88 3AKOHBI HbIOTOHA [Th. 11

norJiomenust ceera. Ho ecq cBer o6iazaer HMIYJbCOM, TO NpH €ro
H3JIYYeHHH HaJyyaiolee Tejo A JOMKHO HCHBITHIBATE omdauy. Wnaue
Mpoliecc M3JIyUeHHs] cBeTa COMpOBOMJajcA Obl HapylleHHeM 3aKOoHa
COXPaHeHHsI HUMIYJbCa.

ITH pacCyXJeHHs MOXHO 067e4b B KOJHUeCTBeHHYIO $opMy H
OpUATH K BaXKHBIM COOTHOWIEHHAM. JlOMYCTHM, YTO HA TOJHOCTBIO
HOIJIOMAIONIee Te0 B HOPMAaNbHO K €r0 MOBEPXHOCTH Majaer mapals-
JenbHB# MyuyoK cBeta. Onbitamu JleGenesa Gbulo MOKa3aHO, YTO NaB-
JIeHHe 7, OKasnlBaeMoe CBETOM Ha eJMHHIy IJIOIAAd TesJa B, paBHO
00BpeMHOM ITIOTHOCTH 3HEPruH najawolero nyuka. O6osnayum [ gjHHY,
a S — nJomajab MOMepevyHOro CeYeHHs Majawmuero nyyka. Torza

1 o
f=-gr, THe & — SHepruf myuyKa. Cuia, peficTByollasi Ha Tteqno B,

paBHa F = nS = ¢/l. OHa jeficTByer B TedeHHe BpeMeHH T = [/c
(c — cropocTe cBeTa B Bakyyme), coofIuasi Tejqly HMNyJec p = F1 =
= ¢g/c (cM. § 18). DTO ¥ ecTb UMITYJIbC CBETA, MOTJIOUWEHHOTO TeJOM B.
Hrak, cBer, pacnmpocTpaHsiionMiics B omnpeje/jeHHOM HanpaBJeHHH,
o6naaeT UMMYJbCOM

p==. (13.1)

TTockospKy pacnmpocTpaHeHBe HAET €O CKOPOCTBIO €, 1€/iecooGpasHo
NPEACTABUTL UMITYJBC B BHAE p = mc, PacCMaTpHBasl BEJHYUHY M1 KaK
Maccy céema. OHa paBHa
m=. ' (13.2)

CootHomenne (13.2) mosyyeHO 31eChb JJisi 3HEPrHH cBeTa. TeopHs
OTHOCHUTENILHOCTH T0Kasana, YTO OHO CHpaBelIUBO AN JOOBIX BHIOB
sHepruu. B Tarom pacumpennom noHuManuu cootHoweHrue (13.2) Beipa-
KaeT Gy HAaMeHTa b HBIH 3aKOH DUHIITEHA O 63a1MmOC83U MENCOY MACCOl
u 3nepeueli. ,

6. B MexauHke HaM He MpHIETCA CTAJKHBAaTLCA C SBJEHHAMH,
B KOTOpBLIX TNPOABJAIOTCA UMOYJbCH Mojeii. Mel orpaHuyuMca Hsyue-
HHEM TOJIbKO TaKMX sBJeHui, Aad KOTopuX TperHi 3akoH HbioToHa
W 3aKOH COXDaHeHHA HMIYJbCa B HX CTapoOM — HbIOTOHOBCKOM —
CMBICJ/Ie BBHINONHAIOTCS.

§ 14. Poap HauaJbHBEIX YCJOBHI

1. BekropHoe ypaBHeHMe JBH:KeHHs MarepHajabHOH TOukRM (11.3)
MOXHO 3aNHCATh B KOOPOUHAMAOL opme:
d2x d2y d*z
mzt;:Fx, md—ﬁsz, mat—zze (141)
Onno BexTopHOE ypaBHeHHe (11.3) 5KBHBaNeHTHO TpPeM YHCJIOBBEIM ypaB-

