6 OUHAMIKA

OBEPTAJIBHOIO
PYXY TBEPOOIO
TIHA

§ 6.1. Llentp Mac (HeHTpP Baru)

B noBcsikieHHOMY JKUTTI TiNa, sKi 32 (OpMOI0 1 00’ eMOM JehOPMYIOTHCS JyXKe Majlo, HaBiTh
i TIE0 BiTHOCHO BEJHMKHUX CHII, HA3WBAIOTHCS TBEPAUMH TilaMH. TBepIi Tila Xapakrepusy-
FOTBCS IEBHOO MIPOTSDKHICTIO (TOGTO, TijTa MArOTh JIiHiMHI po3Mipu). MOKHA BBasKaTH, IIO TBEP-
JIe TiJIO — IIe CHcTeMa MaTepiabHIX TOYOK, B3a€EMHE PO3MIIIEHHS SKUX ITiJ] 9ac pyxy Tijla HE 3Mi-
HIoeTbes. CrTit mam’ATaTH, IO T MaTepialbHOI0 TOYKOIO TYT PO3YMIIOTh HE aTOM 200 MOJIEKY-
Ty, a Iy’Ke Mai MiKpOCKOITIYHI YaCTUHKY, Ha SIKi OIYMKH MOXKHA moaiuTi Tino (§ 2.10).

B TtBepmoMy TiJI 3aBKIM MOYKHA 3HAWTH €WHY TOUKY, SIKa OY/Ib-KOIM PYXa€ThCs 3TiIHO 3aKO0-
HiB quHamiku. Lfo Touky HasuBaroTs menrpom mac (IM) cucremu marepianbHux To9oK. Llst ToU-
Ka TIOBOJMTH ceOe Tak, HIOM B Hilf 30cepe/pKeHa BCsl Maca CUCTEMH MaTepialbHIX TOYOK ITiJT JI€F0
CHJI TIPUTSITAHHS], [0 HECKIHIEHHO 3pOCTAI0Th. TakuM YMHOM, MOKHa BBakaTH, 110 L{M € Toukoro, B
SIKif IPHKIIA IEHa PEe3y/bTYIOUa CHJIa BAry, sIKi IiFOTh Ha OKPEMi YacTHHU (MaTepialibHi TOUKH) TiIa.

Llentp Mac (Baru) BOJOMIIE TAKAMH BaXIMBHMH BIACTUBOCTSMHU: 1) BHYTpIIUHI CHIH, SIKi
JUIOTH HA OKPEMi TOYKH CHCTEMH, HE BIUIMBAIOTH HA PYX LEHTPa Mac; 2) Il BIUTABOM 30BHilII-
HIiX CHJI IEHTP Mac PyXaeThCs Tak, HiIOM BCSl Maca CKOHIIEHTPOBAHa B il TOYM, 1 pe3ysbTyioua
BCiX 30BHIIIHIX CHII, JIF0YMX Ha CHCTEMY (TiJIO), i€ TITBKH B IIilt TOYIII.

SIKIIO IIEHTP MAC PYXAEThCS 31 MIBUAKICTIO D , TO IMITYJIBC Tijla 3aMHUIIEThCS Y BUTTISI

P =mp, (6.1)

TOOTO, SIK TOOYTOK Macu TiJla Ha MBUKICTb HOTO IIEHTpa Mac, 10 € TIOBHOIO aHAJIOTIEIO IMITYIIBCY
MaTepiaJIbHOI TOUKH.
®opmyiy (6.1) MOXKHA IPU3BECTH i 0 TAKOTO BUTIISILY
dP o _ =
— =m— = F. (6.2)
dt dt
Ocransst (hopMyIta eKBiBaJICHTHA PIBHSHHIO pyXy MaTepianbHoi Touks (3.6), Best Maca soi 30ce-
peKEeHa B TICHTPI Mac, a BCi 30BHIIIHI CHIH, SIKi IiIFOTh HA TOYKHM CHUCTEMH, MIPUKIIAJICH] JI0 LICHTpa

% Mmac. Touka [{M 3aiimMae IJTKOM BH3HAYCHE MOJIOXKESHHS BiTHOCHO
MaTepiaJbHIX TOYOK CHCTEMIL.
ml
Xl(M
x,=0

my=3ke i My=2ke, axi znaxooamecs Ha eiocmani | =2 m

l (puc. 6.1.)
Po3B’s130K. Bubepemo cucmemy Koopounam max, oo oouo-
Puc. 6.1 6a mina 3Haxoounucs Ha oci X, ix koopournamu moodi 6ydymo X1 i
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8 6.2. Momenm cunu

Xo. Tooi [JM 6yode nexcamu Ha npsamii, wo 3’€dnye mina. Axwo xoopounama LM OdopisHioe
Xy MO
XM = XMy + XoMy,
de M = my + My — nosua maca cucmemu. Tooi
oy +xom,  (3ke)(0m)+ (2 ke)(2 m)

