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STHX BE&JIHUYHH MOXHO HAamnmHucaTh
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[pumepaMi pPaBHOYCKOPEHHOTO JABHKEHHA MOTYT CAYKUTb CBOGOAHOE najeHHe
TeJ K CKAThIBaHHE Tea MO HAKJIOHIOH MIOCKOCTH Ge3 TpeHHd.

3. o anasorun ¢ aumuedinoli CKOPOCTBIO H YCKOpEHHEM BBOAATCH
Y2108ast CKOPOCHLL W YeA00e YCKOpeHue. DTH TIOHATHSA OTHOCATCS K CJIY-
Ual0 JBHMKEHHS MaTepHajbHOH TOYKH IO OKpyxHocTH. [losoxenne
TOYKH M Ha OKDYXKHOCTH MOXKHO 33JaTb yrJoM ¢, KOTOpHIA o6pasyer
paguyc-BekTop OM ¢ KakUM-1HG0 HEeH3MeH-
HbiM HaupagieHueM OX (puc. 6). [Iponssox-
Hasdg 3TOro yrya I0 BpeMeHH

_da
—dt

Ha3blBaeTCsl Y2060t cropocmoto. BpalleHue
Ha3bIBAETC POBHOMEPHbIM, €CJIH  yIJIOBas
CKOPOCTh ® IOCTOSIHHA. B 3TOM ciydae o =
= ot - const. Ilpy paBHOMepHOM BpalleHHH
BEJIHYHHY @ HA3bIBAIOT TAaKXKe {21080l 4ac-
momoi  epawjerus. BeanuuHa v = o/(2n) Puc. 6.
JaeT 4yHcao 0OOpOTOB B eIHHHUIY BPEMEHH H
HasbiBaetcs wacmomoil obpawjerus. Bemwuuna T = 1/v ectb mpogod-
JKUTEJBHOCTh OJHOIO OGpAalleHHs U HA3bIBACTCH nepuodomM 8paUieHUs.
[lepBast npousBoiHasi yryIoBOH CKOPOCTH ) MJIH BTOpas NPOH3BOA-

Hasl yrjaa o [0 BPEMEHH HA3BLIBAETCH Y2A08biM IJCKOPEHUEM:

_do _ da

Tdt T aee

Ecnn s o3navyaer AMHHY AYTH OKPY:KHOCTH XM, TO ee IpOM3BOI-

e v="2
T at

1IpH ABHXKEHHH TOUKH N0 OKPYXKHOCTH. Ecau 7 — pajyc oKpy»KHOCTH,
T0 § = ro.. Juddepenunpys 3T0 COOTHOLLEHHE MO BpPeMeHH, HAaXOIHM

d3s
H @ = 5 1al0T JTHHEHHYI0 CKOPOCTb H JIHEHHOe yCKopeHne

U=0r, a=or.

§ 4. CKopocTb M yCKOpeHHe NPH KPHBOJHHEHHOM IBHKEHHH

1. TloHSITHS CKOPOCTH M YCKOPEHHSI eCTEeCTBEHHBIM 00pazoM 06006-
IMATCS Ha Clyyal JBHXKEeHHA MaTepHaJbHOH TOUKH IO KPUBOAUHELHOL
mpaexmopuu. Ilosoxkenne ABHXKYyIIeHcs TOYKH HA TPaeKTOPHH Mbl Gy-
JeM 3ajaBaTb pajHyCOM-BEKTOPOM F, NPOBEICHHBHIM B 3Ty TOYKY H3
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Kako#-1u60 HenojaBuxHOM Toukn O, YCJAOBHO NPHHHMMaeMol 32 Haualo
koopaunar {puc. 7). Ilycts B MOMEHT BpeMeHH { MaTepHaslbHasi TOUKA
HAaXOJHMTCS B MOJOMeHHd M ¢ paadycoM-BekTopom » = r (f). Cnycrs
KopoTKoe BpeMa Af, oHa mepeMecTHTCs B NoJoxeHune M, ¢ paadycom-
BekTOpOoM 7y = r (¢ -+ Af). Pagnyc-ekTop MaTepHasibHOH TOYKH IO-
JYYHT TpHpalleHHe, olpeaenseMoe reoMeTPHYECKON pasHoCcThio Ar =
= r, — r. Benuunna

A r(t4A)—r ()

Oep=ar = Y] (4.1

HA3BIBAETCS] CpedHell ckopocmbto Jsuserusa 3a epems At Wi, Tounee,
3a epemsa mexdy t u t -+ Af. OHa sABIseTcs BeIHUUHOH GekmOpPHOL,
TaK Kak MNoJyyaercs aeleHNeM
BekTopa Ar Ha ckaasip Af. Ha-
npasjeHHe cpefHeldl CKOPOCTH
Y., COBNAJAET C HaNpaB/eHHEM
xopiasl MM,, T.e. c Ar.

