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Hunezo ne nonumaro, no,
NOX0HCE, HAC 0HCUOGEM HIMNO-TO INUUECKOE.

Kpow, «Cmewapuru ITun-Kods

Kapam

Yactes 1

Ha xonmax aByx crepxkHeil giuHo# L 3aKpelnieHsl aBe cMenaiiosl Maccoit m. CTep:KHH Coein-
HEHbI CMEIIapHUPOM Maccoit 2m. CucremMa pacioyIoKeHa Ha IVIaJIKONH TOPU30HTAIBHON OBEPX-
HOCTH, IPUYEM M3HAYAIHLHO CMeITaifObl U CMeNIapHUuPbl PACIO/IAraloTCd Ha OJTHONH MPIMOIl.

F
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Ha cmemapaup HaUWMHAIOT JeHCTBOBATH IHOCTOSHHON IOPU30HTAIBLHON cuiioi F', HampaBiaeHHOH
HePIeHINKYAIPHO cTepxKHIM. OKa3a/10ch, YTO B CAEAYIONINN pa3 yIiaoBas CKOPOCTh CTepyKHei
paBHA HYJII0O B MOMEHT, KOT/Ia, PACCTOSTHUE MEXK/y cMemniaiibaMu paBHSIOCH L+/3. Haiinure:

1. (1,5 6amna) KOJMIECTBO TEIIOTHI, BIIEJUBINEECS TIPH TIEPBOM COYIAPEHUH TPY30B;

2. (1 6a1) KOIMYIECTBO TEILIOTHI, BBIJETUBIIEECs TIPU COYIAPEHUIX IPY30B 3a GOJIbIIOe Bpe-
MST;

3. (3,5 Gamna) HaiiuTe CKOPOCTH CMeNIApHUPA B MOMEHT CJIEIYIONero oOHyIeHusI yII0BOi
CKOPOCTH CTepzKHEH.

Yactp 2

Oanoposuaast 1enodka Jauabl 21 mMaccsl M BBITIHYTA B NPSIMYIO JIUHUIO W PACIOJIOKEHA HA
[JIaJIKOIT TOPU30OHTAILHOM moBepxHOCTH. K MEHTPY TMENnOoYKN MPUK/IAIBIBAIOT MOCTOAHHYIO CH-
ay F', HampaBJIeHHYIO MEPIeHIUKYJIAPHO K Tenouke. CUnuTasg, 9TO yIapbl 3BEHbEB aOCOTIOTHO
HeyIpyrue Hajijgure:

4. (1,5 6anma) CKOIBKO SHEPIUU BLIIETUTCH 33 BCE COYAAPEHUA 3BEHBEB.



Yacrs 3. HenenrpaJjgbHbIil yaap cmernaiio

B mannoi vacTu 3aaa9n HaL0 OyAeT aHAJIM3UPOBATH YACTHIHO YIIPYTHE yAaPhl CMelnaibouex ¢
K03(bDUIIHEHTOM BOCCTAHOBJIEHUs k, KOTOPBIA OLpeIesIeTcsd COOTHOIIEHTEeM

k=1-E,/W,

rie E, — norepu sueprun, a W — MakcuMasbHas dHeprus jgedopMaiug BO BpeMs yaapa.

Hampuwmep, cMmemaiiba namaer ¢ BoicoTel H u ymapsercd o moia. MakcuMmaabHas SHEDPrus Je-
dopmanuun mgH. Ecian koadduipenT BocCTaHOBIEHU PABEH k, TO SHEPIrUus CMeIai0bl moc/ie
yiaapa pasua mgHk n ona nognumercs na Boicory HEk.

JIBe cMmemaitboyku 0JMHAKOBOIO pajuyca R pacrosjaraioTcs Ha TOPU30HTAJILHON ITOBEPXHOCTH.
Kosddunuent Tpenns cmernmaitbovuek o mOBEPXHOCTH OIMHAKOB U PaBeH fi. CMeTmaitbouka Macchl
My HaJeTaeT Ha IOKOSILYIOCs cMemaiibouKy macchl msy. B MoMeHnT yjapa ¢ koddduiumenrom
BOCCTAHOBJICHUs Kk CKOPOCTb IepBOil cMernaiiobl paBHa vg. [loce ypapa Bropasd cmerraiida K
MOMEHTY OCTAHOBKM Tponia myTh Lo. Hailigure

5. (1,5 6asia) KOIHIECTBO TEIJIOTH (), BBIIEIUBIIEECS 33 BPeMsl COYIAPEHUs;
6. (1 6amwra) paccrostuue Ly, TpoiijieHHOe TIEPBOii cMeraiiGoil mocie coyaapeHusl.

Mexay cmernaitboukaMu TpeHUS HET.

