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BBeaeHue

[lponsBoIbHOE JBIKEHHE CBOOOJHOTO TBEPIOro Tena
MOKCT OBITh MPCICTABICHO KAaK COBOKYMHOCTDb MOCTYHNATCABHOTO
ABHKEHHUA €O CKOPOCTBIO BRIOPAHHOTO TIONMIOCA B BPAIIATENBHOTO
ABHKCHHUA TCIa BOKpYI momoca O xak BOKPYP HCMOABUMKHOU
ToukH. ECM. HanpuMep. 3a moIrC B3AT HEHTP Mace te1a M, 1o
VpaBHEHHA IBHKCHUA TETa MOKHO NPeICTABUTE B BUIE

" ;?JU _ ESHL’IHH ’ ( | O)
df . N F GHEM
M — M:u , (20)
dt

rac W,, — ycKopcHHC LCHTpa Macc Tena, m - cro Macca, K,, -

MOMCHT HMIIV.1bCA TCId OTHOCHTCIBHO Cro LOCHTpa MAacC, a

T3 GHeUs EHEHLH - "
R n M., — TIIABHBIH BCKTOP M [JIABHBIA MOMCHT
BHCLUHHX CH1 OTHOCHTC.1bHO LICHTPA MAcC COOTBCTCTBCHHO.

He ocranaBIWBasich HA TMOCTVIATCIBHOM  JBH/KCHHH,
COCPEIOTOYNM  BHHMAHHEC HA  OBIDKCHHH Tema  BOKPYT

HCITOABHKHON TOMKH,
§ 1. 'eomeTpus mace rena

IMpn pewenun 3an1au THHAMHKH TBEPAOTO TENA YACTO
BO3HUKACT HCOOXOIUMOCTb MOACHCTAa MOMCHTA HHCPLMHM TC/A
OTHOCUTC.IbHO POU3BO.ILHOU OCH .

Mo ompenercHmo MovMeHTOM wuHepunun J 2~ Tema

i

OTHOCHTEIBHO OCH 1{ HA3BIBAIOT BHIPAKEHHE
J,=> mr’, (1.1)

TAe M, — Macca i-H TOUKH T€IA, §, — PACCTOAHHUE 3TOH TOUKH OT
OCH U, CYMMHUPOBAHHC IPOUIBOIAUTCAH 110 BCCM TOYKAM TCJIA,

MomeHT HHCPOHH XAPAKTCPHUIVET PaCclIpCICICHHC MaCChl
TC. 1A OTHOCHTCIIBHO OCH.



C moMOmprO JCKAPTOBOM cHCTeMBbl koopauHar (JXVZ,

HAYATIO KOTOPOH BHIOPAHO B TOuke () OCH # ¢ HANIPABISHOWIAMU
KOCHHYCAMH COS, COS [F,COS ¥, BBIPAKCHUC MOMCHTA MHCPLIMU

NPCACTABSCTCH B BUC
J,=J.cos"a+J cos” f+J. cosTy—

—2.J  cosacos f—2.] _ cosarcosy — (1.2)
-2/, cos fcosy,

rac

J.o=>m, (}":—2 +zf) J,=.mxy,
J.l“‘ - Zmi (xi2 * 252) J.\:: - Zn?!xfzfﬂ
J. = Z:mr.(,\c}.3 +y}.3) J_v; :Zmr.yi.zi

OCEBBIE U LCHTPOOEIKHBIE MOMEHTH MHEpUMH Teaa. Mcmomesyvs
BCKTOPHO-MATPHYHVIO CHMBOTIHKY JOMd MOMCHTA HHCPLIHH,
0.1y 4UM

Jo —Jd, .

X

J, = ||c:osar cos [ cos ;V|| -Jo, J —Jx
—-J, —J. J,
(1.3)
cosa
x|cos Al =¢’ Je,
COos ¥
ri ¢ (cosa, Cos 7, cos j/) -  OpT OCH ¥, 3aJaHHBIH B
}"KE]BEIHHOﬁ CHCTCMC KOOPJAHHAT CBOHMH  HAIIPABIBIHOMIHUMH
KOCH.H}"CHNIH, CHMI\iCTpH‘-lCCl{a}l I\'IanldLla



J. —d. —d

X

JS=|-J, J —J || onpegenseT TeH30p BTOPOTO PaHTa.

1

~J. —d,.

Ero Ha3blBAXOT TCH30POM HHCPIMHU TCIA.

M3vensa HanpasleHHE oOCW # W, CIEI0BATEIbHO,
U3MCHSISI  HATIPABIIIOIIME KOCHHYCHI B BBIOPAHHOM CHCTEME
KOOPIHHAT, MO HM3BSCTHHIM KOMTIOHCHTAM TEH30pa MHEpUHH J
MOXKHO HAUTH MOMCHT HHEPLUHH A1 TIOO00H OCH, TIPOXOISINSH
uyepes Touky (.

[MoHsTHE MOMEHTA HHEPITHH JOTTYCKACT TEOMETPHICCKY EO
HHTE PIPETALIHFO pacIpeIeIeHIA MOMCHTOB AHEPLIIA
OTHOCHTC/BHO OCCH nyuka ¢ ucHTpom O,

Bosemem Ha ocu ¥ Touky M (x, y,z) Ha PACCTOSHUM,

PaBHOM %J— ot touku () (K - pazviepHsiit ko3 HUIHEHT).

Toraga x= %}—H cosc, Y= %}—H cos 3,

z= %J— cos ¥, IloacTagmsisa NOAYUCHHDBIC M3 3TUX PABCHCTB
It

JHAYESHHUS COSX, COSf, Cosy B Beipakenne (1.2), momyumm
VPABHEHUE TIOBEPXHOCTH 2-TO TIOPAAKA
2 2 "
Jxo+J oy +J.z7 -
;

=2J xy=2J xz-J yz=K".

ITa MOBEPXHOCTD SABIACTCI TCOMETPHICCKAM MECTOM TOuek M
IPH BCCBO3MOXKHBIX HampaBneHUAX ocH #. [lockombky MoMeHT
HHEPIIMH OTHOCHTETBHO TPOH3BOIBHOM OCH BEJHIHHA, OT.THIHAS
OT Hy1, TO nNOBCPXHOCTE (1.4) HC MMCCT TOUCK HA
OCCKOHCUHOCTH M. 3HAYHT, SBJACTCA 3IUTHIICOUIOM. JTOT

(1.4)



AIMICOMI HA3bIBAIOT SmauncoMaoM ubepuud. Kaxioi Touke
TC/1Q COOTBCTCTBYCT CBOH DIUIMIICOM,] HHCPLIMU,

BriGop oceil CHMMETPHH OIIMICOMIA HHEPLHUH B
KAUCCTBC KOOPAHHATHBIX OCCH MO3BOJIMCT NPHBCCTH YVPABHCHHUC
yrunconaa wunepimn (1.4) ® wkadoumuecko# opve. Ocu
CUMMCTPHH 3.UIMICOMIA UHCPUMM, NOCTPOCHHOIO B HCKOTOPOR
TOUKE, HA3BIBAOTCS TIIABHBIMH OCSIMH HHEPLIHH JITST 3TOH TOUKH,

B ocax O&nd, rnasHbIX Ang Toukd (), BhIpaKeHHE

MOMCHTA UHCpLMHY J mpHOOPCTacT BUA
J,=J.cos’a+.J, cos” f+.J, cos” . (1.3)

LIeHTpOOEKHBIE MOMEHTBl MHEPLMH M TTABHBIX OCEH
O0palAOTC: B HYMAb, T.C. ¢Cim o¢b (J¢ raaBHad, TO

JJJ’?

LEHTpA Macc TENa, Ha3bIBAIOTCS ILIABHBIMH LICHTPAIbHBIMH OCSIMH
HHCPLIMH.

Takum  oOpazom,  pacnpeac/iCHUC — Mace  Tcia
XapaKTCPUZYCTCs CBI3aHHBIMM MCXAY COOOH MOHATUAMU TCH30PA
MHCPLIMH TC/1A H 3.UIHMICOUIA MHCPLIHU.

B riagHeIX OCAX TEH30P WHEPLAHM UMEET AMATOHANBHBIHN

:J_,.,,: =0. [I'maBHBIE OCHM WHEPIIHH, TOCTPOCHHBIC I8

BUJ.

Kax ke HAWTH B KOHKPETHOM CITyYae TNIaBHBIC OCH? Tak
KaK HAMPABICHUAM TJIABHBIX OCCHl MHEPUHU COOTBETCTBYIOT OCH
CHUMMCTPUM DJIIMIICOMAA MHCPLMM, & 3HAUHUT, U CTALMOHAPHBLIC
3HAYEHUS MOMEHTOB HHEPLHH, TO 3aJa4a  HAXOXKICHHSA
HANPABJICHUM [JIABHBIX OCCH CBOAUTCA K  PACCMOTPCHUID
HEOOXOIMMOTO VCIOBHS 3KCTpeMmyMva Beipaxkenwms (1.2) mpwm
VC/IOBHH

f{cosar,cos f7,cosy) =

(1.6)

2 2 2
=—cos a+cos f+cos y—1=0
WU, UTO TO K€, K PACCMOTPEHHUEK) HEOOXOIHUMOTO VCIOBHS
IKCTPeMyMa (Y HKLHH



¢§(cos a,Co0s f3,¢0s y) =
=J (cos o, CoS [3,C0s 7/) = /lf(cos &,Cos [3,C0s }/),

roe A - HeonmpeJeIeHHBIA MHOKUTEIb (MeToa Jlarpa:ka).
Ycnoene cTarmmoHAPHOCTH (PVHKITHN

¢ oJ of .
gﬁ(cosa,cosﬁ,cosy) AaeT _\¢ -—=-A4 _\'f =0 (;. = 1,3),
cy, O, cy.

