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BBeneHue

m BpawarencHbiMm gBrXeHMEM
TBEPLOro Tena unmn CUCTeMbl Ters
Ha3blBaeTCHA Takoe ABWXKEHUE, Mpn
KOTOPOM BCE TOYKM OBUXKYTCS MO
OKPY>XHOCTAM, LIEHTPbI KOTOPbIX
nexart Ha o4HOW NpsAMOoWn,
Ha3biBAaeMOM OCbl0 BpalleHus, a
MSIOCKOCTU OKPYXXHOCTEN
nepneHauKynapHbl OCU BpaLLeHuA.

m  Ocb BpalleHna MoXeT
pacrnonaraTtbCsl BHYTpuM Tena u 3a
ero npegenamu n B 3aBUMCMMOCTH
OT BbIbOpa CUCTEMbI OTCYETA
MOXET ObITb KaK MOABMXHOM, TakK U
HenoaBM>KHOW.

m Teopema BpalleHunsa unepa
yTBEpXAaeT, 4YTo fitoboe BpalLeHne
TPEXMEPHOro NPOCTpPaHCTBa UMEET
OCb.
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«[na coctaBneHnsa pmsanyecknx npeacrasreHnn
criegyeT OCBOUTLCA C CyLLeCTBOBaHNEM (PU3NYECKNX
aHanoruin. Nog dpusnyeckom aHanornem 1 NOHMMato To
YaCTHOE CXOACTBO MeXAy 3aKOHaMU OBYX Kakux-HUbyab
obnacTen Hayku, briarogaps KOTOPOMY OHa U3 HUX
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HanpaBneHne BEKTOPOB

HanpaBneHue HanpaBneHue
YrrioBOU CKOPOCTHU yrrioBOro yCKoOpeHus
| Oﬂpeﬂ,eﬂﬂeTCﬂ npaBnuJiomM | |_|pl/l YCKOPEHHOM BpalLleHnn

npaBoro BMHTAa. €eCJrin BUHT BEKTOPbI yITIOBO|7I CKOPOCTUN U
BpallaTb B HaAripaBiieHnn YIroBOIro YCKOpeHNA
BpaweHund tena, 1o coBrMaaaroT Nno HamnpasJ1EHUIO.
HanpasJieHUne NoCcTyrnaTtesibHOro |_|pl/l 3amMmesyieHHOM BpalleHnn
OBWXXEHUA BUHTa COBMageT C BEKTOP YrnoBOro ycKopeHusa
HanpasJiEHNEM yrn030|7| HamnpasJieH NpoTnBOMNOJ1I0XKHO
CKOPOCTW. BEKTOPY YrroBOW CKOPOCTMN.
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AHanorns ABMXeHum

NMocTtynaTtenbHoe ABMXEHUe BpawartenbHoe ABUXeHue

[NMepemeuieHune YrnoBoe nepemMeLleHme
A
AS, [As]=m Ag, [Ap]=pan
CkopocCTb 0 As o YrnoBasi CKOpOCTb A pax
vV=—— [U]:— O =—", [G)]Z—
t ? c At C
YckopeHue 0 Ao ™M YrnoBoe yckopeHne N Awm pan
a=S =z §=20 5]
c At C

AS

Mpsamas 3agavya KMHEMaTUKK: M0
3a[jaHHOMY KaK PYHKLMSA BPEMEHW Yriy
NoBopoTa ¢ = f{f) HAWTK YrnoBble ckopocTs AMYHE AYTK = pagnyc
1 yCKOpeHMe.

O6paTHasa 3agayva: no 3agaHHOMY Kak
DYHKLUMA BPEMEHM YITIOBOMY YCKOPEHMUIO ¢
=flt) ¥ HaYanbHBIM YCIOBUSIM @, U ¢, HaATV /\1 papnan
KMHEMaTWNYECKUI 3aKOH BpaLLEeHus. [ ——




AHanorns ABMXeHum

[1BnXXeHune

XapakTepucTukun

MaTepMaanoﬁ TOYKU

BpawartenbHoe
ABUNXEeHUue

ABUNXeHUxA

Mepuop

YacTtoTta

Yrrnosasi CKOpOCTb

YrrnoBoe yckopeHue
[NepemelleHune

JInHenHasa ckopocCTb
HopmanbHoe yckopeHue
TaHreHuuanbHoe ycKkopeHue

[MonHoe ycKkopeHune

MO OKPYXHOCTHU
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TBEpPOOro Tena




HanpaBneHne BEKTOPOB CKOPOCTU U YCKOPEHUS

Mpumep:
ABWXeHune NpoTmus
4acoBOM CTPESIKn

HopmarnbHoe yckopeHue

Yrnosasi CKOPOCTb

JInHenHas ckopocTb

TaHreHumanbHoe yCKopeHue

YrnoBoe yckopeHue

™, < @,

®, > o, ‘3

[No paanycy K LEHTPY OKPY>XHOCTH
@ = const 0, > o, 0, <,
HanpaBneHue: nepneHamKynsapHO NNOCKOCTU PUCYHKa, M3-3a NIOCKOCTH
L = const L, >V, L, <V,

Mo kacaTenbHOW B HanpaBneHnn ABMXeHUs
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CDOpMyJ'I bl KWHEMATWNKN BpPaLLlaTEJIbHOIO
ABWXEHUNA

MocTynaTtenbHoe BpawarenbHoe

PaBHOMepHOe
a=0 =0
L = const @ = const
Y e, /S
PaBHonepemeHHoe
V-V, 0 —0,
a= = const g= = const
t
L=V, +a.t 0 =0, + &t
Lt + .t t =
s = =@, +—
0 ) ¢ o 5

2 2 2
v’ —v,” =2a.s 0" -0, =2&p

s=f(1) HepaBHOM@PHG®r)
u=11m£=_s=s'(t) et i (1)
A0 AF dt A0 At dt
= lim — = — = /(¢ e=lim—=—=0'(t
a=1lm () A0 At d ®




