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BapuanT 251

1. Ilior mpeomosieBaeT paccTosiHue MeXK Ly npucTanaMu Bepxuss u HukHsist, IBUrasich BHA3 110 TEUEHUIO PEKU, HA
6 4acoB JOJIbIIE, YeM MOTOPHAs JIOAKA. DTa 2Ke JIOIKA JaHHOe PACCTOAHNE IPOILILIBaeT Ha 1 dac OblcTpee, YeM IIpU
JIBUZKEHUH B IIPOTUBOIIOJJIOKHOM HAIIPABIEHUH. 38 KAKOe HaMMeHbIIee BO3MOXKHOE BPEMSI IIJIOT MOXKET JIOILILITH OT Bepxueii
no Huxneii?

2. Ha paccrosguuum 2 meTpa ot Kpas cTojia BbicoToit 80 cM je)uT MajeHbKuit 6pycok. Emy npumaior HadaIbHYO
CKOPOCTb 5 M/C B HAIIPABJEHUN Kpasg. BPYCOK CKOJIb3UT 110 CTOJIELIHUIIE U 3aTeM cjeraer co croja. Haiijure paccrosuue
OT TOYKHU OTPBIBA OPYCKa OT CTOJIA 0 TOYKHU, B KOTOPO OpYyCOK KocHeTcs mosa. KoaduimenT Tperns MexX Iy OpycKoM u
croneramteit pasen 0,4, ycKopeHne cBoOOIHOTO TIajIeHns cauTaTh paBHBIM 10 M/c?.

3. I'madwmpa ckaumsaet u3 MHTEPHETA BUAEOPOIUK C MOCTOAHHON CKOpocThio. [loce Toro, Kak oHa 3arpysmia 35%
DOJIHKA, OCTABIIIEECs BPEMsI 3arPy3KU COCTABJISIIO 35 CeKyHI. POBHO B HOJI/I€HD, KOI/Ia Yachl IOKA3BIBAJIN BPEMs B Jacax,
MuHyTax u cekynmax 12 : 00 : 00, I'imadupa 3amerniia, 9ro ckadaaock 35 M6 u octasiieecss BpeMsi 3arpy3KUd COCTABUIIO
13 cexkynu. Beraucsure obiuii pasmep pojika B Merabaiitax u OlpejiesinTe, KaKoe BpeMsl TIOKA3bIBAJIA YaChl B MOMEHT
HAYAJIA 3arPY3KHU POJIMKa (II€PEK/TIOYeHIe BPEMEHN HA acaxX IPOUCXOIUT €2KECEKYHJIHO).

4. CreHbl, [TOJI U MOTOJOK KOMHATHI IMaPaJIeIbHbl KOOPJAUHATHBIM IJIOCKOCTSIM IIPSIMOYTOJIBHON CHCTEMBI KOOD/INHAT.
VauTka MOXKET HmepeMenaThest MO0 Mo MOTOJKY (IIIOCKOCTh 2z = 3) B JII06OM HAIPABJIEHUH, JUOO 110 Oy (IIIOCKOCTH
z = 0) B J1060M HampasjeHuu, 60 mapaseabao ocu Oz B IJIOCKOCTH OAHOM U3 Yerbipex crel (miockoctu x = 0, y = 0,
x =10, y = 10). Haiizure MuHuMaIbLHOE BpeMs, 3a KOTOPOE YJIUTKA MOXKET 106parbed u3 Touku A ¢ KoopauHaTamu & = 4,
y =3, 2 =3 B 109Ky B ¢ xoopaunaramu x =7, y =7, z = 0, eciin CKOPOCTH YJIUTKH [PU JBUKEHUU II0 IOTOJIKY WJIN IO
nosty paBHa 1 M/MuH, a pu cuycke 1o crere 2 M/MmuH. OTBer JaiiTe B MUHYTax, IPU HEOOXOAMMOCTU OKPYIJIMB €ro JI0
JecAaThIX. Bce KoopauHATH YKa3aHbI B METPax.

