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Teker Jekuii
1. Kinematuka TBepaoro tijga. [loctynajabHuuii pyx.

He y Bcix 3aadax KiHEMaTHKH MOKHA 3HEXTYBATH pO3MipaMU Tija 1 TPUHHATH
oro 3a Touky. [lms TMX BUMAKIB, KOJIM BiJICTaHb MK YacCTHHKAMU Tila HE
3MIHIOETBCS, Qi€ 32 YMOBOIO 3aJlayl MPUXOJUTHCS BPAaXOBYBATH PyX HOro pi3HUX
YaCTHH, MA€ MICIIE PO3/iT KiHEMAaTHWKH, IO HAa3WUBAETHCS KIHEMATHKOIO TBEPIOTO
TiJA.

IcHye Teopema mpo Te, M0 MPOEKIIil MBUIKOCTEH MBOX TOYOK TiIA Ha TMPSAMY,
o0 3’€JHY€E Il TOYKH, 3aBXKAU PiBHI MDK coOoro. HaBenemo JioriyHui nokas Iiel
TEOPEMHU: MPOEKIIii MBHUIKOCTEH JBOX TOYOK A 1 B (puc. 1) abCconoTHO TBEPIOTO

T1JIa Ha NPAMY, 110 3 €JHYE 11 TOUYKH, PIBHI Mk CO0010, a IHAKIIE BIACTAHb AB MIX
HUMU 3MIHIOBAJIOCH OH, 110 Y TBEPAOMY Tili HEMOXKIUBO. OTxKE

Va cos(Va, AB)=Vecos(Ve, AB) .

3po3ymino,  mo I

V A TeopeMa  BIJHOCHUTBLCS HE

: TIIBKH 10 JBOX TOYOK A 1

A _~ | B Vpcosp B, a 10 BCIX TOYOK, SIKi
) V ACOSOL i CKJIQAIOTh MPSMY 1 MOXKe

OyTu copmysibOBaHa TakK:
POEKIIii Ha Oyab-SKY BICH,
OPOBEIEHY Yy TBEPIAOMY
TUTl, IIBUJIKOCTEH TOYOK
Puc. 1 11€1 OC1 PiBHI MiXk CO00I0.
HaiiGinpmr  mpoctum
PYXOM  TiJla  SIBJIETHCS
NOCTYNAJbHMI, NPU SKOMY BCSKa MPOBEAEHA Yy TUIl MpsMa HE 3MIHIOE CBOTO
nosiokeHHs. [1{00 BCTAHOBUTH YU € TaHUW PyX MOCTYMAJIbHUM, HE Ma€ HEOOX1THOCTI
MPOBOJUTH Yy T1JI1 037114 NpAMHUX 1 IEpEeBIPTH, UM HE 3MIHIOE Oy/b-sKa 3 HUX
HaIpPsMKY 3 4aCOM MiJ yac pyxy. PyX Tijia ijIkoM BU3HAYA€THCS PyXOM TPhOX HOTO
TOYOK, K1 HE JISKATh HA OJIHIN npsMmiid. OTxe, Tpeda MPOBECTU HE MEHIIIE JBOX
npsSMUX. 3pO3yMLJIO, IO Il PSIMi TOBUHHI OyTH TTapaJIeTbHUMH MiK COOO0I0.

3 BU3HAUYEHHS BUJAHO, L0 MOCTYNAJIbHO pPyXaTUCS MOXe TUIbkH Tino. OnaHa
TOUYKAa HE MOXE pyXaTHCs MocTynajibHO. PazoMm 3 TUM mocTymanbHUN pyX TBEpPAOTO
TiJ1a LLJTKOM XapaKTepU3yeThCS pyXoM Oyab-sKoi 3 oro Touok. loBenemo 1ie.

Hexait Tino (puc. 1) pyxaerbcsi MOCTYyMajabHO BITHOCHO CHCTEMH BIJJIIKY.
BiamiTiMO y TTI TpU TOYKH A, B 1 C , BUOpaBIIM iX IOBIJILHO, HE HA OJIHIN MpsAMIil.

Byayemo xiHemaTuuyHy MOAENb Tijia — TPUKYTHUK ABC . Uepes nmeskuil yac At Ti1o
MIEPEMICTUTHCS 1 3aiiMe HOBE MOJIOKEHHS A; B1C; . 3’ €IHABIITN BEKTOpaMH MTOYATKOBI 1
KIHIIEBI TTOJIOKEHHS TOUOK 3a 4ac At , BA3HAYMMO X TIEPEMIIICHHS:

Arp =AA1r; Arg =BB1; Arg =CC 1.
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[Ipun [IOCTYTIAJIbHOMY
- PyXOBi Tija CTOPOHHU
TPUKYTHUKAa HE  3MIHIOIOTh
HamnpsIMiB, a TOMY YTBOpEHA Ha
PUCYHKY MOBEPXHS €
TPUKYTHOIO PU3MOIO, 1
NepeMileHHsT TOY0K A,B 1 C
piBHI M1XK cobor0 K
MPOTUIICKH1 CTOPOHU
napayienorpamiB. Todku A B 1
C BuUOpaHl JOBUIBHO, a TOMY

JOBEICHHSI ~ COPaBEIMBE  JJIs
yCIX TOYOK TLIA:

Puc. 2

Arp =Arg = Arc=Ar.

Bekropu nepemiiieHHss yCiX TOYOK MPH MOCTYNaJIbHOMY pyCi TijIa PiBHI MIX
co0or0. 3BiJCHM BUTIKA€, IO TPAEKTOPil yCiX TOUOK ojHaKkoBi. Came TOMY
MOCTYMAJBHUN PYX 1HO/A1 PO3PI3HSIIOTH 32 TPAEKTOPISMHU, K1 OMUCYIOTh TOYKH TiJa.
Tak, HanpuKIaa, PO3PI3HAIOTH KPYTOBUI MOCTyNaIbHUM pyX (1aHKa AB IIApHIPHOTO
napayieiorpama, puc. 3, a), pyx OpsSMOJIHIMHUN 00epHEHO-TIOCTyNaIbHUN (TOBKaY
KYyJIAYKOBOT'O MeXaHi3my, puc. 3, 0).

3amaTy pyx TUIa — L€ 3HAYUTh JaTH TOJIOKEHHS HOTO TOYOK y KOXKHY MUTb.
Toukn moOCTynajibHO PyXOMOTO Tijla PYXarOThCS OJHAKOBO, 1 TMOCTYMalbHUN pPyX
yChOTO Tija IIJIKOM XapaKTEPU3YEThCS PYXOM OYJIb-IKO01 OJIHI€T 3 Horo Todok. OTxe,
PIBHSIHHSL pyXy Oy/Ab-sIKOi OJIHIEI TOYKH € Pa3oM 3 THUM PIBHSHHSAM MOCTYNAJIbHOTO
pyxy tina. Tak, aKmio BUOpaTH y TUIl JESKY TOYKY E , TO PIBHSHHS MOCTYIAIbHOTO
pyXy TiJIa y BEKTOpHii (HopMi Ma€e BUTIISAL

re= (1),
a 'y IPSIMOKYTHHUX KOOpAHWHATaX

Xe =Xe (1), Ye =Ye(); ze =ze(t).

Bu3HauuMo MIBUIKICTh TOUOK MOCTYMATBHO PYXOMOTI'O Tijla 3 PIBHSIHHS

drA _drB _drc _dr
dt dt dt dt

TepIia MmoxiJHa 3a 4acoM BiJ] pajiiyca-BEKTOpa BUPAXKaE MBHUAKICTh TOUKH. OTxKe

Va =Vg =Vc =V .



Puc. 3

VneBHUMOCS, IO MIBUAKICTE TO4OK A, B i C onmakosa. Ili Touku B34Ti
JTOBUIBHO, OTKE, MBUIAKICTH YCIX TOYOK Tija OyJe oJJHaKOBa.