= 0,8 m
UM m 5

STk Maca OfHOTO i3 Tt GibIIa iHmIoro (HarpuKIa;, My > My), To [IM posmimeHuii Grmkye
JIO TiJIa 3 GIIBIIO0 Maco¥0. SIKII0 cHcTeMa CKIIaJaeThes 13 N YaCTMHOK, PO3MIIIIEHNX B37I0BXK OJTHI€T
npsimMoi (B310Bk oci X-iB), To mostoxkertst [IM 3aqaeThest BUpa3om

n

D> mix;
oo MO Mg+ Xy S
M, + My + Mg +...+m, m

Iie My, My, Mg, ..., M, — MacH YaCTHUHOK, X1, X2, X3, ... , Xn — IX KOOpAWHATH, M = Zmi — IIOBHA Maca

cucreMu. Y BUIAJKY IBOX aD0 TPhOX BUMIPIB (SIK I MA€ MiCLe IS POTSHKHOTO Tijia) KOOPAUHATH
[IM 3anuuryTscs y BUTTIAAL

X

_ > mx;
ym m ’

_ 2 Miy; _ Zmizi, (6.3)
m m

ym ' ym

e Xi, Vi, Zi — KOOpJMHATHA YaCTHHKH 3 MAaCO0 M, M = Zmi — IIOBHA Maca CUCTCMU.

Hpuxnan 6.2. Tpu mina macoro M =25 ke KooicHe, pOIMIWEHT Y BEPUILHAX NPIMOKYIHOO
mpuxymuuxa 3 kamemavu 1,50 i 2,00 m (puc. 6.2). 3naiimu nono-

Vi JHCEHHSL YeHmPa Mac CUCIEMU.
mﬁ,@ Po3B’s130K. Hexati mino 3 macoro My poamiwene ¢ nouamxy
P KOOpOunam, a mino 3 macoro My — Ha oci X-ie. Todi mino My mae
L7 [ _ _ . _ A
e i o xkoopounamu xy =y, = 0, a mino my —x, = 2,00 m, y, = 0; xoop-
’,/ . : 2« Oounamu mina Mz pieni x3= 2,00 m, y3=21,50m. Tooi, 32idno
G/ M ri\ Gopmynu (6.3), snaxooumo, wo
m 200m M, X o = X MK + MgXg
i m; +m, +m;g
Puc. 6.2 _ (25k2)(0) +(25x2)(2000) + (25k2)(2004) _ 4 3o
3(2,502) ’
My +Myy, +Mgys  (2,5x2)(0) +(2,5x2)(0) + (2,5x2) (1,50m) 0.50 a1
e m, +m, +m, 3(2,5 x2) ’

Tonooicenns yenmpa mac noKa3aHo Ha puc. 6.2.

8 6.2. MOMEHT cHIH

Panime B § 2.10 Hamut pO3IIIIHYTO KiHEMATHKY 00EpTAIBHOIO PYXY TBEPIOrO Tilla 3 BUKOPHUC-
TaHHSM TIOHSTH KYTOBOT'O TIEpPEMIIIEHHs, KyTOBOI IIBUIKOCTI 1 KyTOBOrO MpUCKOpeHH:. B nanomy
naparpadi po3risSHEMO THHAMIKY 00epTaJbHOTO pyXy TBEPAOTO Tijia, TOOTO 3’5ICyEMO MPHYMHH,
SIKi TIPH3BOJIATH 10 00EPTAIIEHOTO PYXY.

MomenT cuimm. Hexaii 10 nesikoi Toukn 4 TBEpIOro Tijla MpuKiazeHa cua F |, sixa IexuTs B
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6. Juuamika obepmanvHo2o pyxy meep0o2o miia

TUTOIIMHI, IEpIEHMKYISIPHIN 10 oci obepTanHs. Bick 0OepTanHs B TaHOMY BUIA Ky TEPIICHINKY-
JISIpHA /10 TUIOIIMHY pucyHKa 6.3 1 npoxoxuts uepe3 Touky 0. ITix aiero i€l crm Tino Oyne obepra-
TUCS HaBKOMIO oci. OjHAK, TI00 TiTo 00epTaltocs, Cuila IIOBUHHA OYTH MPUKIIAICHA Ha ITCBHIH Bifc-

Puc. 6.3 Puc. 6.4

TaHi Bif oci obepranns. Cwiia, IpHKIIaeHa /10 Tija 11o3a BicCIo 00epTaHHS 1 371aTHA BUKJIMKATH HO-
ro obepTaHHsl, CTBOPIOE MOMEHT CHJIM. BenmminHa MOMEHTY CHIM BH3HA4Ya€eThesl JOOYTKOM BeEJIH-
yrHY ik F Ha BifIcTaHb Bijf 0ci 00epTaHHS 0 TOYKH MMPUKIATaHHS CHIIIL

M = FR. (6.4)
SIKimo cuia, mpuKiIaaeHa mij KyroM 6 110 JiiHii, sika CHoydae Bich 00epTaHHs 1 TOUKY IpUKIIaia-
HHs e (puc. 6.4), TO TiIBKH HepIeHANKY SIpHA CKIIaJ0Ba CHIIM | MOXe BUKITHKAaTH 00epTaib-

HHA MOMEHT.
M = F R=RFsiné. (6.5)

Hapanem,Ha CKJIagoBa CHJIN FII HC MOKC BUKJIHMKATH 06epTa-

HHS, OCKUTBKH BOHA TapajeinbHa JiHil 04. MOMEHT Ciin XapakTe-
PU3YETHCS HE TITHKU BETMYUHOIO, aJIe 1 HATPSIMKOM.