Ilpepen cpeane#t ckopocrtu
npu Af— 0, T. e. nmpoH3BOA-
Has pajuyca-BeKTOpa # Mo Bpe-
MeHH

. dr . Ar
At -0
Pne. 7. HaBb!BaeTCH UCmuHHol UJIH

MEHOBEHHOL  CKOpOCmbIO  Mame-
PUANBHOL modKy. HCMUKRAs CKOPOCMb ecime GeKmop, HANpasAeHHewt no
KACAMEALHOU K MpAaekmopuls O8UNCYUEica MOUKU,

CoBepLiIeHHO aHAMOCHYHO ONpefeNsieTcss YCKOpeHHe NPH KPUBOJIH-
HelHOM [BHMKEHMH. YCKOpeHuem @ HA3bi8aemcs 8eKmop, pasHbili nepeol
npoUsBOOHOL 6eKMOpA CKOPOCMU T UAW BMOPOE npoussoOHod padu-
YCa-6eKmopa ¥ no 8pemenu:

Ao

. d .
a=9() =" = Jim 57, (4.3)
w de
a=F =3t§. (4.4)

2. Otmerum caenyroily1o GopMaibHYIO aHAJOTHIO MKy CKOPOCTBIO
H ycKopeHHeM. k3 NpoH3BOJLHOK HENOoABHAKHOH Touku O, 6yieM ot-
K/13JIBIBaTb BEKTOP CKOPOCTH @ JABHMIKYIUIEHCS TOYKH BO BCEBO3MOMKHbBIE
MOMeHTH BpemeHH (pHc. 8). Koner BeKTOpa ¥ Ha30BeM CKOPOCHMHOL
mouxoti. T'eomeTpuyeckoe MeCTO CKOPOCTHHIX TOYEK €CTh KpHBasi, Hasbl-
Baemas 2odoepagom ckopocrmu. Korja marepHaspHasi TOMKa ONMHCHIBaeT
TPAeKTOPHIO, COOTBETCTBYIOLIAA € CKODOCTHAsl TOYKa JABHXKETCA o
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rogorpady. Puc. 8 ornuuaercs or puc. 7 TOAbKO OGO3HAYEHHSIMH.
Panuyc-BeKTOp 73aMeHeH Ha BeKTOp CKOPOCTH ¥, MaTtepHaslbHasi TOUKa —
Ha CKOPOCTHYIO TOYKY, TPaeKTOpUs — Ha rojorpag. MatemaTtHueckue
ornepallu Haj BEKTOPOM » IIPH HAaXOXACHHUH CKOPOCTH U HaJ, BEKTOPOM
2 TPH HaXOXJEHHU YCKOPEeHHUs COBEPLIEHHO TOXKIeCTBEHHbI. [Las MaTe-
MAaTHKH 6e3pa3iuyHo, KaKOoH (DM3HUECKHH CMBIC HMEOT BeJTHUHHBI,
Hal KOTODbIMH BBLIIOJHSIOTCS MaremMaTHyeckue onepauuu. He umeer
3HAYeHHs] TaKXKe, KAKUMH CHMBOJAMH 3TH :

BeJIHUHHbI o6o3HayeHbl. [l HaXoXIAEHHS A
CKOpOCTH © Halo AutdepeHuupoBath pa- 1)
JIMYC-BEKTOD F, A5 HaXOXKJAEHHS YCKope-

HUST Hajo JHpdepeHnHpoBaTh BEKTOP CKO-  p

poctd ©. CKOpOCTb © HampaBieHa IO !
KacaTesbHOH K Tpaektopuu. [loatomy ycko-

perue @ Gydem HanpasieHo nO Kacamens-

Hold K eodoepagy ckopocmu. MoxHO cka-

3aTb, UTO YCKOpPEHUE ectns CKOpocme 08i- a,
MEHUS CKOPOCMHOL mouky no eodoepaghy.
CrefoBaTeNbHO, 8c€ COOMHOWEHUS U MEo-
pembl, NOAYHEHHbIE A CKOPOCTU, OCHIAIOMCA
cnpasedaucbimu 1 OAR YCKOPEHUS, €ecAu 8 HUX NPOUSBECTL 3aMEHY
BEAUMUH U MEPMUHO8 CO2AACHO caedyowieli mabauye:

Puc. 8.

Marepranbnas Touka —> CKOpOCTHas TOYKa

Panuyc-BekTOp ~— BexkTop cKopocTH
TpaerTopHs ~— loporpad
CropocTb — Y cKOpeHHe

3. B kauectBe npocreiillero mpuMepa HalleM yCKOpeHHe TOUYKH,
paBHOMepHO Bpaliailielicss IO OKPYXHOCTH pajuyca r (puc. 9, a).
CxopocTb @ Hampas/eHa N0 KacaTeJbHOH K OKPYXKHOCTH, ee BelAHUYHHA
onpeje/sercs: BblpakeHHeM

