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TexcT Jexkuii
1. BinnocHuii i nepeHocHu pyx.

MexaHiuHUN pyX BU3HAYAE€THCS 3MIHOIO TMOJIOKEHb Tija (a00o 4acTWH Tina) 3
4acoM 1 MO)Ke OyTH BIIMIYEHO JIMIIE BITHOCHO SKMX-HEOYb 1HIIUX Ti1. PeansHl abo
YMOBHI TiJ1a, 110 BIIHOIICHHIO J0 AKUX BU3HAYAIOTh MOJIOKEHHS 1HIIUX PYXOMHUX Ti1 1
SIK1 TTPUIMAIOTHCS 3 CUCTEMH BIJUTIKY, TAKOK HE HEPYXOMI.

Aje B MexaHilll JaldeKo He 3aBXIu Tpeda MaTH HEPyXOMYy CHUCTEMY BIAJIKY.
Tak, HanpUKIad, SKIIO TEPEMINIYIOTh BaHTaX Ha Maixy0i Kopabisi, To caM pyx Horo
HE Ma€ 3HaueHHA. Y MOAIOHMX BUMNAJKaX B KIHEMATHUI[l MOKHA YMOBHO NMPUUHATH 32
HEPYXOMY OyIb-sIKy CHCTEMY BiJIJTIKY 1 Ha3BaTH il OCHOBHOIO CHCTEMOIO BiIITIKY. Pyx
)K€ TOYKHA (200 CHCTEMHM TOYOK) IO BIJIHOIICHHIO JO OCHOBHOI CHUCTEMH BIUTIKY
Ha3UBaIOTh a0COIOTHUM PYXOM.

3yCcTpivyaroThCs BUIAJIKU, KOJIU MPUXOAUTHCS BUBYATH PyX TOYKHA ab0 TiIa 1O
BIIHOIIICHHIO JIO CHUCTEMHM BIIJIIKY, SIKa caMa PYXa€ThCS BIJHOCHO 1HINOI CHCTEMH,
npuitHATOI 3a OCHOBHY. CHCTeMy, SKa PYXa€ThCsl BiTHOCHO OCHOBHOI CHCTEMH
BIJUTIKY, HA3UBAIOTh PYXOMOIO CHCTEMOIO BIJUTIKY.

Tak, HanmpukiIaa, NEpPeMilIeHHs KopalJis MO piylll, BUMIPSHE 3a JOMNOMOTOIO
jara (MexaHlyHOro a®o T1APaBIIYHOTO 1HCTPYMEHTA JUIsi BUMIPIOBAHHS IIBUIKOCTI
KOpabJisi BITHOCHO BOJIN), HE BPAXOBYE 3HOC KOPAOJISI TEUIEO PIUKH.

MoskHa ysIBUTH €001 pyXOMY CHCTEMY KOOPAHMHAT, sIKa TUIMBE Pa3oM 3 BOJIOKO 3a
TeU1€10, TOOTO PyXOMOIO BIJIHOCHO 1HIIOI CUCTEMHM BIJUJIIKY, MPUMHATOI 32 OCHOBHY.
Pyx kopabnsi MokHa poO3riasgaTH MO BIAHOIIEHHIO JI0 JBOX CHUCTEM BIUIIKY: TIO
BIIHOILICHHIO JI0 PyXOMOI CUCTEMHU (3B’S3aHOi 3 BOJOI0) 1 O OCHOBHOI (TIOB’s13aHOT 3
Oeperamu piuku). Pyx kopaliis 1o BIAHOIIEHHIO IO PyXOMOi CHUCTEMH KOODPJHHAT,
SBJIIETHCSI BIAHOCHUM pyXOM KopaOiisi. B3araini BIIHOCHUM PyXOM Ha3MBaIOTh PyX
(Touku, Tiya a00 CUCTEMU TOUYOK) BITHOCHO PYXOMOI CUCTEMH BIJIJIIKY.