OJ1HAaKOBICTh IIBUIAKOCTEH

VA HE CJI1JI PO3YMITH SIK iX CTaIICTh,

SIK 1X HE3MIHHICTH 3a YacOM.

SAxmo TLIIO pyXaeTbest

MOCTYIIAJILHO, TO Y JIaHy MUTh

MIBUJIKICTh  yCIX TOYOK Tija
OHAKOBa, 3 4aCOM MIBHAKICTH

A

[
!

o
o
<

(

Puc. 4 MO>K€ 3MIHIOBATHUCS. AJie SKIIIO

3MIHUTBCS IMIBHUAKICTH  OJHIET
TOYKH, TO Ha CTUTbKH K 3MIHUTHCS 1 IIBUJKICTh YCIX 1HIIMX TOYOK TiJIa, 1 BOHA BCe-
TaKu 30CTAHEThCSA OJHAKOBOIO JIJIsl YCIX TOYOK Tija. OJHAKOBICTh IMIBUAKOCTEH YCIX
TOYOK TiJla — HEOOXIJHWUM, aje HENOCTaTHIN MpU3HAK MOCTYMAJIBHOTO PYyXy Tija.
Moske Tak OyTH, 1110 B IKYCb MUTb IIBUJIKICTh YCIX TOUOK TiJIa Oyl OJTHAKOBOIO, ajie
y HACTYNMHY MHUTh MOPYIIUTHCS I PIBHICTh. Tak, HaNpUKIaJ, pyX IIaTyHa AB
KPUBOIITUITHO-TIOB3YHHOTO MEXaHI3MY HE SIBJIIETHCS MOCTYMATBHUM, aJi€ TIPH JESIKUX
MOJIOKEHHSX MeXaHi3My (puc. 4) MBUIAKICTh YCIX TOYOK IIaTyHa Oy/1e OJTHAKOBOIO: Va
= Ve = Vk, JI€ Vk - MIBUAKICTh OY/Ib-IKO1 TOUKH IIaTyHa.

[Tpu nmocTynagbHOMY pYyCi Tij1a IBUIKICTh HOTO TOUOK Y KOKHY MUTh HE TUIbKU
OJIHAKOBA, ajie 1 OJHAKOBO 3MiHIOEThCA. [IpoaudepeHirroeMo 3a 4acoMm MOMEpeHE
PIBHSIHHSI:
==.aagaca

[Ipn nocrynanbHOMY pycCl Tijda BEKTOpP MNPUCKOPEHHS TOYKH A JOPIBHIOE
BEKTOPY MPUCKOPEHHS JEAKOI 1HIIOT TOYKHU Tija.

TakuM 4YMHOM, MPU MOCTYMAIBHOMY PYCi TUIa HOrO TOYKUA OMUCYIOTh OJJHAKOBI
TPAEKTOPii, Y KOXHY MHUTh MalOTh OJWHAKOBI BEKTOPU IIBHIAKOCTEH 1 OJHAKOBI
BEKTOPH MPUCKOPEHB. 3BIJICH BUTIKAE, 0 Y OyAb-AKY JIaHYy MHUTh PiBHI MIX COOOO
MOJyJI IIBHJIKOCTEH YCIX TOYOK, MOAYJIl MPHUCKOPEHb, BIAMOBIAHI HAampaBisAiodi
KOCHHYCH, a TAKO’X HOPMaJIbHI 1 TAaHT€HIIaIbHI MPUCKOPEHHS yCiX TOUoK. BHacIigoK



MTOBHOI TOTOXKHOCTI PYXy YCIX TOUYOK OUJIBIIICTh 3aJ1auy KIHEMATHKHU MOCTYIAJIbHOTO
PYXY PO3B’SI3yIOTHCS METOAAMHU KIHEMAaTHKU TOUYKH.

2. O0epTaHHs TBEPAOIO TijIa HABKOJIO HEPYXOMOI OCi.

Sk Oyno BXKe TMOKa3aHO, JJi1 BHU3HAUEHHS pPyXy TBEPAOTO Tila JOCTAaTHBHO
BU3HAUUTH PyX TPHOX HOTO TOYOK, AKI HE JIEKaTh HA OJHIA mpsamiil. Xail mix dac
pyXy Tija Oyab-sKi ABI MOr0 TOYKH, Hampukiaa O 1 O: 3aJUIIa0ThCI HEPYXOMHUMHU.
Tonil pyx Tina MOXXHAa BU3HAUUTU PyXOM OyAb-sIKOI TPEThOI TOUKH, sSIKa HAJEKUTb
Ty 1 HE JISKHUTh Ha OJIHIM IpsAMii 3 Toukamu O 1 O: . BuGepeMo 1110 TOUKy JTIOBUIBHO
1, 3’€IHABIIN YCl TPU TOYKH MPSAMOJIIHINHUMHU BiApi3KaMH, OJIEPKUMO TPUKYTHHK.
Taxk ik Touku O 1 O1 HEPYXOMi, TO HEPYXOMa 1 cTopoHa OO: IIbOr0 TPUKYTHHUKA, 1
pyX TpPUKYTHHKA, a TaKOX 1 BChOIO TiJa BU3HAYUTH IOBOPOTOM IUIOIIMHU
TPUKYTHUKA HaBKOJIO HOro ctopoHu OO: . TpeTs Touka BuOpaHa 10BIIILHO, 3HAUUTh,
00epTaeThCa HABKOJIO MPsAMOI  O0: Oy/ib-siKa TUIOIIHMHA, sIKa Oy/ie MPOBECHA Y Tifi

yepe3 Lo npsMy. Takuil pyX Tula Ha3MBalOTh 00€pTalbHUM pyXoM, a00, KOPOTKO,
o0epTaHHsIM, a Hepyxomy mpsimy OO; , HAaBKOJIO SIKOI OOEpTaeThbca TLIO, - BICCIO
obepTaHHS.

Sxmo pyx Tila BU3HAYUTH PYyXOM HOro TOYOK, TO OOEpTaHHA HABKOJIO OCi
MO’KHA BU3HAYUTH K pyX TBEPJAOTO TiJIa, IPU KOMY yCl1 TOUKH TijIa OMKUCYIOTh KOJa
3 LIGHTPaMU Ha OJIHIN 1 TIH K€ HEPYXOMIi IpsiMil, 0 NePIEeHIUKYISIpHA MJIOMHAM
IMX KUI, a BIChb OOEpTaHHd MOKHAa BHU3HAYUTU SIK HEPYXOMYy NpsIMy, Ha SKIi
pO3TaIloBaHi LEHTPHU KiJI, ONMCAHUX TOYKaMU 00€pTarovoro Tijia.

IToGyayemo cuctemy koopauaar *°Y? | cripsimoByroun Bick 02 110 oci oGepTanHs
Tina (puc. 5). lla cuctema Hepyxoma 1 He 3B’s3aHa 3 00epTOBUM TijioM. byaemo
HA3MBATU TakKi CI/ICTCI\)/(I% I;/(,)Z(),p)II/IHaT OCHOBHUMH. l'&(jy;lyeMo Tenep 6%/ry, pyxomy,
CUCTEMY KOOpDAUHAT , CIIPSIMOBYIOYH BICb ~ TaKOX IO OCI 1 00epTaHHS
Tina, a Bick O0X' - Ha Oymp-sky Touky K, Tima. Ils cuctema KoopAaMHAT HE3MIHHO

3B’513aHa 3 TLIOM i 06€pPTAETHCS Pa3oM 3 HHM BiHOCHO OCHOBHOI cuctemu X0 Y2 |

A Kyr, Ha AKUN
MOBEPTAETHCS  IJIONIMHA, IO
01 /rm’ﬂ/! MPOXOMUTh  Yepes BIiCh

| o0OepTaHHA 1 sH(yTHe6ym> TOYKY
/ | 00epTaruoro Tijia Ha3UBaKOTh

|

|

|

|

|

|

KyTOM MTOBOPOTY 1 IO3HAYAIOTh
OykBo0 ¢ . Tak, sKkmo y
MOYAaTKOBY MHUTh oOcCI OXx' 1 OX
J/Tp CIIBIIaJajH, TO KyTOM
y MOBOPOTY OyJe JBOTpaHHUI

/ KYT MDK HEPYXOMOIO
IUIOMKUHOK X0z 1 PYyXOMOIO

/ V TUIOLUHOO XOL ' . ,
/ Ky BUMIPIOBAHU U JHINHAM

Y

Puc. 5



KyToMm XOx' . KyT ¢ MO’KHa pO3TJIsgaTH sSK KyTOBY KOOPJAMHATY Tijla, TOMY 1110 BiH
BU3HAYA€ IIOJIOKEHHA BCBOIO Tia, IO 00epTacThesa. BuMIproeTbca KyT ¢ y
pamiaHax.

