1 IIpursxxenue

VYciioBue

Sanaua 11.1 Ilpurs>kenue

e nebosbime OycuHKN (MaTepraJbHble TOUKH) OJMHAKOBOW MACChI (1M1 = Mg = M) MPUTATHBa-
IOTCsL JIPYT K JIPYTY € HEKOTOPOH MeHTpaIbHOl critofi F (1), MOIy/Ib KOTOPOii 3aBUCAT OT PacCTosi-
HUSL 7" MEXKJIy HUMH. ByCHHKE MOTYT CKOJIb3UTh 6€3 TpeHus ojiHa — 110 KecTKoil ocu Ox, a jpyras
— II0 MePIeHIUKYJIAPHON eif :kecTkoit ocr Oy. BycuHKM HAUMHAIOT JBUKEHUE U3 COCTOSHUS I10-
KOs1, HaXOIACh Ha HEKOTOPLIX PACCTOAHUAX Lo U Yo OT HaYaJla KOOPDJINHAT COOTBETCTBEHHO. CI/IHOIU/I
TSXKECTU U TPABUTAIMOHHOIO B3aUMOJIEHCTBYsI OYCHHOK [IpeHeGpeyb.

1. TTokazkure, 94To TpH JIEOOOM (OTJTMYHOM OT HyJisl, KOHEUHO!) Bujie 3aBucuMocTu F (1) Marepuasib-
HbIE TOYKHU OJHOBPEMEHHO OKaKyTCs B Hadaje Koopaunat. 2. Haiimure Bpemst JBU2KeHUst OyCUHOK
JI0 Havasa KoopauHaT iy caydas F(r) = Fy = const. 3. [IpeanosoxRum, 9o 6yCHHKNA COE/IMHEHBI
PacTAHyTON IIPYKUHON MaJioil HavaJbHOI JUJIMHBI, CUJIa YIPYIOCTH KOTOPOU MEHAETCHd 110 3aKOHY
F(r) = —k - r. Haiiziure Bpemsi JBuzKeHUsI OYCHHOK JI0 Hadasa KOODIMHAT B JIAHHOM cjrydae. 4.
[IycTp OycmHKN 3apsgauan Pa3HOUMEHHBIMH 3JIEKTPHYECKUMU 3apsjiaMu +q¢ U —q. depe3 Kakoe
BpeMsl OHU OKaXKyTCsl B TOUKEe HavaJa KOOPJIUMHAT B 9TOM cJrydae?’

Peinenne

Hawnbotee mpocToii n oOmiunii myTh perieHns JJaHHON 3a/1a91 — UCIIOJIb30BAHUE YPABHEHUS TUHAMUKI
JIJIsI ABUZKEHUS IIEHTPa MacC, MMEHHO OH BhIOpaH B Ka9eCcTBEe OCHOBHOTO. BO3MOKHBI 11 IpyTrue Iy TH
pelllennsi, HEKOTOPbIe U3 HUX IPUBEJIEHBI B KAUYEeCTBe aJIbTePHATUBHBIX BAPUAHTOB.

1. N306pa3um cuiibl, JAeficTByIOUe Ha OYCUHKU B IIPOIECCE JIBU-

xenus. Cuibl peaknuu oceit N1 u Ny nepreHuKy/asspHbl COOT-

BeTCTBYIOIUM OcsiM. OOO3HAYMNM WX PABHOIEHCTBYIOILYIO Uepe3 AT
<2

N = Nl -+ NQ. 2 —
[TockosibKy KazK iasi OyCUHKA JBUKETCs BJIOJIb COOTBETCTBYIOIIEH Ji c
OCH, TO ee YCKOpeHUEe B HallpaBJEHWH, MEePIEeHINKYISTPHOM JTaH- Yo 5 '
HOiT ocu orcyTcTByeT. CleaoBaTeIbHO, CIPABEIINBO PABEHCTBO / F,
N «
9] 1
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Nl :F()SinOé (1)
Ny = Fysin 8 = Fycosa

rjie o 1 [ yriibl, 0003HAYEHHbIE Ha PUCYHKE.

PaccmarpuBas JBuzkeHne cucreMbl (jiBe OYCUHKU) B II€JI0M, 3aMETHM, YTO CyMMa CHJI IPUTSIZKe-
HUsl OyCHMHOK paBHA HYJIO, IIOCKOJIBKY 9TU CUJIBI SBJIAIOTCS BHyTpeHHHUMHU. CjeaoBaTesibHO, HAa
JIBUKEHUE TIeHTPa MACC BJIMAIOT TOJBKO CHJIbI peakiuu oceit N1 u Na, T.e. (paKTUIECKN UX PaBHO-
neficrBytoras V.