VY HaBeneHOMy BHINE MPUKIAl, 00 3HAUTH PyX KOpaOJsi BITHOCHO OeperiB
pluku, Tpeba KpiM pyxy KopabJiisd BiIHOCHO BOJM 3HATH TAKOX 1 pyX BOAM, TOOTO pyX
PYXOMOI CHUCTEMH BIJUIIKY BIJHOCHO OCHOBHOI. PyX pyxomoi cucteMu BIIIIKY
BIJIHOCHO OCHOBHOI CHCTEMH BiJIJIIKY HA3UBAIOTh MIEPCHOCHUM PYXOM.

e omun mpuxnan. JlroguHa ine y3A0BX nmoTary. Pyx mortsra € mepeHOCHUM
pyXOM [IJis JIIOJUHM, a pyX JIIOJAUHU BIJIHOCHO BaroHiB € BigHOCHUM. IloTar
nepeHocuTh (y OyKBaJIbHOMY 3HAYEHHI CJIOBA) JIOAMHY. AJie 1HOJI IEPEHOCHUM PyX
HE € pyXOM TOIO OTOYEHHS, fIKe TIrHe 3a coboro AaHuil o0’ext. Hampukian,
pO3rIIAaloun pyx 3emili HaBKOJIO 11 oci 1 HaBkoysio COHIl, MOKHA TEPIINN 3 IUX
PYXiB BBaXKaTH BITHOCHHUM, a IPYTHil — IMEPEHOCHUM, X04a HEMa€e TaKOro OTOYCHHS,
sike 0 KpyTuiocs HaBkoso CoHIIS pa3oM 13 3emIiero.

VY mepmmx IBOX MpHUKIagax pyx o0’ekra (Kopaluis, JIIONMHM) CKIATAETHCS 3
JBOX PyXiB, Kl Ha3BaHl BIAHOCHUM 1 NMEPEHOCHUM. Y TPETbOMY MNpPHUKIAAl 3emiisd
3IACHIOE PYX, IKUW IITYYHO PO3KJIaJACHUN Ha BIIHOCHUM 1 mepeHocHuit. YacTto, 11100
CIIPOCTUTH BUBYCHHS SKOTO-HEOYIb CKIIAIHOTO PyXy, HOTO MITYYHO PO3KJIATAI0Th Ha
OUTBIII TPOCTI, HA3WBAIOYM OJWH 3 HUX BIJTHOCHUM, a JPYTHH — TEPEHOCHHM.
CxitalHUM pyXOM Ha3WBarOTh A0COTIOTHUN PyX TOUKH a00 CUCTEMU TOUYOK, STKHUMA



CKJIaiaeThesl (a00 ckiajeHui) 13 BIMHOCHOTO PyXy IO BIJIHOIIEHHIO JIO PYyXOMOi
CUCTEMHU BIJUJTIKY 1 IEPEHOCHOTO PYXY Pa3oM 3 PyXOMOIO CUCTEMOIO BIJITIKY.

SIKIIO y CKIQAHOMY PYXOBI YMOBHO MPUIUHUTH OJUH 13 CKJIaI0BUX PYXiB, TO
OJIEpKUMO JIpyruil ckiagoBuili pyx. Ilpu pimenHi nedxkux 3agad OyBae 3pyqHO
KOPUCTYBAaTHCSl TakKUM 3axoJoM: 1) 1mo0 BU3HAYUTU BIIHOCHUH pPYyX, YMOBHO
3YMIUHSAEMO TIEPEHOCHUH, 2) 100 BU3HAYUTH MEPEHOCHUHN PyX, YMOBHO 3yMHHIEMO
BIIHOCHUH.

