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IMpumep 1. Jse mamepuasvusie mouky A maccot M1 u B macco, mo, €6A3aHHBIE HEBECOMBIM CEPHCHEM
daunne 1, deusicymes mak, wmo mouka A ckoAL3UM N0 2460K0T 20pU30HMAAbHOT Npamotl, ¢ B ocmaemcea 6
sepmukasbHoll naockocmu, codeporcauseti mpaexkmoputo mowku A. Halimu abcomommyo mpeexmopuio mouky

B, ecAlU 8 HAYANOHBIT MOMERT CUCTNEMA TLOKOUAACD.

Y

m.g

K npuwmepy 1.

Pewenue. Beeiem Henonprkuyio cucremy koopauaar Oryz ¢ HadaJoM B HEKOTOpOH Touke O Tak, 9To
ocb Oz HaIpaB/ieHA BIOJL TOPU3OHTAJBHON MpAMOM, MO KOTOpo# apukercs Touka A, ocb Oy — BEepTUKAb,
JeXKaIas B IIOCKOCTH ABUXKEHUs TOUKK B, och Oz mepneHIuKyAsapHa TI0CKOCTH IBUKEHUS CHCTEMBI.

i1 perieHus 3a1a4u BOCIIOJIB3YEMCS TEOPEMO 00 N3MEHEHNN KOJIMYECTBA JIBUKEHU

1Q _ p© 4 @
)
dt
rae Q — KOJMYECTBO JBUKEHUS CUCTEMbI (MMIYJIbC CHCTEMBI), F©) _ pjapusrit BEKTOD 33/ AHHBIX BHEITHUX
CHJI, R') — rnapmbrit BEKTOpP peakmuil BHEIMHUX cBa3ei. Ha Toukm cucTreMbl mefiCTBYIOT 3aJaHHBIE BHEIITHHE

cubl (CUITBI TSKECTH ), napasenbusie ocu Oy. B cuny riagkocTu BHENTHUX CBA3eil

HAJIOXKEHHBIX HA CHCTEMY, PEaKIUM BHEITHUX CBA3edl He MMEIOT COCTaBJSONIel, Hanpasiennoi no ocu Ox. B

pesyibraTe TeopeMa 00 U3MEHEHUHU KOJUYECTBA ABUKEHUS B TPOEKIMH HA 0ch O NPUHUMAET BUJ

d . .
ﬁ(mle + meip) =0.

Orciofa mosrydaem TiepBblii HHTerpas (3aKOoH COXpaHeHHs KOJMYeCTBa, JABIKEHNs B MPOeKIHH Ha och OT)
mita +metp = C)

njin

(m1 + mg)fbc = Cl,

rae Touka C' — menTp macce cucrembl, C1 — KOHCTaHTa WHTErpana. Tak Kak B HAYAJBHBIA MOMEHT BPEMEHH

cuCTeMa MOKOWJIACh, TO KoHCTaHTa C MHTErpajia PABHA HYJIIO, 3HAUWT,

(ml + mg)i‘c =0.



Orciona, rc = Co, Co — konucranTa. Eciin nojoxkenne Hadajla KOOPAMHAT BBIOPATH Tak, 4T00bl 0cb Oy Mpoxo-
JIHAJIA, 9epe3 HAYATHHOE TTOIOYKEHNE TIEHTPA MacC CUCTeMBI, TO KoHCTaHTa Cy 0BPATUTCS B HY/Ih, U 3HAYHUT, BO BCE
BpPEMS JBUKEHHS OyZeT BBIIONHATHLCA paBeHcTBO Lo = 0. To ecTh cncTema IBHKETCS TAK, U9TO €e HEHTP MACCe
C mepeMemnaeTcs TOIBKO 10 BEPTUKAJIH.

Omnpenensas nomoxkenue orpeska AB B mnockoctu Oxy yrioMm ¢ Mexay AB U BepTUKAIBIO, MOJYIaeM

my .
rp = ——Isinp, yp =Icosy.
mq + mao
m1l
Taxum 06pa3oM, TPaeKTOpUud TOUYKA B — 3jumnc ¢ noayocasMy ——— u [
mi + mo
2 2
B Y _ 1

—F __+
( mll )2 l2
mi + mo

Mpumep 2. /sa 2pysa A u B maccol My U MAccv Mo COOMBEMCMBEHHO, COAZAHHBLE HEGECOMOT HEPACTNANCU-
MOT HUMBIO, nepebpouternnoli ueped 640k C, CKOALAM NO 2AQ0KUM 2PAHAM KAUHG MACCH M, HATOOAULE20CH
Ha 2460K0T 20pU3OHMAALHOT NAOCKOCTNY. Yeavl NPUu 0CHOBAHUY KAUHA COOMBEMCMEEHHO pagHbt & u . Hatimu
nepemeienue KAuna, ecau 2py3 A onycmumcea wa ewcomy h. Maccol 6aoxa npenebpenwnv. B Havasvuvil mo-
MEHIT, GPEMEHU CUCTNEMG NOKOUALED U 2PY3bl ObLAYL PACTIOAOICEHDL 8 BEPNUKAALHOT NAOCKOCTNU, OPTO20HAAbHOT

060K06bIM PEOPAM KAUHG.

K mpuwmepy 2.

Pewenue. BeesieM HeOOBIZKHYIO cucTeMy KoopamHaT Oryz ¢ HA9aJIoM B HEKOTOPO Todke O Tak, 4TO OCh
Oy 1epHeHIuKyJIapHa, FOPU30HTAJBHON ILJIOCKOCTH, 10 KOTOPOH JBHzKeTca KJuH, ocb OX JIeXKUT B IOPU30H-
TAJbHOM MJIOCKOCTH U IIJIOCKOCTH OCHOBaHUs KjauHa, ock Oz napaJuieibha GoKoBoMy pebpy Kiauna. U3 yciaosus
384491 U TEOPEM 00 U3MEHEHNU KOJIWYECTBa, JBMKCHAA M KAHETHYECKONO MOMEHTa, CICAYET, 9YTO KIUH JBIKETCA
HOCTYIATEJNbHO UPAMOJInHEHHO BaoJib ocu Oz (noyemy?).

Casi3u, HAJIOKEHHbIE HA CUCTeMY (KJIMH M JIBA TPY3a), UACATbHBL U B KAXKJIbIH MOMEHT BPEMEHH JOIYCKAIOT
MOCTYNATENBLHOE TIEPEMENIEHNE CUCTEMBI KaK TBEPAOro Tena BAoab ocu Ox. 3asaHHbIe BHEITHUE CAJBI HA 3TO
HanpasieHne npoeknwii He aaoT. CremoBaTenbHO, 0 TEOpeMe 06 M3MEHEHUH KOJUIECTBA JIBUKEHUS IIOJTY 1aeM

3aKOH COXPaHEHHA KOJJIMYIEeCTBa ABUXKEHHUA B IIPOCKIUUN Ha OChb Ozx:

mu + mivig + mava, = Ch,



3716Ch U — IIPOEKIHs CKOPOCTH TEHTPA MacC KJAnHA HA 0Cb O, U1, U V2, — NpoeKun abCOMIOTHBIX CKOPOCTEH
rpy3oe Ha och Ox, C; — KoHCcTaHTa. [TOCKONBKY CHCTeMa HAYMHAET JIBUYKEHUE U3 COCTOSTHUS TIOKOsT, KOHCTAHTA,
C, obpaimaercs B HyJb.

Jlnst HaxOXKIeHnsT TPOEeKIii aBCOMIOTHBIX CKOPOCTEH TPy30B Ha 0cb O BBEJEM TOJBUKHYI CHCTEMY KOOP-

JIVHAT, CBSI3AHHYIO C KJAMHOM. KJTHH MBUIKETCS MOCTYNATeIbHO BIOIb ocu O, CleT0BaATENBHO,

V] = Ve€y + Viorn, V2 = Vey + V2o1u;

TI€ Viory Y V2ot — CKOPOCTH TPY30B OTHOCHUTENHHO KJIMHA, HATTPABJAEHBI IO COOTBETCTBYIONTUM TPAaHAM KJIWHA
¥ PABHBI 110 BEJIMYNHE TTPOU3BOIHBIM [TEPEMEIEHNI TPY30B 10 3TuM rpansam. Ilycts £ — abcrucca meHTpa Mace
KJNHA, & § — OTHOCHUTEIbHAS KOOPMHATA, 33aJAI0MIas mojoxkenue rpy3a A Ha rpanm kianua. C y9erom TOro,

YTO IPY3bI CBA3AHBI HEPACTAKUMON HUTDHIO, MOJIydaeM
ma + my (& — §cosa) + mo(i — $cos 8) = 0,
OTKY/I3, HHTErPUPYsl, HAXOIM
(m +my + ma)x — (mq cosa + mg cos B)s = Cy
num
(m +my +ma)(x — 2(0)) = (mq cosa + ma cos 8)(s — s(0)).

Ecnn rpys A omycrusca Ha BoicoTy h, IepeMemenne rpysa o rpaiu Kjauda pasao s — s(0) = S cJies10-

BaTEJIBHO, IIepeMeIleHne K/JInHa BIOJIb OCH Ozx paBHO

(0) h  (mq cosa + my cos B)
z —xz(0) = )
sin « m+ mq + ms

IIpumep 3. Kpyzaasa 20pusonmanvras nagmgopma paduyca R u maccor M moorcem epawamocs 6e3 mpenus
60KPY2 HeN0dBUNCHOT 8epMUKaIbHOl ocu, Npoxodasuels uepes ee yeump. Ilo kparo naampopmuv, deusicemes ve-
A06EK (MOYwKA) MAcCh M 6 CMOPOHY 6PAULEHUS NAGMPOPMBL € NOCTNOANHBIM N0 GEAUNUHE OTNHOCUTNEALHBLM
KacamervHuM ycxoperuem a. CKoavko spement NoradobUmca HeA06€eKy, 4mobbe 0OCMOHOSUMb NAGMPHOPMY, ec-
AU NPU Y2A06011 CKOPOCTIU NAGMPBOPMbBL Wy OMHOCUMEAbHAA CKOPOCTID YEAOBERA ObLAG Pasha Hwyamo. [Liamgopmy

CHUMAMD 00HOPOJHBM QUCKOM.
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K mpuwmepy 3.



