iHTerpas Mo BCiX cepuyvHUX Iapax BiJ HalimeHiioro paaiycy O o
HaibinbLoro paniycy R:

_m . ?4n4dr:3—r: ?r4dr=—3mR2. (6.37)
(43R° R o 5

Bpaxosytoun, mo pst kyai I =1y = 1= 1, 3 (6.34) nicraemo:

6= [ r’dm=
v

| = 283=(2/5mK. (6.38)

Lleii pesynbrar npupoaHo 36iraetbes 3 (6.30), mpore oTpuMaHHS
dbopmyu (6.38)e nHabaraTto mpocrimum, Hix Gopmyu (6.30).

9). Tlokaxemo, sk ¢opmyna (6.34) nae MONKIMBICTH
MopaxyBaTH MOMEHT iHepllii cdepy BIIHOCHO OCi, IO MPOXOIUTH
Kpi3b HeHTp Mac. [[ns cdepu MoMmeHT iHepuil BiIHOCHO ii LEHTPY
6=mR. Orxke, MoMeHT iHepuii cdepu BigHOCHO OCi

=1,=1,=243=(2/3mR. (6.39)

Ix

MowmenT inepiii cdhepu (6.39)BimTHOCHO OCi € GUTBIINM, HIXK MOMEHT
iHepuii kyni (6.38) Tiei camoi mMacu i Toro camoro paniycy, 60 B
cthepi enemeHTapHi Macu SIKHAROLIbIIIE BiIAJICH] Bil Oci cepes ycix
chepuIHO CUMETPUYHHX TiJ.

OTKe, MOHATTS MPO MOMEHT iHeplii abCOIIOTHO TBEPIOTO
Tijla BiAHOCHO TOYKHM € 3pYYHHUM AJIsl pO3paxyHKiB MOMEHTIB iHepLii
TUTOCKHX Ta ChepUIHO CUMETPUYHMX TBEPIUX TiJl.

6.3. KouyeHHs1 abcosnromHo meepdo20 mina
3 noxuJsioi nowuHu

Hexait  abcomoTHO  TBepae  Tijlo, 1O  KOTUThCH,
XapakTepu3yeTbcss  OOEPTAlIbHOK  CHUMETPI0  BITHOCHO  HOro
reoMeTpuuHoOi oci. [lpu 1bOMY BOHO He KOB3a€, TOOTO IIBHIKICTh
TOYKH JJOTHKY, KO a0COJIFOTHO TBEP/IE TIJIO CIIUPAETHCS HA TIOXUITY
TUIOIIMHY, NopiBHIOE Hymo. Ha puc. 6.12,sxuit imtoctpye 3anavy, A
— 1e To4ka notuky, C — 1e To4ka ueHrpa mac, |[AC|=r — pamiyc
¢irypu. 3anaya nossirae B ToMy, ab 3HalTH PUCKOPEHHS LIEHTpa
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Mac. Po3B’ sbkemo 1110 3a7ady TppbOMa pi3sHUMH CITOCOOaMHU.

Cnoci6 nepuiuii. 3acTOCYEMO pPiBHIHHS MOMEHTIB BIJHOCHO
MUTTEBOI OCi 0OepTaHHs
Qs 3HAXOMKEHHS
MIPUCKOPEHHSI LIEHTPY Mac
a0COJIIOTHO TBEpPAOro Tifa.
Sk yxe 3a3HauYeHO BHUILE,

MUTTEBOIO BicCIO

obepranHs € Touka 4. Pyx

TOUYKH A BITHOCHO

MOBEPXHi MOJKHa

posrisaaTu AK Puc. 6.12.Kouenns Tina 3 moxunoi
CYMEPHO3HIIiI0 JIBOX PYXIB: wiomuHY. [lepiuii criocié

MOCTYMAalIbHOTO — B3/I0BXK
MOXMIIOT TUIOLIMHM 3 TI€I0 CaMOI0 HIBUAKICTIO, 3 SKOIO PyXaeTbes i
ueHTp mMac C, i 00epTalbHOrO — HABKOJIO OCI, 110 MPOXOAHUTH KPi3b
HeHTp Mac. Bekropu wmBHIKOCTEH LMX pyXiB € OJHAKOBHMH 3a
MOJyJIeM, ajie MPOTHIKHUMH 32 HalPSIMOM.

3a yMOB BiJICYyTHOCTI KOB3aHHS MWTTEBa Bich Ta Bich, IIO
MPOXOANTh KPi3b LIEHTP Mac, pPyXaloThCs MapajielIbHO OJIHA OJIHIM.
Toni piBHSIHHS MOMEHTIB Ma€ IOCUTh MPOCTY POPMY 3amucy:

|Ada)/dt :mA, (640)

ne | o— MoMeHT iHepllii abCOoIFOTHO TBEpAOTO TiJIa BiTHOCHO MHTTEBOL
oci obepranns, Ml 4 —cymapHHii MOMEHT 30BHIIIHIX CHJI BITHOCHO

Ti€l %k oci (quB. puc. 6.12).
B nmaHomy BHMajKy 30BHIIIHIMH CHJIAMH € CHJIa TSOKIHHS

mg, cuna teprs F,,

Jie 3 OOKyY MOXWIIOI MJIOIUHKA Ha abCONIFOTHO TBEpJIe Tijlo. MoMeHTH
CHJIM TEPTS Ta CHJIM HOPMAaJIbHOI peakilii Ornopu He BXOIATH 10
piBasiHas (6.40), ToMy O i CHIM NPUKIAAEHO A0 TOYKH A, i
3HAYUTh, IXHI MOMEHTH BiJIHOCHO MHTTEBOI OCi JOPIBHIOIOTH HYJIO.
TakuM  4YWHOM, BHpa3 I MOMEHTY CHJI  Ma€  BHIJISL
m p =mgrsing , Toxi piBHsHHs (6.40)MoKHa nepenucaTH Tax:

Ta cuja HopMallbHOT peakiii omopu N, mo

| pdew/ dt =mgrsing . (6.41)
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Hexaii Ve — ue ni”iiHa mBrakicTe ToYKH C BiTHOCHO TIOLIMHHM, TOI1
Ve =V +@r . A OcKiJIbKM KOB3aHHS HEMAE, TO, K OyJI0 BKa3aHO Ha
MoyaTky Uporo mnaparpady, TOMAi ¥ IIBHIKICTh TOYKH JOTHUKY
BIZIHOCHO IUIOIIMHU JOPIBHIOE HyJO, oTke, Vo =wr . Tomy mis
JMIHIAHOTO TPHUCKOPEHHS LEHTpa Mac MAaeMO TaKe pIiBHSIHHSA:
a=dV /dt=rdw/dt. Toni mnixcraBnstoun HOro A0 piBHAHHA

(6.41),3100yBaeMo IBHMI BUpa3 AJIsl PUCKOPEHHS:
a= mgr2 sinallp. (6.42)

3a teopemoto ['toifrenca—llTelinepa |1 o =I¢c + mrz, TOMY 3
piBHsiHHSA (6.42)3100yBaemo:

a=—9°N4 (6.43)

1+IC/‘mr2,'

Bupas (6.43) € mpaBuasHHM 3a posmipricTio: [a]=[g]=m/ci Y
rpaHUYHOMY BWNAJIKy HYJbOBOI iHepUil Tila BiIHOCHO oOepTaHH4,
Ic=0, ueii Bupa3 30iraeTbcs 3 BiIOMHUM BHPa3oM [Jjisl MPUCKOPEHHS
TiNa, ke KOB3ae 6e3 TepTs 3 MOXWIIOT MIOLIMHN. BpaxyBaHHs iHepIii
TiNa BigHOCHO oOepraHHs 30uibinye 3HameHHMK B (6.43), TOOTO
rajbpMye ioro pyx. 3HameHHUK B (6.43)3a >koqHUX YMOB (32 KOJAHUX
3HauUeHb MOMEHTY iHepuii lc, paaiycy Tina I abo ioro macu m) He
JIOPIBHIOE HYITIO.

Bucnogok: 3HaiiieHO MPUCKOPEHHS, 3 IKUM KOTHTBCS LIEHTP
Mac abCcoNMIOTHO TBepaoro Tina. B 1mpomy cmoco0i YHUKHEHO
BUKOPHCTAHHS BHpasy Ul PeaKlis OTMOpPH Ta CHJIM TEPTs, BETMUMHA
SKOT MOKe OYTH HEBiIOMOIO 3 YMOB 3a/1a4i.

Cnoci6 Opyeuii. 3acTocyeMO pPIBHSHHS MOMEHTIB BiJHOCHO
oci, IO MPOXOAWTHh Kpi3b 1eHTp Mmac, Touky C (muB. puc. 6.13).
Takuii BUOip oci oOepTaHHS He € ONTHMAIbHUM, 00 B LILOMY pasi
JOBOJUTHCS BUKOPHCTOBYBAaTH HE OJHE PIBHSIHHS, a CHUCTEMY
PIBHSIHB, 110 CKJIQJAETHCS HE JIMIIE 3 PIBHAHHS MOMEHTIB, a 1Ie i 3
3aKOHY pyXY LIEHTpY Mac. PiBHSHHS MOMEHTIB BiTHOCHO OCi, IO
npoxoauTh Kpisb Touky C, mo ¢opmi Haraaye piBasHHs (6.40), 60

202

00epTabHUI MOMEHT y LIbOMY BHIAKy TaK0>K CTBOPIOE OJJHA CHJIa —
cuJia TepTs:

|Cda)/dt=mc . (644)

LlikaBo, mo 10 piBHIHHA
(6.44) we BxoauTh cuia
TsokiHHA  (mompu Te, mo 11
CKJIazioBa MQ SiMY croHykae
abCOJIIOTHO TBepAe TiJIO J0
pyXy B3/10BXK MOXUJIOT
TUIOLMHU), OCKIIBKK TlIeye
CWJIM  TSKIHHA  BiJHOCHO
Puc. 6.13.KoueHHs TiJVIa 3 noxuof LeHTPY Mac IOPIiBHIOE HYIIIO.

naoukH. Jipyruii eriocio MowmeHT cunu M1 . TakoX He

CTBOPIOETHCS CUIIOKD HOPMaJIbHOT peakLil OMopH, OCKIJIbKM 11 mieue
BIZIHOCHO IIEHTPY Mac TaKOX TOPiBHIOE HYJ10. Y CTBOPEHHI MOMEHTY
cun M Oepe ydacTb Jmmie cuia teprs F, , ska € nmapajiesibHOo
MOXUJTiN TUTOIIWHI Ta Ky NpukianeHo B touli A. Toni 3 piBHAHHS
(6.44)maemo:

lcdw/dt=rF,,. (6.45)

VY uboMy piBHSHHI HEBIJOMUMHU € JBi BETUYHUHU. CUJIA TEPTS Fmp Ta

kytoe npuckopenns da /dt. Tomy cmig 3amyunTu me omHe
PIBHAHHS — 3aKOH PyXy LIEHTPa Mac JaHOro abCcONIOTHO TBEPIOTO
Tijla B NPOEKILi Ha HAMPSAMOK HOTO PyXYy:

mdV/dt=mgsina -F,,, . (6.46)

Ockinbky JiHIMHE MPUCKOPEHHs B JiHIMHWEI croci® mMoB’s3aHo 3
KyTOoBUM mpuckopeHHsm: a=dVg /dt=rdw/dt, Tomi 3 (6.45)
OTPUMYEMO:

lca=r?F (6.47)
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LlikaBo BiJ3HAYMTH, LIO LEH BUpa3 CUIM TepPTs B JAHOMY BHUMAJKY
BiJIPI3HAETbCS BiJl TOrO, KU € BIIOMHM e 3 Kypcey (i3ukw, 110
BUKJIQIAETHCS B Cepe/iHiil 1Koy, 00 TaM BUBYABCS BHIAIOK TEPTs

kossanns:  F,, =N =pmgcosa, ne u - ue JUHAMIYHU]
KoeillieHT TepTs KOB3aHHA. A y Wil 3amavi 3a YMOBOIO KOB3aHHs
TiJla TI0 TIOBEPXHi OMOPH BiJICYyTHE, TOMY B JaHOMY BHUIAAKYy MU
MaEeMO CMpaBy 3 TEPTSIM KOYEHHS Ta TepTsMm crokoro. KoeditieHT
TepTs KOYeHHs € Habarato MEHINUM 3a Koe(illieHT TepTs KOB3aHHSI.
Hanpukiag, nns pyxy rymoBoro kosieca mo acanbTy koedillieHT
Tepts koueHHs cknagae 0,015-0,018, toni sk koediuieHT TepTs
koB3aHHs ctaHoBUTh 0,5-0,75.Tomy TepTaM KOUeHHS, K MPABUIIO, B
3a/la4aX MEXaHIKH HeXTYrOTh. CHila TepTs CIOKOK He JIOPIBHIOE, a €
MEHIIO0 32 IOOYTOK KoedillieHTa TepTs KOB3aHHS Ha MPUTHUCKAIOYY
cUIly, Fmp < (N, —1i 3HaUeHHS HEe BU3HAYAETHCS OJTHO3HAYHO 3 IIi€l
npoctol popmyIu.
[TincTaBumMo BUpa3 ajist Fmp 3 (6.46) 0 pisasiaus (6.47):

Ica/r2 =F,,, =mgsina —ma. (6.48)

3BizcH Jerko 3000y TH BUpa3 AJIsi MPUCKOPEHHS a0COIIOTHO TBEPIOTO
Tina, sikui 36iraetbes 3 (6.43):

_gsina

a= (6.49)

1+IC/mr2 '

Bucnoeox: nonepensiii pesyabtaT migrsepkeHo. [lokasaHo, 1o
nifoya Cuia TepTs He € CHJIOK TepTd KOB3aHHSA. BukopucraHHs
PIBHSHHS MOMEHTIB, 10 COPMYJIBOBAHO AJIsi 0OepTaHHS HaBKOJIO
oci, sKa MPOXOAWTH Kpi3b LEHTP Mac, MPU3BOAUTH OO0 MOTpedu y
3aJlyyeHHI 11e W PiBHAHHSA, SKE OIMUCY€e PyX LIEHTPY Mac, IO JIeSKOO
MipOIO YCKIJIATHIOE TPOIIeC PO3B’ I3aHHS 3afadi.

