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HUsi. Ho Tak Kak Ha JeBoH BETBH T'HIepOOJbI BeIHYHHBI r OTpPHUATJbHEl, TO 5TO

Ona NOJOXKHUTE/bHA, NOCKOJLKY CHJLI ABJSIOTCA CH/IAaMH OTTaJKHBa-

Mm
BHIpaXKeHHe MOXHO 3anucath B Buje U=-—GC —- rta dopMysa B TOUHOCTH COBMa-

naet ¢ ¢opMyJioll, KOTOpPoH BhIpa)kaeTcsl MOTEHIHANbHasi SHEPrHsA JeHcTBHTEJbHOH
TOUKH, JBIXYILEHCS 110 npaBoil BeTBH runep6odbl. [lo3ToMy eC/H 3HePrus H MOMEHT
KOoJlH4ecTBa JBHKEHHS BCIIOMOraTe/bHOH TOUKM OTHOCHTeJdbHO ¢oKyca F; paBHBI
COOTBETCTBYIOMIHM BEJHUHHAM [/ AeHCTBHTE/bHOH TOYKM, TO ABHMKEHHS 06EHX TOYEK
G6YAYT OIHCHIBATLCA OJHUMU U memu dce YypasHeHusamu. B MaTeMaTHUeCKHX e pacye-
Tax HMeeT 3HAaYyeHHe He To, YTO ABHIKeTCS, a To, KAKHMH YpaBHEHHAMH JBHXKEHHE OIH-
ceiBaeTcs. QopManbHO MaTeMaTHYECKH A€JI0 NMPOHCXOAHT Tak, KaK €IH Obl HMelach
BCEro ojiHa MaTepHa/lbHas TOuKa, o6/1ajaomast CoCOGHOCTLIO IePeCKaKHBATh C OJHOH
BeTBH THnep6osnl Ha Apyrywo. llenecoo6pasHocTh Takoro HCKYCCTBEHHOTO IOAXOAA
6yIeT NpOH/JIIOCTPHPOBAHA Ha OAHOM npHMepe B § 58. I'DaBHTAMHCIHBIX CHJI OTTA/lKH-
BaHHA He CyulecTByeT. Ho yMO3pHTesbHO HX BBOAHTbL MOXHO. Kpome Toro, CHJILI
OTTaJKHBAHHS BOSHHKAIOT NPH 3JAEKTPHUECKHX B3aHMOJEHCTBHAX OJHOMMEHHO 3aps-
XeHHbIX yacTH, OHH, KaK H CHJIB TATOTeHHs, YOBIBAIOT OGPATHO NPONOPIHOHANLHO
KBajpaTy paccTosfsHud. [losToMy aBHKeHHe NOA AeHCTBHEM CHJ OTTAJKHBaHHA NpeA-
CTaBJifeT He TOJbKO YMO3PHTe/bHbIH, HO H ()H3HYECKHH HHTepec.

§ 57. Yca0oBHS 3MIHNTHYECKOTO, napaGoiHiecKoro
' H rAnep6oJHYECKOTO ABHKEHHH

1. Koeda mpaekmopus srsunmuseckas, Osuswerue niavemst ¢hu-
HUMHO, T. €. I/IaHeTa JABHXKETCSl B OrpaHM4YeHHOH 00JIaCTH NpoCTpaH-
CTBa, He yXois B 6eckoHeuHocTh. Hanpotus, B cayuae eunepboaudeckux
u napaboauseckux mpaekmopudi 0suscerue URGUHRUMHO — IBHKEHHE TIJ1a-
HeTbl He CTEeCHEHO OIpeeJeHHON 06acTblo NPOCTPAHCTBA, OHA MOXKET
ylanaTecsl B OecKOHeUHocTh. TakuM ob6pasom, 3ajjaya CBOAUTCH K Ha-
XOXJIEHHIO YCJIOBUH (PMHUTHOCTH M HHQHHHUTHOCTH JBHIKEHUS MJAHETEHL.