Pewenue. Beegem Henomsuzkuyio cucremy koopaunar Ozyz ¢ HadasoMm B nearpe O miardopust, ocu Oz u
Oy KOTOPOil TesKAT B IIOCKOCTH TLTATGOPMBL, 8 0cb Oz MEePHeHANKYISIPHA 9TOM TI0CKOCTH U jonoasger Ox u
Oy 1o paBoii TpOHKH.

CBs131, HAJIO?KEHHBIE HA, CHCTEMY, HJICATbHBI M B KA2K/IbIi MOMEHT BPEMEHHM JIONYCKAIOT TIOBOPOT BCeil cucTe-
MBI KaK TBEPJOrO TeJla BOKPYT BEPTUKAJBHON ocu Oz, MOMEHT 3aJaHHBIX CUJI OTHOCUTEBHO 3TOH OCU paBeH
HYJTIO, CIIEJIOBATENIBHO, BBITOJHAETCA 3aKOH COXPAHEHUS KMHETHYECKOTO MOMEHTA CHCTEMBI OTHOCUTENIBHO OCH
Oz: Ko, = const.

Kunernueckuit moment cucrembl Ko oTHOCHTENBHO TOUKYM O CKIAJALIBAETCS U3 KHHETUIECKOTO MOMEHTa,
mwrardopmer KG:

2
K§ =Io,we, = Twez,
rie [p, — MOMEHT WHEPIWM JMCKa OTHOCUTEeNhHO ocu Oz, w = we, — YTJIOBas CKOPOCTh TIAT(MOPMBI, U

KUHETHIECKOrO MOMEHT, 1enoBeka K5

K5 = m[071, v = m[Rey, (wWR + at)es] = mR(wR + at)e,,

OA

rae v7®" — abCcoMoTHAA CKOPOCTh YeJIoBeKa, €] = ——, €3 L e, ez L e,. B pe3ysnbrare KuneTwdecKnit MOMeHT
@)

cucTeMbl oTHOCHTEILHO ocu Oz paseH

M
Ko.=((K§ +Kg"),e.) = (2 +m) R2%w + mRat.

C yueToM HAUaJbHBIX JAHHBIX (yIUIOBasi CKOPOCTh MAATHOOPMBI B HAUAIBHBIH MOMEHT PaBHA Wg) TIONYUaeM

M M
<2 + m) Rw + mat = (2 + m) Ruwy.

Orcrona HaxomumM BpeMsi T, HEOOXOAUMOe Jjid OCTaHOBKH mardopmbl (w = 0),

(M + 2m) Ruwyg

2ma

IIpumep 4. Teaescra nogopomHozo nodsemHozo KPaHG 06UHCEMCA ¢ NOCNOARKOT CKOPOCTHI0 U OMHOCUMENDHO
cmpeavs CDF. Momop, epawatowudl xpan, cosdaem 6 nepuod paszona nocmoannuti momenm L. Onpedesums
Y2A06Y10 CKOPOCb W BPAULEHUA KPAHG 8 3ABUCUMOCTNU O, PACCTNOAHUSA T O YEHMPE MGCC TENEHCKU C 2PY30M
0o ocu epaujerua AB, ecau Macca MeaekHcKy ¢ 2pY3oMm pasne m, Ji — MOMEHM UHEPUUU MEAENHCKY C 2PY30M
OTMHOCUMEADHO BEPTMUKAALHOT OCU, NPOTodawel uepes ee uenmp macc, J — momenm unepuyuy kpana (6e3
meaesicku) omuocumenvno ocu AB. Bpaujenue navwunaemcs 6 MOMEHM, K020a UeHMD MACC MEAEHCKY C 2PY30M

HATO0UACA Ha paccmoanuy To om ocu AB. Ocv AB sepmuxanbna.
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K mpuwmepy 4.

Pewenue. Beemem nenomsuxuyio cucremy xoopauaar C XY Z ¢ magasom B Touke C' CTpesbl Tak, 9TO OCh
CZ uanpasiena Broib AB, u noasuKHuyio cucremy koopaunar Cryz, CBA3aHHYIO CO cTpeoit, ock C'x KOTopoi
Hanpassiena Baosub CD, a ocu CZ u Cz copuagaror. KoopauHara x 3a1aeT MMOJIOKEHHE HEHTPA MACC TEJIEKKH
OTHOCHTEJILHO CTPEJIBI.

CBsI31, HAJIOXKEHHBIE HA, CUCTEMY, UJICAJLHBL U B KaXKJIbII MOMEHT BPEMEHU JOMYCKAIOT TIOBOPOT BCEH CHCTEMBI
KaK TBEPJIOro TeJjia BOKPYI HemoaBuxkHOH Beprukasibhoil ocu AB (Cz). ITo Teopeme 06 u3meHeHnr KuHETHYE-

CKOTO MOMEHTA CUCTEMBI NMeeM
dKc,
dt

:L’

rae KCZ — IIPOEKIHUuA KMHETUIEeCKOI'0 MOMEHTa CHUCTEMbI Ha OCb Cz. Kunerndeckuii MOMEHT CHCTEMBI CKJIabI-

BAETCS W3 KAHETUIECKOTO MOMEHTA CTPEJIbI i KHHETHIECKOTO MOMEHT, TEJIEZKKH, OITOMY
Ko, = Jw + (J; + ma?)w.

[Tockonbky

dKCz _ dKCz dx _ dKCz

dt dw dt* dz

nony4daeM gudepeHiaabHOe ypaBHEHNEe, CBA3BIBAIOIIEE W C X,

d L
e [(J+ J1 +ma?)w] = .

Torma ¢ yueroM HaYAIBHBIX JAHHBIX HAXOIAM

L
(J + Ji + ma?)w = ;(:c — ).

Takum 00pa30M, HCKOMOE BBIPAKEHHE IS YIJIOBOH CKOPOCTH W UMEET BH/L

_ L(z — o)
~w(J+ Jy +ma?)

IMpumep 5. Ilo snewnell cmopore 20puU3OHMANLHOT HeNOJeUNCHOU okpyschocmu paduyca 11 ¢ yewmpom O
Kamumca 0e3 CKOAbHCEHUS, OCTNABAACH 6 20PUSOHMAALHOT NAOCKOCTU, 00HOPOdHBIT Juck macco My paduyca

ra. Juck npusodumces 6 deusicernue u3 cocmosnui nokos kpusowunom OA (A — yenmp ducka), na Komopol



deticmsylom napa cus ¢ nNOCmMoAHHbM Mmomenmom L. Hatimu y2a06y10 cKopocms Kpusowuna 6 3a6ucumoCcmy

om €20 Yyz2aa noeopoma, CHuImas xpusouwun OdHOPO(?H'bL.M, CMEPHCHEM MACCHL T2 .

Y

K mpuwmepy 5.

Pewenue. Beenem nemompukuyw cucremy koopamaar Oxyz tak, uro ocu Ox u Oy Jjexkar B ILJIOCKOCTH
JIBUXKEHUS JUCKa, a och Oz MepneHauKyasspHa 310l miockoctu u gononaaser Ox u Oy 10 TpaBoil TPOUKH.

Cis3u, HaJOXKeHHbIe Ha cucTeMy (HenoiBuxKHas ocb Oz BpallleHUs KPUBOILUIIA; KaueHUue 6e3 CKOJIbKEeHUs
JIACKA, TI0 OKPYKHOCTH ), UAEAJILHBI U HE 3aBUCAT OT BpeMeHu (nodemy?), CJel0BATEIbHO, UMEEM MECTO TEOPeMa
00 M3MeHeHNr KWHETHIECKON SHEPTUU CUCTEMbBI

dT = (F;,dr;),
i
rae T — xuHeTHveckas sHeprus cucreMol, » (F;, dr;) — sneMenrapuas paboTa BCeX 3aJaHHBIX CUJI Ha, e CTBY-
i

TEJIbHBIX [EPEMEIIEHUSIX TOYEK, B KOTOPBIX OHU TPHUJIOKEHBI.

B namewm cayuae anementapaas pabora 3a3JaHHbIX CuJl (IIAPBI CHJIL, CO3JAIOMIMX MOMEHT L, U Cuil Ta2KecTH)
pasta Ldy, Tae ¢ — yros moBopoTa Kpusoriuia (1oka3ars). Kuneruueckas sHeprusi CHCTEMBI CKIAIbIBACTCS U3

KUHETUYIECKOH SHEPIr'ur KPUBOIIUIIa U KUHETUYIEeCKOMH JHEPrum JucCKa. HOCKOJIbe KPUBOIIUIT BPAITACTCA BOKPYT

ocu Oz, ero KHHETHIECKAS YHEPTHs PABHA

1 m2(7”1 +T2)2 .
TKI) = ilOzW2 = f@%

rie o, — MOMEHT WHEPIMU KPUBOIIUIA OTHOCUTENBHO ocu Oz, w = we, = e, — yrioBas CKOPOCTb KPUBO-

muna. KnHeTraeckyo SHEPrui0 JUcKa HalizeMm mo ¢dopmyne Kennra

myv4 1
T,E( == 12 = + §JAZO‘};2(7

rae va = (r1 + 72)|$| — BeaMUMHA CKODOCTH LEHTPA JUCKA, J4, — MOMEHT MHEDIHU JUCKA OTHOCUTEIBHO OCH,
npoxongmeil gepe3 TouKy A W MeprneHIuKyIsApHOi IIIOCKOCTH JIUCKA, W, = W,€, — YIJIOBasd CKOPOCTh JUCKA.
JINCK KaTHTCA TTO OKPYKHOCTH 63 CKOJbYKEHWUs, TMOITOMY CKOPOCThL TOYKH JWCKA, COBMAJAIONICH B JaHHLIH

| [y
MOMEHT ¢ ToUKO# Kacanus C, pasaa Hymo. Torna w3 dbopMyner Diinepa v4 = [w; X CA] nonyaaem

14 1r2)¢
. (m+r)e,
T2



Kunernueckas sneprus aucka pasHa

m . mar? (r4r\° | 3 .
T/Il = 71(7'1 —+ T2)2(p2 =+ % (17‘22> (p2 = Zml(rl -+ T2)2<p2.