[Tpon3BoOnbHblE OBMXEHNA TBEPAOOIo Tena

[rocomererse | o ‘spmrenncn | = e |

Mpumep: nnockonapannenbHoe [ABMXeHue Koneca 6e3
NMpocKanb3biBaHUA MO T[OPU3OHTaNbHOW MOBEepPXHOCTU. KaueHue
Koreca MOXHO MpeacTaBUTb Kak CYMMY [OBYX [OBWKEHWUN:
MOCTYnaTenbHOro ABMXEHUS CO CKOPOCTbIO LIEHTpa Macc Tena u
BpaLleHNsA OTHOCUTENBHO OCU, MPOXOASLLEN Yepes LieHTP Macc.
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«A LUEHI0 YyMEHMe CTPOUTb aHanornm, KOTopble, eCrnn OHU CMerbl U
pa3yMHbl, BbIBOOAT HaAc 3a npedenbl TOro, YTO noXxenana Ham
OTKPbITb Mpupoda, no3Bonsas npeaBuaeTb hakTbl ewé Ao TOoro,
Kak Mbl UX YBUONMY.

XK. 1. Janambep

OMHAMUKA
BPALLATEJTbHOIO

OBVXXEHWNA TBEPOOIMO TENA
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OCHOBHOE YPABHEHNE
ONHAMUKHA
BPALLATEJIBHOIO ABU>XXEHNA




[InHamuka BpaLLlaTernbHOro ABMXeHUs

m [AnHamuka noctynartenbHOro = OcHOBHas 3agayvya AUHaAMUKMU
ABUXEHUA MaTepuarbHON TOYKU BpawaTenibHOro ABNXEeHUS:
onepupyeTt TakMMu NOHATUAMM, KaK YCTaHOBUTb CBSA3b YrIOBOro
cuna, macca, UMnyrbC. YCKOPEHUS BpallaTenbHOro ABMxXeHns

B YCKOpeHue noctynarenbHo Tena Cc CUIIOBbIMWN XapaKkTepucTukamm
ABWXYLLIErocd Tena 3aBucuT oT ero B3anMogencTeunst ¢ apyrumm
AENCTBYIOLLEN HA TENO CUnb Tenamm n cobcTBeHHbIMU CBOMCTBaAMM
(CyMMBbI OEUCTBYIOLWMX CUM) K BpaLlatouierocs tena.

Maccbl Tena (BTOpomn 3aKOH
HbloToHa): z

xi

m
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OCHOBHOE ypaBHEHME ONHAMUKN
BpaLLaTesibHOro OABUXKEHUS

Ona npon3BOSIbHOU TOYKMU
Tesla maccoun m

F=F +F

n

B,
m [lo BTOpOMY Ha

F,=ma,, F,=ma, =mer
m /13 reomeTpunyecknx coobpakeHum

FT:Fsin(p:Fi, =
r

mric=Fd=M

Ona Tena Kak COBOKYNMHOCTHU
yacTuny ManbIixX macc

m C y4yeTOM BEKTOPHOro Xxapakrepa
|A| A A
2 2 2
(mp +m,ry +..Amr)e=2M,+2M,
m CkandpHas usndeckas BerimynHa,
XapakTtepusyrLasa pacrnpeneneHme
MacCbl OTHOCUTENBLHO OCU

BpaLLeHusl, Ha3blBaeTC MOMEHTOM
NHepUUn Tena:

_ 2 2 2 2
a L Cflia Biaanton blemanlklin
Ml. paBHa HyI, criegoBaTesibHO
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JKcnepuMeHTanbHoe nsyyeHue
3aKOHOMEPHOCTEN BpaLlaTeNnbHOro ABUXEHUS

1. YCTpolcTBO M IPUHIUIT JSUCTBUS TTprbOopa
2. HccnenoBanue 3aBUCUMOCTH YIJIOBOTO YCKOPEHUS BpAILIEHUS UCKA OT
MOMEHTA JICUCTBYIOIIECU CHJIBI:
2 OT BeJIMYUHBI IeUCTBYOIIEH CHJIbI F IIpU HEU3MEHHOM 3HAYEHUH
Iie4a CHJIbl OTHOCHTEIBLHO JJaHHOM ocu BpameHus d (d = const);
0 OT IJIeYa CHJIbl OTHOCUTEJIBLHO JJAHHOW O0CH BpallleHUsl NPH
MOCTOSAHHOM JeucTBYIOIIEH cuiie (F = const);
2 OT CYMMbI MOMEHTOB BCeX /ICHCTBYIOIINX HA TEJIO CHJI
OTHOCHUTEJILHO JAHHOUW OCU BpaIlleHHUS.
3. HccnenoBanue 3aBUCUMOCTH YIVIOBOTO YCKOPEHUSI OT CBOMCTB
BpPAIAIOIIETOCA TENA:
2 0T MAacCChl BPAIAKOIIETrOCs TeJia NPU HEU3MEHHOM MOMEHTE CIJI;
0 OT pacnpe/ejieHis MAaCChl OTHOCUTEJILHO OCH BPalleHUsI NIPH
HEU3MEHHOM MOMEHTE CHJI.
4. Pe3ynbTarbl ONBITOB:

paM
1
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Pe3yn bTraTbl BbINOJIHEHHbLIX 3KCNEPMNMEHTOB

NocTynaTtenbHOe ABUNXeHUe

Macca m, [m]= KT
Cuna F, [F]=H
OcHOBHOE ypaBHeHME OMHAMUKK
SF
I
a=——
m

YckopeHue noctynartesibHO ABUXYLLEerocs
Tena NpAMo NpPonopunoHanbLHO CyMMe
BCeX OEeUCTBYIOLMX HA HEro cun um
o6paTHO nponopunoHarnibHO Macce Tena.

BpawartenbHoe ABUXeHue

MOMEHT nHepLum I = kmr?, []]: KT - M2

M =Fd; M, [M]=H-m
OcHoBHOe ypaBHeEHNE ANHAMUKA

pam
1

YrnoBoe yckopeHue Bpallalolerocs tena
NPSMO NPONOPLUOHANILHO CyMMe
MOMEHTOB BCeX AeMNCTBYIOLWMX HA HEro
CWUJ1 OTHOCUTENILHO OCU BpaLLeHUA Tena u
o6paTHO NPONOPUMOHANILHO MOMEHTY
MHepLUun Teria OTHOCUTENTLHO 3TOWN OCH
BpaleHuns.