Ecnau E — mosHas sHeprusi TJAHETH, TO
my? Mm
— G ——=E =const. (57.1)

2 r
Kuneruueckyto sHepruio CosHUA MBI HE yUHTHIBaeM, CUHTasi, 4TO OHA
IpeHe0peKUMO MaJsla [0 CPaBHEHHIO ¢ KHHeTHUecKOH »3Heprued Iua-
HeTbl. DTO CHpaBelJHBO BBHIY MaJOCTH MACCH TJIAHETH 10 CpaBHEHHIO
¢ maccoit ConHila. AHAJIOTHYHO, ecsid L — MOMEHT HMIYJbCa MJIaHETHI
otHocuTesbHO CoOJHIA, TO

mr?p =L = const. (67.2)
VlckaounM M3 3THX ypaBHeHHH yrioByio ckopocTs @. C 3ToH nensto
pasIoKHUM IOJHYIO CKOPOCTb ¥ HA pajHaJbHYIO COCTaBJSOUYIO U,
H a3UMYTaJbpHYIO cocTaBistiomyio r@. Torna '
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u ypasHenue (57.1) npumer Buz
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910 ypaBHEHHE COIEPKHT TOIbKO OJHY HEM3BECTHYIO — PalHaibHyIo
CKOpOCTh U,. POPMaJbHO OHO MOXKET PacCMaTpHBATbCH KaK ypasHenue
sHepetu 041 00HOMepHO20 — paduanbHoe0 — JsumeHUs mouky. Poan
NOTeHLHa/AbHOH 3SHEepTHH HrpaeT (byHKupm

Mm
Vin=—0-"=+55 2mr .

2. 3ajava cBenach K HAXOMKIACHMIO YCJIOBHH QUHUTHOCTH M HHGDH-
HHTHOCTH OJHOMEPHOIO [BHXKeHUs C NOTeHUUanbHOH 3Heprued V(r).
3ror Bonpoc 6wl MccaenoBaH B § 25. HaunGonee ynoben s peine-
HUA 3ajaud rpaduvyeckuii Mmeton. Ha puc. 178 nyHKTHpHBEIE KpHBHIE
T PeACTaB/ISIOT COOTBETCTBEHHO
rpaduky QyHKUUH

‘/1(")=—-G~Ajl,ﬂ

V2 (f) eru ’

npuueM  IpefnoJaraercd, 4To &
L == 0. MnTtepecylomas Hac KpH-
Bast V (r) malinercs cioxeHnueMm
opauHaT 3TUX ABYX rpaduxkos. [1pu
r— 0 ¢yukuusa V, (r) OblcTpee
CTPEMHUTCA K GeCKOHEUHOCTH, ueMm
byukuus Vi (r). Iostomy npu ma-
ablX r ¢yuxkuus V (7)) = Vi (r) +

+ V, (r) 1OJIOXKHTEbHA U aCHMII-
TOTHYECKH CTPEeMHTCS K —~ 0o,
korja r — 0. HaoGopor, npu r — oo dyukuus V; (r) MeldaenHee npu-
6amkaercs X HyJo, yeM Vy (7). TToaromy nipu Goabiux 7 dyukuus V (r)
OTpHUIIATEe/bHA H aCHMITOTHUECKH NPUOIHKAETCR K HYJNI0, KOrja 7—- 0o,
[paduk 310H dyHKUMH npeicTaBiaed HA puc. 178 cniowHOR JAuHHed.
Kpusass V (r) umeer Bujp «moreHnHanbpHOH simbty. Ecinw L = 0, To
V (r) = V; (r), MHHUMYM Ha KpHBOH CMelllaeTcsl B HA4ajo KOOPJAHU-
HAaT H YXOJHT B—0o. 2TO COOTBETCTBYeT CJy4alo, KOIZa InIaHeTa
JBHXKETCSl BJOJNB TNpsAMOH, NpoXojsme# depes uenrp Coaxua.