Cnocio mpemiii. Lleli croci6 Mo s3aHO 3 BUKOPUCTaHHAM
3aKOHY 30epeKeHHS MMOBHOI MEXaHIuHOi eHeprii, Xou Le Moxe
BUJIATUCS IMBHUM Ha MepIIuid nmorns. bo, nificHo, y A0oChimpKyBaHil
MeXaHI4HIl cucTeMi, Ik MU JieTalnbHO Nokaszanu y Cnocobi opyeomy,
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nie cuia TepTsa. AJe HasABHICTb CHJIM TEPTS CIOKOIO He TOpyLIye
3aKOHy 30epeXKeHHs IOBHOI MeXaHiuHOi eHeprii, 00 BOHAa He BUKOHYE
skogHOT poboTH. [Tokaxkemo ue. PoboTa 3a BU3HaueHHSM JOPiBHIOE

dA= (IE ,drﬁ)=(lE % dtj = (IE ,U)dt . Ockineky 3 uwid  3ajgaui

posrisaaeTbes pyx 6e3 ko3anHs, To U =0 ta po6ora dA=0.

Kinernuna enepris Ey =1 Aa)Z/ 2 nang Tina, ske Oepe

ydacTh y obeprajbHOMY pyci, 3poctae (60 crouyatky abCOIIOTHO
TBEpAE TIIO HE pyXaloch) 3a PaxyHOK HAKOMMYEHOI CHOYaTKy
MoTeHIiabHOT eHepril. Ciijl 3a3Ha4NTH, 11O SKIIO 32 Bich 00epTaHHS
obpaTu BiCh, sKa MNPOXOAWUTH Kpi3b HeHTp Mac (sk y Cnocobi
Opyeomy), TO BUpa3 Ijisl KIHETUYHOT eHepril Oy/e Melo CKIaIHiIIuM:

Ex = I(;a)2 /2+mV2/2. Ili »naBa BUpasd € TOTOXKHUMH,

| a6P 1 2=1ca? [ 2+mV2] 2.

Jlnst oOumcnieHHs 3MEHIIeHHs TTOTEHIiaIbHOT eHeprii TaHOTO
Tijla 3pYyYHO CKOPHUCTATHCA BiCCIO KOOpAMHAT X, SKY HampaBiieHO
B3JIOBK MOXMJIOT MonuHU BHU3 (puc. 6.14).3anmuiinemMo 3aKoH
30epekeHHS ~ MEXaHIUYHOI  eHeprii, KOPHUCTYIOUHUCh  BHPA3OM
KIHETHYHOI eHeprii BiIHOCHO 0c¢i, 110 MPOXOJUTh KPi3b TOUKY A:

| \&® 1 2=mgh, (6.50)

ne h=xsing; X — ue koopauHata, sika XapakTepU3ye MOJOKEHHS
abCOJIFOTHO TBEPAOTO Tijla Ha
JaHui MOMEHT qacy
BIIHOCHO Ti€i TOYKM Ha
MOXWIIH IUIOLIMHI, B AKIK e [N
Timo  mepebyBano  mepen h
MOYaTKOM KOYCHHS. C
BizeMemo moxinHy 3a yacom
Bix (6.50), maroun Ha yBa3i, o A X
o A pyxy 0e3 KoB3aHHS

V=ar=dx/dt. Tom 3 Puc. 6.14.Kovenns Tina
(6.50)3100y 1EMO: 3 moxunoi momwmau. TperTii croci6
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| Ar 2V dV/ dt = mgsina dx/dt. (6.51)

3 wporo Bupasy serko sHaiitn dV /dt =mgr?sina/ | ,. A6o, sxmo

ckopuctatucs teopemoro I'toiireHca—llIreiiHepa, TO NpPUCKOpPEHHS
LEHTPY Mac:

a=_98ina (6.52)

_1+Ic/mr2 '

36iraeTbes 3 BUpas3oMm, 3100yTiM paimie (auB. (1.6.43)).

Bucnosok: pesynbrar, mo OyJI0 OTPUMAHO MOMEpeIHIMU
cnocobamu, miaTBepkeHo. [lokazaHo, WO y AaHOMY BHOAIKy
3aKOHOM 30epeKeHHsS MeXaHI4YHOi eHeprii Mo)KHa KOPHUCTYyBaTHCA,
OCKIJIbKY cHJia TepTS He BUKOHYe poboTu. [lilicHo, B crcTeMmi € TepT,
ane 3a BiJCYTHOCTI KOB3aHHS CWJIy TEpTs MNPHUKIAIeHO A0 TOYOK
abCOJIFOTHO TBEpAOTO Tijla, MUTTEBA IIBUAKICTH SKHUX IJOPIBHIOE
HYJIIO, TOMY CHJIa TepTsl He BUKOHYE poOoTH. TuM caMuM ageKBaTHO
BpaxoBaHO Tpollec Aucurialii eHeprii. 30UIbIIEHHS KiHETUYHOI
eHeprii MocTynajJbHOro Ta o0epTanbHOro pyXiB BiAOYBaeTbes 3a
paxyHOK poOOTH CHITU TSXKIHHS.

6.4. KonueanbHul pyx ¢pi3u4HO20 MasimHuka

Di3UYHUM MAATHUKOM Ha3HMBarOTh aOCOJIIOTHO TBEP/IE TiJIO,
oI0 MOXX€ BiIbHO oOepTaTHcsl Mil Ai€l0 MOMEHTY 30BHILUHIX CHJI
HaBKOJIO TOPU3OHTANIBHOT OCI, sIka He IPOXOAUTh Kpi3b LEHTp Mac. B
3a71a4ax MEeXaHiKHM 11eif MOMEHT HaifuacTille CTBOPIOE CHJIa TSOKIHHS.

PosrnsHemo abconioTHO TBepAe TiJIO MOBUIBHOI IMIOCKOT
¢dopmu (nuB. puc. 6.15)macu m. Touka O — 1ie TouKa MiABICY, KPi3b
Ky TPOXOAWTH BiChb oOepTaHHs, a Touka C BKazye MOJIOKEHHS
neHtpy Mac. KyT @ BigpaxoByIOTh Bifl TIOJIOKEHHS HEPyXOMOTO
BHCKA, 10 MiBilIEHO 10 Touku O Ha oci 00epTaHHs, 10 HAMPIMKY

Bektopa OC. Bubip ¢dopmu abcomoTHO TBEpIOro Tijia Y JaHOMY
BUTIAJKYy HE € TPHUHIMUIIOBHM, 1€ TUIO MOXE XapaKTepHu3yBaTHUCS
3HAYHUMH PO3MIpaMH B3JIOBXK YCiX TpPbOX KOOPIAWHATHUX OCEH.
Posnoxin mMacu Tina BiIHOCHO oci o00OepTaHHS BXOJIUTH JIO
PO3B’ s13aHHS Ta BIANOBI/li Yepe3 MOMEHT iHepIlil MasSTHUKA BiTHOCHO
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oci obepranHs. Ha pucyHky
K MaATHUK BUIVIAAAE SK
miocka ¢irypa, i MoxHa
nokazatd BHOIp cHUCTeMH
Biutiky. CraH  piBHOBaru
JaHoro (i3MYHOro MasTHUKA
XapaKTepU3yeTbCs
3HaueHHsIM kyta a=0. AGu
MasTHHK TIO4aB pyXaTwucs,
CJIiZl HaIaTH HOMY TOYaTKOBY
EHEeprito y BUTJIAAL
MOTEHLiaJbHOT abo
KIHETHUYHOI eHeprii.
OOMexxuMocs  TOCHI/DKEHHSIM ~ BHMIQJKY, KOJIW  eHeprii
MasgTHMKAa HEJOCTaTHbO JUlsl  peantizauii MOBHOMacIITaOHOTro
o0epTaIbHOTO PYXYy HABKOJIO 3aKpiIllIeHOi oci obepTaHHs. [HIUMMU
CIIOBaMH, HeXail 3MiHM KyTa BIXWJIEGHHS BiJ CTaHy piBHOBaru
€ MEeHUIMMH 3a miBoOepty: a<7T Ilpu bOMy MOMEHT CWIJIM TSKiHHS,
Ky TIPUKJIAJICHO 10 Pi3HUX eJIeMeHTapHHUX Mac MM, i3 SKUX CKJIaJeHO
TiJO, MPU3BOOUTH HE A0 oOepTaHHS, a OO0 KOJMBaHb MasTHHUKa
HaBKOJIO TIOJIOKEHHs piBHOBarv. KO)KHOro MOMEHTY 4acy MOMEHT
CHJTM TSDKIHHS CIIPSIMOBAHO Tak, 00 MoBepTaTH (i3MuHUN MasTHUK

—

no craHy piBHoBaru. CymapHuid MOMEHT Ml  JOpiBHIOE CyMi

Puc. 6.15.KonuBanus ¢iznaHOTO
MasITHUKA

eneMeHTapHUX MoMeHTiB cut M1 711 =" M; =Z|_O—X; @T}J=
i i

=/ Y mOX; g :I_WITC.@]:[& mjl Tyt BUKOPHMCTAHO
i

BU3HAY€HHs LEHTPY Mac! O_C’=ZmO—Xi’ / m. Tobro, mnpu
i

pO3paxyHKy MOMEHTY CHJIM TSDKIHHS MOXKHA BBaKaTH, WO il
MPUKIIAJICHO JI0 LIEHTPY Mac dizuuHoro MastHuka. Lleli MoMeHT cuin
HaIpapjieHO TEePHNeHIUKYJSPHO N0 IUIONIMHA pucyHka 6.15.
[Mpoekuist cymMapHOro MOMEHTY Ha Lieil HampsIMOK JOPIiBHIOE:

m =-mgbsing , ne b — ue Bincrans mixk Toukamu O Ta C. Kyt

a Bil[anOBYIOTI: Bil( BEPTUKAJIbHOI'O MPOMEHS, 110 BUXOJUTH 3 TOUKH

207



O, y HanpsiMmky Bektopa OC.
3 piBHSHHS MOMEHTIB Ma€eMO:

m =Idwl dt. (6.53)

[ToximHa Bix KyTOBOT IIBUIKOCTI 32 4YacOM JIOPIBHIOE JPYTiit

MOXigHIM Bim KyTa moBopoTy 3a wyacoMm: dw/dt= d2a /dt?.
[MincraBumo 1o (6.53)Bupa3s nis MOMEHTY CHITM TSDKiHHS (BIIHOCHO
touku O):

— mgbsina = | od?a / dt?. (6.54)

HasBHicTh 3Haky «miHyc» B (1.6.54)mnoka3ye, o npu BiIXWJIeHHI
KyTa @ BiJl piBHOBaXKHOro 3HaueHHs Q=0 MOMEHT CHIU TSKiHHS
noBeptae (Gi3UYHUI MasTHHK JI0 cTaHy piBHOBard. [Ipu mpomy 3a

teopemoro ['toirenca—Ilrelinepa: lg =I¢ +mb?. Takum umHOM,
MaeMo JudepeHLianbHe piBHSIHHS APYrOro nopsaxky afis 4.

d?a /dt? =-mgbsina/ 1. (6.55)

PosrisHemMo Temep pyX MaTEMaTUMYHOrO MasiTHUKA.
Haranmaemo, 1mo 1mum TepMiHOM Ha3MBaIOTh MaTepiajibHy TOUKY, SKY
MiABIIIEHO Ha HEBaroMid HEPO3TSHKHIA HUTLI Y MOJI CUITM TSKIHHS.
PeanbHo, MaremMaTW4HWil MasATHHUK — L€ MOJENb, LIO OINHUCYE
MaKpOCKOIIYHE TiJIo, PpO3MIpH SKOTO € MalldMH TOPIBHIHO
3 JIOBKMHOIO HUTKHM, Maca SIKOro HabaraTo MepeBHIye Macy HUTKH,
BUJIOBXKCHHSI HUTKM B TIpOLIECi KOJIMBaHb € HEXTOBHO MAaJlUM, TaK
camMo, K MaJMMH € BTpaTH eHeprii MasTHUKA Ha JuWcUNallii,
MOB’'s3aHI 3  PO3THKHICTIO HUTKU. Y TPaHUYHOMY BHUMAAKY
MaTeMaTUYHOrO MasTHHKa 3 JIOBXHMHOK miaBicy | Horo MomeHT
inepuii lo=mP. Jlna matemaTmusoro MmasTHuka piBHaHHA (6.55)
HaOyBae OiIbII MPOCTOTO BUMIISAY:

d’a /dt? =—gsina/l. (6.56)

Tomy (i3MYHHI MasATHUK KOJMBAETHCS 3 TAKOK JK YacTOTOM, SIK
MaTeMaTHYHUA MasTHUK, L0 Mae JOBKMHY |g=Ilg/(mb).
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Benunuuny |g Ha3uBaroTh 3BEAEHOI0 JOBXUHOK aHOTrO (i3MYHOro
MasTHUKA. SIKLIO B35TH MareMaTUYHUN MasTHUK 3 JTOBXKHHOI | Ta

MigBiCUTH Horo no (izuyHOro MasTHMKa B Toulli (J, TO BOHH
cuH(pa3HO KOJUBATUMYThCS 3 OJIHAKOBUM TIEpiOJIOM, a TATapelb
MaTeMaTUYHOrO MasTHHUKAa OyJe 3HaXOJWTHCS BeCh 4Yac HAMpPOTH
onHiei Touku (izudHOro MastHuka. Llg Touka 3BeTbcs LIEHTPOM
KonvmeBaHb gaHoro (isMyHOro MasTHUKA. TOOTO LEHTpP KOJIHMBaHb
nexuth Ha npomeHi OC, skuii BUXOAWTH 3 TOYKM mifaBicy O Ta
MPOXOIUTh Kpi3k HeHTp Mac C, Ta BigganeHuid Bix Toukn (O Ha
BIiJICTaHb 3BEIEHOI HOBXHMHHU lo. JIIS MaTeMaTHYHOTO MAasSTHHKA
LIEHTP KOJIMBAHb CITIBIA/Ia€ 3 IIEHTPOM Mac.