KyT ¢ BBaskaeTbcs ToAaTHUM, SIKITIO BiH BiJpaxoBaHWUN MPOTH TOJMHHUKOBOI
CTPIJIKH, SIKIIO JTUBUTHUCS 3 JIOJATHOTO Hampsmy oci 0z . IIpu BigpaxyBaHHI B IHIIY
CTOPOHY KYT BB)KA€THCS BiJl’EMHHUM.

[[lo6 Bu3HAuMTH O0OepTaHHsA Tida Tpeba 3HATU KYT IIOBOPOTY SK JEAKY
HETMepPEPBHY OJHO3HAYHY (DYHKIIIIO Yacy:

p= ) .

PiBHSIHHS € PIBHSIHHAM 00€PTOBOIO PYXy TBEPJOTO Tijla HABKOJIO HEPYXOMOIi
ocl.

VYceska mnommHa O0; K , mpoBeieHa 4epe3 BiCh OOepTaHHS 1 Oylb-SIKy TOYKY
T1J1a, IOBEPTAETHCA 3a IaHUW Yac Ha TaKUM KyT, Ha SIKAW 3a LIeH JKe Yac MOBEpHYJIacs
[WIOIIKHA ., . Ile BUTIKa€ 3 yMOBH HE3MIHHOCTI TBEPIOTO Tija.

KyT noBopoty xapaktepusye oOepTaHHs TiJIa TIJIBKA 3 T€OMETPUYHOI CTOPOHHU.
[[lo6 oxapakTepu3yBaTu OOEpTaHHS TijJa HE TUIBKA y MPOCTOpi, a ¥ 3a Yacom
B13bMEMO BIJTHOIIIEHHS 3MIHU Ag KyTa JI0 4acy At , 3a sIKUM 1151 3MiHa BiJI0yBajacs:

0o =001 AL,

BigHoiieHHs! Ha3UBA€ETHCS CEPEAHBOIO0 KYTOBOIO MIBUKICTIO TLJIA.

['panuriero BiHOIIEHHS NMpU At — 0 , € mepia MoxijgHa BiJ KyTa MOBOPOTY 3a
yacoM. BoHa xapakTepusye 3MiHy KyTa [TOBOPOTY B JIaHy MUTb, TOOTO XapaKTepHU3ye
o0epTaHHs TUIA HE TUIBKHU MO BIJHOIIEHHIO O OTOYYIOYOro MPOCTOPY, @ 1 32 YaCOM.
[{s anreOpaiuna BemWYMHA MPUNAHATA Yepe3 4YACOBY IMPOCTOPOBY MIpy OOEpTaHHS
TBEPJIOTO T1JIa HABKOJIO OCI 1 i1 HA3UBaIOTh KyTOBOIO MIBUKICTIO Tijla:

o=de/dt .
3Hak nmoxiHoi1 (3.9) BKasye, B IKy CTOPOHY IMOBEPTAETHCS T1JI0 HABKOJIO OCi 0z .
SIKII0 MOX1/JHA JTOJaTHA, TO CIOCTepirad 3 JI0JJaTHOro OOKy ocl (7 Oyae OayuTH Tijo,
sKe 00epTaeTbcs NPOTU TOAMHHUKOBOI CTpUIKU. [Ipu Bix’eMHIN MOX1AHINA 00epTaHHS
TiJ1a BIIOYBAETHCS Y TPOTUIICKHOMY HAIPSIMI.

Po3MipHICTh KyTOBOI HIBHUIKOCTI JOPIBHIOE BIAHOILIEHHIO PO3MIPHOCTI KyTa
MOBOPOTY J0 PO3MIPHOCTI 4Hacy. AJie KyT MOBOPOTY € aOCTPaKTHOIO BEJIMYUHOIO,
PO3MIPHICTD IKOi — OJIMHHULIS a00 pajiiaH, a yac HalyacTille BChOTO BUMIPSETHCS Y
cekyHaax. OTxe po3MIpHICTIO KyTOBOI IIBUAKOCTI Tijia Oyjie C -1, abo pan/c.

PiBHOMIpHE oOOepTaHHS 1HOJMI XapaKTEPU3YIOTh 9uciaoM N 00epTiB,
31ACHIOBAaHMX TLIOM 32 OJUHUINIO Yacy (K MpaBUJIO 32 XBWIMHY). L{t0 Bemuunny n
HA3MBAIOTh YACTOTOIO OOEPTAHHS.

k1o 110 poOUTH N 00/XB., TO BOHO MOBEPTAETHCSA 32 KOKHY XBWJIMHY Ha 27mM
paziaH, a 3a cCeKyHy — B 60 pa3iB MeHIlE, OTXKe

o = 2rn / 60 = 7 / 30, paji/cex.

3a OJIMH 1 TOM e Yac yCl YaCTUHU TBEPAOTO TiJIa MOBEPTAIOTHCSI HABKOJIO OC1 Ha
OJIUH 1 TOH ke KyT. 3HaYuTh, KyTOBa IIBUJIKICTh € 3araJIbHOI0 MIPOI0 0O0epTaHHS AJis
BCHOTO TijIa, 1 KOXKHY MHUTh TBEpPJIE T1JI0, 1[0 KPYTUTHCS HABKOJIO HEPYXOMOIi OCi, Ma€e
TIJIBKU OJTHY KYTOBY LIIBUKICTb.



IIpu oGepTaHHI Tija HABKOJIO HEPYXOMOi OC1 HOTO KyTOBY IIBUJIKICTh 3pyUHIIIIE
po3MIAiaTi AK anreOpaiuHy BeTWYMHY, YMOBHO BBa)KalOUM 11 JOJATHOIO TIPH
o0epTaHHI Tij1a IPOTU PyXY CTPIJIOK TOJJUHHHUKA.

3MiHa KyTOBOi MIBUAKOCTI BiAOyBaeThbcsa 13 3MIHOIO 4Yacy 1, B3aranii, OyBae
PI3HOIO Y Pi3HI MOMEHTH 4Yacy. [IpocTopoBO-4acoBy Mipy, IO XapaKTEPU3YE 3MiHY
KyTOBOI IIBUJIKOCTI Y JaHY MUTb, HA3UBAIOTh KYTOBUM MPUCKOPEHHSM T1JIa.

