUHT, MasITHHK
Oyaer BecTH ce0s Tak ke, Kak H Ha nojioce. Ho IockocTb KayaHHH
ero OyJeT BpallaThcd ¢ MEHbIIEeH yIJIOBOH CKOPOCTBIO

0, = o sin Y. (68.2)
Ilonneili 0BOpOT MJIOCKOCTL KadyaHWil MasiTHUKA COBEPHIHT 3a BpeMs
2n T

T= o = (68.3)
rae T — nepuoi BpauieHusl 3eMAH OTHOCHTEIbHO HHEPIHAIbHOH CHCTe-
MBl OTCHeTa.

Peasbubiit onbit BhepBhle Obl1 mpoussened Pyko B Ilapuxckoit
obcepsaropuu B 1850 rony u nosropen B 1851 rony B ITanteone. MasaTHHK
HMeJ JVIHHY 67 METPOB H COCTOSII H3 MEeTaJJIHYecKOro mapa MacChl m =
= 28 kr. OnbIT N0Ka3aJj, 9YTO OTHOCHTEIbHO 3eMJ/IH IJIOCKOCTh KauaHHH
MasTHHKA BpallaeTcsl BOKPYr BepTUKA/JIH paccMaTpHBAeMOTO MeCTa
B COOTBETCTBHH ¢ Qopmysamu (68.2) u (68.3), ecau ToJbKO BpaiieHHe
caMoii 3eMH OTHOCHTB K cucreMe KomepHHka. D10 10Ka3blBaer, YTO
3eMHasi CHCTeMa OTCYeTa He HHepuHajdbHa, a cucrema KomepHuka —
HHepuuassHa. KoHeuno, nmocnennee 3ak/ioueHHe He MOXeT GbITb CTOJIb
K€ KaTeropHuHLIM, KaKHM fBJsIeTCs epBoe. Jlyulie cKas3arhb, YTO ONLIT
®yKxo He NPOTHBOPEUHT ITPENNOJJOKEHHIO 00 HHEPIHANBHOCTH Komep-
HUKOBOH CHCTEMBI OTCYeTa.

4. Uccnenyem Gonee peranbHo oOpMy TpaekTopun MasTHUKA Pyxo mnpHu ero
KOJIc6aHHSIX OTHOCHTEJIbHO 3eMHOH CHCTeMB! oTcyera. Kak yxKe BLISICHEHO, MOMKHO

OTBJIEULCS] OT TOPH30HTANBLHOH COCTABMSAONMIEH YII0BOH CKOPOCTH @ M CUHTaTb, 4TO
3eMas BpaMiaeTCHA BOKPYT BEPTHKANHN ¢ YIJIOBOH CKOPOCTHIO ®y. MHaue rorops, Moxuo

o/ o
7

[

A

a) 6)
: Puc. 190.

paccyxaarb TaK, Kak ecJH Ol onbT Pyko 6B NPOM3BeNeH Ha MOJKoce, HO 3emis
Bpananach ¢ MeHblIeH YrA0BO{l CKOPOCTHIO Wy. I1ycTh BEKTOP YIOBOH CKOPOCTH ®g
HampasJieH NepreHIHKYASPHO K INIOCKOCTH pPHCYHKa K uHrtatednwo (puc. 190). KopHo-
JuCoBa cuia 2m [0®,], deficTBYlouias Ha MasiTHHK NMPH ero KoneGaHHSAX, MepreHtH-
KYJSPHA K €ro TPAGKTOPHUH U Halpas/eHA BUPABO MO XOAY ABHKEHHs MAsTHUKA,
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DTa cmila HCKpPHBJSIET TPAEKTOPHIO MasiTHUKA. JlOMyCTHM cHadyana, YTO MasTHHK
OTKJIOHEH B KpaiiHee nojioxkeHne A, a 3aTeM oTnylien 6e3 HaualbhOH ckopocTH. Eciu
6bl He GEIIO KOPHOJIHCOBOH CHJIBI, TO MasTHHK NpHLIe] Obl B AHAMETPaJbHO NPOTHBO-
noJIoKHY0 TouKy A’. KopHosucoBa crila OTKJIOHHT MasiTHHK B CTOPOHY, H OH NpHAET
B TOYKy B, pacnoJoxeHHYW npabce. B 3Toll Touke CKOpPOCTb MaATHHKA OGpaTHTCS
B HYJb, a 3aTeM H3MEHHUT Hanpabjehue. M3sMeHHT nanpapieHHe H KOPHOJHCOBA CHJA,
Ona no-npexxHemy Gyjter uarufaTb TPAeKTOPHIO MAasiTHHKA BNpaBo (Tak Kak mnabiio-
Jarte/b TakiKe JOJKEH MOBEPHYTbCs, YTOOHI BCe BpPEMsI CMOTpeTb B HAanpabJeHHH
JBHKCHHS] MasTHHKA). 3aTeM MasTHHK GyJeT NOcJaefoBarte/]bHO NMPHXOLHTb B HOBLIE
ToukH nosopoia C, D, ... B pesyabTaTe moJyuuTcs CJIOKHasi KPDHBasg C YIVIOBBIMH
TOYKaMH, H300paxKeHnHasl cxemaThueckd Ha puc. 190, a.