3a HanmPsSMOK MOMEHTY CHJIH MPUITHATO BBaYKATH TOW HATPSIMOK,
B SIKOMY PYXaTUMEThCS B3JIOBXK OCi TIPaBHUi TBHUHT, SKIIIO HOTO ITOBEP-

TaTH B HANPSIMKY i1 ciwii. Takum YnHOM, BEKTOp MOMEHTY crin M

TIEPHEHANKY/SIPHAN 10 IUIONMHY, B sIKIH JexuTh cuia F 1 paxiyc
Puc. 6.5 BEKTOpP R . s BUIIA/IKY, 300paxeHoro Ha puc. 6.3 i 6.4, BeKTop Mo-

MEHTY Ciiii M HanpaBJIeHWH BiJl pUCYHKa JI0 YMTaya.

ByBarote BUTAIKH, KOMHM HA SIKECh TLIO JiFOTH JBI CHJIM, OIHAKOBI 3a
BEJIMYMHOIO, aJIe MPOTHJIGKHO HaIpaByIeHi, JIHIT Ail SKUX He CIIBIaJaloTh
(puc. 6.5). Taky cucTeMy CIII HA3UBAIOTH HAPOIO CHUI. Tlapa CHl, HATIPUKIIAT,
Jli€e B MAarHITHOMY TIOJIi Ha MarHiTHy CTPUIKY, HA paMKy B MarHiTHOMY IIOJIi, TIO
SIKIH TeUe eJIeKTPIIHHI CTPYM, Ha eJIeKTPHYHHMIT JIUIIONb B €IEKTPHYHOMY TIOJT
tomo. Ilapa cw BHHHMKAE 1 B TOMY BUIIAIKy, KOJIM HeMae (iKCOBaHOI Oci
(abo dikcoBaHOi TOUKH 0oOepraHHs). BelMurHa MOMEHTY Hapy CHII BU3HA-
YJaeThCs (POPMYIIO0

Q

M=Fl, (6.6)

ne F — Bennunna omHiel i3 cw, | — BigcTanp Mix TiHIsIMY Aii CHIL
Hacamkinerns, 3ayBa)KUMO, 1[0 MOMEHT CHJIH 9acTO HAa3MBAIOTH 00ep-
TaJAbHUM MOMEHTOM.

5 = __
~
Ty

Hpuxnan 6.3. Jloouna oie 3 cunoro F = 18 H na kpail dsepetl wiupuroro

R =0,84 cm (puc. 6.6). Busnauumu éemuuury momenmy yici cumu, SKujo 60Ha

i€ a) nepnenOuKyIApHo 00 nrowuru deepet; 0) nio kymom 6 = 60° 0o nrowu-
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8 6.3. Momenm inepyii

HU Osepeil.
Po3B’5130K. @) Benuuumny momennty cumi, Koau 60Ha 0ie NEPReHOUuKyIsSpHO 00 MIowuHY O6epetl,
susHauumo 3a gpopmynoio (6.4):
M =RF = (0,84 )(18 H) = 15,12 H-M.
6) s eunaoky, koau cuna oie nio kymom 0 0o niowunu 06epett, CKOpUCmaemocs gopmy-
n0i10 (6.5): )
M = RFsinfg = (0,84 )(18 H) sin 60 = 13,09 H-M.

8§ 6.3. MomeHT iHepuii

Jo obeprampHOro pyxy, K i A0 HPSAMOIIHIHHOIO, MOXXHA 3aCTOCYBATH 3aKOHM HBIOTOHA.
[epmmmit 3axkoH HetoToHa It 00EpTATBHOIO PYXY TJIACUTh, IO TLTO, SKE BIUTEHO 00CPTAETHCH,
30epirae cTaH 00epTaHHS 31 CTATIOK KYTOBOKO MIBHKICTIO 0 THX IIip, TOKK HA HOTO HE MTOJII0Th
30BHIIIIHI CHIIH, SIKi IOCTAPalOTHCA 3MIHUTH el pyx. Jaui, 1o Touku, mo obepraerses (prc. 6.7),
3acTOCYEMO NpyrHii 3akoH HerotoHa. [Ipu o0epTanbHOMY pyci MOMEHT CHUIM BIIITPa€e TY 3K POITh,
IO i CHJIa TIPH TOCTYIAIEHOMY pyci. MOMEHT CHIM TPU3BOAUTH
IO BUHUKHEHHS KyTOBOTO TIPUCKOPEHHS ¢ , SIKE TPSMO TIPOIOp-
IifiHe MOMCHTY CHIIH.

a ~M.

Lle Biamosinae npyromy 3akony Hetorona (¢ ~ F) mist mocry-
MAJBHOTO PYXY, IPUUIOMY MOMEHT CHJIM BiJIIIOBIZA€ CHIIi, @ KyTOBE
MIPUCKOPEHHsI @ — JIIHIHHOMY IprCKOpeHHIo a. OnHak, B Apyrui
3akoH HpIOTOHa JUISI TOCTYNajJbHOrO pyXy BXOOHTH Ie 1 Maca
(F =m q). o Bigirpae posb MacH y BUITAAKY 0OSPTAIBHOTO PyXy?