MomeHT cunbl

| an/IHLIMI'IMa.HbHaﬂ pa3HNLUa. MaCCa ABNAeTCA UHBapuaHToOM U HE 3aBUCUT OT
TOro, Kak Teno gsmxetrca. MomMeHT NMHEPLUUN N3IMEHAETCA MNP USMEHEHUN
NonoXxeHnqa ocn BpaweHnAa ninn eé HanpaBJiIEHUA B NMPOCTPaHCTBE.
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BbluncneHne MmomeHTa nHepummn Tena
NpPon3BOSIbLHOW POPMBI

BupTtyanbHbin akcnepumeHT ¢ moaenbio «MomMmeHT nHepunmn»

Llenb akcnepumMmeHTa:
ybeanTbca B
3aBNCUMOCTN MOMEHTA
NHEPUMN CUCTEMbBI TEN OT
NOSTIOXKEHNS LLAPOB Ha
cnnue 1 NonoXeHust ocu
BpaLleHUs1, KoTopas
MOXET NMPOXOAUTb Kak
yepes LUeHTp cnuubl, Tak
N Yyepes e€ KOHLbI.

ry= (500 |@cu
fs = -17.,0 ECM
r=[17.0 )@ em

rg = (500 J@cu
" QOck cneea

(" Ocb B UBHTPE

" Ock cnpaea

F=M 2+ 12+ 12+ 12) + 4, I = 0567 Kkrm?
1 2 3 4
2
g = g MR? = 0,002 krm? L=1mM=1k




MomeHTbI MHEePLNN HEKOTOPLIX Ten

Wap ToHKOCTEHHAA OagHopoaHbIn [nck [nck
cepa CTEPXXEHb

_2..

[ :—mr2 I =—mr
OpHopoaHas CnnowHoun TONCTOCTEHHbIN TOHKOCTEHHbIN [MpownssonbHOEe
nnacTuHKa UMNuHAap LMnNuHAap UMNuHAap Teno

| d
2 =
J U
Il 2 1 2 2 | 2
I=5mr I=5m(r1 +7) I =mr
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Teopema LLUTenHepa

= Teopema o0 nepeHoce ocen UHepLUn =
(LUTenHepa): MOMEHT nHepumn
TBEpPOO0ro Tefia OTHOCUTENBbHO n
NPOM3BOSIbHOMN OCU [ paBeH CyMMe
MOMEHTa MHepLnn 3Toro Tena
[, OTHOCMTENbHO OCK, NPOXOAsLLEN
Yyepes LeHTp Macc Tena napansenbHo
paccmaTtpuBaemMon ocu, n
npou3BeaeHNa Macchbl Tena m Ha .
KBagpaTt pacCcToAHUA d Mexay OCAMU:

NMpumeHeHune Teopemsbl LLUTenHepa.

3apaHue. Onpenenuts MOMEHT
MHEPLIMN OHOPOOHOIO CTEPXKHS
AJIMHOW [ OTHOCUTENbHO OCH,
NpoxoasLlein Yepes oanH 13 ero
KOHLIOB NepneHanKyIsipHO CTEPXKHIO.

PeweHue. LleHTp macc ogHopogHoro
CTEpPXXHS1 pacronoXeH nocpeauHe,
NO3TOMY MOMEHT MHEPLUN CTEPXKHA
OTHOCUTENBHO OCU, NMPOXOOSALLEN
Yyepes OAVH U3 ero KOHLOoB, paBeH

2
]:im12+m 1 =lmlz.
12 2 3
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OVNHAMUKA
[MTPON3BOJIBHOIO
OBV>XEHUA




|El,l/l HaMWKa NMpPpon3BOJyibHOIO ABMXEHNA

MpousBonbHOe ABMXeHUe TBEPAOro Tefla MOXHO Pa3noXuUTb Ha NocTynaTtenbHoe
ABWXeHne, B KOTOPOM BCe TOUKM Tena ABMXKXYTCA CO CKOPOCTbLIO LIeHTpa Macc Tena,
W BpalleHne BOKPYr LieHTpa macc.

Teopema 0 ABMXKEHUU UEHTpPa MacCC. LIeHTp
MacC MeXaHW4YeCKOW CUCTEeMbl OBWXKETCH
KaK maTepuanbHas TOYKa Maccoun, paBHOM
Macce BCEeM CUCTEeMbl, K KOTOpOM
NPUIOXeHbI BCe BHeLUHue CUnNbI
AEUCTBYKOLME HA CUCTEMY.

CnenctBuA:

= ECnu BEKTOp BHELLUHUX CUIT CUCTEMbI PaBeH
Hynio, TO LUEHTP Macc cuctembl nmbo
OBUXETCA C MOCTOSAHHOM MO BENnuYuHe U
HanpaBNeHU CKOPOCTbIo, NMBO HaxoauTcs
B COCTOSIHMW MOKOA.

= Ecnm cymma npoekumin BHELWIHMX Cuil Ha
Kakylo-nmbo OCb paBHa HYMNH, TO MPOEKuus

BEKTOpa CKOPOCTU [BWKEHUS LIEHT[
CACTEMbI Ha 3Ty OCb NMBO MOCTOSAHH /‘/\
paBHa Hyro. —

= BHyTpeHHMe cunbl He BNUSAIOT Ha A /
LleHTpa macc.