[Tokaxemo, 1o s Gi3UYHOTO MasTHUKA 3BEJICHA JOBXKUHA
lo € 3aBxk M OiNTBIIOKO 32 BiacTaHb D MiXK TOYKOIO MiBiCY Ta LIEHTPOM
Mac, TOOTO IIEHTP KOJIMBaHb 3aBXKIW JISKUTh HIKYE 3a LEHTP
TskinHA. JlificHo, 3 Teopemu [tolirenca—1lITeitnepa MoMeHT iHepIii

¢izuuHOro MastTHuka lg =Ic + mb?, TOMY AJS HOro 3BeAeHOl
JIOBKMHM Ma€ Miclie HepiBHICTh:

lo=1o /mb=(l¢ +mb? )/mb=1s /mb+b>b. (6.57)

Tenep nosememo Teopemy [OWreHca npo Te, WO «MoUKa
niogicy ma yewmp KOAUBAHL (PI3UYHO2O MAAMHUKA € B3AEMHO
obopomuumu mouxkamu». lle o3Hauae, moO KoMK 3HATH Gi3UYHUN
MasITHHUK 3 TOYKH MiJBICY Ta MOYEMUTH HOro 3a UEHTP KOJMBaHb, TO
repioj] KoJMBaHb HE 3MIHUTHCSA, a TIOMEPEHs TOYKa MiABICY cTaHe
HOBUM LIEHTPOM KoJiMBaHb (nuB. puc. 6.16Ta puc. 6.17).

o) 0. b

) b /l &1 b

¢ bl pa C \

C XN

lg 2 01 1§ 20
Puc. 6.16. O — mepma Touka Puc. 6.17. O; — HOBa TOYKa
miaBicy, O; — mepmwuii LEHTp migBicy, O — HOBWI UEHTp
KOJIMBaHb KOJIMBaHb
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Jlna noeneHHs Teopemu [olireHca ciill MOpiBHATH 3BECHI
noeskunM g ta 1© — MEepBICHOTO Ta 00EPHEHOr0 MAaSTHHUKIB.
V nepwomy Bunagky lg=b+Ilc/mb, a B agpyromy -
|0(o) =1(°) Imly =lc /miy +b;. Ockinbku 3BeaeHa IOBXKWHA
lo mepBicCHOrO MasTHHKA CKIAaAa€ThCs 3 BifcTaHi D Bix TOYKM miABicy
O no uentpy mac C Ta Biacrani b; Bim uentpy kommBanb O 10
ueHtpy wmac, lg=b+b;, 10 b =lg-b=I1c/mb. Ile nae
MOXKJIMBICTh BUKIIOYMTH Dy 3 BHU3HAuYGHHsS 3BEACHOI JOBKHHH
00epHEeHOro MasTHUKA:

lc | I mb I
1§ =g +—C-=C 4 CT0-"C yp=,. 6.58
0 =h mb “mb m Ic mb 0 (6:58)

OTtxe, 3Be/ieHa JOBKHHA OOCPHEHOr0 MasTHUKA JOPIBHIOE 3Be/ICHIH

. . . (0 . .
JOBKHWHI NIEPBICHOIO0 MajdTHUKA. Ié ) = IO , TOMY 1 [I€EP10JH KOJIMBAHb

TaKMX MasSTHUKIB € oqHakoBUMH. [{um Teopemy [tolireHca noseneHo.

6.5. Mapa cun

Mapoto cun HasuBaroTh Taki asi cunu Fp i Fo, axi

€ PpIBHUMH 3a aOCONIIOTHUM 3HAYCHHSM, ‘Fl‘ :‘Fz‘ =F, 1a

NpOTUNEKHUMU 3a HanpamkoM, Fj=-Fo, ane nitote He B3mOBK

onHiel npsamoi (puc. 6.18). MOMEHT mapu CUN He 3ajieXuTh Bif
TOr0, BiTHOCHO SIKOi TOUYKH HOro pO3paxoOBYIOTh, i JOpPiBHIOE 3a
ModyJieM M0OyTKy MOIyJis CHJIM Ha BiacTaHb | MiK mpsMuaMH,

B3JIOBK AKMX Jit0Th cvin. [Tokaskemo ue. MomenT napu cun M s
BiTHOCHO  TOYKM ()  JIOPIBHIOE  CyMi  MOMEHTIB  CHII

Ms=M{+My= [rl,Flj |_I’2 sz CKOpHUCTaEMOCh TUM, 11O

Fl - F2 TOI[l cymMma MOMEHTIB CHII.
M5 = lrl":lj [rz F1J [fz FzJ |_r12,F2J (6.59)
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PisHnus Fjp He 3anexuTb BiX
TOrOo, BIJHOCHO SIKOI  TOYKH
BiIKJIaZlecHO BeKTOpU [ Ta Tfp,
TOMY MOMEHT MapH CHJ y LIJOMY

TaKOXX HE 3aJIeKUTh BiJ LHOTO.
Mopaynas MOMEHTY Mapu Ccuil

‘Mz‘:F|fi2|Sina =FlI, 10
¥ citif OyJio TOBECTH.

Bincrans | Mbk miHisMU
aii cun F; ta F, Ha3uBaroTh Puc. 6.18.J]o po3paxyHKy
nnedyem napum curn. BeKTopHa MOMEHTY IapH CHJI

CyMa LIMX CHJ JIOPIBHIOE HYIIO,
ajie MOMEHT Tapy CUJ1 3 HeHYJIbOBOK. OCKIJIBKU CyMa 30BHIIIIHIX CHJI

JIOPIBHIOE HYITIO Ifl+ IEZ =0, To uHeHTp Mac cucTeMH TepeOyBae
y CTaHi CMOKOIO a00 Yy cTaHi piBHOMipHOTO MPSAMOJIHIKHOIO pPyXy.
3HauNTh, Mapa CUJI TITbKU 00epTae abCcoIIOTHO TBEP/IE TIJIO BITHOCHO
oci, 1110 MPOXOJIUTh KPi3b Horo LeHTp Mac. Hanpsmok oGepTanHs npu
[[bOMY BH3HAUYa€ThCs HAIMPSIMKOM BEKTOPHOTO IOOYTKY [Flz,lfzj,

TOOTO AJI BUMAAKY, HaBeeHOro Ha puc. 6.18, MOMeHT mapu cui
HaMpaBJICHO NEPHICHIUKYJISIPHO B MJIOUIMHY PUCYHKY.

6.6. PieHogaza abcosnromHo meepdo20 mina

Y 3aragpbHOMYy BHUMAAKY /I OMUCY pyxy abcomoTHO
TBEpPAOro Tijla HEOOXiJHO CKOPUCTAaTUCS JBOMA BEKTOPHUMHU
PIBHSHHSAMM: Tepiie — 1Le PpiBHAHHA pyXy LeHTpa Mac

mdV, / dt=F,,,, (tyr F,,, — Le pe3ynbTyioua 30BHIlIHIX CHII);

—_ nd —_—

apyre — ue piBHSHHA MomeHTiB dL/dt=11 . (TyT M, — Le
Pe3yabTYIOUHi MOMEHT 30BHILIHIX CHIT). PIBHAHHS MOMEHTIB MOXHA
o0paTu BiTHOCHO MOBIILHOrO HEPYXOMOro MouaTKy Biajiky abo
BiTHOCHO I[EHTpa Mac aOCONIIOTHO TBEPJOro Tijla. MoOXKHAa TaKOXK
o0paTu pyxoMHi MOYATOK BiJUIIKY, SIKIIO TUTbKA HOrO IIBHIKICThH
y JOBIIbHUIM MOMEHT uacy € MmapajielIbHOK 0 HIBHIKOCTI IEHTpa
Mac.
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3'scyeMo yMOBH piBHOBaru abconroTHO TBepaoro Tina. lle
TiJIO mepeOyBae y cTaHi CMIOKO0, SIKIIO Pe3yJIbTYIoUa 30BHILITHIX CHIT
Ta pe3yJIbTYFOUUi MOMEHT 30BHILIHIX CHJI JOPIBHIOIOTH HYJIIO:

Fooen =0, MM 04, =0. (6.60)

CnieBinHouieHHs (6.60)Bu3Hayvae jauie HeoOXiHI YMOBH PiBHOBaru
abCoJIIOTHO TBEPAOTO Tila. Ajie BOHH He € I0CTaTHIMHU, 00 LEHTp Mac
BOrO TijJa MOXKE 3a BKa3aHWX YMOB pyXaTHCS PIBHOMIpHO Ta
MPSIMOJIIHIIHO, a came abCOIIOTHO TBEpJIE TiJI0 MOxe obepTaTucs i3

30epexkeHHsIM  MOMEHTY immynbey (L =const). Tomy ix chin
JIOTIOBHUTH BUMOTOIO TIPO PiBHICTh HYJIIO KiHETU4HOI eHeprii, ToOTo

Bumoroio E=U . Slkwo 1o Toro x 92U /dr2>0, toai ui YMOBH
XapaKTepU3yBaTUMYTh CTaH CTIMKOT pIBHOBAr B JIOCTaTHIH Mipi.

6.7. Onuc doeinbHo20 o6epmaHHs1 abCcosIFOMHO
meepdo20 mina

JloBinbHUI pyxX abCOMIOTHO TBEpAOro Tida MOXHa
NPEe/ICTABUTH SIK TOCTYMAIBHUN pyX LEHTPY Mac Ta o0epTaHHs Tiia
HaBKOJIO OCi, II0 MPOXOIUTh Kpi3b LeHTp mac. [loctynanbHuii pyx
LEHTPY Mac OMMCYETHCS 3aKOHOM MPO pyX LEHTPY Mac, SKUH MU
BuByaau B maparpadi 3.1. JloBinbHe oOepraHHs aOCONIOTHO
TBEpAOro Tijla OMUCYEThCS B TEPMiHAX MOMEHTY IMIIyJbCY Ta
KIHETHUYHOI eHeprii.

[Mopaxyemo KiHETHUYHY eHeprilo abCOJOTHO TBEPIOTO Tila,
SKe pyXaeTbcs IOBUIbHO. [IpM 1IbOMY pO3risimaTUMEMO TIIO SIK
JUCKpeTHUH Halip MmarepialbHMX TOUYOK. BB@KAEMO, IO i-a
MarepiaibHa TOUKa Macolo Iy pyXaeTbes 3i LBUAKICTIO U |

2
= z”‘%. (6.61)

TyT cyma oOuMCIIOETbCA MO BCIX TOYKAX, WO CKIaJalOTh TLIO.
HIBuakicTh i-i MaTepianbHOT TOYKM U CKJIQNAETHCS 31 LIBUIKOCTI

pyxy ueHTpy Mac V; Ta MBHUAKOCTI [@,ﬁ], 00yMOBIIEHOT
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obepTaHHsIM abCONIOTHO TBEPAOrO Tifla 3 KYyTOBOK LIBUIKICTIO (U:
U;=V.+ [67) Fl] ne fj —ue pafiyc-BeKTop, KUl MPOBEIeHO 3 LEHTPY
Mac J10 i-i MaTepialbHOT TOUKH:

=32 Ve +lanlf =X v Em Ve [@r]+

+Zﬂz [@F] (6.62)

Tyr mnepmmii nmomaHok Zﬂz V& — ue kiHerMuHa eHepris
i
MOCTYNAJIbHOTO  pyXy Tina gk wimoro. Jlpyruii  [IOAaHOK,

¥ m Ve [ 1], opissioe mymo, Sm Vi [a45]= S m 1V -

= #C cTJJ > m Tj, OCKiNbKH pajiyc-BeKTOp LEHTPY Mac, MOpaxoBaHUM

i
BiZIHOCHO CaMOr0 LICHTPY Mac JIOpiBHIOE Hyt0, Y. M f; =M Iiu =0.

i

Tperiii nomanok B (6.62) omucye KiHETHUHY €HEpPrit0
obepTaibHOrO pyxy. B mpunummi, ueit noganok y dopmysi (6.62)
Jae BiANOBiAb Ha NHUTaHHS, YOMY JAOPIBHIOE KiHETHYHA EHepris
aOCOJIIOTHO TBEPJOTrO Tijia, fiKe 00epTaeThes JOBUIBbHO. Ane 1ei
BUIJIA MOXHA 3HAaYHO CHPOCTUTH, 3BIBIUM OO  BUIJIALY,
aHasioriqyHoro ¢opmyi (6.5) ansa kKiHeTHUHOT eHeprii o0epTaTbHOro
pyxy abCcoIOTHO TBEPAOTO Tijla HABKOJIO 3aKpiruieHo1 oci. J{ist uporo
MpoBeAEeMO TeBHI TOTOXKHI TepeTBopeHHs. KBagpar BeKTOpHOro

I00yTKY, IO BXOJIHTh 10 HBOTO, [67) fi ]2 =[E), ﬁ][ﬁ&) F,] pO3IIITHEMO
K 3MillaHuii  JOOyTOK, B SIKOMY BEKTOp [5) F,] CKaJIIPHO
JOMHOXKEHHI Ha BEKTOPHHWI 100yTOK BekTopiB @ i [j. LlukmivyHa
MEePEeCTaHOBKA HE 3MIHIOE 3MIIIAHOTO TOOYTKY:

e [P =r i, 7 ] @] =-7 J @7 =
==1, Q{1 ) -7 (@ @) = (@, )5 . 7 ) - (@7 Y@ ). (6.63)
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CkopucTaeMocsi Terep BiJIOMOCTSIMH 3 TEH30pHOI anreOpH,

a caMe, BBEAEMO OJMHMYHHI TEH30p APYroro paHry — CHMBOJI

Kponekepa di: =1, xomu i=k, ta =0, komu i#k. 3a iioro

JIOTIOMOTO10, 30KpeMa, 3aluCyIOThb CKalspHUH I0O0YTOK: (é,b)E

=abtabtab, = Daghy = ZZkaakbj =Jdgadb=adby. Tyr,
k= xyz k j

30KpeMa, BUKOPUCTAHO 3BUYHE i1 TEH30pHOI anreOpy CIpOLICHHS:
HasBHICTH JBOX OJHAKOBUX IHAEKCIB y MeKax OIHOro AojAaHKa
O3Haya€, MO0 MO HUM BEIeTbCS CYMYBaHHSA. 3 BUKOPHCTaHHIM
TeH30pHOI (hOpMHM 3aricy CKaJSPHOro MOOYTKY 3amMIIeMO KBazpat
BEKTOpHOrO 100yTKYy (6.63), B SKOMY OIMyCTHMMO IHJEKC, SIKHi
MpU3HAYaBCs I CyMyBaHHs M0 MaTepiaJbHUX TOYKaX:

