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TekcT JeKkuil
1. BizHOCHUI i IEPEHOCHUI PyX.

MexaHiyHUN pyX BU3HAYA€ThCA 3MIHOIO TOJIOKEHBb Tija (a0o YacTuH Tina) 3
JacoM 1 Moske OyTH BiIMIYEHO JIMILIE BITHOCHO SIKMX-HEOy b 1HIIUX Ti. PeanbHi abo
YMOBHI TiJ1a, 110 BIJHOLICHHIO 10 SIKUX BU3HAYAIOTH MOJOXKEHHS 1HIIUX PYXOMHX TLI 1
SIK1 TPUMMAIOTHCS 32 CUCTEMH BIJTIKY, TAKOXK HE HEPYXOMI.

Anle B MexaHiIl JaJeKo He 3aBXJIU Tpeba MaTH HEPYXOMY CHCTEMY BIJIIKY.
Tak, HanpuKIaa, SKIIO TEPEMINIYIOTh BAaHTaX Ha maixyOi Kopalisi, TO caM pyx Horo
HE Ma€ 3HayeHHA. Y MoAIOHMX BUNAAKaX B KIHEMATHIIl MOXKHA YMOBHO NMPUUHATH 32
HEpyXOMYy Oyab-sKy CUCTEMY BIIJIIKY 1 Ha3BaTH ii OCHOBHOIO CHUCTEMOIO BITIKY. Pyx
e TOYKH (200 CHUCTEMM TOYOK) IO BIJHOIIEHHIO JO OCHOBHOI CHCTEMH BIJIIKY
HA3MUBAIOTh A0COJIOTHUM PYXOM.

3yCTpiyaroThCs BUIAJIKH, KOJIM MPUXOAUTHCS BUBYATH PyX TOYKH ab0O TuIa 1O
BIIHOILICHHIO JI0 CUCTEMHM BIJUJIIKY, SIKA CamMa PYXa€TbCsl BIJIHOCHO IHINOI CUCTEMH,
OpUHATOT 32 OCHOBHY. CHCTeMy, sfiKa pPyXaeThCS BITHOCHO OCHOBHOI CHCTEMH
BIJIJIIKY, HA3UBAIOTh PYXOMOIO CUCTEMOIO BIJUTIKY.

Tak, Hanpukiaa, NEpeMillleHHs KopalOuysi Mo piylll, BUMIPSHE 32 JOMOMOTIOIO
nara (MeXaHIYHOro a0o T1IPaBIIYHOrO 1HCTPYMEHTA JIsi BUMIPIOBAHHS IIBUIKOCTI
KopabJis BIIHOCHO BOJIN), HE BPaXOBYE 3HOC KOPAOIIS TEUI€I0 PIUKH.

MosxHa ysIBUTH cO01 pyXOMY CUCTEMY KOOpPJIMHAT, sIKa IJIMBE Pa3oM 3 BOJAOIO 3a
TEYi€10, TOOTO PyXOMOIO BIJIHOCHO 1HIIOI CUCTEMH BIJUIIKY, IPUIHATOI 32 OCHOBHY.
Pyx kopabnsi MokHa pO3TJsSAaTH MO BIAHOMIEHHIO JI0 JABOX CHUCTEM BIUIIKY: TIO
BIJIHOIICHHIO JI0 PyXOMOi CHUCTeMH (3B’S3aHO1 3 BOJIOIO) 1 IO OCHOBHOI (TIOB’A3aHOT 3
Oeperamu piuku). Pyx kopabiis 1o BIAHOIIEHHIO IO PyXOMOi CHUCTEMH KOODPJMHAT,
SABJISIETHCSI BITHOCHUM PyXOM KopaOiis. B3arani BiIHOCHUM PyXOM Ha3WBaIOTh PyX
(ToukwH, Ti1a @00 CUCTEMU TOYOK) BITHOCHO PyXOMOi CUCTEMHU BIIJTIKY.

