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Texkcr Jekmii
1. KinemaTuka tBepaoro tina. [locrynanbuuii pyx.

He y Bcix 3aauax KiHEMaTUKHA MOXKHA 3HEXTYBATH PO3MipaMU Tijia 1 MPUHHATH
oro 3a Touky. Jljs TMX BUIIAAKIB, KOJIM BiJICTAaHb MK YaCTHHKAMH TiJla HE
3MIHIOETBCS, alieé 32 YMOBOIO 3ajaul MPUXOIUTHCS BPaxoOBYBaTH PyX HOro pi3HUX
YaCTHH, Ma€ MICIE€ PO3JAUT KIHEeMAaTHKH, [0 HA3UBAETHCA KIHEMATHKOI TBEPAOTO
TiJa.

Icnye Teopema mpo Te, M0 MPOEKIIIi IMBUJIKOCTEH TBOX TOYOK TUJIa Ha MPSIMY,
o 3’€IHYE Il TOYKH, 3aBXKAU PiBHI MDK coOoro. HaBememo JoriuyHuii jnokas i€l
TEOPEMHU: MPOEKINi MBUAKOCTEH TBOX TOYOK A 1 B (puc. 1) aGCOIIOTHO TBEPJIOIO
TiJIa Ha TIPAMY, 10 3’ €IHYE 111 TOYKH, PiBHI MK COOOI0, a 1HAKIIIE BiJICTAHh AB MIX
HUMH 3MIHIOBQJIOCH OH, 110 Y TBEPAOMY TLI1 HEMOXKIUBO. OTKE

V, cos(V,, AB) =V, cos(V,, AB).

3po3ymino, 10 1A
VA TeopeMa BIJHOCUTbCA HE
TUIBKU JIO IBOX TOYOK A 1
B, a JI0o BCIX TOYOK, SKI
CKJIQJAI0Th MpSAMY 1 MOXE
Oyt chopmylibOBaHA TaK:
OPOEKIli HAa Oynb-SIKYy BICb,
NpOBEJCHY y TBEPIAOMY
TUTl, IIBHAKOCTEH TOYOK
Puc. 1 11€1 OC1 PiBHI M1’ CO0010.
HaiiGinpmn  mpoctum
PyXOM  Tila  SBIISETHCS
NOCTYNAJbHMI, TIPU SKOMY BCsKa TPOBEACHA Yy TUIl MpsMa HE 3MIHIOE CBOTO
nosioxkeHHs1. [1{006 BCTAHOBUTH 4M € JaHUHW PyX MOCTyNaJIbHUM, HE Ma€ HEOOX1AHOCTI
MPOBOJIUTH Yy TUI O€314 MpSAMUX 1 MEPEBIPATH, YA HE 3MIHIOE OYyIb-fKa 3 HUX
HANpPSIMKY 3 4acoM IIiJ Yyac pyxy. PyX Tijia LiJIKOM BU3HAYA€THCA PyXOM TPHOX HOTO
TOYOK, SIKI HE JIeKaTh Ha OfHIA mpsmii. OTxe, Tpeba MPOBECTH HE MEHIIE JIBOX
NpsAMUX. 3pO3yMiJIO, 110 Il IpsiMi TOBUHHI OYTH NapaielbHUMH MiK COOO010.

3 BHW3HAYCHHS BUIHO, IO TOCTYMaJbHO PYyXaTHCS MOXE TiUIbKH Tino. OmgHa
TOYKAa HE MOXE PyXaTUCS MOCTyNaJlbHO. Pa3om 3 TMM mocTymanbHUN pyX TBEPAOTO
TiJ1a IIIJIKOM XapaKTEepU3YEThCS PyXOM Oyb-sKOi 3 Horo To4ok. JloBeaemo 1e.

Hexaii Tino (puc. 1) pyxaerbcss MOCTyNajibHO BIJHOCHO CHUCTEMH BIJUIIKY.
BiamiTumo y Tt Tpu TOukd A B 1 C, BUOpABIIM iX JOBUIBHO, HE HA OAHIN MpsAMIil.

bynyemo kxinematnuHy Mojenb Tila — TpUKYTHUK ABC . Uepe3 meskuii ac At Tiio
MEePEMICTUTRLCS 1 3aiiMe HOBe mosiokeHHst A B,C,. 3’eIHaBIIM BEKTOpaMH MTOYATKOBI 1

KIHIIEB1 MOJIOKEHHS TOYOK 3a Yyac At, BU3BHAYMMO X IMEPEeMIIICHHS:

AF, = Ad1; AFy = BB1; AF, = CC1.



[Ipn IIOCTYIIAJIBHOMY
pPYyXOBi Tina CTOPOHU
TPUKYTHUKA  HE  3MIHIOIOTh
HamnpsMiB, a TOMY yTBOpEHa Ha
PUCYHKY MIOBEPXHS €
TPUKYTHOIO IPU3MOIO, 1

C, nepeMilieHHs TO4ok AB 1 C

piBHI MIDXK c006010 K
MPOTUIICHKHI CTOPOHU
napaienorpamiB. Touku AB 1
C BuUOpaHiI JOBUIBHO, a TOMY
JIOBEJICHHSI  CIIpaBEAJIUBE IS
yCiX TOYOK TLJIa:

Puc. 2 AT, = AFy = AT, = AT,

BekTopu mnepeMilieHHsT yCiX TOYOK MPH MOCTyHNaJIbHOMY PyCi TiJIa PiBHI MIX
co0or0. 3BiJicM BUTIKAa€, IO TPAEKTOPii yCiX TOYOK ojHakoBl. Came TOMYy
MOCTYMATBHUN PYX 1HOA1 PO3PI3HSIOTH 32 TPAEKTOPISIMH, SIKI OMUCYIOTh TOUKH Tijia.
Tak, HarpukJIaj, po3pI3HAIOTH KPYTOBHUIl MOCTyNANBHUM pyX (JIaHKa AB IIApHIPHOTO
napajienorpama, puc. 3, a), pyx NpsSMOJIHIHHUN 00€pHEHO-TIOCTYNAIbHUIN (TOBKAY
KyJIa4KOBOTO MEXaHi3My, puc. 3, 0).

3amatu pyx Tila — e 3HAYUTh JATH TMOJIOKEHHS WOTO TOYOK y KOXKHY MUTh.
Toukn mOCTymajibHO PYXOMOTO TiJla PYXarOThCS OJHAKOBO, 1 MOCTYMAJIbHHHA pPyX
YChOTO TiJ1a IIJIKOM XapaKTEPU3YEThCS PyXOM OYIb-sIKOT OJIHI€T 3 oro Touok. OTxe,
PIBHSHHS pyXy OyIb-sIKOT OJHIEI TOYKHA € Pa3oM 3 THUM PIBHSHHSIM MOCTYHAJIbHOIO
pyxy Tuna. Tak, AK10 BUOpaTH y TUIl J€AKYy TOYKY E, TO PIBHSHHS MOCTYNAJIbHOIO
pyXy TiJIa y BEKTOPHIN (GopMi Mae BUTIISA

re =re(t),
a y IpSAMOKYTHHX KOOpIMHATAX
Xe =Xe(1); Ve =VYe(t), ze =z¢(1).
Bu3HaunMo MIBUIKICTH TOYOK MOCTYNAIBHO PYXOMOTI'O Tija 3 PIBHSHHS

df, df, dF, dr.
dt  dt dt dt’

nepiia noxijHa 3a 4acoM BiJl pajilyca-BeKTopa BUpaKae MBUJIKICTh TOUKH. OTxe

V, =V, =V, =V.



Puc. 3

YreBHUMOCS, 10 IMIBUAKICTE TOYOK A B 1 C oxHakoBa. LI Touyku B3ATI

JOBLIBHO, OTKE, BUKICTh YCIX TOYOK Tijia Oyjie OJIHAKOBA.
OmHaKoOBICTh IIBHAKOCTEH

A > Va HE CJIIJT PO3YyMITH SIK iX CTaJliCTh,
IK 11X HE3MIHHICTb 3a YacOM.