£ ¥, = CosQ, ¥, =Cosf, ¥, =COSY, uiu B Pa3BCPHYTOH

dope

(L.7)

(JI — ﬂ)cosa —J,cos fB—J cosy=0
-J, cosa'Jr(Jj, —ﬂ)COSﬁ—J},: cosy=0  (L.8)
—J,.cosa—.J cosf+ (/. —A)cosy =0.
OaHopoanas cuctema  THHEHHBIX  vpasHeHui  (1.8)
OTHOCHTCIIEHO COSX, COS ﬁ, COS Y HMCCT HCTPHBHAIBHOC
PCHICHHUC, CC.IH JCTCPMHUHAHT €C PABCH HV.THO.
det||./ - 2E] =0. (1.9)

Jlegas wacTs paeeHcTBa (1.9) npencraBnset OO0 MOTHHOM
TPETBEH CTENEHH OTHOCHTENBHO A. DTOT MOIHHOM HMEET TPH
NeWUCTBUTEIRHBIX KOPHS, T.K, TEH30P J CHMMETPUUECKHH C
ACHCTBUTCIbHBIMHU KOMNOHCHTaMH, KpoMc Toro, v MHoxKas
KaKJoe U3 paBeHCTB (1.8) COOTBETCTBEHHO HA Y|, Y., ¥ U

CKIAABIBA, TTO.TVIHM

>, &
>ty —24=0. (1.10)
=1 6%3’
[lo Teopevie Jiinepa 00 ogHopo HLIX PyvHKIHAX U3 (1.10) umeem
J,~A=0,

T.C. 3HAYUCHHA MHOXKHUTCIA 2.? COBIMA1AKT CO 3HAYUCHHAMHK

MOMEHTa WHEepuHHu J, (1.' = '1,3) OTHOCHTENIBHO TIABHBIX OCEH

WLIUMCONAA UHCPLUMH TCAA B BBIOPAHHON TOUKC,



Ecu xopHu yvpaeHCHus {1.9) pasianuHbl, TO. NOICTAB IS
sHatcHus A B cueremy (1.8), Halinem ans kakioro A cBoi

Habop cosc, cos [, cosy, KOTOPHII onpeaengeT

COOTBETCTBYIOIIECE HATIPABICHHWE TIIABHOM OCH B BbIOpPAHHOH
cucteMe koopaunat OXYVZ

Ecm vpapueHue (1.9) mieeT aBa paBHBEIX KOPHA, TO JBA
r1aBHBIX MOMCHT2 MHCPLMH PaBHbl MCKIY COOOH, M 3/LIMICOMA
HHEPIHN SBIICTCSA LTATICOMIOM BPAIMCHUS .

B cayuac paBcHCTBA BCCX KOpHCH vpaBHcHus (1.9)
3 TUNCOU,] HHCPIIMM NPCBpaIiacTes B ¢hepy.

['maBHBIE OCH DJILTMICOMAA HHEPUMH MOTYT OBITH
HAUACHBI U U3 VCIOBUSI KOJUIMHCAPHOCTH BCKTOPA HOPMAIH K
3I1IMOCOMAY MHCPUMM ¢ PaJuyCOM-BCKTOpoM [ Touku
3TIMNCOMAA, NCAKANCH HA raasHou ocu: grad ./ (x, y.ﬁz): AR.
BbIuUCICHMS B 3TOM CAVUAC UACHTHUHbI.

Jlerko vOeauThCA, YTO HAMMYAEC CHMMETPHH TEma
00JICTUacT 3334y MOACUCTAa MOMCHTA HHCPITHH,

Ecom 710 WMeeT OChE MATEPHATIBHOM CHMMETPHH, TO 3TA
OCh sIBJCTCH TNIABHOM LCHTPA1LHOM OCBIO.

Eciu TC10 UMCCT IJIOCKOCTE MATCPHATBHOH CUMMCTPHH,
TO 414 1H000N TOUKH 3TON MIQCKOCTH OdHAa M3 TJIABHBIX OCCH
COBMAJACT ¢ MCPIICHINKY IIPOM, BOCCTAHOBICHHBIM K ILIOCKOCTH
CUMMETPHH B JAHHOH TOUKE.

3agaua 1.1. B cucteme koopaunar (JXYZ, ocu xoropoii

MAPAIIETIBHBl THABHBIM LEHTPATBHBIM OCsiM MERC, mocTponTs
TEH30D WHEPUMH TBEPAOro Tela A1a Touku (J, wverouei B
cucteme  MEn{  koopamvatm &, =a, 1,=b, {,=c
[NMaBHBIC LICHTPA.IBHBIC MOMCHTBI MHCPIUMH TC1a pasuel A, B,

COOTBCTCTECHHO, Macca TC/1a paBHa 1.
PclucHuc. HO.]}*’HHM CHa'dd. la OCCBbIC MOMCHTEI, MNPOBCIA

BBITTUCICHUA, HANMPUMEP. A0A MOMCHTA J.\"' MomeHTBI HHCPIHH

J,. w.J. monywaroTcs aHATOTHYHO.



Hua J . umeem J = me ()r -|-Z:), HO

xi’ :(51 —d, yr’ - F?f _b? zi :é’f —C
H TIO3TOMY
J,=> m, (nf +g“f)— 26> mn, -
(1.11)
— QL'Zm;.é’! +m(bz’ +cj)

Tak Kak Mo ONpcAC.ICHUIO LICHTPA MACe Z m; (7?:-- T é’;): A,

Zmﬂ. =mn,, =0, Zm;é’i =m’,, =0, (1.12)
TO
J . :A+m(b2+cz). 1.13)
AHATOTHTHO
J, = B+m(a3 +cg), J. = C’+m(¢:1r2 +b2). (1.14)

PaccmoTpum LCHTPOOCIKHBIC MOMCHTBl HHCPLMHU,

J.»;n; = Zma'xfyf - Zmi (5; —a)(ﬁf _b) =

(1.15)
_ Z mén, - az m.n, — mefff + mab.

Tak kak méEn —=J. . aocn M TMABHBIE LIEHTPATBHBIE,
=N 5] SR gy :

0 J o = (. Bropoii 1 TpeTHH YaeHB B BEIpakeHuH (1.13) Taxke

obpamarorcas B HvIe mo (1.12). Torma ang ueHTpoOEKHOTO
MOMEHTa ./ HMeeM



Sy = mab. (1.16)
Aratormawo  J . = mac, J,. =mbc. (1.17)

U temsop wumcpumu aas toukn () B ocax (OXTZ,
HAPAJLICABHBIX [JIABHBIM LICHTPAIBHBIM OCHM, IPHOOPCTACT BUA

A er(b2 +(;2) — mah — mac
J = — mab B+m(a2+c3) —mbc A(1.18)
— mac —mbc C+m (a: +b°

AHanu3 KOMIOHCHTOB TCH30Pd MHCPUHU MO3BOINCT
CIeNaThb CJAEAYIOIHE BhIBOABL:

]. MOMEHT HHEpPUMHM TeNa OTHOCHTEIBHO OCH PaBeH
MOMEHTY  HHEPLHH  OTHOCHTEIRHO  TIapa;ie.IbHOM  OCH,
OpoXodsIeH Hepe3 LEHTP HWHEPUMHM Tela, CIOKEHHOMY €
OPOU3BCACHUCM MacChbl TCAA HA KBAAPAT PACCTOAHUA MCKIY
ocsivu, (Tcopema Twirenca-IITcincpa A 4acTHOrC Ciavuas,
KOTIa OCh MapaNeabpHa MTaBHOW LEHTPATEHOM OCH).

2. 'mapnay ncHTpanbHas OCb MHCPLMH OCTACTCH [IABHOU
A1 1000 CBOCH TOUKH.

3. I'maBHple OCM HUHEpPLUUH A7 TOUCK, JCKAINHUX Ha
[JABHOH  LCHTPANbHOH  OCH,  MNAapaUICIbHbBI  T[JIABHbIM
HEHTPATBHBIM OCSIM UHEPITHH.

4, Och, NCPNCHAUKYIPHAS TIOCKOCTH, COACKALLCH ABC
TTTABHBIC IEHTPATBHBIC OCH, SBISACTCS TIABHOH A1 TOUKH
MEPECEUEHUS 3TOU OCH € INIOCKOCTBIO.

5. Anst TOUEK TUTACTHHBI MPEHEOPEIKUMO MAJIOH TOTIWHBI

MOMCHTbI MHCPLIMHM CBsA3aHbl pascHcTBoM J. +.J, =J ., ccam och

(¢  nepnCHAMKY.IMpHA — ILWIOCKOCTHM  maactuebl. ([l

OPOCTPAHCTBCHHOM  (pUIVPbl  CYMMA  MOMCHTA  MHCPLIMH
OTHOCHTCIBHO JABYX OCEH HHEPLUMHM BCEraa OOIbLIC MOMEHTA

MHEPUNH OTHOCHTETBHO TpeTheil. T.e. J. +.J > J ..

3amaua 1.2, Jlos TBepaoro Tema MacCcel A7 U3BECTHBI
HAMpABIEHHs THABHBIX LEHTpaltbHEIX ocel MEnN{ w rnaBHble




UCHTPanbHeIC MOMeHTE uaepuun A, B, (7. TIocTpouTh raaBHbIC

ocM MHCpUuM Teaa A14  Toukd () ¢ KOOpAuHaTaMu
So=a, N =b,{,=0.