Henuam (14.1). Bce 3tm ypaBuenus sBasiores Oudghepenyuarvroini,
a TNOFOMY MX HEJOCTATOYHO A/f OAHO3HAYHOrO ONMpEAEsIeHHs IBHKEHHUA
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MaTepHa/NbHOH TOYKH. Kaxknoe H3 HHX ecTb YpaBHEHHE 6mopozo no-
padka. (Ilopsijok anddepeninalpHoro ypaBHeHHsl onpejelsiercss npo-
H3BOJHOH BHICLIIETO NOpPSAKA, BXOAsAWEd B 3TO ypaBHeHue.) Ilo 3Tofi
NpUYHHe I OJHO3HAYHOTO ONpeJieSieHHs] ABHXKEHHs TOYKH K YypaBHe-
HUAM JIBIJKEHHS HAJO0 IPHCOEJUHHThL JIONOJHHTeNLHEIE JaHHBEE, Ompe-
JeJISolIHe 3HAUeHHs JIBYX BEKTOPHEIX HJIH IIECTH YHCJIOBBIX HOCTOSIH-
HbiX. B KauecTBe TakoBbix OOBMHO GepyT 3HAYeHHsI pajnyca-BeKTOpa
7 U CKODOCTH ¥ WIH KaKHX-JTH60 JBYX QYHKUUN HX B MOMEHT BpeMeHH
t = (0. OTH 3HAuEHHS HA3LIBAIOTCH HAUANGHOIMU YCA0BUAMU. BBIACHHM
3TOT BOIIPOC HA NpuMepe CBOGOAHOIO JBHMKEHUS] MaTepHaJbHOH TOYKH
B II0J€e TSXKECTH 3eMJIH.

2. Tanuneem GbUIO YCTAHOBJIEHO, YTO 606 meAd 8 nycmome nadarom
¢ 00uHaroseim ycKoperuem. ILIsi KaueCTBEHHOTO NOATBEPKAEHUS 3TOTO
NOJIOKEHHS MOXKeT CTYXKHTh CTeKJAsHHas TpyOKa JJIHHOH OKOJIO OJ(HOTO
MeTpa, M3 KOTOPOH MOXKHO OTKauHBaTh BO3JyX. B Tpy6ky mHOMelleHbl
pas/nuuHblE Teja, HampHMmep, JIPOOHHKA, KycOueK NPOOKH, NEpHILIKO,
Kycoukn Oymaru. [loka TpyOka He oTKauaHa, OYyMa>XKH H NEpBLILIKO
NajalT BO MHOTO pa3 MeJJIeHHee OCTAJIbHBIX Tes, 4TO OOBACHAeTCH
CONpPOTHBJIEHHEeM Bozayxa. Ho ecinm Bo3iyx H3 TPYyOKH OTKauaTh, TO
BCce TeJla HAYHYT NajaTh OJHHAKOBO OnicTpo. boJsee ToyHOe J0OKa3aTesb-
CTBO JAIOT HaOMIOJieHHs 32 KauyaHHSIMH MasiTHHKa: ONBIT IIOKA3kIBaeT,
4TO TIEPHOJ| KayaHHH MasTHUKA He 34BHCHT OT MaTepuasaa, U3 KOTO-
POro OH HM3rOTOBJEH. YCKOpeHUe g NpH CBOGOJHOM NafieHUU MEHAETCH
¢ reorpadHyeckoli IIHPOTOH; HAa TOJIOCE OHO MAKCHMAalbHO H COCTaB-
asier 9,83 M/c?, Ha sKBaTOpe — MHHHMasnbHO H paBHO 9,78 Mm/c?. Be-
JHYHHA g YMeHbIIAeTCsi ¢ BEICOTOH HaJ| 3eMHOH IIOBEPXHOCThLIO: MPH
TIONHSITHH HA OJUH MeTp oHA yObiBaeT NpHOAM3UTebHO Ha 3-107¢ M/c?.
JL1sl cpeiHuX MHPOT MOXKHO NPHHATH, YTO BO/IU3HM 3eMHOH [TOBEPXHOCTH
g = 9,80 M/c®. B pacuerax, He Tpelyoumx ocoGOH TOYHOCTH, YCKOpe-
HHe CBOOOJIHOTO NaJleHHsl g MOXKeT CYHTATLCS OJHHM H TeM e JJiA BCceH
3eMHOH I1OBEpXHOCTH.

Ha Tteso B mone Tsixkectu 3emnu gefictByer cuaa F = mg, a 1o-
TOMy YypaBHenue JBiKenus (11.8) mepexomut B

o —g. | (14.2)

Mbl nipeneSperad BceMu CHJIaMU M yWJIH TOJBKO CHJY THIKECTH. 3aBH-

CHMOCTBIO g OT TeorpaduyecKoil LIHPOTEl W BBICOTHL HAJ 3eMHOH NOBepX-

HOCThIO TaKxke OyJliem npeHeGperats. Kopoue, yckopenue g OyjeM CuH-

TaTh NOCTOSHHEIM. Y paBHeHHe (14.2) 3KBUBANEHTHO JBYM YpaBHEHHSM:

do dr

=& =9 (14.3)

Tlpoctoiv puddepeHnnpoBaneM HeTPyAHO yOGeinThCH, UTO 3THM ypaB-
HEeHHUSIM YJOBJETBOPSIOT CJeAyIolIHe pemermﬂ