[I1o6 BimmoBicTH Ha i€ 3aMTAHHS ITOCTYIIUMO HACTYITHUM
uyuHOM. Y apyromy 3akoni Hetotona (F = m a) nprckopeHHs ¢ 3aMiHIMO TaHTeHIAIbHIM JTi-
HIfHUM TpUCKOpeHHsM a ~ Ra (muB. ¢-nmy (2.54)). Toni npyruit 3akon Hetorona Habyne BHT-

Ay

F = mRe.
TTOMHOXHUBIIIH JIBY 1 IIPaBy YaCTHHH OCTAHHBOTO BHpa3y Ha R, oTpruMaemo:

FR = mR%a. (6.7)
JliBa yactuna dpopmyinu (6.7) € ve wo inme, sk moment cwin (M = RF). Toxi

M = mR?a. (6.8)

®opmyia (6.8) Bupaxkae apyruii 3akoH HeioToHa mist 06epTaibHOrO pyxy. B HOMY 3aMiCTh CHIIH
¢irypye MOMEHT CIIH, 3aMiCTh JIHIHHOTO MPHCKOPEHHS — KyTOBE NMPHCKOPEHHS, a Micle MacH
3aiiMae koMOiHaLis MacH i 1i monoxerss (MR ). Lfo BeMUMHY HA3UBAIOTH MOMEHTOM iHepirii /.

6

Bpaxosyrouu (6.9), hopmysa (6.8) 3amuiersbes Tak:

6.10)

MomeHT iHepii Biflirpae Ty >k poiib B 00epTaIbHOMY PYCi, IO 1 Maca B pyci 1o npsimiii. Bem-
apsa MR 2 € Miporo iHepTHOCTI TiMa py 06epTabHOMY pyci. UnM GibImiii MOMEHT iHepIii, TuM
OUTHIIIMI TTOTPIOHMIT MOMEHT CHJIH, 1100 3MIHUTH KyTOBY IIBHAKICTB. OHAK, 3ayBa)KUMO, III0 MO-
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6. Juuamika obepmanvHo2o pyxy meep0oco minia

MEHT iHEpIIii BH3HAYAETHCS HE TUTHKU MACO0; PajliaibHe TIOI0KEHHS OUTBII iCTOTHE, OCKUTBKA [
3aJISKHTH BiJl KBaapaTa pajiyca.

TBepre Tiso, siKe 00epTaETHCS HABKOJIO HEPYXOMOI OCi, MOYKHA TIPE/ICTABHUTH SIK CYKYITHICTh Be-
JIMKOI KiJIbKOCTI TOYOK (YaCTHHOK), PO3MIIICHHX HA Pi3HUX BIICTAaHsAX Bix oci obepramms. s
KOXKHOI YaCTHHKY TiJia cripaBeyiiBuii Bupa3 (6.8), Tomy, mpocyMyBaBIid HOro, 3HaeMO TIOBHUIM
MOMEHT CHJI, SIKHH fii€ Ha Tisto. Takum 4nHOM,

o M= (zi: m;R)a, (6.11)

[ =4m ne > mRZ=mR’+m,RI +..+mRZ=1 - nosuuii

.
O O MOMCHT 1HCPIII1 TUIA.

B CI 0/IMHHIIEI0 BUMIPIOBAHHS MOMEHTY iHEpILi € KT - M2,

m,= 7 Kr 0 M= 5Kr
Hpuxnan 6.4. [ea mina macamu my =5,0xe i my =7,0 ke

o 3aKpINAeH] HA 1e2KOMY CIMEPIICHT, MACOIO K020 MONCHA 3HEX-

1,=0,5M myeamu, Ha eéiocmani | = 4,0 m oone 6i0 oonoeo. Pospaxyea-

muy MoMeHm inepyii cucmemu npu i 0bepmanni: a) 6IOHOCHO

o b l 4m ‘ oci, sika npoxodums nocepeduri mixic minamu (puc. 6.8, a); 0)

/‘\mz TKr =5Kr 6ioHocHo oci, posmiwenoi na eiocmani |, = 0,5 m nisiwe mina 3
/ macoio My =7 ke (puc. 6.8, 6).

l=4,5m ’ Po3B’s130K. a) O6udea mina 3Haxo0sAmMebCst HA OOHAKO-
sitl siocmani 112 = 2 m 6i0 oci obepmanns. 3nauums

=Y mRZ = m(1/2)* + m,y(1/2)*
= (5,0 k2)(2,0 m)% + (7,0 k2)(2, O.m)?

§)
Puc. 6.8

48 k2 - M2,

6) Tino macoro mMy=7,0xke suaxooumecs na eiocmani l,=050m, a mino
macoio My = 5,0 ke — na siocmani |y = = 4,50 m 6i0 oci obepmanns. Tooi

| =Y mR” = myl + mylZ = (5,0 k2)(4,50 1) + (7,0 k2)(0,50 )* =
= 101,25 k2 - m? + 1,75 ke - m? = 103 k2 M2,

BucHoBkn. 1. Onee i Te X TiJIo Mae pi3HI MOMEHTH iHepILii BITHOCHO Pi3HUX ocel 00epTaHHs.
2. Tino, po3miteHe OKk4e 10 oci 00epTaHHs, Ja€ MEHIINH BKJIaJ B IOBHHMI MOMEHT iHEpITii

(TtyHKT © ).