Pemmenue. B Touke (J MOCTPOWM CHCTEMY KOOPAWHAT
OXYZ ¢ ocamu, Napaic.IbHbIMH ITIABHBIM LCHTPAIBHBIM OCSIM.,
Tak xax Touka () IEXKUT B IUIOCKOCTH, COACpKALICH IBE
rMABHBIC UEHTPATBHBIC OCH., TO TO BEBOAY 4 M3 3a1a9u 1.1 oce
OZ — raasras ans Toukn (). 3HAYMT HYKHO HAWTH TOIBKO IBE
[JIABHBIC OCH.,

[Tycre HexkoTopas ock ¥ IekuT B wiockoctn OXYV,
npoxoaut 4epes touky (0w obpasver ¢ ocbio (X yronm «.
Toraa mHanpaensiomue KocuHyeel ocu ¥ B cucteme (OXYVZ
OVAYT paBHBI COOTBETCTBEHHO COSK, Sina, 0. MoMeHT nHepHH
TC.1A OTHOCUTC/BHO OCU U OpUODPCTACT BUJ

J,=J,cos” a+J sin"a—2J sinacosa. (1.19)
Tax kaK B JaHHOM CIVUac
cos’ @ +cos” f+cos’y=cos @ +sin" o =1
HE3ABHCHMO OT 3HAUCHHS yINla &, TO I  OTBICKAHHS
HAMPABJICHHS TJIABHON OCH HET HEOOXOAMMOCTH PacCMaTPHBATH
327449y HA VCIOBHBIH AKCTPEMYM, H HAIMPABICHHEC [NIABHOM OCH
MOJKHO HAUTH W3 VCIOBHS CTAIIMOHAPHOCTH MVHKINH J

d/,
= 0. (1.20)
dot
Yro Jaer
—J sin 2 +.J sin2a—2.J  cos2a =0
OTkvaa
1 t 27
o = —arctg———
2 g.]}, —-J,

Ho w3 zagauu 1.1 cneaver
J.=A+mb”, J =B+ma’, J.  =mab.
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K, 3rauwnT.

1 2mab

o = —arctg —.

2 B—A+m(a‘ —b‘)

Taxum o6paszow. noeepays oce (X Bokpyr Touku () nHa

VIon o, onpeaeseMbridi paBeHCTBOM (1.21). MBI COBMECTHM €€ ¢

(1.21)

TTABHOW OCBKO. MOMEHT WHEPOMH OTHOCHTEIBHO TIOCTPOSCHHOM
[J1ABHON OCH MOIKCT ObITh HAWACH B PC3V.ITATC NOACTAHOBKHU (X
w3 paseHCTBa (1.21) B BRIpaskenne (1.19).

§ 2. MToacueT OCHOBHBIX AHHAMHYECKHAX BEJIHYHH A0S
TBEPAOTO TEJA ¢ OAHOH HENOABHKHOH TOUKOH

2.1. KwHeTnmueckmnii MOMeHT. B KOKIelii  MOMEHT
BPCMCHU TBCPJAOC TC.10 ¢ HCMOABHIKHON TOUKOU (O MMCCT Takoc

Ke pacmpeneIeHne ckopocteil ) Towek, kak mpW BpameHnw

BOKPVI HCHOJBHXKHOU ocu, T.C. J =@ xI, rac @ - BCKTOp
VITHOBCHHOH VIIOBOH CKOPOCTH, F, — PaIUyC-BCKTOP 7 -é TOUKH,

MPOBEICHHBIN U3 HEMOABWKHON TOYKH. [103TOMY KMHETHUESCKHUH
VMOMCHT TC.1a OTHOCHTCIbHO TOukH O OvacT

E() :me’_‘fxr;zzmﬁx(axg)

UM C NOMOLUBIO TCH30PA HHCPLUMU J

I?() =Jo.
E-CCIH TCH30PD HHCPLUHH J 3AUMTHCAH B CHUCTCMC OCCﬁ, r.J1aBHbIX .14
Touku O, TO OH MMCCT AuaroHaIbHbIH BuA. BekTop vrioBoii
CKOPOCTH B OTHX OCAX @ = pf + q} +!‘/7 , W BCKTOP
KHHETHYECKOTO MOMEHTA

K, = Api +Bgj + Crk 2.1)

(A, B,C - ocesbie voveHTH wiHepuwH). Bextopet @ n K,

BOOOLIC TOBOPs. HC KOMIWMHCApHBI, QHHU, OUCBHUIHO. COBNAIAOT

11



Nno HANpabeldCHHUKY JTHUWE B TOM <CAvdac, CCJIHM OCbh BpallCHHA

coBnmagaet ¢ rmaeHoi ocewo. [lpustom K, =Jo = Ao . rre

A aBagetcs ko>GppULHEHTOM OponopuHoHansHocTi. W, 3HauuT,

|l — 2%

|¢?T = 0. VYcnorne HETPHUBHAIBHOCTH PEIICHUS 3TOTO
VPABHCHUS: det”.]jk - Ao, ||:0. Otcioma  cneayer, 4TO

COOCTBEHHBIC BEKTOPBI MATpUUbl J ONPeICIAIOT HAMPABICHHS
CJIABHBIX OCEH MHEPITHH, a COOCTBEHHBIE 3HAYSHUS STOM MATPHULIBI
— MOMEHTBI HHEPLIMU OTHOCHTEJIBHO TJIABHBIX OCEH.

2.2. KHHETHYIECKAS DHEPTHA. Kunetnueckas sneprus

l 7 1 2 o] ] o ol
T=—>>ml " =—>mho =—J."w". (22)
2 Z i 2 Z iR 2 o

ol 2
3aecy J, = Zm}!@ — MOMEHT HHEPIIMH TEId OTHOCHTEIBHO

MTHOBCHHOHM OCH BpaIUeHMs, /1, — pacCTOSHUE i-i TOUKH OT ITOM
OCH.
v v f!? o 2
[lo reopeme Mwoiirenca-Lreinepa J,, =J,, +md

(d — paccTosHHE MEXKIY MTHOBCHHOH OCBIO BPALUCHHS W OCBID,
OPOXOAAIICH YCPC3 LICHTP MACC NApPaAICIBHO MITHOBCHHOM,

12



JBIMDKCHHMSL BOKPYT OCH, TMPOXOASAIICH UYCPE3 LICHTP MAace
NapasieIbHO MTHOBEHHOH.
Beipaxxenne (2.2) KMHCTHUCCKOW SHCPTUHM B OCIX

O&End, raaBHBIX A1 HEMOABHIKHOM TOYKH, 3ANKHCHIBACTCS B
BUAC

Y'z%(Apz +Bq’ +Cr”~') (2.3)

Amnanoruyno ¢opmyaa (2.2) B riIaBHbIX LCHTPAIbHBIX
OCSX MOXKCT ObITh NPCACTABICHA TAK:

1 r 2 1 2 2 \ 2
I'= E mb,,~ + E (AM i TG T ) (2.4)
Jagaua 2.1. OaHOpOAHBIH KPYTrOBOU KOHYC MAacChl M C

BBICOTOH /2 ¥ yriom npu Bepmuae 60° karures 6¢3
NPOCKATL3BIBAHMS TI0 HETIOABIKHOMY KOHYCY C VIJIOM TTPH

sepumbe 1207 (em. puc. 2.1). Haiitu BeimuuHy BeKTOpa
KHHETHYCCKOro MomeHTa K, uyron [, KoTopslil 06pasyer 3ToT

BEKTOP ¢ BEKTOpOM @ . [ToACUMTATh KHHETHUCCKY KO SHEPTHIO 1
KOHYCA, CCIIH LICHTP Cr0 OCHOBAHHWS JBHIKCTCS C MOCTOSHHOM I1O
BCIIMYMHE CKOPOCTBIO

Pemenue. Beanuuny Bektopa K, HaliaeM ¢ MOMOIIbIO
paBeHCTBA

K, = JAZpE +B’q* +C°r*. (2.5)
Tak kKak  LEHTPATBHBIH
AIUIMMACOUA  HUHCPLUMH — —
SMTATNICOMA BpaLICHUS, a
touka () JcKuUT Ha
rIaBHOM LICHTPaAbHOU

OCH, TO IJIABHBIC OCH JJId
9TOH TOYKH TOJYYATCH
NnapauiCcJabHbIM MNCPCHOCOM INIABHBIX

Puc. 2.1

13



ucHTpaneHblx oceit ME, n,,C,,. Lentp Mace 0OAHOpOAHOrO
3

KPVroBOr0 KOHYCa JICKHUT HA PacCTOSHUH Zh OT €r0 BEPIIHMHEL,

| 3
Te. OM =—h. T'naBHble LEHTPATbHBIE MOMEHTHI HHEPIIHH
KOHYCa PaBHBI
3 6 . 3 5 h
A,=B,=—mAR" +h") C,=—mR", rie R=—4= -
80 10 43
pagnyc OCHOBaHMSI KOHyCA. Taxum o0pasoMm,

A=B=A,, +mOM* = Emh"’, =0, = i'h'zv'lf'. Bexrop
" 20 10

VIJIOBOH CKOPOCTH (@

— HaNnpas/icH o
MTHOBEHHOH OCH
BpaLlUCHU,

COBIIAJAIOIIEN C JTHHHEH
KacaHud IOJABUYKHOIO H
HCITIOABUHKHOTO KOH}-’COB.

Llentp OCHOBaHHS
KOHYCAa JBHIKCTCS €O
Puc. 2.2 CKOPOCTBIO V "
HAXOJUTCS oT
y h
MTCHOBCHHOM OCH Ha PACCTOSIHHH E, MO3TOMY VITIOBasi CKOPOCTh
L[ 2V — Ty L
@ =— =—— Ilpoekuu BekTOpa @ Ha ocu cucteMmsl OEnE
o h
4 V
p=0, g= Z V= \@ ; IloncraBasis B (2.5) HaWIeHHBIC

SHaA4YCHHA MOMCHTOB HHCPUHH H KOMIIOHCHTOB BCKTOPa VI JOBOH

V181

ckopocty, noayuuMm K, =———mVh. Bekrop K, obpasyer ¢

20
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B 13
ocel0 (O yron o =arctg TC] = arctg

B=30"-cf

Otkyza

243

It moacuera [ Bocmomesyemcs dopmymoi (2.3).

Hcmoap3ys HaHACHHBIE TIPH TOACUETE

P, 4, ¥, nonyuum

T:l Emth +imh2’ cla =

K, sHauenus A, B,C u

19 ;
ml -,

24 20 h* 10 h’

§ 3. YpaBHeHHs JBH/KEHHS TEJIa ¢ HeNOABHKHOMN
TouKkoH. Ciyuai Jiiepa u ciay4aii Jlarpan:ka

3.1. ¥YpaBHecHUd JABHIKCHUS.