Xaif anre6paiyHa BeTMYMHA KyTOBOI IIBUAKOCTI 3MIHUJIACS HA Aw 32 TIPOMIKOK
qacy At.['paHuris BigHOWmIEHHS Ao /At Tpu At—0 BHUpaKaE KyTOBE MPUCKOPCHHS
TiJIa 1 TO3HAYAETHCS TPEILKOI0 OYKBOIO & (ETICITIOH):

e=dw/dt,
abo OepyuH J10 yBaru
e=d’pldt? ,
HailiyacTime yac BI/IMipIoeTbcsl y CEeKyHJaxX, TOJl PO3MIPHICTb KyTOBOI'O
MPUCKOPEHHs OyJe C - , a00 pa):[/c :
Sx110 3 9acoM KyTOBa MIBUAKICTH TiJIa 301IBITYETHCS, TO MOX1THA do / dt Ma€

TOH K€ 3HAK, 10 1 ®, - 00epTaHHs Tilla NPUCKOPEHE. KO K KyTOBa IIBHIKICTD 3
9acoOM 3MEHIIY€EThCS, TO TIOXITHA (¢ / dt 1 KyTOBa MIBHAKICTH MAIOTh Pi3HI 3HAKH, -
obOepTtanHs Tima crioBiIbHEeHe. KojkHEe Take 00epTaHHs, 1 MPUCKOPEHE 1 CIIOBUILHEHE,
HA3UBAETHCS TIEPEMIHHUM 00EpPTaHHSIM.

VY 3amavax KiHEMaTHKWA 4YacTO 3yCTpIidaeThCs PiBHO3MiIHHE oOepTaHHS, TOOTO
Take 00epTaHHs TBEPOTO TiJIa HABKOJIO OC1, KOJIM KyTOBE MPUCKOPEHHS 3aJIMIIAETHCS
CTaJIUM.

e=do/dt = const,

[TomHOXMMO Ha dt i MPOIHTETPYEMO 11€ PIBHIHHS
o=ct+C
1

{00 BusHAunTH C, - CTajy IHTETpyBaHHs, HEOOXIHO MiJCTaBUTH Yy IIE
PIBHSIHHS 3aMICTh o 1 t IKi-HEOyAb IX MOOJAUHOKI BIANOBIAHI 3HaYeHHs. Hanpuknan,
SKIIO MPU At=0 KyTOBa MIBHJKICTH OyJia wo , TO, MIJACTaBIISIOYU Il MOOJUHOKI
3HAYEHHS apryMEHTY t 1 PYHKINT ®», BU3HAYa€MO cTaly Ci =

[IpeacraBuMo ® sIK de /dt, PO3AUIMMO TIEPEMiHHI, TPOIHTETPYEMO 1 BUBHAUUMO
MOCTIMHY 1HTETPYBaHHS 3 TOYATKOBUX JAaHUX, OJIEPKUMO (POPMYITY KyTa MOBOPOTY
MIpU piBHOMIPHOMY OO€pTaHHI TiJa.

OT1xe, piIBHO3MIHHE 00EpPTaHHS Tijla OMUCYETHCS TPhOMA CITIBBITHOIICHHSIMHU

g=const; w=o ,+&t; @=@o +03t+8t2 /2.

[Ipu piBHOMiIpHOMY OOEpTaHHI KyTOBa IMIBHAKICTH CTaja i, MIJCTaBISIOUN Y
g =0, onepkuMo (PopMyIH, MPUIATHI TITLKH JIJIS1 PIBHOMIPHOTO 00€pTaHHS:

e=0; o=const; ¢=¢ . +03t

3. TpaekTopii, LIBUAKOCTI i IPUCKOPEHHA TOYOK Tijia NPH HOro o0epTaHHi.

SIKIIO TijIo 00EPTAETHCS, TO IOTO TOYKH OMHUCYIOTH KOJIa, IEHTPH SIKMX JICKATh
Ha oci 00epTaHHS Tijla. YMOBHO MEPETHEMO T1JIO, SIKE 00EPTAETHCS SIKOIO-HEOYAb
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IUIOIIMHOIO, TEPIECHIUKYISAPHOI A0 Oci oOepTaHHA. Y WiHd TIUIOHMHI OyAyTh
3HAXOJIUTUCS KOJIOBI TPAEKTOPIi yCIX pO3TAIIOBAaHWUK y HIM TOYOK Tija 1 yCl TOUKH
TiJIa, [0 JIeXkKaTh Y IiH TJIOIIMHI, 30CTaHYThCS y HIM 3a yBech 4ac oOepTaHHS Tija.
TpaekTopii pyrux TOYOK TiJia pO3TAIIOBaHI y MapaledbHUX TUIONIMHAX.

[ToOynyeMo aBI CHCTEMH KOOPJMHAT: OCHOBHY (HEpyXoMy) x0yz 1 pyXxomy

x10y1z1 (puc. 6). Xaitoci0z i 0z CITIBIIAJAIOTh 1 HAMPaBJICHI IO 0C1 0OepTaHHS.
KoopauHatyl xi, yi1,z: JOBUIBHOI TOYKM K TiJIa TIpU Horo oOepTaHHI BIJHOCHO

PYXOMOi CUCTEMH HE 3MIHIOIOTHCS TIPU PYXOBI Tijla, TaK sSIK OCi pyXOMOi CUCTEMHU
HE3MIHHO 3B’513aH1 3 TJIOM 1 00epTaloThCs pa3oM 3 HUM. KoopauHaTu X, ¥,z TIET K

TOYKH B1JIHOCHO OCHOBHOI CHCTEMU 3B’fA3aH1 3 KOOPAUHATAMHU  Xi,Y1,2; (hopMmynamu,
K1 ynepuie nas Eiinep:
X=XCosp =y sin g,y =Xsin p+Yy COSp; 2=12

1 3p03yMUIMMH 3 pUC. 6, Ha IKOMY
y mokKazaHi Toyka K 1  oOujaBi
y1 KOOPAWHATHI1 cucremu.  Bich
X K aruliKaT Ha PUCYHKY HE MTOKa3aHa,
(0] TOMY 1110 BOHA MEPIEHIUKYIISIpHA
1 X1 v1 X1 IUTOIIMHI KPECICHHS.
y AHaJOT14HO MOKHA
BU3HAYUTH PYXOMi  KOOpIWHATH
110 HEPYXOMUM 1 KYTy ¢

Puc. 6
X =XCOS@+Yy Sing;y =y COSp—XSing,z =z
1 1 1

1

Jnst oxep’aHHA NPOEKII IMBHUIKOCTI Ha HEPYXOMI OCI KOOpPJIWHAT

npoau(dEepeHIIIoEMO 32 4acOM PIBHSHHS, PO3IJIAIAI0un @ K (YHKIIIO Yacy.
Onepxumo
v dx ) de
C gt (X2 Sin @ + y1 COS Q) e
V =% =(x cosg -y sing)de
y o dt 1 1 dt
dt

AJe Bupa3, KWl MaeMO y Ty’)KKaxX B MEPIIOMY PIBHSHHI, € y , a y APYrOMy X , a
TOMY
VX == Yo, Vy = XM, VZ =0
[TigBosuM 11 PIBHAHHSA 70 KBaApaTy 1 CKJIaIalouu iX, 3HalIeMO
2. 2,2 2 2.2
VX +Vy +VZ = (X +Yy )(,0
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VY B YacTHHI IILOTO PIBHSHHS — KBaJpaT MOBHOI IIBHUIKOCTI TOYKH, a Y
Jy>KKax MpaBoi YaCTUHU — KBaAPaT BIACTaHI TOUKH Bij oci. TakuM yuHOM, oJiep>kaHa
0JIHA 3 HaWBAXIMBIMIKX (HOPMYJT KIHEMATUKH

V=or

- IMBHJKICTh TOYKH TiJIa, IO 00EPTAETHCS HABKOJIO HEPYXOMOI OC1, TOPIBHIOE
n00yTKY KyTOBO1 IIBUIKOCTI Tijia HAa BIACTaHb i BiJ OCI.