[Tosnoxkenue nentpa Mace (Touka C' Ha PHCYHKE) B HAYAIbHBIH MOMEHT BPEMEHU 3a/1a€TCsI KOOD/IH-
HaTaMu

mi i

To=—"""Tyg = —
my + Mo 2 (2)

Yc my + m2y0 5

rjae ro U Yo — HadaJIbHbIE KOODJAUHATBI 6yCI/IHOK.

AHAIOrUYIHO, TTPOEKITUI BEKTOPOB CKOPOCTH U YCKOPEHHS IEHTPa MacC Ha COOTBETCTBYIOIIHE OCH
KOODJMHAT B JIBa Pa3a MEHbIIE CKOPOCTEH U YCKOPEHUi caMuX OYCHHOK.

Cor/yiacHO OCHOBHOMY 3aKOHY JIMHAMUKW JIjIs YCKOPEHUs IMEHTPA MACC CUCTEMbI B IPOEKINAX HAa
COOTBETCTBYIOIIHE OCH C y4eToM paBeHcTBa (1) mOydnM ypaBHeHUsI

2mazc = —Noy = —Fj cos «

(3)

2mayc = — Ny = —Fysina

rae a, n ay — IIPOEKIMU YCKOPEHUsA TEHTPa MacCC Ha KOOPJAWHATHBIE OCH.

Kaxk ciexyer u3 (3), oTHOIIEHHe TPOEKIUIT YCKOPEHUIT TIEHTPa MACC ONPeJIeJISeTCsT OTHOIEHIEM
HaJaJIbHBIX CMEIEeHN OYCUHOK BJIOJIb COOTBETCTBYIOIIMX OCEi

az,c  COSQa Xy

— R (4)

ayc  sina Y

Kpome Toro, uz (3) MOXKHO ¢jieiaTh BBIBOJ, YTO BEKTOD PaBHOjIEl-
crBytomieit N nByx cun Ny u Ny Bcerjia «CMOTPUT»

HAYAI0 KOOPIMHAT (CM. PHC) M PABEH MO MOJYJIIO CHJIe B3anMOJeii-
crBusa F.

CrenoBaresibHO, IEHTP Mace cucreMbl (Touka C') OyJIer JBUraThCs 10
HAIIPABJICHUIO K Hadasly KoopjauHat (Baosib orpeska CO) B TeueHme
BCcero BpeMenu jBuzkenud. [Ipm arom oTrpesok 12 Oyer npubImKaTh-
¢ K HavaJIy KOOPJMHAT, OCTaBasiCh MapaJslIebHBIM caMoMy cebe, T.e.
B IIPOIECCE JIBUZKEHUS YTOJI v OYIeT OCTaBaThCS IMOCTOSTHHBIM.

He CMOTpP4d Ha O9€BUJHOCTDL CACJTAHHOI'O YTBEPXKJACHUA JOKa2KEM 3TO.
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JeiicTBUTEIBHO, 38 MAaJIbIil IPOMEXKYTOK BpeMeHu At mmocje Hadaa
JIBUZKEHUsT OYCUHKHA CMECTATCHA Ha, PACCTOTHUS

A2

a, At?
o )

[IpUYEM OTHOIIIEHUE 3TUX PACCTOSTHUN OIIPEIe €T s OTHOIIIEHUEM YCKO-
peHnii OyCHHOK B HAYaJIbHBI MOMEHT BPpEMEHU

Ar  a cosa
y a, sina 1y
OHaKO OTHOLICHUE
T To — Az
D=0 = ctga = const (7)

yo_yo—Ay

6y,HeT COXPaHATBHCA IIPU BBIIIOJIHEHUUN YCJIOBUA

Ar  x
AN (8)
Ay Yo

9TO COBIAAET ¢ paBeHCTBOM (6). TakumM 06pa3oM, depe3 MaJIblil mpo-
MexKyTOK BpeMeHn At Iocjie HadaJla JBUKEeHI OTPe30K 12 Ha pucyH-
KE COXpaHHUT CBOICTBO IapaJulebHOCTH caMoMy cebe. asee ciemy-
€T 3aMEeTUTh, UYTO U CKOPOCTH OYCUHOK IO IIPOIIECTBUH IIPOMEXKYTKA
Bpemenn At Oy/IyT HAXOIUTHCSI B TOM K€ OTHOIIIEHUH, TIO9TOMY U JIJTsT
HOC.He,H‘yIOH_H/IX nHTEepBaJIOB BpEMEHU 6y,£];eT BBITIOJTHATHCA COOTHOIIIE-

aue (8).