Teepaoe Temo ¢ ogHOH

HCTIOABMYKHOM TOYKOM UMCCT TPHU CTCIICHH CBODOIBI.
YacTo B Ka4YCCTBC KOOPAMHAT, OJHO3HAYHO 33JArOLIHX
MOJ0KCHHUE TBCPAOTO TC/a C HCMOABMIKHOW TOUKOH, OCPYT YIVIBI

Puc. 3.1

Juaepa: ¥ -  yroa
npeueccnn, 8 - yron
HyTalMM, @ —  yroda

COOCTBCHHOTO BpaUICHUSI
(cm. puc. 3.1). OTH yrasl
U HUX  [POU3BOIHBIC
CBA3aHBI C TMPOCKIHSIMH
BCKTOpa VIJIOBOH
CKOPOCTH () HA TJABHBIC
OCH  KMHCMATHUYCCKHUMH
COOTHOINEHUSIMH JHJIepa;

p=yrsin@sin@+6cos

g =yrsin@cosp—Gsin @ (3.1)

¥ =yrcos@+ .

15



YpaBHCHM: JUHAMHUKH TCIAa € OJHOH HCHOJABHKHOM
TOUKOW TOIVUMM € MOMOIMBK) TEOPEMBl 00 HW3MCHCHWH
KHHCTHUCCKOTQ MOMCHTA

dK,
dt

3amumem BCKTOpP K() B TIIPOCKOHAX Ha TIIdBHBIC OCH,

=M, (3.2)

MOCTPOCHHDBIC 1J1A HCHO,-]BH)KHOF] TOYKH
K, = Api + Bgj +Crk.

Tak kaxk cucTeMa TIABHBIX OCEH TMOIBHKHAA H KECTKO

d _ - d _ - dk _ =
CBA3AHA C TCIOM, TO — =@ XI, —=@O X[, —— =0 x k.

dt (dt dt

d'K T
TO = Api + Bgj + Crk. Toraa Tcopemy 00

H3IMCHCHHHU KHHCTHYCCKOIO MOMCHTA MOMKHO 3aITHCATDh B (])Opf\'[e

dK, d'K, .\

dt dt
d'K =
——% - usmcHcHMC Bektopa K

dt ¢

BbIOPAHHOI MOABUNIKHOU CHCTCMbl KOOP,AMHAT (unauc

0003Ha4YuM

S|

<K, =M, (3.3)

31cCh OTHOCHTC/IBHO

OTHOCHTEIBHAS CKOPOCTh KOHIA BekTopa K ), a @ xK, -

m3MeHeHne Bektopa K, 3a CUeT ABIKEHHS MO IBIKHON CHCTEMEL
KOOPIMHAT (TICPEHOCHAs CKOPOCTh KoHLA Bektopa K ). Takuwm

00pazoM, JBIKCHHE KOHIA BekTOopa K, paccMaTpHBAeTCSA Kak

CA0KHOC, BMCCTC ¢ IIOABHIKHOH CHCTCMOH KOOPJAMHAT, KCCTKO
CBA3aHHOH C TE€IOM H OTHOCHTEIIBHO HEe.

IIpocuupys  paecuctBo  (3.3) BHa rJIABHBIC  OCH,
l'[OCTpOGHHb]e AT HG]’[O,Z[BH)KHOFI TOYKH, ]TOJT}"‘]Ele.\-l
JHHAMHUICCKHE VPaBHEHHI JHIepa:

Ap+(C-Blgr =M.

E

16



Bg+(4-C)pr = M, (3.4)
Ci+(B-A)gp=M_.

Ypasncuus (3.4) COBMCCTHO € YPaBHCHHAMHU (3.1) onmMCHIBAIOT
JBHKCHHE TeNMa ¢ HEMOJBH/KHOM TOUKOH W 3aNTUCBIBAKOTCS B
MOABIZKHBIX OCIX. JKECTKO CBIA3AHHBIX C TEIOM, CIABHBIX J7d
HETO,ABUKHOM TOTKH.

O6mee pemenue cucteMbl (3.4) m (3.1) Mmo3BOIsACT B
KQXKAblii MOMCHT HAWTU 3HAUCHHS YIJOB JHICPA, OAHO3ZHAYHO
3aJAK0IIHX NOJI0KEHME TE.1a ¢ HENOIBUIKHON TOYKOH, T.€.

W= u/(t,(fl,...,(fﬁ),
0=6(C,..,C,) (3.5)

p=0,C,,. ..C.).

H3BCCTHO, 4TO JUllb B TPCX CAYUAAX NPU MPOU3BOJBHBIX
HAQUATBHBIX VCIIOBHSAX HWHTETPUPOBAHUE CHCTEMBI VPABHCHHH
Qiinepa MOKET OBITH JOBEACHO MO KBaApaTryp. ITO CIVIaM
Juncpa, Jarpamxka u Koeaiceckoii. 3acce OVACT pacCMOTPCHO
permeHue 3ana4d B cyyasx Jinepa w Jlarpanxa.

3.2. Cnoyuaii 2#gepa. IToT cIoydaili COOTBETCTBVET

TBHKEHWIO TI0 WHEpLmn, korna A, = 0.
Torna npu npou3sBObHOH (OPMC TCJAA COXPAHACTCH

BCKTOP KHHCTHYCCKOTIO MOMCHTA KO H KHHCTHUYCCKAS 3HCPTHA

I’ HurerpupopaHue CHCTEMBl JHHAMHYCCKHX — VPaBHEHHIA
Diinepa MoKeT OBITH JOBSICHO J0 KBaIPaTyp, KOTOPHIE
OOIVUAKOTCH B BUAC  DJUIMOTHYCCKHMX — WMHTCrpaaos. Ilpu
HEKOTOPBIX HAYATbHEIX VCIOBHSIX 3ITH KBaIPaTVPhl
BEIPOKAAIOTCS B OOBIKHOBEHHBIC HHTETPANB, U TOTaa P, (., F
ABJISIOTCA THICPOOTHICCKUMH (PVHKLHAMU BPCMEHH.

3aJaua pCUICHA A0 KOHLA, CCIM HAUACHA 3aBUCUMOCTD
3UIICPOBBIX YTIIOB OT BPEMEHH.

Tax xax K, = const, Bo3bvcM Henoasuwkuyio ocs U7

BIONE BCKTOPA KHHCTHHUCCKOTO MOMCHTA. Torma

17



Ap=K,sinfdsmgq,

Bg=K_sin@coso, (3.6)

Cr=K_,cost.

U3 (3.6) HaxoanM

cosf@ = (.r(t)’ (3.7)

o

Apl(r)
te p = 3.8
gp= 40 (3.8)

Yro0bl HAlTHU ¥/, YMHOKUM NOCPBOC u3 vpasHcHuii (3.1) nHa
SIN (), a BTOPOE — HA COS (P H CIOKHM
psine+qgcos@=1iyrsinf.
OTrviaa
_ psSIng@+gcosQ

siné
Hcnoaesvd (3.7) u (3.8), HalizeM BbIpaske HUA

. l 40 T
sin@ = K—JA‘p'“ + B¢,

o
SINQ = —— flp , COS(p= }?q —
JA‘p‘ +B° q \fA p +Bq
Toraa
g =L g (3.9)
A p -+ B g

Ap*(0)+ Bq'(1) di. (3.10)
) A p*(t)+ B g (1)

Takuy obpazoM, vrabl JHacpa 6’ ,(0 U { MOrYT ObITh HAHICHDI

W=, +K

nz paseHcTs (3.7). (3.8) u (3.10). ecu onpeneeHBI p(l), q(l),

¥ (z‘ )

18



3agaua 3.1. OaHOPOAHBIH S3I1IUICOMA € MOMCHTAMU

3

uaepuud A, — A, 2A ABHKCTCA BOKPYTD CBOCTO HCIOABHIKHO
5

3AKPCILICHHOrO LICHTPA MACC. B HAUAMBHBIA MOMCHT 3.1/TUNCOUAY
cooluucHa vriosBas ckopocts Q =w~/2i +wk, tac i, j. k -
CAMHMYMHBIC OPTbl [JIABHBIX LCHTPAlbHbIX OCCH HMHCPLHMH,
[lonyuuTe yYpaBHEHUS ABMKECHUS 3.LTHICOMIA B KBAAPATYPax.
PcuicHuc. JIMHaMHYCCKUC YpPaBHCHUH JHicpa B 3TOM
CTyUae
d)
2 2 qr =0,
dt

¢
3L _opr =0, 3.11)
dt
dr
di
Y MHOKHE TEpBOE YPaBHEHHE HA ), TPEThE — Ha # W NPHPABHAB

4—+gp=0.
3aTCM JICBBIC HACTH 3TUX YPABHCHUH, MOIVIUM

d d p-p, . o

LoD L "l 22

dt dt '

Tak kax p, =1, 2 , TO p= 2 B m1060ii MoMCHT BPCMCHH,

p

Paszgeaue nepeoc vpasHeHHE (3.11) Ha BTOpOE, MOTVUNM
VPABHCHUC ¢ Pa3IC BOIIHMUCA OCPCMCHHBIMU

4pdp=—3qdg.

OTtkyaa pj = % (4 Po = 3q : )n

n I 2 >
U, KPOMC TOrQ, ¥~ = §(4 P, —3q°)
Cea3b MCxAY P,J U F MOMHO ObLIO NOIAYYUTH M

HCMOCPCACTBCHHO, HCNO.1b3VI HHTCIPAN DJHCOPrUid M- 3aKOH
COXPAHCHHUA KMHCTHUCCKOTO MOMCHTA.!
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Apoj + Bq(f + Cr(f =4Am- =21 = const,
Ap, +Bq, +Cr, =64"0" =K, = const.

[ToacTaBuM MOMYUCHHBIC BBHIPAKCHHA 14 P WU I° BO BTOPOC
vpasucuuc (3.11);

34 AP0 3 _

dt 442

[pounTerpuposas (3.12), HaliaeM B 3aBHCHMOCTH OT BPEMEHH

q=72 th—
! Vr_ 22’

I —— = —
p K f

ch —— ch——
22 242
OnpcacauM vrasl JUACPA U VIJOBVIO CKOPOCTh NPCLCCCUM I TIO
(3.7).(33)u (3.9

2 1 1
cosQ—J;—f, tg = T
7 ch— ﬁsh '

22 2

(3.12)

as3arcM p H 1.