SIkmio T1JIO pPyXa€eThCs

, B B MOCTYNANLHO, TO y NAHY MHTh

0 m_a., WBHKICTh  yCIX TOYOK Tija
OJIHAKOBA, 3 YacOM IIBHUJIKICTH

Puc. 4 MOKE 3MIHIOBATHCS. AJie SIKILO

3MIHUTBCSI IMIBUAKICTH OJHIET

TOYKH, TO Ha CTUIbKH K 3MIHUTBCS 1 IIBUJKICTh YCIX 1HIIMX TOYOK TLIa, 1 BOHA BCe-

TaKu 30CTAHETHCA OJTHAKOBOIO ISl YCIX TOYOK Tija. OHAKOBICTh IMIBUAKOCTEN YCIX

TOYOK Tijla — HEOOXIJTHUM, aje HEJOCTaTHIM MPU3HAK MOCTYMAJIbHOrO pyXy Tija.

Mose Tak OyTH, 1110 B IKYCh MUTh IIBUAKICTh YCIX TOUOK TiJIa Oy/ie OJTHAKOBOIO, ajie

y HACTyImHY MHUTh TOPYIIUTHCS I PIBHICTh. Tak, HampWKIam, pyX IIaryHa AB

KPUBOIITUITHO-TIOB3YHHOTO MEXaHI3My HE SBJSIETHCS MOCTYMAIBHUM, ajie MPHU JEIKUX

MOJIOKEHHSAX MeXaHi3My (puc. 4) MBHUAKICTh YCIX TOYOK IaTyHa OyJ/ie OJHAKOBOIO:
V, =V, =V, ae V, - LBUIKICTb OYJb-5IKOT TOUKH IIaTyHA.

[Ipu nocTtynansHOMY pycCi Tijla IIBUIAKICTh HOTO TOYOK Y KOKHY MUTh HE TUIbKH
OJTHAKOBA, alie¢ ¥ OJHAKOBO 3MiHIO€ThCA. [Ipoandepeniroemo 3a yacom momepeaHe
PIBHSIHHSL:

d,=4d,=8, =4.

[Ipu moctynmasbHOMY pycCi Tila BEKTOpP NPUCKOPEHHS TOYKH A JOPIBHIOE
BEKTOPY MPUCKOPEHHS JEAKOI 1HIIOT TOYKHU Tija.

TakuMm 4nHOM, IPHU MOCTYNAIBHOMY PYCl Ti1a HOTO TOYKH OMHUCYIOTH OJIHAKOBI
TPAEKTOPii, Y KOXHY MHUTh MalOTh OJIMHAKOBI BEKTOPU IIBUAKOCTEH 1 OJHAKOBI
BEKTOPH MPUCKOPEHB. 3BIJICU BUTIKAE, 10 y OYJb-sIKYy JaHy MUTh PiBHI MIXX COOOI0
MOYJIl IIBUJKOCTEH YCIX TOYOK, MOJYJ MPHUCKOPEHb, BIJAMOBIAHI HaNpaBisiOUi
KOCHHYCH, a TAKOXK HOPMaJbHI 1 TaHTEHII1aJIbH1 TPUCKOPEHHSI yCiX TOUOK. BHacmiiok



MOBHOI TOTOKHOCTI PyXy YCiX TOUYOK OLIBIIICTH 33Ja4 KIHEMATHKH MOCTYHAJIbHOTO
PYXY PO3B’SI3yIOTHCSI METOAAMH KIHEMATHKU TOUYKH.

2. O0epTaHHS TBEPAOIO Tijia HABKOJIO HEPYXOMOI Oci.

Sx Oyno Bxe MOKa3aHO, JJI BHU3HAUEHHS pPyXy TBEPJAOrO TiJla JOCTAaTHHO
BU3HAYUTH PyX TPHOX HOrO TOYOK, AIKI HE JIEKaTh HAa OJHINA mpaAMii. Xail mij dac
pyxy Tina Oyab-siKi IBI HOTO TOYKH, Hampukiaaa O 1 O, 3aIMIIAIOTHCS HEPYXOMHUMH.
Tonl pyx Tina MOXHa BU3HAUUTU PYXOM OyIb-SKOI TPEThOI TOUKH, KA HAJEKUTb
TUTY 1 HE JISKUTh HA OAHIN Npsmiit 3 Toukamu O 1 O,. Bubepemo 1110 TOUKY JOBIILHO
1, 3’€THABIIM YCl TPU TOYKH MPSMOJIIHIKHUMHU BIAPi3KaMH, OJEPKUMO TPUKYTHHK.
Tak sk Touku O 1 O, HEPYXOMi, TO HEpyxoMa 1 cTopoHa OO, bOTO TPUKYTHHKA, 1
pyX TPUKYTHUKA, @ TaKOXX 1 BChOTO TUIa BHU3HAYUTH I[OBOPOTOM IJIOLIMHU
TPUKYTHHKA HAaBKOJO Horo ctopoHu OO,. Tpers Touka BuOpaHa JAOBUTFHO, 3HAYUTH,

o0epTaeThCcsi HaBKOJIO TpsiMoi OO, Oy/bp-siKa IJIONIMHA, sika Oy/ie MpoBEeIeHa y Tl

yepes 110 npaMmy. Takuil pyx Tila Ha3UBalOTh OOEpPTaJbHUM PyXOM, a00, KOPOTKO,
oOepTaHHsIM, a HepyxoMy IMpsimy OO,, HaBKOJO SIKOi OOEpTAETHCS TIIO, - BICCIO

oOepTaHHS.

Sxmo pyx TuUla BU3HAYUTH PYyXOM HOrO TOYOK, TO OOEpTaHHS HABKOJIO OCi

MO>KHa BU3HAYUTH SIK pyX TBEPAOIO Tija, MPU SIKOMY yC1 TOUYKH TiJla OMUCYIOTh KOJIa
3 IIEHTpaMH Ha OJIHIM 1 TiH K€ HEPYXOMii IpsiMiH, 1[0 MEPIEeHIUKYISIpHA TJIOIMHAM
UX KUI, a BIChb 0OOEpTaHHS MOKHAa BHU3HAYUTU SK HEPYXOMY TMpsAMY, Ha SKIA
pO3TaIIOBaHI IIEHTPH KiJI, OMMMCAHUX TOYKaMU 00epTaroyoro Tijia.
[o6ynyemo cuctemy koopauaat 0¥ | cipsimoBytoun Bick 02 1o oci o6epranHs
Tia (puc. 5). Ilg cucrema Hepyxoma 1 He 3B’si3aHa 3 00EpPTOBUM TUIOM. byaemo
HA3MBaTH TaKl CUCTEMH KOOpJAMHAT OCHOBHUMHU. [10OyayeMo Temep Apyry, pyxomy,
x'0y'z’ . 00

. !’
CHUCTEMY KOOpPAMHAT , CIpsAMOBYrour Bick 0Z' Takok mo oci ° - obepTaHHS

. . ! . .
Tina, a Bick 0X' - Ha Gyap-AKy TOYKY Ki Tina. [{a cucrema KOOpAWHAT HE3MIHHO

3B’513aHA 3 TLIOM i 06EPTAETHCS PA3OM 3 HUM BiZHOCHO OCHOBHOI cuctemu X0YZ
YA Kyr, Ha AKUN
HOBEPTAETHCSA  ILIOIIMHA, IO
0, 11111l MPOXOJIUTH yepes BICh

oOepTaHHs 1 IKY-HEOYIb TOUKY
00epTaryoro Tijia Ha3UBAIOTh
KyTOM MOBOPOTY 1 MMO3HAYAIOTh
OykBowo ¢ . Tak, sKmo vy
y' MOYaTKOBY MHTH Oci Ox' 1 Ox

B N CITIBIIadaJIH, TO KyTOM
y MOBOPOTY OyJie JBOTpaHHUM

0 KYT MIXK HEPYXOMOIO

r mwiomuHoo X0z 1 pPyXxoMoro

// Vi IJIOIUHOIO x'0z’ ,

X ® / K, BUMIPIOBaHUN JHIAHAM
o

Puc. 5



KyToM X0x'. KyT ¢ MOXHa po3riasaatu ik KyTOBY KOOPAMHATY Tijla, TOMY IO BIH
BHU3HAUA€ TIOJIOKEHHS BCHOTO TiNla, IO oOepTaeTbcsa. Bumiproerbcs KyT ¢ y
pajiaHax.