VY HaBeneHOMy BHUIIE NPHUKIAAl, 100 3HAWTHU PyX KOpalOJis BIJHOCHO OEperiB
pluky, Tpeda KpiM pyxy KopalJiisi BIIHOCHO BOAM 3HATU TAKOXK 1 pyX BOJH, TOOTO pyX
PYXOMOi CHUCTEMH BIJUIIKY BIIHOCHO OCHOBHOI. PyX pyxomoi cuCTEMHU BIIJIIKY
B1JIHOCHO OCHOBHOI CUCTEMH B1/IJIIKY HA3UBAIOTh IEPEHOCHUM PYXOM.

[le onun mpuxnazd. JlroguHa ie y3I0BXK MOTIATYy. PyX moTsra € mepeHOCHUM
PYXOM IS JIIOJUHHU, a PyX JIIOAWHU BIJHOCHO BaroHiB € BimHOCHUM. [loTsr
nepeHocuTh (y OyKBAJIbBHOMY 3HAYEHHI CJIOBA) JIOAUHY. AJie 1HOJI MTEPEHOCHUM PyX
HE € pyXOM TOTO OTOYEHHs, fAKE TATHE 3a coOoro nanHuii o0’ext. Hampukian,
PO3IIIAIal0uM PyX 3eMili HaBKOJIO 11 oci 1 HaBkoyio COHIlS, MOXKHA TIEPIIHMA 3 IHX
PYXiB BBaXaTH BIJHOCHHUM, a JAPYTHIl — MEPEHOCHUM, X04a HEMa€ TaKOTO OTOYCHHS,
ske 0 KpyTuiocsa HaBkos10 CoHII pa3oM 13 3emiiero.

VY mepmmx HBOX MpUKIALax pyx 00’ekta (Kopalisi, JIOAWHU) CKIATAETHCS 3
JBOX PyXiB, SIKI Ha3BaHl BIIHOCHUM 1 MEPEHOCHUM. Y TPETbOMY HpPHUKIaAl 3eMiis
3MIMCHIOE PYX, IKUH IMITYYHO PO3KJIaJeHUN Ha BIIHOCHHH 1 mepeHocHui. YacTto, 106
CIIPOCTUTH BUBYEHHS KOTO-HEOY/b CKIIAIHOTO PYXY, HOr0 MITYYHO PO3KIAAAIOTH HA
OIBII TPOCTI, HA3WMBAKOYM OJWH 3 HUX BIAHOCHUM, a JPYIHMd — MEPEHOCHUM.
CkialHUM pyXOM Ha3MBalOTh aOCOJIOTHUH pyX TOYKM a00 CHCTEMH TOYOK, SIKUN



CKianaeTscsl (a00 CKIAJEHH) 13 BIIHOCHOTO PyXy IO BIJHOIIEHHIO JIO PYXOMOI
CHCTEMH BIJUTIKY 1 IEPEHOCHOTO PyXy Pa3oM 3 pyXOMOIO CHCTEMOIO BIJTIKY.

SIKII0 y CKJIQAHOMY PYXOBI YMOBHO MPUITMHUTH OJWH 13 CKJIaIOBUX PYXiB, TO
OJIEP’)KUMO Jpyruil ckinagoBuil pyx. Ilpu pimenHi neskux 3agad OyBae 3pydHO
KOPHUCTYBaTHCS TakUM 3axofoM: 1) mo0 BHU3HAUWUTU BIJHOCHUH pPyX, YMOBHO
3YNUHAEMO MEPEHOCHUH, 2) 00 BU3HAYMTH MEPEHOCHUM PYX, YMOBHO 3yNHHIEMO
BITHOCHHUH.