5. C HEKOTOPBIM KOJUIECTBOM HIEATHHOIO OJIHOATOMHOIO Ta3a COBEPIIAETCS MPOoIece 1 — 2, KOTOpbIi B KOOPAMHATAX
V. P .
(70, ?0) peJcTaBiiseT coboil Iyry OKpyKHOCTHU (CM. PUC.).
A) Haiizure paboTy, COBEPIIEHHYIO Ta30M B 9TOM IIPOIECCe.
B) Haiigure %, rje (1 — KOJIMYECTBO TeIlIa, MOJYyYeHHOI'O Ta30M B 9TOM IIporecce, (Jo — KOJIMIECTBO OTIAHHOTO
Tera.

=

6. Koneco paguyca R ¢ Jerkumu CIMmaMu U TOHKAM O0OJIOM YIE€PXKUBAETCS HA HAKJIOHEHHOM IO YIJIOM (v K TOPU30HTY
miockoct. Macca Kojieca m paBHOMEPHO pacrpeiesieHa 1mo oboay. B Touke A obosa Kojieca 3aKpeIicH KOHEIl HeBECOMOM
HEPACTSKUMOI HUTH, CBSI3aHHOII ¢ HEBECOMOM PYKUHOI (cM. puc.). B HaYa/bHbI MOMEHT BpEMEeHU IPYKUHA HE PACTAHYTA.
ITocste Toro Kak KoJIeCO OTILYCTHJIN, OHO HAYNHAET CKATHIBATHCS BHU3 110 INIOCKOCTH 0€3 IPOCKAJIb3bIBAHUS, IIPH STOM HUTH
HaMaTbIBaeTCsl Ha 0001 KoJsieca. VI3BecTHO, 4TO IpU JajIbHEeIeM JIBUKEHUN TOYKa A HUKOIa He KacaeTcs HAKJIOHHOM
IJIOCKOCTH, & BEeJIMYMHA, CKOPOCTH TOYKU A mocTuraer MakCMMAaJIbHOI'O 3HAYEeHUs B MOMEHThI BPEMEHHU, KOIJ[a PaCcCTOsSHIE
oT Touku A 10 mirockoctu pasHo H. Cuuras m3BeCTHbIMU 3HAYCHUS v, M, R u H, HallTh KEeCTKOCTb k MPYXKUHBI.
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Pemienne.

1. Iycrb coberBeHHAs] CKOPOCTH JIOAKK M CKOPOCTH T€UYEHHsI PEKH PABHBI COOTBETCTBEHHO KM/4 u y KM /4. Ecsm mior
IIPEoIoJIeeT paccTosHmre S KM MexK 1y npuctansmu A u B 3a t 9acoB, TO

ty=(t—6)(x+y) = (t—5)(x —y) = (x+1)/y = t/(t—6) u (xt —y)/y = t/(t - 5).

Torma 2 = (x+y)/y— (x—y)/y=t/(t—6)—t/(t—5) = 2(t —5)(t—4) =t.

3 mocsiesiHero KBajpaTHOrO ypaBHeHUs moiaydaeM t = 4 wim t = 15/2. Ilo ycioeuio 3ajnaum ¢t > 6, mosTomy
t=15/2=7,5 (qacos).

OTBert. 7,5



2. U3 3aKoHa cOXpaHeHWs SHEPTHH CKOPOCTD TIPH MaJeHuH Ha 1oy 6yzer pasna: Vi = Vi — 2glp + 2gh = Vo = 5 m/c,
Vo=5wm/c,l=2m, h=0,8m pu=0,4. [Tagenue 6e3 HAUAIBHON CKOPOCTH C BBICOTHI i 3aHUMaeT BpeMsi ¢ = (%) =0,4c.
ITpu sToM cKOpOCTH IpH mageHuu OymeT pasHa Vi = gt = 4 M/c. DT0 3Ha4UT, 4TO OPYCOK MAJaeT MO YIIOM a: sina = %.
Orcrofa ciiejiyer, 9ro IPOeKIUs CKOPOCTU Ha FOPU30HTAIbHOE Hanpasienue Oyjer pasua Vi = Vo -cosa=5-3/5 =3 m/c.