(3.13)
{
q 260 ch ——
2T DTS
IV: 4 ~2 2 K() - {
Ko —C7r 3ch 1

M3 nocneaHero cOOTHOIICHUST HAKIeM

W=, +2‘/7a)f+2‘j:mjl .
03 ch -1

20



AHanu3 3aBUCUMOCTH YIIOB ilIcpa OT BPCMCHM MOKA3LIBACT,
YTO YIJIbl FHICpa

2 1
g = arccos| ,J————
3!
242
1
(@ = arctg ,
sﬁ sh —=

/
22

H i/ (eM. (3.13) He ABIFOTCA TIEPHO THICCKUME (DY HKIIEISIMH.

=)

33, Cavuaii Jlarpamxka. 3JT0 cavdaid IBHKEHHS
CHMMETPHTHOTO TEIa B TIOJIE THKECTH, KOrJa HCHTP Mace JICKUT
HA OCH CHMMETPHH. HE COBNAIAA C HETIOIBHKHOH TOUKOM.

[Tpyu ABMKCHHUHU CUMMCTPHUYHOTQ TBCPAOTO TC.1a € OAHOM
HCTIOIBHZKHOH TOUYKOH B cmyvuae Jlarpam:ka HMHTErpHpOBAHHE
CHUCTCMBI YPABHCHMI JBWIKCHHS MOKCT ObITh JOBCICHO A0
keaaparvp. OaHako KAUCCTBEHHOS  HCCICAOBAHHEC  BTOTO
JBHZKCHHS MOKET OBITH TIPOBEICHO C TIOMOINBK) HHTETPaloB
ABHUKCHIS. T&K KAaK JABHKCHHC peﬂﬂlfli}}’eTCH B TI0.1C TAXKCCTH, TO
HMEET MECTO HHTETPAT SHEPTHH

| " SN
EA(p‘+q$)+ECf”+plcos€:h , (3.14)

ric / — paccToAHHE LEHTPA TAKECTH OT HEMOABILKHOM TOUKH.
Iockoavky M. =0, 1o

—
K. :Koy—:const. (3.15)
: W
TpeTuit HHTErpaI NOIVIASTCA H3 TOCTIC,THETO YpaBeHUs (3.4}
CF =0 — r = const. (3.16)

Yepes yrasl JHIepa U HX MPOH3BOIHBIE 3TH TEPBBIC HHTETPATHI
MOTYT OBITE MPCACTABJICHBL B BUAC

A((,zf sin~ @ +6’3)+ 2pl cosé = h = const,

21



Ayrsin® @ +Crcos@ = K, = const, (3.17)
cos@ + @ =r = const. (h =h, —Crz).

Wuarerpaner aswxkenus (3.15) u (3.16) merko mony4arTess H C
noMopo GyHKIMK Jlarpanka

I :%(Ap?‘ + Bg? +Cr?)-TI =

=26+ sin’6)+ (3.18)

- %((p + WCOSQ)Z —mglcost.

B camoMm xene, Tak xak KOOPAUHATHL Y W () LUKIUYECCKUC, TO

ol ol d{ oL " d[g]

=0, =0 u — =V, —
oy oP dr\ dyr dt

— =0, orkyma
o

BBITCKAHT 3aKOHbI COXPAHCHMS

f_[ = Ayrsin® @ + C(¢ + y7 cos8)cos = const,

oy
cL

e

= C(q) + l,_/)'cosél) = (Cr = const.

3amaua 3.2. Tonkuii 0JHOPOAHBIH JUCK
Beca P u pagnvea R HAcakKEH KECTKO
HA HCBCCOMBIM  CTCPXKCHb  JJTUHBI

V3

[|=—R, oaun KoHEL KOTOPOro

IMAPHUPHO 3akpervicH. B HavaabHbIN
MOMEHT AMCKY COOOINAIOT COOCTBEHHOE
BPALICHHE C YIJIOBOH  CKOPOCTBIO

; T
Puc. 3.2 D=4 ’E M OTIVCKAIOT OCbh 03

Tomuka. HaliTu MMHUMAIBHOC M MAKCUMAIBHOC 3HAHUCHHS yria
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HyTaK @ TIpH ABWKESHWUH JIHCKA, €CTH B HAYATBHBIH MOMEHT
G,=30", 6,=0, ,=0 Halitu Taxkc 33aBUCHMOCTS
VITIOBOH CKOPOCTH TIPEHECCHH I/ W YIIOBOH  CKOPOCTH
COOCTBEHHOTO BPAIEHUS () OT VIia Hyraunm &,

Pemcane. Murerpatsl apuxeHusa (3.14-3.16) B JanHoM
CITVyae
ng(Wg sin” @ + 6"2)+ 2mgl cos@ = 2mgl cosd,,. (3.19)

mRyrsin” @ + m;‘i’ rcosé = 1fi’»ggmu‘{%, (3.20)

y)c059+(i)—4‘jg. (3.21)
R
3meR 3
3mecy sHayenua S = ng , K._= 1f3ngA:, r= 4\/%
y mR’ , ,
MOMVICHBI W3 HAYAIBHBIX VCIOBUH, A= +ml” =mR-,
4
C —%mR:. N3 (3.19)-(3.21) maxoum
2
v = g 3 - COSQ, (3.22)
R sin” &
(J_ 2o g]ﬁsm a— 2\54—400519
sin” & T (3.23)

:f(e)
(b_‘j§2+25m g — \/_0059 (3.24)

sin” @

3uauchus @ wn 6__ noavuum uz veaosus =0, uro B
JAHHOM CIV'ae MPHBOIUT K PABCHCTBAM

\5—20039 =,
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V3 costO—4cos@+43 =0.

3 1 .
Otkyma cosé, :%, cosf, =—. Hccnenysn snak & npwm

V3

=6, uw =6, nacrko ybeaurscsi, ut0 €, COOTBETCTBYET
MHHHMAIBHOMY, & €, MakcHMaIbHOMY 3Ha4YCHUIO yriaa 6.

Yrobsl HarasgHO MPOMIIIOCTPHPOBATD HYTALMOHHOE H
MPCLCCCHOHHOC JBUKCHUC JUCKA, PAaCCMOTPUM JABHIKCHUC €ro
neHTpa Mace. Ilpu aBmkeHHMH LEHTP Mace AUCKA, OCTaBAACh HA
chepe paguyca /, GyaeT ABUraThCs MEKAY ABYMS MAPATICTISIMH,

coorsercrByommmu € . u @ . Tlpu 3TOM HYTALMOHHOC
IBUKEHHE HOCHT KOIEOATeTbHBIM XapakTep, YTO BHIHO M3 TOTO,
uro 6 =44/ f ) (32K "+ COOTBETCTBYET BO3PACTAHHIO YTITIa

@, 3nak "-" yﬁmaaﬂmo ero) u

=T

T.C. BPEMs JABIDKCHUA OT OAHOH mapamieiau K
APYrOH OCTACTCS MOCTOSHHBIM,

VYrioBasi CKOPOCTh MPEHECCHH I/, KaK
BUAHO u3 (3.22), HeoTpuuAaTchabHAs (PyHKIHA
6, obpamawmascs B HyJdb TOIbKO TpH

Puc. 3.3 e
Ha chepuueCKON TPAEKTOPHH LEHTpa Macc. Takum obpaszoM. €ro
TPACKTOPHSI B 3TOM CIy4Uae UMCCT BHA CHCPUUCCKON LIMKIOHIHI,
n300pakeHHOM Ha PHCYHKE 3.3.

qTO COOTBCTCTBYCT TOYKE BO3BpaTa

min ?

24



§ 4. llppmenenne AMHHAMHYECKHX YPABHEHHUH JHepa
AJS ONpeAeJeHHS PeAKUHH, BOTHHKAIIHUX NPH
BPALIEHUH TEJIA BOKPYT HEMOABHXKHOH OCH

HuHaMHdeCKHEe  VpaBHEHHS  JHICpa  MOrvT  OBITh
UCIOIB30BAHBL 115 PCLICHHA NCPBOHM 33Ja4Md AMHAMUKH, KOTI1a
Mo 3a7aHHOMY IBIDKCHHIO OMPEIEIAIOTCS CH.IBI, MO ICHCTBHEM
KOTOPBIX 3TO JBMIKCHHC MOWKCT NPOUCXOAUTb., Tak, HanpUMCP,
JTHHAMHAMESCKHE VPABHECHHS Jil1epa MOTYT OBITE TIPUMEHEHEI Td
ompeacICHAS pPEeaKudid, BO3HHKAIONIMX TIPH BpallcHHH TeIa
BOKPYT HETIOABHWKHOH OCH.

PaccyoTpumM vpaBHeHus JBHeHHA Tena B dopye (1°) u
(3.3). B kauccrec noaroca O MOKCT OBbITh B34TAa NPOU3BO.1bHAY
TOYKA Ha OCH BpallcHWA. BHemHWE CHIBI TOPEACTABHM  KaK
COBOKYIIHOCTb  AQKTHBHBIX €M1 M CH1  PCAKLMH  CBi3M!
CTATHYCCKHUX, BO3HUKAMIIHUX B OMOPAX [MOKOAIIErocs Te1a, W
AUHAMMYCCKUX, MOOMBIAIOUIMXCH MPU BPAIICHAW TC1a BOKPYT
HETIO, IBAXKHOU OCH.,

B nonoxkeHUH paBHOBECHA CHUCTEMa AKTHBHBIX CHI
VPABHOBCUIMBACTCH CHCTCMON CTATHYCCKUX PCaKLIUii

RO+R™ =0, M,"+M," =0. (41)

IIvcTe MOMHUMO AKTHBHBIX CHI, YPaBHOBECIIHBAIOLIHUXCA
CHCTEMOM CTATHYCCKUX PCAKITMH, K TENY TIPHIOKEH BPAIMAIOITHEH

viovent M %, manpasienwwii no ocw Bpamenns. Toraa ¢

vucToM pasBcHCTB (4.1) vpaBHcHua JBukcHus 1¢aa (17) u (3.3)
MO’KHO 3aITACaTh B BHIE

mi, R+ R+ R - R°. 42)
IE, o o
—C +oxK,=M,"+M, " +M,"+M," =
df a i (; a2 ¢ (43)
:Horip +]‘70f).

