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Makcummn3ainusi JaJbHOCTH MHOJIeTa

B nannoit ctarbe MbI 00CYKIaeM 3aJ1a9y O MAKCUMAJIHLHOM JaJIbHOCTHU T10JIeTa, Tejia, OPOIIEHHOIO 0,1
YIJIOM K MOPH30HTY C HEKOTOPOI BBICOTHI. Permaem ee Tpems criocobammu!

SAIAYA. Xymuran Bacs mBeipsieT ¢ 6ajKoHa 010K — € OJIHON U TOM 2Ke HavYaJIbHON CKOPOCTBIO Uy
110/T BCEBO3MOXKHBIMU YTJIAMHU K NOPU30HTY. Bajikon HaxojuTcs Ha BbicoTe h Haul 3emieii. Ha kakowm
MaKCUMAaJIbHOM PACCTOSTHUU OT JIOMa TAIAI0T SIOTOKH !

[IpounmrocTpupyem JaHHYIO CUTYaInio Ha pucyHKe. Bacs HaxoauTes B ToUke A; si0710K0, OPOITIeH-
HO€ TIOJ YTJIOM (v K TOPH30HTY CO CKOPOCTBIO Uy, MPHU3eMJIgeTcs B TouKe B. Bribop KoOpImHATHBIX
oceit oueBnjier. Hajio makcumusupoBaTh paccrosuue { = OB.
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Ha mepBbrit B31JIsA)] MOXKET TOKA3aThCd, YTO XOJI PEIICHUs TYT COBEPIIEHHO MOHATEeH. B camom
JleJie, Mbl YK€ yMeeM DellaTh 3aJady O MaKCUMU3AIUU JaJbHOCTH B cjiydae OGpocka ¢ 3emyn (mpu
h = 0). Tam MbI nostydaem GOpMyITy st JATbHOCTH:

vE sin 2a
g

U MaKCHUMHU3UPYEM 3TO BbIpazkKeHue 1o « (JaJbHOCTh OyeT MakcuMasibHOil mpu o = 45°). Tlosromy
[IepBOe, YTO MPUXOIUT B TOJIOBY — OYJIEM JIeiiCTBOBATH AHAJIOIMYHO; UMEHHO, MOJIyYUM BbIDazKeHUe
Jutst 1 MAKCUMUBUPYEM €ro 10 .

[TocmoTpuM, OHAKO, ITO HAC JKJIET HA STOM IIyTH. SaIUIIeM 3aBUCUMOCThb KOOPINHAT OT BPEMEHN:

. gt?
T =uwvgcosa-t, y=h+vsina- -5
Vckrogast BpeMst, MOJIyIUM ypaBHEHUE TPACKTOPUN:
2
gx
=h+zrtga — ————.
Y & 208 cos? a
B rouke B majsenud si610ka umeem y = 0:
ga?
h+ztga — ———— = 0. 1
& 202 cos? a (1)
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Mckomasi TaIbHOCTD SIBJISIETCsT KOPHEM KBaJIPATHOrO ypaBHeHust (1); pernasi ero, HaXomm:

: . 2
p v sin o cos a vg sin v cos a 202 h cos?
g g g

[Homyumiock TOBOJIBHO TI'POMO3JIKOe BbIpaxkeHue. MoyKHO, KOHEYHO, ero HEeCKOJIBKO YIIPOCTUTH,
nepeisid K ABOMHOMY YIIY:

v2 sin 2« visin® 2 v2h(1 + cos 2
_ofsin2a  fugsin’2a odh( )

2g 4g? g ’

HO BC€ PABHO HE BO3HUKAET HUKAKOT'O 2KEeJIAHUS 3aHUMAThCA MAKCUMU3AIUENA 3TOIO BhIPAXKEHUA 110 (V.
SHAYHUT, HYKHBI JIPYTHE TOIXOIHI.