B pesynbrare Teopema 06 m3MeHEHWN KUHETUYECKON IHEPTUU CUCTEMBI IPUHUMAET BT

d

T2 . 3 .
M@Q + 5 (rn + r2)2w2] = Ldep.

WNnaTerpupys, noxydaem

9m1 + 2mo

B (r1 +12)%¢? = Ly + const.

Bymem cunrarh, 9TO yriioBas CKOPOCTh W = ¢ KPUBOIINIIA paBHA Hy/0, Korma ¢ = 0. Takum 06pa3oM, nckomas

2 / 3L
w = .
T1+T2 9m1+2m2

ITpumep 6. O0HoPodHAA HEPACTNAHCUMAA BECOMAS HUMB MACCHL T U OAuHbE 21, 6uCC6UWas HG 2AGOKOM UUAUH-

3aBUCUMOCTD W OT ¢ UMeeT BUJ

dpe paduyca r ¢ 20pU3OHMAALHOT 0CHI0 U HATOOAULAACA 6 PAEHOBECUU, HAMUHAEM JBUNCEHUE CO CKOPOCTIIDIO V).
Hatimu ckopocmd deusicenus numu 6 mom momenm, kozda ona cotidem ¢ yusundpa. Ceo600ube KOMYbL HUMU

HE packa“tuearomca.

Yy

K mpuwmepy 6.

Pewenue. JIpukenne HUTA MTPOUCXOIUT B IJIOCKOCTH, MEPIIEHANKYIAPHONR OcH MUAUHIpa. BBereM HemoapmxK-
Hyto cucremy koopamunar Oxyz ¢ HadamoMm B Touke O, Jexalieil Ha OCH IUJINHIPa, I0CKOcTh OTy aBiIsdeTcs
TIJTOCKOCTBIO JBUYKEHUSI HUTH, 0Ch Oy HATIPABJIEHA TI0 BEPTUKAJIN BHU3, 0Ch Oz HATPABJIEHA BIOJIb OCH [VJIMHIPA.

CBsi3u, HAJIOKEHHBIE HA CHCTEMY, UIEAJbHBI M He 3aBHCAT OT BPEMEHWU, 33JaHHas cujia (CUJIa TAKECTH)
“MeeT CHJIOBYIO (DYHKITHIO, CJI€IOBATEIBLHO, MOTHAT MEXAHUYECKAS SHEPTHUS CUCTEMbI COXPAHIETCS. Y PABHEHUE

JABH2KE€HHUE MO2KHO IIOJIy9UTHb U3 MHTEr'paJia dHEPruu

2

muv
5 ~mgyc =h
niIn
m'U2 mU2
—— —mgye = 20 — mgyc(0),

rie v — CKOpOCThL HUTH, Yo — opAauHara 1nenrpa Macc C HuTH, h — MOCTOAHHAS HHTErpaJIa, SHeprun. B HavabHbIi

MOMEHT OEHTD MaCC HUTH MOZKHO Ha#UTHU KaK OEHTP MaCC ABYX OJAUHAKOBBIX ITaPaJIJICJIBbHBIX OTPE3KOB HUTH JJIHHBL



r m r
l — — m maccel — ([ — — ), meHTp Macc KOTOPbIX HaxomuTes Ha ocu OY U UMEET OPANHATY

2 21 2
n-30-%)

mmr
1 OTPEe3Ka HUTH, OXBATHIBAIOIIEH IIUIUHIADP 10 HOJIYOKPYKHOCTH, MaCChI ST OpJMHATa LEHTPa MacC KOTOPOro
paBHA
2r
Y~ =——
T

(mokazarp). Orcioa B HAYAIBHBI MOMEHT [EHTD MACC HUTH MMEET ODJAMHATY
2

-4 (-5)' -

B mowment cxoma uutH ¢ nuauaIpa yo = l. Takum 06pa3oM, U3 WHTErpasa SHEPTUN CIAEIYET, ITO

2 2
v = v%—l—g(l—i—ﬂ'r—rl(Z—Q)).

IIpumep 7. Odnopodnviii cmepocenv AB maccor m u daunst 21 cKoAb3UM CEOUMY KOHUAMU 63 MPEHUS No

HENOOBUNCHOT BePMUKANLHOT oKpYdcHOCU paduyca T = /2] nod deticmeuem cuav, mascecmu. Hatimu peak-
YUY 68 TOYKAT KOHMAKMGE CMEPHCHA € OKPYHCHOCTILIO Kak GyHKUuU yeaa @, obpazosannozo ompeskom OC,
coedunaougum yenmp O oxpyostcrocmu ¢ yenmpom C emepotcua, ¢ 20puzonmom. B navasvnonii momenm cmep-

orcend nokouscsa u paduyc OA Ovui 20pu3onmanet.

A Ny

K mpuwmepy 7.

Pewenue. Bregem HemoaBukHyo cucremy koopauHar Oxyz ¢ HadanoMm B reaTpe O OKPY>KHOCTH TaK, UTO
ocb Ox JIEXKUT B TIJIOCKOCTH OKPY?KHOCTH M MOPU3OHTAJbHA, 0ch Oy HAlpaBJIeHa [0 BEPTHKAJIN BBEpX, 0cb Oz
MTEPIEHTUKY/ISIPHA TIOCKOCTH OKPYXKHOCTH U monosusier Ox u Oy 00 mpaBoil TpoiKu.

OcBoGomM cucTeMy OT CBs3eif, TO eCTh OyIeM pacCMaTPUBATH CTEPIKEHb KaK CBODOIHOE TEJIO, HAXOJISIIE-
ecs 1of, JeficTBUeM 3aJaHHON Cuiibl Mg (CHIIbI TAXKECTH) U HEM3BECTHBIX peakuuii cazeit N4 u Np, B cuy
IJIAJKOCTY CBsA3ell, HAPaBIEHHBIX MO PAJANYCAM OKPYYKHOCTH B Toukax A u B. Buimuiem TeopemMy O JBHKEHUN
neaTpa Macc C cTep:KHs

mac =mg+ N+ Np,

TIe ac — YCKOpeHue TeHTpa Macce crepkuda. Halins BbIpaxkenune Ad YCKOPEHUs IEHTPA MacC CTEPKHS KakK

GYHKITNIO YKA3aHHOTO B YCJIOBHHU YIJIA , MOYKHO OyIEeT BBIYMCIUTH W UCKOMBIE peakiun N u Np, Hampumep,



U3 ypaBHEHUM, IPe/ICTaB/IAIONINX IIPOEKIIMNA BEKTOPHOI'O YPaBHEHUdA JBUKEHUS IeHTPa MacC Ha KacaTeJIbHYIO U
HOpMaJTh K OKpyskHOCTH B Touke B. ITockombky AAOB npsiMOyroabHbIH, B Kayk10€ U3 YpaBHEHUH BOHIET 1O

OJTHOW HEM3BECTHOW pPeaxKIuu

mar = —mgcosy + Na,

ma, = —mgsiny + Np,

TAe ar U a,— TNPOCKINN YCKOPEHUWA NEeHTPa MaCC Ha KacaTeJbHYIO U HOPpMaJib K OKPYXKHOCTHU B TOYKE B co-

T
OTBETCTBEHHO, yTOI Y = (7r - — = ) — yroi, oOpPa30BAHHBIN KACATEIbHON C BEPTHKAILIO. TakuM oO6paszoM,

4

peaKIuu OLpeeadTCs U3 ypaBHeHUH

ma, = mg cos (ﬁ +<p) + Na,

4
L (T
ma, = —mgsin <Z —|—<p) + Np.

Henrp mace C' crepykHs ABuKerTcs 0o okpy:kuocTu pamuyca OC,| yckopenwe touku C' NpejcTaB/isieTcs

CYMMO# IIEHTPOCTPEMUTEILHOIO U BPAIIATEIbHOI'O YCKOPEHUH

c= —9520? + W|O?|%7

OTKY/Ia

\f2\f\f

aT:—l

\f\f\f

ay = 7190 - 71 ( 90)

1® + @),

st HAXOXKIEHUSA P U ) MOXKHO BOCIIOJIB30BATHCS JIMOO TEOPEMOil 00 M3MEHEHUN KUHETUIECKOrO MOMEH-
Ta, orHOCUTENLHO ocu Oz, b0 TeopeMoil 00 M3MEHEHUN KUHETUYeCKON 3Heprun. Bocmosb3yemca Teopemoii 06
M3MEHEHUN KWHETHIECKOTO MOMEHTa, OTHOCUTEThHO ocu Oz. BhrancinM KHHETUYECKUT MOMEHT CTEPXKHS OTHO-

curenbHo ocu Oz, ucnonasidys dopmyrny Kennra,

ml?

(Ko,e.) = ((m O? x v+ Ic.we.), e.) —ml2@+ 3 %

rie Ic, — MOMEHT WHEPIUHU CTEPXKHS OTHOCUTEILHO OCH, TPOXOSINEIT Yepe3 MEeHTD MACC CTEPKHS U TEePIIeH 1~
KYJSIPHOM TJIOCKOCTH JBUKEHUs, W = (e, — yIJIoBasg CKOPOCTh crepxkHsd. MoMeHT cui orHocuTenbHo ocu Oz

paBeH

(([ O?xmg OTKXNM—F[O?XNM),@):mglcosgo.

Sammcas TeopeMy 06 M3MEHEHUN KMHETHIECKOTO MOMEHTA CTEPIKHS OTHOCUTENbHO ocu Oz

i % Po) =
7 3m ¢ | =mgcosp,

HaXO0IUM BbIpazKeHue IJid YyIJIOBOT'O yCKOpEHUA

» = COs .

