NEKLKAA 7

AHannUTUMYHa mexaHuKa

Cvavpoicarnue )
1. Ilone Ha yckOpeuusara B TBEPAC TANQ, BBPTAILC C& OKONO HEIIOABIIKHA TOUKA.
2. TIpoCTPaHCTBEHO ABHKCHHE HA TBBPAO Ts10. OCHOBHA TeopeMa.
3. Tlone ma cxopocruTe 1 yoxopenuaTa b obnims Cilyvail Ha HBHMKCHHE Ha TBBPAO TANO.
4. BHHTOBA OC M BHHTOBH AKCOMIIH.

Iloge Ha YCKOPEHNATA B TBBLPAO THAIO, EBPTAILO €€ 0KO0JI0 HeNOABUKHA TOYKA.

*  YCKOPEHUEmO — npouzeo0Ha RO 6DEMEMO Om CKOPOCTING.
0FT V=@Xr

W=9’1:_ci(,{;)><r)=d—m><r-|~(1)><f (1)
dt dt dt

®  O3Ha4YcHUA

- BIVIOBO YCKOPEHHE: £=—

dt

uHmepnpemayua Karo cCKOpocT Ha Kpas Ha BeKTopa O , pasrIeKIaH
KaTO TOYKa OT HETOBHA Xoxorpad

‘ ) & _do
- BBPTEIHBO YCKOPEHHE: w = —xr=gxr

Paziuka © BBPTICHETO OKOJIO HENOIBHIXKHA OC: BCKTOPB®T Ha BIIOBOTO
YCKOPCHHE HE JIEKH Ha npargara, onpenesjcHa or BEKTOpa HA BrAOOBATA
CKOPOCT, & € BBPXY TIpaBa, MHHABAIA npe3 HCTMOABMAKHATA TOYKA,
HapeueHa OC Ha BITOBOTO YCKOpEHHE, BGKTOPT:T Ha BIIOBOTO
YCKOPCHHC Ha OaieHa TOYKa € HCPHEHAUKYIAPECH HE Ha pagHyca Ha
BEPTCHE, 4 H2 MHHAMAaJIHOTO Pa3CTOAHHE OT PAa3riaciKaanara TOYKa JI0

0CT@ Ha BIIOBOTO YCKOPEHHE.



dr
- IEHIPOCTPEMHTENHO yckopeHHe: w's) = mx 7 =@xV
. t

BCKTOP, NEPNeBAUKYIIPEH Ha PaBHHMHATA, OTIpeAelena OT CKOpoCTTa Ha
pasThekaanaTa TOUKa M BIJI0OBATa CKOPOCT

HOJIE Ha YCKOPEeHUAma 8 mespoo msino,
BBPIAUO CE OKONO HEROODBUNCHA MOYKA

W=eXr+ox{@xr)=exr+(@nNo-—(oo)r=sxr+(®ro—ao’r 2)

IPOEKIMH HA YCKOPEHHETO B HENMOIBMMKHATA KOOpIHUHATHA CHCTEMA

KOOpAHHATH Ha 828(€x,€y,62), mxm(a)x,a)y,wz) . Westlog poz)

W, =g, 27—y H(@ox+0,y+® )0, ~0'x
— - 2
w,=gx—&zH(@x+0,y+w2)o,-a'y 3)

wo=gy-—ext{@oxtey+wz)o -’z

z

do, d . d _dw, . dw,
=—1=—{0) —-—— = —_ (i} = .
HO & dr ' dt( i) dr ot e xi) dt

(dw) de, [dw) da, (d(oj da.
T2, €X= —_— ﬁ—*—,g = — =——g€-x PRSSEN e L
datj, dt " \a), a& 7 \a) a

4pe3 AU epeHIHpate Ha KOMITOHEHTHTE Ha bIIOBATa CKOPOCT, H3Pa3eHH upe3
OiinepoBure BITIH U TEXHHTE IIPOMIBOIHH:

@, = psinysin@ + Qcosy
W, =@ cosy sin @ + @siny
W, =@cos+yr
clefl 3aMeCTBAHe B (3) ce MONMyYaBaT M NMPOSKHHHTE Ha YCKOPEHHETO

4HAJIOTHYIHO €€ MOTYHABAT H NPOCKUHNTE HA YCKOPEHHETO Ha IOABIKHUTE
OCH;
Wy =g,z gy H( @ +w, ) w2 o, — oK
r r r r [ 2_.r
Wy =E.X —&.2 +(Wx +@,Y +0.2)Yw, -0’y (4)

w, =g,y —e X Hox o,y +o.2 o, -0’z




( dwj do, [a’m] ‘dw, dm) dw,
T.C &, =|—~—| = y Eyp = — | = s Ey = — | =222
at j. a7 \dt ), d ar ). dt

@, =y sinfsin g+ Gcos @
@, =y sinfcos g —Hsing (5)
@, =ycosf+ @

*  OIpeacnsiHe Ha YCKOPCHHETO Ha IIPOM3BONHA TOYKA: MIH ‘-Ipe3 BCKTOPHUTE

ChCTaBAIH €, O , r; HIHU 4pe3 IPOCKIHHIC B HAKOA OT KOOpAHHATIINTE
CHCTEMH

2. IlpocTpancTBeno BHIKEHME HA TBHPIO TSA0. OCHOBHA Teopema.

® OHPSACIIHC Ha TONOKEHHETO Ha TBBPLO TANO: JOCTATHYHO € ha ce 3amaie
IIONOKCHHETO HA C¢AHa TOUKa OT Hero (momwe O7) ¢ KOOPAHHATH Ha HEHHHA

AAHYC~-BCKTO K {x + 2y ) OTHOCHO KOOPAWHATHA CIHCTEMA B BbLPTESIHBOTO
P G {Xe.)4.2, P

JIBHIKCHHE OKOJIO TIONIOCA, olcBaro ¢ Tpute OineposH BIVH Y, d,0
¢ cBOOOOHOTO TBBPIO TAIO MMa § CTeneHY Ha ceobonma: x,,y,,z,, ¥, 6,9
* YPaBHCHHA Ha JBFXKEHHETO Ha TBBPAOTO THIO
Y=HO, =50, z2=£0, v=10, =10, o=/ (©)

* YP2BHEHUA HA NBHKEHUCTO Ha NPOH3BONHE Touka M OT TBEpPROTO Tano (npH
3afaneHn QyHKUHH (6))
- OTr=r,+r’, Kpaero:
r{x,y,z)- B HCMONBHKHATA KOOPAMHATHA cucTeMa Oxy
¥, (Xg, ¥ 2, ) - KOOPAMHATH Ha nosmoca O’

r'(x’,»',2z") - KOOPOMHATH B TOABHXHATA CHCTEMA O’x’y’, dbukcHpana B TAI0TO
X=Xy v x o,y +a,z’

Y=Y+ @)X +a,y +a,z (7)

