IHIapuk Ha NpuUBA3U

YciioBue

Bamaua 1. «IIlapuk Ha IPpUBA3U» Buicmpo 8pawarouuecs 6aib, npeod-
CMABAAIOM BONLWYI ONACHOCTD Oas okpyorcarousux! Bydvme ocmopooic-
HoL padom ¢ numu! A menepv noxasrcume ceou 3nanus duramuru. Mzeu-
HUME 3a NOJCKA3KY, HO NPU HEPAEHOMEPHOM JBUNCEHUL NO OKPYAHCHOCTNU
ycrkoperue YoooHo passodHcumsd Ha HOPMAALHOE U MAH2EHUUGADHOE.

Baur nipejicraBiisieT coboii TpOYHBIN OTHOPOJIHBIN TUJIMHIP PAJIAYCA '] =
5,0 cM, KOTOpBIiT MOXKET BpaIaThcsi BOKPYT KakK BepTuKaabHoil (Puc. 1)
TaK U ropu3oHTa/IbHOI oceil (Puc. 2). Ha Bay HamMoTana nmpodHasi HUTb, K
KOHILy KOTOPOIi IPUKPEILIEH Mapuk pajguyca ro = 3,0 cm. Tpennem mex-
JIy TIOBEPXHOCTSMU BaJla W IMApUKa, a TaKyKe MEXKJy IMapuKoM U T'OpH-
30HTAJIBLHOI MOBEPXHOCTHIO MOYXKHO IIpeHeOpedb. YCKOpeHre CBOOOIHOIO
naJienusi cauraiite pagabiM g = 9,8 3.

1. Bas pacnoJioykeH BepTUKAJJIbHO, IMAPUK KacaeTcsl IOBEPXHOCTU BaJla,
HUTH cJierka HaTsHyTa (Puc. 3a). Ban HaunHaer Bpamarbest ¢ OCTOSHHOI
yIJI0BO#t cKopocTbio w = 3,0 ¢!, Yepes Kakoil IIPOMEXKYTOK BpEMEHH T
IIAPUK OTOPBETCsT OT MMOBEPXHOCTHU BaJia?

2. Bas pacrnosioykeH BEPTUKAJIBHO, IMAapUK KacaeTcs MOBEPXHOCTH BaJja,
HUTH cyierka HargnyTa (Puc. 3a). Ban madmbaer Bpariarbesi ¢ MOCTO-
SIHHBIM YIVIOBBIM ycKopenuem 3 = 3,0c¢™2. Yepes Kakoii IIPOMEKYTOK
BPEMEHU T MAaPUK OTOPBETCS OT TOBEPXHOCTH BaJsia?!

3. Bau paciiosiozkeH ropu3oHTaJIBHO, IAPUK KACACTCs TOBEPXHOCTH BaJIA.
BaJs1 HauMHaeT BPAIATLCs ¢ TTOCTOSHHON YITIOBOH CKOPOCThIo w = 3,0 ¢~ .
Yepes Kakoil IPOMEKYTOK BPEMEHH T IIAPUK OTOPBETCS OT HOBEPXHO-
CTH BaJIa, €CJII ) IePBOHAYAIBHO HUTH PACIIOIOKEHA BepTHKAILHO (Puc.
30)7 6) mepBOHAYATIBLHO HATH PaCIHosioXKeHa ropu3onTaibo (Puc. 38)7

4. BaJ1 pacro/ioyKeH rOpu30HTAILHO, IIAPUK KacaeTcs IOBEPXHOCTU BaJia.

BaJs1 HaunHaeT BpallaThes ¢ IOCTOAHHBIM YTJIOBBIM yeKoperueM 3 = 3,0c¢™2. Yepes Kakoit IpoMerKy-
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TOK BPEMEHH T IIAPHK OTOPBETCS OT MOBEPXHOCTH BaJIa, €C/IU [HEPBOHAYAIBHO HUTH PACIIOJIOKEHA
BeprukaasHo (Puc. 36)7?