2nr
UV=or=>"5. (4.5) -
T'oporpatom Gyner okpyXHocTe paguyca v (puc. 9, 6). Korza
MatepHajbHas TouKa M Bpallaercs 1o OKPYKHOCTH pajuyca r, COOT-
BETCTBYIOLLAs eff CKOPOCTHAs ToYKa A BpalaeTcs B TOM e HampapJe-
HHH 1O OKPYXHOCTH pDajinyca v, ONHCHIBAs 3Ty OKPYXKHOCTb 33 TO XKe
Bpemss 7. llonoxeHnsim marepuanpHOH TOYKH HA Tpaektopuu M,
My, Mg, M, cOOTBETCTBYIOT Ha rojorpade NOJOXKEeHHS CKOPOCTHOH
Touku Ay, A,, As, A, YCKOpeHHE @ HanpaBJaeHo 1o KacaTelbholl K OK-
pYXHOCTH — rogorpady M NPHTOM, KaK BHJHO M3 DHCYHKA, K LEHTPY
O tpaekropun Bpawarotueiicss Touku M. Ilo ananoruu ¢ dopmysoit (4.5)
JUI51 BEJIMUHHBI YCKOPEHHS] MOXKHO HalucaTh
2no v

a=mv=—T—= "_‘. (46)
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dro — u3BectHasd dopMmyaa LIS YEHMPOCMPEMUMENBHOSO YCKOPEHUS.
Ee Mmoxkno 3anucats B BeKTOpHOH opme

a=—o’r 4.7)

3HaK MHMHYC yKa3biBaeT Ha TO, YTO HalpaBJIeHHs BEKTOPOB @& H 7 B3a-
MMHO TIPOTHBOMOJIOXKHEI, T. €. YCKODEHHE @ HanpaBJeHO K LEHTpY
KPYTroBOH TPaeKTODHH, 110 KOTOPOH BpalllaeTcsi MaTepHajpHasf TOYKa.
MoxXHO TakxXKe HanucaTb Uit JIOGOr0O MOJIOXKEHHS JBHXKYIEHCH TOYKH

2
a= n, (4.8)
rie 7 — eIHHHYHBIH BEKTOP HOPMaJH K KPYTrOBOil TPAeKTOPHH HBH-
JKyIefics TOYKH, HampasjeHHHil K uentpy O (cM. puc. 9, a).

M8

Puc. 9.

Hmes B Bupy ARajbHelue oboOLieHUS, NPEACTABHM BEKTOP CKO-
DOCTH B BHIAE ¥ = US, TlIe€ § — CIMHMYUHBIH BEKTOp KacartejibHOH
K OKpyxXHOCTH. IlepBbli MHOXHMTENb U Jl@aeT YMCACHHYIO BEIHUHHY
CKOPOCTH, BTOPOH MHOX(MTeNIb § YKa3biBaeT ee HampaBaeHue. Ilpu pas-
HOMEPHOM BpAILEHHH abCo/IOTHOe 3HAaUeHHe CKOPOCTH U OCTAaeTcsl Heus-
MEHHBIM, MEHSeTCSl TOJbKO HalpaB/jeHHe CKOPOCTH, T. €. eIWHHUHbIH

BexkTOp §. JnddepeHpoBaHuio NOAJEKHT TOJBKO 3TOT BEKTOp, a No-
N

TOMY &=V . CpaBHuBass 310 BbeipaxkeHue ¢ (4.8), nonyuum
ds v

OGo3HaunM ds AAMHY NYTH, NPOXOAHMOIO MaTepHaJpHOH TOUKOM
3a BpeMs df IpH ee BPALICHUH IO OKPYKHOCTH. DTa NOJOKHUTEJNbHAS °
BeJIHUMHA paBHa ds == udf. Tlostomy mpensiayulyio ¢GopMyay MOMKHO
nepenucarb B BHJe

.~ L. (4.10)
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B aToM BHsle hopMyia He COAEPKUT HHKAKHUX KHHEMATHUeCKHX BeJHUHH,
B Hee BXOJAT TOJbKO IeOMETPHYECKHE BeJHYHMHBI, XapaKTepH3YIOLIHe
OKpyKHOCTb. Ilostomy oHa MOxkeT GHITh nosyyea HYHCTO T€OMETpH-
yecKH 0e3 NpHBJIEYEHH; KHHeMaTHuecKuxX NOHsATHH. OHa onpenensier
NPOM3BOJHYIO €IMHHYHOIO BEKTOpa KacaTelbHOH § 10 JJIHHE IYrd

ds

ds
OKPYXKHOCTH. Bsaumnuas NeprnenMKyasipHOCTbL BEKTOPOB § H-——- <HJIH
\ 0O DbACHSETCS T€M, YTO AJHHA BEKTOPA S NOCTOSAHHA, MEHSETCST TOJBKO

ds
df
HaHpaBJIEHHe 3TOr0 BEKTOpa. TpeyrojbHHK, COCTaBJEHHBIA M3 BeK-
TopoB §, § + As u As (puc. 10), — paBHoGenpenusiii. Ilpu crpemienun
3JeMeHTa AYTH As K HYJIO CTPEMHTCS K HYJIIO YTOJl & [IPH €ro BepIIMHe.

s
TostoMy HarpaB/ieHHe BEKTOPA ;- B Ipelelie OKasbl- As

BaeTcsl IepIEeHAHKYJISPHBIM K BeKTOpy §. OTMeueHHOe
CBOMCTBO, pa3yMeercsi, HE SBJACTCA CleNH(HYECKUM
CBOMCTBOM elMHHYHOro BekTtopa §. IlpousBopnas
J060ro BeKTopa A NOCTOSHHOH JJHHH MO JIOOOMY ¢ S+AS
CKa/JsipHOMY apr'yMeHTY €CTb BEKTOp, IIe€PIeHJHKY-
JSApHBIH K BekTopy A.
4. dopmyna (4.10) nonyckaer o0o0lieHHe Ha
cayuyall NPOU3BOJIBHOH rIafkoH KpuBodl. O603HAuuUM
HO-IIPEXKHEMY TIOCPENCTBOM S eIMHUYHBEIH BEKTOD

KacaTelbHOH K KPHBOH, a MOCPENCTBOM ds — JJIHHY Prc. 10
HC. .