V=gl + 0y, r='§gtz+”ot+ro . (14.4)
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NpH NPOU3BOJBHBIX 3HAYEHHSIX TIOCTOSIHHBIX BEKTODOB 7y M ¥,. Pelue-
Hue (14.4) asasietcsi o6iyium. ITO 3HAUUT, YTO JI060C PELUCHHE ypaBHE-
Hus (14.2) moxer ObiTb NpejcTanBseHo B Buje (14.4). Obmee perueHHe—
5TO, B CYLIHOCTH, He OJHO pellieHHe, a LeJoe cemelicmeo pewenudl,
3aBHUCALIEe OT JIBYX NPOH3BOJBHHIX BEKTOPHBIX TNOCTOSIHHBIX 7y H 0.
IlpuzaBasi 5THM NOCTOSIHHBIM KakHe-THO0 KOHKpeTHble 3Ha4eHHS, MBl
BBIJEJISeM H3 3TOro ceMelcTBa ONpeseneHHoe wacmuoe peuierue. Tlo-
CTOfIHHAf ¥, e€CTh HAauyajbHas CKOPOCTb ABHXKYIICHCHS TOYKH, #y§—
pajHyC-BEeKTOp €e B HauaJbHBI MOMEHT BpemeHH. B 3TOoM Jerko y6e-
JIUTbCA, €Cld ¢ nomoinbio dopmya (14.4) HaliTH 3HaYeHHAa ¥ U 7 OpH
t = 0. TlocroaHHble #, H U, HeJb3s ONpeAEeNHTb H3 AuddepeHIHa b
HOro ypaBHeHHS JABMmeHHA (14.2), Tak Kak Tpu JIOGBIX 3HAYEHHAX
3THX IOCTOSIHHBIX BhelpaxeHus (14.4) ABAAOTCA pEIIEHHSIMHM 3TOrO
ypaBHeHHA. BesHUHHEl 74 ¥ D, ONPENeNsIOTCS HAYAADHBIMU YCAOBUAMU.
B 3aBHCHMOCTH OT 3HAYeHHH 7, U ¥, ABHKEHHH MOTYT CHJIBHO OTJH-
YyaTeCsl APYT OT JApyra. Tejio MOXKeT MOAHUMATHCS BBEPX WJIH BHH3 IO
NpsAMOH JIMHHH; OHO MOXET ONHUCHIBaTh napabosny, AOCTHTas HJIH He
JAOCTUrast €e BepIUHHbI; Ayra Napabosibl MOXeT ObiTh H30THYTa CHJIbHee
uiu cnabee u 1. A. Ilomyyaercs JOBOJBHO pasHOOOp@3HLIA M 3amyTaH-
HBIfl KJace JABH:KeHuH. 3aciyra HblotToHa, mexay NPOYHM, H COCTOMT
B TOM, 4TO OH MOJAMETHJ, YTO BCA 3Ta CJIOXKHOCTb HCYE€3a€T, a Bee
MHOrooOpasue JABHXKEHUH MoxeT ObITb onucaHo eaHHO# Qopmy-
JIOH, He cofepxkalleH HHKAKHX TPOHM3BOJBLHBIX MOCTOSIHHBIX, €CJIM OT
NONOXKEHNH H CKOpPOCTeH MaTepHasibHOH TOYKH NepeHTH K ee YCKO-
PEHHIO. :

3. TlosyuenHrle pe3yabTaTel jomyckaior o6o6weHue. Jlomycrum,
4TO HMeercs cHcTema N MaTepHaJbHBIX TOYEK, B3aHMOAEHCTBYIOIHX
MexAy COOOH U C BHEIUHHMH TeJlaMH, OJIOKeHHe KOTOpBIX Ipeirofa-
raercsl 3ajjaHHBIM B JIIOOOH MOMEHT BpPEMEHH. 3anHCaB MaTeMaTHYeCKH
BropoHl 3akoH HbloToHa 119 KaxAOH MaTepHaldbHOH TOYKH, Mbl IIO-
JyuyuM cucteMy N BeKTOPHEIX WJIH 3N 3KBUBaJeHTHBIX MM YHCJIOBBIX
AudpepeHuHaibHBIX YpaBHEHHH BTOpOro nopsiika. MoxHO [OKa3arb,
YTO Sl OHO3HAYHOIO pelIeHHsl 3THX YypaBHeHHH Hajo 3anath 2N
BEeKTOPHbIX HWJIH ON 4YHCJOBBIX BeJHUYHH, OIpeje/IAUINX HadajbHbIE
3HAYEHHUS KOODJAMHAT H CKOpOCTeH MaTepua/ibHLEIX TOYEK CHCTEMEI.