Criocos 1 (xeadpammnoe ypasrenue ommnocumesvro tga). Boillie MbI HAILIN BbIpazKeHUe JJIst JaJTh-
Hoctu 1pu duxkcupoBannoMm yrie «. Jlapaiite jeiicTBoBaThH HA0OOPOT: (DUKCUPYEM JAJTBHOCTH { 1
OyJIeM UCKaTbh yTroJl v, IPU KOTOPOM 3Ta JIAJbHOCTH JocTuraercs. s aToro Bo3spaiaemMcsa K ypas-

Henuto (1), mojcrasisieM Tyda £ BMECTO T U HCHOJIb3YeM TOXKJIECTBO COSIQQ =1+tg?
52
h+ ltga— 2= (1+tg2a) = 0.
2vg

,Z[GJIHBM 3aMeHy 2 = thé " IIpUXOJUM K KBaJIpaTHOMY YpaBHEHHUIO OTHOCHUTEJ/ILHO Z:

g gt
Sz —Alz+=—=—h=0. 2
203 y i 203 @)
JIuckpuMuHAHT
Do Al (9 N\ _ 0 (v (vt 2gh)
203\ 202 vy g2

B saBucumocTn ot 3Haka JAUCKPUMUHaHTa Mbl UMeEeM TPU Pa3/IMIHbIX (bHSI/I‘{eCKI/IX CUTyaluun.

v2 (v24+2gh
e Ilpu Mamwix £, To ectn mpu 2 < 0(0—2>

, JIMCKPUMHUHAHT IOJIOKUTEIeH U ypaBHeHue (2)
UMeeT J[Ba Pa3/IMIHBIX KODHS. DTO O3HAYAET, YTO CYIIECTBYET JBa PAa3JUIHBIX YIJIA (v, DU
KOTOPBIX MOKHO TIONACTD A0JI0KOM B ToUKy B. MubiMu ciosamu, Bacst MoxkeT nonacthb si6J10KoM
B TOUKY B aByMsi criocobamu, 110 JIBYM Pa3IMYHbIM HapaboJMIeCKUM TPAEKTOPUSIM.

e Ilpu Goibmux ¢, To ecTh npu £ > Ug(vi—?gh), JINCKPUMUHAHT OTPHUIIATEIEH U ypaBHeHue (2) He
uMeeT KOopHeil. DTo 03Ha4YaeT, 9TO CTOJIb Jajekas Touka B HejgocTuKuMa g Bacu.

e Haxower, nmpu ocobom 3navdennn ¢ JUCKPUMUHAHT oOpalaercs B Hy/Ib. Y paBHeHue (2) mmeer
B 9TOM CJIydae eJMHCTBEHHBIN KOPEHb, TO €CTb B TOUYKY B BeJleT eJIMHCTBEHHAas] TPACKTOPUSI.
DTO COOTBETCTBYET I'PAHUIIE JOCTUKUMON 00/1aCTH, a 0coboe 3HadeHne £ eCThb He UTO UHOE, KaK

MaKCUMaJIbHAS JAJbHOCTD II0JIeTa;
Vo
_ /2
lpax = J vg + 2gh. (3)

Hy a ejuHCTBEeHHBIN KOpeHb ypaBHEHHUsI (2) B 9TOM CJIydae paBeH

2
H=tgoy = —0 = 0 (4)

glmax \/Ug + Qgh
Takum O6p&30M7 MaKCHUMaJiIbHad Ja/IbHOCTDH (3) JAOCTUTaCTCA IIPU 6pOCKe 1101 YIJIOM K I'OPpHU30H-

TY (1] = arctg ——=2—.
y o g\/vg—l-?gh




SBajaqa pernrena. OIHAKO 3a KaJIPOM TIOKA OCTAJICH BaxKHeHuit hakt: 6 cAyuae MaKcuMasoHOT
daNLHOCTNU HAMAALHAL U KOHEYHAA CKOPOCMU A0A0%KA nepnendukysapro, dpye dpyey. Ilompobyiite mo-
Ka3aTh 9TO CAMOCTOSITEJLHO, OCTABasiCh B pAMKaX MEePBOro crocoba perneHnst (3T0 XOpolee yIpazkK-
uenne). Hy a Mbl mepexo/iiM KO BTOPOMY CIOCOOY, W TaM JaHHBIA (haKT yCTAHOBUM IMPAKTHICCKH

cpasy.