Takum obpazom, OyCHHKU IONAyT B HAYAJI0 KOOPJIMHAT OIHOBPE-
MEHHO (M BMECTe ¢ [EHTPOM Macc!), IIpiuaeM WHTEPECHO, UTO JTaHHBII
BBIBOJ| HE 3aBUCUT OT BHJA 3aBUCHMOCTH CHJIbl F(1) mpuTsKeHws
MeKJTy OyCHHKAMMU.

Cy11ecTBEHHO B JIAHHOM CJIydae, 9TOObI CUJIa PUTAZKEeHNs ObLIa 11eH-
TPaJIbHOI, T.€. HAIIPABIEHHON B0/ OTPE3Ka, COCIMHSIIONIETO OyCIH-
KU B JAaHHBIT MOMEHT.

A./meepHamueHue peweHus:

st mokazarenbcTBa hakTa OJIHOBPEMEHHOTO MONaIaHUs OYCUHOK B
HAYAJIO0 KOOD/MHAT IIPH MPOM3BOJLHOM B3auMogeiicrsun F(r) 3amm-
IIEM ypaBHCHUA [IBUXKCHUA BIOJIb KaxKJION U3 oceit

ma; = —F cosa = —F(r)

may = —Fsina = —F(r)

S|y
—
©
S~—
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rae X u Y npeacTaBisiorT coboi TeKyIue KOOpAuHaThl OycuHoK. [le-
pexojid K Oe3pa3MepHbIM KOOPTMHATAM

BUJUM, 9TO I10JIyHal0OTCA OJJMHAKOBbIC YDaBHECHUA JBU2KEHU A ITPU OJ[1-
HaKOBbIX HaYaJIbHBIX YCJIOBUAX

F
gll(t) = — /n(:) . \/62%7727 60 = 1.
F

B TrakoMm cirydae perenust Takzke OYIyT OJUHAKOBBIMU, YTO O3HAYAET
PaBEHCTBO BPEMEH JIBUKEHUI OYCHHOK.

2. Eciin cuna nputsykeHns OYCUHOK MOCTOSHHA 10 MOJLYJIIO, TO JBU-
JKEHUe TeHTpa Mace (1 6YCHHOK) GyIeT PaBHOYCKOPEHHBIM

2mac =N = ac=—=—, (10)

rJe a — MOJYJIb YCKOPEHHs IIeHTpa Macc (HAaIpaBieHHe — K Hadasy
KOODJIMHAT).

CrietoBaTeIbHO, NCKOMOE BPeMsI HaXO/IMM 110 M3BECTHBIM (hOpPMYyJIaM

2myx; + y,

F

A./meepnamueume pewerHus:

PaccmoTpuM cirydail, Korma cmita NPUTSKEHUS MeKy OyCcHHKaMn
nocrosiiia 110 Mojyio F(r) = Fy. Torma moxkem 3amucarb BTOPOi
3akoH Hprorona s KazK10il OyCUHKI B BUJIC

i Zo
ma, = —FO— = —FO—
T To
) Yo
mag = —Fy = = —Fy —
T To
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B rakowm ciyuae aBuzkeHne 6yCHHOK Oy/1eT paBHOYCKOPEHHBIM, & yPaB-
HEHWsI JBUKEHUs Oy/lyT UMEThb B/

F() @t27

F,
x(t):xo_%. o %

t) =y — — - =42,
70 y() Yo 2m 1

W3 nocyieiHuX ypaBHEHUIT CJIe/lyeT, YTO BpeMsl JIBUKEeHUsT OYCUHOK B
9TOM CJIy4dae
. 2mrg 2my/xd + 3
Fy Fy '

2m,!x§ +y§

F

0

3. B ciyuae yupyroii csasu, coryiacuo yciaosuto, F(r) = —k - r, mo-
3TOMY cmjia OyleT MEeHATHCS 1O MOLYJIIO. B 3TOM cilydae ypaBHeHHe
(3) mpumer B

k
2mac = —F(r) = ac= —i. (12)

r(t

y‘H/ITbIBaH, 9TO B JaHHOM CJIiydae ag = , IIOJIy9UM ypaBHEHUeE

rapMOHUYECKHUX KOJieOaHUil B BUJIE

k
")+ —r(t) =0 13
#(0) + o r(t) = 0, (13)
¢ IIEPUOJIOM
T =2 % (14)