" . ds
anemeHTa Ayru 310l KpuBoH. IlpousBopHas T eCTb

BEKTOp, HalpaBJeHHbIH HOPMAJbHO K KPUBOH B CTOPOHY €€ BOTHYTOCTH.
3Ty NpOH3BOAHYIO MOXKHO [IO3TOMY NpeAcTaBUTh B BuAe (4.10), paccmar-
puBas Bemmpmy 1/r xak Ko3(puUIHEHT NMpPONMOPIHOHAIBLHOCTH MEXKIY

BEKTOpaMH — H 2. PaKTHUeCKOe colep:KaHHe 3TOH (opMYJBl CBOAUTCSA

d

K TOMY, 4TO IIPOHU3BOjHAA %;
B ocranbHOM Ha Hee HaJO CMOTPeTh KakK Ha olpeje/eHHe AByX HOBBIX
HNOHSITHH: BeIWYMHHL 1/r W eguHuuHOro BekTOpa n. Benuuuna 1/r na-
3LIBAETCS KPUBUSHOU Kpusol, r — paduycom KpususHe, a n — eOurud-
HoIM gexmopom eaasrod Hopmaau K KpusoH. Ilpu atom KpusHu3Ha 1/r
CYMTAETCs] CYLIECTBEHHO MOJIOKUTENBHOH, a IOTOMY €IHHHYHHIA BEKTOp
n Bcerja HampaBbJeH B CTOPOHY BOTHYTOCTH KpuBoH. OnpapiaHueM
TAKOH TEPMHHOJIOTHH CJYKHT MHTYHTHBHOE IIPENCTABJCHME, YTO IIPH
PaccMOTPEHHH KPHUBM3HBI MaJIbIH 3J1eMEHT KPUBOH IPHOJIMKEHHO MOXKHO
paccMaTpUBaTh KaK LYTY OKPYKHOCTH. DTo NPHOMHMKEHHE TeM TOuHee,
ueM MeHblle JiuHa Ayrd As. B ciyyae oxpyxHocTH KpuBu3Ha 1/r
NOCTOSIHHA HA MPOTSKEHUH Bcell KpUBOH. B oflieM ciyuae IIPOU3BOJIb-
HOH TJ1aKOH KPUBOH KpHBH3HA HENPepLIBHO MEHSIETCS OT TOUKH K TOUKe.
HenpepblBHO MeHsieTCSl M HanpaB/eHHe eJHHHYHOTO BEKTOpa IJIaBHOH
nopmanu n. Kudematuueckast opmyna (4.9) takxe crnpapejiuBa s

€CTb BEKTOD, HOpMaJIbeII/I K KpI/IBOH.



38 KWHEMATHKA [ 1
JIBHKEHHST BJOJAb TNPOM3BOJLHOH KpHBOH H NDHTOM HE3aBHCHMO OT
TOro, IIOCTOSIHHA BeJWYHHA v WM MeHAeTcsl ¢ TeYeHHeM BpPEMEHH.
Hedicteurtensho, ¢opmyaa (4.10) nonyuaerca us dopmyast (4.9) ¢ no-
MOUIBIO COOTHOIIeHHS ds = vdi.