21



MnntocTtpauna Teopembl

Pexxnm
nocrnegoBaTenbHOU
CBbEMKU NO3BONSAET
NPOUNIOCTPUPOBATL
TEeopeMy O ABMKEHUN
LeHTpa Macc CUCTEMbI:
Npu crycke 3aTtBopa 3a
OOHY CEKYHOY MOXHO
3aneyvyartsieTb HECKOMbKO
n3obpaxeHunn. Npu
o0beaNHEHNN TaKoW
cepun CriopTCMeHHbI,
BbINOMNHAOLLNE TPIOKU, U
XNBOTHbIE B OABUXEHUA
npeBpaLlaTca B
NMIOTHYIO ovepeab
Onn3HeLoBs.
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N3yueHne aBMmXeHuns LeHTpa Macc CUCTEMBI

BupTtyanbHbIX 3KCepUMEHT ¢ Moaesibio «TeopemMa 0 ABMXEHUU
LleHTpa Macc»

» Llenb akcnepumeHTa:
N3yHUTE [IBAXEHNE LieHTPa Vrom oraera 2 ockonka: o | Hawanwunas ckopocers | ockonka: | 50.59 [M/c
MaccC CMCTEMbI U3 ABYX & s (=] Hauansnas ckopocts 2 ockonka: | 64.99 |w/c
OCKOINKOB CHapsiaa nop,

OENCTBUEM CUMbI TSHKECTW.

=  YBeantbcs B NpaBOMEPHOCTU
NPUMEHEHNSA TEOPEMbI O
OBWXEHUWN LIEHTpa Macc K ,
OMUCaHMIO0 NPOM3BOSIbHbIX mf
OBWXEHNI HA Npumepe —’6’ =
BaNNMCTUYECKOrO ABUKEHMS, e e
N3MEHSS1 ero napameTpbl: yros
BbICTpena, HavarbHYo
CKOPOCTb CHapsiaa u
OTHOLLEHME MacC OCKOJKOB.

Teopema O ABUXEHUU LUeHTpa Mmacc

Yron seicTpena: Havanbnas ckopocts sapa || OTHOMEHNE MACC OCKOJIKOB

TR T T T TR m T TR T T Tmy

yroa[ 45 |° Vi e mi:[48 |kr ma:[ 62 Jkr
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«... aHanorma aBnseTcsd cneunduyecknm criy4aem
CUMMETPUN, 0COBbLIM BUOOM €QUHCTBA COXPaHEHUS U
nameHeHud. CnegoBaternbHO, MCNOSb30BaTh B aHanu3e
METOL aHanornm, — 3HaymT 4encTBoBaTb B COOTBETCTBUM
C NPUHLUMOM CUMMETPUN. AHANOrM4a He TONbKOo
OornycTuma, Ho U Heobxoamma B No3HaHUM NPUPOabI
BELlEen....»

OB4YMHHMKOB H. ®. [MprHUMNBI COXpaHeHNA

3AKOHbI COXPAHEHWUA
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3AKOH COXPAHEHWA
MOMEHTA MITYJIBCA




AHanorma maremaTunyeckoro onmcaHus

I'IOCTynaTeanoe Bpau.l,aTeanoe
OABMWXXeHune OABUWXXeHune
= /13 OCHOBHOrO ypaBHEHUSI AUHAMUKN = I3 OCHOBHOIO ypaBHEHUNSA OANHAMUKU
NOCTYNaTenNbLHOro ABUXEHUS BpaLlaTeNbHOro ABMKXEHUS
(A _ (A M M (A . /A
Fema_ b M=loo1@—®
At At
W N W K N w X X X W
FAt =mv, —mv, = A(mv) = Ap MAt = Iw, — o, = A(lw) = AL
N X X KT M X X M2
p=mv (p o), [p]|= - L=I§(LTT§), [L]="2
C
= [1ponsBeneHne maccobl Tena Ha = [1lponsBegeHne MoMeHTa MHepLUumn
CKOPOCTb €ro ABMXKXEHUSA - UMIMYIIbC Terna Ha yrrnoByk CKOPOCTb €ero
Tena. BpaLLEeHNsA - MOMEHT UMnyrbca.
= B oTcyTcTBME OENCTBUS CUIl UMnynbC = [lpn paBeHCTBE HYIHO CyMMapHOro
Terna coXxpaHseTcs: MOMEHTa cun

W i 0w w
Ozmgz—m&:A]%, = lwazconst 0=1Iw,—Iw,=AL, = L =const
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dyHAaMeHTanbHbINM 3aKOH NPMPOoAbI

= 3aKOH COXpaHeHUs MOMEHTa UMMysribca - oauH
U3 BaXXHenwunx pyHaaMeHTarnbHbIX
3aKOHOB NMpuUpoAabl - ABMAETCS Cre4CTBUEM
N30TPOMHOCTU NMPOCTPaHCTBa (CUMMETPUMN
OTHOCUTENbLHO NOBOPOTOB B NPOCTPAHCTBE).

= 3aKoH COXpaHeHna MOMeHTa UMnyrnbca He
ABNAETCA cneacTBMeM 3aKOHOB HbOTOHA.
[MpeonoXeHHbIN NOAX0A K BbIBOAY 3aKoHa
HOCWUT YaCTHbIN XapakTep.

= [1pu cxogHom anredbpanyeckon doopme 3anncu
3aKOHbl COXpPaHEHUS UMMNYyrbCca U MOMEHTa
nMnyrbca B NPUMMEHEHNN K OOQHOMY TENy UMELOT
pasHbIn CMbICI: B OTINYME OT CKOPOCTU
NnocTynaTenbHOro ABMXEHUS YrnoBasi CKOPOCTb
BpaLLEHUsI Tena MOXeT MEeHATbLCS 3a CYET
N3MEHEHUSI MOMEHTa nHepuumn Tena /
BHYTPEHHUMW CUSTAMM.