r r r
Z=Zy+ 00X @) a2



(@;)- KOCHHycMTE MeAJty CIWHMYHMTE BEKTOPH HA HeNOJBWKHATA W

HOABHKHATA CHCTEMA, T.¢. (X,x") —> cos (x, X"} = a,,; (%, ") —» cos(x, ")} = o

OCHOBHA TeopeMa;
Bearo npemecmsane na mewpdo mano & RPOCHPaHCMEOMO Mod¥ce 0a ce
OCBUECMEU YPE3 NOCMBRAIMENHO NPEMECTEare 3aeOH0 € U3OPaH ROMOC U eOHO
3asvpimaHe oKono oc, MUHABAWa APE3 MO3U HONOC
[P TOBA:
-~ BCKTOPRT Ha 3aBBPTAHETO HE 3aBHcH OT M36opa Ha [0moca, T.e. [IpH
IIpOMATa Ha IIOIIOCA CC OPOMEHA CaMO [MOCTBIIATSIHOTO IIpeMCcCTBaHeE,
MOKATO HAIPaBIEHHCTO HA OCTZ M BIBIBT Ha 3aBBPTAHC HE ce
LIPOMEHAT
- [IPDOSKITMATE Ha UOCThIIATEIHNHTE IIpEMECTBAHHA (HpH PasiuvuHA
TOJIIOCK) BRPXY OCTa Ha 3aBLPTAaHe Ca PABHH TIOMEXY CH
- HPEXOIET OT €/{HO MONOKEHHE Ha TANOTO X0 JIPYTO MOJIOKEHHE MOKE
M@ CC OCBINECTBH YPE3 DPasNHYHH NOCTHUATCIHH NPEMCCTBAHMA,
3apucel or u3bopa Ha momoca (T.6. MPEMECTBAHETO Ha IOTIOCA
OIpPEACT CaMOTO MOCTBIATENHO MPEMECTBAHE HA TIO0TO). Bewuku
TaKHBA NOCTHIATEHH [IPEMECTBAHMA IIIE CC PA3INYaBaT 10 TOJIEMUHA
H TIO0 HaNIPaBICHHE, HO TPOCKIUHNTE UM BLPXY OCTA HA 3aBhPTAHE LIE
ca eIHH ¥ CHIIH

BBIPOC: BB3MOXEH JiM ¢ H300p Ha HOMIOC, 33 KOHTO HErOBOTO NPEMECTBAHE €
Hali-MaIKo — TakaBa TOUKa GM MMala IPEMECTBAHE, YHATO [POCKLMS BBPXY OCcTa
Ha BLPTEHE TPAOBA la € paBHa Ha CaMOTO HpEeMECTBALE, T.€. TOBA NpeMecTBaHe
6u TpadBano na ¢ yeropeHo Ha 0CTa Ha BhPTCHE

BUHIMOBOD NpeMecmeane. ChBKYITHOCT OT HOCTEBIIATEIIHO IPEMECTBAHE H BLPTCHE
OKOJIO OC, KOATO € yCIiOpedHa Ha HOCThOATEHOTO HpeEMECTBAHE

3. Iloite Ha CKOPOCTHTE H YCKOPERHUATA B OGIIHS ciiyvail HA ABVOKeHHe Ha TBHEPAO

* OZHAYCHHA:
= P - BEKTOD HA IpEeMECTRaHe Ha HPOM3BOIHA TOYKA OT TANOTO

- Py BEKTOp Ha MPEMECTBAHE Ha OIOCA

- 1’ ! pajMyc-BEKTOpP Ha TOWKATA OTHOCHO IIOJIIOCA



PA3TICHKART e 683KpﬁﬁH0 MaJIKH  TIpCMECTBaHMi Ha TBBPAO TANO - OT
NalleHo MOTOKEHUE 10 Ge3KpaliHo GIH3Ko J0 Hero HOBO IIOMOKCHHE

HpencTapsHe (¢ TOUHOCT 10 Be3kpaliHo MaTKH BEMHYHHE OT BHCOK OOPSIBK)
Ha NPEMECTBAHCTO YPe3 BEKTOPA Ha MAJIKOTO 3aBBPTaHE

p=p,+0xr (8)

aKko Al e HHTepBaN, 3a KOHTO ¢e H3BLPIBA IPEMECTBAHETO, CITe/] ACHCHHE H
TPaHHYCH IIPEXO;

3 0
= lim —
Al—>0 Af

V=V +0Xr =vo+ox{r-n) 9

* uwspasvm (9) dasa pasnpedencHuemo Ha cxopocmume e mewvpov MANg &
obugust cryyat na deuncenuemo my

- TOCTEIIATE/HA CHCTABAULA HA CKOPOCTTA: v, (PaBia Ha CKOPOCTTA Ha TIONIOCA)