KyT ¢ BBaXkaeThCsi AOAATHUM, SKIIO BiH BiIpPaxOBaHUM MPOTH TOJWHHUKOBOI
CTPUIKHU, SIKIIO JAUBUTUCS 3 JoAaTHOTO HampsMy oci 0z . IIpu BimpaxyBaHHI B IHIIY
CTOPOHY KYT BBAXKAETHCS BI’ €MHUM.

{06 Bu3HauuTH O0OepTaHHS Tina Tpeba 3HATH KYyT MOBOPOTY SAK JACIKY
HENepepBHY OJHO3HAYHY (QYHKIIIIO Yacy:

¢ =) .

PiBHSIHHS € pIBHSHHSIM OOEPTOBOTO PyXy TBEPAOIO Tijda HABKOJIO HEPYXOMOi
ocl.

VYesaka mnomunaa OO,K , mpoBelieHa 4epe3 Bich 00epTaHHS 1 OyAb-SKy TOYKY
T1J1a, TOBEPTAETHCS 3a JAHWW Yac Ha TaKUil KyT, Ha SKUH 3a LIei ke Yac MOBEepHYJIacs
momuHa x'0z'. Ile BUTIKae 3 yMOBH HE3MIHHOCT1 TBEPAOTO Tija.

KyT noBopoTy xapakrepusye oOepTaHHs TUIA TIIBKUA 3 T€OMETPUYHOI CTOPOHH.
[Ilo6 oxapakTepu3yBaTu OOEpTaHHS Tija HE TUIBKM y MPOCTOpi, a W 3a YacoMm
BI3bMEMO BIJIHOIIEHHS 3MIHH Ap KyTa J0 4Yacy At, 3a KU L 3MiHa B1IOyBasacs:

©,, =Ap/At.

BigHOMIEHHS! HA3UBAETHCS CEPEIHBOIO KYTOBOIO IBUJIKICTIO TLIA.

['panuuero BigHOWIEHHA Npu At — 0, € mepiua MoxXiJHa BiJ KyTa MOBOPOTY 3a
yacoM. BoHa xapakTepu3ye 3MiHy KyTa TOBOPOTY B JJaHY MHUTb, TOOTO XapakTEepU3ye
oOepTaHHs TUIa HE TUIBKH IO BIJHOIICHHIO O OTOYYIOYOTO MPOCTOPY, a 1 32 YaCOM.
[{s anreOpaiuHa BenWYMHA MPUKUHATA YEPe3 4YACOBY MPOCTOPOBY Mipy OOEpTaHHS
TBEPJIOTO TiJIa HABKOJIO OCI 1 i1 HA3UBaIOTh KyTOBOIO IIBUJIKICTIO Tija:

o=doe/dt .

3Hak noxiaHoi (3.9) Bkasye, B IKy CTOPOHY HOBEPTAETHCS TIJI0O HABKOJIO Ocl 0z .
Skio nmoxijgHa a1o4aTHA, TO CIIOCTepiray 3 10JaTHOro 60Ky oci 0z Oyne 6auuTH Tijo,
AK€ 00epTaeThcs NPOTHU TOAMHHUKOBOI CTPUIKU. [Ipu Bij’eMHIN MOX1AHINA 0OepTaHHS
TiJ1a BIAOYBA€ETHCS Y MPOTUIICKHOMY HaAIPsIMI.

Po3MipHICTh KyTOBOI HIBUJKOCTI AOPIBHIOE BIAHOILIEHHIO PO3MIPHOCTI KyTa
MOBOPOTY A0 PO3MIPHOCTI Hacy. Ajie KyT MOBOPOTY € aOCTPaKTHOI BEITUYHHOIO,
PO3MIPHICTh SIKOT — OJAMHMIIS a00 pajiiaH, a yac HailyacTilie BChbOTO BUMIPSIETHCS Y
cexkyHaax. OTKe pO3MIpHICTIO KyTOBOI MIBUAKOCTI TUIa Oyne C*, abo pan/c.

PiBHOMipHEe OOepTaHHS 1HOAI  XapaKTePU3YIOTh YHUCIOM N 00EpTiB,
3MIACHIOBAHUX TUIOM 3a OJMHHULIIO Yacy (SIK MpaBWJIO 3a XBWIMHY). L{f0 BeauuuHy N
HA3MBAIOTh YaCTOTOK OOEpTaHHSI.

SIkio Ti1o poOUTH N 00/XB., TO BOHO MOBEPTAETHCA 32 KOXKHY XBHJIMHY Ha 27N
paniaH, a 3a CeKyHly — B 60 pa3iB MeHILIE, OTXKe

o=2nn/60 = n/30, paja/cexK.

3a oMH 1 TOH K€ yac ycl YaCTMHM TBEPOIO Tija MOBEPTAKOTHCS HABKOJIO OC1 Ha
OJIMH 1 TOHM k€ KyT. 3HaUUTh, KyTOBa IIBUJKICTh € 3araJIbHOX0 MIPOIO 0OEpTaHHS AJIs
BCHOT'O T1J1a, 1 KOXKHY MUTb TBEPJE TLJI0, IO KPYTUTHCS HABKOJIO HEPYXOMOI OCl, Ma€e
TIJIBKU OJTHY KYTOBY LIIBUIKICTb.



[Tpu o6GepTaHH1 Tijla HABKOJIO HEPYXOMOI OC1 HOTO KyTOBY HMIBHAKICTh 3pyUHIIIIe
po3riIAaTh K anreOpaiuHy BEIWYMHY, YMOBHO BBa)KAalOUM 11 JOJATHOIO NIpH
oOepTaHHI TiJ1a MPOTH PyXy CTPIJIOK TOJAUHHHUKA.

3MiHa KyTOBOi IIBHJKOCTI BiIOyBa€TbcA 13 3MIHOIO Hacy 1, B3arajii, OyBae
pi3HOIO y pi3HI MOMEHTH 4acy. [IpocTopoBo-yacoBy Mipy, IO XapaKTepU3ye 3MIHY
KyTOBOI IIBUAKOCTI y JaHY MUTh, HA3UBAIOTh KYTOBUM MPUCKOPEHHSAM TijIa.

Xait anreOpaiuHa BeIMYMHA KyTOBOI IIBUIKOCTI 3MIHIIIACA Ha A® 3a MPOMDKOK
gacy At. I'paHuris BigHOIIEHHS Aw/At mpu At — 0 BUpakae KyTOBE INPHUCKOPECHHS
TiJIa 1 MO3HAYAETHCS TPEILKOI0 OYKBOIO & (EICUIOH):

e=dw/dt,
abo Oepyuu 10 yBaru
e=dp/dt?,

HaifyacTiime 4ac BHUMIPIOETBCS Y CEKYHJAX, TOJl PO3MIPHICTH KyTOBOIO
npHcKopeHHs Oyne C2, abo pan/c?.