= 3aKoH COXpaHeHNA MOMeHTa nMnyribca
BbINONHAETCA Ans noodbIxX d)msmqecmx cncrtem
M npoueccoB, HEe TOJIbKO MEXaHNYECKNX.
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3aKoH COXpaHeHUss MOMEHTa UMMyrbca

= MomeHT nMmnynbCa CUCTEMbI TeJ1 COXpaHAeTCA HEU3IMEeHHbIM npu NoobIX i
B3auMoencTBuax BHYTPU CUCTEMbI, eCiun pesyanMpy}ou.mVl MOMEHT
BHELWHUX CcUn, .qewcmyroumx Ha Hee paBeH HYIHO. f

HpI/IM 0 L Ia) const

= CneacrBusi U3 3aKOHa COoXpaHeHunsaA MOMeHTa nmMmnyrnbca \

= B CJly4ae USMEeHEHNA CKOPOCTHU BpaLLlEHUA OOHOW YacTU CUCTEMBI Apyras-i
l

N3MEHUT CKOPOCTb BpawleHnA, HO B NMPOTUBOIMOJTOXHYH CTOPOHY TakKUM .
o6pa30M, YTO MOMEHT nMnyribCa CUCTEMbl HE USMEHUTCA; g

= eClimn MOMEHT nHepunmn 3aMKHyTOl7I CUCTEMDbI B MNnpouecce BpaleHns
N3MEHSAETCH, TO NUBMEHSAETCSA N €€ yrnoBasd CKOpPOCTb TakKMM o6pa30M, YTO
MOMEHT nMMNyJyibCa CUCTEMbl OCTAHETCA TEM XKeE CaMbIM

= B CJly4yae, Korga cymma MOMeHTOB BHELLUHUNX CUJT OTHOCUTES1IbHO HeKOTOpOVI ocun
paBHAETCA HYIHO, MOMEHT NMNYJibCa CUCTEMblI OTHOCUTESTbHO 3TOM Xe ocun
OoCTaeTcd NOCTOAHHbIM.

= JKcnepumMeHTanbHas npoBepkKa. OnbITbl CO ckaMben XKYKOBCKOIO

u rpaHI/II.I,bI nMPUMEHUMOCTMN. 3aKkoH COXpaHeHUA MOMEeHTa UMIMYyJibCa
BbINOJMTHAETCA B MHEPLNAlIbHbIX CUCTEMAaX OTCYETAa.
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Ckamba >KyKOBCKOro

Ckambs XKykoBckoro
COCTOWUT CTaHWHbI C
OMOPHbIM LLIAPUKOBbLIM
NOALUMMHUKOM, B KOTOPOM
BpaLLaeTcs Kpyrnas
ropusoHTarnbHas
nnardopma.

CKaMblo C YEeNnOBEKOM
NpMBOOSAT BO BpallEeHue,
NpeanoXxus eMy pasBecTu
PYKM C raHTENsIMN B
CTOPOHBLI, a 3aTEM PEe3KO
npwxaTb UX K rpyau.



OnbITbl CO cKamben XKyKOBCKOro

OKCNepuMeHTaTop cnanT Ha
HenoABWXHOM CKaMbe, eMy
nogatoT BpallaroLleecs
KOneco, BEKTOP MOMEHTa
MMMyribca KOTOpPOro
HanpasneH BBepx. YenoBek
CO CKaMbeW HaunHaeT
BpalwjaTbCs B
NPOTUBOMNOSIOKHOM
HanpasfeHUK, NPy 3ToM
BEKTOP €ro MOMeHTa
MMMyribca HanpaereH Nno Ocu
BpaLLEeHUs1 BHU3.

OKCnepuMeHTaTop
NOBOpaYMBAET KOMECO Tak,
YTO BEKTOP MOMEHTA
MMNynbca HanpaeneH
ropusoHTanbHO. CKkambsa U
YernoBeK OCTaKTCS B MOKOE, T.
K. MPOEKUNa MOMEHTa
nMmnyrnbca Koneca Ha
BEPTUKamnbHYIO OCb paBHa
HYITHO.

OKCnepuMeHTaTop
noBopa4MBaeT OCb Koreca Ha
90° Tak, YTO BEKTOP MOMEHTa
MMMyribca HanpasfeH BHUS.
Ckambsi HQ4YMHAET BpaLlaTbCs
B MPOTUBOMNOSIOXKHYIO CTOPOHY,
Kak B onbiTe 1.



OcobeHHOCTU NPUMEHEHUS

3aKoH COoXpaHeHunsAs MOMEeHTa nMnyJibCa
BbIMNOJTHAETCA, €CJIN.

1. cymMMa MOMEHTOB BHELLUHUX CUIT paBHa Hymto
(cunbl NPY 3TOM MOTYT He
ypaBHOBeLUMBATLCS);

2. Teno ABWXEeTCS B LEeHTPallbHOM CUJTOBOM
nomne (FlpI/I OTCYTCTBUU OPYIrNX BHELLHNX CUJT,
OTHOCUTEJIbHO LEHTPa I'IOJ'IFI)

3aKoH COoXpaHeHunsAs MOMEeHTa nMnyJibCa
NMPUMEHAIOT.

1. korpa Xapaktep nameHeHmnda co BpeMeHeM CUJI
B3anMOOeNCTBUSA MeXxagy 4actdaMum CUCTEMDI
CJI10XEeH NI HeEN3BECTEH,

2. OTHOCUTENbHO OQHOWM M TOW e OCU ONSA Bcex
MOMEHTOB MUMIMyrbCa U CUn;

3. KaK K MOSIHOCTbIO, TaK N YaCTUYHO
N30JINPOBaAHHLIM CUCTEMAM.




[Tpmepbl NPOABNEHUSA 3aKoHa

—

© ® N o O &~ D

= 3ameyvaTenbHOM 0CODEHHOCTbLIO BpaLlaTenbHOro ABMXEHUSA ABMNSAETCS
CBOMCTBO BpallaloWMXCA Ten npu oTCyTCTBMU B3aUMOOENCTBUN C
APYrMMUy TeflaMmn COXPaHATb HEU3MEHHbLIMU He TONIbKO MOMEHT
MMNYyJNbCa, HO U HanpaBfieHNe OCU BpaLLEeHUA B NMPOCTPaAHCTBeE.

. CyTo4HOE BpalleHne 3eMnu.