Bce reomerpuueckue KpHBble PasfessioTcss Ha IIOCKHE H KPHBBIE
IBOsiKON KpHBH3HBL [liockold Kkpusol HasblBaeTCs KpuBas, BCe TOYKH
KOTO[OH JexaT B OfHOH mmockoctd. IlpumepamMH NJIOCKHX KPHBBIX
SIBJSIOTCS OKPYMKHOCTb, SJJHIC, .TUmepbona, napaboJa, cHHycouja
¥ np. Kpuseimu 060sK0l KpuUsL3H6L HA3BIBAIOTCH TAKHe KPHBHE, KOTOPHIE
He MOryT GHIThb yJOXKEHH B OAHOH myockocTH. Ilpumepom mnopo6HoH
KpHBOIl MOMeT CJYXHTb BHHTOBAafl JIMHHA — cnHpajb. IliockocTs,
B KOTOpOM JexaT KacaTelbHas M [JIaBHasi HOpMajlb K KPHBOH, Hasbl-
Baetcs conpukacarowelics naockocmero. 11 NJ0CKOH KpHUBOH cONpH-
Kacaioulascs IJOCKOCTh COBIAJaer € MJIOCKOCTbIO, B KOTOPOH JeXHUT
kpuBasi. K nougtuio conpukacawoueiicss NJI0CKOCTH NPHUBORHT CIEYIO-
Liee HHTYHTHBHOE TmpenctaBiende. IIpoM3BONBHYIO KOHEUHyIO Iyry
KPUEOl NBOSIKOH KPHBH3HB, pasyMeeTcsd, HeNb3sd YJIOXKHTL B ILIOC-
Koctb. Ho yem menblne fiyra KpHBOH, TeM TOYHee OHa NpubanKaercs
K 37€MEHTY TIOCKOH KpHBOH, Tem C MeHbHIed OWMOKOH ee MOXKHO
YJOXHTL 8 IJOCKOCTH. Takas MJIOCKOCTh IPHONHIKEHHO H BOCIPOH3-
BOJIUT CONPHKACAKLLYIOCHA MJIOCKOCTh. 3TO HHTYHTHBHOE NpefcTaB/IeHne
MOXHO IIPeBPaTUTh B TOYHOE ONpE[EeJIeHHEe C IOMOLIBIO IPefesbHOro
nepexota. Ilycts M (cMm. puc. 7) — IpOH3BOJbHAA TOYKA HA KPHBOM.
IpoBenem B Helt KacateabHyio MC u xopry MM,;. dtumu aByMs nps-
MBIMH, BOOOLe TOBOpA, ONpeledHTCs HeKotopasd Ijockocte CMM,.
Bypsem HeorpanuuenHo npubamkarp Touky M, kK Ttouke M. Torpa
yKas3aHHas TJIOCKOCTb, BOGOIIE TOBOPS, GYJAET CTPEMMThCH K HEKOTO-
pOMY OIpEJeeHHOMY TDPENeTbHOMY TIOJOXKEHHI0. JTO IpelelpHOe
NOJIOXKEHHE W HAa3BBAETCA CompuKacaswolleficsd mnaockocreio. [lepre-
JIMKYJAD K CcONpHKacawllefics IJIOCKOCTH B TouKe A HasmiBaercs
6uUHOpMaAbIO K KPUBOL.

5. Ilpu paBHOMEDHOM BpallleHHH TOYKU TIO OKPYKHOCTH YCKOpeHHe
HalpaBJeHO K €€ LEeHTPY, T.e. MepHeHAHKY/JISPHO K TPaeKTOPHHU. .
Yckopenue NepNeHAUKYASPHO K TPAEKTOPHH H NPH ABHMKEHHH 1O JIIO-
6ol KpHBO#, €CJIM TOJBKO CKOPOCTh IBHKYLIEHCH TOUKH HE MeHsieTcs 1o
BeanyHHe. He Tak 6yer, Korjla MeHseTcs TaKkxKe H BeTHYHHA CKOPOCTH.
UrobLl pa3obpaTb 3TOT BOIPOC, NPEACTABHM BEKTOP CKOPOCTH B BHJE
© = vS. IIpumensis kK 3TOMy BHIpaMKEHHIO NMpaBHJAO AHpepeHnpoBa-
HHS IPOU3BENEHHH, IOJYyYHM

4

d dou ds
a——dvt(US)——’d—tS‘l"ng,

win BBuxy dopmydast (4.9)

dou v?

a = Et’S‘l"T’l. ) (411)
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Orciona c/ieflyer, uTo 6eKMop YCKOPeHUR @ AeHCUM 6 MA0CKOCTU
gexniopos § U n, m.e. 8 CONPUKACAHOWELCA NAOCKOCINU; BeKMOpP @ He
umeem cocmasasrouieldl no bunopmaiu k mpaekmopuu. B obmem cayuae
YCKOpEHHe @ HanpaBJ/ieHO NOA YrJoM K Tpaekropuk. IlepBoe ciara-
eMoe B ¢opmyJe (4.11)

a;=2s (4.12)

dt
€CThb BEKTOP, HANpPaBJeHHBIH [0 KacaTeJbHOH K TPAEKTOPHH. ITOT
BEKTOP HA3BIBACTCS KACAMEALHbIM WIIH MAHZEHYUAALHOM YCKOPEHUEM.
Btopoe cnaraemoe

2

an=--n 4.13)

€CTb BEKTOp, HAaNpaB/JieHHBIH BJOJbL [VIABHOH HOPMajH B CTOPOHY
BOTHYTOCTH TpaeKTOPHH. OH HAa3bIBAETCS HOPMAAbHOIM YCKOpeHUem.
Takum ofpasoM, B ofeM cayuae yckopeHue @ MOMHO Rpedcmagumo
6 6ude 260 MeMPUHECKOL CYMMbL MAH-

2EHUUANbHO20 U HOPMAALHOEO YC- M v _ . Ay,
Koperulii: I
/—_ ‘
a=a;ta,. (4.14) Y I
Taneer yuaabHoe YCKoperue MeHaem 4y, 4v
cKOpocty  MOAbKO RO BeAUHUHE, |
HOPMQAbHOE YCKOPEHUe MeHsem ee Puc. 11

MOAbKO N0 HANPABAEHUN.