41
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[Tonmkas MOPsIOK MOCIEAHErO ypaBHEHNUsI, epexoad K audGepeHiimpoBatnio M0 ¢, HMEeeM

d ¢*> 3g

dp 2~ 41°%%

OTCIO,ZLa C Y9€TOM HaYaJIbHBIX JaHHBIX

¢2:§g Singo—@
21 2

ITocse moaCTAaHOBKM HaMIEHHBIX BBHIpAXKEHUH [ ¢ M ¢ Kak (DYHKIHH yIyia @ B YPaABHEHHUS s PEAKINi

IOy 9aeM

N4 = —mgcos (Z—i—gp) + ma, =
V2 (3g (. V2) 3y

2
:‘mgg“ow‘sm”mf DT Gl Ry

2
= %mg(lo sin p — cos ¢ — 3V/2);

NB:mgsin(%—l-tp)—Fma,,:
g™ (cos 4 sing) + m Y20 [ 29 (s — Y2) 239 050 ) =
— " 4 4 2 "\ 21 L 47 %%

2
= %mg(lo sin o + cos p — 3v/2).

TlonyunuTe pe3yabrar, HCHOAL3YS TeopeMy 00 M3MEHEHNH KMHETHIEeCKON dHEePTHH.
IIpumep 8. Halimu deusicenue cucmemv, cocmoiwets u3 08YxT MGCC M1 U Mz, HGCAHCEHHLLIT HG 2A0G0KUT
20pu3oHmMasbrulll cmepoicens (oco OX); MacCHL C8A3GHBL NPYNHCUROT JHCECTNKOCTNU C U MO2YM J6U2GMBCA NO-
cmynamenvro 60oab cmepoicha. Paccmosnue mescdy uenmpamu Mace npu HEHANPANCEHHOT NPYAHCUHE DABHO
l. Cocmoanue cucmemsv, 8 HOUGALHBLL MOMEHTN ONPEJEAAENCA CACOYOUUMU 3HAYEHUAMU KOOPOUHAIT U CKOPO-
cmets yenmpos mace r1 =0, &1 = ug, xo =1, T9 = 0.

Y

Lo
T
0] T

m, M X

K nmpuwmepy 8.

Pewenue. [lomoxkenne cucTeMbl ONpeaeasdeTcs IByMs KOOPAUHATAMU: T1 U To. Y DABHEHUS JBUKEHUS MOTYT
ObITH IOJYYEHbl M3 TEOPEMbI 00 M3MEHEHUM KOJMYECTBA JBHUXKEHHMsS CHUCTEMbl B Ipoekimuu Ha och Oz (cBa3u

nIOEaJIbHBI 1 JOIIYyCKAlOT IIOCTYIIaTEIbHOE IIepeMeNnieHne CuCTEMBI KaK TBEPDA0ro Teja BIOJIb CTep)KHH)

%(mli’l + mgfi}Q) =0 W miZ1 + mods =0

11



U TeopeMbl 00 U3MEHEHUN KMHETHYECKON YHepruu (CBsA3U WIEaJbHbl U HE 3aBUCAT OT BPEMEHU )

i mlx% mgl‘% - d£
dt 2 2 ot

c(wg —x1 —1)?
2

r = — — cunoBag DYHKIUS YIPYTOIl CAJBL. IIepBOr BHEHHA CJI T IEPBBLIH HHTE-
e U CHJIOBA, olf ¢ W3 nepsoro ypasue cJeLyeT Ie e
rpaj

my1T1 + maZo = Mylo,

OTKY/Ia IOJIydaeM

mixy + Mmoo = m1U0t + mgl.

Bropoe ypasuenne nociae qguddpepeHnupoBaHua MPHHAMAET BT

myE1E + modads = —c(xo — 21 — 1) (42 — o)
.. my ..
njan ¢ y4eToM TOro, 9YTo o = —— X1,
ma
mljil(.i”l - ’Eg) = —C(IQ — X1 — l)(TQ - ’L‘l)

IMockonbky &1 — &2 # 0 (novyemy?), umeem

mlg'él = C(l‘g — T — l)

Ucnonb3ys BeIpaKkeHue JJist Lo Uepe3 £, 1 BpeMs t

mi miug
X9 = ——I1 =+
m2 ma2

t 1,

monydaeM nuddepeHImanibHOe ypaBHEHNE I L1

U 1 1
B = —wimy 4+ 2, wh=c < + ) .
ma

Pemas sTo nuneitHoe HeomropogHOE AuddepeHITnaIbHOe YPABHEHNE, HAXOINM

1 molly .
Ty = — | myupt + sinwt ) .
mq + meo
Jna xo mpaMoit TONCTAaHOBKOM MMeeM
1 ug .
To =1 myugt — sinwt ) .
mi + mo

IIpumep 9. Odnopodnwiii cmepoicenvy AB maccot m u daunst 21 deusicemea 6 sepmukasvhoti naockocmu nod
Oeticmeuem CuLbl MANCECTIU, CKOAL3A KOHYUOM A no enympennel cmopone 2A60K0T NOAYOKPYHCHOCTIU PGOUYCa

r. Cocmasums ypashenus J8UNCEHUA CTNEPIHCHA.

12



K mpuwmepy 9.

Pewenue. Bremem menomermkuyo cucremy koopaumuar Oxyz ¢ wadajoMm B nentpe O okpyxkHOCTH, 0ch O
TOPU3OHTABHA U JIEKUT B IJIOCKOCTH JBUKEHHUS CTEp:KHs, ochb Oy HApaBIeHA TI0 BEPTUKAIN BHU3, 0Chb Oz
MEPIEeHINKYIAPHA IOCKOCTH aBuxkenus u gononnsier Ox u Oy mo npaBoil Tpoiikm.

Iomoxenne koI A cTepXHS U yroa 6, COCTABASIOMMNN CTEPKHEM ¢ BEPTHKAJBIO, OMPENETISIOT TOJ0KE-
HUE CTepXKHA B JII000i MoMeHT Bpemenu. [lomoxkenne ko A MOXKHO 33/aTh yIJIOM ¢ Mexay paamycom OA
OKPYKHOCTH ¥ BEPTHUKAIbIO. TakuM 0Opa30M, CHCTEMA MMEET [IBE CTEIEeHN CBOOOIDI.

Tax Kak CBsI3U, HAJIOXKEHHDbIE Ha CHCTEMY, UIEANbHBI M HE 3aBUCAT OT BPEMEHH, a 3aJaHHas cuia (Cuia
TSXKECTH) JOMYCKAET CUIOBYIO (DYHKIIMIO, TO HO TeopeMe 00 M3MEHEHUM KUHETUYECKON IHEPrUU UMEeT MECTO
WHTErpaJj YHEPrun

T=U+h.

3nech T — kuHeTHUecKas sHeprus crepxKus, U — cuioBast (PYHKIUS CHIIBI TSXKECTH, h — MOCTOSTHHAS HHTErpaJia,

sHeprun. KNHeTHYIeCKy0 SHEPIUIo cTepKHA HafimeM 1o dopmyne Kenunra

2
mu 1
T=—C4 "Jo,w
2 2 ’
ml?
rae vo — ckopocTh uenrpa macc C' crepxusa, o, = 5 MOMEHT HHEPIINHM CTEPIKHSI OTHOCUTETHHO OCH,

npoxoadineit depes3 nenrp macc C' U mepueHuKyJIsapHON II0CKOCTH BUXKeHus, w = e, — yrioBas CKOPOCThb

crepxkHsg. CKOPOCTH IIeHTPpa Macc o dhopMmysie Ditepa MpeICTABISIETCS B BUIE
vC:vAJr[wx/ﬁ}.

Touka A aBUKETCS 110 OKPYZKHOCTH, II03TOMY ¥4 = T)T, T — €JIMHUYHBIA KACATEbHBIA BEKTOP K OKPY?KHOCTH
B Touke A. Jlerko BuIeTh, 4TO

v2 = 1r2? + 1202 — 2rlpf cos(p — 6).

CuitoBast (byHKIMS CHIIBL TSXKECTH PABHA,

U = mgyc = mg(r cos — lcosb),

13



rI€e Yo — OPAMHATA IEHTPA MACC CTepxKHA. TakuMm 00pa3oM, 3aKOH COXPAHEHUs YHEPIrUU IIPUHUMAET BUJL

ml?

m (r2<,b2 +126% — 2r1p0 cos(p — 9)) + 792 =mg(rcosp — lcosb) + h.

2
Jlst oMy deHust BTOPOro YpaBHEHUsT JIBUYKEHUS BOCIIOIB3YEMCs TEOPEMOU O JBHKeHun rerTpa mace C

mac =mg + N,

rie ac — ycKopenue rentpa macc, N — peakius cesasu B Touke A. [Ipoexiust 3Toro BEKTOPHOTO ypaBHEHUsI

Ha KaCaTeJbHYIO K OKPYXKHOCTHU B TOYKE A nMeeT BHJ
m(ac,T) = —mgsin p.
Vekopenwne Touku C' ompenesisieM 1o gpopmyste Pusaabca
aC:aA+[€><AE?]—w2AE§, E=w.
Vcexkopenne Toukn A paBHO
. .2
as =reT +re°r,

rJie V — eJIUHUYHBIA BeKTOP BHYTPEeHHEH HOpMaJu K OKpyKHOCTH B Touke A. Torma mpoeknust yCKOpeHusi TOUKN
C Ha KacaTeJabHYIO PaBHA

(ac,T) =@ — 16 cos(p — 0) — 10% sin(p — 0).

Takum 06pa30oM, BTOPOE yDABHEHHE IBHKEHMs TIPUHUMAET BH/T
r¢ — 16 cos(p — 0) — 10% sin(p — ) = —gsin .

IIpumep 10. Odnopoduviti kpyeavii duck maccoe m u paduyca R epausaemes 6e3 mpenus ¢ yz240601 CKOPOCMbIO
W 60KpY2 HenodeuscHoll epmurasvholl ocu AB, nporodawed wepes mowky O ducka u cocmasamouets ¢ HOp-
MAABI0 K naockocmu Jucka yzoa . Paccmosnue om yewmpa C ducka do mourxu O pasno OC = e. IIpamwie

AB, OC u nopmass K naockocmu ducka aexcam 6 0dnoti naockocmu. Hatimu peaxyuu 6 nodwunnuxexr A u

B, ecau OA=a, OB =b.