5. K HUTH NpUKPenIdioT Japyroii mapuk. Baj pacno/ioyKeH Topu30HTAIbHO, MAPUK KacaeTcs I0-
BepxHocTu Basa (Puc. 36). Bay HaunnaeT Bpamarhbes ¢ HOCTOSHHBIM YIJIOBBIM yekoperueMm. Kako-
BBI JIOJI?KHBI OBITH PAIUyC IapUKa U YIJIOBOE YCKOPEHUE BaJjia, 9TOOBI JI0 OTPBhIBa OT ITOBEPXHOCTH
BaJjIa MIAPUK CJIEIAJ TOYHO OJIUH 0OOPOT BOKPYT OCH Bajia?!

&

EBHJ CEEREY i@ &

&

Pue. 3

Pemienue

3amaua 1. «Illapuk Ha TpuBA3U»

Pacemorpum obiuit corydail JBuKeHus mapuKa BOKPYT HUJIHH/PA, T.€. JBUKEHHE C YTJIOBBIM YCKO-
peHueM [§ u B moJjie TaxkecTu mg. Ilepexos K 4acTHBIM ciydasivM odeBuieH — ju6o 3 — 0, 6o
mg — 0 (qubo u TO u Japyroe).

[Tonoxkenue mrapuka O6yaeM 3a1aBaTh C MTOMOIIBIO yT-
JIa - MeXKJIy TOPU30HTAJIBIO U OTPE3KOM, COETUHSIIO-
MM [EHTPbI BaJla ¥ Mapuka. 3aa UM TaKyKe yTroJl
Q. MEXKJIy paJuycaMi BaJia, HAIPABJIEHHBIMU K TOYKE
KaCaHHtsd BaJla U IMMapuKa U TOYKE, B KOTOpOﬁ HUTH Ka-
caeTcs noBepxuHoctn Basa (eM. puc.). Ilonarno, aro
YTOJT (¢ TIOJTHOCTBIO OIPEJIEISIETCS OTHOIIIEHNEM PaTi-
YCOB BaJia U mapuka. Tak cosa = —1 5

= 2, Wi
a =~ 51° = 0,896 paj.

ritra 8’

[Mlapuk gBU2KeTCS IOJ HAefiCTBUEM: CHJIbI TSIXKECTH
M{; CUJIbI HATSKeHUusT HUTU 1'; cuibl peakmyum V.

B obmmem ciydae yckopeHnue Iapuka MOYKHO PA3JIo-
KHUTh Ha HOPMAJIbHYIO

an = w2 (ry +19) (1)

U TaHI'eHIIMaJIbHYIO COCTaBJIAIOIINE
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Qr = B(Tl + 7”2). (2)

SBanmuirem ypaBHeHHe BTOPOro 3akoHa HbioToHA

m(@, +a;) =mg+N+T (3)

B IIPOEKIUAX Ha paJuaJIbHOE U KacCaTe/JIbHOEC HallpaBJICHUA

mw?(ry + 1) = mgsinp + Tsina — N

(4)

mp(ry +1r9) = —mgcos p + T cos «

[Tpu orpbiBe MApUKa OT MOBEPXHOCTH BaJIa CUJIA PEAKIUH YCTPEMJISIeTCs K HYJIH0 (10 9TOro oHa
JIOJIZKHA OBITH TIOJIOZKUTEIHHOI). Bbipasum u3 cucrembl ypaBHeHuil (4) 3HaUCHUE CUJIBI PEAKIIUH

N:

mpB(ry + 1) + mgcos @
COS (v

T —

N mpB(r1 +ra)sina + mgsin(p +a) muw?(r1 + 1)
cos o

N3 sToro coorHomEeHns onpeaeuM (pyHKITTIO

N cos o

Fe = 31 + o) sina+ gsin(p + a) — W +712) cosar )

m

3HAK KOTOPOIi OIpeJiesisieT yeJIOBIe OTPbIBa ([IOBTOPUM, OTPBIB IPOU30MIET, KOI/Ia MOJOKUTe TbHAs
byHKIMS yMEHBIIUTCS JI0 HYJIS).