Skio 3 yacoM KyTOBa HIBUJIKICTH TUIa 30UIBIIYETHCS, TO MOXigHa do/dt Mae
TOM K€ 3HaK, M0 1 ®, - 00epTaHHs Tila MPUCKOpeHe. SIKIIO X KyToBa IIBUAKICTD 3
4acoM 3MEHIIYEThCSA, TO NMoXijgHa dw/dt 1 KyTOBa MIBUAKICTh MAlOTh pI3HI 3HAKH, -
oOepTtaHHs Tu1a cnoBUIbHEHE. Ko)kHe Take 00epTaHHs, 1 IPUCKOPEHE 1 CIOBUIbHEHE,
HA3UBAETHCS IEPEMIHHUM 00E€pPTaHHSIM.

VY 3amayax KIHEMATHKM YacTO 3yCTPIYAEThCS PiBHO3MIHHE oOepTaHHs, TOOTO
Take 00epTaHHs TBEPJIOTO Tijla HABKOJIO OCl, KOJIU KYTOBE MMPUCKOPEHHS 3aTUIIAE€ThCS
CTaJIUM.

e =do/dt=const.

[TomHOXMMO Ha dt 1 MPOIHTErPYEMO 11€ PIBHSIHHS

o=¢ct+C;

[Ilo6 Bu3Hauutu C, - cTalmy IHTErpyBaHHS, HEOOXIJHO MIACTaBUTH y II€
PIBHSHHS 3aMICTh ® 1 t sIKi-HEOYyIb iX MOOJWHOKI BiAMOBIIHI 3HaUYeHHSA. Hanmpukian,
KO MpU At=0 KyToBa IIBUIKICTH OyJa o, , TO, IMJCTABISIOYM Il ITOOJMHOKI
3HAUEHHA apryMeHTy t 1 QyHKIIi ®, BU3HAYaeMoO cTtany C, = o, .

[IpeacraBumMo ® SIK de/dt, pO3IIIIUMO MEPEMIHHI, TPOIHTETPYEMO 1 BU3ZHAUYUMO
MOCTIMHY 1HTErpyBaHHS 3 MOYATKOBHUX JIaHUX, OJACPKUMO (DOpMyITy KyTa MOBOPOTY
IIpU pIBHOMIPHOMY OOEpTaHHI TiJa.

OTxe, pIBHO3MIHHE 00€pTaHHS Tijla OMUCYETHCS TPbOMA CIIBBIIHOIICHHIMHU

e=Const; o=w, +&t; =@y +myt +&t?/2,

[Ipu piBHOMIpHOMY OO€pTaHHI KyTOBa MIBUIKICTh CTajia 1, MIJCTaBISIOUN Yy
&=0, omepxxumo HopMyJH, MPUIATHI TITLKH JJIsI PIBHOMIPHOTO 00€pTaHHS:

e=0; o=const; @=0¢,+ oyt .

3. Tpaekropii, LIBUIAKOCTI I NPUCKOPEHHSI TOYOK TiJIa NPH HOro 00epTaHHi.

SIKIo Tino o0epTaEThCs, TO WOTO TOYKU OMMUCYIOTh KOJIA, IEHTPH SIKUX JIeKATh
Ha OCl oOepTaHHA Tila. YMOBHO IEPETHEMO TIJO, IKE O0EpTa€EThCS AKOIO-HEOYHb
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IUTOUIMHOIO, TEPHEeHIUKYISIPHOI 10 oci oOepTaHHs. Y Mii MmiIomuHI OyayTh
3HAaXOJIUTUCS KOJIOBI TPAEKTOPIl yCiX pO3TAlIOBAHUN Yy HIM TOYOK TiJia 1 yCi TOYKU
TiJia, IO JIeXKaTh y I IUIONIMHI, 30CTaHYThCS Y Hill 32 yBeCh 4ac oOepTaHHS Tija.
TpaexTopii pyrux TOYOK Tijia pO3TAIIOBaHI y MapaleIbHUX TUIOMIHHAX.

[ToOynyemo ABI cuCTeMH KOOpPAMHAT: OCHOBHY (HEpyXoMy) xOyz 1 pyxomy
x,0y,z, (puc. 6). Xait oci 0z i 0z, chmiBmamalTh 1 HampaBleHI MO OCi OOepTaHHS.
Koopaunatu x,,y,,z, JTOBUIBHOI TOYKM K Tijla TpuU HOro oOepTaHHI BIJHOCHO

PYXOMOi CHUCTEMH HE 3MIHIOIOTHCS TPU PYXOB1 TiJia, TaK SIK OCI PYXOMOi CHCTEMHU
HE3MIHHO 3B’sI3aH1 3 TUIOM 1 o0epTraioTbesa pa3oM 3 HUM. KoopauHatu X,y,z Ti€i XK
TOYKH BITHOCHO OCHOBHOI CHCTEMH 3B’s3aH1 3 KOOpAMHATAMU X, Y;, Z, popMyIamu,
aK1 ynepie aaB Eitnep:
X=X, CoS@—Y,Sing, y=XSiNg+Yy,C0S¢;z2=1,
1 3p03yMUIMMHU 3 pHUC. 6, HA IKOMY
y [IOKa3aHl Toyka K 1 oOuasi
V1 KOOpJAWHATHI ~ cUCTeMHU.  Bich
X K aruliKaT Ha PUCYHKY HE TIOKa3aHa,
0 TOMY III0 BOHA NEPIEHIUKYJIIpHA
— x1 y1 X1 IUIOIIMHI KPECICHHS.
y AHaNOrivHo MO>KHa
| BU3HAYUTH PYXOMi KOOpPIUHATH
10 HEPYXOMUM 1 KYTY ¢

Puc. 6

X, = XCOS@+Y,Sing;y, =Yy COSp—XSiNg, 2, =2

JUist  onepskaHHS MPOEKILIM I[IBHJIKOCTI Ha HEPYXOMi OCi KOOpAMHAT
Npoan(EepeHIoEMO 3a YacoM pIBHSHHS, pO3IJSAaloud ¢ SK (QYHKIIIO Yacy.

Onepxumo

X

dx . de
=—=—(X,SIn @ + Cosp)—,
at (%, Q+Y ®) at

dy . do
V, =—=(X, COS®p — Y, SIn @) —,
Y = gt (X, cos¢ -y, sin ¢) at
7 = % = O
dt
Ane BuUpas, SKU MaeMO y Ty’KKaxX B MIEPIIOMY PiBHSHHI, € y, a Y IPYyTOMY X, a
TOMY
V, =-yo, Vy =Xo, V,=0
[TinBoasium 111 piBHSHHS A0 KBaJpaTy 1 CKJIaJal0uu iX, 3HaH1eMOo
VE+V72+V]7 = (x* +y?)o’
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VY niBifi 4acTHWHI LILOTO PIBHSHHS — KBaJApaT MOBHOI IIBUIKOCTI TOYKH, a y
TyXKax MpaBOi YaCTHHU — KBaJApaT BIJCTaHI TOUKH BiJ oci. TakuM 4YMHOM, O/iep KaHa
OJIHA 3 HAMBAXKJIMBIUX (POPMYIT KIHEMATHKU

V=or

- MBUIKICTh TOYKH TiNA, MO 00EPTAETHCS HABKOJIO HEPYXOMOi OCi, TOPIBHIOE
n00yTKY KyTOBOI MIBUIKOCTI TiJia Ha BIJICTaHb ii BiJl OCI.

Skiio 3amaHuM € 9uciio N o0epTiB 3a XBUJIMHY, TO, MiJACTaBISIOYH 3aMICTh ()
BUpa3, 3HaXOANMO

V =mrn/30

[IIBuAKICT, TOYOK HA MOBEPXHI MIUTIHIApaA (IIKiBa, OapabaHa, Baja 1 T.IL.), SKHAMA

00epTaeThCcsi HABKOJO CBOEI OCl, HA3UBAIOTh KOJOBOIO MIBUAKICTIO Tina. KosoBa

HIBUJKICTh TOPIBHIOE JOOYTKY (O Ha pajaiyc R Tina: VvV, . = oR.