Ag

K npuwmepy 10.
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Pewenue. Uckomble peaknun B mommunankax R4 v Rp yaoBmeTBOPAIOT ypPABHEHWSM IBUKEHHS IHUCKA,
CTEYIONIAM U3 TEOPEMBI 00 H3MEHEHN N KHHETUIECKOTO MOMEHTa OTHOCUTEIBHO TOUYKY (O U TEOPEMBI O JBUKEHUN

IIEHTPA MACC

L0~ [0C x mg] + [04 x Ra] + (0B x Ry),

mac =mg+ Ry + Rp,

rie Ko — KuHeTHYECKUH MOMEHT JIMCKA OTHOCUTEIRHO Touku O, ac — yckopenue rnenTpa macc C aucka.

Brenem mogsuxkuyio cucremy koopauaar Ozyz ¢ HaganoMm B Touke O, ocb Oz KOTOPO# COBIAJIAET € HEITO-
JBUXKHOM BEPTUKAILHOI ochbio Bpamnenus AB, oce Oz snexur B minockoctu ACB, ock Oy ponoausier Ox u Oz
JIO TIpaBoit Tpoitku. 3ameTum, 9To 0ch OY JIEKUT B TLIOCKOCTH TUCKA U OPTOTOHAJIBHA JIUAMETDY, MPOXOJISIIeMY
qepe3 Touky O. Takyke BBegeM TMOABUKHYIO cucreMy koopauHar O&nC, moaydaemyo moBopoTroMm oceil Oxyz
BOKpyr ocu Oy HA yroa « mo 4acoBoit crpeske. Torma muamerp IucKa, Tpoxofamniuil depe3 Touky O, JexuT
Ha ocu O, a O( — HOpMAaJlb K MJIOCKOCTH AUCKA. EIMHUYHBIE BEKTOPHI MOABUKHBIX CHCTeM KoopauHaT Oxyz
u O&n¢ Byaem 0bO3HAYATD €4, €y, €, U ¢, €, e; coorBercrBento. [lonsuxubie cucremer koopaunar Oryz u
O¢&n¢ BpamaioTcs BOKPYT HenoauzKHON ocu Oz ¢ yIIOBOM CKOPOCTBIO W = We,.

Ocu O¢, On, OC npenacTaBastoT coOOil TIaBHBIE OCH WHEPIWY OJHOPOJHOTO AWCKA OTHOCUTENHHO TOUYKM O

(moyemy?), cjaen0BATENbHO, KHHETHYECKWH MOMEHT JIMCKA OTHOCUTEIbHO TOUYKU O paBeH
Ko = Iogwgeg + Ionwne,, + Iogwgeg7
rae log, Ioy, lo¢ — MoMmeHTbI HHepHuH JucKa orHocuresnbho oceit Of, On, OC; we, wyy, We — HPOEKIUU BEKTOPA

yrioBoit ckopoctu Ha ocu OF, On, O( cooreercTtBerno. [lockonbKy

w = we, = wsinae¢ + w cos ae¢,

mr? mR? 9
aloe = L Io¢ = — + me”, nonydaem

mR? mR? 5
Ko = —; wsinaeg + <2 + me > wcos aec.
C ygerom TOrO, 9TO
e¢c = cosae, +sinae;,
e = —sinae,; + cosae;,

BEKTOP KHMHETHYIECCKOIr'O MOMEHTa JUCKa OTHOCHUTEJIbHO TOYKHU 0] (B abCOIOTHOM rELBI/I}KGHI/II/I) IIPpUHEMAaET B

mR? 9\ . mR? mR? 9 9
Ko=—- T—l—me SIn (v COs awe, + T+ T—i—me cos” a | we,.

IIpousBosHas KHHETHYIECKOIO MOMEHTA IO BPEMEHU PABHA

(V]

dK o mR? . : mR? ([ mR? 2) 2 ).
ar = — T + me” | sSin « cos awe, + T + T + me” | cos” a | we,—
mR? 9 ) , mR? mR? 9 9 .
— T + me” | wsin o cos ae, + 1 + T + me” | cos” a | we,.
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Cucrema koopaunar Oxyz Bpamaercs BoKpyr ocu Oz ¢ yrJIOBOH CKOPOCTBIO W = We,, [I0ITOMY

e, = [w X e;] = wey, e, =lwxe,]=0

4

mR? mR? 9 5 1\ . mR? 2\ o 2
+ T+ T—i—me cos” o | we, — T—i—me SIN (X COS QW™ ey.

dKo mR? 2\ . .
o =— | —— +me” | sinacosawe,+

Cuurast, 9T0 B TOYKe A — cepuyecKuii MAapHUp, a B TOYKe B — MUIMHAPUIECKHIT, IPEACTABUM HEN3BECTHbBIE
PeaKnuu B IIOJIIHUIIHUKaX B BHIEC
Ry = Rye; + RAyey + RAzeZ7 Rp = Rp;e, + RByey'
TOF,[L& MOMEHTBI CUJIbI TAXKECTHU U peaKLLI/If/i OTHOCHUTEJIBHO TOYKHU O PaBHBI

[O? x mg| = —[(ecos ae, + esinae) x mge.] = mge cos ae,,

—
[OA X Ry) = [—ae. X (Razey + Raye, + Raze.)] = —aRaze, + aRaye,,
[O§ X RB} = [bez X (RBIEI + RByey)] = bRBxey - bRByex.
Takum 06pazom, IO Teopeme 00 H3MEHEHUH KMHETUISCKOTO MOMEHTa OTHOCATETHHO TOYKH O MOJydaeM CACTEMY

YPaBHEHUN

R2
— <m4 + meQ) sinacosaw = aRay — bRp,,

2
mR .
— ( + mez) w2sinacosa = mgecosa — aR ., + DRBy,

4
2 2
(mf + (mf + m62> cos? a) w=20.

W3 mocyenHero ypaBHEHNsT CUCTEMBI CJIEIYeT, 9TO W = const, TO eCTh JMCK BpaInaeTcs BOKpYr ocu Oz ¢ mocTo-

SHHOM YTJIOBO# cKopocThio. Torma
0= aRAy — bRBy,
2
m 2\ 2.
-\ + me” | w sinacosa = mgecosa — aRa, + bRp,.
ITockonbky maockocrs Oxz Takzke ppamaercsd BOKpyr ocu Oz ¢ IOCTOSHHON yIJIOBOM CKOPOCTHIO W = we,,
menTp macc C' auMcka Kak TOYKa, mIocKocTH Oz NBUMKETCS 0 OKPYKHOCTH DAIUYCa €COS( U ee YCKOPEHUe

paBHO

ac = —ecos aw’e,.
CorutacHO TeopeMe O ABHXKEHHUH LIEHTPA MACC B IPOEKIUIX HA OCH CUCTEMBI Koopauuar Oxyz moydaeM
—me cos aw? = Ra, + Rpg,
0= RAy + RBy7

0= RAz —mg.
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Pemas peinmucansbie YpaBHeHUA COBMECTHO, HAXOJAUM HEU3BECTHBIE KOMIIOHEHTDI peaKuHﬁ B IIOAIIHUITHUKAX

2 2
) S (v R m S Qv
R — mw? cos a K +62) sina—eb] N gecosa’

a+b 4 a+b
mw?cosa [/ R? . mge cos «
RB;C:—W |:<4+€2> 51n0¢+6a] —iﬁ,
Ray = Rpy =0,
RAZ =mg.

IMpumep 11. Tasicesas mouka deuscemes no 6ePMUKAALHOT WEPOTOSAMOT OKPYNHCHOCTIU PAIUYCA T, 8BLT00A
U3 KOHUQ 20PU3OHMANDHO20 Juamempa 6e3 HavaibHot CKopocmu. 3nas Kosdduyuenm mpenus croasvocenus f,

Haldmu CcKopocms, C nomopoﬂ MouKa JoCTNUZHEM HOUHUSULEZ0 NOAOHCEHUA.

Yy

mg

K npumepy 11.

Pewenue. OHpeﬂeﬂHH TOJIOKEeHNE TOYKU Ha OKPYKHOCTU YTJIOM (©, BBINUINEM €€ ypaBHCHUA ABUXKCHUA B
MTPOCKIUN Ha KAaCaTCJIbHYIO 1 HOpMaJb K OKPYZKHOCTHU

d
md—i =mgcosy — F,

122

m— = —mgsingp + N,
r

rie N — mopMmasibHas peakius cBasu, ' = fN — cuna Tpenus.

Briparkasi HOpMAJIBHYIO PEAKIMIO U3 BTOPOrO YyDAaBHEHUS U TOJCTABIAA HAlIEHHOE BBIPDAXKEHHUE B MEPBOE,

oIy 9aeM

dv v2 .
pri —f7 + g(cos — fsing).

ITockonbky
dv _ dvde _dvo _ 1d(v’/r)
dt dedt dtr 2 dp

)

"3 TOCTETHEr0 COOTHOIEHN cienyeT nuddepeHImanibHas CBI3b MEXK/Iy CKOPOCTHIO TOYKHU U U YIJIOM (O, OIpe-

JEJISTIONTUM €€ MOJIOXKEHNE,

1d

2dp \ 7

2 2
<v) = *f% + g(cosp — fsing).

2
v
[Monyunnu suHeiiHOe HEOTHOPOIHOE yPaBHEHME ¢ MCKOMO ¢yHKueit —. Ero pernenwne mpeacTaBisercss Kak
T

CyMMa OOIIEro perreHnsi COOTBETCTBYIOMIETO OTHOPOAHOIO YPABHEHHWS W YACTHOTO PEIeHNe HEOTHOPOIHOTO,

17



KOTOpoe MOKHO HaiiTu B Buje Asin g + B cos ¢. Obiiee perierre OJHOPOIHOIO yPABHEHUS

’U2

2 = (e 2w
r )

rpe C' — npou3BOJIbHAS MOCTOSTHHASA. 110CTaBSAs 9ACTHOE PEIIEHNEe B yPABHEHME, HAXOAUM 3HAYeHUsA jisd A u

B
1—2f2

g2 /
1+4f2°

A=2 _J
I+ ap?