Hnst TeXHWUECKUX NPUIOKEHHH BaXKCH BOMpOC, TIPH
KAKHUX VCIIOBHAX BpALNCHHC TC.1a BOKPYIE OCH HC BbI3bIBACT
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AO0OABOUYHBIX JABICHHI, T.C. KOria CHCTCMAa JHHAMHUCCKHUX
peaknuii 3KBUBANSHTHA HY TH. Hakaem 3t yenoshs.

Uz (4.2) cacayer, uro RY =0 Toabko Torga, xoraa
y 7 )
NEHTP Mace JEKWT Ha OCH BpamecHus. Moment M, nexwr B

IUIOCKOCTH, TMCPICHAMKV/IIPHOH OCH  BPAIUCHHA, T.K. CHUJIbI
PEAKLINN TIEPECEKAIOT HTY OCh. BBEIeM 0CH CHCTEMBI KOODAMHAT
OXYZ, xecTko cBA3aHHOH ¢ TeaoM, riae ock (J7Z coBmajacT ¢

oceio Bpamenua, a ocu OX wu O exar B TUIOCKOCTH,

OCPOCHAUKY IMPHOR 3TOH ocn. B ocsx OXTYZ marpuua tcHsopa
HHEPLHH HMEET BU

Joo =S, =T,
J=-J, J. I}
-J. —J. .
BEKTOP K,=Jo =-J_owe -] 08, —.J e, i
—
ﬁ =Je=—-J _ce —-J e, +J ce,, tne € - BexTop
dt |
VIJIOBOTO YCKOPCHMSL, & €, €,,€5 — OpPThl BbIOPAHHON CHCTCMBI
OCEH.
Cnpocumpycem yvpasacHuc (4.3) na ocu cuctembr OXYZ
~Joe+J 0" =M,’,
—Je—J .o’ =M,’, (4.4)
J.e=M,".
Tperbe ypasucuue us (4.4) — vPABHCHUC BPALICHUA TC1A
BOKPYT HEMOJABIKHOM OCH — HE COASPKHT JAMHAMHUESCKHX

. - 1 g t -
PCAKLIHH. MomeHT AHHAMHAMCCKHX PCAKIIHH M{) o0palacTCA B

HVJIb, €CIH
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~J_e+J o° =0,

vz

.5 (4.5)
-J,e-J 0" =0

- 2 4
Tak kak ompeaeaurens cuctembl (4.5) A= —(8 + o );ﬂ’: 0, To
3Ta CHCTEMA MMCCT JHIIb TpuBHaneHoe pewenne:. J  =J =0,

T.¢. och BpameHuss (JZ SBIgETCS TIaBHOHW OCbIO Ay Touku ().
Takum oOpaszoM, cUCTEMa AUHAMUYCCKHUX PEAKLIMI SKBUBAICHTHA

._ N
BekTOpHOMY Hymo (T.. R =0 u M,” =0) B TOM H TOIBKO B

TOM CIOy4Yae, KOrja OCBI BpaLOCHUA SBISETCA TJIaBHAA
LHCHTpadbHAasd OCb. B CBsi3u ¢ 3TUM IIaBHYIO LCHTPAJIbHVIO OCh
HA3bIBAKOT OChKO CBOOOTHOTO BPALICHHS,

Jagawa 4.1 Tonkas
MNIacTHHA MacCChl m
BpalacTCs ¢ MOOCTOAHHOHU
VIJIOBOH CKOPOCTBIO (@
BOKPVI BEPTHUKAIBHOH OCH
0Z, nexauei B

ILIOCKOCTHU ILTACTHHEI,
LleaTp Macc TTACTHHBI
HAXOAUTCS Ha PacCTOsIHUH
d OT OCH BpaLICHHII,
rJ1aBHAs LICHTPAIbHAs OChb

¢, obpasyer ¢ ocsio OZ

VIoJ1 . Haiitu
CTATHYCCKHUE H

Puc. 4.1

JUHAMHMYECKHE PEAKIMH B MOAWMIHUKE /) W noansgtHuke £,
€C/IM TIABHBIC IICHTPAJIbHBIC MOMCHTBHI HWHEPILHMH TUIACTUHBI
Jr_:,,M = A, Jm.; =B, BEO'=8, CD=¢E

Pemenue. LleHTp Macc minacTHHBI ABHKETCS PABHOMEPHO
Mo OKpysxkHOCTH B ruockoctd (XY, mostomy €ro vpaBHEHHS
OBHKEHHS
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s ¢}
L, 0=X,+X,. (46)
Tak kaxk p=0, g=-wsina, r=wcosa, p=¢g=7=0, 10

[EPBBIE 1BA IWHAMHYECKHX VPaBHEHMs OJHIEpa B TIIABHBIX
LCHTPAIbHbIX OCAX HMCHOT BH]

0=-X"h + X, h.,

—(C - B sinacosa =Y,°b -V, .
Pemas coemectro (4.6) n (4.7), movuaem X Hd =X Uo =0
1
b+c
1

mo-a=Y."+Y°

(4.7)

n

Y, = (ma) ac — ((,.’ - B)a) " sin ¢ cos a’),

Y, = (ﬂ?&?jab—l—((: —B)a;zsinacosa').

b+c
Hnst ompeneIeHnsa CTATHUYECKHX PEAKUMH 3aNHuUIEM VPABHEHHS

paBHOBecHs TBeporo Tema: R =0, M w = 0.

B npoekunsx Ha ock cuctevsr (JXYZ »1o naer

X, +X, =0 Y~ +)," =0, £,7 =mg,
Mg=-Y,""(b+c)-mga=0, M =X, (b+c)=0.

Omym X, " =X, "=0, ¥, =020 yem__ "6
(h+ c) (b+ c)

Z. " =mg. Awamm swpaxenmii Y. w Y.° moseoxser

VOeIUTBCS B TOM, UTO JWHAMHUECKHE pPEAKIHAH  00pasvioT

BEKTOPHBII HY.Tb TIPH YCTIOBHAX:

l.a=0 n o =0 (ocs BpamcHus coBnAacT ¢ ocer0 M),

7
2.a=0una= > (OCh BpallcHUS COBOAZAET ¢ OCbl0 M7} ).

H B TOM. 1 B APYTOM CIVUAIX OCBIO BPAIICHUA SBIACTCA INTABHAM
LCHTPAJIbHAS OCh.
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§ 5. PeryasipHas npeueccus

Pcrymapuoii  mpcucccUci  Ha3blBACTCH  ABHIKCHHUC
TBCPAOrO TCIAa ¢ HCMOABHKHOM Toukoili (J, korma Teio

BPALUACTCA ¢ MOCTOAHHOM MO BCIMYMHC VIJIOBOH CKOPOCTBIO (D
BOKPYT OcH (JC, KeCTKO CBSI3AHHON € TENOM, a 3Ta OCh
BpAIIACTCA ¢ TMOCTOSHHOH YVTIOBOH CKOPOCTBIO I/  BOKPYT
HCOABHKHOH ocH (JZ, cocTaBiss ¢ HCH MOCTOSHHBIN yroa &,

YcioBumcss  HazeiBaTh  CBOOOJHOH  PCryJuIpHOM
MPEUECCUEH  CNMVHAN, KOTJa ATO JIBIMKCHHUE PEATHIVETCS TP

M =0, u BbIHYXICHHOH PCryIPHON OPCUCCCHCH, CCu mpH

3ToM ApwkcHuun M, # 0.

5.1. Peryvnspuas npeueccusd B ciyvae Juaepa

Ecnu ABHKYIIEECS TIO WHEPLHH TENO CHMMETPHYHO, TO
Cro ABIKCHUC CCTb Pery1apHas npeucceus.” CHUMMCTpus Tona
SIBJICTCSE MU HCOOXOAMMBIM VCIIOBHCM TOTO, UTO B CIvUac JH/cpa
PCANM3YCTCH PCTYAMpHAd mpeucccus. B caMoM  acnc, myCThb
ABWKEHNE Tema — C¢BoOOAHAd pervisgpHas npeneccus. Toraa
[MOC.ICIHCC AMHAMHUCCKOC VPABHCHHUC DILICpa MOKHO 3aNHCaTh B
BHIC
(A—B)gp=(4—B)*cososin®@ =0 (5.1)
He paccvarpusas cayuall NCPMAHCHTHOTO BPALICHUS, OVICM
cuntate BenuuuHbl 7 =0, sind #0, Tak kKak B NMPOTHBHOM
cIvVuae ABW/KEHWE HE SBIACTCA PEry.IsSpHO npeneccueii. [pm
PETYIAPHON MPEeUeccHn ¢ — nUHeHHAd QYHKUMA OT BPEMEHH,

Q=0 f+¢,, 4 N03TOMY SINQP U COS(P HC MOTVT OBITh

TOKICCTBECHHO paBHbl HvIP. (CrnezoBatenbHO, paseHCTBO (3.1)
BBIMOMHACTCH B MHOOO0M MOMCHT BPCMCHU Jdwub npu A = B.

1O MLA. Aiinepyan. KnaccHueckas Mexannka, 1980.
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Ecin npu paccMOTPCHHM PETYIISPHON TIPCIICCCHH OCh
(JZ COBMECTHTB C HAMPABICHHEM BEKTOPA KHHETHYECKOTO

momeHta K, TO mpoekims Bekropa K, Ha miockocts (OEn
aacT
K., =K,sinf =Aysind,

OTKYJa

K, =Ay. (5.2)
[Ipu peryasipHOU MPELECCHH BEKTOPHI
I?O = Aysin@e+Crk, @ =ysinfe+rk, ®=dk acxar B
oaHo# mockocTH 11, KOoTOpas BpamaeTcs BOKPYT BekTopa K 5 €
VIJI0BOH CKOPOCTEIO mpeueccuu. [Iputiem 3TH BEKTOPBI
HETTOABHKHBI B TIOCKOCTH [1. Bektoper @ mn 6 TIOCTOSTHHBI TI0

BETHHHHE U 00Pa3yIoT MOCTOSHHBI vroa ¢ K, 5
Kpome Toro, B 3T0M Ci1yuae CrpaseIMBO PABCHCTBO

(f('p—l—(C—A)  cosd =0, (5.3)

KOTOPOE JIETKO CIACAVET U3 PACCMOTPECHHS MPOCKIIHU

K, =K,cos0=Aycos@=Cr= (."((f)+ Wcosé?).