2. TeopeMn mapaJiesiorpaMa MBHAKOCTEH i mapaJiejiorpaMa NpucKopeHb

Hexaii nesika Touka M (puc. 1) pyXaeTbcsi BIAHOCHO CHUCTEMH KOOpPJIMHAT
x,Ey,z,. SIk1o 6 110 cucteMy KOOpAMHAT BBAXKaJId HEPYXOMOIO, TO PYX, IMIBUIKICTb 1
IPUCKOPEHHSI TOYKM MO BIAHOLIEHHIO O LUX KOOPAUHAT Ha3Bajdu O aOCOJIIOTHHUM.
Ane 3a yMmMOBOIO 3ajayl Il CUCTEMa KOOPJAMHAT PYXA€ThCS BIJHOCHO OCHOBHOI
CUCTEMU BIWIIKY X0yz. B Takomy BUNAJKy HIIBUIKICTH 1 MPUCKOPEHHS TOYKA M 1O
BIIHOILICHHIO JI0 PYXOMOI CUCTEMHU BIJJIIKY (CUCTEMH KOOpAUHAT X,Ey,z,) Ha3uBaIOTh

BITHOCHUMH.
[To3HaunuMo BITHOCHY HIBUAKICTH V, (BIJ JIAaTUHCHKOTO cioBa relativus —

BIJIHOCHMI), a BIAHOCHE MPUCKOPEHHS &, . [ mo3HaueHHs iX MpOoeKIiil mopsj 3
IHIEKCOM r OyaeMo CTaBUTH Jpyrui iHaekc. Tak, V., - MpoekIis BiTHOCHOT

IIBUIKOCTI Ha BICh 0X.

[IIo6 BM3HAYMTU MEPEHOCHUM PyX TOYKHM M , IPUIUHUMO YMOBHO BIJHOCHHMIA
pPYyX, 3aKpIMUBIIM i1 B KOOpJAWHATAX X,Ey,z, y TOMY MOJOXEHHI, sIKE BOHA 3aiiMae B
naHy MuTh. TakuMm 4yuHOM, OyJaeMO BBa)kaTH, IO TOYKa M HE3MIHHO 3B’s3aHa 3
ocsiMu X Ey,z, , alme ocl MpPOJOBXKYIOTh pPYyXaTHUCS BIJHOCHO OCHOBHOI CHCTEMHU
KoopauHAT x0yz pa3oM 3 TOoukor M . Toi MBUAKICTH 1 TPUCKOPEHHS TOYKU M
BIJIHOCHO OCHOBHHMX OCEH KOOpJAMHAT OYQyTh IIBUIKICTIO 1 TPUCKOPEHHIM TOYKU M
B il MEPEHOCHOMY pYCI.

[lepeHOCHOIO MIBUAKICTIO TOYKM M Ha3uBalOTh aOCOJIOTHY IIBUAKICTH TIET
TOYKU PyXOMOi CUCTEMHU BIJIJIIKY, 3 SIKOIO B JJaHY MUTH CITIBIIaJIa€ TOYKa M .

[lepeHOCHHM MPUCKOPEHHS TOYKH M HA3WBAaIOTh a0COJIIOTHE MPUCKOPEHHS Ti€l
TOUYKH PYXOMOI CUCTEMH BIJUIIKY, 3 SIKOIO B IaHy MHUTb CITIBIIaJJa€ TOUYKa M .

[To3HauMMO TIEPEHOCHY IMIBHUKICTh TOUKH V, (Bil (hpaHIy3bKOTO CIOBa entrainer

— TSTHYTH 32 c00010), a IEPEHOCHE MPUCKOPEHHS - &, .

JInsi mo3HAYeHHsI MPOEKIIM MEePEHOCHUX IIBUIKOCTI 1 MPUCKOPEHHS HA SIKY-
HeOyIb BICh Oy/IeMO CTaBUTH MOPAJL 3 IHACKCOM € 1HJIEKC B1JIMOBIAHOI OCI.



Zim Y1

E X1im

X1

X Puc. 1

O3HAaOMHUBIIMCH 3 TOHATTSM BIJHOCHOI 1 IMEPEHOCHOI IMIBUIKOCTI TOYKH,
3HANIEMO 3aJIEKHICTh MK IIMMH IIBUJKOCTSAMH 1 a0COJIIOTHOIO IIBHAKICTIO, TOOTO
IIBUJIKICTIO TOUKH TIO BITHOIIEHHIO JI0 OCHOBHOT CUCTEMH BIJTIKY.