Aemop zadavu: A. Yimun



Pemenune ocHOBHOIT 3aga49n

Yacte 1

1. BanumeM TeopeMy O JIBUKEHUHU TEHTPa Macc
4ma. =F; =— a.= — = const.
4m

3aMeTuM, 4TO YCKOpPeHHe IMeHTpa Macce NocToduHo. g yaobcTBa nepeitiéM B cucreMy OTCUETa,
neHTpa Macc. Knnernueckas SHEPrUg CUCTEMBI paBHA paboTe CuIbl F 10 mepeMeleHnio IapHu-
pa (pabora CHJI HHEPIMH PaBHA HYJIO, CM. aJbTePHATHBHYIO 339y ). O003HAYMM yroJ MezK Iy
CTEPKHIMHU W UX N3HAYAJTBHBIMHA MOJOKEHUSIMH 3a (.
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30°. Torma m3 3aKOHa COXpaHEHUdA YHEPTUN

FL FL
Ql = TSin?)OO = T

Pabora cuabl F' Oyaer paBhna - sin . B caegyionuit pa3 yrjioBas CKOpoOCTb OOHYJIHTCS, KOT/Ia

V3 _

¢ = 90° — arcsin 5

2. dcHo, 9TO B pe3ysibTaTe OOJIBIIIOTO YUC/Ia COYIapeHnul CTePKHH HPUILYT B IoozxkeHue ¢ = 90°.
Torna aHAJIOrMYIHO

o FL . 0o FL
= —sin = —.
27 79 9

3. BBejiém och & BJIOJIb JJUHUHU JIEHCTBUS CUJIbI, & OCh Y IepleHuKyasapHo eif. Torma ckopocThb
mapHupa Oy1er paBHa

o i) = (5 cos(ep. 0).

a CKOPOCTH I'DY30B PaBHbI

(vx Uy ) = <_§ COS(QO)(,O, j:§ SID(QO)QO)
Kunernueckaa suepruga pabHa
2 2 2 L2
K=2. m;)m + m21)2m = m2 (1 + sin? gp) o2

IloTennuaabaas SHePTUs MOCTOSHHON CUJIBI, KAK U3BECTHO, PaBHA IIPOU3BEICHUIO CHJILI Ha, IIe-
peMellleHue BIOJIb JIMHAN JeHcTBHA cuiibl. Toraga

FL
IT= —T(singp—singoo),



IJie (09 — yTOJI, IPU KOTOPOM ODHYJISETCS yIJIOBAs CKOPOCTh. 3aMETHM TaKZKe, UYTO B PE3Y/IbTATE
COyJapeHns MaKCIMaJbHAd KNHETHIECKAad SHEPTUS CUCTEMbl U3MEHAETCA B

I1(30°)  1—sin30° 1

M(0°) 1—sin0° 2

— in 3
pasa, MOTOMY IIOCJe BTOPOTO COYJAPEHUA YIJOBad CKOPOCTH OOHYJIUTCA IPHU Yy = arcsin .

Taxum obpazoMm, Ik BpeMeHH, MPOIIEIIIero 10 BTOPOTro OOHYIEHUS YIJIOBOM CKOPOCTH, MOYKEM
3alluCcaTh

K+ 1II=0.

[ToacraBss BeIpazkKeHus JIjisi KHHETUYECKOW U MTOTEHITHAJIBLHO SHEPT U, BBIPA3UM 3aBUCUMOCTD
YIJIOBOU CKOPOCTH (» OT yTJia IIOBOPOTA (0

de F
dt V' mL

sin ¢ — sin g

1 +sin? @

Tenepb MoxkeMm HaiiTu BpeMs T, poIeinee 10 BTOPOTo OOHY/IeHHS YIJIOBOi cKopocTu. Pasme-
JINM 1IepeMeHHble U IIPOMHTEeIPUPYEM 110JIyUYEHHOE BbIPaKEHUE

1 + sin? 2
+¢d¢ +/
S — 3 arcsin 2

1
1

1 +sin? @
3
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. de
Sin @ —

3/1ech MepBoe ciaraeMoe 0TBeYaeT 3a JABUKEHNe J0 MepBOro CToIKHOBeHU (¢o = 0°), BTOpoe —
3a JIBUKEHHe MesKJly MePBbIM U BTOPBIM CTOJKHOBeHUAMHE (09 = 30°), & Tperbe — 3a JBUZKEHHe
OT BTOPOT'O CTOJKHOBEHHS JIO BTOPOr'0 OOHY/JIEHUS YIJIOBON CKOPOCTH ((,00 = arcsin %) [Tockoab-
Ky B MOMEHT BTOPOTO OOHYJIE€HUS YIJIOBOH CKOPOCTH I'PY30B PaBHBI CKOPOCTH IMapHUPA, TO

1 [/FL
v=aJd; = v=—-\—
4V m

ITocJie HECIOXKHBIX TIO/ICTAHOBOK, HAXOIUM

sin ¢ — sin g
1 +sin?