CrieioBaTesIbHO, TIeHTD Mace (BMecTe ¢ OyCHHKaMU) «7100epercsi» J10
HadaJia KOOPJAMHAT 3a 9eTBEPTh IIepHoa KoJieOaHmit

%:g\/%. (15)

A./meepHamueHue peweHus:

B cucreme ypasHenwuii (9) 3amuiieM sBHOE BbIPAYKEHUE I MOJLYJIst
cwibl F' = kr
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= —kx
= —ky’

may; = —F(r)
may = —F(r)

S le38
|

Oba ypaBHeHUS SBJISIOTCS YPABHEHUSIMI TaPMOHUIECKUX KOJIe0aHUit
C TIePUOJIOM, orpe/iesieMbiM (opmystoii (14).

4. Ilpu 3apsizkeHHbIX OyCHMHKaxX cIpaBejiuB 3akoH Kysiona, corsrac-
HO KOTOPOMY MOJYJ/Ib CHJIBI IPUTSAXKEHNsT PA3HOMMEHHBIX 3apsiIoB B
BaKyyMe UMeEeT BU/I

_ ¢
CAmegr?

F(r) (16)

B srom cirygae BTopoit 3akoH HbioToHa /17151 1IEHTPa Mace 3aIluIeTcs
CJIeJTYIONIUM 00Pa3oM

2 F(r) L.z ° (17)
ma = — r)—=————-- — a —

¢ dreg 12 © r2(t)
rie ¢ = 47r‘£)m = const, IpUYeM B HAYaJIbHbII MOMEHT BpeMeHu 7 (t =
O) =T0-

Bamernm, uro ypastaerue (17) GopMasbHO COBIAIAET ¢ ypaBHEHU-
eM JIBUZKEHUs IO JeHCTBUEM CUJIBI T'paBuTaiimu HbioToHa, TOJBKO
3HaYEHHe Pa3sMepPHOl KOHCTAHTHI ¢ Oy/IeT ONpPeIeaThCsd IPYTUMU I1a-
paMeTpaMH.

Ucnonp3yst mozckasKy yeaosus (Tperuii 3akon Kerurepa), pacemor-

PUM JIBUKEHHUE TIaHeThl (I[eHTPa MACcC CUCTEeMbI) 110 KPYyTrOBOH Tpa-

ekTopuU (YaCTHBIN CJIydail JumIca, y Koroporo oba hokyca coBla-
T

JAIOT) PAJIIyCOM .

B sTom citydae mostydaem

2mw” = = =, (18)

W= ——. (19)

Kak caemyer u3 (19) mostablii iepuos oOparieHust o OKpyKHOCTH

2 4 P4
1= 2T o [T AT J e 0
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Tenepb paccMOTPUM IPABUTAIMOHHOE «IIaJeHUe» IEHTPa Macc OYCHHOK
B Hadas0 KoopauHat 1o orpe3ky CO (cm. puc. Boie). OTpe3oK MOXKHO _ _
CUNTATH «CTSAHYTBIM» 3JLIMICOM, (DOKYCHI F' KOTOPOro HAXOAATCS IIPaK- P —
TUYeCcKH Ha ero Kourax. CrieoBarebHO, O0JIbIas MOIyoCch OyIeT paBHa

a = 7. Vlckomoe BpeMs IBIZKEHUS 3aPsAKEHHBIX OyCHHOK [0 HadaJa

o
|~
k|

KOOpJuHaT COCTaBUT IIOJIOBUHY II€pHO/Ia O6pa].[LeHI/IH TQ II0 TAaKOMY BBbITAHYTOMY 3JIJIAIICY C 60.}1]3—
IIOfi TTOJTyOCBIO 7.

C yuerom Tperbero 3akona Kerepa

Ty T T
2= G/AE - 2T R 2

T, T 7r\/ [y o
t= == —— = ——/megmn/ (22 + y2)3. 22
5 4\/§ q\/§ 0 (o yo) ( )

B ,IL&HHOﬁ JacCTU 3aJa491 TaK2Ke MOXKHO BOCIIOJIL30BaTHCA AADBTNMEPHAMUBHBIM 8APUAHITIOM PE-
meHnud, TakKk KakK ypaBHEHU:A (9) (bOpMaJH)HO COBIIaJa0T C YpaBHCHHUAMU JIUHAMUKU JABU2KCHUA B
OEHTPaJIbHOM IIOJIE B IIPOEKIUAX Ha JAECKAPTOBBI OCU KOOPpAWHAT.

(21)
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