SKI110 3a1aHUM € YKUCIIO N 00EPTIB 3a XBUJIMHY, TO, M1JCTABJISIIOYN 3aMICTh
BHpAa3, 3HAXOUMO

V=mn/30

[IBuAKICTH TOYOK HA TOBEPXHI IUJIiHApa (IKiBa, OapabaHa, Bayia 1 T.11.), IKUI
00epTaeThCsl HABKOJIO CBOET OC1, HA3UBAIOTh KOJIOBOIO MIBUAKICTIO Tina. Konosa
MIBUKICTh JOPIBHIOE JOOYTKY O Ha PAlyC R TIMA: Vygr0s = ®R .

Skmo y BHpaszax 3aMiCTh MIBHAKOCTI \/ MIACTaBUMO BHpPa3, TO OACPKHUMO
JOTUYHE 1 HOpMajbHE MPUCKOPEHHS TOYKH TIIa, IO OO0EpTaeThcsd HABKOJIO
HEPYXOMOi OCl.

JIOTMYHE IPUCKOPEHHS

dv  do
a =" =" abo ar = er

JloThuHe PUCKOPEHHSI TOUYKH Tija, sike 00€pTAETHCS HABKOJIO HEPYXOMOT OCl,
JIOPIBHIOE IOOYTKOB1 KyTOBOTO MTPUCKOPEHHSI T1JIa HAa BIJICTAHb I1i€1 TOUKH J0 OCI.

Kosxna Touka Tina, 1mo o0epTaeTbcsi HaBKOJIO OCi, OIMHUCYE KOJIO, @ TOMY pajiyc
KPUBU3HU p TPAEKTOPIT TOUKH JIOPIBHIOE BIJICTAHI I I[i€] TOYKHU BiJl OCl OOepTaHHS
Tina. MaeMo

a,=V2/p=(or)?/r, a6o a, _>r

HopmanbHe npucKOpeHHS Touka Tila, 10 OOepTaEThCsl HABKOJIO JESKOi OCi,
3BUYAHO HA3MBAaIOTh JIOLEHTPOBUM MPUCKOPEHHSIM. BOHO [OpiBHIOE 100YTKY
KBaJpaTa KyTOBOI IIBUAKOCTI Ha BIICTaHb TOYKHU BiJl OCi 0OepTaHHS Tijia.

IloBHE IPUCKOPEHHS:

a= et =,,< (er) 2+ (0r)?,a60 a=rVe 4+ o'
[HOM1 OyBae HEOOX1MHUM BU3HAYUTHU MPOESKIIIT TPUCKOPEHHS TiJIa, 1110
obepraerbces. [Iponudepenirroemo piBHsiHHA (3.17) 32 yacoM:
a, =_y8_X£ B 2, a,=0
Otxe,
By =7YE, Ay =X& Ap  =-xo , Apy =—yo'

4. Ilinockuii pyx TBEpAOro Tija.

BuBuuBIIM KiHEMATHKy TBEpAOTO TiJla, AKE 3A1MCHIOE HANMPOCTIIIHN pyX
(moctynanbHUl 1 00EPTOBUI HABKOJIO HEPYXOMOi OCl), MepeiaeMO 0 BHBUYEHHS
IUIOCKOTO PYyXY, SIKUW 4acTO PO3IJISAAETHCS SIK KOMOIHALA ABOX LIMX HAWIIPOCTILIMX
PYXiB Tija.
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[Ipu nuockoMy pyXxoBI Tija KO’KHA HOro YaCTMHKA OMUCYE IIOCKY TPAEKTOPIIO.
Tpaektopii BCIX TOYOK TUIa JIeKaTh B NapajebHUX IUIOMIMHAX. KoxHYy 3 mux
IUTOIIMH MO>KHA Ha3BaTH IUIOUIMHOIO PYXY TLjia.

OObepTaHHs TBEPAOTO TiIa HABKOJIO HEPYXOMOI OCl1 € TMOOJAMHOKUM BHUMAJIKOM
IUIOCKOTO PYyXY, TaK K BCl TOYKHU TiJa, 110 00EPTAETHCS, PyXalOThCsl B IUIOIIMHAX,
NEPIEHIUKYJIAPHUX 1O OCl O0OepTaHHs, a OTXKeE, B IUIOLIMHAX, MapajelIbHUX MIXK
co0o10.

HaBenemo iHImuMN NpUKiIaa mIoCKOro pyxy. YsBiMO co0i, 110 Ha CTOJI JICKUTh
3akpuTa KHWKKa. He po3kpuBaroun, Oyaemo ii nepemiiryBaTu HOBEPXHEIO CTOIY, ajle
Tak, 00 KOHTaKT KHI)KKH 31 CTOJIOM Hi B OJHIN Todli He OyB OW MOpYLICHU, B
pemTi pyX KHWXKKMA AOBUIbHMHI. Ilpy 1ili ymMOBI YAaCTMHKM KHH)KKH OIHUIIYTh
TpAaeKTOpii, sKi OyAyTh JIeKaTH B MapajelibHUX A0 CTOJY IUIOUIMHAX 1 KOXKHA
CTOpIHKA OyJie pyXaTucs y Tii IUIOLIMHI, B SIKI BOHA 3HAXOMJIACs 10 IOYATKY PYyXYy.

[Tnockuil pyx 4acTo 3yCTpiuaeThbCsl B TEXHIII. BUIBIIICTh CydyacHUX MEXaHi3MiB
MalTh JIAHIIOTH, $SKI 3AIACHIOIOTHh TUIBKM IUIOCKMH pyX. Takli MexaHI3MH
HA3MBAIOTHCS INTIOCKUMH.

SIK110 TiN10, sIKE 3HAXOUTHCS Y CTaH1 IJIOCKOTO PYXY, HEPETHYTH IJIOLIUHOIO,
B SIKI{ JIEKUTh TPAEKTOPIS OyAb-sIKOI 3 TOUOK, TO YTBOPEHA IIUM MEPETUHOM ILIOCKA
birypa Oyne pyxatucs TUIBKM y IIH IJomuHI. Pyx TOuUok Tija, Jexauux Ha
NEPHEHANKYJIAP1 1O MJIOMKUHA PIrypu B OyJb-sKii HOro ToYIl, IIIJIKOM OJMHAKOBI 1
pPIBHI pPYyXOBI OCHOBHU IIbOTO TMEPIEHIUKYJISIpa, a TOMY pyX Tila MOXe OyTH
0XapakTepU30BaHUIM pyxoM (irypu B ii ruiomuHi. i1 AOCTIIKEHHS TIIOCKOTO PyXy
TiIa JOCTaTHHO MOCHIAMTH PYX IIOCKOI (irypu, OJepkKaHOi MpuU TEpEeTHHI Tijia
ONIHIEI0 3 [UX TIUIOMHKH. Tak, B HaBEACHOMY MPHUKIAAl PyX KHWXKKH IUIKOM
BU3HAYAETHCS PYyXOM Oynb-sKO1 3 11 CTOPIHOK y TUIOIIWHI, MapajeibHIN IUIOIIHUHI
CTOJIa.

L{s o6cTaBuHA AO3BOJIAE 3aMIHUTH BUBUEHHS IJIOCKOTO PYXY Tijla BUBYEHHSAM
pyXy IIOCKOi (pirypH B ii MIONIUHI.