Puc. 11 noscHser pasnoXeHWe MNOJHOTO YCKOPEHWs Ha TaHTeH-
uHaJbHOE H HOopMmaJjbHOe. llycThb © — CKOpPOCTb MaTepHaJbHOH TOUKH
B MOMEHT BpeMeHM f, KOrja OHa Haxoaunaach B nojoxenun M. OB6os-
HayHM NOCPEACTBOM ?; == ¥ + A® CKOpPOCTb TOH Ke TOYKH B MOMEHT
{ -+ Af, Korja ona nepemecTunach B noJioxenne M, (1e o603HaueHHOe
Ha pucyHke). OT0xHM 06a BeKTOpa © U ©; U3 OJHOH H TOH e TOYKH
M ¥ pa3noXuMm mnpHpaiieHHe AT CKOPOCTH Ha JiBe COCTABJISIOLNE:
cocTaB/sioUy0 Ao, BIOJNb BEKTOPa T H COCTaBJsIY0 Av,, nepneH-
JAHKYJSIPHYIO K 3TOMY BekTopy. Ilpu ymensiiennu Af o6a OTHOILEHHS

A .
- H %’ GyAyT CTPeMHTbCS K ONpejeJieHHbIM npelenaM. [lepsolid

H3 HUX eCTb TaHTeHUHalbHOe, a BTOPOH — HOPMaJlbHOE YCKOPEHHd.
IlpH BbLIYMCJIEHHH CKOPOCTH TOYKH GECKOHEYHO MaJayio Ayry Tpaek-
TODHH MOKHO aNnmnpOKCHMHPOBATb GECKOHEUHO KOPOTKHM MNpSIMOJIMHEH-
HLIM OTPEe3KOM, HampaBjleHHe KOTOPOTO COBN3jiaeT € HanpabjieHHeM
KacaTeJbHOH K Tpaekropuu. IIpu onpejeneHud YCKOpeHHs Takas
annpokcumauns yxke He roaurcsa. OpHako, Kak BHIHO H3 paccyxie-
HU} HacTosiiero naparpaga, NpH BBIYUCAEHHH YCKOPeHHS GeCKOHEUHO
MaJlyto AyTy TPaeKTOPHH MOXKHO annpoOKCHMHPOBATh 1y rOH OKPYKHOCTH,
IVIOCKOCTL KOTOPOH COBIAZaeT ¢ CoNpHKAacawlleics IJOCKOCThIO,
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a paguMyc paBeH PajuyCy KPHBH3HBI TPAEKTOPUH B paccMaTpuBaeMofil
Toyke. Ho W Takas anmpokcuManus oKasanach Obl HENOCTATOYHOM,
ecsi Obl MOTPE0OBAOCH BBIUHCJAHTH NPOH3BOIHLIE pajHyca-BeKTOpa

0oJiee BBLICOKOIO nopajka: », FurT. L

3AXAYMH

1. [Japux, KOTOPOMY COOGIleHa TOPH30HTAJbLHAS CKOPOCTb U, MajaeT Ha TOpH-
30HTAJIBHYIO TUIMTY C BhicOThi /i. I1pu Kaxk/a0oM ylape o MJIUTY TepsieTcsi 4acTb CKOPOCTH
(oTHOILIEHHE BepTHKAJIBLHON COCTABJSIOLIEH CKOPOCTH MOCHE yiapa K ee 3HA1eHUi0 10
yAapa MOCTOSIHHO M PaBHO Q).

Onpefie/iuTh, Ha KaKOM pACCTOSIHHM .X OT MecTa 6pocaHus OTCKOKM IlapHKa
npekparsatcsi. CuuTaTh, 4TO TPEHHE OTCYTCTBYET, TAK UTO FOPH3OHTalbHAs COCTaB-
JISIfolLask CKOPOCTH 11apHKa U He MEHFeTCs.
2h 14

OrtBeT. x=v — .
gl—a

2. Touka ABH:KeTCS B IJIOCKOCTH, IPHYEM €€ MPAMOYTOJILHLIE KOOPAHHATE! Olpe-
ReNS0TCS YPaBHEHHIMHK

x=Acoswt, y=2B sinwt, ' (4.15)

rae A, B, ® — nocrosiHHble. 1o Kakoil TpaeKTOpHH ABHKETCH TOYKa? BbYHCIHTH
ee YCKOpeHHe.
Pewe u ne Hekmouas spems ¢ u3 ypaBHeHuit (4.15), Haxoaum

x2 yZ

Touka JBHKeTcsl no sauuncy. Ee paauyc-BerTop r = xi -+ yj, a yCKOpeHHe @ =
= %l + gj. IDudpdepennupopanne Jaer

%= — 04 sin o, ¥ =— 024 cos Of =— w2x,
y=wB cos wt, = — w?B sin of =-— o%.
CrenoBaTesibHo,
a=— 0 (xi+y/)=— a’r. (4.16)

YcKopenHe HanpasleHo K LEHTPY JLIHICA H NPONOPUHOHATLHO 7. B uacTHOM ciyuae
A= B~—31a1nc BLIPOXKJAAeTCS B KPYT, a hopMyaa (4.16) mepexouT B H3BECTHYIO (hop-
MYJY 4151 JEHTPOCTPEMHUTEILHOTO YCKOPEHHS IPH PaBHOMEPHOM BpalleHHH 1O KPYTY.