Hexaii pyxoma cuctema koopAauHaT x,Ey,z, (puc. 2) pyxaerbcs nocTynajibHo. B

TakoMy BUOaAKy oci Ex,Ey, i Ez, 30CTalOTbCsl TMapajelbHUMH CBOEMY

MMOYAaTKOBOMY HampsiMKy. Jlisi crhpomieHHsT BHKJIQJOK HeXal Il oci CHpsSMOBaHi
napaneiabHO OCSIM OCHOBHOI CHCTEMH KOOpAHMHAT. ToHi 3a BECh Hac PyXy MaeMo:

Ex1HOx; Ey,[0y; Ez|Ez.

Z Z1
M
ZIM
E|l yiu y1
X1 /XlM
Zg
YE Yy
0
XE

Puc. 2



PosrisHeMo croyaTky BITHOCHHM pyX TOYKH M 1 JUIsl ITHOTO 3YITMHUMO YMOBHO
pyX pyXoMmoOi cCHUCTeMH BiJTiKy. Hamumiemo piBHSAHHS pyXy TOYKA M BITHOCHO
CUCTEMHU BIJIJTIKY

X =%(); yi=v.(); z=27() (1)

[TpoaudepeHiiroBaBIy 3a 4acoM, 3HaAHEMO MPOEKIlli BIIHOCHOI IIBUJIKOCTI Ha
PyXOMi OC1 KOOpJIMHAT:

dx d dz
=t Vo, =%- Ve, =t

Tak sk OoCl pPyXOoMOi CHCTEMHM KOOPJMHAT IMapajiefibHI BIAMOBIIHUM OCSM
OCHOBHOI CHCTEMH, TO IIPOCKIi BIJIHOCHOI IIBUAKOCTI Ha oci Ex;, By, i Ez,
BIJIMOBITHO JIOPIBHIOIOTH MPOEKI[iSIM Ha TapajeiabHi iM ocl 0x, Oy i 0z OCHOBHOI

CUCTEMH BITIKY:

Vv

V, :%; vV, :%; V, :%.
dt dt dt

3Hal0Ud TPOEKIIi BIJIHOCHOI MIBUIKOCTI, JIETKO 3HAWTH 3HAYEHHS 1 HaIpsM
IMIOBHOI BITHOCHOI IIBHUIKOCTI.

[IIo6 BUALIUTA TEPEHOCHUM PyX, YSBHO 3YIMUHUMO PyX TOYKH BITHOCHO
PYXOMOi CHCTEMH KOOpJHMHAT, aje JI03BOJIMMO camMiil pyxomiil cucteMi xEy,z,
MIPOJIOBKYBATH PyX.

Hamumemo piBHSHHS IEPEHOCHOTO MOCTYIATLHOTO PYXY

Xe =Xe(1); Ve =VYe(t); ze=2c(1).

JudepeniiiroeMo 1 0epKyeMO MPOEKIlIi MEPEHOCHOI MIBUJIKOCTI TOYKU M ,SIKi
IPU NOCTYNAIBHOMY PYCl CUCTEMHU JOPIBHIOIOTH MPOEKIISIM IIBUAKOCTI TOUKU E :
G, e G
dt © ¥ dt T dt

Benuuuna 1 HanpsiM BEKTOpa MOBHOI MEPEHOCHOT ITBUIKOCTI.

Jlns BH3HAaueHHS aOCOJIFOTHOI IIBHUIKOCTI TOYKHM M 3HAWIEMO CIoYarky ii
KOOpIWHATH X,yiz . BukopucraBmm Qopmyny NepeTBOPEHHS  IMOYATKY

VEx =

KOOPJIMHATHUX OCEH MpH 30epiraHHi iX HaMPSIMKIB, OJIEPKIUMO
X=X +Xg; Y=Y, +VYe, 2=27, +2Z.
Touka M 3HAXOAHMTHCH y CKIIATHOMY PYCi, OTXKE, X,y i Z 3MIHIOIOTHCS 3 TNTHHOM

