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IHnepeus 0GEMCA YeN0BEKY HA BPEMS,
U 00Hatcob Hado eé sepHymMb.

Asamap (pusrvm)

Koab1io Ha 1mepiiaBoii I0BEpXHOCTHI

B mexanuke Bbl 3a9aCTyI0 BCTpedaeTech C MPUHIUIIAME, KOTOPbIE SIBJISIOTCH CJAEJICTBUIMH 0O-
Jiee o0MUX yTBepKienuit. [[pumepom gB/Isi€TCs TPUHITUT SKCTPEMYMa, TOTEHITUAIbHONR SHEPIUH,
VTBEPKJAIOMNI, 9TO B MOJIOKCHUN PABHOBECHS ITOTCHIMAJIbHASA SHEPrAd MEXaHHYeCKON 3Hep-
AW OPUHAMAECT IKCTPEMaJIbHOEe 3HAUCHHUE.

B pamkax jaHHoil 3a/1a4u BaM LpeJijiaraeTcs MPUMEHUTh ellé OJMH, He HACTOJILKO W3BECTHbIH
MPUHITAT — TPUHIANT MAHAMYMa, TUCCUTIAIINN SHEPTUN, HAIEITIUI CBOE TJIaBHOE TPeHA3HAME-
Hue B rugpoaunHamuke. [Ipu momorm Hero Mur Oy/1eM U3ydaTh JUHAMAKY MEXaHUIeCKOW CucTe-
MBI.

M3yuaemas MeXaHHYECKas CHCTEMa HPEeACTABIACT OO0 KOJIb- v
110, HA KOTOPOE HAMOTaHa BCErJa HATAHYTasd HEBECOMas Hepac-

TSKUMas HUTb, CBOOOJHBIN KOHEI[ KOTOPOiH IepeMeInaeTcst
BJIOJIb €¢ CBODOHOTO TPSIMOJIMHEHHOTO yIacTKa (CM. PHC).

Koapmno pacmosioxkeHo Ha poOBHOM IIepIIaBoil rOPU30HTAJILHOMN
noBepxHocTH. KoadduimenT rperus MexK 1y KOJIbIIOM U IIOBepX-
HOCTBIO (. Macca m Kojiblla u cujia HOpMaJIbHON peakiuu, Jeii-
CTBYIOIIad CO CTOPOHBI MOBEPXHOCTH Ha KOJBIO, PABHOMEPHO
pacipejiesieHbl 10 ero IepuMerpy. YCKOpeHue CBOOOIHOTO Ia/ie-
HUd g.

Jlnst onpeneneHnss MUHEMAJIBHO BO3MOXKHON CHUIbI HATSKeHUS 1., CBOOOTHOrO ydacTKa HH-
TH, TPU KOTOPOM M3HAYAJIHHO HEMOABUKHOE KOJILIO HAYHET MepeMelnaThes, MOYKHO ITOCTYITUTH
CJIeIYIOIIIUM OOpa30M: €CJIM KMHEeTUYIeCKas SHEPrus KOJbIIa MOCTOSTHHA, TO MOIITHOCTD JIeficTBY-
IONMUX Ha HEro CUJI JIOJZKHA OBITH paBHa HyJ0. TakuM odpa3oMm, 3a1a4ua MOXKeT ObITh CBeJIeHa K
MOUCKY MUHUMAJIBHO BO3MOYKHOIM MOITHOCTH JIMCCUIIAITNN, BBI3BAHHON CHUJIO TpeHUs KOJIbIa O
IIEPIIABY IO TOBEPXHOCTH, IPU (PUKCHPOBAHHOM 3HAUEHUU CKOPOCTH ¥ CBOOOIHOTO KOHIIA HUTH.

1. (4,5 6asanra) Onpenenure MEHIMATHHO BO3MOKHOE 3HAYEHHE CHJIbI HATSKEHUS Ty, CBO-
00IHOTO yYacTKa HUTH, ITPU KOTOPOM KOJIBIIO HATHET MepeMeniaThCs.