Ha puc. 7, a npencraBieHa cucteMa JAeKapTOBUX KOOPJAUHAT x0 y , IKY OyJIeMo
BBAKATH HEPYXOMOIO 1 Ha3BEMO Ii OCHOBHOIO cHCTeMOIO BimiiKy. Hexail nesika
dirypa, po3ramioBaHa y IJIOMKHI X0 y , pyXaeTbes B Hill. Hanecemo Ha 1k ¢irypi
IHIIYy CHUCTeMY KOOpAMHAT X1 Ey: 3 mo4yaTkoMm y AOBUIBHIN Touli E . L{to cucremy
Ha3BEMO pPYXOMOIO, TOMYy IO BOHA pPYyXae€Tbcs pa3oM 3 (Piryporo, a MoYaTok
KOOPJIMHAT - TOYKY E Ha3BeMo noitocoM. 1100 BU3HAYMTH NOJ0KEeHHS PIrypH Ha
BIJTHOCHO OCHOBHUX X0 y , TOOTO 3HaTU KOOPJAUHATH Xg , Y TOJIOCA E 1 KYT, HA SIKUM
noBepHynacs (irypa, HanmpuKiam, KyT ¢ MDK JOJaTHUMHU HalpsMKaMH ocel  0x 1

Ex; . [To mipi pyXy ¢irypu nonoxeHHs: pyXoMOi CUCTEMU KOOPJIUHAT X; Ey; BIIHOCHO
HEPYXOMOI CUCTEMH X0 y MIHSIETHCS, 1 00 BU3HAYUTH pyX PIrypH, HEOOX1IHO 3HATU

111 BEJIMYUHU (KOOPJIMHATH TOJIIOCA Xe , Ye 1 KYT IOBOPOTY ¢ ) SIK JICSIKI HEMEPEPBHI
OJIHO3HAYHI (PyHKIIT yacy

Xe =xe(1); Ye =Ye (), o=t



13

X1
YK-Y
y1 rn
(04
7 /
/ P—

v YE | ¥Yx

ol J

X XE XK
Puc. 7

[{i piBHSHHA € PIBHAHHAMHU pyXy IUIOCKOi ¢irypu B ii IUIOIIMHI, BOHU
BU3HAYAIOTh TUIOCKUN PyX Tija.

JlificHO, BU3HAUYUTH PyX MEXAHIYHOI CHCTeMH (y HAIIOMY BHUIIAJKY ILIOCKOI
¢Girypu) — o3Hayae AaTH MOJIO)KEHHS KOXKHOI 1i TOYKM B 3aJaHMM MOMEHT dacy.
Hanucani Tpu piBHSHHS J03BOJISIIOTH BU3HAUMTU MICLIE 3HAXOPKEHHS Oyab-sIKOI

TOYKHU QITypHU B JaHy MUTh. BU3HaUMMo, HapuUKIIa, A€ Ha IJIOMIKHI X0 y

3HAaXOIUThCS TOuka K (puc. 7/, a), KOOpAMHATH SKOI B pyXOMIH cucremi
Mo3HAYaloThes uepe3 x, 1 yi . PyxoMmi oci koopauHat XFy1 1 TOuKka K HE3MIHHO
3B’s13aH1 3 (PICYPOIO, TOMY KOOPAMHATH X; i y1 TOUKM K Y PYXOMIiil ccTeMi MOCTiiHi.
JI1st BU3HAYEHHS KOOPJUHAT X 1 y TOYKHU K B OCHOBHIN cHCTEMI x0vy
cKopucTaeMocs (GOpMyJIOr0 NEPETBOPEHHS KOOPINHAT BIJOMOIO 3 KypCy aHaJIITUYHOI
reomeTpii 1 O4eBUIHOIO 3 puc. 7, 0.

X=X_ +X cosp=ysingy=y +Xsinp+ycose

3BEepHEMO yBary Ha Te, IO JBa MEPIIMX PIBHSHHSA TOTOXHI PIBHAHHIM PYyXy
TOYKH Ha TUIONIMHI 200 PIBHAHHSM IIOCKOTO MOCTYNAIBHOTO PYXY, TPETE PIBHSIHHS B
TOTOXKHE PIBHSHHIO OOepTaHHS HaBKOJIO HepyxoMoi oci. Ha miit migcrasi me Einep
3aMpoINOHYBAaB PYyX IUIOCKOI (QIrypHu SIK CKIAAHUNA pyX, SKUH CKIAIA€TbCsa 3 JIBOX
PYXIB: TEPEHOCHOTO (MOCTYMAIbHOTO), 110 BHU3HAYAETHCS PYXOM MoOJocy E , 1
BITHOCHOTO 00EpTajIbHOIO HABKOJIO TOJIOCA, TOYHIIIE, HABKOJIO OCi, SIKa MPOXOJIUTH
Yyepe3 MOJTI0C MEePIEeHANKYISIPHO TUIONMUHI (IrypH.

JIBa mepiux piBHSHHS ABJISIIOTH COOOI0 MOCTYNAJIbHUN PyX IUIOCKOI (IrypHu.
Pa3zom 3 TuM BOHHM BHpaxalTh KOOpAWHATH Mojoca E y ¢yHkmii yacy. OTxe
NEePEeHOCHU (MOCTyNadbHUN) pyX (PIrypu BU3HAUAETHCA PYyXOM modroca. SAkuio 0 3a
nomoc Oyna BuOpaHa Oyab-sika iHIIA TOYka (irypu, TO JBa PIBHSAHHS Oynu O
1HIIMMH, & OTXKe, 3MIHUBCS O 1 ONMUCYBaHUW IUMH PIBHAHHAMU PYX IJIOCKOI PirypH.

HaBmnaku, TpeTe piBHSIHHS HE 3B’A3aHE 3 MOJIOCOM E , TOMYy o0epTaHHs Qirypu
(KyT MOBOPOTY ¢ , KyTOBa IIBHJKICTh (D 1 KyTOBE MPHUCKOPEHHS & ) HE TMOBHMHHI
3aJIe’KaTH BiJl BUOOPY TOJTOCA.
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OTtxe, nmepeHoCHUM (MocTynanbHUM) pyx (irypu B ii IITOIMIMHI 3aJI€KUTh Bij
BUOOpY MOITIOCA, 3 00EPTOBUI — HE 3aJICKUTh.

5. IBMAKICTH | MPpUCKOPEHHS TOYOK IJIOCKOI irypu.

Jlns oneprkaHHS MPOEKITIHA MBUAKOCTI HA HEPYXOMIM 0C1 KOOpIMHAT
npoAU(EPEHIIIIOEMO 32 YaCOM PIBHSIHHSA:
dx —OXe - (xsinp+ycosg)de : dY Ve 4 (xcosp-ysin ¢)de.
dt  dt ! ! dt dt dt ! ! dt
OTtxe, Matouu Ha yBa3l piBHAHHA (3.15):

do do
\ x:VEx_(y_yE )E ) Vy:VEy+(X_XE )E

OcTaHHl 4IEHHM TpPaBUX YaCTUH BUPAXKAIOTh 3rigHO 3 (opmynamu  Eiinepa
MPOEKIIIT MIBUAKOCTI TOUYKU K TMpH oOepTaHH1 (Irypu HABKOJIO Tojifoca E.

[IpoBenemo pamiyc-BekTop EK -1 (puc. 7,6) i mo3Haummo 4Yepes o KyT,

CKJIaJCHUHN HUM B JaHy  MUTb 3 BICCIO abcruc. Tomi
cosa=(xx —xe)/ri; sina=(y« —Yye)/ridopmyna HaOyBae TAKOTO BUTTISAIY:
vV =V -rsinom; V =V +7rcCosan

X EX 1 y EY 1
OTxe, BEKTOpP IIBUAKOCTI Oyab-fKOI TOYKM K TUIOCKOI  (hirypu MokHa
pO3IIAaTH SIK TEOMETPUYHY CyMy JBOX BEKTOpiB: 1) Ve - IUBHIKOCTIY

MOCTYIMATBLHOMY PYCI, sIKa JOPIBHIOE IIBHAKOCTI OYyJb-SKOT TOYKH E , HE3MIHHO
3B’s13aHOI 3 (Iryporo 1 MPUMHATOI 3a MOMIOC, 1 2) MIBUAKOCTI B 00EpPTOBOMY pYyCi
¢irypu naBkoo nomoca E . 110 mBUAKICTS MO3HAYMMO V :
Ve =V, +Vr,
ae Ve =Ve 1Vr =o-EK.
HIBuakicTe , TOYKM K BIJJHOCHO TOYKH E CIIpsSIMOBaHa MEPHEHAUKYIIPHO EK

B Oik oOepTaHHs Pirypu.