Sxmo y BUpa3zax 3aMmiCTh MIBUAKOCTI V TIACTaBUMO BHpPa3, TO OICPKUMO
JOTUYHE 1 HOpMajbHE MPUCKOPEHHS TOYKH TiJa, IIO0 OO0EpTAEThCS HABKOJIO
HEPYXOMOI OcCli.

JloTh4uHEe IPUCKOPEHHS

a, :d—V:d—wr, abo a, =&r
dt dt

JloTuHe TPUCKOPEHHS TOYKH Tijia, KE O00EpPTAEThCsl HABKOJIO HEPYXOMOI OCl,
JIOPIBHIOE JOOYTKOBI KYTOBOT'O MPUCKOPEHHS TiJIa Ha BIJICTaHb II€T TOYKH JIO OCI.

KoxHna Touka Tijia, mo o0epTaeThCcsi HABKOJIO OCi, OMUCYE KOJIO, a TOMY pailyc
KPUBHM3HU p TPAEKTOPIi TOUKH JOPIBHIOE BIJICTaHI r Ii€l TOYKHU BiJl OClI OOEpTaHHS
Tina. Maemo

a, =V?/p=(or)®/r, abo a, = o’r

HopmainibHe TIpUCKOpEeHHS TOYKa Tila, 10 00epTaeThCs HABKOJO JESAKOi OCi,
3BUYAMHO HA3WMBAIOTh JIOIEHTPOBHM TMPHUCKOPEHHSIM. BOHO 1OpiBHIOE HOOYTKY
KBaJIpaTa KyTOBOI IIBHIKOCTI Ha BIJICTAHb TOYKH BiJl OCl OOepTaHHS TiJa.

IToBHE NMPUCKOPEHHS:

a=.ja’+a’ =/(er)? + (0’r)? , a6o a=rve’ +o*
[Homi OyBae HEOOXiTHMM BHU3HAYUTU TMPOEKIi MPUCKOPEHHS Tijia, IO

obepraerbes. [Ipoaudepenirroemo piBasSHHS (3.17) 32 9acoM:
a, =-ye—xo’, a, =xe—yo’, a,=0

Orxe,

A, =—VY&, Ay =Xg Ay =-X0', &, =-yo

4. Il.iockuii pyx TBEpAOro TiJja.

BuBuMBIIM KiHEMaTHWKy TBEpPAOrO Tila, SIKE€ 3A1MCHIOE HAWMPOCTIIIHNA PyX
(moctymnanbHUN 1 OOEPTOBUM HABKOJO HEPYXOMOi OCi), MEepeuieMO /10 BUBYEHHS
MJIOCKOTO PYXY, KW YacTO PO3MIISIIAETHCA K KOMOIHAINS BOX IIUX HAWMPOCTIIITNX
PYXiB Tina.
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[Tpu mmockoMy pyXoBi Tijla KOXKHA HOTO YaCTHHKA OMUCYE TUIOCKY TPAEKTOPIIO.
Tpaextopii BCiX TOYOK TiNa JIeKaTh B MapaliedbHUX IulomuHax. KoxHy 3 mux
TUTOIIMH MOYKHA Ha3BaTH IJIOLUIMHOIO PYXY Tija.

OOepTaHHs TBEPJIOTO TiIa HABKOJIO HEPYXOMOI OCI € MOOJWHOKUM BHIIaJIKOM
IUIOCKOTO PyXy, TaK AK BCl TOYKHU Tijia, IO O0O0EPTAETHCS, PyXalOThCs B IUIOMIMHAX,
MEePIEHANKYJIIPHAX JO OCi OoOepTaHHS, a OTXKe, B IUIONIMHAX, MapaJeIbHUX MIXK
co0010.

Hapenemo iHIIMIM MPUKIIAJL IUIOCKOTO PyXy. YSBIMO €001, IO HA CTOJII JICKHUTh
3akpuTa KHWKKa. He poskpuBatoun, OyzemMo ii mepeMillyBaT MOBEPXHEIO CTOIY, ajie
TaK, 00 KOHTAaKT KHWKKHU 31 CTOJIOM Hi B OJIHIM TOYIll He OyB OWU IMOpPYIICHHM, B
pemTi pyX KHWXKKA A0BUIbHHMM. [Ipym 1if yMOBI YaCTUHKM KHUKKH OIHUIIYTh
TpPAEKTOpii, sIKI OyayTh JIeKAaTH B MapajieIbHUX JI0 CTOJy IUIONIMHAX 1 KOXKHA
cTOpiHKa Oyjie pyXaTucs y Tiil TUTOIIUHI, B SIKii BOHA 3HAXOUIACS JI0 TIOYATKY PyXY.

[Tmockuii pyx 4acTo 3yCTpiya€eThesl B TEXHIII. BUIBIIICTh Cy4acCHUX MEXaHI3MiB
MalOTh JIAHIIOTH, SIKI 3JIMCHIOIOTh TUIBKA IUIOCKMM pyX. Taki wmexaH13MuU
HA3UBAIOTHCS TNIOCKUMHU.

SIK11o TiNO, SIKE 3HAXOMUTHCS Y CTaHI IUIOCKOTO PyXY, MEPETHYTH IIOLUIMHOIO,
B SIKIH JIEKUTbH TPAEKTOPIS OYJb-AKOi 3 TOYOK, TO YTBOPEHA LIMM MEPETUHOM ILIOCKA
¢irypa Oyne pyxartucs TUIBKM y 1M IJOmKMHI. Pyx TO4YOoK TuIa, JeXayux Ha
MEePHEHANKYJIAPI O MIOMUHA Pirypu B Oyab-sKiii HOro TOYIN, I[IJIKOM OJMHAKOBI 1
pPIBHI pPYyXOBI OCHOBU IIbOTO TMEPIEHIUKYISIpA, a TOMY pyX TuIa MoXe OyTu
oXapakTepu30BaHUil pyxoMm (irypu B ii muiomuHi. [ ZOCTIIKEHHS TIIIOCKOTO PyXy
TiJla JOCTaTHBO JOCTIAMTH PYyX IUIOCKOT (Dirypw, onepkaHoi MpH TEpPEeTHHI Tija
OJIHIEI0 3 IUX IUIONMH. Tak, B HaBEICHOMY MPUKIAAl PyX KHUKKUA LLIKOM
BU3HAYAETHCS PYyXOM Oy/Ib-sIKO1 3 i CTOPIHOK y TUIOIIWHI, MapajeibHIN IJIOIMIHHI
CTOJIA.

[{s oOcTaBuHA A03BOJIE€ 3aMIHUTU BUBUYEHHSI IUIOCKOTO PYXy TUJIa BUBYEHHSIM
pPYyXy IIIOCKOI (pirypH B 1i MIIOIIUHI.