Takum obpaszom, Opycok yaetut Ha paccrogame S = Vi -t = 1,2 m. Ocraerca maiitn runorenysy: /1,22 + 0,82 ~ 1,44
OtBer. 1,44 M



3. Ha ckaumsanue 100735 = 65% posmmka moTpeboBanock 35 CeKyH . JTO O3HAYAET, UYTO BECh POJIMK 3arpy?KaeTcst
(35-100)/65 = 700/13 cexynu. Tak Kak B IOJIJEHD JI0 KOHIIA 3aIrPy3KU OCTABAJIOCH 13.

CeKyHJI, TO 3arpyska Hadanach 3a 700/13 — 13 = 531/13 = 4011/13 cexynn jo nonyzaus. 3uaqunt, [nadupa Hauana
ckaunBanue posmka 3a 40 cexyny miaroc erme 11/13 cexyHupr qo mosyaHst. Torga B MOMEHT Havyaja CKAIMBAHUS IaChl
moka3eBaJsd 11 gacos 59 MuHYT u 19 cekyH.

3a Bpems 531/13 cexynp 3arpyzxeno 35 M6, rorma 3a 700/13 cekymu (910 BpeMsi 3arpy3Ku BCErO POJIMKA) 3arpy3UTCs
(35-700)/531 = 24500/531 = 4674/531 = 46,139359 ... M6.

Oter. O6beM posinka: 46, 14 M6; Bpemst Ha yacax B MOMEHT HadaJia 3arpys3ku: 11 : 59 : 19.



4. CopoeKTHpyeM CHTyaIuio Ha IJI0CKOCTh 2z = (. OTpasum TOUKy B CHMMETPHYHO OTHOCHTEJBHO CT€H KOMHATHI,
nosyuuM touku By, By ,Bs u By (puc. 1).
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Haiinem paccrosnua AB,, ABy, AB3, ABy.

AB? = (7T—4)2 + (—-7-3)2=9+100 = 109; AB2 = (-7 —4)?> 4+ (7—3)? = 121 + 16 = 13T;

AB2 = (13-4)2 +(71-3)2=81+16=97; AB} = (7T—4)? + (13 — 3)2 = 9+ 100 = 109.

Tak Kak HamMeHbIIAM siBisiercs ABs = /97, To KpaTdaiiimmii MapIIpyT yIATKA COCTORT U3 OTpe3Ka jamHoi AH 1o
[IOTOJIKY, CILyCKa IT0 BEPTHKAJU B 9TOI TOYKe, oTpe3ka jymHoi H B no nosy. ymaa maprupyta cocrasutr AH + HB =
ABs3 = v/97 MeTpOB 10 HOTOJIKY U IO MOy ¥ 3 METpa [0 BEPTHKAJIBHOI CTEHE.

Bpewmst nBmkenust paBHO @ + % MUHYT.

Tax xax 9,82 = 96,04 < 97 < 97,0225 = 0,985%, 10 /97 + 1,5 € (9,8 + 1,5;9,85 + 1,5) = (11, 3;11,35). 3uaunr,
VOT 41,5~ 11,3.

Orser. /97 + 1,5 ~ 11,3 MuHYTHI



5. C HEKOTOPBIM KOJUYECTBOM HIEATHLHOIO OJHOATOMHOIO I'a3a COBEPIIACTCA IpoIece 1 — 2, KOTOPHIA B KOOPIMHATAX
V. P ” o Q1

(70, ?0) upezcrasisier coboil ayry okpyxHoctu (cuM. puc.). Haiiru o5 TIe ()1 — KOJIMYECTBO TEILIA, IOJIYyYEeHHOTO Ia30M
B 3TOM mporiecce, Q2 — KOJUIECTBO OTIAHHOTO.