OT1xe, MBUAKICTh OYJb-KOi TOUKH (ITypH, sIKa 3HAXOJIUTHCA Y TIIOCKOMY PYCi,
JOPIBHIOE TEOMETPUYHIN CyMi MIBUAKOCTI I1€1 TOYKU BITHOCHO IOJIFOCA 1 IIBUJIKOCTI
MoJItoCA.

Ty Touky ¢irypu, sika 3HAXOAUTHCSA Y TUIOCKOMY PYCi, MIBHAKICTh SKOI B JaHy
MUTb JOPIBHIOE HYJIIO, HA3UBAIOTh MUTTEBUM IIEHTpoM mBuAKocTeit (MLILIT).

SAxmo MU npuitnsaTy 3a notocC E ,,,, , TO pIBHAHHS Ha0ye TaKOTO BUIIIALY:

Vk = oKE Myut
Ie ® - KyToBa WIBUAKICTb GirypH, KE ,,,, - Biactanb Touku K Big MIIIII.

dopMmyiia BUpaka€e MIBUIKICTh OYIb-SKOi TOUKH K Tija, IKe BUKOHYE 00EPTOBUIA
pyx. Po3nonin mBuakocTe To4ok Girypu Takuii, 1o HemMoB Ou ¢irypa ooepTaeThCs
y aany MuTh HaBkosio M. Ognaue B HacTynHuil MomeHT yacy MIIIII 3micTuThCs
B 1HIIY TOYKY IUIONIMHU (TOMY BiH 1 Ha3WBAETHCS MHUTTEBUM), 1 KAPTUHA PO3MOJILITY
MBUAKOCTEN Oyae Takor, HEeMOB O Bcsl (pirypa oOepTaeThcs HABKOJIO HOBOTO
neHtpy. [Ipore B Teopii mI0CKoro pyxy i B ii MPaKTUYHOMY



15

BUKOPHUCTaHHI, MPH JOCIIPKeHHI 1 KoHCTpyroBaHHI MamH MIIII rpae BaximuBy
pOJIb.

[TozHatoMuMOCH 3 IEIKUMHU METOIaMH 3Hax o KeHHs ML,

Axmo BimoMuN HampsM IIBHUIAKOCTEH Xouda 6 aBOX TO4oK (irypu, To MIIII
JIETKO BU3HAYWTH, TPOBIBIIM 3 LUX TOYOK MEPHEHAMKYJSAPU 0 HAMPAMIB IUX
mBukocTeil. Touka nepeTuny nepneHaukysipis 0yae MIIILI.

a) Vs

F:Mum A

Puc. 8

Hexaii BizomMa mBHUAKICTh fAKOi-HEOyAb TOouku A (puc. 8, a) ¢irypu, ska
3HaXOAUTHCS B III0CKOMY pyci. [IpoBeneMo duepes TOUKy A npsaMy, NEPHEHAUKYIIPHY
BEKTOPY HIBUIKOCTI II€1 TOYKH. 3TITHO 3 OCHOBHOIO TEOPEMOIO KIHEMATUKH PO
MIBUAKICTh TOUYOK TBEPAOTO TiJia MPOEKIIii HA 110 MPSAMY MIBHAKOCTEH ii TOUOK PiBHI
MK CO0OI0 1, 30KpeMa, AOPIBHIOIOTh MPOEKIIii MIBUIKOCTI TOUKU A . AJle MPOEKIis
MIBUAKOCTI TOYKM A Ha IO MPSAMY JOPIBHIOE HYIIO, TaK SK MpsMa IPOBElICHA
MEPIEeHIUKYJISIPHO MBUAKOCTI. OTKe, MBHAKOCTI BCIX TOYOK IIi€l MPsIMOl
NEPHeHAUKYIIAPHI 1A MPSMIHA.

Hexaii Bizoma mBUIKICTh 200 X0ua O HampsiM MIBUJKOCTI SIKOi-HEOYIb TOUKH B ,
1 aHAJIOTIYHUMH MIPKYBaHHSIMHU MOKa)XEMO, IO IIBHUJIKOCTI BCIX TOYOK IIET MpsMOi
nepreHauKkysipai 1o Hei. [Ipoekili mBUAKOCTI TOUKHU E , sIKa JISKUTh Ha MEPEeTHHI
000X MEepIeHIUKYISAPIB, Ha KOXKHIN 3 1UX MEPIEHIUKYJISPIB MOBUHHI JOPIBHIOBATH
Hyr0. OTKe, MBUAKICTh TOYKH E JTOPIBHIOE HYJIIO, TOMY IO IIs IIBUAKICTh HE MOXKE
OyTH  MEpHNEeHIUKYSIPHOIO  OJHOYACHO JO JIBOX  MNEPHEHAMKYIAPIB,  SIKi
NEePETUHAIOTLCS. AJie Ha BCIH miomuHi Mae Micie auiie ogua MIIII. 3nauuTk, BiH
3HAXOAMUTHCS B TOUII E MEPETUHY JBOX MEPHEHANKYIIAPIB, TOCTABICHUX J0 BITOMHUX
IIBUAKOCTEH TBOX TOYOK. Y IIiH K€ TOYIl MTOBHHHI MTEPETUHATHUCS TICPIICHINKYISPH,
MOCTaBJICHI 10 MBUAKOCTEHN ycix TouoK (irypu. [IIBUAKICTD € BEKTOP MPUKPITUICHUMH,
a TOMY MEPIeHIUKYJIISP 10 BEKTOpa MBUAKOCTI TOYKU TpeOa CTaBUTH Y il TOYIII.

~ IIBuakocTi T090K (irypu npoﬂnopuiﬁHi iX BIJICTaHI r BiJl MUTTEBOTO IIEHTPa

SKO1 TOYKU (PIrypHu, OJep>KUMO MOIOHI MPSIMOKYTHI TPUKYTHUKH, B SKUX TAHTEHC
KyTa MPHU BEPIIUH] E wu JOPIBHIOE KyTOBIN MIBUAKOCTI o (puc. 8., 0).
SKo0 MepHeHANKYIApU 10 MIBUIKOCTEH ITBOX SKUX-HEOYAbh TOUYOK TUIOCKOT

¢irypu napanenbHi Mix co6oro, To ML Gyne HeCKiHUEHHO BiAJaIeHUN 1 BEKTOPU
IIBUJIKOCTEH ITUX TOYOK (PIrypHu B JaHUM MOMEHT Yacy piBHI Mk CO00I0.
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Skimo nepneHAuKYISApU 10 MIBUAKOCTEH JBOX SKUX-HEOYJIb TOYOK IIOCKOI
dirypu cniBnagaroTth (puc. 9), To MU nexuTs Ha BiAPI3KOBI MPSMOI, 10 3’ €IHYE
111 TOYKH, 1 JITUTh HOT0 Ha YaCTUHM, MPOIOPIIHHI IBUAKOCTSAM IIMX TOYOK
(Va : Vs =AE .uu : BE wu ) 30BHIIIHIM YHMHOM, SKIIIO IIBHIKOCTI X TOYOK CIPSIMOBaHI

B 01viH OiK (puc. 9., a), 1 BHYTPIIIHIM, SKIO Y TPOTUISKH] 60KH (puc. 9, 0).

a) 0)
A > Va Ay——>V
/
/
/ —_—
B Vs
—
/ Emin
/
/
/
/
/ —_—
* Emmm V3 ' B
Puc. 9

ko sika-HeOy b TI0cKa (Girypa KOTUTHCSA 0 1HIIHN (irypi, sika JeKHUTh 3 HEIO
B OJHIM IJIOIIMHI (HANpPUKIAJ, pyXOMa IIECTEPHS KOTUTbCSI MO HEPYXOMiil), TO
MIBUIKICTh TOYKA (PIrypH, IO KOTUTHCSA, MOBUHHA OyTH PIBHOIO HYIIIO, SKIIO,
3BHUYAHO, KOUEHHSI HE CYIPOBOKYETHCS SBUIIEM KOB3aHHS ab0 OykcyBaHHsS. Tak
K KOXXHY MUTh Ha (irypi, 1o 3/{1IHCHIOE TUIOCKUM pyX, Ma€ MicCIle TUTbKK OJHa TOYKa
13 WBUAKICTIO, piBHOIO HYI0 (MLILL), TO BiH 1 3HAXOUTHCA Yy TOYLI AOTHUKY.