Hecko/bKO HFOM - XapakTep TpPaeKTOPHU NOJYYHFCS] B TOM CJydae, KOrja MasiT-
HHKY COOOLieH TOJUYOK M3 NOJIOXKEHUS DaBHOBeCHSl. TpakTopHs Mo-NpeXHeMy GyleT
nsrubarecst BripaBo. Ho B Kpaiinue Toukn A, B, C, ... (puc. 190, 6) masiTHHK 6yler
NPUXOJHTE C OTVIHYHBIMH OT HYJSl a3UMYTaJlbHBIMH CKOPOCTSIMH, KOTOPEIE OH MpHOGpedl
noj AefiCTBHEM KOPHOJIHCOBON CHJbI, KOTAA ABHrajcs H3 ueHtpa. B pesynbrate B Me-
CTax NMOBOPOTA MOJYYATCH lie TOYKH 3a0CTPeHmMs, a IJ1aBHBle 3aKpYIJIeHHs, Kak 3To
H306paKeHO Ha pHCYHKe. BereiacTRue MeijleHHOCTH BpalueHHst 3eMau Habmionarenb
He 3ameyaeT HCKPHBJIEHHsl IVIOCKOCTH Kauanusi MasiTHuka. B ofonx caydasx emy
KakeTcsl, 9TO IJIOCKOCTb KauaHMH MasiTHHKA BpalnaeTcsi BOKPYT BePTHKAIH C YIJIO-
BOH CHOPOCTBIO Oy = O sin .

SAdAYA

Onun n3 MmasitHukoB ®yko ycraHoejeH B Jlemunrpage B HcaakueBckoMm co-
6ope, [nuHa MmasTHHKa [ = 98 M, JnHeliHas aMIVIUTyAa KoJ1eGaHHH IIapa MasiT-
Huka (T, e. HauboJbllee OTKJIOHEHHe €ro M3 TNOJOXKEHHS DPAaBHOBECHS) X, = 5 M.
MasATHHK OTNyCKaJacs U3 KpaiiHero noJoxeHust 6e3 HaualbHOTO TosMdka. ONpenesaHTh
6oKOBO€ OTKJOHEeHHe [iapa MasTHHKA OT IIOJIOXEeHHS  DaBHOBECHS B MOMEHT NPOXNO-
XKIEHHS €ro yepes cpeluee NoJioxkeHue. ['eorpaduueckas wupora Jlenunrpana & = 60°.

Pemenue 3ra 33naua pemwaeTcss npolie, eCJd JABHKeHHe pacCMaTpHBATh
‘B HENOJBHKHOM CHCTeMe OTcuera (TOYHee, B CHCTeMe OTCUeTd, Bpamawoueics OTHO-
CHTeJbHO 3eMJIH BOKDYl BeDTHKalIH DPacCMaTPHEAEMOrO MeCTa C YIVIOBOH CKOpO-
CTBIO — @,). B 3Toli cHcTeMe ypaBHeHHe Masbix KoJe6aHHH MaTeMaTHUECKOrO MasiT-
HHUKa HMeeT BHA r -+ Qr = 0, rae Q2 = g/l, ar — cMellledre MasiTHHKA U3 10JIOXKe-
HUS paBHOBeCHd. B HauanbHBIfi MOMEHT MasTHHK, Bpallasch BMecTe ¢ 3emJleil, HMeeT
GOKOBYIO CKOPOCTb WyXy. [1OMECTHM Hauano KOOpAHHAT O B MOJIOXKEHHE PABHOBECHS
masiTHHKa. Ock X HanpasuM u3 ToUkH O K Touke (X = X, y = 0), B KOTopoil MasiTHHK
HAaXOAWICS B HaualbHbli MOMeBT. [[1s1 ABHMeHHs BAOJL ocu Y umeeM j -+ Q% = 0.
Pemasi 370 ypapnende [OPH HAYaJbHBIX YCAOBHAX Yo = 0, Ysg= ©aXy, NQIYYHM

(.L)on .
=—"2in Qf.
¥ =g
B cpennem nonomennd Qf = 1/2, u gns GOKOBOPO OTKJIOHCHHS B TOM MOJIOAEHHH
Hawia QopMyna JaeT
WgX X,
y::——"?zi:T" sin® =1 mm.
Unratelio PeHOMEHIyeTCa TOJNYURTL FOT ¥Me Pe3YJbTaT, PacCMaTpHBAs LBHAIE-
HBe B JeMHOH CHCTEMe OFCUeTa.

§ 69. IpuanBb

1. ¥V 6eperos okeanoB H Mopeil ABaxibl B CYTKH HaGMiofaetrcsl mogusitue (npu-
AU6) MOPCKOH BOJABL IO HEHOTOPOTO MaKCHMaJbHOTO YpoBHS (noasas éoda). [locne 31oro
HauyHHAeTCS ONYCKaHHe ee (0maus) 10 MEHHMAIBHOTO YPOBHSA (#aras 60da). PasHoCTh
ypoBHeii 60JIbLIO H MaJIOH BOJbl Ha3bIBACTCS amniumyood npuausa. Bpems mexay chie-