3ADAYA

Temo 6pomeHo BBepX MOA YIJIOM 0. K TOPH30HTY C HaYaJlbHOH CKOPOCTBIO .
HcenesoaTe ero ppumense, npexeperast conpoTHBJIeHHeM Bo3ayxa. Haitu ypae-
HeHHe TPAeKTOPHH, JANbHOCTb 10JeTa H MaKCHMalbHYIO BBICOTy NOLbeMa, CYHTAsk
3EMHYIO IIOBEPXHOCTb TOpPHU3OHTaJbHOH. [Ipu Kakom yIyie o JaJbHOCTb f0/1eTa MaK-
CHMaJlbHa? :

Pewe nue. Touky 3eMHON NOBEPXHOCTH, OTKYJA GpOLICHO TeJNO, NPHMEM 3a
Hagajo koopjuuar (ro = 0). Torga, kak BHaHo H3 (14.4), nBHXKenue 6yjeT NPOUCXO-
IMTb B BePTHKAJIBLHOH IVIOCKOCTH, B KOTOPOM JIeXKaT BEeKTOpH g H . [IpuMeM ee 3a
KOOPAHHATHYIO [NIOCKOCTb XY, HanpaBHE oCb X FOPH30HTAILHO B CTOPOHY LABHMKEHHA,
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a ocb Y — BepTHKAbHO BBepX. JanuuleMm ypaBuenue (14.4) B NPOSKUUAX HA KOOp-
AMHATHblE OCM, YuTSl NPH ITOM, UTO Tyy = Up COS O, Uy, == Up Sil AL

Uy =10, COS O, vy =10, sin o —gt, -

X =0yt cos &, Y =10yl sin a—% g

Hckaouas p3 noceHuX ABYX ypaBHeHHH BpeMs {, HaiiieM ypaBHeHMe TDaeKTODHH
gxt '

y=xtga~20% cos? ot

Dro ypabHeHune mapabosel. OTciofa HaxoIMM JanbHOCTbL NoJeTa
2

v,
x=-2 sin 2a
g
¥ MaHCHMaJbHYIO BHICOTY MOAHSATHS
vE sin? o
2g
MakcuManbuas JalbHOCTb AOCTHraeTcs Tpu o = 45° u pasHa

Yuare =

2

0
Xuagc “E-

§ 15. NpuHuun oTHocHTeabHoCTH Tannnes

1. ¥YpaBHenue, Bhlpaxkawouiee BTOpoH 3akoH HbloTona
ma=F, (15.1)

OTUETIUBO MOKA3hIBAET, YTO 3TOT 3aKOH He MOXKeT OLITb CIpaBeiJiuB
B J000# cucteme ortcuera. JleficTBUTe/NbHO, YCKOpeHHe &, BooOIue
roBopsi, HMeeT pasHble 3HAYeHHS B pa3/MHYHBIX CHCTEMAX OTCYeTa,
JBHXKYIIHXCS OTHOCHTENBHO JApPYyr Apyra c¢ yckopenHem. Cuia xe F
He MOMET 3aBHCeTh OT BLIGOpa CHCTEMBblI OTCHEeTa, TaK KaK OHa ompefe-
JISIeTCsl TOJBKO B3aHMHBIMH PAacCIIOJIOXKEHHSIMH H OTHOCHTEJIbHBIMH CKO-
pOCTSIMH MATEpPHAJbHBIX TOYEK CHCTEMbl, 4 3TH BEJUYHMHBI COIVIACHO
HEepeJSITHBHCTCKON KHHEeMaTHKe OT BhIOOpa CHCTEMBl OTCYeTa He 3a-
Bucsart. Ortcioza cienyer, 4o eciu Bropo# 3akoH HeloToHa cnpaBensus
B KakKoH-JHGO cucTeMe OTCueTa, TO OH He MOXeT OCTaBaThCsl ClipaBel-
JIUBBHIM B JpYroH CHCTeMe oTcueTa, ABHKYILIEHCA OTHOCHTEIbHO NepBO#
C YCKOpEHHEM.

2. JlomycTuM, 4TO cuctema otcuera S uHepuuanbHa. Paccmor-
pUM BTOpYIO cHcTemy oTcueta S, JBIXKYLLYIOCS OTHOCHTEJNBHO Iiep-
Boil mocrymarenbHo C pocTosiHHOH ckopocteio V. Ilycte wu3BecTHO
IBUXKEHHe MaTepHajbHOH TOUKH B OJHOH M3 ITHX CHCTEM, HallpHMep
B cucreme S. Kak Haiity npuxenue Toff ke TOUKH B cucteme S'? 3a-
Jaya B JOPENSTHBHCTCKOH €€ IOCTaHOBKe CBOAUTCS K HAXOKAEHHIO
dopMyJ, BBHIpAXKAIILHX KOOPAMHATHL x', y', 2' HBHXKYIeHCs TOUKH
B cucTeMe S’ uepes ee KOOpAHHATHI X, ¥, 2 B CHCTeMe S B OJHUH H TOT Xe