8§ 6.4. MoMeHT iMmmyJIbCy

Sk nokasano B § 3.3 apyruii 3axoH Hpl0TOHA TS TOCTYNAJIBHOTO PyXy MaTepiaibHOI TOY-

KU MOJKHA 3aIlMCaTh 4yepes iMmmyinbe P =mo 3a gomomororo dopmyiu (3.5):

dP
dt
OObepTabHAM aHAJIOTOM IMITYJIBCY € MOMEHT IMITyJbCy. TOYHO TaK, sIK iMITynbe P 3B’s3a-

F -

HUM 3 cwioro F, MoXHa 04iKyBaTH, IO MOMEHT IMITYJIbCY 3B’ SI3aHUN 3 MOMEHTOM CHUIH.

MomenToM iMmyabcy L MaTepianbHOl TOUKH BiJHOCHO TOYKH 00ePTaHHS HA3MBAIOTH (i-
3UYHY BeJIMYMHY, 5IKa BHMIPIOETHCS BEKTOPHMM J00yTKOM pajiyca-BekTopa R Ha immyiasc
P marepianbHoOi TOUKH:
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8 6.4. Momenm imnyavcy

o = [rRp]. (6.12)
T B MowmeHT imiynbCy € BeKTop. BiH MeprneHANKYISIPHUI SIK 10
BekTopa R, Tak i 0 Bektopa P . HampsMok iforo BH3HAYa€ThCs
2 npaBuIIoM TpaBoro rauuTa (puc. 6.9).
m Bennuuaa MOMEHTY IMITYJIbCY MaTepiaibHOI TOUKH MAacoro
M 3a1a€ThCs BUPA30M
L = RPsin@ = muRsing, (6.13)
abo
(0]
L =RP,, (6.13, a)
Puc. 6.9 *

Je R — BizacTasb Bij TiNa 10 oci obepranusd, P| — neprneHauKysspHa

CKJIAJI0Ba KUTBKOCTI pyxXy, 0 — KyT Mix Bekropamu P (abo BekTopoM © ) i BektropoM R (JiHi€ero, sika
3’€JIHy€ TLIO MACO0 M 3 BiCCIO KOOPIMHAT).

Jlaii BCTaHOBMMO CIIIBBiIHOIICHHS MiX MOMEHTOM IMIyibcy L MarepiayibHOI TOUKH i
MOMEHTOM CHJIM M , o ji€ Ha Hei. J{udepenniroroun (6.12), nicraemo

& _ dgp] = |Rp|, |rP
dt dt dt dt

— IS} = [13 mD] = 0 OCKLUIBbKH B IIbOMY BHIaAKY Sin 6 = 0. Tomy

a _|gdP|
dt dt

Ockinskn dP/dt € He mro iHme sk pe3yTbTyIoua ciia, mo aie Ha yactunky ( F =dP/dt),

TO [ﬁ dI5/dt] € pe3yNbTYIOUMM MOMEHTOM CHJIM, IIO Ji€ Ha MaTepiajbHy YacTHHKY

(R dPrdt|=N). Toni

b -
— =M. (6.14)
dt

[IBuAKiCT 3MiHM MOMEHTY IMITYJIbCY MaTepiaibHOI TOUKH JIOPIBHIOE MOMEHTY JIIOUOi CH-
JIM, TIPUKJIaeHoi 0 wiel Touku. PiBmsuus (6.14) € oOeprajbHUM aHAJIOrOM JAPYroro 3aKOHY

HeroToHna, 3amucanoro B HalOIIbII 3arajJbHOMY BUTJIISIIl, HA3UBAETHCS OCHOBHUM PiBHSIHHIM
JIMHaMIKH 00epTaIbHOIO PyXYy TBEPAOro Tijia a00 piBHAHHAM MOMEHTIB.

Mpuknan 6.5. 3uaimu momenm imnyaiscy 4acmunku macoio
m, sxa pyxacmoca no kory padiyca R 3i weudkicmio v 3a
200UHHUKOBOIO CMPINKOIO.

Po3B’s130K. OcKinbku YacmunKa pyxacmuvcs no Koy i 6eKmop

R nepnenouxynspruii do eexmopa P (puc. 6.10), mo
L= ‘[ﬁﬁ]‘ — moR.

Puc. 6.10 Bpaxoeytouu, wo U = @R, ompumaemo:

L = mR%w = lo,
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6. /lunamixa obepmanvbrozo pyxy meepoo2o mina

— mp2 .
de I = MR" — momenm inepyii uvacmunxu.

Bexmop L y gionogionocmi 3 npasuiom npasoeo 26uHma NepneHOUK)ISAPHULL 00 NIOWUHU
KOJIA I HAnpasieHutl 8io Yumaud.

PiBrstrrst MOMeHTIB (6.14) MOKHA y3aralbHUTH TS BUIA/IKY JOBLIBHOI CHCTEMH MaTepiabHIX
To4OK. ITpy IbOMY ITiJT MOMEHTOM IMITYJIBCY CHCTEMH PO3YMIIOTh BEKTOPHY CYMY MOMEHTIB IMITYJIb-
CiB BCIX MaTepiaJIbHAX TOYOK CHCTEMH BiJHOCHO TOT'O CaMOr'o IICHTpa:

Tyt |; — MOMeHT iMITyIIBCY i-01 YACTHUHKIL.
Pe3ynbTyrounii MOMEHT cuiI, SIKi JiIOTh Ha CUCTEMY, JOPIBHIOE CyMi MOMEHTIB CHJI, FOUMX
Ha KOXKHY MaTepiabHy TOUKY:
M =" w.