@1 =(@ )5, 7)- (@5 @ )=aardm-uran. — (6.64)
KinetnuHy eneprito 06epTanbHOro pyxy 7ose,= Zﬂz [5), F,]Z
i

Oa’kaHO MPeACTaBUTH Y BUIVIAAI, aHAIOTIYHOMY KiHETHUHil eHeprii
00epTaNbHOrO PyXy a0COJIFOTHO TBEPJOTO Tijla HABKOJIO 3aKpiruieHO
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oci, Tuy= . nst uporo Hanexutb B dopmysi (6.64) Bunectu

J00yTOK (33 IyKKH:
(@1 2 =dgear o m—agr an (G wm—Tird 6. (6.65)

3 ypaxyBaHHsm (6.65) kiHeTHYHa eHepris JOBLILHOTO
obepTaHHs a0COIIOTHO TBEPAOTO TiNla 75, JOPIBHIOE:

Tmpzzﬂz [@,F]?=0.55m@dr ot m—Tr) . (6.66)

VY cymi (6.66) nodyrox 0.5¢ak € CrilbHUIM MHOXXHHKOM,
KW MOXKHa BUHECTH 3a 3HaK cyMH. BBezemo TEH30p iHepLii:

L= 2M(Gl il m =511 (6.67)
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Toni KiHETUYHY eHeprilo abCOMIOTHO TBEPJOTO Tijla, SKEe pyXaeThCs
JIOBITBHO, MOYKHA 3aMCaTH B IPOCTOMY BUTJISII:

7=0.5mV>+0.55 o . (6.68)

Tenzopu npyroro paHry 3py4yHO 3alMCyBaTH y BHUIJISII
marpuili (tabnuii koediiieHTiB). 3aBISKH TPUBUMIPHOCTI HAIIOTO
HpocTopy, VIS BUMAAKY TeH30pa iHepuii fx L MaTpuusd Mae TpH
CTOBITYHMKH Ta TPH PAAOYKH:

I'xx Ixy I'xz
hi=| Tyx 1y Tyz | (6.69)
I 2% Izy l2,
Tyt inmekc ] mno3Hayae HOMep psaka, Ta iHgekc K — Homep

croBmunka. Crimparourick Ha BU3Ha4YeHHs (6.67), MoxxeMo 3anucatH
SBHI BUPa3U JUIsl KOMIIOHEHTIB TeH30pa Jj:

Zm(yi2+2az) -YmMxy - Xmx3
Ll -3 m oy Zm(xi2+zi2) -Ymzy | (6.70)
-Y Mz ~Y WAy, Zm(xi2+yi2)

JiaroHanbHi eneMeHTu TeH3opa iHepuii I, I, I;; iHOJ1 Ha3UBaIOTh
MOMEHTaMH  iHepuii BiAHOCHO  BiAMOBiZHMX ocedl. Pewry
HeJliaroHaJIbHUX €JIeMEHTIB IHKOJNM Ha3WBalOTh BiALEHTPOBUMHU
MOMEHTaMH iHepwii. Y BHUIaIKy HeNmepepBHOrO PO3MOALTY Macu MO
00’emy abconroTHO TBepAOoro Tina 3amicte Bupasy (6.67) crin
BHUKOPUCTOBYBATH iHTETrpaJbHUI BUpA3 Ui TEH30pa iHepLii:

L = [AF) (28 it XAV (6.71)

3 ypaxyBaHHAM 3700yTHX SBHUX BHpa3iB KOMITIOHEHTIB
Tenszopa iHepuii (6.69), (6.70),po3nuiiemMo SBHHI BUIJISII BUpasy
JUTS KiHETUYHOT eHeprii 00epTanbHOro pyxy:
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Toﬁepzo-axxa&a&'l-o-axya&@ +0.9 xzOk Oy +
+0.9,,a+0.9ywaw, +0.9,,ww +
+0.9 0 w+0.9 ywa, +0.9 w0 . (6.72)

Tensop imepuii € cumerpuunum: | =1y, #Horo

KOMIIOHEHTH, IO CTOATh CHMETPUYHO BiJTHOCHO JiaroHai,
JIOPIBHIOIOTh OAMH OJHOMY, Hampuknan, Iw= Iy. Tomy iHepTHi
BJIACTUBOCTI abCONIIOTHO TBEPAOro Tifa BiAHOCHO OOEpPTaTBLHOTO
pyXy B 3arajlcHOMYy BHUIMaJKy BU3HA4YalOTh HE /IeB’ ATk, a JIUIIE IIICTh
BenuurH. [lpm mpomy ciig 3ayBakWTH, IO B TMpOLEC pyXy
KOMIOHEHTH Te€H30pa iHepLil MOXKYTh 3MiHIOBATHCH.

Tenzop iHepuii, sk i OyOb-IKMH CHMETPUYHHMI TEH30p
JPYroro paHry, MOKHa 3BECTH 0 AiarOHAJIBHOTO BHIJISAY LUISTXOM
BiJMOBIAHOrO BUOOPY HAMpPSIMKY ocel KoopAuHaT. Taki KoOpaAWHATHI
oci, B SKHMX TEH30p IHEpIil Mae MiarOHaJbHHUI BUIJIAM, 3BYThCS
rOSIOBHUMM OCAMW iHepLUii, a BimmoBigHi 3HAYEHHS KOMITOHEHTIB
Tensopa | jx — FONIOBHUMM MOMEHTamu iHepLii. Tloznaunmo ix

L, L, I. Y xoopauHaTax, MOB'A3aHUX i3 TOJIOBHUMH OCSAM iHEpLil
KiHEeTUYHA eHepris 00epTaIbHOTrO PYXY CKJIAJIa€ThCs BChOTO 3 TPHOX
JTOJIaHKIB, TOOTO Ma€e HAWMPOCTIIINH BUTIIS:

1
T~ (L + L™+ Lay). (6.73)

VY 3arajipbHOMYy BUNAJKY 3HAUTH TOJIOBHI OCi iHeplii MOXHa
Ha OCHOBI METOAIB TEH30pHOI anreOpu, IO BHUBYAKOTHCH
B YHIBEPCHTETCHKOMY Kypci BHIIOI MaTeMaTHKH. 3HaXOMKEHHS
TOJIOBHUX OCel CHMeTpil 3HAYHO CIPOILYETHCS, KOIM abCOIFOTHO
TBepIe TiNO Mae siKych cuMeTpito. Hampuknan, sikmo aGcostoTHO
TBEpJie TIO € IUIOCKUM, TO WOro IEHTp iHepIil JeXUTb y i
rtomurHi. JIo Toro »k y Hili TakoX JiexaTh JBi TOJOBHI Oci iHepil,
a TpeTsl FOJIOBHA BiCh € MEPIeHIUKYJISIPHOIO 10 L€l IUOMIMHH.

KoskeH 3 TOIOBHUX MOMEHTIB iHEpIlii € He OUIBIINM 33 CyMy
JIBOX 1HLIUX:

[+ = Zm(X12+X22+2X32) 2Zm(X12+X22)=| 3. (674)
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Axkuio Bci TPU TOJOBHI MOMEHTH iHEpLil € pi3HUMH,
[1#12#13, TO Take abCOMIOTHO TBEpAe TIIO  3BETHCS
ACHMETPHYHOIO JI3Ur0l0. SIKIIO BETMYMHM JIBOX TOJOBHUX MOMEHTIB
iHepuii 36iratotbest, 11 =15 # 13, To Take abcoMOTHO TBEpJE TiIO
3BEThCS CHUMETPUYHOIO m3uroro. A skmo |4 =1, =13, Tomi me —
KyJbOBa [3Mra; A8 Hel KiHEeTUYHA eHepris 00epTalbHOro pyxy
o0UMCITIOETECS  HalmpocTilie, T(,gep=0.5116<}, HE3AJIEXKHO  BiJ
opieHTauil oci oOepTaHHs.

e onHiero XapakTEPUCTUKOIO KITBKOCTI 00EPTAILHOTO PYXY
€ MOMeHT immynbcy. s Horo po3paxyHKy CKOPHUCTAEMOCH
AIUTUBHICTIO MOMEHTY IMITYJIbCY:

r=yml[i.6]. (6.75)
i

3aminumo B (6.75) wBHakicte U; enemeHTa abCOJIOTHO TBEPAOTO

TiJla Ha HOro BMpa3 yepe3 WIBHUAKICTh LEHTPY Mac V. 1 I0JaHOK,

o0yMoBiieHHi o6epTaHHIM, U :\7C + [5) rl]
£=gm[5V,]+zm[f @], 6.76
I i

B (6.76) mepmmii noAaHOK BIiAMOBIZA€ MOMEHTY  IMIYJIbCY
MOCTYNAJILHOTO PyXy aOCOJIOTHO TBEPHOro Tijia sk wijoro. Jpyrui
noaaHok B (6.76)onucye KibKicTh 00epTalibHOTO PYyXY:

L=smfi [@i]=Emle?-i(G.@)| 677
i [

Konu Mu BuBYanu obepTaHHs aOCONIIOTHO TBEPAOro Tina
HaBKOJIO 3akpimieHoi oci (auB. piBHsHHA (6.1) Ta BignoBimHi
MOSICHEHHS), TO TMOKa3yBalli, L0 MPOEKLis L, MOMEHTY iMIyJbCy
Ha 3aKpilieHy Bicb € MPOMOPLiHHOI A0 KyTOBOI MIBUAKOCTI
obepTaHHs WHABKOJIO L€l oci. 3 Bupasy (6.77)BUaHO, IO MPOEKILis
MOMEHTY IMITYJIbCY Ha OyAb-SIKM HANPSIMOK BU3HAYAETHCS HE JIMLIE
MPOEKI[i€l0 KYyTOBOI HIBMJKOCTI HAa TOW caMWii HampsMOK, alie
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i pewroro 11 mpoekuidi. lle o3Hauae, 10 3B'SI30K MK BEKTOPOM
MOMEHTY IMITyJIbCY Ta BEKTOPOM KyTOBOI IIBHIKOCTI € TEH30PHHUM.
3anumeMo  MOMEHT  iMmyJibCy  aOCONIOTHO  TBEpAOro  Tija
B TCH30PHOMY BHUIJISA[I, omycTUBIIK B opmyini (6.77) iHaekcn «i»,
AKi MMO3HAYal0Th HOMEp eJeMEeHTapHOI MacH, abu He YCKIaqHIOBaTH
3amnmc:

L, ZZm(wJ N —rjrkcq(). (6.78)

KyroBa mBuakicte B dopmyiti (6.78) He 3aiekuTh Big HOMepa <«i»
e/IeMEHTapHOI MacH, MO SKUX BEIeThCs CyMyBaHHS. BuHecemo
KyTOBY HIBHAKICTh y BHUpa3i (6.78) sk criibHUH MHOKHHK 3a 3HaK
cymud. [l OpOro  CKOPUCTAEMOCS — BJIACTHBOCTAMU — CHMBOJY
Kponekepa, &= dxa. Toni Bupas (6.78)MoxkHa nepenucaTy B iHIINH
cnoci®: L, =1k, ae | j — ue tensop inepuii (6.67).

Akuio ckopucTaTHCs TOJNIOBHUMHM OCSIMM  iHeplii, Toji
B 3arajlbHOMY BUNAAKy Oyab-SKMH KOMIIOHEHT MOMEHTY IMITYJbCy
L nopieHIoe N0OYTKY KyTOBOI LIBMAKOCTI 00epTaHHs &) HABKOJIO

i€l oci | Ha BiAMOBIJAHWI JiarOHaJbHUI €JIEMEHT TeH30pa iHepiil

li: £ =1jwj. A nst KynboBOI J3UTM MAEMO 1iIe MPOCTILIHIA 3B'30K:

L = lwj, npu upomy Z”d)

6.8. BinbHe o6epmaHHsi cuMmempu4Hoi 93ur'u

Jocninumo B upomy maparpadi BilbHe oOepTaHHS
cumerpuyHoi a3urd. Kpim 3aranbHodizuuHoro iHtepecy, us 3agaua
€ BaXJIMBOIO, 60 omucye B Apyromy HaOJvKeHHiI oOepTalbHUI pyx
3emiti. Y HynbOBOMY HaOJIMKEHHI 3eMJIsl € TIOCKOIO Ta HEPYXOMOIO.
VY nepuiomy HaOMMKEHHI MOBEPXHIO 3eMJli YSBISIOThH K KYJIIO, IO
MOBUTEHO 00EpTaETbCS HABKOJO HEPYXOMOi Oci; y APYyromy — sK
enmincoin obepraHHsa, TOOTO, fK cdepy, CTHCHYTY B3/IOBX OCi
obepTraHHs, 10 00ePTAETLCS HABKOJIO PYXOMOT OCi.