' MpocKonbl

BepToner

LinpkoBble aTTpakLMOHbI

Banet

durypHoe kataHue

[MMHacTuKa (canbro)

[MpbKKK B BOAY

NrpoBble BuabI crnopra
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[Mpumep 1. CyToyHOE BpalleHne 3emMnu

HensmMeHHbIM OpUEHTNPOM
AnA nyTelwecTBeHHUKOB Ha BpawgHue 3eMJ'||/|,Bb|/4b|BaeT

MOBEPXHOCTU 3eMIU CIYXUT y HabrogaTensa uinosno |

2 |
MonsipHasi 3Be3na B BpaLlieHns HeBecHom cdepbl
BOKpYT I'Ionﬂvoﬁ 3Be3qbl.

co3Be3anmn bonbLuown
Mepgseguubl. [pumepHo Ha
9Ty 3Be3y HarnpasrieHa oCb
BpaLleHna 3emnu, u
KaXkyLLasics HernogBMXXHOCTb
MNonapHon 3Be3abl Ha
NPOTSAXKEHUN CTOSTETUN
HarNsiAHO JOKa3bIBaET, YTO Ha
NPOTSXXEHUU 3TOr0 BPEMEHN
HanpaBneHne ocn BpaLleHns
3emMnu B NpoCTpaHCTBE
OoCTaeTcsd HEN3MEHHbIM.

\
\




[Mpumep 2. N'mpockonbl

M'Mpockonom Ha3biBaeTcs Nnboe TaXenoe CUMMETPU4YHoe
Teno, BpallaroLieecs BOKpyr ocM CUMMeETpUn ¢ 6onbLion
YrNOBOW CKOPOCTLIO. KopNyC

OCb pOTOpa

BHYTPEHHARA

anMeprZ BeJiocuriegHoe KoJieco, Typ6I/IHa rMapoCTaHuunn, pama

nponennep.

CBounctBa cBo60aHOro rupockona: s

= COXPAaHSET NONoXXeHne ocu BpalleHNs B MPOCTPAHCTE
= YCTOWYMB K yOAPHbIM BO3AENCTBUSM;
= DOe3blHEPLIMOHEH;

= obnagaet Heobbl4YHOW peakumen Ha AeNCTBUE BHELLH
CUIbl: €CInn cuna CTPEMUTCA NOBEPHYTb MMPOCKOTT
OTHOCUTENBLHO OQHOM OCU, TO OH NOBOPAYMBAETCS BO}
OpYyron, en nepneHanKynsapHou — rnpeLeccupyer.

= AmeeT OOLLIMPHYIO OONACTb NPUMEHEHUN.
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O6nacTn NnpuMeHeHUs TMPOCKONOB

OTtpuu
nocneacTsus
FMPOCKONUYECKUX
3¢pPekTOB

3UraUMoHHbIE NPUBOopPBI (aBMAropu3oHT, rmMpokomMmnac,
3arenu Kypca, nosBopoTa n T. n.)

101nNmM3auma OBMKEHUST pakeT, caMONETOB (aBTOMNWUMOT),
JCKUX Cy0B (aBTOpyreBou), Topnes

STeMbl OpUEeHTaLUMM U cTabunmnsaLmm KOCMUYECKnX
|lapaToB

3LM3MOHHbIE TMPOCKONbI B CUCTEMaX HaBeaAEeHUS
aTern4yeckmx pakeT 0onbLUIOW AanbHOCTY

iBelKa Norie3HbIX UCcKonaemblX, NpeackasaHme
INIETPSACEHUN, CBEPXTOYHOE N3MEPEHME MOSTOXKEHNN
1€3HOAOPOXHbIX NYTEN N HePTENPOBOAOB, MeANLMHCKadA
HUKa 1 ap.

)IOCKOMUYECKNE NrpyLLKN (BOSYOK (tona), No-no, BEPTONETHI),
TeBble TpeHaxeépbl Powerball n gp.

PaspyLueHne MexaHM4eCKNX KOHCTPYKLUWIA, coaepaLumnx
MaccuBHble BpaLllatowmecs getanu (TypbuHel, koneca
aBTOMOOUNEN, Nnponensiepbl cCaMosieToB 1 Ap.)




[Tpumep 3. Beptoner

m MHorne ocobeHHoCTH
noBeaeHnst BepTonéTta B
BO3AyXe OMKTYHOTCS
FMPOCKOMNYECKUM
adhekTom. Tero,
packpy4YeHHoe No ocwu,
CTPEMUTCHA COXPaHUTb
HEN3MEHHbIM
HanpaBneHne 3ToK OCMW.

m [umpockonnyecknmm
cBovcTBamMu obnagarTt
Banbl TYpOUH,
BeriocunegHble koneca,
N Oa)ke aneMeHTapHble
YacTuubl, HAaNpumep,
SNEKTPOHbI B aTOMe.




[Mpumep 4. LinpkoBble aTTpaKkLUOHDI

Ecnn BHUMaTenbHO
HabntoaaTb 3a paboTon
XKOHIMepa, T0 MOXHO
3aMeTUTb, YTO,
noabpacbiBasi NnpeameThl,
OH NPUAAET UM BpaLLEHMe,
coobuasa onpeaénéHHbIM
obpa3oM HanpaBneHHbIN
MOMEHT UMnynbca.

TonbKo B 9TOM cny4vae
BynaBsbl, Tapenku, Wb 1
AOp. BO3BpaLLaloTCcs emy B
PYKN B TOM XX€E MOSTIOXKEHWUMU,
KOTOpO€E UM ObINo NpuaaHo.




[Mpumep 5. banert

CBOMCTBOM YrII0OBOM
CKOPOCTW BpaLleHusi Tena
N3MEHSATbLCA 3a CYET
OEVNCTBUA BHYTPEHHUX CUJST
NOSb3YHTCHA CNOPTCMEHDI U
apTucTbl 6banerta: korga noa
OEVUCTBMEM BHYTPEHHUX CUI
4YerioBEK N3MEHSET NOay,
ApWXnUMasi pyku K TyroBULLLY
NN pa3Boas UX B CTOPOHBI,
OH N3MEHAET MOMEHT
MMMynbca CBOEro Tena, npu
9TOM MOMEHT MMIysibca
COXpaHAaeTca Kak no
BerM4YmnHe, Tak 1 no
HanpaBneHMio, NO3TOMY
yrrnoBas CKOpPOCTb
BpaLLeHMa Takxke

MEHSAETCS.