B o cymy BxozsTh: 1) 30BHIIIHI MOMEHTH CHII, SIKi CTBOPIOIOTHCS 30BHILIIHIME CHJIaMH, 110
JUFOTh HAa CHCTEMY, 1 2) BHYTPILIIHI MOMEHTH CHJI, SIKi CTBOPIOIOTBCS CHIIAMH B3a€MO/IIT MiXK Mate-
piaJbHIMU TOYKaMU cucTeMu. Ha ocHOBI TpeThoro 3akoHy HploTOHa HEBa)KKO JJOBECTH, IO BEK-
TOpPHA CyMa MOMEHTIB BCIX BHYTPIIIHIX CIJI BIJHOCHO JIOBUIBHOTO LIEHTpa JIOPIBHIOE HYIIIO.
OTKe, i MOMEHTOM BCIX cHJI Tpeba po3yMiTH BEKTOPHY CyMy MOMEHTIB BCIX 30BHIIIHIX CHII,
II0 [IOTh HA CHCTEMY MatepiaibHux TouoK. Toxi piBHsHHS MoMeHTIB (6.14) mist cucremu Mate-
PlaJbHUX TOYOK BiZTHOCHO JOBITBHOTO IIEHTPAa MaTUME BHUIVISII

dL —~
E = MBOBH : (615)

[eii dynaaMeHTaNbHUN pe3yIbTaT BCTAHOBIIIOE, IO MIBUKICTH 3MiHM MOMEHTY IMIYJIbCY
CHCTEMH MaTEpialIbHIX TOYOK JOPIBHIOE PE3YIIBTYIOUOMY (IIOBHOMY) MOMEHTY 30BHILIHIX CHUI, 1[0
i€ HA CHCTEMY.

3 popmynu (6.15) Takok BUIUIMBAE, IO KOJIU PE3YILTYIOUHH MOMEHT 30BHILIHIX CHII, Ji-

IOYUX Ha CHCTEMY MaTepialbHUX TOYOK, JopiBHIoe Hymo (M, . = 0), To

306H

— =0 i L =const. (6.16)

cl

Ile o3Hauae, MO MOBHUH MOMEHT IMITyJIbCY
— CHCTeMH 30epira€rbcsl CTAIMM, SIKINO Ppe3yJib-
TYIOUH MOMEHT CWJI, L0 JIi€ HA CUCTeMY, IOPiBHIOE
HyJ10. Llell 3aKOH Ha3UBaIOTh 3aKOHOM 30epesKeHHs
MOMEHTY iMITyJIbCY 1 € OHUM 13 BaXJIMBHX 3aKOHIB
30epekeHHs B (i3uili.

Mpuknan 6.6. Kyza macoro m = 10 ke npus aza-
Ha 00 KiHys MOMY3KU i pyXacmucsa no Koxy paodiyca
a 6 R = 4 m 3i cmanoio ninitinoio weuokicmio v =2 mlc
Puc. 6.11 (puc. 6.11). Ak sminumobcs ainitina weuoKicme i nepi-
00 pYXy Kyii, AKU0 O0BXHCUHY MOMY3KU 3MEHUWUMU 8
06a pasu?
Po3B’s130K. [louamxosuii momenm imnyavcy (kinvkocmi pyxy) dopisioe

L = muR = 10k2)(2m/c)(4m) =80 ke-m?/c.
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8 6.5. Momenm inepyii meepdoco mina

Touamxosuii nepioo pyxy
27 27R _ 2(314)(4 m)
o ulR v 2 mle

T2 _

=12,56¢.

Sminusui 008CUHY MOMY3KU, MOMEHM IMIYIbCYy 6y0e QopisHIo8amu

L = myRy,
36I0KU
L 80«ke-m/c
v = = =4 ulc.
mR;  (10xe)(2 m)
Hosuii nepioo pyxy
T = 2n Ry _ 2(314)(2 m) _ 314

v 4dmlc

BucHoBok. 1. 3meHmenns pajiyca B 1Ba pasu 30UIbIIYe JIHIHHY MBUAKICT O KOy B CTLNIb-
T KM K pa3iB 1 3MEHIIIye TIepios pyXy B YOTUPH PasH.
2. 3miHa pajiyca Koja, IO SKOMY pPYyXae€TbCs TiJO, HE
3MIiHIOE HOTO MOMEHTY IMITyJIbCY.

m; § 6.5. MomeHT inepuii TBepaoro tiia

Jlo mux mip MM Maju CIpaBy NEpPEeBayKHO 3 MaTepiallbHAMU
ToukaMu. OHAK OUTBIIICTG TiJT B IPUPOJIL € TIPOTSHKHIME TiJlaMH,
SIKI MOXKYTb HE TIJIKH TIEpeMIIIaTHcs, aje i ooepTaTucs.
—a PosrisiHEMO TBeprie TiNo, SIKe 00epTAETHCS 3 KYTOBOO IIIBH/I-
Puc. 6.12 KicTIO @ HaBKoo (hikcoBanoi oci (puc. 6.12), i 3Hatinemo Horo Mo-
MEHT IMITYJTbCy Ta MOMEHT iHepiil. [t poro, Ha OCHOBI 3arajb-
HHX YSBJICHb, p03i0’€MO YSIBHO TBEpJIE TUIO HAa CUCTEMY MarepialbHUX TOYOK. SIKIIO MartepianbHa
TOYKa Macoro M; po3MillieHa Ha BifcTaHi R; Bix oci 00epTaHHs, TO ii MOMEHT IMITYIIECY

I—i = ﬁi |5|]
abo B ckaisIpHii Gopmi
li = Rif = muiR;,
Je L; — MIBUIKICTH i-01 yacTuHkU. Ockinbku v; = Ry, 10
l; = mRw.