4yacy, MNPUYOMY TIEpIIl UWIEHW TMPaBUX YACTHH IUX pPIBHSIHL 3MIHIOIOTBCS ¥y
BignoBigHocTi 3 piBHsSHHIMHU (1). TIpomudepeniiiroBaBim X 3a 4acoMm, OJEPKAMO
MPOEKIIii aOCOMOTHOT MIBUAKOCTI TOYKUA M :

dx, dx d d dz, dz
:_1+_E.V_yl+yE.V__1+_E

VX ] 1 z
dt  dt Yoodt o dt dt  dt

abo
V, =V, +Vy; V, =V, +V,; V, =V, +V,,. (2)
[{i piBHSHHS TOKa3ylOTh, IO MPOEKIliA abCOMIOTHOT MIBUAKOCTI Ha OyIb-SKYy
BICh JIOPIBHIOE CyMi MPOEKIIM BIJHOCHOI 1 MEPEHOCHOI HIBUAKOCTEH HA Ty X caMmy
BicT. OTxe, BEKTOp aOCOJIOTHOI HIBUAKOCTI TOYKH JOPIBHIOE CyMi BEKTOpIB
BIJIHOCHO{ IIBUAKOCTI 1 IEPEHOCHOT MMBUIKOCTI TI€T K TOUKHU:
V =V, +V,. 3



Tomy noBeneHy TeopeMy Ha3MBaAIOTh TEOPEMOIO MapasesiorpaMa MBUIKOCTEH.

Ha BigmiHy Big TeopemMu Tmapajenorpama IMIBUIKOCTEH, SKy MOXHa
BUKOPHUCTOBYBaTH MpHU OyAb-IKOMY IEPEHOCHOMY pYXOBi, aHaJIOTiyHA Teopema
napanenorpaMma MpuCKOpeHb CIpaBeJIMBa JIUIIE B TOMY BHUITAJIKy, KOJIH TEPEHOCHUN
PYX MOCTYIAJIbHUAMN.

Hexaif Touka 3miiiCHIOE CKJIaJHUN pyX ,IPUUOMY pyXOoMa CHUCTEMa BIJIIKY
X,Ey,Z, pyXa€eThCs MOCTYNAIBHO IO BiTHOIIEHHIO 10 OCHOBHOI cucteMu x0yz . Hexaii

BIJIIIOBI/IHI OCi 000X KOOPAMHATHUX CUCTEM IMapaielibHi MiX co0010 (pHc. 2).
[Tpoexkiii BiTHOCHOT MIBUAKOCTI TOUKHU Bke BU3HaueHi. [Ipo nudepeniiiroBapim
Il pIBHSIHHA 32 4acoOM, 3HaWIEeMO MPOEKIIii BITHOCHOTO MPUCKOPEHHS TOUKH
a :dzx_ a :dzy a :d—zz
“odt?T Y dt? T " dt
Moaynb 1 HapsiM MOBHOTO BIJITHOCHOTO MTPUCKOPEHHS.
[IponudepeHiiroBaBiyu 3a 4acoM MPOEKIIii MEPEHOCHOI MIBUIKOCTI, 3HAWIEMO
MIPOEKINT MPUCKOPEHHS TOYKU Y IEPEHOCHOMY MOCTYNAIIbHOMY PYXOBi:
d’xe . d®ye . d’zg
By =—— By =——, A, =——.
dt dt dt
Moaynb 1 HapsiM TIOBHOTO TTEPEHOCHOTO MPUCKOPCHHS.
[Ilo6 BU3HAYMTU NPOEKIii aOCOIOTHOIO NPHUCKOPEHHS TOYKH, y HAIIOMY
BUTIAJIKY Tpeda mpoandepeHiiroBaTu 3a 4acoM piBHIHHSA (2):
d’x, d’xg d’y, a’y. . d’z, d?z,
a, = +—F5; a, =—2+—F; a, = +—F
dt dt Yo dt dt dt dt

abo

a, =a, +a,; a,=a,+a,; a,=a,+a,. (4)

ey !