B iHepuianeHiii cuctemi BiliKy, sKa pyXaeTrbcs B JaHWUN
MOMEHT 4Yacy TmMapajieJbHO LEeHTPYy Mac, IHepTHI BIACTHBOCTI
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aOCOJIIOTHO TBEPAOro TiJla BiJHOCHO OOEpTaHHSA OMHCYIOThCS
nricTbMa He3aJe)KHUMH KOMITIOHEHTaMU TeH30pa iHepllil, Ki, 10 TOro
K, Yy 3araJbHOMY BHUMAaAKy 3MIHIOIOTBCS 3 4YacoMm. Tomy uis
po3B’s3aHHs  wiel 3amadi  ckopuctaemocs  ¢popmynoro  (5.6)

3 maparpady 5.1, ska MoB sA3ye MOXiJHY 3a YacoM det BiJl

BEKTOpHOI (Pi3MuyHOi BeaMuMHM A, MopaxoBaHy B iHepuUianbHiA
cucTeMi  Bimiky, 3  TOXIiJHOKO d';/ dt, MOPaXOBaHOK
B HEiHepLiaNbHId cHUCTeM BIIUTIKY, ska o0epTaeThbcs BIJHOCHO
iHepIiaIbHOI 3 KYTOBOKO IBHIKICTIO (V-
'
A_dAL oA (6.79)
dt dt

3 ypaxyBanHsm (6.79)mictaeMo fBa piBHSHHS, SKi OMKCYIOTh
JUHaMIKy aOCONIOTHO TBEPAOTO Tina:

o -
9P @pl=xF, L s|ar)=m . (6.80)
dt dt
Tyt BekTopu P i L BUMIpPSHO BiIHOCHO HeiHepLianbHOI CUCTEMH
Bimmiky. Ilepre piBHSHHS — Il 3aKOH pyXy LEHTpPY Mac, apyre —
OCHOBHE DPiBHSIHHSI JUHAMIKH O0EpTaIbHOTO PyXy. Y HaWnpoCTilui
crnoci6  KOMIOHEHTH  MOMEHTY  immyascy L o’ szami
3 KOMIIOHEHTaMH KyTOBOI WIBHUIKOCTI () B 0OepTajbHiii cuctemi
KOOPJAMHAT 3 OCSIMH, 110 HaIlpaBJieHi Y340BXK FOJIOBHUX Ocel iHepLil:
Li=l1a, L=l ap, L=l 3a5. Cripoektyemo piBHsHHs MomenTiB (6.80)
Ha Tepily 3 KX oceii (Hagasi WTpUX MPH MOXIAHIN He MUcaTUMEMO
JUTS CIIPOLICHHS 3a1HCY):

db

el @slo =My, (6.81)

[MinctaBumo po (6.81) Bupasu, 1O TMOB SA3YIOTh KOMIIOHEHTH
MOMEHTY IMITyJIbCy 3 KOMIMOHEHTaMH KyTOBOI IIBHKOCTI:
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Iy d;‘ti = s=M 1. (6.82)
[Moxpinumo piBHsHHS (6.82)Ha HEHYJIbOBY KOHCTAHTY |4:

day 13712 (o =My, (6.83)
at 1y

Pemity mpoekiiii piBHAHHA MOMEHTIB oTpumyemo 3 (6.83)
LMKJIIYHOIO TEePecTaHOBKOK (PO LMKIIIUHY MEepecTaHOBKY MMB.
naparpa¢ 1.1):

d [5—1 M
R

1 1
dw, 13-14 M
g _ =M2 6.84
a1, 34T (6.84)
daws _11-15 _Mg
dt I3 s I3

. . 9 1
Pigusinns (6.84) HasuBaroTh PIBHAHHAMW Ennepa™. Tlpu
BiJIbHOMY 00epTanHi M=0, Tak 110

day |

=0,
dt |l e

! Eiinep (Euler) Jleonapn (1707-1783) —mBeinapchkuii MaTeMaTHK Ta
¢i3uk, sAKWii MPOBIB OiMbIIY YacTHMHY CBOTO KWTTS B Pocii Ta HimeuuuHi.
Eiinep 3nilicHMB Ba)K/IMBi BIAKPUTTA B TaKMX Pi3HUX rajy3sfX MaTeMaTHKH,
SIK MaTeMaTUYHUI aHai3 Ta Teopis rpadis. BiH Takox BBiB BEIMKY YaCTUHY
CyyacHOi ~MaTeMaTM4HOi TepMiHOJorii i MO3HAa4eHb, 30KpeMa, Yy
MaTeMaTUYHOMY aHali3i, K, HampuKJIal, MOHATTS MaTeMaTHYHOI (QyHKLT.
Eitnep Bimomwuii Tako) 3aBIsKM CBOIM pobOoTam y MeXaHilli, AuHaMili
piAMHM, ONTHUII Ta acTPOHOMIi, IHIIMX TPHUKIATHUX Haykax. [Ipodecop
maremaTtuku B yHiBepcuteri Cankt-IletepOypry. Ipesnnent bepmincekoi
akazemii. Maibke MOJNOBMHA HOro mpaunp BUHMKIA [MiA dYac ApPYyroro
nepeOyBanHsa y CaHkT-IleTepOyp3i
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day ,

-0,
dt |2 o, e
day | _
“271 (=0, (6.85)
at |3

3actocyemo cuctemy (6.85) mis omucy pyXy CHMETPUUHOI
JI3UTH. SIKIIO TPEeTIO Bich 00EpTaNbHOI CUCTEMH BIJUTIKY CIIPSIMYBATH
B3JIOBXK T€OMETPUYHOT OCi, TO MPOCTOPOBHII pPO3MOALT Macu
enincoiga oOepTaHHsA BiJIHOCHO mepiioi Ta Jpyroi ocedl Oyne
onHakoBuM, Tomy [;=I,=I. I3 Tperboro piBHsHHS cuctemu (6.85)
orpumaemo day/dt=0. Ile o3Hauae, MO BiMHOCHO HEiHepLiATLHOI
CHCTeMH BITIKY, MOB’ A3aHOI 3 T€OMETPUYHUMH OCSIM CUMETPUYHOI
I3UTH 11 o0epTanbHU pyX BWIJISAAE B TaKWi CHOCIO, IO MPOEKIis
KYTOBOi INBHUAKOCTI OOEpTaHHA HAa TeOMETPHUYHY BICh I3WTH
€ crajoro, «y=Const TuM camuM 3HaiiieHO OAMH i3 PO3B’A3KIB
cucremu piusub (6.85): w=(0, 0, ). To6T0, cumeTpuuHa a3ura
MOJKe 00epTaTUCh HABKOJIO CBOEI FeOMETPHUYHOI Oci. Y 3arajbHOMY
BUMaAKy (30kpema, 1is 3emili) Take OOEpTaHHs HE peaizyeThes.
Tomy MpOJOBKMUMO MOIIYK PO3B’ sI3KiB cucTeMu piBHsIHB (6.85).

B onHopigHOMY enirncoifi o0epTaHHs elleMeHTapHi MacH, sKi
30Cepe/DKeHO TOoONM3y eKBaTopa, BiijgajlieHi Bil TpeThoi oci
CWJIBbHIIIE, HDK BiA mepmoi Ta apyroi, Iz>1. Jlns po3s’ s3aHHS
MepIoro Ta Apyroro piBHsaHb (6.85)mo3Haunmo

(I34) wy/1=0. (6.86)

3a pO3MIpHICTIO BBeJleHa BeJMYKMHA — LIe KYTOBa IUBHUAKICTb,
sKa CIIBMAgaE 3a HAPSIMKOM i3 T€OMETPUYHOIO BiCCHO CHMETPHUYHOL
maurd.  Toni mepuie  Ta  Apyre  piBHsAHHA cuctemu  (6.85)
CIPOLLYOTHCSL:

day dw,
A =—0w, —2=0u. 6.87
" 2 ot W (6.87)

CucreMa JIBOX JIHIHHUX OJHOPITHUX AudepeHIiaTbHIX
piBHsHb (6.87) mepworo mnopsaky 3i cranuMH KoedilieHTaMu
BU3HAYa€ 3aNekKHICTh () () Bix yacy nmpoekiii KyTOBOT LIBHUIKOCTI
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obepTaHHs Ha JIBi OCI, MEPNEHAUKYIISAPHI 0 T€OMETPUYHOT OCI JI3UTH.
JlBa piBHsHHA mepuioro mopsaaky (6.87) € ekBiBaleHTHUMH 10
OJIHOTO PiBHSAHHS APYTrOro MOPsAKY:

2
A% _ 599 _ 52y (6.88)

dt? dt

3araqbHUM PO3B’'SI3KOM LIBOTO PIiBHAHHS € TapMOHiYHI
byHKiT (cuHyc a60 KOCHHYC):

w ()= ancos@t+ gy). (6.89)

TyT ah i @o — ue ABI KOHCTAHTH IHTErpyBaHHs, K i Mae OyTu
B pO3B's3Ka OudepeHUianbHOro PiBHAHHS APYroro Mopsaky, sKi
BU3HAYAIOThCS 3 TOYATKOBMX YyMOB. Jlpyry mpoekuis KyTOBOi
mBuaKocTi  Gp(t) 3Haxomammo, migctaBuBuiv (6.89) mo mneprioro
piBHsiHHS cucTemu (6.87):

~1d .
w= d—“t’izabsm(gw o). (6.90)

OCKiNbKM 3TiIHO 3 OCHOBHOIO TPUTOHOMETPUYHOIO PIBHICTIO
@)+ (t)=w?, To BekTOp KyTOBOT WBHAKOCTI (Cd), (b, () OMHCYE
OKPYXKHICTb PajiilycOM (J; HAaBKOJO TPeTbol oci, TOOTO HABKOJIO
reOMETPUYHOT OCi JI3UTH, 3 KYyTOBOKO mBHIKICTIO 2 (6.86).

OckiNbKKM TPOEKIlis KYTOBOT HIBHIKOCTI (% Ha BIiCh J3WIA
TAKOXK € HE3MIHHOI0, TO BeChb BEKTOp @ pIBHOMIpHO obOepTaeTbes
HaBKOJIO OCI [3WIY, 3aJWINAIOYMCh HE3MIHHUM 3a abCOJIOTHOIO
BEJIMYMHOIO, OITUCYIOUH OiYHYy MOBEPXHIO KOHYCA.

Takum 4nMHOM, BiTbHE OOEpTaHHS OJHOPIAHOI CUMETPUYHOT
JI3UTY BUMIISJAE B HEIHEpLiaibHil cHUCTeMi BiJUTIKY, TOB si3aHii i3
JIBUTOIO0, Ik 00epTaHHs 3 KYTOBOI HIBHJIKICTIO @, fKa € CTAJIOK 3a
MOIyJIeM, ajle PyXaeTbCsl B TiMNi A3MIM, ONMUCYIOYM KOHYC HaBKOJIO
reOMETPHYHOI OCi JI3UTH 31 MBUIKICTIO .

Jlns 3emii I3 TakoxK He TOPIBHIOE [; TOYHO, TOMY IO 3eMiis
HE € TOYHOIO KyJieto. XUTaHHs 3 dactororo 2 myxke polpe
CHOCTepIralThesl B reodi3uuHux aociigax. BoHW MpuU3BOAATH /10
edekTy, o Mae Ha3By Bapiauis WMPOTU. 3rigHo 3 GopMyJIo
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(6.86) mnepion obepraHHs
KyTOBOT HIBHAKOCTiI HaBKOJIO

XD E M el Red Line shows Recent

I‘eOMeTpI/ILIHO'I' OCi 3eMJ'[i Mae P 7 88 Flatlined Wobble Path

) 14111999 to 114172005 Grid = 05arcescond X Pacific
CTaHOBUTH TpHCTa IT ATb 117172005 to 1/17/2006 N 3
JIHIB. Pyx, J11(0) oo ;
CIIOCTepIraeTbCs, Ma€ piuHy T e o
KOMITOHEHTY (o | coniun oo

HOACHIOETBCS, SIK BUMYIIEHE |y,
KOJIMBaHHA) i  BiUIbHHH
nepion. 1892 pOKy
aMEpUKAHCbKUH  acTPOHOM
C. Yananep ycTaHOBHWB, WIO

BUIbHHUA Mepiof ckimajae He Db et 3 e
TpUcTa I'ATh  JHIB, a

YOTHUpUCTA TPUALATH TpH Puc. 6.19. €nig», mo #oro
mai.  C.YaHamep TOsICHUB 3aJIMLLIAE BEKTOP KYyTOBOT
PO3XOIXKEHHS MiXx MIBU/IKOCTI Ha TIOBEPXHi 3emiti

nepiogamu Eitnepa Ta cBoim

pe3yJbTaTOM BIUIMBOM TNPYXKHHUX nedopmManiii 3emisti i 3MillleHHS
BOJIM B OKeaHi, SKi MarOTh Miclle BHACIIAOK 3MiH BiJIIECHTPOBOI CHJIH,
CIOPUYMHEHHUX PYXOM MOJIOCIB 3eMIli.

MurtteBa Bich obepraHHs 3emii He 30epirae y Tim 3emii
HE3MiHHOTO  HampsIMKy, BHACIiOK 4Oro Mae Micle pyx
reorpadiuHuX MOJIOCIB MO moBepxHi 3emyi. BimomocTi mpo pyx
MOJIIOCIB  MalOTh BaXIIMBE 3HAYCHHS B ACTPOHOMIi Ta reojesi,
OCKIJIbKY BIH CIIPUYWHSIE HENIEPEPBHi 3MIHU KOOPAMHAT TOUYOK 3eMUTi.
Icaye MixknaponHa ciyk6a pyxy MofociB: 5 craHuiii Ha onHil
reorpadiuniii mapaneni 3¥8" miBHiuHOT mmpoTu. CriocTepekeHHs
s cayx6u nomocie B CHJ[ BenyTtbes Takoxk y IlynkoBi, Mocksi,
[Monragi, H. Hoeroponi, Ipkytchbky, briaroseieHcbky.

3okpema, Ha caiiti http://www.rabbithole2.com/presentation/

news/earth_changes_news/chandler_wobble has_magonody.ht
M MOKHa 3HaWTH 300paxeHHs ¢irypu (puc. 6.19), sky
«IIPOKPECIoe» KyTOBa MIBUAKICTh () B Timi 3emui. L{s TpaexTopis 3a
HIcTh POKIB MICTHUTBCS BCEPEIUHI KOJIa JliaMeTpoM  OJIM3bKO
n' sTHanUATH MeTpiB. Lle Hisk He BIUIMBa€ Ha Halle MOBCSKICHHE
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KHTTS, ajlle Mae OyTM BpaxoBaHO B TOYHMX AaCTPOHOMIYHMX Ta
reoJIe3NYHNX BUMipIOBaHHSX.
Ockinbku MOMEHTH iHepuii [;=[;, TO BEKTOp MOMEHTY

immynbey L =(lay, | @, |363) HanexuTh 10 MIOMKHM, B SKiii JexKaTh
reoMeTpUYHa BiCh [3MIM €3 Ta BEKTOp KYTOBOI LIBHUIKOCTI .

Ockinbku I3>1, TO MOMEHT IMITyJIbcy L JIEKUTH Mi’K FeOMETPUYHOIO
Biccro 3emti €3 Ta KyTOBOIO IIBUAKICTIO 11 1000BOro 00epTaHHS @.