[MpocymyBaBIIM TI0 BCiX MaTepialbHUX TOYKAX TBEPIOTO TiJIa, OTPIMAEMO!

L=>1=0)mR. (6.17)
i i
Benmnunna Z m; Riz € MOMEHTOM 1Hepuii Tina
i
I = > mR?. (6.18)
i
Toni 111 MOMEHTY IMITYJIBCY Tijla MaeMO:
L = lw. (6.19)

abo y BekTOpHi# (opmi

@
Qo




6. Juuamixka obepmanvHo2o pyxy meep0o2o miia

L =la. (6.20)
SIKIII0 MOMEHT 30BHIIIHIX CHJT JIOPIBHIOE HYIIO (M., = 0), TO
L = 1& = const,

110 O3Ha4a€e 30epeKEHHsI MOMEHTY IMITYJIbCY TBEPJIOTO TiJIa.

MoMeHT iHep1ii XapaKkTepu3ye IHEpLiiHI BIACTUBOCTI TBEPAOTO Tijla IIpH HOro 00epTATLHOMY
pyci. Koxkne Tijio, He3anexHO Bi TOro, rnepedyBae BOHO B 00EPTAILHOMY PYCi, UM B CIIOKOi, Ma€
KOHKpETHE 3HaYeHHS MOMEHTY iHepuii BiJHOCHO oci oOepTaHHs. MOMEHT iHepHii Tila 3aIeKHUTh
BiJl pO3TalIyBaHHs OCi, BIIHOCHO SIKOI OO BU3HAYAIOT.

MowmeHTH iHepuii IesIKUX MOMIMPEHNX TiT MPOCTOi (OPMH, BITHOCHO BKa3aHWX HAa PHUCYHKY
oceii, HaBezieH1 B Tabmui 6.1.

Tabmums 6.1

Tino 1

OGpy4 a6o Kinble mR?
1
Huck abo muinap EmRZ

. pd ‘
Crepsxerb (BiJHOCHO ml? 0 : '()
Cepe/IHHIM) 12 | y
ml? : ! >
CreprkeHb (BiIHOCHO KiHI) = G) /
2 o2
TBepna kymnst T mR
2 o2
Cdepruna 00010HKA 3 mR
. 3 o2
Juck (BiTHOCHO Kparo) EmR

84



8 6.6. Kinemuuna enepeis obepmanms

MomeHTH iHepLji BiTHOCHO OCeH, 1110 MPOXOATh Yepe3 EHTPH Mac, Ha3UBalOTh I'OJIOBHUMH

MoMeHTamMHM iHepuii. MoMeHTH iHepIii Tijla BITHOCHO Oy/b-sIKOI 1HIIOI OCi, MapaenbHoi oci, 1Mo

O 1A’ NPOXOAUTH Yepe3 LEHTP Mac, BHU3HAYAIOTBCS 32 TEOPEMOIO
TIN'rotirenca-1Iraiinepa:

| ={l,+md?, 1)

ne Iy — TOJOBHUI MOMEHT iHepiii, M — maca Tina, d — BigcTaHb
Mix ocsimu (puc. 6.13).

Mpuxnan 6.7. 3uaiimu momenm inepyii 0OHOPIOHO20 Oucka yu-
ninOpuunoi ghopmu diamempom D = 0,6 m i macoro m = 18 ke, axui
0 'A obepmaemucs nasxono oci AN, smiwenoi na d = 0,01 m 6i0 tioeo
Puc. 6.14 yenmpa (puc. 6.14).
Po3B’s30Kk. Momenm inepyii 0OHOpiOHO20 Oucka 3HAU0emo,
ckopucmasgutucy meopemoro Toieenca-IlImainepa (6.21):

| =1y+ md? = %mR2+ md?,

mR? o L o
oe |y = — MomeHnm iHepyii ducka, npu obepmanti o2o sionocHo oci O0', wo npoxo-

Ooumu uepes yenmp mac (2onoenuti momenm inepyii), d — siocmans miswc ocamu. Tooi

| = %(18 k2)(0,3 m)% + (18 k2)(0,1 m)? = 0,99 ke - m2.

8§ 6.6. KineTuuHa eHeprisi 00epTaHHS

Tino, mo pyXaeTbesi OCTYIAIBHO, BOJIO/IE KIHETHIHOIO SHEPTI€l0

2
mov
W:

K

SIKimo Tisio 00epTaEThCsT HABKOJIO BEPTHKAIIBHOI OCI, TO TOBOPATH, 1110 BOHO BOJIOJIIE€ KiHETHY-
HOIO eHepriero obeprauss. Po3i6’eMo TilIo Ha eleMEeHTapHI TOYKHU (CIEMEHTH), KOKHA i3 SIKHX Mae
Macy ;. ko R; BincraHb Bix oci o0epTaHHs 110 i-01 MaTepiaibHOI TOYKH, TO ii JIiHIHA IBUAKICTH
U; = Ryo. KinernuHa eHepris MaTepianbHOi TOUKH

2 2 2
W = mil)i _ miRi [0
= —— ="
2 2

KinerndHy eHepriro 00epTaibHOrO pyXy BCOTO Tijla OTPUMAEMO, JOAABIIH AHAJIOTTYHI BUPa3H

JUTSI BCIX 0T €JIeMEHTIB!