- BBPTCINBA CBCTABAIA HA CKOPOCTTA: @ X r’ (OKOIO oNkoca)
s 1pyr u3Bom Ha (9):

OT r=¥y,+r =1, +xV'+yj +z'k'

3

KBJETO!
- rl = rf(xl"y’,z’)
- W', j',k' : enuBMYHE BeKTOPH Ha MOABHKHATA KOOpJIHMHATHa CHCTEMa
ox’y’
dv _dry dv' dr, &' ,di' |, dk’
T E—t— =t —+ Y =
e dt  dar dt dt dt dt
dir ‘;' djr " dl(r ,
HO ~— =@x}, ~~=@xj, — =@wxk
dt df dr
! ’ di’ d'f r dkf re FEr .t r
ﬂ—:x LR ——=ox(xT+yj+2KkYy=oxr
dt dt dt dt

HIH V=V, +@xr



* TMpockrupale (9) Ha HEMOIBIKHUTE OCH:

vx=v0x+wy(zuzﬂ)_wz(ywy0)’ va:‘)E:O
vy :VO,V—‘-a)z(x_xO)_a)x(Z_ZO)’ vOy :J}O (10)
vzzv(}z_i-a)x(y*yo)—wy(x_xo), Vo; mZ.O

* IpoekTHpaHe (9) Ha HONBHXHHUTE OCH:

— F 14
Vo=V t@,2 —w,y,
v, =V, +@,x —w,z, (11)

Vo T Vo TORY —@W,X !

¢ TIIPOCKIHM Ha CKOPOCTTA Ha IIOJIOCa Ha HEeIOABHMKIHTE OCH!

Vou = O Vo, T8,y Vy, + 05V, _
Voy = CpVox + &V, + a3V, 12)

Vor = 3V, + &3V, + 53V,

- B(11) (x', ¥, z") ca nocroanuu KoopaAMHATH Ha usbpanaTa B TANOTO TOYKA,
- KOOpAMHATHTE Ha CBILATA TOYKA B HEIOABIKHATA CUCTEMA Ce AaBaT CbC (7y;
- KOCHHYCHTE (a,j Y MEXIY eMHHHNTE BEKTOPH Ha HEMTOABHIKHATA H

HNOABH)KHATA CHCTEMA ce M3passiBat upes ORnepoBUTE BIIH, 3a0a/IeHH KATO
(hYHKIIMM Ha BpeMeTo

® PA3NpeNCNCHHE HAa YCKOPEHMATa B TBBPAO TM0 B ofmius cmydail Ha
JBIKEHHCTO MY

ot (9) cien audeperuupae:

w:@:ﬁer_mxr,erxdr ==w,+exr +ax(oxr) (13)
dar dt dt t

* uspasvm (13) O0asa yckopewuemo Ha NPOUSEOAHA MOYKA OM MEHPIO MANO €
0OWUA CAY T KA OBUICEHUCIMO MY, KOO UMA MPU CoCMAgA
- TOCTBNATENHO YCKOpeHue: W, (YCKOpeHHe Ha NOJI0CA, e/(HAKBO 3a BCHUKH
TOYKH)
- BBPTENHBO yekopenne: w'” =gx 1’ (okono nomeoca);

- UCHTPOCTPEMHTENHO yCeKopenne: W' =@ x (@ x r') (xeM momoca)



4., BuHTOBA OC H BHHTOBH AKCOMAM,

¢ B O6IJ.[I/IH CHY‘Iaﬁ IIPpCMECTBAHC HA TBBLPAO TSIO B OpOCTPAaHCTBOTO MOMXKE Oa Ce
IPeACTaBH KaTO CbBKYIHOCT OT IIOCTRIATSIIHO [IPEMECTBAHE H BRBEPTCHE OKOJIO OC,
KOATO € yCropeaHa Ha HOCTRIIATSITHOTO NPCMECTBAHE: GUHIMOGO NpeMecHaare