Hexaii, Hampukian, KoOJecO KOTHThCA MO MpsSMOMiHIAHIA peimi (puc. 10).
PosrasineMo pyx kosieca K CKJIaJ0BHM, SKUH CKIAAAETHCS 13 TOCTYIAIBLHOTO PYXY
pa3oM 3 BICCIO Kosieca QO 1 00epTalIbHOTO pyXy HaBKoJIO 1i€i oci. Ha puc. 10, a
MOKa3aHl MBHUIKOCTI JISSIKUX TOYOK KoJieca B MOCTyHaJIbHOMY pyci, a Ha puc. 10, 6
HIBUIKOCTI THX € TOYOK IMpHU 0OEpTaHHI KOJeca HABKOJIO MOro LeHTpa. Y BHIAJKY
KOYeHHs1 0e3 KoB3aHHS 1 0e3 MpoOYKCOBYBAHHS KOJIOBA IIBUIKICTH TOYOK 000712
KoJIeca Mo MOAYJIIO JOPIBHIOE MIBUAKOCTI OCI, TaK K MpHU 00EpTaHHI KoJjieca Ha OJIUH
IOBHUIT 00epT HOro BiCh IEPEMIiCTHTHCA Ha 277 | a TOYKM 0004a ONMIIYTh B iX
BITHOCHOMY O0OEpTOBOMY pycCi KoJia Ti€i K JoBXuHHU. LIIBHAKICTH TOYOK Kojeca 1o
BIIHOIIICHHIO JI0 HEPYXOMOi CHCTEMHU BIIIIKY 300pakeHa Ha puc. 10, B. Il
MIBUIKOCTI MOHA OJIepKaTH SK IIBHAKOCTI TpU OOEpPTaHHI Kojieca HaBKOJO
MUTTEBOTO LIEHTPA IIBUIKOCTEH, CMIBIAAal0u0ro 3 TOUYKOIO JOTHUKY Kojieca 1 pedku
(puc. 10, ). IIBUAKICTh KOKHOI TOYKH CHOPSIMOBAaHA IO JTIOTUYHIN O TpaeKTOpIi 1€l
TOYKH.
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Eipvu
Puc. 10

MU nexutes Ha camiii (irypi, sika KOTUThCA, a00 HAa HE3MIHHO 3 HEIO
3B’A3aHOI0 HEPYXOMOIO TUIoHIMHOK0. Touky, cmiBnagatouy 3 ML, ane nexauy Ha
HEPYXOMIil IUIOIIMHI, IO AKid pyxaeTbcs (irypa, Ha3MBalOTh MUTTEBUM LEHTPOM
obepTaHHs. Y PO3MIIIHYTOMY MNPUKJIAII MUTTEBUM IEHTP MIBUAKOCTEH JICKHUTh HA
0001 Koyieca, a MUTTEBUM IIEHTP OOEPTaHHS — HA PEHIL.

[lepeiinemo 10 TPHUCKOpPEHHS TOYOK (irypu mpu TmIockoMy pyxosi. 1106
BU3HAYUTH TPOEKINi TMPUCKOPEHHS TOYKM K TIIockoi ¢irypu, Tpeda Tmpo
nudepeniiitoBaTy piBHsIHHSA (3.27), sSIKi BU3HAYAIOTh MPOEKIIiT MBUJKOCTI II€T TOUKH.

VBeneMo MO3HAYECHHS X3 =X = Xg 1Y; =Y — Vg1 IEpenuIIeMo I1i piBHSIHHS TaK:

dx —dxe -yde; dy —dye +xdo
dt dt (dt dt dt L dt
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nrdepeHITiIoYr, 01ePKUMO:

d?x _d’x —ydlp_dy dp . d’y _d’ye | yd%p i dp
dt?  dt? [ dt? dt dt  dt?  dt? (2 dt dt

3a ¢popmymamu Eiinepa

O =y do i & —xdo ;
dt ' dt dt  *dt

1 onepeH1 piBHAHHSA Ha0yBalOTh BUIJISY:

2 2
da =a —Yye—-Xo ;a =a +XeE-YW
X EX 11 y EY 1 1

VY mpaBux yacTMHAX LMX PIBHAHb 3riAHO 3 (3.24) npyri WieHH BUPAXKAIOThH
MPOEKIli JOTUYHOIO, & TPETI — MPOEKLIi TOUEHTPOBOrO0 MPUCKOPEHHS TOUYKH K IpH
obepranHi (irypu BiJHOCHO mostoca E . BoHM BiIpi3HAIOTHCS BiJl BIIOMUX PIBHSHb
TIIBKY THM, 10 B JAHOMY BHUIAJIKy BICh 00€pTaHHSI IPOXOJUTh HE Yepe3 MoYaToK
KOOpAMHAT Q, a yepe3 nomoc E (puc. 11).

[{1 piBHSAHHSA TMOKa3ylOTh, LI0 NPOEKIlI Ha SIKy-HEOyIb HEPyXOMYy BICh
IMPUCKOPEHHS KOKHOI TOYKH K (Irypu JAOPIBHIOIOTH anredpaiuHiil cymi NpoeKiiil Ha
IO %K BICh TPHOX MOTO CKIIQJOBHUX: MPUCKOPEHHS MOJItOCa E , JOTUYHOTO
IIPUCKOPEHHS TOYKU K TIpu 00epTaHH1 PIrypr HABKOJIO MOJIOCA E 1 JOIIEHTPOBOTO
MPUCKOPEHHS TOYKU K Yy TOMY XK pyci pirypu.

Mo>kHa 3anucaty 1l piBHSHHS 1 B reoMeTpuuHiid Gopmi. ificHO, KO MpoeKIii
BEKTOpa MPUCKOPEHHS Ha BCSKY BICh JIOPIBHIOE aJireOpaiuHiii cyMi MPOEKIIii Ha Ty XK
BICb TPbOX BEKTOPIB, TO BEKTOpP MPUCKOPEHHS TOYKM K MOXHA BHU3HAUUTU SK
reOMETPUYHY CyMY TPbOX BEKTOPIB: MPUCKOPEHHS MOJIOca E , JOTHYHOTO
NPUCKOPEHHS TOUKU K TpH KOro o0epTaHH1 HABKOJIO MOJ0ca E 1 JOLEHTPOBOTO
IPUCKOPEHHS TOUKU K Y TOMY ) PyXOBi Qirypu:

a=aE +ar+ an,

Jie, TTIO3HAYMBIIH BIJICTaHb BIJ] TOYKH K JIO MOJIFOCA Yepe3 ™, OACPKUMO:

a =¢er i a =owr.
T 1 n 1

VY KOXHY MHUTH B TUIOIINHI (ITypy Ma€e MICIIe OJIHA TOYKa (MUTTEBHUH IICHTP
MPUCKOPEHHS ), TPUCKOPEHHS SKO1 aw, TOPIBHIOE HYJITIO. [IpUCKOpPEHHS 1HIITNX TOYOK

¢birypH B 1110 MUTh MO>KHA MIPEJICTAaBUTH SIK IPUCKOPEHHS MPU 00epTaHH1 11 HAaBKOJIO
MIIII. MIIII 1 MUII e cmiBmagarTh MK cO00K0.
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