2 2 2
WK = Zran—lw = %ZmiRiz.
I

O |A | 2
6.22) 0
OCKiNbKu 0 d A > m R? = | — moment inepuii Tita, To (6.22)
i
MEPENULLIETHCS TaK: Puc. 6.13
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2
W, = '% (6.23)

Bupa3 (6.23) narapye/hepmyiy cupMiBeRureQ) SRopsEppoedyambHoro pyxy Tina. Tyt
MOMCHT 1HEpL1 / BIIITPA€ pOJb MacH Tija, @ KyroBa IBHAKICTE (0 — JIHIAHOI IIBAIKOCTI.

SIKIIIO TiJI0 OOEPTAETHCS 1 IPH LHOMY HOTO [ISHTP MAC 3iHCHIOE MOCTYNAIBHUI PyX (HAIPUKIAL, Be-
JIOCHTIEITHE KOJIECO), TO BOHO BOJIOE KIHETHYHOO €HEPTIEIO SIK MIOCTYHATBHOTO, TAK 1 00EPTATIBHOTO Py~
xiB. [ToBHa KiHETHYHA EHEPTisl TAKOTO TiJIa JOPIBHIOE CyMi KIHSTHYHOI €HEPTii MOCTYNATBHOIO PyXy Horo
LIEHTpa Mac i KIHSTHYHOI €Heprii Horo 00epTaHHs BITHOCHO LieHTpa Mac. To0To

2 2
W, = m'z)o + '% (6.24)

Je Uy — JiHi}Ha IBUAKICTh HEHTPa Mac Tila.

Mpuknan 6.8. Momenm inepyii pomopa yenmpugpyeu I = 4,010 ke Aky kinbkicmo enep-
2ii nompibno 3ampamumu, wjo0 i3 CmaHy CHOKOK Npu36ecmu ii 8 CMaH 00epmMarHs 3 4acmomoro
n=10"06/x6 ?

Po3B’s130k. Ockinbku pomop yenmpugyeu 3HaxoOumocs 6
CMAHI CHOKOI0, O eHepeisi, SIKY HeoOXiOHO 3ampamumu, woo
npuzeecmu 1020 6 CcmaM 0bOepmamHs 3 UACHMOMOIO

n=10"06/i6= = (10"/60) 06/c, Oopisniosamume  tiozo
KiHemuyHiil eHepeii 8 YboMy CMAHI.
lw®> 12z n)?
W =—=——".
Puc. 6.15 K 2 2

Tym o =2rn — kymosa weuokicms. Tooi

_ (40-10% ke m*)(4)(314)* (20%)°
2(60 c)?

W

K

= 2,2-108 .

Mpurnanx 6.9. Bupaxysamu weuokicms nOCmynaiwHo2o pyxy YuliHopa y OCHO8U NOXUNOL
naowunu sucomoro h = 18 m. Beasicamu, o 6 nouamrosuii MOMeHmM 4acy YuniHOp 3HAXOOUBC
6 CIAHI CROKOIO Y 8EPXHILL MOYYL NOXULOT NIOWUHU | CKoYyembesl 0e3 npokossysants (puc. 6.15).

Po3B’s130K. Bukopucmaemo 3axomn 30epediceHHs enepeii, 8 AKOMY 3apa3 HeOOXIOHO 8paxyeamu
KiHemuuHy eHepeiro obepmanvtozo pyxy. Iloena enepeia na 6yob-skiil giocmati 6i0 éepmuxani ¥ Hao
OCHOBOI0 NOXUNIOI NAOWUHU OOPIGHIOE

“LImpzs Liw?s mgy
2 2 ’

de mv? /2 — kinemuuna eHep2isi NOCMYNAIbHO20 PYXY YeHMpPa Mac yurinopd, lw? /2 - kine-
MuYHa enepeis 06epmarbHO20 pyxy yuninopa, Mgy — nomenyianbHa eHepeis YuiiHopa.

Tpupiensemo noeny enepeiio na eepuiuni noxunoi nrowunu (Y =h, v=0, @ =0) nosnii en-
epeii'y ocnosu (y = 0):

0+0+ mgh=%m02+ %Ia)z + 0.

3uauenns momenmy inepyii gizbmemo iz mabnuyi 6.1 (I = mR?/2).

OcKinbKu YuniHop cKouyemubcsi Oe3 NpoKo3Y8aHHsl, MO WBUOKICMb U NOCMYRANIbHOZ0 PYXY

11020 YeHmpa mMac 8IOHOCHO MOYKU KOHMAKNLY OOPIGHIOE WUOKOCMIE 0)0b-sKOI MOYKU HA NOBEPXHI
YUuniHOpa 8IOHOCHO 11020 yeHmpa, 36i0ku @ = v | R. Toodi
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1, 1 ,mR? 0v°
—mv°+ = —) = mgh,
5 MY 2( 5 )(Rz) g

36I0KU

2
o fon 2\/(9,8/%/@ JABw) _ jeay M
3 3 c
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