S =<

Pemrenue. Ypasuenne oxpyxuoctu (£ ) + (37)? = 5°, otkysa cieyer

P = Py /(25 = ()2

Ha maJioM mare mpormecca COrIacHO EPBOMY 3aKOHY TEPMOIMHAMUKH

AQ = AA+ AU = PAV + 3vRAT = PAV + 3A(PV) = PAV + 3A(PAV + VAP) = $PAV + 3VAP

Tak kak AP ~ P'(V)AV, rne P'(V) — npoussoguas dbyukuuu P(V), moaydaem

4RV - )
\/25V¢ — V2

5v10

Jlerko BuzmeTh, uro V3 = TVO € (3Vy; 4Vh) asnserca xopuem ypasuenus F(V) = 0, upudyem nupu V € [3Vp; Vi)
uveeMm F(V) > 0, aupu V € (Vs; 4V4] Bomonueno F(V) < 0.

AQ = L(5P(V) + 3VP'(V))AV = F(V)AV, tae F(V) = L(5P(V) + 3VP'(V)) =

510 56
Takum obpaszom, Touka (Vi; P3) = ( 1 Vo; T\[PO pazJiesisieT mpoliece Ha JiBa ydacTka. Ha repBoM u3 HUX,
yaactke 1 — —3, ra3 TeIio mojydaer, a Ha BTOpoM ydactke 3 — 2 — ormaer. [loaromy Q1 = Q13, Q2 = —Q23.

Hanee, Q1 = A1z + AUss.

H3menenne BHyTpeHHeH sHeprun

75v/15
Alys = JvR(T3 = T1) = 5(PVs = AiVA) = ( 6 18) PyVo

Tak kak PAV = [P%A (%)} PyVy, pabory rasa Ha yuacrke 1 — —3 moxkHO Haiitu o (opmyne Az = PyVpSis —

IJIOMIA/(b (PUTYPBI, OTPAHUIEHHON TPSIMBIME % =3, % = 5—210, JIyTOit OKPY2KHOCTHU U OChIO abCITUCC.

HaxoxkieHne 3Toli II0Ma  He COCTABJISeT TPYIA:

_ 2 C(4) _ (VB L VI 24
Si3 =7 (Qarcsm (5) 2arcsm( 7 ) + ¥ 25)
B pesynbrare momydmm

Q1= 27‘5 (2 arcsin (%) — 2arcsin (?) + V15 — %) PyVy

Ananornuno Haxoaum

Qs = %5 (2 arcsin (%) — 2arcsin (%) + V15 — %) PV,
Nraxk,

Q1 _ 2arcsin(%
o 2arcsin(%

;:2 arcsin(‘{f;—}—\/ﬁ—gg ~ 305

5

2 arCSin(



6. Permenne.Hanpasum ock @ BHU3 110 HaKIOHHOH mockocTH. IIycTh x(t) — 3aKOH JIBHYKEHHS IEHTPA KOJIECA, IIPHIEM
2(0) = 0 (rak BeIOpano Hadago Koopiuuar) n #(0) = 0 (HavaybHas CKOPOCTH pPaBHA HYJIO.) 3J€Ch U Jlajee TOIKOM
0603HaMaeTCs IPOU3BOHAS 110 BpeMeHH. VI3 3aKOHA COXPAHEHUs SHEPIUU CJIEAYET:

mi? 4 (k(22)?)/2 — mgxsina = const; (1)

[Tepsoe caaraemoe (1) — KuHeTHYECKAsT YHEPIHsT KATAIIEIOCSA CO CKOPOCTBIO & KoJieca (CM. 3aMeYaHue B KOHIIE DElleHH s ),
BTOpPOE — IIOTEHIMA/IbHAS JHEPIHs IPYKUHBI 2KECTKOCTH k (€Cim KOJIeCo CMECTIIIOCh Ha &, TO LPY2KUHA PACTAHYTa Ha 21),
TPeThe CJIaraeMoe — MOTEHI[MATIbHAS SHEPTHUs CUJIbI TsKECTH (HAYAIbHOE TIOJIOKEHNe — HyJIeBOe 3HAUEHHE MOTeHIMATBHON
sueprun). Jduddepennupys (1), noaygaem:

2max + dkix — mgtsina = 0,

OTKY/Ia CJIeJIyeT ypaBHEHHUE, OLPEIENSIONIee 3aKOH JBUKEHIS [IEHTPa KOJIeCa:

¥+ 2k/mx — (gsina)/2 = 0.