Criocos 2 (mpeyeoavruk ckopocmeti). Haarem ¢ usBecTHbIX (hakTOB BeKTOpHOI Gasmcruku. Co-
OTHOIIIEHUE U = Uy + ¢t 3a/aeT TPEYroJbHUK CKOPOCTEI:

—
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OxkasbIBaeTcs, IOMAIb S TPEyroJibHUKA CKOPOCTEHl BeChbMa MPOCTO CBS3aHA C JAJTBHOCTHIO TIO-
qeta . B camoM sierte, IpoBeieM MyHKTUPHYIO BBICOTY HA BEPTUKAJIBHYIO CTOPOHY TPEYTOJIHHUKA:

DTa MyHKTUPHAsT BBICOTA TOPU30HTAIBLHA U PaBHA Uy cos «. Torma

1 14
S = E-gt-vocosa:g(vocosa-t) = %
Orcrona S
2
l=—, (5)
g

U MBI BUJIUM, 9TO £ OyIeT MakcuMa/IbHa B TOM CJIydae, KOIjia MaKCUMaJ/bHa IIOIAIb TPEYTOIbHIKA
cKopocreii. A 9T00bI pa306paThCs ¢ MaKCUMAJIbHON IIOMA/IbI0, BRIpa3uM S HHaJe:

S = 1
5 VoV SN,

rae ¢ — yroJj MezxKay HadaJbHOI 1 KOHEYHON CKOPOCTAMMU:

<y




Koneunyto ckopocTh 1polie Bcero HaiiTu 3 3aKOHa COXPaHEHUsl SHEPIHUU:

mv?  mud
meo_ T h
5 5t mgh,

OTKy/Ia
v =/v}+ 2gh.

Kak BugmM, cKOpOCTh ¥ €CTh BeJIMYMHA ITOCTOAHHAs, HE 3aBHUcAIas oT yria Opocanus «. Cremo-
BaTEeJIbHO, IJIOMAAb S (a BMecTe ¢ Heil M JaJbHOCTH) MakcuMasibHa 1pu ¢ = 90°, TO ecTh Korja
KOHEUHAA CKOPOCTL NEPNEHOUKYAAPHA HAYAALHOT. DTOT (PaKT MBI YK€ OTMEYAHN BBIIIIE.

Urax, Spax = %vov, u dopmyma (5) remepsb aer

2Smax /
gmax = = = % = @ U% + 2gh
g

g g

Dopmysa (4) Tenepb OUeBHJHA: MMOCKOJBKY TPEYTOJBHUK CKOPOCTEH MPSMOYTOJIbHBIN, yroJ &

OKa3bIBAETCS TAKZKe YIJIOM MEXKJy U U §t, u Toriaa

Vo Vo
tga = — = ————.
v v+ 2gh

Kpacusslit criocob, ve mnpasja ju! MuHuMYM BbIYuC/IeHMi!

Crocos 3 (wmeduara mpeyzoavruka ckopocmet). 37ech Mbl OyJieM MaKCUMHU3UPOBaTh s = AB, 1o
eCThb MOJIYJIb IepeMenieHust s10/10Ka. DTO PaBHOCHILHO MaKcHMu3alnnn £, TaK KakK U3 TPEyTrOJbHUKA

AOB umeem 2 = s? — h2.

Bocnosbayemcest ere ofHUM M3BECTHBIM (paKTOM: BEKTOD MeJIaHbl TPEYTOJIbHUKA CKOPOCTE, IIPOo-

BEJIEHHBIN K CTOpOHE §t, paBeH §/t, rie § — mepemernenue 3a Bpems t.

<

— — gt2
B camom gnieste, mmee § = Gyt + 4=, orkya

gt 200+gt v+ (Uo+gt) To+T
2 2 2 2

)

a 9TO U O3HAYAET, ITO §/t — Meanana.
ITo dpopmysne meanaHb

s\2 2+ 0v? )2 2+ (v3 +2gh t)?