2. Teopemu napaJjiejiorpamMa IIBHIKOCTEH i mapaJjiejiorpaMa NpUCKOPeHb

Hexaii nesska touka M z2 (puc. 1) pyxa€eThcs BITHOCHO CHCTEMH KOOPAMHAT
xiEy . SIkmo 6 o cucteMy  KOOPIMHAT BBAXKAJIU HEPYXOMOIO, TO PyX, INBUIKICTb 1
PUCKOPEHHSI TOYKW MO BIIHOIIEHHIO J0 IUX KOOPAMHAT Ha3Bajdu O aOCOJIIOTHUM.
Ane 3a YMOBOIO 3ajadl LI cuctema KOOP/IMHAT PYXAEThCA BITHOCHO OCHOBHOI
CUCTEMHU BIJUTIKY X0 yz . B TakoMy BUTaJKy MBUAKICT 1 IPUCKOPEHHS TOYKHU M TIO
BiTHONIEHHIO JI0 PyXOMOi CHCTEMH BiatiKy (cucTemu KoopauHaT — *EY 7 ) HasuBaioTh
BIJHOCHUMH.

[To3HauMMO BiTHOCHY IIBUAKICTH V| (Bifl JaTHHCHKOTO cjoBa relativus —
BIJTHOCHUI), a BIIHOCHE TIPUCKOPEHHS &, ., J1JIg MO3HAauYeHHS iX MPOEKIIii mopsi 3
1HJIEKCOM r OyIeMO CTaBUTU Apyruit iHaekc. Taxk, V, - TpOEKIls BITHOCHOI
IIIBUIKOCTI Ha BICH OX .

1106 BU3HAYUTH NEPEHOCHUM PYX TOUKH M , MPUIIMHUMO YMOBHO BIJTHOCHUI
PYX, 3aKpIMUBIIH 11 B KOOpJAUHATAX X1 Ey: 21 y TOMY MOJIOKEHHI, SIKE BOHA 3aiiMae B
JaHy MUTh. TaKM YUHOM, OYJIeMO BBa)KaTH, 1110 TOYKA M HE3MIHHO 3B’s13aHa 3
ocsMH X1 Eyiz1 , ale ocCl MPOJOBXKYIOTh PyXaTHCS BiJIHOCHO OCHOBHOI CHCTEMHU
KoopauHAT x0yz pa3oM 3 TOUYKOW M . Tojl MBHAKICT 1 IPUCKOPEHHS TOYKH M
BIJTHOCHO OCHOBHHUX OCEH KOOPJIMHAT OYyTh MIBUJKICTIO 1 MPUCKOPEHHSIM TOUKH M
B il MEpeHOCHOMY pYyCi.

ITepeHOCHOIO MBUAKICTIO TOYKA M HA3MBAIOTh a0COJIFOTHY IIBUIKICTD Ti€i
TOYKH PYXOMOi CUCTEMU BIJUTIKY, 3 SIKOIO B IaHY MUTH CITIBIA/IAa€ TOUYKA M .

[lepeHOCHUM MPUCKOPEHHS TOYKH M Ha3UBAIOTh a0COIIOTHE MPUCKOPEHHS Ti€l
TOUYKH PYXOMOI CUCTEMH BIJUTIKY, 3 SIKOIO B IaHy MHUTb CITIBIIaJJa€ TOUKA M .

[To3HaYUMO TIEpPEHOCHY IIBHKICTh TOYKH V. (BiX (paHIly3bKOT0 CI0Ba entrainer

— TSTHYTH 32 CO0010), 8 IEPEHOCHE MPUCKOPEHHS - & .

J1J1st Mo3HaYEHHSI MPOEKLI MePEHOCHUX MBUIKOCTI 1 IPUCKOPEHHSI HA SKY-
HeOy1b BICh OyZIeMO CTaBUTH MOPS 3 1HAECKCOM € 1HIEKC BIJMOBITHOT OCI.
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X Puc. 1

O3HallOMUBIINCH 3 TMOHSATTSAM BIAHOCHOI 1 NEPEHOCHOI IIBUIKOCTI TOYKH,
3HANIEMO 3aJIeKHICTh MK IIMMM IIBHIKOCTSAMHU 1 aOCOJIIOTHOIO IIBHUJIKICTIO, TOOTO
IIBUJIKICTIO TOYKH MO BIAHOIICHHIO 10 OCHOBHOT CUCTEMH BIITIKY.