M3 (5.3) ¢ vueToM paBeHcTBa I/ COSH =r—(p mnoaydaem

A-C
A

Cﬂeﬂ,ye’r HMCTh B BHAY TAKXKC, YTO B 3aBHCUMOCTH OT

3

(i):
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COOTHOLICHUS MCHKIV MoMcHTaMu ubepuud A u (¢ Bzaumuoc
PACTIONOKEHNE BEKTOPOB @) K o H (_p MOKET OBITE PA3TTHTHBIM,
yto BHAHO M3 puc. 5.1 u puc. 3.2. [Ipu A > (' yroa mMexay
VIJIOBOH CKOPOCTBIO COOCTBEHHOTO BPalICHHS (_p U VYIJI0BOH
CKOPOCTBK) MPELIECCHH t,; octpeiii, a npu A< 370 vron
tvooi. MHoraa nepBeIH CIv4ail HA3BIBAIOT OPAMOH MPElECcCHEH,
a sropoii — obparnoii. (Ipu 4 = nepMaHEHTHOE BPAIIECHHE).

C

3amaua 3.1. Tupockon | A=25H :E BPAIMASTCS  TIO

HHCPLMH  BOKPYVE LCHTPA TOKCCTH, B HAYanbHBIH  MOMCHT
THPOCKOMY COOOIICHA VIJIOBAsST CKOPOCTh @) BOKPYT OCH,
00pasviolled Yrol & ¢ OCbl0 CHMMETpHH. HalTH ABMKeHME
THPOCKOIIA.

Pemenne. JIBikeHHE — PErvaIsipHAS MPESUSCCHs, TaK KaK
TCJ0 ABIDKCTCA IO HHCPUHMH, U OHO CHMMCTPHYHO. B C.1y4ac
DiIepa  perymapHas — TMPELECCHs — COBEPIIACTCS  BOKPYT

HAITPABIECHUS BEKTOPA KUHETHYECKOro MoMeHTa. Tak kak (> A,
To mpeneccus oOparHas (cM. puc. 5.2). OnpeaenuM mapaMeTpEl
MPEUECCHA (t/)g 0, 9). Jns sToro HaligeM cHavana K,

2 2 2 ~2 2 2.2 -2 2 .2
K, =4 )"+q‘)+(.. o= Ao sin” g +4A4%w coa.

Toraa vrimosast CKOpPOCTh Mpereccun pasHa (cum. (5.2))

K . >
“ :m\fl+3005“a'.

W=

HMcnonp3ys COOTHOWIEHHE KOMTIOHEHT BEKTOpPA, MONYYaeM yTo.d
HYTALUN
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ANp® +q° Ao sin o tg o

@ = arctg - = arctg == arctg | — |.
Cr 2Am cosa 2
Tak kax npeueccust oOpaTHas, TO
CA _ F=ycosd—¢, rac ¢ — moayib
Ko BCKTOpa VIJIOBOH CKOPOCTH

COOCTBEHHOTrO BpAIIECHHS, OTKYAA

(P =—@ COS .
oL HUrax, ABWKCHHUC —  pery/usipHas
TIPELIECCHA € VITIOBOM CKOPOCTBIO

VJ'T‘E

£ npeueccHu i = r:.z)\/l +3cos’ a,

VIJIOBOH CKOPOCTBIO COOCTBEHHOIO
tg

Puc. 5.3

BpaIeHus1 () = —@ COS& W YIIIOM HyTauuu & = arctg

5.2. BolHyX/1eHHas peryjaspHas npeueccus

Yacto mnpu KOHCTPYMPOBAHWUM CHCTECM  HEOQOXO0AMMO
peImaTe 3aJady OMpeNeICHHS BO3ACHCTBHSA, 0OECTICUMBAIOIIETO
TO WJIM HWHOC JBWXKCHHC, T.C. PpClIaTh OOpPAaTHVIO 3ajaqy
OTUHAMHUKH. B 4acTHOCTH, My CTh ABHKCHUC CUMMCTPUYHOTO TCIA
C OJHOU HENOABHXKHOM TOYKOH €CTh PErviipHas MNPeLeccus.
Kakomy yCIOBHIO YAOBICTBOPSICT BBIHYKIAMOMIICC BO3JACHCTBUC,
obOecrieunBamoinee 310  ABwkeHuwe? (OKaspIlBaeTCsT MOMEHT,
NOAACPKUBAIOLIMH  PEIV/PHYID HOPCLECCCHIO, VAOBICTBOPSCT
YCJIOBHIO

M, =Cy %o 1+%£cog@ (5.4)
0

-

(cm. M A. Aiizepman. Knaccuaeckas MEXaHHKA).
2TO PaBEHCTBO HA3bIBACTCS TOUHOH Ppopmynoit rupockonun. [Tpu

pemeHun 3ajad, rae Tpedyercs ompeaemute mMomeHT M, umm
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napaMeTpl peryIspHoOLt TIPELIECCHH, LIEIECO00PasHO
UCIIOb30BAHHUC STOH (POPMY JIbIL.
[Ipu ¢ >> cnpaseaauBa NpUOMKCHHAs (QopMmy.aa

THPOCKOIMHUH

M, =Cyrx¢. (5.5)

Jagaya 5.2. KonecHbiii ckar Becom F, paguyca d

JBHJKETCS PABHOMEPHO CO CKOPOCThIO } MO  3akpyrieHUro
paguyca R, nexamemy B

POPHU30HTATBHOM

M naockoctd.  Onpeaenurs
JABJICHHUC CKaTa Ha PEAbChI,

E D €CITM  MOMEHT  HMHEPLHH
Puc. 5.4 CcKara OTHOCHUTCIBHO OCH,

NPOXOAAIICH YEPE3 LICHTPHI

konec, paBeH (', a pacCTOSIHME MEKIY PebcaMu /.
PeineHue. byaem BECTH paccMOTpPEHUE B
HEUHECPLMAIBHON CHCTEME KOOPAMHAT ¢ HAYAIOM B LICHTPE MAace
U ABWKYIICHCs moctynareiabho. Kpome aktuBHOH cumst P u

PV*

MCPCHOCHOW CHJIBI MHEPUUU J = ———, CICAYCT VUICCTh CHITBI

&
peaKIy: TOPHU3OHTATEHYIO [ (ZCHCTBYIOIVIO HA OJHO KOJECO
ckara) u BeprukansHbic N, u N, (cm. puc. 5.5).
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J
[ >
E = =D
P F
Puc. 5.5

Tak kak B BRIOpaHHOH CUCTEME KOOPAMHAT LCHTP MacC HOKOUTCH,
TO TTIABHBII BEKTOP CHII, MPUJIOKEHHBIX K CKaTy, PABEH HYIIO, W,
CEA0BATE/IBHO,

J-F=0, N,+N,-P=0,

H., 3HAYIHT,
P L_rZ
F=="—  N,+N,=P (5.6)
g R )
I[BH}K&HH@ CRATAa - BBIHYH{Z[@HH&H pel‘yﬂﬂpHaﬂ

Lf

IOPELCCCHs € VITIOBOH CKOPOCTBIO MPELICCCHH I = =’ VITI0BOH

.V

CKOPOCTBIO COOCTBCHHOIO BpALCHUS () —— H YIJIOM HYTaLUd
a

ﬁ o

€ =—, DNO3TOMY MOJKHO BOCIONB30BAThCA  (hopMyIOH

rupockoniui, (TounHas u npuOMKCHHAS B JAHHOM CIydac
cosmagaroT). Umeem

C ' / [

¥ xp|=C—=N,——N,——Fa. (8.7
pxf|=C——=Ny—= N~ )
Pemas coBmectHo (3.6) u (5.7), Haxoaum

- _E_L”E(Ceraz)
b2 Ral
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N = £+ V:(('“.'eraz).
-2 Ral

Bmccto  opMyIBl  rHpPOCKONHU  MOKHO Obl1o  Obl
BOCTIO.Th30BATRECS TUHAMUYECKUMH VpaBHeHusMnA Jinepa. [lpn
3TOM TMPOCKLHN BEKTOPOB YIIOBOH CKOPOCTH ) U VITIOBOTO
VCKOPEHWs £  HA TJIaBHBIC LIEHTPATbHBIE OCH  PaBHBI
COOTBCTCTBECHHO

pP=wsinQl, p=ypcospl,

G=1Ccospt, g=—yosint,

F =, F=0.

Vpapucuuc Jhacpa ang ocu &,
Aypcospt+(C — Adcos 1 =

/ /
=Cypcospli=M. = —N]E+N3§—l~"a cCoOsS(p/.

o
=
]

Otkyaa ¢ yuctom (5.6) ¢ICAveT OTBCT.

5.3. Pervaspuas npeueccus B cavuae Jlarpanxa

B cavuac Jlarpamka peryaspHad npeucccHs MOKCT OBITh
TONBKO BBIHYKICHHOH, W TO3TOMY TIPH PETV.IAPHOH MPELHESCCHH
BBINOJIHACTCA paBcHCTBO (3.4). Bepuo u obpartHoc, T.C. ¢cau B
cvuae Jlarpamka npH ABHXKEHHAW BRITIONHICTCS TOUHAS (DOpMYJIa

THPOCKONIUM M B HadanbHblii MoMmeHT € =0 (ecmn &, #0,

PEeTV.IIPHOH TIPEHECCHH ObIThb HE MOMKET), TO JBHIKCHUE ECTh
pervaapHas mpeueccHs. B caMom Jene. myvcTe ONpH JBHKCHHH
BarmonasieTes (3.4) w0, =0, llokaskeM CrpaBeITHBOCTB
VIBEPKICHHA ¢ TOMOWEBK vpapHeHHW Jlarpamxka. PyvHKUNA

Jlarpamka ans 3roro cnyuas aaHa popmyao (3.18). Tak kak B
cavyae Jlarpamka KOOpAHHATH (¥ U () HUKTUYECKHE, TO

Y, . , ]
%z Ay sin® @ +Crcosd = const, (5.8)
Cyr
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0
g = (¢ +yrcos@) = const. (3.9)
80

Vpasucuue Jlarpamwka ans koopausarsr @

Aé"—k(f't/)f('psin6’+(C—A)z/)3¥—mglsin@.