()ZO (gt) o + (vg + 2gh) <g>—2—|—gh—g

> 1 2 Ty T

t

OTKY/1a
92t4
82 = (’Ug -+ gh)t2 — T



nJjim 9 9
82 = (Ug + gh>Z - %7

rie z = t2. MakcuMU3HpoBaTh 2 KaK KBaJApaTHIHyIo (bYyHKIIHIO Z HE COCTABJILCT TPY/IA: MAKCHMYM
JIOCTUTAETCS B BEPIINHE TIapPadOJIbl, TO €CTh B TOUYKE

vg +gh  2(v§+ gh)

20 = 5. % — g2
[Tosrygaem:
22 +gh)  ¢* (2002 +gh)\® (¥ +gh)® v+ 202gh
St = 8°(20) = (1 + gh) - =257 = S (2 = e Tt
g g g
OTKY/Ia
4 2 2(,.2
2 2 9 Uyt 2v5gh N vy (vg + 2gh)
‘gmax = Smax — h® = 2 - 2

9

lax = @\/US + 2gh.
g

g
", HAKOHEII,

Hy BOT 1 Bcé. Ecim ecTb Kejrlanue HOYIIPaXKHATHCA, TO HHUZKE IIPUBEJICHO HECKOJIbKO 3a/aq IJId
CaMOCTOATE/JIbHOT'O PEIICHUA.

BAJAYA 1. (Beepoce., 2012, P9, 9) CropocTh KaMHsi Vg, 6POIIEHHOro 1o, yriioM ¢ = 60° K ropu-
30HTY, YMeHbIMIach BaBoe 3a At = 1 c¢. Haiigure Moaysib mepememnienus S, KOTOpoe 3a 3TO BpeMs
COBEPIIIT KAMEHb.

ITpumenanue. Yckopenue cBoGOJHOIO HajieHust canTaiite papubiM g = 10 a/c?.

BAJAYA 2. (Bcepoce., 1999, 33, 9) Kot Jleonombx cumen y Kpas
Kpbimu. /IBa 37100HBIX MBIIIOHKA BBICTPEIMJIM B HErO U3 POTATKH.
OsiHaKO KaMeHb, OIUCaB JyTy, YIIAZ Yy HOI KOTa (CM. PUCYHOK) depe3
BpeMs 7 = 1 ¢. Ha kakoMm paccTosHum S OT MBbIIIEil HAXOMUICS KOT
JleomoJib 1, ecjim M3BECTHO, YTO BEKTOPhI CKOPOCTEH KaMHsI B MOMEHT
BBICTPEJIa U B MOMEHT T IeHUs ObLTH B3AUMHO IIEPIIEH/IUKYJISIPHDBI ]
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BAJIAYA 3. (Bcepoce., 2004, 33, 9) Ilpu ocaze apeBHeil KpenocTH OCayKIEHHBIE BEJIM CTPEIBOY 110
HACTYHAIONEMY MPOTUBHUKY C ITIOMOIIBIO KATAIYJIbT U3-32 KPEIOCTHOW CTeHbI BbicoTON h = 20,4 M.
HauanbHasi CKOpOCTh CHapsAJIoB vy = 25 M/c. Ha KakoM MakcuMaJbHOM PACCTOSHUM lyay OT CTEHDI
HAXOJMJIACH TEJTH, KOTOPBIX MOIJIH JIOCTUTATh CHAPSI/IBI KaTalyibT! CpaBHUTE 9TO PACCTOSHUE C MAK-
CUMAJIBHON JAJIbHOCTBIO L.y CHapsijia Katamy/abThl. CONPOTUBIEHNEM BO3/IyXa MOYXKHO MPEHEOPEUb.
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BAZIAYA 4. (Bcepoce., 2000, 39, 9) Kor Jleonosby crosi y Kpas
KpbItu capasi. JIBa 3/I00HBIX MBINIOHKA BBICTPEJIUIN B HETO U3 PO-
rarkn. O HAKO KaMeHb, OIUCAaB JIyTy, depe3 t; = 1,2 ¢ yupyro orpa-
3UJICSA OT HAKJIOHHOTO CKaTa KPBIIIHU capas Y CAMbBIX JIall KOTa U Yepe3
to = 1,0 ¢ momas B Jlally CTpEJISIBIIErO MBIMIOHKa (CM. pucyHok). Ha
KaKOM PaCCTOSHUU S OT MbIIiell Haxouscs Kot Jleomoib?

-