Hexaii pyxoma cucteMa KOOpAUHAT X: Ey: z1 (pHC. 2) pyXaeThes MOCTyIalbHO. B
TakoMy Bumaaky oci  EXEy I Bz 30cTaloThCs MapaleNbHUMH - CBOEMY
MOYaTKOBOMY HampsiMKy. JIisi cHOpoleHHs BUKIAIOK Hexall Il ocl CIpsiMOBaHi
napajieibHO OCSIM OCHOBHOT CUCTEMH KOOpJMHAT. TO1 32 BECh Yac pyXxy MaeMo:

EX1|0X; Eyl‘Oy; exl Ez.

M
Zim
X1 44
ZE
YE ¥
0
XE

Puc. 2



Po3risgHeMo cnoyaTtky BITHOCHUH PyX TOYKU M 1 JUIsl IbOTO 3yIIMHUMO YMOBHO
pyX pyxomoi cucTeMH BiUIiKy. Hamumiemo piBHSHHSA pyXy TOYKM M BIJIHOCHO
CHUCTEMH BIJTIKY

X = X(t); =y();, z =z(t
C=x@: Y =y 2 =20 (1)
[IpoaudepeHniiroBaBIIy 3a 4aCOM, 3HAWEMO MPOEKIIii BITHOCHOT IIBUAKOCTI Ha

PYXOMi OC1 KOOpJIMHAT:
v

X :d)il ’ ry :Tdytl , :—dzml .
1 1 1
Tak stk 0C1 pyXOMOi CHCTEMH KOOPJIMHAT MapalieibHi BIAMOBIAHUM OCSM
OCHOBHOI CHCTEMH, TO MPOEKIIii BITHOCHOT IMBUAKOCTI Ha ocli Exi,Ey: i En

BIJIMOBIHO JIOPIBHIOIOTH MPOCKIIISIM Ha TapajieibHi iM 0Cc10x, 0y i 0z OCHOBHOI

CHUCTEMH BIJTIKY:
dx dy dz
_—1 . 1 . JEp—
Vix = dt Vry = gt Ve = dt

3Har04M NpoeKIlii BIIHOCHOT IIBUKOCTI, JIETKO 3HAWTH 3HAYEHHS 1 HAIIPSIM
MTOBHOI BITHOCHOT IIBUIKOCTI.

1106 BUALIUTH IEPEHOCHUM PYX, YSIBHO 3yITUHUMO PyX TOUYKH BITHOCHO
PYXOMOi CUCTEMHU KOOPAUHAT, ajie I03BOJIMMO CaMiil pyXOMiid CUCTEMI X1 Ey: 71
MIPOJIOBKYBATH PyX.

Hanumemo piBHSHHS IEPEHOCHOTO MOCTYNAIBHOTO PYXY

Xe =Xe (t); ye =ye(t); ze =ze(t).

JludepeHiiroeMo i 0JIep>KyeMO MPOEKIlii NEPEHOCHOT IIBUAKOCTI TOUKH M ,5IK1

MpU NOCTYNAIBHOMY PYCl CUCTEMHU JOPIBHIOIOTH MPOEKIISIM IIBUAKOCTI TOYKU E :
v o=dx_ ;v =dy, ;v =dz_
" dt ¥ dt ¥ dt

Benuuuna 1 HanpsiM BEKTOpa MOBHOI MEPEHOCHOT IMBUJIKOCTI.

JInst BU3HayeHHs1 aOCOJIOTHOI IIBUAKOCTI TOYKM M 3HaieMO CHOYatKy ii
KOOpJIMHATU X,V iz . BuxopucraBum ¢dopmyiy MIEPETBOPEHHS TOYATKY
KOOPJIMHATHUX OCEW MpH 30epiraHHi iX HaMpsIMKIB, OJIEPKUMO

X=X +X_ 3 Yy=y+y ;2= +7

Touka M 3HaXOAUTHCS y CKIAHOMY PYCi, OTKE, X, Y1Z 3MIiHIOIOTHCS 3 TUIMHOM
yacy, NPUYOMY TMepill UICHH NpaBUX YaCTUH IUX PIBHAHL 3MIHIOIOTHCS ¥
BiIMOBIAHOCTI 3 piBHsHHAMH (1). [IponudepeniiiroBaBim ix 3a 4acom, OACPKUMO
MIPOCKIIiT a0COIFOTHOT IMBUIKOCTI TOYKH M :