3 TOuYKM 30py IHepUiabHOI CHCTEMH BiJUTIKY MOMEHT

iMmoynecy L BimbHOT 13U € He3MiHHMM 3a  a0COJIOTHOIO
BEJIMUMHOIO Ta HANpsSMKOM; TeOMeTpuYHa Bick €3 1 KyToBa

HIBUAKICTH (W 00epTaroThCsl HaBKOJO Bekrtopa L 3 KyToBOKO
mBuakicTio . B naGopatopHux pocnijax croctepiraroTh, K
mBHAKE OOepTaHHs A3UIM HAaBKOJIO TE€OMETPUUYHOI OCi 3 KYyTOBOIO
LIBUIKICTIO (G CYNPOBOMXKYETbCS TMOBUIBHUM OOEpTaHHAM i€l
reOMEeTPUYHOT OCi HaBKOJIO HANpsSIMKy BEKTOpa MOMEHTY iMITyJIbCY

L i3 kyToBOIO WIBHAKICTIO 2.
6.9. Fipockon

VY nonepenHsoMy naparpadi po3rissHyTO pyX J3WIH, Ha SKY
HE JIiFOTh JKO/HI 30BHIIIHI MOMEHTH CWJIM. Mu 0auuiii, o y 1boMy

BUMAZKy MOMEHT immyibcy L, B3arani kakydu, He cITiBMagae 3a
HAMpPsAIMKOM i3 KyTOBOK MIBUAKICTIO (0. Temep po3misHeMO pyx
ripockory. [POCKONOM Ha3HMBalOTh Take OCECUMETPHYHE TiJIO, IO
LIBUIKO 00epTaeTbCs HABKOJIO CBOET FEOMETPUYHOI Oci. 3aJiesKHO Bif
MPU3HAYCHHS TiPOCKON MO)KE€ MaTH Pi3Hy KOHCTpykmito. Ha puc.
6.20a) HaBeIeHO OJIMH i3 BapiaHTIB ripocKoa.

[Ipu obGepTaHHi ripockona HaBKOJIO WOro oOCi BEKTOp

MOMeHTY imMmynbey L Takoxk (K i BEKTOp KyTOBOT MIBHAKOCTI @)
HarmpaBJIeHU y3/1oBxk oci Tina. lle oueBuaHo Bxke Oe3 oOUHMCIEHB,
MPOCTO 3 MipKyBaHb CUMETPil: 3aBIsSKH OCBOBili CUMETPii pyXy HeMae
JKOJHOTO iHIIOTO HAINpsMKY, KyAu O Mir OyTH HampaBieHUil BEKTOp

L . Mani, toku Ha ripocKOM He AIFOTh HisKi 30BHIIIIHI CHJTH, OTO BiCh
30epirae CBiii HaNMpPsAMOK y MPOCTOPIi: 3aBIAKU 3aKOHY 30€peKeHHS
MOMEHTY IMITyJIbCy HArpsMOK (SIK i aOCOJIFOTHA BeJIMUYKMHA) BEKTOpa
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L 3anMmaeThes HEe3MiHHUM.
Skmo K nOpukiactTd 10
ripockona 30BHIIIHIH
MOMEHT CHJIM, HOro Bich
MOYHE  BIOXWIATHCH  Bif
MOYaTKOBOTO HaIPsMKY.
Came el pyx oci ripockona
Hac i UiKaBUTMME B LIbOMY
naparpadi. Ilpu  upbomy
BEKTOP KyTOBOI HIBHAKOCTI
BKE He € HalpaBIeHUM
Y3IOBXK TEOMETPHYHOI oci
Tina. Pazom i3 HUM yxke He
CIIBMAZae 3a HAMpPSIMKOM i3
Ti€EI0 caMmoro Bicclo (a TakoK
i 3 HANPSAMKOM () i BEKTOP
MOMEHTY iMITyJIbCY

Puc. 6.20a). 3oBHimHii
BUTJISII TipOCcKOTa

L. OmHak, SKIO TOJIOBHE
obepraHHs ripockomy
€  JIOCTaTHbO  IIBUIKHM,
a 30BHILIHI CWJIM € HE Jy)Ke
BEJINKUMH, MIBUAKICTb
obepraHHs oci ripockona
Oyne  BIZHOCHO  MaJioro,

i Bektop @, a 3 HuM i L,
GyAyTb yBech uac Him3bKi 3a Puc. 6.206). ITosicHeHHs
HalpAMKOM Ao oc1 TipOCKOMiuHOTrO edeKTy
ripockona. Ocb YoMy, SIKIIO

BiTOMO, SK 3MIHIOEThCS BEKTOp L, 3 TOro MOKHA CyIauTH, sK
NpUOJIM3HO pyXaeThesi Bick Tipockomy. [lpu npomy aGcomoTHe
3HA4YEHHS MOMEHTY IMITYJIbCY MOXKHa NMPUOJIM3HO BB@KATH TaKHUM,
o nopiBHioe L=l ne | — e MomeHT iHepIii TipocKoIly BiTHOCHO
reoMeTPUYHOI Ooci. 3MiHYy MOMEHTY iMIyJbCy 3 HacOM BH3HAUaIOTh
3 piBHsHHS MOMeHTiB (4.13),s1xe Oyno BBeaeHo B nmaparpadi 4.6.
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Hexaii, Hanpuikiaz, 10 KiHIiB oci ripockomna (Bick Z Ha puc.
(6.20 6)) npukianeHo mapy CHi Ifl i- Ifl, Lo Jil0Th NapaesibHO
i aHTHMapanenbHo oci X.

Tomi MomeHT napu cunm M ‘ Z
HanpaBJIeHUI y3/10BXK oci Y, »
i B uel camuii Oik dL
HaTpaBJIeHO HOXiIHY B -
dl:/ dt. Omke, MOMEHT
IMIYJIbCY C BHACHIJOK il ~ /.
MOMEHTY CHJIH  OTPUMYE L(l ) L(t + dt)
npupict dL = Mdt
i HaOyBae 3HAYEHHS Y
C(t+dt)=LC(t)+dl. Tipu -
bOMY MOMEHT IMITYJIbCY
L, a pasoM i3 HHM i Bich Puc. 6.20g). ITosicHeHHs
ripockona TOBEpTaETHCS ripocxon'quoro edeKTy B TepMiHax

B TommHi YZ 32 CTPIKOI0 MOMEHTY iMITyJIbCY Ta MOMEHTY CHITY
TO/IMHHUKA, SKUIO JTUBUTHCH

i3 kit oci X (puc. 6.20 B)). Takum uyMHOM, TPHKIANAHHS 10
ripockona siKoich CHJIM BUKJIMKAE 0OepTaHHS HOTO Oci B HamNpsMKY,
MEepHeHANKYIIPHOMY 10 HampsaMKky cuid. lLle e mposBom
ripocKoniyHOro edoekTy: sKmo TiIo He o0epTaeThbcss HABKOJIO
BJacHOT oci (MOMEHT iMITyJIbCY TiJla BIJTHOCHO BJACHOI OCi JIOPiBHIOE

1<

Hymo, L =0), To nis MOMEHTY map CHJ CHPHUYHHSE MOBOPOT OCI
tina HaBkoso oci Y, L||M; oOepranns ripockony (L #O0)
CIIPUYMHAE 3MIHY HampsAMKY OOepTaHHs Oci Tila Mil Ji€l0 TOro

€amMoro MOMEHTY CHJT Ha obepTaHHs HaBkosio oci X, L OM .
3ayBakuMo, 110 Ha pUcyHKY 6.20B) eeMeHTapHUii npupicT

MOMeHTY immyJibey dL 300pakeHO y BHIIISAAI CKIHYEHHOTO BEKTOPA,

TOMY BHHMKAe XHOHe BpaxkeHHsI, 1o Bektop L(t+dt) e noBumm 3a
Bexrop L(t), ‘I:(t +dt )‘ >‘I:(t )‘ , (moBxxHa TiMoOTeHy3H € OUTBIIOKD

3a JIOBXKMHY Oy/ib-SKOT0 3 KaTeTiB). [IpoTe 1o moMuiKy oGyMOBIEHO
JIMLLIE TUM, IO HA PUCYHKY HEe MOXKHA MOKa3aTH HECKIHYEHHO Masui
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sexrop dL . Slkmo Bpaxyeartu manicts dL, To npupicT IOBKHMHH

BEKTOpa MOMEHTY IMITyJIbCY A= ‘ L(t+ At )‘ - ‘ L(t )‘ =
~ 2 2 |- .

= ‘L(t )‘ + ‘AL‘ —‘L(t )‘ nprubIU3HO JOPiBHIOE A=

2 - ~
:0.5‘4"_‘ /‘L(t)‘ :0.5|M|2At2/‘L(t)‘. Tobro AL € BeMUMHOW0
JIpyroro MopsAKy MajlocTi, i IBHUAKICT 3MiHK MOMEHTY IMITYJIbCY 32

. a _ .
abcomoTHOIO BenuuuHOW  limy g i limg o =—7=0. Le

03HAauYae HE3MIHHICTb MOJYJIi MOMEHTY IMITyJbCy 3 4YacoM Yy ik
3anaui. V saransHoMmy Bumaaky gogasans dl moposskye Bextop L,
JUIIe SKIO KYT MK di i L e roctpuM. OCKIIBKH B HAIIOMY
npuknani Bekrop Momenty cuni M (a 3a mmm i dL) e mommti

MEepHeHANKYISIPHUM 710 BEKTOpa MOMEHTY iMIyibey L, To BekTop

L numaerbcs He3AMIHHMM 3a a0CONIIOTHOIO BEJIMUYMHOIO, 3MIiHIOOYH

CBili HAMPSIMOK, IO CIIOCTEPIraeThes sk 00epTaHHs OCi rpocKona.
[loBeniHky ripockomy MOKHa JIETKO 3pPO3yMiTH Ha OCHOBI

aHaJoril 3 PyxOM MaTepianbHOI TOYKH. SIKIIO TiIO Mae HyIbOBUI

noyatkoBuit immyniee, P =0, To ais UeHTpaabHOT cCHiM F BHKIIMKae

BMHUKHEHHs pajiaibHoro immynecy, P||F; komu s marepianbha
TOYKA PYXA€ThCS MO OKPY)KHOCTI, BOHA MAa€ HEHYJbOBHH IMITyJIbC,
P#0, i HeHTpaJibHA CHJa BUKIMKAE IMOMUTI TPUPICT iMIYJIbCY
B pajialbHOMY HAINpsSMKY, IO B IIbOMY BHIAAKy O3HAyae 3MiHY
HanpsMKy pyxy, pOF .

[lpuknagom ripockoma € a3ura, MO CIUPAETbCS Ha OJHY
HIWKHIO TOYKy (puc. 6.20 a)). TeprTsaM m3urd y TO4YLI ONOpH
HexTyeMmo. J[3ura mepeOyBae mim [Oi€t0 CHUNM TSOKIHHS, SKa Mae
MOCTiIHHUI HAMPSAMOK BepTHKaIbHO BHU3. Ll cuia mopiBHIOE Basi
n3urd, P=mg, ii MokHa BBa)KaTH MPUKJIAASHOIO 10 UEHTPY TKIHHS
JI3Uri. MOMEHT CHiIM TSDKIHHSI BiJHOCHO TOYKHM onopu O JOpPiBHIOE
3a BEJIMYMHOIO 10OYTKY WU TsDKiHHS Ha tuiede M=Pl sin@ (tyt | —
e Bizctanb OC BiJl TOUKH OMOPH JI0 LEHTPY Mac, @ —KyT MiX BicCIO
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J3UT'M | BEPTUKAJITIO) i Ma€e HAMPSMOK 3aBXKIW MEPHeHANKYISPHO 10
TUIOLIMHY, 10 MPOXOAWTH Kpi3k OCh [3UIM Ta BEPTUKAIbHHUN
HAMpsMOK. Bix uporo BekTop Momenty immymbcy L (a Tm camum
i BiCb [3UIM) TIOBEPTAETHCH, 3AJMINAIOYMCH TOCTIHHUM  3a
BEJIMYMHOK, 1 30epirae mocTiiiHui kyT © 3 BepPTUKAIIO, TOOTO
ONUCY€E KOHYC HABKOJIO IBOTO HAMpsAMKY. Takuil pyX O3urd, npu
SIKOMY 3MIHIOEThCS JIMIIE KyT ¢ MK MPOEKIIiEr0 Oci Tipockomna Ha
FOPU3OHTAJIbHY IUIOIIMHY i PiKCOBAaHUM HAIMPSIMKOM Yy Wil MIOLIKHI
(kyTr © Mix BicclO TipoCKONa Ta BEPTUKAUIIO 3aJIMIIAETHCS
HE3MIHHKMM), HA3UBAIOTH PEryNAPHOK NPeLECIEro ripockora.
3HaliieMo  KyTOBY  LIBHJKICTH  mperecii  ripockomna.
[TozHaunmo ii &) . IlpoTsirom eneMeHTapHOro MpoMikKy 4acy dt

BEKTOp MOMEHTY iMIysbcy L oTpumye nmeprnieHauKyIsipHUi 10 cebe
npupict dL, skuéi 3rifHO 3 pIBHAHHSAM MOMEHTIB JIOPiBHIOE

dL=M dti 3HAYHTh, JISKUTh Y TOPU3OHTAIIBHIN MmiomuHi. OCKITbKU
BEKTOp MOMEHTY IMIYJbCy TIpU CBOEMY pyci onucye OidHy
MOBEPXHIO KOHYCa; TO MOro KiHellb ONMUCYE OKPYXKHICTh paiiycy
Lsin®. A6cosmoThe 3Hauenns npupocty dL MOXHa TOpaxyBaTH sk
n00yTOK 1bOrO pajiycy Ha efleMeHTapHuii kyT d¢@, Ha skuii

MOBepTAEThCs JA3ura mnpotsrom dt, ‘dl:‘= Lsin®@ dg. IpupiBHsaBIN
Heil BMpa3 10 TOro, IO BUTIKAE 3 PIBHSIHHS MOMEHTIB, OTPUMYEMO

KyTOBY HIBUAKICTb MpeLecit,

dg___ M _mglsin@ _ mg|

dt T Lsin®@ lwsin@  lw

(6.91)

KyroBa wmBuakicTe mpeuecii @) TpsAMO mpomopuiiiHa A0
Hamnpy»KeHOCTi § CHJIOBOro mousi (3a3BUuaid, MOJsl TSOKIHHSA), SIKe
CIIPUYMHSE TPEUecito, BifcTaHi | Bi TOYKM OMOpW 10 IIEHTPY Mac
ripockona, a TakKOX 3BOPOTHO TPOMOpLiiiHA MOMEHTY iHepuii
ripockona | Ta KyTOBil LIBUIKOCTI (WOOepTaHHS ripockona HaBKOJIO
BJIacHOT reoMeTpuuHoi oci. KyToBa mBHIKicTs mpeliecii ripockomna
HEe 3aJieKuTh Big Kyra O MiX BicClO Tipockoma Ta BEKTOPOM
Harpy>KeHOCTi 30BHILIHBOTO cuioBoro mousis. Komm teprs B omopi
ripockona rajpMye mnpeuecito, KyT O 3pocTae, TipoCKOMN najaae, ane
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MPOJIOBXKY€E 00epTaTUCh 13 Ti€l0 K CaMOI KYTOBOKO HIBHIKICTIO
w. lle Bignoeinae npuHIMITY JIe-H_[aTenbez. KyToBy miBuukicTh
npeuecii ()  HampaBIeHO  aHTHMapajejlbHO /O  BEKTopa
HamNpy>XEHOCTi 30BHILIHBOTO CHJIOBOTO MOJIs, SKE CIPUYMHAE
npeLeciro, SKIO KYTOBY IIBHAKICTh (0 1 MOMEHTY iMIyJbCy

L HampaBieHO BiJ TOYKH OMOpH. | HaBMaku, Gj € mapajiejbHOI 10
BekTOpa §, SKIIO TipOCKOM 3aKpy4eHO Tak, 0 (W HAMpaBJICHO 10

TOYKH OTOPH TipocKoma.