PacemoTpuM MexaHm4eckyio cHCTeMy, IOKa3aHHYIO Ha PHUCYHKaxX HuxKe. Ha ropumsonTtanabnom
CTOJIE TIOKOUTCSI KOJIBIIO Maccoit m, paguycoM R, meHTtp O KOTOPOro PacloJiOXKeH Ha PaccTo-
guuu L > R or npsgMojmHeiHoro Kpasi croja. K ¢cBoboHOMY KOHILy HUTH IIPUKPEILIEH I'Py3
maccoit M.



B maTgryTOM cocTOgHUE CBOOOMHBIN YIACTOK HATH HMeeT TPH yIacTKa:
® TOPU3OHTAJBHBINA YYaCTOK, OpPHEHTHPOBAHHBINA MEePHEeHIUKYAAPHO KPAlo CTOJIA;
® YYaCTOK, Ha KOTOPOM HUTh KacaeTcsd MaJeHbKOI'O HEBECOMOIO OJIOKA;
® BePTUKAJILHBIN yIACTOK.

['pys noganMaroT Ha BeICOTY H HaJ TOJ0XKEHNEM, B KOTOPOM CBODOIHBIN YIACTOK HUTH HATAHYT,
U OTIMYCKAIOT 6e3 Ha9aJbHONH CKOPOCTH.

Byjiem Ha3piBaTH «IIPOIECCOM abCOIIOTHO HEYNPYTOi jJedopMaluny TaKyio OECKOHEYHO MaJIyo
nehopMaIiio CBOOOIHOTO yIAaCTKA HATH, MPHU KOTOPOIH PABEHCTBO CKOPOCTEll Tpy3a u Toukm A
KOJIbIIA, B KOTOPOH OHO KacaeTcs CBOOOIHOrO y4acTKa HHTH, COXPAHIAETCHA BCEIJIA MOCJEe ero
JIOCTHZKEHUSI.

2. (2 6anrsa) Oupepenure CKOPOCTh Vo MEHTPA KOJIBIA CPa3y MOCJe Mpolecca abeoM0THO
Heyupyroit gedopManui CBOOOIHOTO yIAaCTKa, HUTH.

3. (3,5 6annra) Tpu kakOM MUHUMATHLHOM KO3(MMDUIHEHTE TPEHUS [imin MEKIY KOJBIOM W
CTOJIOM B IPOIECCe IBUKEHUS KOJBIO OCTAHOBUTCS, MEJUKOM OCTABIIUCH HA CTOJE?

Aemop 3adavu: A. Vimun



Pemenune ocHOBHOIT 3aga49n

1. MomHOCTh CHUJIBLI HATSXKeHus HATH paBHa P = T,inv. MOMHOCTD CHJIBI TPEHHS paBHA
PTp:/(dFBaUB) = _/dFB'UB7

rjie Ug — CKOpocTh Touku B kosibna, dFp — UpUIoXkKeHHas K ITOH TOYKE CUJIA TPEHUs, a
HHTETPUPOBAHNE BEJIETCH M0 BCEM TOYKAM KOJIbIA. 1aK KaK CHJIa HOPMaJILHOM PEeaKIUU OIMOPbLI

pacrpefiesieHa PaBHOMEPHO:

dl
dFg = pmg—-.

[TopcraBuB 3T0 B HHTErpaJ u mepeiias K UHTeIPUPOBAHUIO 110 YIUIY, HOJIYYaeM:
2
P dy
=—umg [ — -vp.
P 27
0

Tax kak cKOpoOCTh TOYKH A KOJIbIA, B KOTOPOH OHO Kaca-
ercd cBOOOIHOIO y4acTKa HUTH, HAIPABJICHA TEPICHINKY-
qsipao mpsimoit OA, 10 MTHOBeHHBIH TeHTp ckopocteit
HAXOJIMTCS TJE-TO HA ITOH MPAMOIi. 3HAYUT CKOPOCTH TOY-
ku B paBna:

BC

10

Yron CAB B tpeyroabauke ABC pagen (m — ¢)/2. U3
TeOpeMbl CHHYCOB 77151 Tpeyronbanka ABC nonydaem:

v =170 -

BC | cos(p/2)]
AC siny

Taxum 0Opa3zoM, MOITHOCTH CUJIbI TPEHHUS PpaBHA

27

dp | cos(p/2)|
Py =— —
P ,umgv/Qﬂ sin ¢
0

YT00bI ONpeae nTh MHUHUMAJIBLHO BO3MOXKHOE 3HAUEHHE CHJIBI HATSIKEHUS 1., CBODOIHOTO
y4aCTKa HATH, TP KOTOPOM KOJIBI0 HAUHET JIBUYKEHHE, HY KHO MUHUMHU3UPOBATH 3TOT UHTETI'PAJI
0 BCEM BO3MOKHBIM TOJIOKeHUSIM TouKH C, T. €. 110 yIIy 1. 3aMeTHM, UTO I TPOU3BOJIHHOTO
yIJIa ¢ HOJBIHTErpaJbHOE BbIPAKEHHe JOCTUTAaeT MUHUMYyMa Opu ¢ = 7/2, T.e. KOTJa TOY-
ka C JIeKUT Ha KOJbIEe. 3HAUYUT MUHUMAJIbHOE 3HAYECHHE HHTErpasia JTOCTUTACTCA HMPU TAKOM
nostoxkeHun Touku C'; a MUHHMAJIbHAS MOITHOCTH PaBHA:

2
Py, = ——pmgo.
7

[IpupaBHIB CyMMapHYIO MOITHOCTb K HYJIIO, TOJIYyYaeM:

2
P+ P, =0, = Tyn=—pmg.
s



2. 13 3ak0Ha cOXpaHEHUs IHEPIUM Jijid IPy3a [MOJy4YaeM, YTo cpa3y Hepe HpoIreccoM adCco0T-
HO HeyHpyroii jedopMaIy ero CKOpocTb paBHa

Tax Kax B 9TOM Ipolecce HUTH J1eOpMHPYETCcs GECKOHETHO MAJIO, & BCe CKOPOCTH KOHEUHBI, OH
HPOUCXO/UT OY€Hb OBICTPO. 3SHAYUT MOYKHO NMPEHEOPEdh UMITY/IHCAMU CUJI TAZKECTH U TPEHUSI.
Torma u3 Broporo 3akona HbeoToHa /7151 Tpy3a mOJIydaeM:

M(vy —v;) = pr,

rje vy — CKOpPOCTb I'Py3a 10 OKOHYAHUH IIpoliecca abCOIIOTHO HeynpyToi nedbopManun, a pr —
UMIIYJIBC CUJIBI HATSXKEHUS HUTU 33 BPeMs 9TOro Ipolecca.

M3 reopeMbl O ABHYKEHHHU IEHTPA MACC U IIPABHJIA MOMEHTOB OTHOCHUTEJLHO IEHTPA KOJIbIA
HOJTy TaeM:

mAvo = —pr,

mR*Aw = —prR.
Torpa, Tak Kak B Hada e KOJbIO TOKOUIOCh, U3 9TOW CHCTEMBI TIOJYYaeM, 9TO B KOHIIE ITPOIEecca

abCoTIOTHO Heympyroit medopmanun vo = whR. 3HAIAT CKOpOCTh TOYKH A paBHA vy = 200.
ITo okoHYaHUHE HpoIecca CKOPOCTh Irpy3a OyaeT paBHa ckopocTd Touku A. OTcioma mosydaem

ypaBHeHUE:
M <2Uo — \/29H> = —muvo.

B M
- O2M +m

Orcrona HaXOAUM:

Vo QQH.