% :ﬁ +dL Vv :di1+dyE Vo= dzl+dzE
“odt dt Y dt dt ¢ dt dt
abo
Vi=Vix+Vex; Vy =Viy +Vey; V; =V + Ve (2)

[{i piBHSIHHSA TOKa3yIOTh, 10 MPOEKIisl aOCOJMIOTHOI MIBUAKOCTI Ha Oyab-sKy
BICh JIOPIBHIOE CyMI MPOEKIN BIHOCHOT 1 IEPEHOCHO1 MIBHIKOCTEH HAa Ty X camy
BicT. OTXe, BEKTOp aOCOJIOTHOI IIBHUAKOCTI TOYKH JIOPIBHIOE CYMi BEKTOpIB
BIJIHOCHOI IIBUAKOCTI 1 TIEPEHOCHOT IIBUJIKOCTI TIET )K TOUKHU:

\Y =\7r +\_/e- (3)



Tomy fnoBeAeHy TeopeMy Ha3UBalOTh TEOPEMOIO MapajenorpaMa MBUIKOCTEH.
Ha Bigminy Bix Teopemu mapanenorpama MBUAKOCTEH, IKY MOXKHA
BUKOPUCTOBYBATHU NIPU OY/Ib-SIKOMY IIEPEHOCHOMY PYXOBI, aHAJIOT1YHa TeopeMa
napajiesorpaMma IpuCKOPEHb CIPABEIJIMBA JIMILE B TOMY BUIIAAKY, KOJIA TEPEHOCHUI
PyX MOCTyNAJIbHUM.
Hexaii Touka 3MiMCHIOE CKJIAQIHUM PyX ,IPUYOMY PyXOMa CHUCTEMa BIJJIIKY
x1 Ey1 1 pyXaeThecsi MOCTYNAIBHO 1O BITHOLIECHHIO 10 OCHOBHOI cuctemu x0 yz . Hexai
BIJIMTOBITHI OC1 000X KOOPIMHATHUX CUCTEM TapajieibHi MK coboto (puc. 2).
[Tpoexkuii BiIHOCHOI IBUAKOCTI TOUKH BxKe Bu3HaveHi. [Ipo mudepeniiroBaBim
Il PIBHSHHS 32 9acOM, 3HaWIEMO MPOEKIIii BiTHOCHOTO MPUCKOPEHHS TOYKH
a_ :ZTZZX; a, :(;Tzzy; a_ :%Z
Monynb 1 HanpsiM MOBHOTO BIIHOCHOTO IPUCKOPEHHS.
[TpoaudepeHnLioBaBmIM 32 YacOM MPOEKIli NEPEHOCHOI IIBUJKOCTI, 3Hal1eMO
MPOEKIIii MPUCKOPEHHS TOYKU y IEPEHOCHOMY MOCTYaIbHOMY PYXOBi:
dix. diy. d?z,
az T ar T
Mony1b 1 HanpsiM MOBHOTO NMEPEHOCHOTO MPUCKOPEHHS.
[[{o6 BU3HAYNTH MPOEKIIiT AOCOIFOTHOTO MPUCKOPECHHS TOYKHU, Y HAIIOMY
BUIAJIKY TpeOa Mpoau(epeHLiroBaTh 3a 4acoM piBHSIHHA (2):
—d?2 )(1+d2XE ., =02 y +azy_ o, _d? z +d?z_

g dt dt Y dt dt ’ dt dt

dex =

abo
a, =a,+a, ;a,=a,+a, ;a, =a,+a,. 4

3 X piBHSAHB BUIHO, IO SKIINO MEPEHOCHUM PyX MOCTYIAJIBbHUMN, TO MPOESKIIis
a0COJIFOTHOTO MPUCKOPEHHSI TOYKH Ha BICh CKJIAJAETHCS 13 CyMH IPOCKINN Ha Ty X
BICh BIJJHOCHOTO 1 MEPEHOCHOTO MPUCKOPEHb TOUkU. OTKe, BEKTOpP aOCOJIIOTHOTO
MPUCKOPEHHS TOUKH B I[bOMY BUIAJKY JOPIBHIOE TEOMETPUYHIN CyMi IBOX BEKTOPIB
— BIJIHOCHOTO 1 IEPEHOCHOTO TPUCKOPEHb:

T +a_e' 5)

VY 1poMy 1 3aKIII0OYAETHCS TeopeMa mapajienorpamMma mpucKopeHb.

PiBusinaa (4) 1 (5) BupaxarTh 3B’S30K MDK aOCOJIIOTHUM, BIJHOCHHUM 1
MEPEHOCHUM TPUCKOPEHHSMHU TOYKH Yy BHNAAKy, SKIIO IIEPEHOCHUH pyX
MOCTYTATBLHUN, 1 JTO3BOJISAIOTh BU3HAYUTH OyAb-fAKE 3 IMX NMPUCKOPEHHb 3a JIBOMA
1HIITMH.

Ao BIJHOCHMM 1 MEPEeHOCHUM pyX 3ajaHl y NpupoiHid (opmi, TO i
BU3HAYCHHS TPUCKOPEHb TIPUXOJUTHCS CIIOYATKy BH3HAYUTH iX HOpPMAJbHY 1
JTOTHYHY CKJIa0Bi1. Tak, /s BU3HAYCHHSI BITHOCHOTO MPUCKOPEHHS TpeOa BUSHAYUTH
BIJIHOCHE JIOTUYHE 1 BIIHOCHE HOpPMAaJlbHE MPUCKOPECHHSA. AHAIOTIYHO s
BH3HAUCHHS TIEPEHOCHOTO TIPHCKOPEHHS BH3HAYAIOTh IIEPEHOCHE JOTHYHE 1
NIEPECHOCHE HOPMAaJIbHE MPUCKOPECHHS, a MOTIM ToBHE npuckopeHHs. 1106 onxepxatn
MOBHE aOCOJIIOTHE TPUCKOPEHHS HEOOXITHO B3SITH TEOMETPHYHY CyMY ITIOBHOTO
BIJIHOCHOTO 1 TTIOBHOTO TMEPEHOCHOTO MPUCKOPEHD, SKI CKIIAMAI0Th MK COO0O0I0, MIX
THIITUM, KYT, 10 BIAPI3HAETHCS BiJ MIPSMOTO.



HaBoaumo cxeMmy po3kiiaaHHs HOBHOTO a0COIIOTHOTO MPUCKOPEHHS TOUKH MpU
MEPEHOCHOMY MOCTYMaTbHOMY PYCi:

< (6)
\ — —
ae Set
\ —
den

YacTo BU3HAYAIOTH a6COHI'OTHe IMPUCKOPCHHA 3a 17(0)X0) HpOGKHiHMI/I ay , d y i a; Ha

0C1 OCHOBHOI CHCTEMH KOOPJUHAT 1 0JIEPIKYIOTh IIPOEKIIT MiJCYMKOBOI'O BEKTOpa &
SK anreOpaidHol CyMH MPOEKINH CKIATOBUX 8yt , @ , &t 1 8gn HA T1 K OCI:
a =a +a +a +a ||
X rx rnx etx enx

ay =ary + Amy + Aety + Qeny ;[ (7)
a =a +a +a
z

z rez .

+ aenz. J

etz

SIKIO0 MEpEeHOCHUN pyX HE MOCTYMAJIbHUMA, TO a0COJIIOTHE MPUCKOPEHHS TOUKHU
CKJIQ/Ia€ThCS 13 CyMHM TpPbOX BEKTOPIB: BIJHOCHOTO MPHUCKOPEHHS, NEPEHOCHOIO
npucKopeHHs 1 nmpuckopenHs Kopiomica.

BuBueHHs UX BUIAJKIB BUXOJIUTH 32 MEXI LIbOTO KypCy.