BusHaunMo yMOBHM 3aCTOCOBHOCTI 3700yTOro pe3ysbTary
(1.6.91).HaBeneHa enemMeHTapHa Teopisl ripocKona € CrpaBeIMBOIO,
SKIIO TIpelecis € TMOBIIbHOIO MOPIBHAHO 3 BJIACHUM OOEpTaHHIM
ripockomna:

@ _mgl __, 6.92
© 107 (6.92)

io yMoBYy MOXHa IiHTepHpeTyBaTh B TepMiHax eHepril:
MOTeHLiaJIbHA EHepris I3Urd y mnoii TsoKiHHA MQlcosD mae Oytu
MAJIOK0 MOPIBHSHO 3 Ti KiHeTHuHOW eHeprieto 0.9 .

I[Ipu Oinbmi  geTanbHOMY pO3IJsAl  pyXy Tripockomna
BUSIBIISIETBCS, LIO BJacHe OOepTaHHs i Mpewecis ripockorna MOXYTb
CYNPOBOJDKYBAaTUCh TaK 3BaHMMHU HYTaLiSIMW, TOOTO NepioanYHOIO
3MiHOIO KyTa O, sxuii Elinep Ha3uBaB kyToMm HyTauii. ¥ ripockona,
KW TpeLiecye B MO TSHKIHHS, HyTallii BUSBIISIOTECS B KOJTHMBaHHAX
oci ripockona, amriiTyaa i mepioa SKMX TUM MEHIUi, YuM Oijblua
HMIBUJIKICTh (W BJIaCHOTO 0OepTaHHs. Di3uuHy NpUYMHYy HyTalliil Oyyo
nosicieHo B maparpadi 6.8. flk Oyno 3a3HaueHO TNpU BUKIAJEHHI
eJleMeHTapHOT Teopil ripockomna, KIFOYOBE MOJIOXKEHHS i€l Teopil
MOJIATAa€e B TOMY, IO OTOTOXKHIOIOTBCSI TP HANpPSIMKU: OCi TipOCKoma,
KYTOBOI IIBHIKOCTI 00epTaHHS TipoCKOmNa (0 Ta MOMEHTY iMITyJIbCy

2 Jle-1llarense (Le Chatelier)Anpi Jlyi (1850-1936) —paHiy3bknit (iznk
Ta ximik. IIpodecop ITapuspkoro yHiBepcurery. Unen [lapusbkoi akamemil
Hayk. Jle lllarense ymoctoeHmii OaraTbOX HAaropox: BiH CTaB KaBajlepoM
opaera IlodecHoro JerioHy, otpumaB Memanb JleBi JIoHmOHCBKOTO
KOPOJIiBCHKOTO TOBApUCTBA.
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ripockona L. Pesynbrar (6.91)onucye KyToBY HIBUAKICTH MpeLecii,
3 KOO 00epTaEeTbCsi HABKOJIO HAMpsIMKY BEKTOpa Harpy>KEHOCTi
30BHIITHBOTO CHIJIOBOTO TIOJISi caMe BEKTOp MOMeHTy immyibey! Ilpu
bOMY BiCh TipOCKOMNa Ta BEKTOP (W 0OEpTarOThCsl HABKOJO BEKTOpA

L 3i mBHAKicTIO, Ky BU3Ha4YeHO (opmyJoto (6.86).

binbm nertanpHUit ommc pyxy ripockoma Oyde AaHO TMpH
BHMBYEHHI TeOopeTHMYHOI MexaHikh. OOMeXHMOocs BKa3aHHSAM Ha
3aCTOCYBaHHs TipockoriB. OCKiNbKM Tipockon 30epirae HampsMOK

cBOro obepTaHHs (HANPAMOK MOMEHTY immymbcy L), To iioro
BUKOPHUCTOBYIOTb TpPU CTBOPEHHI NpWIaiB, TNPHU3HAYEHHUX JUIs
opieHTalii y mnpoctopi. 3BUYAlHO, TepTs 3MEHINYE HIBUIKICTh
o0epTaHHs ripocKora i 3HWKY€E HOro MOMJITUBICTD TOUHOTO BKa3aHHS
KoopauHat. ToMy mporpec illIOB y HampsIMKy CTBOPEHHS TipOCKOTIiB
Ha MiABicax, W0IO 3MEHINYIOTh TepTs B onopax (MarHiTHHIA,
MOBITPSHUM, JIEKTPOCTATUYHUH MiABICH, JIa3ePHUIA TIpOCKOM Ta iH.).
Joci npu BUBUEHHI pyXy ripockona MU HEXTYBalW TEPTIM
B omopi. 3'sCyeMO Terep BIUIMB TepTs. 3a3BUYal y I3UTH IEHTP Mac
po3TainoBaHuii Buille Touku oropu. [1]o6m Taka n3ura He Bnana, i
cltig HagaTu LIBUIKE
obepTaHHs  HaBKOJIO  OCi
¢irypu. TIlpu mnoBinbHOMY
obepTaHHi BEpTHKabHE
MOJIOXKEeHHs1  (irypu  crae
HecTalIMM, 1 /[3ura mnafae.
SKumo m3ury 3amycTUTH miX
KyTOM [0 BepTuKami, To Ii

LEHTP mac MIOYMHAE
MiHIMaTHCB, i a3ura
HaOyBae BEPTUKAIBHOTO
MOJIOKEHHS. [TpuunHOKO

IOTO € MOMEHT CHJI TepT,
o aie B touui omopu. lle
CTa€  3pO3YMIIMM,  SIKIIO
BpaxyBaT, WO  KIHCUb  pyc, 6.21.]leMOHCTpallis pojli MOMEHTY

HDKKM J3UIH, SKHM BOHa CHWJTH TepPTS B 3MEHILICHHI KyTa HyTawil
CIUPAETHCS Ha
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TOPU30HTAJIbHY IUIOUIMHY HE € i1eallbHO TOCTPHUM, a € 3aKPYrJIeHUM
(puc. 6.21).

PosrnsHemMo IS BU3HAYEHOCTI BWIAAOK, KOJIU JI3UTY
3aKpy4€HO HABKOJIO T€OMETPUYHOI OCi B TakWil croci0, 1Mo KyToBY
HIBUJIKICTh HAMpPaBlIeHO Maiike Bropy. Tyau sk HANpaBJIeHO I BEKTOP

MOMEHTY IMIyJibCy L(t) J3urd B MoMeHT 4vacy 1. B HactynHwuit
MOMEHT 4acy, t+dt, HanpsAMOK BekTopa L, a 3 HUM i HanpsSMOK Oci
ripockona 3mimioetbest, L(t+dt)=L(t)+dl. Hanpsmok s3minm

BEKTOpa MOMEHTY iMmyJsibcy OL BH3HAYaeThCs, 3riAHO 3 PiBHAHHS

MoMeHTiB, MomenToM cwi, dL=Mdt. MomeHT cumu TSKIHHS
00yMOBITIOE TIpELieCifo J3UTH, MPO IO HAMWCaHO BHIIE. 3 SICYEMO
HaNpsMOK MOMEHTY CHJIHM TepTs. OCKiIbKM Touka 4 Ha HDXKII J3UTH,
SIKOFO BOHA B IaHMIi MOMEHT 4Yacy TOPKA€ThCs TIOBEPXHi, pyXaeThCs B
IUIOIIMHY PHUCYHKa, TO CHJIy TepTs KOB3aHHS HAMpaBleHO B
MPOTUISKHOMY HAIpsSMKY, TOOTO 3 IUIOIIMHA pHUCYHKA. MOMEHT
CHJTH TepTS, SIK BEKTOPHUIA 100yTOK pajiyc-BekTopa I, MPOBEACHOTO
3 LUEHTPY Mac 110 TOYKH A Ta CWIM TepTs, JEKHUTh y IUIOLIMHI

pHUCyHKa 1 YTBOpIOE 3 HampsiMkoM Bektopa L tymmii kyt. Tomy
BEKTOP L(t+dt), a 3 HUM 1 BiCb TipocKola B HACTYMHHMHA MOMEHT
yacy t+dt HaOyBatoTh HanpsIMKy, OJHIXKYOrO O BepTHKali, HiX TO

Oyno B monepeHiii MoMeHT 4acy t. IIpu bomy noBkurHa Bektopa L
3MEHILY€EThCs, 60 TepTs, O NPUPOIHO, FraNbMy€e 00EpTaHHS I3UTH.

TuM camMMM TIOKa3aHO, IO [Jisi MOMEHTY CHIM TepTs
MPOSIBJIAETBCS K Y TaJbMyBaHHI J3WTH, TaK i B MiJHIMaHHI HEHTPY
mac murd. KpiM Toro, BHaciimok il cHWIM TepTS NMPHUCKOPIOETHCS
Triperecis A3Uru.

[likaBo mpociIKyBaTH 3a i€l0 MOMEHTY CHJIM TepTS Ha pyX
Tak 3BaHOi KuTaiichkoi m3uru (puc. 6.22).1i pyx 3maunoro miporo
BU3HAYAETHCA TEXHOJOTIEI0 il BUrOTOBJEHHS. i BMrOTOBNAIOTH i3
JIErKOro MaTepialy i B BEpPXiBKY LUISAMNKH MOMILIalOTh MaJleHbKHI,
aje Ba)KKWI eleMeHT Tak, abW LIeHTp Mac I3WTIM MICTHBCS Maiike
B wiii BepxiBui (rouka C Ha puc. 6.22). PosrisHemo s
BHU3HAYEHOCTI Take oOepTaHHs A3WIH, MPHU SKOMY BEKTOPHU KYTOBOI

LIBUKOCTI 1 MOMEHTY iMmyibcy L B MoMeHT wacy t nuBnsTbcs
B3JIOBXK OCI I3UTH Maike Bropy-npaBopyd. MOMEHT CHITH TepTS
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(i 3mina Bekropa L)

HarpasJeHO
MepHeHANKYISIPHO 10
paniyc-BeKTopa P,

MPOBENEHOr0 3 LIEHTPY Mac
C 100 TOYKM TOpPKaHHS
mauroro nosepxHi 4. Yepes
IO MOMEHTY CHJIM TepTs
LEHTP mac J3UTH
Oe3nepepBHO  MiAHIMAETHCS,
a Bick (irypu Bce Ounblie
HaxwiseTbes. KiHeup KiHLEM
e MPU3BOIUTH b1 (o)
nepekuaanHs a3uru. Bice  PHC §.22.HeHTp MaC.KI/ITaI‘/?(.:LKO'I' I3UTH
(bll"ypH e 6J'II/DK'{e MOHIMAETBCA BHACTIOOK 11 MOMEHTY
PO3TAIIOBYETLCS b1 (6] CHIH TEpTA
BEPTUKAIBHOTO TMOJIOXKEHHS, SKIIO TIIBKH J3Ula HEe BTPATUTh
CTaJIOCTI PyXy 4epe3 YMOBiIbHEHHs 00epTaHHS HABKOJIO BJIACHOI OCi.
VY MOBCAKICHHOMY JKUTTI MU Ma€eMO JIyxe N0OpHid MpHUKIIaT
ripockoriyHoro edekty — une i3ma Ha Benocureni (puc. 6.23).
[TornstHeMO 3ropH Ha BEJIOCHIIE], L0 PYXAEThCS MO NpsaMmiii (puc.

)
©

5 L(t+dt) >
“ 7/ ©®
L)
N
Puc. 6.23a). Burisz Benocunena Puc. 6.236). Burnsaz Benocuneaa
3ropu 3nepeny
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6.23 a)). YHacnmigok oOepTaHHs KOJiC BeJIOCHIE] Mae€ MOMEHT
IMIyTIbCY, SKMH HampaBjieHo JiBOpyY Bim Benocureaucrta. Komwm
BEJIOCUTICZIUCT XOue MOBEPHYTH, HANpPHKIA, JIBOPYY, BiH HaxXHIIsI€E
Besiocunen yiiBo (puc. 6.2306)).. [Ipu nupoMy BUHHKAE MOMEHT CHIIH

TSOKIHHS M |, 10 HanpaBJieHWi MPOTH HANPSIMKY LUBHIKOCTI pyxy U .
ToMy MOMEHT iMIyJbCcy BEJIOCHIENY B HACTYMHHWH MOMEHT Hacy

orpumye momatok, AL =Mdt. BHacizoKk HBOro MOMEHT iMITy/ECY
I:(t+dt) 3MIHIOE HampsIMOK i BeJlocunen mnoBeptae JjiBopy4. [lpu

30epiraHHi HaxXwWily BeJIOCHIIE]] YBeCh 4Yac BHKOHYBaTHME IOBOPOT
JBOPYH.