[Tpnumep 6. durypHoe KataHune

durypuct, coBepLuaroLLunm
BpaLLieHne BOKpYr
BepTMKanbHOM OCU, B
Havane BpalleHund
npubnumxaeT pyku K
Kopnycy, TeEM CaMblM
YMEHbLUAA MOMEHT
NHEPUNUN N yBENN4nBas
YrIOBYK CKOPOCTb. B KOHUE
BpaLLleHMA npoucxoant
obpaTHbIN npouecc: npu
pa3BegeHnmn pyk
yBENMYNBaAETCA MOMEHT
NHEPUNU N YMEHbLUAETCH
yrroBasd CKOPOCTb, YTO
NO3BOSIAET JIErKo
OCTaHOBUTbL BpaLleHNE n
NPUCTYMUTb K BbINOSTHEHWUIO
OpYyroro anemeHTa.
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[Tpumep 7. FTMMHaAcCTKUKa

[(MMHAaCT, BbINOMHSAOLLUN
canbTo, B Ha4arnbHoOM dase
crmbaeT KoneHu u
NPWXUMaEeT X K rpyan,
YMEHbLLAasi TEM CaMbIM
MOMEHT UHEPLIUM U
yBenuuymMBas yrrnoByto
CKOPOCTb BpaLLeHMs BOKPYr
ropn3oHTarnbHom ocu. B
KOHLE NpbbKKa Terno
BbINPSAMNSETCS, MOMEHT
NHEpLUN BO3pacTaeT, a
yrroBasi CKOpOCTb
YMEHbLUaEeTCA.

?
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[Tpumep 8. Npbikkn B BOAOY

Ton4yok, UcnblTbiIBaeMbIV
NPbLI'YHOM B BOAY, B MOMEHT
OTpbIBa OT rMBKON OOCKM,
«3aKpy4nmBaeT» €ero,
coobLlasa HayanbHbIN 3anac
MOMEHTa UmMmnysbca
OTHOCUTENBLHO LEHTPAa Macc.

[Mepen Bxogom B BOAY,
COBEpPLUMB OOMH UMK
HEeCKONbKO 00OPOTOB C
BonbLLOn yrinoBon
CKOPOCTbIO, CMTOPTCMEH
BbITATMBAET PYKMU,
yBennineas Tem cambiM
CBOW MOMEHT MHEpLUN 1,
criegoBaTenbHO, CHMXKas
CBOIO YrTTIOBYHO CKOPOCTb.




[Tpobriema ycTon4mMBOCTU BpaLLEHUS

BpalwieHune yctondmneo
OTHOCUTENbHO rMaBHbIX
OCEWN NHepuun,
coBnagaroLmx ¢ OCAMm
CUMMETpUN Ten.

Ecnn B Ha4anbHbIN MOMEHT
yrrnoBasi CKOPOCTb HEMHOIO 5
OTKINOHAETCA No

HanpaBIIEHNIO OT OCH, %
KOTOPOW COOTBETCTBYET
NPOMEXYTOYHOE 3HaYeHNe
MOMEHTa UHepLuun, TO B
AanbHeunwem yron
OTKNOHEHUSI CTPEMUTENBHO
HapacTaerT, 1 BMECTO
NPOCTOro paBHOMEPHOIO
BpaLLlEeHNs1 BOKPYT
HEN3MEHHOro HarnpasBreHus
TEeno Ha4YnHaeT coBepLlaTb
becnopsigoyHOe Ha BUA
KyBblpKaHMe.




[Mpumep 9. UrpoBble BUAbLI cnopTa.

BpalleHune urpaet BaxHyto
ponb B UFPOBbLIX BUAaAX
crnopTa: TeHHUCe, buneapae,
Oencbone. YaUBUTErnbHbIN
yoap «Cyxowu fNCT» B
dyTbone xapakrepusyercs
ocobon TpaekTopmen nonéeTa
BpaLlarLlerocs ma4a ms-3a
BO3HUKHOBEHUSA NOABEMHON
cunbl B HaberarLlem rnoToke
Bo3ayxa (adpdekt MarHyca).




KWHETUYECKAA 3HEPIUS
BPALLAOLIErOCS TENA




KnHetnyeckasa aHeprusa BpallaroLlerocs tena

= KnHeTnyeckas aHeprus BpallaroLlerocs Tena paBHa CyMMe KUHETUYECKUX
SHEeprun oTaesnbHbIX ero YyacTteu:.
2 2 2
mL;,  m,L m, L
_ 11 22 n-n
E, = + +..+ 22
2 2 2
= [locKosibKy yrnoBble CKOPOCTM BCEX TOYEK BpaLLlatoLerocsa tena ognuHakossbl, To,
MCcnomnb3ysa CBA3b JIMHENHOW U YINOBOW CKOPOCTEN, NOMYYUM:
E, = + +o.+ =—(mpy +myr, +..+mr)).
2 2 2 2
= BenuuuHa, ctodwan B ckobkax, npeacrasnsaetr cobon MOMEHT MHepLUMK Tena
OTHOCWUTENBbHO OCU BpaLLeHUS:

. 2 2 2
I =mnr  +m,r, +...+mr; .

= dopmyna KMHETUYECKOW SHEPrMM BpaLllatoLLlerocs Tena:
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KnHeTu4yeckasa aHeprma B nrockonapansiernbHoM
OBWKEHNN

m [lpy NNOCKOM OBMXEHUN KUHETNYECKAS
9Heprmnsa TBEPAOro Tena pasHa CyMMe
KWHETUYECKOW SHEPIUM BPaALLEHUSA BOKPYT
OoCu, NpoxoasLen Yepes LUeHTp Macc, n
KWHETUYECKOW SHEPTUM MOCTYNnaTeNnbLHOro
OBWMXEHUS LlEHTpa Macc:

2
E, - lo L mu
2 2

m JTO Xe Teno MOXeT UMETb eLle U
NOTEHUMANbHY SHEPruto EP, €CI OHO
B3aMMOLEWNCTBYET C APYrMMn Tenamu.
Torga nosiHas aHeprus paBHa:

2

-
2 2 [oka3aTenbLCTBO
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[1loka3aTernbcTBO

= KnHeTnyeckasi aHeprmsi OTHOCUTENBbHO
Toukn O paBHa:

rae I — MOMEHT UHepLUun LUMnnuHapa
oTHocuTenbHo Toukn O. Mo Teopeme
WreiHepa I = I, + mR’,

cnegoBartesibHo,
Iw> m I.w> mv?
E =""—+—0’R*="+ ,
2 2 2 2

TaK KaK v, = wR.