SanunieM nocieHee ypaBHeHUe B BUJIE:

&+ 2k/m(x — (mgsina)/4k) = 0.

O6osHauas ., = (mgsina)/4k, T = x — x,, NOJIy4IaeM ypaBHEHHE FADMOHUYECKOIO OCIILISATOPA

Z 4 wii = 0,

rue w = /(2k/m).

Obiee pelieHre 9TOrO ypaBHEHHUsT IMEET BUJL

T = acoswt + bsinwt,

rje a u b — IpOU3BOJIbHBIE KOHCTAHTHL.

ITomyaaem:

T = x4 + acoswt + bsinwt,

T = —aw sinwt + bw cos wt.

C nomomipro HauanbHbIX yeaosuit 2(0) = 0, #(0) = 0 mHaxomum b = 0, a = —x,,

OTKYJIa CJIEJLyeT

x = 2.(1 — coswt). (2)

Takum o6pazoM, IEHTP KOJIeCa COBEPIIAET OTHOCUTEILHO & = T, TapMOHUYIecKHne Kojebanus ¢ mepuogoMm 1T = 21w =
274/ (m/2k) n amIATy 1011, paBHO# T,. JIETKO MOKA3aTh, YTO T = T, SBJISETCS MOJOKEHUEM PABHOBECHS, CyMMAapHbIil
MOMEHT CHJI PABEH HYJIIO.

Jajee HafieM BBIpasKeHHe JJIs CKOPOCTH TOYKH A. BBeleM moapumzKHylo JekapToBy cucreMy KoopamuaT Ox'y’, nenTp
O KOTOpOIiil COBIAJAET ¢ NEHTPOM KOJIeca, a 0Ch ' mapasulebHa OCH X HEeIIOIBUKHON CHCTEMBI. 1IpHM CMEIeHnn HEeHTpa
KOJIeca Ha PACCTOSHEE T KOJIeCO [IOBOPAYUBAETCS OTHOCUTENBHO CBoefi ocu Ha yrou ¥(t) = z(t)/R, 103roMy KOODIMHATEI
Touku A onpejensrorcss gpopmyiaamu: ' = Rsinvy, y' = Rcos~.

Torza cKopocTh TOUKH A B HOABHAKHOI CHCTEMe PaBHA

v = ((2'), (¥')) = (Rycosy; —Rysiny) = (& cosy; —dsiny),

a ee abCOMIOTHAS CKOPOCTh COTVIACHO 3aKOHY CJIOYKEHHs CKOPOCTel

Ua =0Up+ 0 =(2,0) + (£ cosy; —isiny) = @(1 + cosy; —siny).

Benmauna kBaipaTa 3TOH CKOPOCTH

v} = i2((1 + cosy)? + (—siny)?) = 442 cos® /2.

U3 (2) cnenyer & = x,w sin wt, o3TOMY

v% + 4a2w? sin? wt cos? /2.

C momonipio (2) HaxoINM

sinfwt =1 —cos?wt =1~ (1 —x/z,)?> =1— (1 - Ry/z.)>.

TaxuM 06pa3oM, HoJIyUeHa 3aBUCUMOCTDb KBaJpaTa CKOPOCTH TOuKu A oT yria 7v:

v} = dxiw? f(v), tae f(v) = [1 — (1 — Ry/x.)*| cos? v/2.

ITo ycoBHIO 3a/1a4M BEJIMIMHA CKOPOCTH U4 (3HAYUT, U ee KBaJparTa v%) JIOCTHTAeT MAKCHUMAJIBHOTO 3HAYEHHS B
Te MOMEHTBHI BPEMEHH, KOTla ToUKa A Haxommrcesa Ha paccTognud H OT IJIOCKOCTH. DTOMY IOJOXKEHUIO COOTBETCTBYET
sHavenue yria vy = v, = arccos(H — R)/R. Ilo ycioBuio Touka A HUKOrZa He Kacaercs ILNIOCKOCTH, modroMy 0 < 1 < T,
4YTO y9TEHO B (GOPMYyJIe JJIA V1.