1 +sin®
3
4

= 3,006754/ E
m

4. AHAJOrMYHO TMYHKTY 2, JBe MOJIOBUHBI ITEMOYKHU BBIMPIMUTCS BIOb cuibl [, Cepennna

IEeIIOYKHN CMeNlaeTCd OTHOCUTE/JIbHO IIeHTPa MaCC Ha PaCCTOAHUE %, " BCd 9Ta pa60Ta nepexoauT

B TeIlJI0

de | =

EEE
arcsin 2

me —
4 SQD

YacrTe 2

YHacts 3



5. Ilepeiigém B cucreMy oTCUéTa, JABHXKYIILYIOCS CO CKOPOCTHIO Y
UOxﬁ BJ0JIb Ocu . B 3T0it cucreme orcuyéra MpoOeKIuu CKOPO-
creil cmeraiibodek Ha OCh T PaBHBI o

mo ma

/ /

—; T
m1+m2 m1+m2

[Tpoeknus uMmIy/ibca CUCTEMBI Ha OCh T paBHa HYJ0. Torma mocse
yJiapa MmojydaeM, 9To MPOeKIMH CKOPOCTell cMemaiiboueKk paBHbI

’ mg ’ my
Uy, = —U— Ugy = U—.
mq + Mo mq + mo

Korma cmenraiitbouku MakcuMaJIbHO J1e(DOPMUPOBAHBI, MIPOEKIUKE UX CKOPOCTEH HA OCh T PaBHbI
nymo. Torma
2 2 2
_my Voz 112 i ma Voz 111 _ hama Yy,
2 \mi +my 2 \mi +my my+mg 2
Haiiiém v u3 3aKkoHa cOXpaHeHUs SHEPTUU
m VoM > m VoM > m um ’ m um 2
1 021702 2 0211 1 2 2 1
— )+ == ——] + = | — | + (=KW,
2 my + Mo 2 mi + Mo 2 mi + Mo 2 my + mo

[Tocne HECTOXKHBIX TPEOOPA30BAHMN, HAXOIUM

2

W= 0 LW, = u=u.VE
myi + maq 2

Torpa npoekius cKOpocTu BTOPOil cMeniaitboyku Ha OCh * B J1aDOpaTOpPHOil cucTeme OTCYeTa

paBHA
m m
Uy = Uy, + ng—l = UOx—l (1 + \/E> .
my + mo mi + ma

C apyroit CTOpOHBI, TAaK KaK MOCJe yaapa BTopas cMmermraiiba K MOMEHTY OCTAHOBKHU TPOIILIA

nyThb Lo, TO

2

5 = pmagLle; = Uz, = \/2pgLo.

OTkyna moaydaeM

Voz = e \/ 209 Ls.

TOI‘,ZL& KOJIN4Y€eCTBO TEILJIOTBI, BblAE/JIUBIICECAd C MOMEHTa COyAapeHud PaBHO

Mg M1 + Mo

mi (1+ vk)?2

mimy  (my +mo)? 2ugLe

vy 2

= (1—k) 19 Ls.

6. Paccrosgnue L) maiiném u3 3aKOoHA COXPAHEHUS SHEPTUM

2
miv,
; 0 = Q + pgLimy + pmagLy.
OkoH4yaTeJIbHO )
v Mo mo M1 + My
Li=—2 [o—=—(1—-k)——— = L,.
VS g P, )m%(u\/E)z ’



AnbpTepHaTUBHAS 3244

(2,5 6aana) IBe cmenraitbbl coeMHEHBI HUTHIO JUIMHON 2] M HOKOATCS HA
by, HuTh HaunHaoT TAHYTDH 3a CePeINHY € TOCTOSHHON TOPU30HTAIbLHOM
cusioit F'. Haiijiure, Kakoe KOJIMYECTBO TEILIOTHI BBIJIEIUTCS IIPU abCOTIOT-
HO HEYNPYTOM yjape CMeInaiio.

(1,5 6aanra) Cmemaiiby, KoTopas MOKOUIACH HA JOCKE, HAUHHAIOT TSHYThH
¢ nocrogunoit cusoit F'. Haiigure cymmapuyio pabory Cuji MHEPIUU B CH-
cTeMe OTCYeTa IMEeHTPa MAaCC.

(2 6aana) Uentp macc cucteMbl w3 N MaTepHAJbHBIX TOYEK JIBUKETCS
¢ yckopenueM a. Haitnure cymmapHyio paboTy CHJI UHEPIHUH B CHCTEMeE
OTCYeTa MeHTpa Macc.