3. YCTaHOBHTb CBSI3b MeXJY 3BE3IHBIMH H CPEJHHMH COJHEYHHIMH CyTKaMH.
36e30HbLil 200, T.e€. NPOMEKYTOK BpeMeHH, B TeuyeHne kotoporo CosHle coBepilaeT
CBOM BHAHMEIH IYTh N0 HeBeCHO# cepe OTHOCUTENBHO 3Be3]L, cocTaraseT 365,2564 cpen-
HHX COJTHEYHEIX CYTOK. (3BE3AHLIA IO ClleflyeT OTMIHYaTh OT MPONULECKO20 200, KOTO-
PHIf COOTBETCTBYET NepHOJY CMeHBI BpeMeH roja H cocTarsaser 365,2422 cpeguux cod-.
HeYHHIX CYTOK).

Peumenue. Ilycts B mottoxkenud [ (pHc. 12) MIOCKOCTb 3eMHOTO MepHAHaHa
AB npoxoput yepes meHTp Connra C # Kakylo-in60 (6eCKOHEUHO YAalleHHYIO) 3Be3ay
D. Korza 3emas B cBoeM 0pGHTATBHOM JBHKEHHH NepeffieT B NOJN0XKeHHe 2, INIOCKOCTb
TOrO Xe MePHAHaHa NOBePHEeTCS OTHOCHTEJIbHO HANpaBJeHHS Ha 3Be3fy Ha yroi o,
a OTHOCHTeJIbHO HanpaBieHus Ha uenTp CoJHia — Ha yroa f. Yrisl o ¥ § MoryT npe-
BHILIATE 27T, HO OHH BCer[a CBS3aHbI COOTHOWEHHeM & == § 4 vy, e ¥ — yroa Mexay
" HampasseHHAMH Ha leHTp Cosxua B nooxkeHuAX [ U 2, CnycTs 3Be3fHBIA [OJ, KOrAa
3emas BepHETCA B HCXOAHYIO MIockoeth ICD, yros y npHMeT sHadeHHe 21T, a OTOMY
B 3TOM NOJIOXKEHHE @ = g—l— 2n. 3a 370 BpeMa npoiner N,, = o/(2n) 3Be3THHIX H
Neoq = P/2r cpeguux conneurmx cyToK. IlostoMy Ny = N o, 4+ 1. Ecan Ty —
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MPOIOMKHTRIILHOCTD 3Be3fHbIX, 8 Ty, — CPENHHX CONHEYHBIX CYTOK, TO OYEBHIHO,
YTO Nap+ Tap = Neop* Teony TAK KaK 06a 3TH BbIPAasKEHHs! HNPEACTABJAIOT OHO H TO
we Bpems — 3pespubifi rod. Mcnonbsys cooTnowenne Ny = N,y + 1, orcrona
HAXOIHM

N 1
Tap ='1W;:—O_T_—1 Teon Teon—Tas = m Tcon'

[Moncraeus ciofa 7Ty, == 24:60-60 = 86400 c, N.,, = 365,2564, no/ayuum
Teon— Ts5=235,9003 c==236 c, Tap == 86 164 c.

3ameTHM, 4YTO NpH PeuleHHH Mbl He BBOAHJIH NPEANOJOXKEHHS, yTo 3eMAs No CBoejl
opbuTe NBHXETCS DaBHOMEPHO.

b/
[’. cl
A A
g
z
Bocrmok 3anad
A A
Puc. 12, Puc. 13.

4. OnpenesuTs CKOPOCTh, € KOTOPOH IBHXKeTcs TeHb JIyHEI Mo 3eMHOIl nosepx-
HOCTH BO BpeMs IIOJIHOTO COJTHEYHOTO 3aTMEHHS.

Pewenne. [lns npocToTh NpHMeM, YTO 3aTMEHHE 1abJiojacTcs Ha 3KBaATOpe
H 9TO 3€MHAa® OCb NEPNEHIHKYAAPHA K IVIOCKOCTAM COJHEYHOH W JyHHO#H op6ut. Cko-
pocThb cBeTa 6yJieM CUHTATb HECKOHEUHO 60JbLIOH N0 CPABHEIIKIO CO RCeMH OCTANBHEIMH
CKOPOCTSIMH, BXOASIILUMH B 3ajauy. [TycTe B paccMaTpHBACMBIH MOMENT BDeMeHH MNps-
mas Conunue — Jlyna nepneHAHKYJsIPHA K 3¢eMHOH 1I0BEPXHOCTH B TOYKe HabGMIOACHHS
A (puc. 13). [ToBepxHOCTE 3eMJIH B OKPECTHOCTH TOH e TOYKH MOXHO CYHTaTb IVIOC-
ko#i. Ilpu pellennu BbiGepeM CHadana CHCTeMY OTCY€Ta, B KOTOPOH 3eM/Isl NMOKOHTCH.
ITycte oy ¥ @y — yrioswe ckopocTd Bpawenus ConHua u JIyHel BOKPYr LeHTpa

3emau, Rp U R yy — pacCTOsIHHS MX OT TOTO e LeHTpa, f;— Pajuyc 3eMiH. 3a ceKyHay
[ R