3a 0AHAKOBOI'O HAXMITy BEJIOCHIIEAY CHJIA TSOKIHHS BUKIIMKAE
OIHAKOBMII MOMEHT cHii M , TOGTO CrpUUMHSE OXHAKOBY 3MiHY
MOMEHTY IMITyJIbCY AL=Mdt 3a onmumIEO yacy. Illo O6inbmia
LIBUIKICTb PyXY BeJIOCUMENy, TO OibLIMM € MOMEHT iMITyJbCy L,
00yMOBJIeHHI 00epTaHHSIM KOJiC, TO MEHIIMM € KyT (auB. puc. 23
a)), Ha SKUN TIOBEPTAETHCS MOMEHT IMITYJbCY (a pa3oM i3 HUM —
i BesiocuIel]) 3a OJMHIIO 4Yacy Mij €0 3raaHoro MOMEHTY CHIIU
TsokiHHA. [lUM TosICHIOETBCS OifblIa CTANICTh PYXY IIBHAKOTO
BEJIOCHUTIETY | MEHIIA — IMOBIJILHOTO.

Skbu xoneca Benmocunena He oOepTalMCh, 1 BiH HE MaB
MOMEHTY IMIyJIbCy, TIOB’3aHOTO 3 iXHIM 0OepTaHHSAM, TO BiH IiJ
JEI0 CUIM TSOKIHHS BhaB OW  JoHM3y. HaseHicTh oOepraHHs
MPUHUMIIOBO 3MiHIOE pe3yJbTaT Ail CHUIIM TKIHHA — ii MOMEHT
CIOPUYMHSE TOBOPOT BEJIOCHMIIEla HABKOJIO BEpTUKaJIbHOI oOci,
HEMOBOM 710 HBOTO MPHUKJIAJAlOTh HE BEPTUKAJIBHY CHITY, a TATHYTb 32
KEpPMO B TOPH3OHTAIILHOMY HampsMKY JIiBopyd. B mpomy it momsrae
1ie OAMH MPOSIB TiPOCKOIMIYHOro edekTy: cuna Mo-pisHOMY i€ Ha
TIJIO B 3aJISKHOCTI BiJl TOr0, 00€pTaeTHLCS BOHO YH Hi.

6.10. lMpuknad po3e’si3aHHs1 3a0a4 NPo obepmaHHsI
abcosromHo meepAdo20 mina HaeKoJ10 3aKpinneHor
oci 3 ypaxyeaHHsIM cusl mepmsi

Jlano: CyuineHuii nuninap pauiycy R i mMacoro M koTuthes 0e3
KOB3aHHS MO TOPU3OHTAIBHMX pelikax mig aiero cwim F, sky
NPHKJIaJCHO BEPTHKAIBLHO BHU3 10 HEBAroMOl HEPO3TSXKHOI HUTKH,
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AKy HaMOTaHO Ha
wiainap (puc. 6.24).
Koediuient  Tepts
LMIliHApa MO pelkax

U

3unaiimu:

a) MPUCKOPEHHS

a  UeHTpy  Mac b

HUITIHAPY, 0) SIKOHO

Mae Oyrtu cuma F,

adu He 6yno Puc. 6.24 KoveHHs uuniHjpa no peikax
KOB3aHHs?

Po3zé’ azanns.

a) LlumiHap KOTUTBCS MO peiikax 0e3 KOB3aHHs, OTXKE MPUYMHOIO
PyXy € cuna TepTs Crokoto F,, BeTUUUHA IKOi MEHIIIA 3a CUTY TEPTS
koB3aHHs LN,

FL<iN, (6.93)

TyT N — e nputuckatoua cuia. Ll HeBM3HAYeHICTb CWIM TepTs
CIMIOKOIO CIIOHYKA€ LIYKaTH PO3B’s3aHHs 0e3 3alyuyeHHs CUJIM TepTs.
Takum BHUMOraMm 3afOBOJIbHS€ PIiBHSHHS MOMEHTIB, SKIIO HOro
3arucaTy BiIHOCHO TOYKH O, SKOIO UUIIHAP TOPKAETHCS PEUKH:

l,e=RF. (6.94)

Jlo 1boro piBHSIHHS HEe BXOJSATH aHI CHIIa HOPMAJIbHOT peakuii onopu
N, aHi cuna TsKiHHA MG, aHi cuna teptsa F,. Ockinbku UMMiHAP
KOTUTBCS 0e3 KOB3aHHS, JIiHiliHe TPUCKOPEHHS a 3B’ SI13aHO 3 KyTOBUM
MPUCKOPEHHAM £y MpOCcTUii crocid, a=&R:

a=R°F/l,. (6.95)

MowmeHT iHeplii MWIiHApa BiJHOCHO TeOMETpUYHOI oci lc
nopiBrioe lc =mR¥/2. 3a teopemoto T'oiirenca-IlITeiiHepa MOMEHT
iHepuil wwiiHApa lo BIIHOCHO OCi, IO € TapaleNbHOI JI0
FeOMETPUYHOI OCi Ta MPOXOAUTh Kpi3b TOUKy (), JOPIBHIOE
lo =3mRY/2.

Bionoegiov: a=2F/(3m).
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6) YmoBy TOro, mio UWIIHAP KOTHThCS Oe3 KOB3aHHS, BHpaXkae
HepiBHicTh (6.93). Jlummnoce 3anmcatu cwiy Tepts F, Ta
nputrckarouy ciiry N B TepMminax cuiu F, 3 KOO TATHYTb 3a HUTKY.
JInsl bOTO CKOPUCTAEMOCH OPYTMM 3aKOHOM HBIOTOHA B Mpoekiisx
Ha TOPU30HTAJIbHY Ta BEPTUKAJIBHY OCi:

ma=F,,, (6.96)
0=N-mg-F. (6.97)

[Mincrasumo cumy tepts F, Ta nputuckatouy cuny N 3 (6.96) Ta
(6.97) 10 HepirHocTi (6.93):

2F/3 =F,,stiN=z(mg-+F). (6.98)

3 po3e’s3aHHs HepiBHOCTI (6.98) mictaemo, 110 LMTIHAP KOTHTHCS
0e3 KOB3aHHS, SKIIO 32 HUTKY TATHYTh HE HAJITO CHIILHO!

F sé’m—g. (6.99)
g_#

Bax1BO mMepecBiqUUTHCH, 10 MpaBa YacTHHA HEPIBHOCTI
(6.99) 3a posmipuictio € cunoro, [F]=H. Skimo koediuieHT TepTs
nopisuioe 2/3, To mpaBa uactuHa HepiBHOCTI (6.99) nopiBHIO€
HeckiHyeHHocTi. Lle o3Hauae, o 3 skoro 6 cunor F He Tart 3a
HUTKY, IWIIHAP KOTUTUMEThcsl Oe3 kop3aHHs. JlilicHO, HEepiBHICTh
(6.98), F/3sp{mg+F), € crnpaBemnuBolo s OyAb-SIKMX 3HAa4Y€Hb
cuin F, sxio koeditient Teprs (>2/3.
Bionosgion: F SM, akwo Us2/3; cunma F moxke OytH
2-3u
JOBUTBHOIO, KO U=>2/3.
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16.
17.
18.
19.
20.
21.
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MumaHHs Onsi caMoKOHMpPoso Ao po30iny

6. O6epmanbHull pyx abcosmomHo meepdo20 mina

3anuuiiTe OCHOBHE PiBHSHHS OWHAMIKU 00EpTaIbHOTO PyXY
(piBHSIHHS MOMEHTIB) Y BEKTOpPHI# (opmi.

3anuuiiTh OCHOBHE PIiBHSHHS JUHAMIKA 00EPTaIbHOTO PyXY
(piBHSHHA MOMeHTIB) y ckanspHid ¢dopmi (y BHUmaaky
obepTaHHs HABKOJIO 3aKPIlIEHOT 0Ci).

3anuiniTe BUpa3 AJ KiIHETUYHOI eHeprii 00epTalbHOTO pyXy
abCOoJIIOTHO TBEPIOTO Tijla HABKOJIO 3aKpirlIeHoT oci.

JlaiiTe BU3HAYE€HHS MOMEHTY CHIIH.

JlaiiTe BU3BHAYEHHSI MOMEHTY IMITYJIbCY MaTepiaibHOT TOUKH.
Sk mpoekuis MOMEHTY iMIyJIbCy aOCONIOTHO TBEPAOro Tija
Ha 3aKpiluieHy BiCh, HaBKOJIO $KOi BOHO OOepTaeThcs,
MOB'AI3aHa 3 KYTOBOIO IIBUJIKICTIO 00epTaHH:?

1o Take MOMEHT iHeplii MaTepiaibHOT TOUKN?
Cdopmymntoiite Teopemy [Noiirenca—Illreiinepa.
CdopmyroiiTe yMOBU piBHOBard TBEpAOro Tija.

YoMy 1OpiBHIOE MOMEHT Mapy CHI?

1o Take MaTeMaTUYHUI MasSTHUK?

1o Take ¢izuuHMii MasSTHUK?

o Take 3BeneHa AOBXHMHA (Pi3MUHOrO MasiTHUKA?

o Take 1EHTp KOJIMBaHb (PI3UYHOTO MasSTHUKA?

B u4omy mnomsrac o6oporHictB T¥lzmunoro masTHuka
(chopmymroiite Teopemy I'toiireHca).

SKi ABi cHTM HA3UBAKOTh MAPOIO?

1o Take ripockomn?

Skuii pyX ripockony Ha3MBaIOTh MpeLecielo?

Bin voro 3anexuTts KyToBa IBUAKICTH MpeLecii ripockomy?
Skuii pyX Tipockony Ha3UBaKOTh HYTaIIEI0?

B 4omy nonsrae ripockoniunuii eexr?

7. MexaHi4yHi KonueaHHs1

IcHye monin ¢i3MkM Ha MeXaHiKy, ONTHKY, MOJEKYJSIpHY
¢bi3uky, eneKTpuKy, Touo. Takuii Mol ckiaBcs iICTOPUYHO, BiH Ma€e
iz cobOK0 Ty OCHOBY, IO KOXKEH PO3JiJ BUBYAE SKiCHO pi3Hi (10
neBHoOl MipH) opmu pyxXy marepii. 3HauHy poJib y LIbOMY Biairpaio
Te, WO 1i GopmMH pyXy CIpUAMAIOThCS PISHUMH OpraHaMM BiTuyTTs,
TOMY BOHM CHPHHMAIOTBCS SK Ppi3Hi sBUma. Po3risHemo uis
unocTpauii 1i€i Te3u JBa eKCMEePUMEHTH, B SKHUX (GOPMHU pyXy
€ CIpaB[li pi3HUMH, alie TIPH LLOMY B HHUX JyKe 0arato CHiIbHUX
puc.

Y  mepuwioMy  eKCIEpUMEHTi  pPO3IJISIHEMO  KOJIMBaHHS
BUCKOBOTO MasTHUKA. Bi3bMeMO BHCOK, MNPHUKPIMUMO 1O HBOTO
HEeBEeJIMKWI TaKyHOK 3 TCKOM, 3pO0MMO y TAKyHKY MaJliii OTBIp,
o0 MiCOK BUCHMMABCSA TOHKUM CTpyMKoM. [1iix BUCKOM po3Tanryemo
pyXOoMy TamnepoBy CTpiuKy. BiAXWiaMBLIM BHCOK BiJ MOJOKEHHS
piBHOBar Ha Maiy (MOpPIiBHSHO 3 JOBXHMHOIO BHCKA) BiICTaHb,
HaJaMoO WOMY MOXIIMBICT pyxartucs. [Ipu BiamoBimHoMy BHOOpI
KOOpAHUHAT 3CYB MMCKOBOT JHHIT 3 HaIpsMKY, i (o)
€ MEePHeHANKYJIIPHUMH 10 PyXy CTPiYKH, ONMHCYETbes (MPHUOIM3HO)
TapMOHIYHHM 3aKOHOM.

Y  ngpyromy  eKCHepUMEHTi  JOCHiJUMO  KOJUBaHHS
KaMepToHy. Po3riisHeMo KaMepTOH, A0 HDKKH SIKOTO MPUKPIIIEHO
MaJieHbKe I3epKaliblie, SKe OCBITIIOEThCS MPOMEHEM CBITIA TaK, IO
BiZIOUTHII MPOMiHb MOTparuisie Ha ekpaH. Kooy kaMepToH MOBYMTS,
TO Ha €KpaHi BHIHO MaJleHbKY IUISMOYKY cBiTia. Konu kamepToH
3BYyYMTh, TO Ha €KpaHi BMHMKAae€ cMyra cBimia. SIKI0 Ha mHUIIXy
BIIOMTOrO MpPOMeEHs 10 eKpaHy BCTAHOBUTHM OaraToOrpaHHY CHUCTEMY
Ji3epKai, o o0epTaeThCsl HABKOJIO CBOET OCI Ta BiJIOMBA€E CBITJIO Ha
€KpaH, TOJli B 3aJIe)KHOCTI BiJl CTaHy KaMepTOHY Ha ekpaHi Oyne
BHUJHO CUHYCOIMy, a00 CBITITY TIIsAMY.

Omxke, y LMX ABOX JOCHiax me, 1O KOJUBAJIOCA, OYJI0
pi3HMM, ane me, sk ue BigOyBanocs, Oyno monioHum. Yacto npu
PO3B’ 13aHHI KOHKPETHUX (I3UYHUX 3a]a4 JIOBOJAUTHCS I[IKABUTHCS
caMme THM, AK Ta YoMy BiIOyBarOThCS KOJIMBAHHSA, a HE TUM, W40 came
KOJIMBaeThesl. YacTo He3po3ymisli MUTaHHSA B OAHIN ranysi ¢i3uku
CTalOTh 3pO3yMIUTUMH NIPY BUBUYCHHI ABUII 3 iHIIOT rany3i ¢izuku. Le
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