3. ITokaxkeM, ITO B JII0O0N MOMEHT BpeMeHH MTHOBEHHBI IEHTP cKopocTel KoJibila C HaXOIUTCS
B TOUKE, IHAMETPATHHO MPOTHBOMOIOKHO Touke A. IlycTh B HEKOTOPBIt MOMEHT BPEMEHHU TO
BbITIOTHEHO. [Ipoekius cymMMapHOil cuibl TpeHusi Ha OCb Yy, napasutesbayio OA, paBHa HYIIO,
TaK Kak Jyisi 1000 Touku B Hafigercs cuMMmerpuuHas eif Touka D (CM. puC.), TaK 9TO CyMMa
HPOEKITNil CUJI TPeHus, JIefCTBYONNX HA HUX, paBHA HYJIIO.

[Ipoeknust cymMMapHOIl CHJIBI TPEHHS HA OCh X, KoTopas nepunenaukyaspaa OA, paBHa

™

Rdyp © 2
F,=-2 [ pmg- 5 I - oS <§> = —}pmg.

0



MomeHT cujibl TpeHus OTHOCHTEJILHO IeHTPa MacC paBeH A

™

Rd 2 B R~ UB
M = —2/,umg . ﬁ - R - cos <§> = —;,ung.

0

3anuiieM TeopeMy O JIBUKEHUU MEeHTPA MACC U MPABUIO MOMEH-
TOB OTHOCUTEJHLHO TEHTPa KOJIbIA:

mE=====0

NS

i R

ma =T — —pumg,
T

2
mR* = TR — ~pumgR.
T

Orciona noaydaeMm, 910 a = £R. 3HaYUT, ecJIi B KAKOW-TO MOMEHT Vo = wlR, To u jajiblie
9TO PABEHCTBO OYIeT COXpaHATbcs. TakuMm oOpa3oM, MIHOBEHHBIH MEHTP CKOpPOCTell Beerja Ha-
XOJIUTCSI B TOYKE, TUaMeTPaIbHO MPOTHBOMONOKHON Touke A. OTCiofa clieyeT, 9To CKOPOCTh
rpy3a Bcerja B JiBa pa3a 00Jibllle CKOPOCTH MEHTPA KOJbIIA.

[Tpu MuaIMaIbHOM KO3 DUIMEHTE TPEHUS ITepeMellleHre IeHTPA KOJIbIA JI0 OCTAHOBKU PaBHO
So = (L — R). Tak Kak CKOpOCTh I'Dy3a BCerja B JiBa pa3a GoJIbllle CKOPOCTH MEHTPa KOJbIIA,
nepeMenienne rpysa paBHo 250. 3HAYHT paboTa CUIbI TI:KECTH paBHA:

Appne = 2Mg(L — R).

ITIo Teopeme Kénura KuHeTndecKast SHEPrus KOJIbIA Cpa3y IMOC/e 3aBepIleHus Ipoiecca abco-
JIIOTHO Heyupyroit gedopmanuu paBHa

2 2
mvy  lw
E, = 5 + - = mvé.
Kunerndeckast sneprus rpys3a paBHa
M(2U0)2
E. = —5 = 2Mu}.

[Io onpejesieHIIO MOIITHOCTH pabOTa CHJIbI TPEHUs PaBHA:

i T 2 4 T 4
Ay = / dt - Py = —/ dt - —pmgus = ——,umg/ dt -vo = ——pumg(L — R).
0 0 T T 0 T
ITo Teopeme 006 U3MeHEHNN KUHETUYECKONH SHEPTUN:
(EF + EK) = _ATp - ATH}K'

Orcroa HaxoauM KO3(MMUIHEHT TPEHUS:

_TM (M it
Hmin = 570 M+m L-R)




AnbpTepHaTUBHAS 3244

CrepzkeHb Maccoit m | JTHHOM [ IoKouTCcs Ha cToje. Koaddunuent Tpenus MexKIy CTOJIOM U
cTepkHeM paBeH p. Cuia HOPMAaJIbHOM peakIy pacipe/iesieHa PABHOMEPHO.

1. (4 6aana). Haiinnre MuaIMaIbHy1O CHITY Flin, KOTOPYIO HY?KHO NDH- "

JIO?KUTH K KOHILY CTEPXKHS MEPIEeHIUKY/ISPHO eMy, 9TOObI OH HadaJsl - F
[IePEMeIaThC.