Ha puc. 7, a npeacraBieHa cucreMa JIeKapTOBUX KOOPAUHAT x0y , sIKYy OyJaemMo
BB)XATH HEPYXOMOKO 1 Ha3BeMO I1i OCHOBHOIO cHcTeMoro Bimiiky. Hexail nesika
¢irypa, po3TaiioBaHa y IJIOIIMHI x0y, pyXaerbcs B Hiil. Hanecemo Ha miit ¢irypi

IHIIy cUCTEMYy KOOpAuHAT X,Ey, 3 mouaTkoMm y noBUIbHIM Touwli E . Lo cuctemy

Ha3BEMO pPYyXOMOIO, TOMY IO BOHA pPYyXaeTbCs pa3oM 3 (Irypor, a I0YaToK
KOOpJIMHAT - TOYKY E Ha3zBeMo nojtocoM. 106 Bu3HAUMTH mosioxkeHHs (irypu Ha
IJIOIIMHI X0y , JOCTaTHbO 3HATH MOJIOXKEHHS CUCTEMU PYXOMHX KOOpIMHAT X,Ey,

BIJIHOCHO OCHOBHHX X0y, TOOTO 3HATU KOOPJWHATU X.,Y. MOJtOca E 1 KyT, HA SIKUU
noBepHynacs ¢irypa, HampuKIag, KyT ¢ MDK JOJATHUMHU HampsMKaMud ocei 0x i
Ex, . ITo mipi pyxy Qirypu mojokeHHSI pyXOMOi CUCTEMH KOOpAMHAT X,Ey, BITHOCHO
HEPYXOMOi CUCTEMHU X0y MIHSETHCS, 1 100 BUSHAYUTH pyX PIrypH, HEOOXITHO 3HATU
Il BEJUYUHHU (KOOPAMHATU TOJIOCA Xg,Ye 1 KyT MOBOPOTY ¢ ) SIK €Kl HETEpPEpBHI
0JIHO3HA4H1 (PYHKIIIT yacy

Xe =X (1); Ve =Ye(); @=0(t)



13

X1 X1

V1 I

/

/

/

/
E
///\(P y »
XgE XK X XE XK

Puc. 7

b 4

Ili piBHSHHA € pIBHSHHSAMHU pPyXy IUIOCKOi (irypu B 11 IJIOIIUHI, BOHU
BU3HAYAIOTh TUIOCKHUH pyX Tija.

JlificHO, BU3HAUUTU PyX MEXaHIYHOI cUCTeMH (y HAIIOMY BHUIAJKY IJIOCKOT
birypu) — O3Hayae JAaTH TOJIOXKEHHS KOXHOI 1i TOYKM B 3aJaHUl MOMEHT 4acy.
Hamucani Tpu piBHSHHSA J03BOJISAIOTH BH3HAYUTH MICIIE€ 3HAXO/KEHHS OY/Ib-AKO1
TOukd (irypu B JaHy MUTh. BuszHaummo, Hampukiajg, A€ Ha TUIOMIMHI X0y
3HaXOAMThCS Touka K (puc. 7, a), KOOpAMHATH SIKOI B PYXOMId CHUCTEMI

MO3HAYalThCs vepe3 X, 1 Yy, . PyxoMi oci koopauHaT X Ey, 1 Touka K HE3MIHHO
3B’s13aH1 3 (Iryporo, TOMy KOOPAWHATH X, 1 Y, TOUKH K y pyXOoMii CUCTEMI MOCTIiiHI.
Jlnst BU3HAYEHHS KOOpPAMHAT X 1 y TOYKM K B OCHOBHIM CHCTEMI x0y
ckopucTaeMmocs (hOpMyJIOr MEPETBOPEHHS KOOPAUHAT BiJIOMOIO 3 KypCY aHATITUYHOT
reoMeTpii 1 OYEBUAHOIO 3 pUc. 7, O.

X=Xg +XCOS@—Yy,Sing; y=Y+XSINp+Yy,COSp

3BepHEMO yBary Ha Te, 110 JiBa MEPIIMX PIBHSIHHS TOTOXKHI PIBHSHHSAM PYXY
TOYKH Ha TUIONIMHI 200 PIBHAHHSIM TUIOCKOTO MOCTYMAIILHOTO PYXY, TPETE PIBHSHHS B
TOTOXXHE PIBHSHHIO OOEpTaHHS HABKOJO Hepyxomoi oci. Ha it miacrasi me Einep
3aMpOIOHYBAaB PyX IUIOCKOI (IrypH sSIK CKJIAQIHUM PYyX, SIKMM CKJIAJa€ThCA 3 JBOX
PYyXiB: MEPEHOCHOTO (TMOCTYMaIbHOTO), IO BHU3HAYAETHCS PYXOM TMONIOCYy E , 1
BiTHOCHOTO 00€pTaJhbHOr0 HABKOJIO MOJIFOCA, TOYHIIIE, HABKOJIO OCI, SIKa TMPOXOAHTH
gyepes MO0C MEePICHIUKYIISIPHO IIOMIMHI (BIrypH.

JIBa mepiux piBHSHHS ABJISIIOTH COOOI0 MOCTYHAIBHUM PYyX IUIOCKOI (irypwu.
PazoM 3 TUM BOHM BUpaXalOTh KOOpPAWHATH Toitoca E y ¢ynkmii wacy. OTxke
MEePEeHOCHM (MTOCTYMANBHUN) pyX (QIrypu BU3HAYAETHCS PyXOM Tojtoca. Skio 0 3a
nostoc Oyna BuOpaHa Oyjab-ska iHIIA TOYKa (Irypu, TO ABa pPIBHAHHA Oynu O
IHIITUMU, & OTXKE, 3MIHUBCS O 1 OMUCYBAaHUHN ITUMU PIBHSIHHIMH PYX IJIOCKOT DITypH.

HaBmnaku, TpeTe piBHAHHS HE 3B’S3aHE 3 MOJIIOCOM E , TOMy o0epTaHHs Pirypu
(KyT TIOBOPOTY ¢ , KyTOBa IIBUJIKICTh (O 1 KYTOBE MPUCKOPEHHS &) HE IOBHUHHI
3aJIeXaTH BiJ BUOOPY MOJIOCA.



14

OTxe, mepeHOCHUH (MOCTyNalbHUN) pyX (irypu B ii IJIOIIMHI 3aJICKHUTH BiJ
BUOOPY MOJIOCa, @ 00EPTOBUM — HE 3aJI€XKUTh.

5. IBuAKICTH i NPHUCKOPEHHA TOYOK IIOCKOI (irypu.

Jis  onmep>kKaHHA TPOEKIM IIBUIKOCTI Ha HEPYXOMIA OCi KOOpIWHAT
po iU ePEHITIIOEMO 32 YACOM PIBHIHHS:
dx
dt dt
OTtxe, Marouu Ha yBasi piBHSHHA (3. 15)'
V, Ve~ (=¥ 2i V, Ve, +(x-x0) 52
OcraHHI WIeHM TpaBUX YacCTUH BHUpaXaroTh 3rigHO 3 Qopmynamu Eitnepa
MPOEKUIi IIBUIAKOCTI TOUKH K mpu 0O0epTaHH1 (pirypu HaBKOJIO noJiroca E .
[TpoBenemo pamiyc-BekTop EK -, (puc. 7, 0) i mO3HAUYUMO dYepe3 o KyT,
CKJIQJICHU M HUM B JaHy MUTb 3 BICCIO abcuuc. Toni
cosa = (X, —Xg)/1; sina=(y, —Ye)/r, 1 bopMyna HaOyBae TaKOTO BUTIISY:
Vi =Vgx —fsinow; Vy =Vgy +1; COSao

dy _dye

</>
xsm + CcOS
—( Q+Y, qo) i

sin (p)(ij—(tp.

OTxe, BEKTOp MIBUAKOCTI OyAb-sSKOi TOYKM K TUIOCKOI (irypu MOKHA
pO3MIIAAAaTH SK TEOMETPUYHY CyMy JBOX BeKTopiB: 1) V. - MBHAKOCTI ¥y
MOCTYMAIbHOMY PYCi, fIKa JTOPIBHIOE IIBUAKOCTI Oy/b-sIKOT TOYKA E , HE3MIHHO
3B’s13aHO1 3 (Irypor0 1 MPUMHSTOI 3a TMOJIOC, 1 2) MIBUAKOCTI B 00EpPTOBOMY pycl
¢birypu HaBkoio mooca E . I{ro mBUAKICTE TO3HAYUMO V,

V=V, +V,,
eV, =V, 1V, =0-EK.
[IBuAKiCTh V, TOYKH K BiIHOCHO TOYKH E CIPSMOBaHA IMEPICHIUKYIIPHO EK

B Oik oOepTaHHs Qirypu.