Teopema KeHura

KuHeTn4yeckasn aHeprus
noboun cuctembl
MaTepuanbHbIX TOYEK paBHa
CyMMe KUHeTUYeCKOU
3Heprum Bcen macchbl
CUCTEMbI, MbICIIEHHO
cocpenoTO4YEeHHOMN B ee
LleHTpe Macc U ABMXYLLEUCH
BMECTe C HUM, U
KWHEeTUYECKON IHeprum Bcex
MaTepuanbHbIX TOYEK TOW
e CUCTEeMbI B UX
OTHOCUTENIbHOM ABUXEeHUMU
NO OTHOLUEHMUIO K
nocrtynartenbHO
ABUXYLLUEeNCA cucteme
KOOpAMHAT C Ha4yariom B
LLeHTpe Macc.
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3AKOH COXPAHEHWA
OHEPI A




3aKOH COXPaHEHUST SHEPTrUn

[MpeBpalyeHne ogHoro Buaa
MeXaHM4YeCKOW 3Heprum B gpyromn
Ha npumepe madaTtHMka Makceenna:

mv® I’

mgh = .
[1B>keHNE MasiTHIZKa

nepunoanyeckoe. NogobHbIM
0bpa3oM OABUXKETCS UrpyLLKA «MO-
No».

BcneactBme TpeHUss MadTHUK Yepes
HEeKOTOpoe BpeMsA OCTAaHOBUTCS:

E=E+0

Moumep 1. MaatHnk Makceenna




lcnonb3oBaHME KUHETUYECKOU 3HEPTUNM
BpaLleHuns

m TonkaHue sigpa, MeTaHue MosnoTa, AMCKa U APYrMX CNOPTUBHLIX CHApPSO0B
TpebyoT NpeaBapuTENbHOIO pasroHa Ans yBenuyeHns AanbHOCTU NnonéTa.

B YBenn4yeHne CKOpoCTU CHapsada rnpu OoTpbIBE OT PyK MeTaTtens (Bblnete),
OOCTUraeTcs 3a CHET AONOSTHUTENBHOMO BpaLleHnsa neped 6pockom.
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® oo L)
® BbpocoK nacco ®® MeTaHWe KOMbS o nNanTta ee METAHNE [UCKA % MONb
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VIHepLUWNOHHbIE HAKOMUTENN 3HEPTUA

= 3aBUCUMOCTb KNHETUYECKOW SHEPIrnn
BpaweHnAa orT MOMEeHTa NHepunn Ten
NCNOJIb3YKOT B NHEPLUMNOHHbIX aKKYMYJTIATOpPAax.

= Paborta, coBepluaemMas 3a CHET
KWHETUYECKON SHEPrM BPaLLEHUSs, paBHa:

Io®

2
lo,

= TMpuMepbI: roHYapHbLIE RPYrv, MACCHBHbBIE
Konéca BOASHbIX MeNnbHUL, MaxOBUKU B
ABUraTensix BHyTPEHHEro cropaHus.
MaxoBuKKN, MPUMEHSIEMbIE B NMPOKaTHbIX
CTaHax, UMelT AUaMeTp CBbille TPEX
MEeTPOB N Maccy 6onee copoka TOHH.
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Eule pa3 0 ckaTbiBaHUU

= [1o HAKNOHHOW MMOCKOCTN KaTATCA 0e3 Npockanb3blBaHUS KOMbLIO U AUCK, UMetoLLme
OOMHAKOBYIO Maccy U gmametp. [oyemy KosnbLo U OUCK OCTUratoT KoHUa
NSIOCKOCTU He ogHOBpeMeHHO? OTBeT 060oCHYyIMTE.




«B dun3nke 4acTo crnyyanoch, YTo CyLLECTBEHHbIN
ycrnex Obin AOCTUTHYT NpoBeaeHneEM
nocneaoBaTenbHOM aHanorum Mexay He

CBSA3aHHbLIMU MO BUAY SABIIEHUAMNY.
AnbbepT SNHLWITENH
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lcnonb3oBaHHble HGOPMaALIMOHHbIE
MaTepuarnbl

= YyebHuk ansa 10 knacca ¢ yrnyonéHHbIM n3ydeHnem omsnku nog peaakumen A.
A. lMunHckoro, O. ®. KabapanHa. M. : «[MpoceelueHne», 2005.

= QakynbraTuBHbIN Kypc unaukn. O. ®. KabapawuH, B. A. Opnos, A. B.
[MoHomapeBa. M. : «[1pocBeweHuer», 1977 r.

= Pemunzos A. H. Kypc dpusumkn: Yueb. ans sysos / A. H. Pemun3os, A. A.
[MoTtaneHko. M.: [lpoda, 2004.

= Tpodhumosa T. . Kypc pusmkn: Yueb. nocobue ana sy3os. M.: Beiclias wkona,
1990.

= http://ru.wikipedia.org/wiki/
= http://elementy.ru/trefil/21152

= http://www.physics.ru/courses/op25part1/content/chapter1/section/paragraph23/t
heory.htmi

= Physclips . MynstumeauinHoe seegeHne B OU3NKY.
http://www.animations.physics.unsw.edu.au/jw/rotation.htm u gp.

= B opopmneHnn B y4ebHbIX LENSX NCNOSb30BaHbl UNMIOCTPATMBHbIE MaTepuarnsbl
cetn IHTepHeT.
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