Tak kak BequuuHaA !/, mv; He MOKET OHITh OTPHLATENbHOH, TO H3
ypaBHenus (57.3) caenyer, uto 06/1acTh, B KOTOPOH MOKET HaXOAUThCS
nnadera, onpenensercs: ycaosueM V (r) =< E. IlpoBenem ropusosranb-
nyio npamyilo V = E = const. Yuyactku kpuBo#t V (r), Jexamue
BHIILIE 3TOH MNPSMOH, COOTBETCTBYIOT TOYKAM IIPOCTPAHCTBA, KOTOpHIE
He MOTYT ObITb AOCTHTHYThI NIaHeToH ¢ 3Hepruelt E. Ecav E << 0, 10
yKasaHHas TpsiMasd nepeceder KpuBylo V.= V (r) B AByX Toukax
A u B. Tlycte A" u B’ — uX 1npoekuHH Ha rOPH3OHTAIbHYIO OCh. [lna-
HeTa MOKeT COBEpIIATh ABMXKeHWe TOJIbKO B objactd mexay A’ u B,
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oHa Gyzmer «JIoKaJH30BaHa B MNoTeHUHanpHOH aMe» V = V (r). B stom
cllyuae JBHXKEHHe IUIaHeThl PHHHTHO, M TPAGKTOPHA OyIeT asaunmuue-
ckotil. Ecnu E > 0, To npsimas nepeceuer KpuByio V (r) TOIbKO B OJHOH
Touke C, mpoeKIiHell KOTOPO# Ha TOPH3OHTANbHYIO OChb SIBJISIETCS TOUKA
C’. Ecnu miaHeTa IBHrajach ClipaBa HajleBo, TO B Touke C’ oHa nepe-
MEHHT HalpaBJieHHe IBHIKEHHS Ha NPOTHBONOJOXKHOE M HAYHeT JBH-
rathCsl BIPaBO, MOHOTOHHO yIaJsifick B GeckOHeuHocTh. Ee nBHKeHHe
HHOHUHHTHO, a TPaeKTOpHs — eunepboaudeckas. Haxoren, npu E = 0
JBHXKEHHE TaKKe MHQHHHTHO. STOMY NPOMEKYTOUHOMY CAYYai0 MEXIY
3MJTUATHYECKHM M THNEepOOJMYECKHM IBHKEHHAMH COOTBETCTBYET O06u-
aerue no napabose.

Takum obpasom, npu E >0 OJsusenue eunepboauveckoe, npu
E < 0 — aaaunmuseckoe, npu E = 0 — napaboaudeckoe. B cayuae
cua ommanxusanus sHepeus E eceeda nosodcumessna, a nomomy
Osuscernue 6 amom caydae 6ceeda eunepboaudeckoe (8 wacmrocmu,
npamoauretinoe). Tak kKak npu r — oo bynxruua V (r) obpamaercs
B HYJb, TO .
E=2 vk (67.4)
Orciofia CIefyer, UTo npu aunepOOAUEcKoM OBUILEHUU MAMepUarbHAs
mouka npuxodum 6 OGEcKOHEeYHOCMb C KOHeMHOU CKOpocmbl U, npu
napaboauseckom Osusceruu — ¢ Hyaesol ckopocmero. HauanbHasi cko-
pOCTh U,;, KOTOPYIO HaJ0 COOOLIMTL MaTepHaNbHOH TOUKe, uTOOHI OHA
cTajia JBUraThes o napabosie, Ha3bIBAETCA HApaboAULECKOL CKOPOCTbIO.
[TapaGosyuueckyio CKOPOCTb MOXKHO ONpeleJHTb U3 ypaBHeHus (57.1),
noncrasue B Hero E = 0. Ecnn r, — HauanbHOe 3HauyeHHe pajHy-
car, 10

mo? Mm
LG =0,
) 2 Iy
OTKyJa
M
Up= 2G K . (575)

[Tapaboanueckas CKOPOCTb CBfI3aHAa MPOCTHIM COOTHOIIEHUEM C «KpY-
20801» CKOPOCTbIO ¥,. Tak Ha3hBaeTCsl CKOPOCTb, KOTOPOH JOJIXKHA
obsagath MJ/aHera, 4TtoObl MMOJ JeHCTBUEM TIPABHUTALUOHHOH CHJIBI
ConHua ABHraThCs BOKPYT HEro [0 Kpyry pamuyca r,. Ona Hafigercs,
€CcJM UEHTPOCTPEMUTENBHOE YCKOPEHHe ¥i/r, NpUPaBHATL TpaBHTAa-