OTxe, MBUAKICTh OYb-KO1 TOUKH (QIrypH, sika 3HAXOJIUTHCS Y TUIOCKOMY PYC,
JIOPIBHIOE TEOMETPUYHINA CyMi IIBUIKOCTI II€] TOYKH BIAHOCHO IOJIOCA 1 MIBUIKOCTI
MOJTFOCA.

Ty Touky ¢irypu, sika 3HAXOAUTHCSA Y TUIOCKOMY PYCl, HIBUAKICTH SKOi B JaHY
MUTb JOPIBHIOE HYJTIO, HA3UBAIOTh MUTTEBUM IIEHTPOM IBUAKOCTeH (MIIIII).

SAxuro MU npuitHsaTH 32 MOJIIOC E TO PIBHSHHS HaOy/ie TAaKOT'O BUTJISIY:

mywt 9

Vy = oKE
1€ ® - KyTOBa IIBUIKICTh Pirypu, KE

myu

- BicTaHb Touku K Big MIIII.

-

dopmyna BHUpaxae IMBHIKICTb OyAb-sIKOI TOYKM K TiIa, SKE BHKOHYE
obeprToBuii pyx. Po3moain mBuakocTel To4ok (irypu Takui, M0 HEMOB Ou ¢irypa
oOepraeTbcsi y nany MuTh HaBkoso MII. Onnaye B HacTymHUH MOMEHT 4acy
MIIII 3MicTUTBCS B 1HIINY TOYKY IUIOMIMHM (TOMY BiH 1 HAQ3UBAETHCA MUTTEBUM), 1
KapTUHA PO3MOJLTY MIBUAKOCTEH Oyle Takorw, HEMOB Ou Bcsl ¢irypa odepraeThcs
HABKOJIO HOBOro I1eHTpy. IIpore B Teopii miaockoro pyxy i B ii HPaKTUYHOMY
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BUKOPHUCTaHHI, MPU JOCHIKEHHI 1 KOHCTpyroBanH1 mammH MIIUI rpae BaxmuBy
pOJIb.

[To3HalioMuUMOCS 3 AEIKUMHU METOIamMu 3HaxokeHHss MITII.

Aximo BiOMUN HampsM MIBUAKOCTEH xoda O mBox To4ok ¢irypu, To MIIII
JeTKO BU3HAYUTH, MPOBIBIIM 3 LHUX TOYOK MEPHEHAUKYISIPU JO HANPSIMIB IHX
mBuaAKocTed. Touka nepeTuHy neprneHauKysapis 6yae M.

a) V,

EML[LH A

Hexait BizmoMa MBHIKICTh $KOi-HEOyaAb TOuku A (puc. 8, a) ¢irypu, ska
3HaXOMUThCS B IJIOockoMmy pyci. IIpoBememo d9epe3 Touky A  mpsMmy,
NEPIECHINKYIAPHY BEKTOPY IIBHIKOCTI Ii€i TOYKH. 3TiAHO 3 OCHOBHOIO TEOPEMOIO
KIHEMaTUKA MNP0 MBUAKICTH TOYOK TBEPAOTrO TiIa MPOEKUIi Ha IO MOpIMY
HIBUIKOCTEH 1i TOUOK PiBHI MK COOOIO0 1, 30KpeMa, JOPIBHIOIOTh MPOEKIIIi IBUIKOCTI
TOYKU A. AJle IPOEKIId NIBUIKOCTI TOUKH A Ha 10 IpsIMY JOPIBHIOE HYIIO, TaK SIK
npsiMa MpoBeJieHa NEPHEHAUKYIISIPHO MBHAKOCTI. OTXe, MBHUAKOCTI BCIX TOYOK LI€i
PSAMOT MEPIICHIUKYJIISIPHI M1 TpsIMiii.

Hexaii BigomMa mBUIKICTH a00 X04a O HAIPsIM IIBUJIKOCTI1 SIKOi-HEOYIb TOYKH B,
1 aHAJOTIYHUMH MIPKYBaHHSIMHU TOKa)KEMO, IO IIBHUIKOCTI BCIX TOYOK IN€l MpsMOi
nepreHauKyasapHi 10 Hei. ITpoexiii mBHAKOCTI TOYKH E, SKa JCKUTh Ha MEPETHHI
000X MEepIEeHIUKYISPIB, HA KOXKHINA 3 IUX MEPICHIUKYISPIB MOBUHHI JOPIBHIOBATU
Hym0. OTxe, NIBUJKICTh TOUYKH E JOPIBHIOE HYJIIO, TOMY IO 1151 IIBUIKICTH HE MOXKE
OyTH  TepneHAMKYISPHOI  OJHOYACHO JIO JBOX  MEPHEHAMKYJSAPIiB,  sIKi
MepeTUHAIOThCS. AJie Ha BCIM miomuHi Mae Micie auiie ogud MIIII. 3HaunTh, BiH
3HAXOJMTHCH B TOUIl E TEPETUHY JIBOX MEPHCHANKYJISAPIB, TOCTABICHUX J0 BIJOMHX
IIBUKOCTEH JTIBOX TOYOK. Y IiH K€ TOYII MOBUHHI NIEPETHHATHCS TTEPIICHINKYIISIPH,
MOCTABJICH1 10 MIBUAKOCTEHN yciX TOUOK pirypu. IIIBUIKICTh € BEKTOP MPUKPITUICHUH,
a TOMY MEPIEeHAUKYIISAP 10 BEKTOpa MIBUIAKOCTI TOYKHA TpeOa CTABUTH Y I1H TOUIIL.

[IBuaKocTi TOUOK (irypu MPOMOPIiNHI iX BIACTAaHI r BiIl MUTTEBOTO LEHTpa
mBuaKocTed. Tomy, 3’eaHyroun 3 E,, , TIOYATOK 1 KIHEIb BEKTOPA MIBHAKOCTI Oyib-

My
AKOI TOYKU (Dirypu, oAep UMO MOJIOHI MPSIMOKYTHI TPUKYTHUKH, B SIKUX TaHTEHC
KyTa IpY BEPIIUHI E, , JOPIBHIOE KyTOBINA MIBUAKOCTI » (puc. 8., 0).

Myt
SIKII0 MepneHAUuKYISIpU 10 IMIBHAKOCTEH IBOX AKUX-HEOYIh TOUYOK IJIOCKOI

¢irypu napanenabHi Mix co6oro, To ML Oyne HECKIHYEHHO BiAJaICHUM 1 BEKTOPU

IIBUJIKOCTEH ITUX TOUOK (PIrypHy B TaHWK MOMEHT 4acy piBHI MIXK CO0OIO.



16

SKmo mepneHANKYISPU 0 MIBHIKOCTEH NBOX SKUX-HEOYAh TOYOK ILIOCKOI
¢irypu criBnamamTh (puc. 9), o MU nexxuts Ha BiAPI3KOBI MPSAMOI, 10 3’ €AHYE
Il TOYKH, 1 JUIMTh KWOTO HA YACTWHH, NPOIOPIHHI MBUAKOCTSIM IHX TOYOK
(V.:Vs = AE,,, : BE,,,) 30BHIIIHIM YMHOM, SKIIO IIBHIKOCTI IIMX TOYOK CIPSIMOBAHI

B oAuH 01K (puc. 9., a), 1 BHYTPIIIHIM, SKIIO Y IPOTHICKH] O0KH (puc. 9, 0).

My

a) B 0) B
A 5 Vv A A s \Y A
B / V,
—
/ Emu
Y Eniun % B
Puc. 9

ko sika-HeOy b MIocKa Pirypa KOTUTHCS MO 1HIIHN (Irypi, sKa JEXKHUTh 3 HEIO
B OJHIA MUIOMIMHI (HANpHKIad, pyXxOMa IIECTEpHS KOTUTHCS MO HEPYyXOMI), TO
IIBUJKICT TOYKH (IrypH, 110 KOTUTHCA, MOBUHHA OyTH PIBHOK HYIO, SKIIO,
3BUYAIHO, KOUEHHSI HE CYNPOBOJKYETHCS SABUIIEM KOB3aHHA ab0 OykcyBaHHs. Tak
AK KOXKHY MUTb Ha (irypi, 1o 3A1HCHIOE TNIOCKUIA pyX, Ma€ MiCIle TUIbKM OJHA TOYKa
13 MBUJKICTIO, piBHOIO HYJ0 (MLIILI), To BiH 1 3HAXOAUTHCS Y TOUIIl JJOTHUKY.