Urak, v4 nocTuraeT MakCHMaJbHOTO 3HAYEHHUs IPU Y = 71, noaromy df /dy(y1) = 0.

O6osnauum R/x, = ¢, torma f(v) = [1 — (1 — ¢y)?] cos? v/2,

df /dy = cos® y/2[2¢(1 — ) — ev(2 = ¢) tg /2,

[IpupaBHEBas MOC/ICAHEE BBIPAXKEHUE K HYJIIO IPU 7Y = 71,

OJTy 9aeM

¢ = R/z, = ARk/(mgsina) = 2(y1tg71/2 = 1)/(11 tg71/2 — 2).

Orcroma ciieryer

k=((ntgm/2—1)mgsina)/2n(ntgn/2-2)R).

Orsert:

k=((ntgm/2—1)sina)/(271(y1tg71/2 — 2))mg/R,

rie v1 = arccos(H — R)/R.



SameuaHnue.

B pertiernn 06110 UCITOIH30BAHO, UITO KUHETHIECKAS SHEPTUsT KATSIIErocsi 6e3 MpoCKaJb3bIBAHNST TOHKOTO 00pyda paBHa
E =mV?, rie m — ero mMacca, V — CKOPOCTb HEHTPA. DTO MOMKHO IIOKA3aTh «IITKOJbHBIMI> METOJAMI.

Pazobbem 06pyu Ha Gosbioe uncyio N MaJeHbKUX «KYCOYKOB» ¢ Maccoil m;, i = 1.... CorylacHO 3aKOHY CJIOXKEHUsI
CKOpOCTEll CKOPOCTh KaXKJIOro Kycodka pasHa U; = Uop + ), TJe Up — CKOPOCTb IeHTa 00pyd4a, U, — CKOPOCThb M
OTHOCHUTEJILHO MOCTYIIATEIbHO JIBUKYIIENHCS CHCTEMBI KOODINHAT, IIEHTP KOTOPOI COBIAIAET C meHTpoM obpyda O.

N

Kuneruueckas sneprus obpyda paBHa (31ech U jajee E D; = Dy + Dy + -+ Dy, a Toukoii Oysiem 0603HAYATH
i=1
CKaJISIPHOE TIPOM3BEJIEHNE BEKTOPOB):
N N N N ~ ~
2 N - 7 - 7 p) 2
E=1/2 E mv; = 1/2 E mU; - U; = 1/2 E m;(vg + v';) - (0) + ') =1/2 E m; (v + ')
i=1 i=1 i=1 i=1
Eme onmo ciraraemoe paBHO HYJIIO B CHILY 3aKOHA COXPAHEHUsI UMITYJIbCA.
Takum 00pa3oM, JjIsi KHHETHIECKA SHEPIUH [TOJIY IHM:

N N
E=1/2) mug+1/2> m}?
i=1 i=1

Boranciium Kaxkoe ciraraeMoe B mociieiHeit hopmyire.
N N N

1/2 E ma = 1/2v2 E m; = V?/2 E m;.
i=1 i=1 i=1

JlBuzkenne 06pyvda OTHOCHUTEJIHHO IMOJIBUKHON CHUCTEMBI OTCYETa — BPAIIEHUE C ITOCTOSTHHOW yTJIOBOW CKOPOCTBHIO
w = V/R (6e3 npocKaJb30BaHus), TO €CTh JIMHEHHAS CKOPOCTh BCEX TOUEK 00pydUa MO BeJWYNHE paBHa V, T.e.

N N
1/2> ma? =V2/2> m; =V?/2m.
i=1 i=1
Utak, E = V?/2m + V?2/2m = mV?, aro n TpeboBaaoch 10Ka3aTh.