B=6

Taxkum obpazom, 0bIIee pellerre HeOTHOPOTHOTO YPABHEHUST MEET BU/T

_f
1+4f2

2 ) 1—2 2
- 06_2“9—&—297]0 sin g + 6g

. 1T 4/2 CoS .

N3 maganpublx ganaeix v = 0 mpu ¢ = 0 caeayer

— J
C = 691 17
Orciona
v? 6gf 2 29
— —2f 2) sin
- _me ¢+ﬁ((1_2f)81 <p+3fcos<p).

s
HpI/I @ = — TOYKa JOCTUTHET HAWHUIIMETO IMOJIOZKEHUA U €€ CKOPOCTH IIpUMET 3Ha4YeHue

2
2gr
=/—L __(1-2f2—3efm).
v \/1+4f2( J2=3endm)

Ipumep 12. I'pys A maccor my nodsewen x 00HOPOOHOMY HEPACTNANCUMOMY KAHAMY MGCCH Mo daumse L.
Kanam nepebpowen wepes 6aox B, epawarowutica soxpye ocu O, nepnendukysaproti ¥ naockoCmu 4epmetca.
Kanam no baoky ne npockasvaveaem. Bmopoil koney wanama npuxpensen x ocu xamxa C, xamawezoca 6e3
CKONDIHCEHUA NO HENOIBUINCHOT 20PpU30HManbHoT naockocmu. Baok B u xamox C' — odnopodusie kpyzavie ducky
maccv, m3 paduyca r. Kospduyuenm mpenus xeuenus xamra C 0 20pU30HMAALHYI0 NAOCKOCMb pasen fi. B
HAYAADHBLT MOMEHM, CUCTEMA NOKOUAACH U ¢ baoka B ceucana wacms xanama daunss . Onpedesums cropocms

epysa A 6 3asucumocmu om e20 GEPMUKAADHO20 NEPEMEULEHUA h.

C

B
(1
Q T

Y

K npumepy 12.

Pewenue. Brenem Hemoapmkuyio crcremy koopanuar Oxyz ¢ Hadaaom B renTpe O 6moka B, och Ox ropu-
30HTaJIbHA W JIE2KHUT B IIJIOCKOCTH IOBHUZKEHHA CHUCTEMBI, Oy HaIlpaBJIeHa IIO0 BEPTHKaJIN BHHU3, OCb OZ nepreHan-

KyJSIpHA MJIOCKOCTH fBrxKenus u pononusier Ox u Oy 10 npaBoil TpoiKu.
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PaccmarpuBaemas cucrema mMeeT OJHY CTEIEHb CBOOOIbBI, €€ TIOJOKEHUE B 000 MOMEHT BPEMEHU MOXKET
OBITH 337AHO BEPTUKAJILHON KOOPAMHATOH Tpy3a A — koopauHaro#l y. J1jist mosyyenus: ypaBHEHUsT JTBUKEHUST
BOCIIOJIB3YEMCSL TeopeMoii 00 m3MeHeHur KHHeTudeckoil suepruu d1 = dA, roe T — KuHeTudyecKas 3HEPIUs
cucremsr, dA — smemenTapraga pabora BCeX 3aJaHABIX CUJI M PEAKINN CBsI3€il Ha, 1A CTBATEIBHBIX EPEMENEHUTX
TOYEK CHCTEMbI, B KOTOPBIX OHM MPUTOXKEHBI.

Kunernueckas HEPIrud CHUCTEMbI CKJIAJAbIBACTCA U3 KMHETUICCKHX 9Hepr1/1171 OTOEJIbHBIX JacTel CuCTeMbI:

-2
miy
rpyza A: Top = 5
-2
: T meyt
KaHaTa: Kan = 5
1 msy>
. _ 2 _ M3y" .
OJ10Ka: Ten = §I6ﬂw6n =
2 ) -2 )
KaTKa;: T, = Msve +1 w2 = msy + may” _ 3msy
) ® 2 g ETE 2 4 4
2 .
msr Yy
Bneco I, = 5 MOMEHT MHEepIUU OJIOKa OTHOCUTENbHO ocu Oz, wg, = ;ez — yIJIOBasi CKOPOCTH OJIOKA,
m37"2
Vo — CKOPOCTb IEHTPA MacC Karka, [, = 5 MOMEHT MHEPUMU KATKA OTHOCHUTEJIBHO OCHU, IIPOXOAAIei

. )
4gepe3 IeHTD MacC KaTKa U MePIeHIUKYJIIPHON ero mjaIoCKOCTH, Wy = —€, — YIJIOBad CKOPOCTh KaTKa.
r
BzaunwmozmeiicTBue KaTka ¢ npsiMoii, O KOTOPO# OH KATUTCA 0€3 CKOIbXKEHUsI, CBOIUTCS K PEAKIINH, MPUIO-

2KeHHOH K KaTKy B TOYKE KOHTaKTa,

R=—-R,e, — Rye,

" Imape CUJa C MOMEHTOM CHJIbI TPEHHUA Ka4dCHNA

w
M =-f,R,—.
|wi|
DuemenTapHas pabora dA TpencTaBIgeTCa CyMMOR paboT CHJI TSKeCTH, JeHCTBYIONUX HA rpy3 A u KaHar, u
" dy
paboThl TPEHUA KadeHnst, paBHO# — fp R, —, (modemy?). Diemenrapuas paboTa CHI TAKECTH, TTOCKOIbKY 3TH
v,
cuJibl HoTeHnuabhbl, pasaa dUy + dUs, tue Uy = mqgy, Us = mogys — cuiiobble (hbyHKIUYU JJisl IPY3a U KaHaTa

COOTBETCTBEHHO, Yo — OPAWHATA TEHTPa Macc Kanata. KoopawHaTa Yo, UCXOs W3 ONpeIeIeHus ITeHTPpa Mace,

MOZKET OBITh Hal/IeHA KAK KOOPAMHATA IEHTPA MACC TPEX OTPE3KOB KAHATA: TOPU3OHTAIBHOTO, BEPTUKAIHLHOTO

m T\ m
u IyroodbpasHoro obseraroriero 60K, Macchl 3TUX OTPE3KOB COOTBETCTBEHHO PABHBI: TZ (L —y— 7), TQy,
Mo 7T Yy
T 5 & OD/WHATHI MX IEHTPOB Macc — (—r), 5 Y~ Takum obpaszom, ssemeHTapHad padoTa MPeJICTABIAETCS
B BUJIE
2
r r Y mr frRy
dA = mygdy + magd ——(L— _7) LARRL L Y
L9y 29(L Y=o)tartarY r Y

3aMeTHM, 4TO Y~ HOCTOSTHHA W ee MOYKHO HE BBIMUCIISATD.
s onpezenenus BeIWYUHBI HOPMaJIBHON COCTaBJAIOmeR peaknuy [, BhIuIIeM TeopeMy 00 H3MEHEHHU
KAHETHIECKOI'O MOMEHTA OTHOCUTEIbHO HAUBBICIIEN TOYKY OJI0Ka B /1718 9acTu CUCTEeMbIL, COCTOSAIIEN U3 KATKa U

TOPU3OHTAJBHOTO YYIaCTKa KaHaTa. HOCKOﬂbe CKOPOCTU TOYCK TOPU3OHTAJIBHOTO YIaCTKa KaHaTa HallPaBJICHDLL
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BJIOJIb 3TOI'O yYACTKA, €r0 KHHETUIECKNI MOMEHT OTHOCUTEIBLHO HAaUBbICIIEH Toukn O10ka B pasen mysio. Torma

7 (5) = (0-0-5) - 52 (eov-F) e (1ov-F) e,

CIpaBa BBIMUCAHA CYMMa MOMEHTOB CHUJI TSYKECTH KATKA U YYACTKA KAHATA, COCTABISIONIAX PEAKIMH OTHOCH-
TeIbHO HaWBBICIIEHl TOYKH Omoka B m Tpenms kadenuda. M3 Teopembl 06 M3MEHEHHH KHHETHIECKOTO MOMEHTA

KaTKa OTHOCUTEJIHHO ITEeHTpa MacCC TToJIyvJaeM

d [ msr?
dt( Z w)szr—fkRy.

W3 sTtux aByX ypaBHEHUl ONpE/IesisieM BEJIUIUHY HOPMAJIBHON COCTABIILIONIEH PEAKIIHN

mag T
R, = —(L— —7).
v =gt op L

Temepb Teopema 06 M3MEHEHWH KHHETHIECKON SHEPTHH TPUHUMACT B,

1 . r 2 y m r
d<2(m1 + mg + 2m3)y2> =mygdy + ngd<£/ ;JL) — fr—k (mgg + 272[19 (L —y— 7)) dy.