LIHOHHOH cHJIe GT:T’ HefCTBYIOIEH Ha €IUMHUIYY MacCH. DTo Aaer
0
~ M
vle/Gm’; . (57.6)

Uy =10y Vf. (57.7)

Takum o6pasowm,
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3AL0AYH

1. JomycTuM, 4TO B pe3y/bTaTe B3PHIBA aCTePOHN, ABHTABIIHHCS MO Kpyrosof
op6ute Boxpyr ConHua, pacnajcs Ha JBa OCKOJNIKa OfHHAaKoBo# Maccel. ONHH OCKOJIOK
HEMOCPEACTBEHHO MOCTe B3DHIBA OCTAHOBMJCS, APYroil mpojo/mxkan pasuxkende. [Jo
Kako#l TpaeKTOPHH 6yjeT JIBHraTbCA BTOPOH OCKOJIOK: 3JUIHITHYECKOH, rHnepGosu-
4eCKOH HJH napa6ojuuecKon?

O 1B e T. [lo runepbonnyeckoi.

2. B ycaoBuax npexpnyme 3agaun o6a OCKOJMKA PasJseTaloTcst B NMepreHAUKY-
JISIDHBIX HAaNpaBAeHUSIX ¢ OJHHAKOBHIMH CKOPOCTAMH. [10 KakHM OpPOHTaM OHH GyIyT
LBHUTaThCS?

O T1BeT. O6a ockoanKa 6yLyT ABHTATHCSH MO MapaboJa.

§ 58. BpiuHcienue mapameTpoB OpOGUTHI

1. JlnuHp! GoNpHION U MaJOH OCeH 3JJHNTHYeCKOR OpPOHTHI MJIaHETHhI
MOXHO pacCYHTaTh C IIOMOLIbI0 3aKOHOB COXPAHEHHs] 3HEPTHH H Mo-
MeHTa uMIyJabca. B nepuceauu P n B ageruu A (puc. 179) pagnannuas
CKOpPOCTh IJ1aHeTH paBHa Hy/Mo. [lostomy, mosmaras B ypaBHeHHH
(57.3) v, = 0, moJayuHM /ISl ITHX TOYEK
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E
IIpp E << 0 310 KBajpaTHOe ypaBHeHHE HMeeT [Ba BelECTBEHHHIX
TOJIOXKHTENbHBIX KOPHS 73 U ry. ONMH H3 KOpHeH COOTBETCTBYET MepH-
renwio P, jppyrofi — adenuo A. Cymma

KopHeH r; -+ r, naer MIMHY 6oasuwi ocu .J’é.._ g
sanunca. Ilonw3ysick sl 3TOM  JUTHHBL
CTaHJAPTHHIM O0O3HAUYeHHEM 2, MOJYYHM o
. M M )
Qa=ritr=—GF-=—G=, (682 o[ Al e 1o N\ f
2

rge ¢ = E/m — mosuasl 3Hepruf, mpuxo-
JAAsICS Ha efHHHUILY Macchl ITaHeThl. Tak
Kak JUIsl JBHXKEHHA IO Jauncy & << 0, -
To Bulpaxenue (58.2) cyuiecTBeHHO TIO- Puc. 179.
JIOXKUTEJIbHO, KaK 3TO H JOMKHO OBbIThb.

KpyroBole TpaeRTOpHY SIBJSIOTCS BHIPOMKIEHHLIMH CAYYASMH 3JJHII-
THYECKHX. YCJOBHe [BHXXEHUS II0 KPYroBod opOuTe Haljercs H3
ypaBHeHust (58.2), ec1M B HEM NOJOXKUTb 7y = 7, = 7. lorja mnonay-

qHTCSH 2E=—G@, und 2E = U. 3anucas 310 B BUge E = U —E
H BOCIOJb30BaBUIHCL COOTHOieHHem E = K -+ U, noayuum
E=—K. . (58.3)

Takum 00pasom, npu Kpyeosom OsuxceHuu cymma noAHod u KuHemude-
ckotl srepeuti pasna Hyao. HeTpynHO NOKa3aTh, YToO 5TO YCJIOBHE CHOBA
npusoaut K dopmyae (57.6).