B cuav pascuctBa (5.4) uMeeMm g =0, otkyza @ =01 +6,,. Ho
o mpeamnoxoxerno &, =0 unosromy & =6,

U3 (58) u (5.9) cneaver, uro Torma  =const u
(¢ = const, T.€. ABMIKCHHUC — PETYLIPHAS MPECLECCUSL.

[Ipy pelwcHuM 3a7a4 B JAHHOM CAy4ac MCHOJB3VIOT

TAKXKS (POPMYTYy THPOCKOTHH W TCOPEMY O ABIKCHHUM IICHTPA
MaccC.

3agaua 5.3, Cumverpmunsii ook (A=B#C)

MacChl M B HAUAJIbHBIA MOMCHT MOJYYWI YIVIOBYK) CKOPOCTH
COOCTBCHHOIO BpPaUICHUs (), MPUYUEM €ro OCh CUMMETPHH B 3TOT

MOMECHT 00pa3zoBbiBaia ¢ BCpTUKAIbi0 yroa 0. Kakoii gomkha

OBITP HAYATBHAA VTIOBAasA CKOPOCTE TIPELIECCHH |/, HYTOOBI

JBW/KCHHE BOMYKA SBJATIOCH PETYIIPHOM TPEUECCUEi, €CIHu
PacCTOMHHUC LICHTpA Macc OT
C.,, HETIOABWKHOM TOYKH  OTTOPHI
2 pasio /? Onpcacaure npu
PEryISIPHOH MPELIECCHH
peakuuro  onopel. Ilokasarts,
YTO HOpU @ >> U/ YIjoBas

-

CKOPOCTb  TIPCLECCCHH  HC
3aBHICHT OT YI7Ia HYTAIHH.
Puc. 56 Pemienue.  Yraosyio
CKOPOCTBb TPELECCHH HAXO0IHUM
13 opmynsl rupockonuu (5.4), KoTopas B JAHHOM CIVYAC UMECT
BHI
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we sing) (C+ (('_T’ — A)£ cos@ |=mglsin 0,
o
HTO 4acT
(C— A" cos@+Cawyr—mgl = 0. (5.10)

Otkvaa

. —Co J_r\/C'Ea)E +(C — A)mgl cosO

v Z(C — A)cosd '
Mz (5.11) BMaHO, 4YTO pery.IspHAsS TNPSUSCCHS MOKET OBITh
peaIx30oBaHa TOMBKO TPH MOIOKHTENBPHOM JHCKPHMHHAHTE
vpaucHud (3.10), T.Cc. npu ONPCACICHHBIX COOTHOUICHMAX
MEKIV mapaMeTrpaMu cucteMbl. M3 (53.10) sakTrotmaeM. uro mpH
() >> 1/ OEPBBIM WICHOM MOKHO MPEeHEOpeYb, TOTIA YII0Bag

(5.11)

CKOPOCTE MPELECCHH paBHA

mgl
Co

;}y:

U HC 3aBUCHUT OT YIJI4 HYTAUKHU.

[OpH3OHTANBHYVIO COCTABIACINYIO [ M BEPTHKAILHVIO
cOCTaBIsIOUY K> N peakimu onopbl ONPCACHICM € MOMOUIBEY
TCOPCMBI O ABHAKCHHH LHCHTP: MaCC.

mylsing=F,
N-mg=0

R=NF*+N- :m\/gz +y° 7 sin” .

Otkyv1a

5.4. DneMeHTapHAas TEOPUS TMPOCKONa

Ecan ¢ >> ¢/, 10 npu ABHKCHHUU TC1a € HCIOABMXKHOM
TOUKOM CMPABCAIMBA MPUOIMKCHHAA (POPMY,1a THPOCKONUA
dK
i

:Clrfxazﬁo.
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ITpu 3toMm v rupockona obHapyxuBactcs psa 3¢dekros,
HA3bIBACMBIX THPOCKOTTMYUCCKUMH.

ITpu ¢ >> ¥ MOxKHO cuuTaTh, uTO BekTopa K,, @, ¢
HATIPABICHEI BIOMb OCH CHMMETPHH
rupockona 1 K, = (C'¢p. 910 0OCHOBHOEC

JOMYIICHHE  JIEMEHTAPHOH  TEOpPHH
rupockona. OHO MNO3BOMIET CVAUTL O
MOBCACHUM OCH THPOCKOTA, UCXOAS M3
TCOPEMBI 00 M3MCHCHHH KHHCTHYCCKOTO
momeHTa. JletictBurensHo, mycte K -
TOYKA OCH, COBMAJAKMAA € KOHLOM

¢

BekTopa K, TOrga MOKHO 3amHcaTh

01

Puc. 5.7 Vi =M. Taknm oOpazoM, CKOPOCTB

KOHIIA BEKTOPA KMHETHICCKOTO MOMEHTA, 4 3HAYMT, U TOYKA K
OCU THPOCKOIA, PaBHA 1O BCIUYMHC W HAIPABJICHHIO TVIABHOMY
MOM&‘HT}-’ BHCINHHUX CHJI OTHOCHTCIBHO HeHOJ:[BHH(HOﬁ TOYKH
(reopema  Pesams). 2Dta  TeopeMa TO3BOMIET  OOBACHHUTEH
OCOOCHHOCTH  MOBCACHHUS  OCH  OBICTPO  BPAINAIOLICTOCS
THPOCKOTIA.

Ecnu Ha oCh ypaBHOBCUICHHOTO THUPOCKOTIA HAYHCT
JCUCTBOBATh CHIIA, TO OCb THPOCKONA OTKIOHUTCS HE B

HAIPABICHUH ACHCTBUS CHIbl, a B HampaejacHUU MomcHTa A
STOU CUJIBI OTHOCHUTEIIBHO HEMOABUKHOM TOUKHU. JITO OJMH M3
TUPOCKOMUUCCKUX A (DCKTOB.

Bropoe¢ HCOOBIMHOEC CBOMCTBO OBICTPO BPANIAKOIICTOCS
HPOCKOMma — 6e3bIHepHHOHHOCTb ABUKCHHS €Cro oOCH —
3AKIIOYACTCS B TOM, YTO C NPCKPALICHHUCM JACHCTBHUA CHIIBI

momeur M, obpamaercs B Hyib, a 3Hauwt, u }J, =0, Te. ¢

NPCKPALICHUCM JCHUCTBUA CHJAbl JABHXKCHHE OCH MTHOBCHHO
MPCKPAIIACTCHI. ITO  CBOWCTBO  THPOCKOMNOB  HIHPOKO
HCIIOIB3VECTCA B TCXHHUKC,
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Ecaim rupockon coOBeplIAacT MPELIECCHI0 3@ CUCT
ABHZKCHHA OCHOBAHHA, HA KOTOPOM OH VKPCIUVICH, TO MOMCHT

M, obycnoBneH curamMu JaBICHUS MOALIUIHHKOB, B KOTOPIX

3aKperieHa OCh THpOockoma. K OCHOBaHHIO e €O CTOPOHBI
rupockona OyacT MNPUIOKEHA TMapa CHI ¢ MOMCHTOM,

Ha3bIBACMbIM
THPOCKONMMYCCKHM, PaBHBIM U
MPOTHBOTOI0KHBIM o
HampaBneHHeIM M,  Te.

& . |

r M"=-M,.

E Jamaga  5.4. Pamxa

VPABHOBCIICHHOIO  THPOCKOIIA
VKPEIJICHA HA  HEIOABHKHOM
OCHOBAaHUH c MOMOIIIbIO

Puc. 5.8 nogmunuaukos F u D,
Onpeaenute gaBacHue Ha nommunuHuka [0 u D pamxy,
OOYCIOBJICHHOC THUPOCKOMMMUCCKMUM MOMCHTOM, CC/IM  paMka
TIOBOPAYMBAETCS BOKPYr ocu [u[) ¢ VITIOBOW CKOPOCTBIO @),

POTOP THPOCKOTA COBEPINAET 7 OBOPOTOB B CEKYHIY BOKPYT OCH
O¢, vpaccrosnue LD =1 MomeHT uHCpUMH  POTOpa

otrocuTenmsHO ocu ()¢ pasen (. Maccoli paMkn npeHeOpeTs.

Pemenne. Tak kak LEHTP Macc CHCTEMBI MOKOMUTCS., TO
I7IaBHBIA BEKTOP CUJ paBeH Hyaw0. Bo3aclcTBue Ha oCh poTopa
MPUBOAMTCA K MApe CHJI, BOSHUKAIOIMMX B Toukax A u B,

Mowment M, 5Toii mapsl HAMPABICH BCPTUKAIBHO BHU3 H PABCH
N0 BCIMUYMHC |M O| = C|y) 2 ('p| =C2x nw. B ¢BOW oucpean €o

CTOPOHBI OCH POTOpa
NEAFWP HA TIOAIONHUMMHUKN A u
B oyaer
JCHCTBOBATh napa
CHII c
----------------- TUPOCKOMMYCCKUM

|




r y
vioverrom M. Ha paumky aelicTByfor Tmapsl  cHaI B
noawunuukax A u B u B nomuunuuvkax £ u D, TIpuucwm tax
KaK pamMKa MOBOPAYHBATECA BOKPYT BEPTUKATLHON OCH HE MOKET,

TO

HIH =M = _MI;‘D — _M()

(cm. puc. 5.9). Taxum obpazom,

M 2 )
R, =R, = !ED: 7{?;&)(.
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