1. Korza Bas pacrnosioxken BeprukajgbHo (¢ = 0) 1 HaunmHaeT BpamaThest ¢ nocroguuoii (f = 0)
YIJIOBOM CKOpPOCThIO byHKIHs (5) nMeer BHI

F = —w*(ry 4+ 1r3) cos a, (6)

OHa OTPUIATEIbHA IIPH JIIOOBIX 3HAUCHUSIX apaMeTpoB cucteMbl. CJie/I0BaTe/IbHO, IIIAPUK OTOPBET-
cs OT IIOBEPXHOCTH BaJjla CPa3y IIocjie Hadajla JIBUKEHNd, T.e. B 9TOM ciydae 7 = 0.

2. Eciu Ban pacnosioxken BeprukasibHo (¢ = () U HaYMHAET BPAIIATHCS C TOCTOSHHBIM yTIOBBIM
yckopenueM, dbyskiust (5) umeer Buj

F = B(r; + r9) sina — w?(ry + r2) cos a. (7)

VUauThIBas, 9TO yIJI0Basg CKOPOCTH 3aBUCHT OT BPEMEHH IO 3aKOHY w = (t, 3aK/II09YaeM, 9TO CHa-
JaJjia 3Ta (PyHKIMA MOJI0KUATEIbHA, a 3aTeM obOpalnaeTcs B Hysb. Cre0BaTeIbHO, MapuK CHAYA A
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OyJleT puzKaT K IIOBEPXHOCTHU BaJjia, & 3aTeM OTOPBETC OT Hee, IPUYEM 3TO ITPOU30MIET B MOMEHT
BpEMEHU

F = B(ry +ry)sina — B27r%(ry +ry)cosa =0 =

~ ftga [t
=y _\/ s ~ 0,65¢ 8)

3a. Ecim Bas pacrosiozkeH rOpu30HTAIBHO, HATHHACT BPAIIATHCs ¢ MocTosAHHON (5 = 0) yriioBoi
CKOPOCTBIO, MTEPBOHAYAIBHO HUTh PACIOIO)KeHa BepTuKaabHO (pu t =0 ¢ = —«), bysakims (5)
UMeeT B/

F = gsin(p + a) — w?(ry + 1) cosa 9)
U B Hada/IbHBI MOMEHT BpeMeHH oTrpunaresnbHa. CienoBare/bHO, IMAPUK Cpa3y MHOCae Hadasa
aBrmKeHnd, T.e. ipu 7 = (.

36. Ecim »xe nepsonadabHo HUTH Topu3onTaibha (mput =0 ¢ = 7 —a), To 3navenue GyHKIun
(9) mpu t =0

F = gsin(p + a) — w(r; +13) cosa =

= (9 —w’(ri+r2)cosa) 9,4 >0 (10)

[TosTOoMYy IEpBOHAYAILHO IIAPUK OyJeT NPUKAT K HOBEePXHOCTH Baja. OTPBIB IPOU30iiIeT, KOraa
s1a QYHKIMs 0OPATUTCS B HYJIb (IPUIEM CJIeyeT BLIOPATh MUHUMAJILHBII [I0JI0KUTETHHBINH KOPEHb
9TOi (BYHKIWN), T.e

. 2
(7r — arcsin M) —«

F =gsin(wt +a) —w?(r; +rp)cosa=0 = t= ! ~ 0,73c
w

4. Hakoner, HaM HEOOXOJIMMO PACCMATPUBATH IOJIHYIO (DYHKITAIO (5) Ban pacnosioxken ropuson-

TaJIbHO, HAYUHAET BpallaTbCd C IIOCTOAHHBIM YIVIOBBIM YCKOPE€HUEM, IIEPBOHAYAJ/IbHO HUTH PacCIIO-
_ _ pt? .