WNuTerpupys JIeBy10 YacTh MOJYYEHHOTO ypaBHeHus B mpedenax ot 0 1o v, a mpaByio — ot [ 10 [ + h, HaxXoquM

BbIpazKeHune Jijid CKOPOCTU I'PDy3a B 3aBUCUMOCTU OT €ro BEPTUKAJbHOTO TIepeMerneHnd h

1 1 : l h
§(m1 + my + 2m3)v® = gh {ml + —Zf (2r+20+h) — I <m3 + ma < oL ))] .
7

Taxum obpaszom,

mo fx 1 7 l h
2gh [m1+2L(2T+21+h)—r(m3+m2 <2 ————— ))}

U= my + mso + 2ms
Ykazanud K 3agadaM riaasbl 2 "JIlmHaMuKa CUCTEMBI MaTEPUAJIbHBIX TOYEK"
coopHuka "3amaum Mo TeopeTuYECcKoil MexaHuke'
2.85. Bocnosib3oBaThest TEOPEMO# O IBUKEHUU IIEHTPA MACC CUCTEMBI B MPOEKITUU HA TOPU30HTAJb.
2.86. Bocnosib3oBarbcs TeopeMoil 00 M3MEHEHHH KOJIMYECTBA ABUKEHNUS B IPOEKIUY HA TOPU3OHTAJIb JJis HE3a-
KPEILIEHHOTO MOTOPA, & 3aTeM Jjis 3aKpemienHoro. Hezakpemrenubiii MOTOp He OyAer mOAnpbIruBaTh HA (PYH-
JIAMEHTOM, eCJI HOPMAaJbHAA PEAKINSA CBA3U HEOTPUIIATETHHA.
2.87. Bocmomb30BaThCsA TEOPEMOit O IBUKEHUN TEHTPA MACC CHCTEMBL.
2.88. Bocronbp3oBaThCss 3aKOHOM COXPAaHEHWS KUHETHUYECKOTO MOMEHTa OTHOCHUTEBHO BEPTUKAILHOU OCH, TTPO-
xongmeit gepes rouky O (ocb Bpaienus).
2.89. Bocmombp30BaThCsa TEOpEeMOit 00 M3MEHEHNN KMHETHIECKOTO MOMEHTA, OTHOCHTEIBHO OCH Z.
2.90. Bocnomb30BaThC WHTETPAJIOM TEOPEMBI O JBUXKEHUU IMEHTPA MACC, 3aKOHOM COXPAHEHUsS KWHETHIECKOTO

MOMEHTa CHUCTE€MbI OTHOCHUTEJIbHO IMEHTPa MaCC U 3aKOHOM COXPaHCHMWA SHEPI'UH.
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2.91. Bocrioip30BaThCs 3aKOHOM COXPAHEHUs] KWHETHYECKOIO MOMEHTA, CHCTEMbI OTHOCHUTEIBHO BEPTUKAIBHOM
ocH, MPOXOAMAINEH depe3 HeHTP OKPYKHOCTH. MOKHO JIN MOJIyIHTh PEe3yJIbTAT U3 TeOpeMbl 00 U3MEHEHUH KUHe-
THYECKOM SHEPTHH?!

2.92. Bocnonb30BaThCs TEOPEMON O IBUKEHUH IIEHTPA MACC B TEOPEeMOi 00 M3MEeHEeHNN KWHETHYIECKON SHEPTUH
(nu TeopeMoii 06 M3MEHEHUN KMHETHYECKOIO MOMEHTa, OTHOCUTEIBHO IEHTPA MACC JUCKA).

2.93. Cwm. 2.92.

2.94. Cwm. 2.92.

2.95. Cm. 2.92.

2.96. Bocrob30BaThCAd WHTETPAJIOM SHEPTUH.

2.97. Bocnosib3oBaThCsi TEOpEMOt 00 M3MEHEHNN KUHETUYECKON YHEPTUU JJIs CUCTEMBI.

2.98. Bocmob30BaThCs 3aKOHOM COXPAHEHUS SHEPTUU I CUCTEMBI.

2.99. Bocnomb30BaThCa TEOPEMO# O IBUKEHAN EHTPA MAcC B IPOEKINH HA FOPU30HTAIIb, 3aKOHOM COXPaHEHUS
9HEPTUH U TEOPEMOI O JBUKEHUHN IIEHTPA MaCC B TPOEKINU HA BEPTUKAJD.

2.100. Bocronb30BaThCst 3aKOHOM COXPAHEHUST KWHETUIECKOTO MOMEHTA OTHOCUTEILHO BEPTHUKAJIN, TTPOXOISIIEH
4Jepe3 HelOABUXKHBIM KOHel, 1 3aKOHOM COXPAaHEHU:d SHEPrUu.

2.101. Bocronb30BaThCsa 3aKOHOM COXPAHEHNs SHEPTUN /I KayKJI0r0 N3 YKA3AHHBIX CJIYYAEB IBUKEHMUSI.
2.102. HaiiTn yTiIoBy10 CKOPOCTh M YIVIOBOE YCKOPeHne (DU3NIecKOro MassTHUKA JINO0 N3 TeopeMbl 00 M3MEHEHNN
KHUHETHYIECKOI'0 MOMEHTA OTHOCHUTEIHHO HENOJABUIKHON OCH BpaleHus, Jubo u3 uHTerpaja sHepruu. Boimucars
TEOpeMY O ABUZKEHUW LIEHTPA MACC B MPOEKIINAX HA YKA3aHHbIE HAITPABJIEHU.

2.103. Bocronb3oBarbest T€opeMoil 00 U3MEHEHUH KWHETHMYECKOTO MOMEHTa OTHOCHTENBHO OCH momaseca (ocu
BPAIIEHUS) B KAXKJIOM U3 YKA3aHHBIX CIyYaeB M CDABHUTL YDABHEHHUSI.

2.104. Bocronb3oBarbCsa TeOpeMoii 006 N3MEHEHHH KHHETHIECKON YHEPTUH.

2.105. Bocrmosb30BaThCst 3aKOHOM COXPAHEeHWsT IHEPTHH U TEOPeMoil O IBMXKeHUN MeATpa macc. Heobxommmbim
YCJIOBHEM OTDBIBA CTEPIKHsST 00 CTEHBI SBJISIETCS O0pAIleHNe Peakiuu B ToUKe A B HYJIb.

2.106. I1a 0cBOOOIMBIIETOCS CTEPXKHS BBIMUCATH 3aKOH COXPAHEHUS SHEPTHH W TEOPEMY O ABUKEHUH IIEHTPA,
MacC B MPOEKIMM HA TOPU30HTAIh. B KauecTBe HAYAJBHBIX JAHHBIX B3ATh KOHEUHOE COCTOSIHWE (B MOMEHT
OTpbIBA) CTEp:KHs B 3a1ade 2.105.

2.107. Bocrios30BaThCsA TEOPEMOI O NIBUKEHUN IIEHTPA MACC B MPOEKIINY HA BEPTUKAID B MOMEHT OOPBIBA HUTH
7 TeopeMOoil 00 M3MEHEHNN KUHETHYIECKOIO MOMEHTA OTHOCUTENBHO HEHTPA MACC B TOT K€ MOMEHT.

2.108. Bocnosib30BaTbcs TEOPEMOii O JIBUYKEHUU IIEHTPA MACC B TPOEKITUN HA HATHHYTYIO HUTh B MOMEHT 0OpbIBA
JAPyToi U TeopeMoil 06 M3MEeHeHNN KWHETHIECKON0 MOMEHTA OTHOCHUTEIBHO MEHTPA MACC B TOT K€ MOMEHT.
2.109. Bocronb30BaThCst 3aKOHOM COXPAHEHUS YHEPIUU U TEOPEMOIl O ABU2KEHHUM TEHTPA MAcCC B MPOEKIINNA HA,
HOpMaJlh K IMJIMHIPY B Touke B. B MOMeHT oT/jesieHUsT NUJINHIPA OT ILIOMAJKNA HOPMAJIbHAS COCTABJISIONIA

peakinu o6paIAeTca B HYIb.

21



2.110. PazpezaB HuTh U 700aBUB B YMCJIO BHEITHUX CHUJI HATSKEHNUE HUTHU, BBIMUCATH [JI KAXKJOI'O ITUIUHIPA
TeOpeMy O JBUKEHUU IEHTPA MAacC B MPOEKIMHA HA HAKJIOHHYIO TLIOCKOCTb U TEOPEMY 00 M3MEHEHUH KUHETHIe-
CKOT'O MOMEHTa OTHOCUTENBHO MEHTPA MaCC.

2.111. Bocmonp3oBaThbCsi TeOpeMoi 00 M3MEHEHWN KHMHETHYECKOI'O0 MOMEHTA OTHOCHTEIBHO OCH, IIPOXOIAIeit
gepe3 Touky noapeca O ¥ TEPIeHIUKYISPHON TJIOCKOCTY IBUKEHUS, 1 TeOPEMOil 00 M3MEeHEeHU KUHETUIeCKON
9HEPTUH.

2.112. Bocmoab30BaThCA TEOPEMOI O ABUKEHHWH ITEHTPA MACC W TEOPEeMOil 00 M3MEHEHWH KHHETHIECKOT'O MO-
MeHTa OTHOCUTEJIBHO IIEHTPA MaCC.

2.113. Bocnonb3oBaThCs TEOPEMO 00 M3MEHEHHH KOJMYECTBA IBUKEHUST B IMPOEKIINN HA TOPU30HTAIL U TEO-
pemoit 06 M3MEHEHNN KUHETHYECKOH SHEPTUN IS CUCTEMBI.

2.114. Bocrnoab30BaThCsl TEOPEMOii 00 M3MEHEHHN KHHETHIECKOrNO MOMEHTA OTHOCUTENIHHO HeTIOABMKHOTO KOHIIA,
CTEPIKHSA W TEOPEMOIl 00 M3MEHEHUN KWHETUYIECKOW SHEPTUH JJisi CUCTEMBI.

2.115. Bocmomb30BaThCa TeopeMoil 006 M3MEHEHWH KHHETHIECKOTO MOMEHTa OTHOCHTENIHHO OCH IHJINHAPA U
TeopemMoii 00 M3MEHEHUN KUHETHIECKON IHEPTUHU JIJIsT CUCTEMBI.

2.116. Bocmombp30BaThCss TEOPEMOM O ABUKEHHH IIEHTPA MaCC CHCTEMBI U TeOpeMOi 00 M3MEHEHUN KIWHETHYIe-
CKOT'O MOMEHTa OTHOCUTENBHO BEPTUKAJIBHOI OCH, TPOXOAIIell depe3 MEHTP MacC CHCTEMBI.

2.117. Bocrosb30BaThCcs TEOPeMOil 00 M3MEHEHUN KOJUIECTBA, JBUKEHUS B TTPOEKIINN HA HAKJIOHHYO TLJIOCKOCTD
¥ HOPMAJIb K Hell U TeopeMoil 00 M3MeHeHUr KUHETUYIECKON YHEPTUU i CUCTEMBI.

2.118. Haiitn KOMIOHEHTHI YIJIOBOH CKOPOCTH B IVIABHBIX IEHTPAJIBHBIX OCIX WHEPIIUU JUCKA. BBIINCATh KOM-
TTOHEHTHI KHHETUYECKOTO MOMEHTA B TeX Ke OCAX.