3 1MX PIBHSHb BHUJHO, IO SIKIIO MEPEHOCHUN PYX MOCTYMAIbHUMN, TO MPOECKILis
aOCOJIOTHOTO MPUCKOPEHHSI TOYKW HA BICh CKJIQJA€THCS 13 CyMU MPOEKIN Ha Ty X
BICh BIJIHOCHOTO 1 MEPEHOCHOTO MPHUCKOPEHb TOYKH. OT¥KE, BEKTOp aOCOJIIOTHOTO
MPUCKOPEHHS TOYKU B IIbOMY BUMAJKY JOPIBHIOE T€OMETPUYHINA CyMi JBOX BEKTOPIB
— BIZIHOCHOTO 1 IEPEHOCHOTO MTPUCKOPEHb:

a=a, +a,. (5)

VY 11poMy 1 3aKITI0YAETHCS TEOpEMa MapayiesiorpaMma MpUCKOPEHb.

PiBusuust (4) 1 (5) BHpaxkaioTh 3B’SI30K MK aOCONIOTHUM, BITHOCHHM i
MEPEHOCHUM TPUCKOPEHHSMU TOYKH Y BHUNAAKY, SKIIO TEPEHOCHHH pyX
MOCTYMANBHUN, 1 JO3BOJIAIOTh BU3HAUUTH OYIb-SKE 3 ITUX TMPUCKOPEHBb 3a JBOMA
THIITAMH.

ko BIAHOCHMM 1 TEPEHOCHUH pyX 3adaHl y TpupomHid dopwmi, TO s
BU3HAYCHHS TPUCKOPEHb TPHUXOJMUTHCS CIIOYAaTKy BH3HAYUTH iX HOPMAJbHY 1
JTOTHYHY CKJIa0Bi. Tak, /I BU3HAYCHHS BIAHOCHOTO MIPUCKOPEHHS TpeOa BU3HAYUTH
BI/IHOCHE JIOTUYHE 1 BIJIHOCHE HOpPMajbHE TMPUCKOPECHHS. AHAJIOTIYHO IS
BU3HAYCHHS TIEPEHOCHOTO TPUCKOPEHHS BHU3HAYAIOTh TICPEHOCHE JIOTHYHE 1
NEPEHOCHE HOpMaJIbHE MPUCKOPEHHS, a MOTIM NoBHE npuckopenHd. Llo6 oxepxkaru
NOBHE aOCOJIOTHE MPUCKOPEHHS HEOOXITHO B3SITM TE€OMETPUYHY CyMYy IOBHOIO
BIJIHOCHOTO 1 TTIOBHOT'O MEPEHOCHOIO MPUCKOPEHb, Kl CKIAJal0Th MiXK CO000, MIX
1HIIIMM, KYT, 110 BIIPI3HAETHCS BIJ MPSIMOTO.



HaBoanmo cxeMy po3kjiaJaHHs MOBHOTO a0COIIOTHOTO MPUCKOPEHHS TOUYKU MPH
NEPEHOCHOMY MOCTYMaIbHOMY PYCi:

jsb]

n

Q|

1
= (6)
\ ge - aet
\ a

en

YacTo BU3HA4YaIOTh a0COIIOTHE NPUCKOPEHHS 3a HOrO IPOEKUIAMH a,, a, i a, Ha

OC1 OCHOBHO1 CUCTEMHU KOOPJMHAT 1 OJACPKYIOTh MPOEKIIi MiICYMKOBOIO BEKTOpa a

K anreOpaiyHoi CyMu MPOEKIIii CKIaa0BuX a,, a,,, a, 1 a,, Ha Tl X OCI:
a‘x = artx + arnx + aetx + aenx;

a, =8y, +a,, +8, +a,,; (7)

az = anz + a'rnz + aetz + aenz.

K0 NEepPEeHOCHUN PyX HE MOCTYNaJIbHUN, TO a0COIIOTHE MPUCKOPEHHS TOYKU
CKJIAJAEThCS 13 CYMH TPhOX BEKTOPIB: BIJHOCHOIO MPHCKOPEHHS, MEPEHOCHOIO
npucKopeHHs 1 npuckopenHsa Kopiomica.

BuBYeHHS 1IMX BUMAJKIB BUXOAHUTH 32 MEXI IIbOTO KypCy.