JIO2K€HA BEPTUKAJIBHO (w =pt, = 5 = a), 9Ta (DYHKIIUSA UMeeT BU/I

F = B(r; + 7o) sina + gsin(p + a) — w?(ry + 12) cos a. (11)

B Havya/jbHBII MOMEHT BpeMeHM 3Ta (PYHKIMS IIOJIOKUTE/IbHA, CJIeJ0BATE/IHLHO, IIapUK IIPUKAT
K ITOBEPXHOCTHU BaJia, JIJId OIPeJIe/IeHIsT MOMEHTa OTPbIBa HAM HEOOXOIMMO HaWTH MUHUMAJIbHBIM
IOJIOXKUTETbHBIN KOPEHBb 9TO# (hyHKIMH. AHAIUTHIECKOe pernenne ypapHerns F' = () HEBO3MOXKHO,
HEOOXOIMMO UCIIOIb30BaTh IPUOJINKEeHHbIE YnC/IeHHbIe MeTo1bl. i1 anaansa perenns 0003HaIuM
o+a= ’%2 = &, Torga w = ft = v/2B€ u nepenumiem ypasnenue F = 0 B Buje
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Sing = 2/(r +gr2) cos 046 B B(ry +;’2) SiIlOé’ (12)

) - .
i 0603HaYas MOCTOSTHHBIE KO3 DUImenTsr k = w ~ 3,06-1072% b= B(niw ~

1,91 - 1072, mosryuuM ypaBHEHUE, KOTOPOE BBITTIAIAT JTOCTATOTHO IPOCTHIM,

sing = k& — b (13)

[TocTpoum cxemarndeckue rpaduku HYHKIUIT, CTOAIMX B IIPABOM U JIeBOIl YacTax ypasHenus (13)

Bu rpacdukos mokasbiBaeT, 4ro ypaBHeHue (13) mMeer MOJO0KUTE/IbHBIH KOPEHb IPU JII0ObIX Tia-
paMeTpax CHCTEMbI. HpI/I 3a/laHHbIX B YCJIOBUHM YHUCJIOBBIX JTaHHBIX HaKJIOH FpaCbI/IKa JIMHENHOM
3aBUCUMOCTH MAaJI, IIO9TOMY CJIEIyeT OXKHUJAThL, YTO KOPEHb ypaBHeHus &* OJIM30K K T, MOITOMY
9TO YHCJIO MOXKHO B34Th B KadecTBe HAYaJIbLHOTO MPUOJIMKEHUs KOPHs, KOTOPOe ITOTOM MOYKHO
YTOYHUTDL JIIOOBIM MeTOfoM. B pesysbrare mosydaercs ciemyiolee 3Hadenne kopus £ ~ 3,067,
COOTBETCTBYIOIEE 3HAUYECHNE BpeMeHUu oTpbiBa &* ~ 3,067T = \/% ~ 1,4c. BameTnm, 9TO MAPUK
OTOPBETCs, COBEPIINB UyTh MEHbIIIe, YeM T0JI 000poTa.
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5. UTo0ObI mapuk /10 OTPHIBA COBEPIINII IOJIHBIN 000pOT HEOOXOINMO, IIEPBBIN HOJIOKATE/IbHBIN KO-
peHb ypaBHeHus ObL1 paBeH 27. M300pa3uMm rpadudeckn Takyo curyaruio. Kak cieayer u3 3Toro
PUCYHKA, JJIsI peaTu3allii OIMMCAHHON CUTYaIlUN JIOXKHBI BBITOTHSITHCS CJAELYIONNe COOTHOIEHUS

% = 2, (14)

B 9TOM CJiydae 27 OyJIeT sBIATHCA KOPHEM YpaBHEHUS,
k>1, (15)

[PH BBIIOJHEHUU 9TOrO YCAOBUs OYAyT OTCYTCTBOBATHL MEHBIME KOPHH. VICHOMb3ysl BhIparXKeHust
1t Koaddunmentos, yenosue (14) u ero pereHne npuobperyT BHI

t 2—r?
%ZQW = \/(r1+r2) " =47 = r2:<\/167r2+1—1> r1 ~ 58cMm
(A1

U3 ycmosus (15) Haxomum

k:25(r1+rz)cosa:257“121 N ﬁZQi%980_2~

g g 1
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