(2 6asnra) Permmre nyskT 5 ocHoBHOI 3a1aun st k=0 u k = 1.

(2 6a.nna) Pemure mynkr 6 ocnoBuoit 3agaun aig k = 0,5.




Pemenue aabTepHaTuBHOI 3aaa4n

1. PaccmoTpuM JBe cECTEMBI IMaii0: MepByI0, KOTOpas ONUCAHA B YCJIOBWW, W BTOPYIO, W300-
paKeHHYIO Ha HUKHeM pHucyHKe. HampaBuMm ochb x BIOIb JuHUU JAeiicTBus cuibl. [lycTh Bce
mafiObl HAUMHAIOT JBUKEeHHe n3 moJjioKenus r = (. 3amernm, 4To Ha J00YI0 maiidy BI0Ib OCH
x peiicryer cuna F'/2. Torga 3aucumocts x(t), a 3maunt u (), Ay Beex maiid oquHaKOBAs.
[IpeanosioxkuM, 9T0 KOOpJAMHATA TOYKH, B KOTOPOI MPOU30IIe/] yiaap maiid meppoii cucTeMbl
x = d. Torna no onpejiesieANIo cyMMapHas paboTa, COBepIlleHHAas HAJ| MepBOi CHCTeMON paBHA

Ay =F(d+1),

TaK KaK TOYKa IMPUJIOYKEHUsl BHeEITHell cujibl cMmecTHach Ha paccrognue d + [. Hajx Bropoit
cucTeMoit OblIa coBepIieHa padbora

AQIFd

[Tocne coynapenus KuHeTH4YeCKasi SHEPrUs Maid B 000uX cucremMax OyAeT OJIMHAKOBOI, ITO3TOMY
TEILIO, BBI/IeJIUBIIeECd BO BpeMs COy/IapeHnsd, MOYKHO HAUTH KaK Pa3HOCTb paboT, COBEPIIIEHHBI-
X HAJ CUCTEMOM

Q=A — A= Fl.

2. [lo TeopemMe 0 ABMIKEHHMH IIEHTPA MAaCC YCKOPEHHE MEeHTPa MacC CHCTEMBbI cMellaiba-IocKa
PaBHO

—

. F

Qe = m+ M’
rie m — macca cMmernaiioel, M — macca mgocku. IlepeiiieM B cucteMy oTcdera MEHTPa MAacC.
Torga na jgocky u cmenaitdy OyayT JefcTBOBATH CUJIbI MHEPIUH

— —

F. = —ma,, F;=—Mad..

Bsenem ropmzonTanbayio ock x. KoopanHaTa MeHTpa Macc He U3MeHsdeTCd, 3HAUUT JIId MaJIbIX
nepeMenennii cMemaiiosbl U JOCKHM BBIIIOJHEHO PABEHCTBO

mAzx, + MAz, = 0.
[Tocuntaem pabory cua mHepIuu

A = F Az, + F;Az, = —ma. Az, — Ma Az, = —a.(mAzx, + MAzx,) = 0.

3. [lepeiinem B cucteMy oTcueTta MeHTpa Mace. [IyeTh Macchl ToUek paBHBI m;, raet = 1,2, ..., N.
Torpa unepruu, JefcTBYIOMAs HA -0 TOYKY PaBHA

—

Pannyc-BekTOp 1eHTpa Mace He U3MEHAETCs, TTOITOMY

N
i=1

[TocunTaeM cymMMapHYO PabOTy CHJI HHEPIUAN

N N

N N
A=Y (Fdi) = (—myd, dis) =Y (=i, mdii) = | =@, mydii | = 0.
i=1 i=1

i=1 i=1



4. k = 0. B srom cayuae (Q = W, t.e. npoucxoaur abcor0THO Heynpyruii yaap. Torma mociie
yJapa MPOeKInn CKOPOCTel maiid HA OCh T PABHEI

my
U=Vygpg—.
my + Mo

N3 3akoHa cOXpaHEHUs JHEPIUU LOJLYHAEM, YTO

2
moll
; = pumegly = u=+/2ugLs.

TOI‘,ZLa, MOJCTaBJIAA Vg U3 BbIpazKeHUA JJId U, NIOJIydaeM, 9TO BbIACJIUBIIIECCA TEIIJIO PaBHO

(my +mo)u?  myvd mims V3 Mo
Q B 9 My +my 2 m1( 1 2) g Lo
k = 1. B srom ciryuae
e,
W )

3paquT () = 0, T. €. IPOUCXOUT AOCOTIOTHO YIPYTHH y1ap U TEILIO He BBIACISICTCS.

5. CmoTpuTe perrenne [IyHKTa 6 OCHOBHOI 3a/1a4ul