Coanue u Jlyra mepemecTsitcst ¢ BOCTOKA Ha 3amaj Ha pacctosuus CC o-RcH

JJ' = w xR ;. Coenunus noseie nosoxennsi Connua 4 JIyHer npsMoit Nunued, Hai-
Aty ,

IeM, YTO 34 CeKYHAY M'PaHHLla JYHHOH TeHH TepeMecTHICT MO 3eMHOH MOBepXHOCTH
C 3amala Ha BOCTOK Ha paccTosiine v = AA’. DT0 PacCTOSHHE U eCTb CKOPOCTh JIBHIKe-
HuA Tenu Jlynel. Y3 puc. 13 BuaHxo, uto

L S
(DCRC_OCNRC,

Tak KaK paccTosiHHe 10 JIyHbI NpeHebpe:KHMO Majlo N0 CPABHEHHIO C PacCTOSHHEM A0
Connua, 0 Momno npunate OC = R . Takum o6pasoM, v = o¢x. [s HaXoKAeHHS
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X COCTaBJseM NPONOPIHIO

MNoxnaras B veli OC = R, O] = Ry — x —r, TONYYHM YpaBHEHHE L/is HaXOxie-
Hug x. OHo naet
Wn—
C J
— R

X == —7.
JI
OF)

CrefioBaTteNbHO, CKOPOCT ABUIKEHUS! JIYHHOH TEeHH C 3anana Ha BOCTok 6yaeT
U= 0= (0c— 0 z) Ry—ocr.

2n
Tc,yr ! e

COMHEYHBIX CYTOR, & Tyee = 29,6 T yr — NPOROMKHUTENbHOCTE Mecsiua. Mcenonbsys
5TH COOTHOLIEHHST ¥ MOACTAB/AS YHCeRHEIE 3Hadenus R ; = 3,8- 10° kM, r = 6400 k,

NONY4HM

21
3nece @q= Oc—0q= T ,tie Toyr = 86400 ¢ — npono/xHTeNbHOCTD

_2nR n 2w

U= = 0,47 KMm/C. (4.17)

Thec cyT

Cwmpica nocstegnel GopMyJnl JETKO YACHHTb, Nepeliis B CHCTEMY OTCYeTa, B KOTO-
poit Coarue nokoutess. Cuutas CosHue GeCKOHEUHO YAANEHHBLIM, MOXHO OTBJIEYbLCs
OT IBHXKEHUS LEeHTpa 3eM/H, NPUHAB BO BHUMaHHe JiHilb BpailleHHe 3eMJIH BOKPYr
cBoell ocH, a Takxe JABHxeHHe JIYHH 1o ee op6uTe BOKpyr 3eMad. JIyHa ABHxKeTcs

2nR 5
———. Eciu6s1 3emnsa se Bpaina-
TMCC

Jach, TO C TOH e CKOPOCTHIO H B TOM Ke HalpasleHHH [0 ee NOBEpXHOCIH 6exana
661 B JyHHas TeHb. Ho u3-3a BpaweHus 3eMau 5KBaropHajdbHble TOYKH Toc/efHeii
2nr

no op6u're C 3anana Ha BOCTOK CO CKODOCTHIO UJ] =

JABHXYTCSI ¢ 3alaia Ha BOCTOK CO CKOPOCTBHIO Uz = st HaXOXKACHUA CKOPOCTH

cyT
JYHHO!l TeHH 3Ty BEJIHYHHY HAT0 BHYECTb U3 Uy, 4TO H cjeiao B dopmyde (4.17),

§ 5. I'paHHLIB NPHMEHHMOCTH KJacCHHeCKOro cnocofa
ONHUCAHHS IBHXEHHS

B raaccuueckoli mexaruxe cocmosnue O08uiCeRuUs dacmuipl 8 Aboil
MOMEHML GPEMEHU XAPAKMepUusyemcs noaoxceHuem (KOOpAHHATOH x
NIpX OJHOMEPHOM ABHIKEHHM) U CKOPOCMb0 V. BMECTo CKOPOCTH MOXKHO
N0JIB30BATECH TAKKE UMMNYAbcom, T. €. BEIHYHHOH p = mo, paBHOMH
IPOU3BEICHHIO MaCCsl dacmuyst m Ha ee cKopocTh *). Ofpasom
YACTHIB SIBJISIETCS TEOMETPHUYEeCKasl TOUKA, OMHUCHIBAIOLIAS C TedeHHeM
BpeMeHIl HeNpephiBHYI0 TpPaeKTOpHI0. B KBaHTOBOH MeXaHHKe TioKa-
3aHO, 4T0 TaKofl croco6 OMHCAHHUS ABHXKEHHS HMeeT NPHHUHIHAJLHEE
TPaHHLLl MPHMEHHMOCTH. 3/ieCh INpeXIeBPeMEHHO BAABATLCA B TOJ-
pobHoe obcyxAeHHe 3Toro Bormpoca. JlocTaTouHO OrpaHHYHThbCA TIped-

*) Mpl npennosiaraeM 3jecb, YTO YHTaTedb 3HAKOM C MOHSATHEM Macchl. [lonsitue
MacCEl H MMIyJ/bCa BBOAATCH H Noipo6HO obcyxpaorcs B § 10,