2. (8 6aanra). K KOHILY CTePXKHsI HPUKIAIBIBAIOT CUIY Fli, Tak, 9T0 OH
Hadas nepeMernarbesd. Hailinre MOMEHT CUJIBI TPeHUS OTHOCUTETHHO m,l| &g

LEHTPA MACC CTEPXKHS CPA3y MOC/IE HAYAJIA JBUKEHUS.
3. (8 6anna). Crep:keHb PE3KO MEPraiT 3a ero KOHeI| epIeH THKYISIPHO
emy. JlokaskuTe, 9TO MTHOBEHHBI IIEHTP CKOPOCTEH cpaly mocje Havda-
JIa JIBUZKEHUsI HAXOIUTCS HA PACCTOSTHUY [ /6 OT IEHTPa MacC CTePIKHSL.




Pemenue aabTepHaTuBHOI 3aaa4n

1. Ilycthb cpa3sy nocje HadaJja JBUKEHUS MIHOBEHHBIN HMEHTP cKopocTeft HaxoauTcd B Touke C
HA PACCTOAHHMHM T OT KOHIIA CTEPXKHsSI, K KOTOPOMY HpPHKJAIbIBAIOT cuiy. [Ipemnnonoxkum, 4To
CKOPOCTH 3TOI0 KOHIIA paBHA v. 3HAYUT MOIIHOCTH cuibl I paHa P = Fv. MomHocTh CHIbl
TpeHUud paBHA

i dy y dy y pumgv [z (I —x)? umgu x 1
PT = — —_— U — —_—— = - — —_— = - 2~ —_ — —2 .
P /“mglx” /“mgzx” > \T " T 5 1Tz
0 0

o

Fmin
W3 HepaBeHCTBA O CPEJIHUX MOJIYUaeM, 9TO MOIITHOCTH OyIeT MH- —
HUMAaJBbHOU IO MOJYJIIO IIPU T = l/\/§: D
" -

] l

Poin = —pmgv(vV/2 — 1). ~— T3

= lz-4

Orcrona 1moJydaem: cl
Frin = umg(\/§ —1). T d

2. MomenTsl cuji TpeHus, JEHCTBYIOIMIMX HA TOYKU CTEPZXKHS, HAXOJMIUECS HE JIAJIbIIe, YeM
C' oT HeHTpa CTepzKHs, B CyMMe DaBHBI HYJIIO (cM. puc.). [Tosromy cymMmapHbIii MOMEHT CHJIbI
TPEHUs OTHOCHTEJILHO IEHTPa MacC PaBeH:

1/2

M—2/ dy  pmg 12 1\’ B l\/§—1

B PG 9= 4 T3 Mgy
x—1/2

3. IlycTb uMIy/IbCc CHJIbI, C KOTOPOW JEpraioT CTepzKeHb, paBeH pp. Tak Kak 3Ta CuUjia MHOTO
OO0JIbIlle CUJIbI TPEHHS, IpeHeOpezkeM UMITYJIbCOM IIoc/ieaneii. V13 TeopeMbl 0 JIBUKEHUHU TEHTPA
MacC ¥ IpaBHJIa MOMEHTOB, 3allMCAHHOTO OTHOCUTEILHO IeHTpa cTepkus O, ciemryer:

3HAYNT, TAK KAK H3HAYATIHHO CTEPXKEHb MOKOWJICS, TOJNydaeM v = wl/6, 3HAYNT MIHOBEHHBIIH
LEHTP CKOPOCTEH HAXOAUTCS HA PACCTOsiHuM [ /6 OT HEHTPaA MACC CTepXKH. 3aMETHM, YT0, KOIJIA
CTepyKeHb TAHYJIN C CUI0H Flnjn, MCHOBEHHBIH IIEHTD CKOPOCTEeH HAaXOAWJICS B JPYroil TOYKeE.