2.119. Ha#itu KOMIIOHEHTHI YTIIOBOH CKOPOCTHU B TJIABHBIX OCAX WHEPIUH JIUCKA OTHOCUTETHHO ToUku O. Boimu-
CaTh KOMIOHEHTHI KHHETUYIEeCKOTO MOMEHTA B TEX XKe OCHIX.

2.120. Bocnoan3oBaThest TeopeMoit 06 W3MEHEHNH KHHETHYECKOr0 MOMEHTa, MCXOMs W3 ero TIPEICTARIEHUS B
[JIABHBIX EHTPAIBHBIX OCAX MHepImu aucka (cM. 2.118). JTokazarh, YTO rOPU3OHTAILHBIE COCTABJSIONINE PEAK-
W B HOMIUITHUKAX COCTABIIAIOT TAPY.

2.121. Cwm. 2.118.

2.122. Cm. 2.120.

2.123. Bocnosp3oBaTbcs TeopeMoil 06 H3MEeHeHNH KAUHETUYECKOrO0 MOMEHTa, OTHOCHTEILHO TOYKU A, ncxons us
[IPEICTABIEHNST KHHETUIECKOrO MOMEHTA B [VIABHBIX OCAX MHEPIMH TPEyrOJIbHUKA OTHOCUTEJIBHO TOUYKHU A.
2.124. Vcxonsa u3 onpeneieHns PeryaspHOi Tpereccui, MpeICTaBUTh KOMIIOHEHTHI YTIIOBOH CKOPOCTH B yIyIax
Qiiepa u HAWTH KUHETHIeCKIi MOMeHT. C y4eToM TOro, 9T0 BEKTOP KUHETHIECKOTO MOMEHTa, COCTABJISAET yroa
C OCHIO IMHAMUYECKON CUMMETPUHU I'MPOCKOIIA, IIOJIYy YU Th COOTHOIIIEHUE MEZK/1y YIVIOBOH CKOPOCTBIO COOCTBEHHOIO
BpAIlleHUsI TUPOCKOIA U YIJIOBOH CKOPOCTHIO ITPEIECCUH.

2.125. Ucnonp3ya mpeacTaBIeHne HAYAILHON yIJIOBOM CKOPOCTH AWCKA B TVIABHBIX IEHTPATBHBIX OCIX, HANTH
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KMHETHYeCKUl MOMEHT [IUCKa Jijld Ha4aJIbHOI'O MOMEHTa BPEMEHU U YI'OJI, KOTOPBIH COCTaBiideT OCh IIPELeCCUH
C IJIOCKOCTBIO JUCKA. Bocmomb3oparses urTerpaiom p? + ¢2 = const, npecTaBus ero uepes yrisl Ditrepa.
2.126. Bocmonb30BaThCst TEOPEMOi 00 M3MEHEHNN KMHETHIECKOTO MOMEHTA IS POTOPA, CUNTAsl, 9TO KHHETH-
4eCKU MOMEHT HallpaBJjeH 110 OCH POTOpa.

2.127. Bocmonp30BaThbes TeOpeMoii 00 M3MEHeHUM KWHETHYECKOT0 MOMEHTa OTHOCHTE bHO Touku O cuuras,
9TO KUHETUYECKNH MOMEHT HAIIPAaBJIEH 110 OCH T'MPOCKOIIA.

2.128. Bocmoab30BaThCsa TEOPEMOIT O ABUKEHHWH I[TEHTPA MACC W TEOPEeMOil 00 M3MEHEHWH KHHETHIECKOT'O MO-
MEHTa, OTHOCUTEIHbHO TOUYKU A (UM OTHOCHTEIHHO IEHTPa MACC) B MOMEHT OOpbIBA HUTH.

2.129. B muddepennmaabHoM ypaBHEHUN ABUXKEHUS TTOHU3UTH MOPAIOK, MEPeiias K HE3ABUCUMON MepEeMEHHOM
z. lomy4duTs 3aBHCHUMOCTD MEXK/Ty CKOPOCTBIO OPYCKAa M MPONJEHHBIM IIyTEM.

2.130. BumucaTth ypaBHEHHWE JIBUXKEHHS B MPOEKITMN HA KAaCATETbHYIO K OKPYKHOCTHU, UMes B BUIY, UTO CH-
Jla, TPEHHUsI TPOMOPITMOHAIBHA PE3YJIbTUPYIOIIEH HOpMaIbHON peakiwu. [lonyants muddepeHImanibay0 CBI3b
MEZK/ly CKOPOCTBIO IIapUKa U YIJIOM, 33JIaI0IIUM ero IOJI0ZKeHUe Ha OKPYKHOCTH.

2.131. JIokazaTh, YTO TOYKA JBHUIKETCS TIO BEPTUKAJLHON OKPYXKHOCTU. BhImucaTh ypaBHEHWS JIBUXKEHUS B
MPOEKIMY HA KaCcaTeJbHYI0 W HOPMAJb K 3TOH OKpy:kHOCTU. llomyunth muddepeHnmnanbHy0 CBI3b MEXKIy
CKOPOCTBIO TOYKHU U YIJIOM, 33JIAI0IINM €€ IIOJIOXKEHNEe Ha OKPYZKHOCTH.

2.132. Brimucarh ypaBHeHUe IBUKEHVS BI0JIb HAKJIOHHON W MOy IUTH 3aBUCUMOCTb MEXK Ty CKOPOCTHIO OpyCcKa
U NPOHJIEHHBIM IIYyTEM.

2.133. Cwm. 2.129.

2.134. J/loka3aTh, YTO TOYKA OCTAETCS B TJIOCKOCTU MepuauaHa. BuIMucaTh ypaBHEHUS ABUKEHUS B TTPOEKITUN
Ha, KACATeJbHYI0 U HOPMAaJib K OKpy:kHOCTU. [lomyunTts mud depeHnraabHyo CBA3b MEXKIY CKOPOCTHIO TOYKHU
7 YIJIOM (, 3aJaI0INM €e TOJIOKEHNE HA OKPYy’KHOCTH. TOoYKa MOXKeT OCTAHOBUTLCS HA MOBEPXHOCTH ChEepbI
Ha yuacTke, 3amasaeMoM yriamu ¢ € (0, o], Tae tgpo = f, Ipu 3TOM HOpMATbHAS PEaKIsi BO BCEX TOUYKAX
VKA3aHHOTO MTPOMEKYTKA TOJI2KHA, OBITH HEOTPUIATETHHOMN.

2.135. Cwm. 2.134.

2.136. Broimucarh ypaBHEHUs JBUXKEHUS B IIPOEKITMH HA OCH €CTECTBEHHOTO TPEXT'PAHHUKA, UMes B BHUIY, UTO
HOPMAJIbHAST PEAKITUs HAMPABJIEHA [0 HOPMAJU K TOBEpXHOCTH. W3 mpOeKInn ypaBHEHUS [IBUKEHUsT Ha, OMHOP-
MaJlb OIIPEJIEINTCA HOPMAJIbHAA PeaKInud.

2.137. Bocronb30BarbCst TEOPEMOI O JABUKEHUY IIEHTPA MACC CTEPXKHS B IPOEKIMU HA [OPU3OHTAJb U BEPTU-
Kasib. HaliTu HOpMasibHBIE DEAKITNU B TOYKAX KOHTAKTA CTEPIKHS CO IMKUBAMHU, UCIIOJIb3Ys TEOpeMy 00 H3MEHEHUN
KMHETUYEeCKOI'0 MOMEHTa CTePKHA OTHOCHUTEJIBHO IIEHTPa Macc.

2.138. Bocnombp3oBarbcs TeopeMoii 06 M3MEHEHNN KUHETHIECKOH HEPIUN OTAEIbHO ISl JIBUXKEHUST BBEPX IIO
HAKJIOHHOHU IJIOCKOCTH W BHU3.

2.139. Bocmnombp30BaThCsa TeOpeMoit 06 M3MEHEeHNH KOJUIEeCTBA JABUKEHUs W TeOPeMoil 06 M3MEeHeHNH KHHETH-
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YeCKON 3Hepruum JAJjid BCE CUCTEMBIL.

2.140. Bocnoab30BaThCsad TeOPEMoOi O IBUXKEHUM IIEHTPa MACC IMHIHHIPA U TeOpeMoil 00 M3MEHEHNN KMHEeTHYIe-
CKOIt 9Heprun (Wiu TeopeMoii 06 U3MEHEHUN KMHETUIECKOIO MOMEHTA OTHOCUTEIBHO IIEHTPA Macc).

2.141. Bocnionb3oBarbesa TeopeMoit 06 N3MEHEHNN KUHETHIECKOH SHEPTUN /15 CHCTEMBI.

2.142. Cwm. 2.141.

2.143. Cm. 2.140.

2.144. Cm. 2.140.

2.145. Cu. 2.140.

2.146. Cwm. 2.140.

2.147. Bocmoab30BaThCA TEOPEMOIl O ABUKEHHWH ITEHTPA MACC W TEOPEeMOil 00 M3MEHEHWH KHHETHIECKOTO MO-
MeHTa OTHOCUTEJIBHO TIEHTPA MacCC.

2.148. Cm. 2.147.

2.149. Cum. 2.147.

2.150. Bocmonb3oBaThest TeOpeMOil 06 W3MEHEHUN KUHETUIECKOM SHEPTUMN.

2.151. Bocmoan30oBaThcsa TeopeMoil 00 M3MEHEHNM KHHETHIECKOH SHepruu Ijis cucTeMbl. HaiiTn HOpMasbHbBE
PeaKIuy B TOYKAaX KOHTAKTA KAaTKa U PYYKH C TPYHTOM, UCIIOJIB3Ys TEOPEMY O JIBUXKEHUH IEHTPA MaCcC U TEOPEMY
00 M3MeHEeHNN KUHETHIECKOrO0 MOMEHTa OTHOCUTEILHO MEHTPA MACC JJI PYJIKH.

2.152. Cm. 2.147.

24