Hexait, manmpukiaa, KojiecO KOTUThCA IO MPsAMOMiHINHINA peii (puc. 10).
PosrasiueMo pyx koiieca sIK CKIAJOBHM, KU CKIAJAETHCS 13 MOCTYHAIBHOTO PYXY
pazoMm 3 Biccto koieca O 1 oOepTanbHOTO pyXy HaBKojo Iii€i oci. Ha puc. 10, a
MOKa3aHi MIBUIKOCTI JESIKUX TOYOK KoJieca B MOCTyNajJbHOMY pyci, a Ha puc. 10, 6
IIBUIKOCTI THX K€ TOYOK MpU 00epTaHHI KoJieca HABKOJIO HOTO IEeHTpa. Y BUIIAJIKY
KOUeHHsI 0e3 KOB3aHHS 1 0e3 MpOoOYKCOBYBAaHHS KOJOBa IIBUIKICTH TOYOK 0001
KoJieca Mo MOJAYJIIO IOPIBHIOE IMIBUAKOCTI OCI1, TaK SIK MpU 0OepTaHHI Kojieca Ha OJIUH
MOBHUN 00epT HOro BICh MEPEMICTUTHCA Ha 2af , a TOYKM 000Ja ONUIIYTh B iX
BIJIHOCHOMY OO€pPTOBOMY pycCi Koja Ti€i 3k JoBkuHU. [IIBUAKICTH TOUOK KoOJieca 1O
BIIHOIIICHHIO JI0 HEPYXOMOi CHCTEMH BIIIIKY 300paxkeHa Ha puc. 10, B. L
IIBUJIKOCTI MOXXHA OJIepKaTH SK IIBUAKOCTI MpU OOEpTaHHI KoOjeca HaBKOJIO
MUTTEBOTO LIEHTPA IIBUIKOCTEH, CIIBMAJAI04YOro 3 TOUYKOK JOTHKY Kojeca 1 pelku
(puc. 10, ). IIBHAKICTH KOKHOI TOYKH CIPSIMOBAHA IO JTOTHYHIN 10 TPAEKTOPIT 1i€i
TOYKH.
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a)
S
» O >
 ——_—

a4

Ervim
Puc. 10

MU nexutes Ha camiid (irypi, sika KOTUTbCA, a00 HAa HE3MIHHO 3 HEIO
3B’SI3aHOK0 HEPYXOMOIO mioniuHor. Touky, cniBnagatouy 3 MIIII, ane nexxady Ha
HEPYXOMIH IUIONIMHI, N0 fAKIA pyXaeTbcs (irypa, Ha3MBalOTh MUTTEBUM IIEHTPOM
oOepTaHHs. Y pO3IISIHYTOMY MPUKIIAII MUTTEBUI LEHTP WIBUIKOCTEH JIEKUTH Ha
0001 KoJieca, 8 MUTTEBUM LIEHTP 0OEpTAaHHS — HA PEHIli.

[lepeiinemMo 10 NpPUCKOpPEHHS TOYOK (irypu mnpu I1iockomy pyxosi. Io6
BU3HAUWUTU TMPOEKI[i TPUCKOPEHHS TOYKM K IUIOCKOi (Qirypu, Tpeba Tmpo
nudepenttiroBaty piBHSHHS (3.27), K1 BUBHAYAIOTH MPOEKITlT MBUAKOCTI I1€1 TOUKH.
VYBeaeMo MO3HAYEHHS X, = X—Xg 1 Y; =Y — Y 1 HEepPEenuIieMo 11 piBHSIHHS TaK:

dx  dxg dp. dy dye Xd_go_

- - ) + ’
dt  dt “tdt’ dt  dt ' dt
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IU(PEPEHIIIOI0YH, OJICPKUMO:

d’x  d’xg d’p dy, dp d’y d’y, d’p dx, de
7 T 2 T T T 2 T Tz TRt
dt dt dt dt dt dt dt dt dt dt

3a popmynamu Eiinepa

Xm_ d_(D | %_ d(D

dt Tt dt Ot dt

1 orepe iH1 piBHSHHA Ha0yBalOTh BUTIISTY:
_ 2. _ 2
8y =Agx — V18— X0, 8y =agy T XE-Y,W

VY mpaBux yacTWHAx MUX PIBHAHb 3TiAHO 3 (3.24) nmpyri 4ieHH BHUPaXKalOTh
MPOEKINi JOTUYHOTO, a TPETI — MPOEKIIii TOIEHTPOBOrO0 MPUCKOPEHHS TOUYKU K TIpH
obepranHi (irypu BiZHOCHO moJitoca E. BoOHM BIZIPI3HAIOTHCS Bij BIJIOMHX PIBHSHB
TUTBKH THM, I1I0 B JAHOMY BHUIIQJIKy BICh OOEpTaHHS MPOXOIUTh HE Yepe3 MOYaTOK
koopauHat O, a uepe3 nojtoc E (puc. 11).

[li piBHSHHSA TOKa3ylOTh, IO MPOEKIi Ha SKy-HEOyJAb HEPYXOMY BICh
MIPUCKOPEHHS KOXKHOI TOUYKM K (Irypu JOPIBHIOIOTH anreOpaiuHiil cymi MpoeKIii Ha
II0 X BICh TPHOX HOTO CKJIQJOBUX: TPUCKOPEHHS TMOJ0ca E , JOTHYHOTO
MIPUCKOPEHHSI TOYKM K mpu 00epTaHH1 (Irypyd HaBKOJO MOJItOca E 1 JOUEHTPOBOTO
MPUCKOPEHHS TOYKU K y TOMY K pyci Qirypu.

MoskHa 3anucaty 111 piBHSHHS 1 B reoMeTpuuHii popmi. JlificHO, SKIIO MPOeKIi
BEKTOpa MPUCKOPEHHS HA BCSKY BiCh JIOPIBHIOE aJIireOpaiuHiii CyMi MPOEKIIii Ha Ty XK
BICh TPbOX BEKTOPIB, TO BEKTOpP MPHUCKOPEHHS TOYKA K MOXKHA BU3HAYUTH SK
T€OMETPUYHY CYMYy TpPbOX BEKTOPIB: MPUCKOPEHHS Toioca E , JOTUYHOTO
MPUCKOPEHHSI TOYKKM K TIpH HOro oOepTaHHI HABKOJIO TOJOca E 1 JIOIEHTPOBOIO
MIPUCKOPEHHS TOYKU K y TOMY X pPyXOBi (irypu:

a=a; +a, +a,,
Jie, TTO3HAYMBIIH BIJICTaHb BiJl TOYKH K 0 IMOJIIOCA Yepes3 I, OAEPKIUMO:
_ H 2
a, =er, i a,=oT,.

VY KOXHY MUTh B IUTOMMHI (ITypH Ma€ MicIlieé OJHA TOYKa (MUTTEBUM IIEHTP
MIPUCKOPEHHS), TPUCKOPEHHS SIKOT a,,, AOPIBHIOE HYIIO. [IpUCKOpEHHs 1HIIMX TOYOK

myn
¢birypu B III0 MUTh MOKHA MPEJCTaBUTH K MPUCKOPEHHS MPH 00epTaHHI il HAaBKOJIO
MIIII. MIILI 1 MIIIT He cmiBIIaaroTh MiXK COOO0IO.
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19

Puc. 11