Gur. 1

* BITOBATa CKOPOCT Ha TAIOTO He 3aBHCH OT H300pa Ha nonwca
- HEKa B SIHO TATO ca u3dpaHH fgsa nomoca O’ u 07

- PajuyC-BEKTOPHUTE CIPSIMO T€3H MOJIOCH Ha MPOU3BOIHA Touka M ca ChbOTBETHO
I'H ', KaTo ¢ r, ¢ 03Ha4YeH PajINyc-BEKTOPBT Ha O cpsimo O, Te. ¥ =1, +1”

- M3pa3siBaHe Ha CKOPOCTTA HA TOUKaTa M cupsaMO Te3H TOMIOCH:
! T L
V=V +@OXr =v, + ' xr (14)

0T Apyra cTpaHa: Vo = Vg +OXT, {15)
CIell 3aMeCTRaHe:

V=V +@XY =vy +oxr +o xr’,

OXr' —Oxr =o' xr", X' -)=0'xr" = oxr’ =o' xr"’
(0—-a)xr" =0

e 0=

¢ TIPOCKIHHTE HA ITOCTBNATENHHTE CKOPOCTH BBPXY OCTA HA BhPTEHE HE 3aBHCAT OT
H300pa Ha MONTIOCa

oT (15) vy = V¢ + @ X1y, CIEN CKANAPHO YMHOKEHHE HA JBETe CTPaHH C !



Yor® = Vo0 + {0 X I )0 = V (16)

BBB BCEKM MOMCHT B TANOTO CBHINECTBYBA OC, TAKA Y& BCHYKK TOUKH OT HEH HMAT
CKOPOCTH, YCTIOPENHH Ha BIIOBATA CKOPOCT
- K0 3a Touka C ¢ pajuyc-BeKTOp r. HeHHaTa CKOpOCT Vo=V +OXK, e

YCMOpEAHa Ha BITIOBATA CKOPOCT ), TO OM C& M3MLIHABAN0 ) X v.=0,Tec.
coxvc=(x)xv0+m><(c)xré)=0)xv0+(c0ré)(0—w2ré=0 (17)

- 4KO 3a Touka C ce n3bepe AeraTa Ha IIEPHEHANKYIAPA, CIIYCHAT OT nomoca O
KBEM ThpCeHaTa 0¢ O, To @I, =0 u ot (17) cnenpa:

, XV
I}::?“ﬂ“ (18)

PaanyC-BEKTOPET I'- Ha TOUKATA C CIIPAMO HENOABHXKHOTC Hadano O e:

OxV
rc&ro"'ré:ro””# (19)

- BCHYKH TOHKH C PATRYC-BEKTOPH I' =1/ + A (A - DPOU3BONHO YHCIO) CHLL0

yaosnereopasat (17); ezeomempuynomo muoxcecmeo om mowky, uuumo
CKOPOCIU Ca YCROPeOHY HA beR08AMA CKOPOCHI, € NPAGA IUHUS C YpaBHEHHE!
(r'-r)xo=0 (20)

- ot (19) cnensa 1 =1 —1,, a 3a BCAKA TOYKA ¥ =, +F', T.e. 1’ =r—1,; clcq

3amecTBane B (20) ce cTHra Jio ypaBHeHHETO Ha IIpaBaTa B HENOIBUKHATA
cHCTeMa;
(r-r.)xm=0 (21)

BCAKO ABHKCHHE Ha TEHPAO TAIO B NPOCTPAHCTBOTO MOJKE Jla CE Pa3Iex/ja KATO
8UNMO80 OJGudicenue, T.e. KATO CHBKYMHOCT OT MOCTHIATENHO JBHKCHHE H
BbPTCHE OKOJIO OC, KOATO € YCHOpeIHAa Ha MOCTBIATENHOTO NBMXKEHHE, OCTa,
OKOJI0 KOATO B JIaJICH MOMEHT TSI0TO C€ 3aBLPTa M eJHOBPEMEHHO Ce TIPEeMECTBa
YCIIOPEAHO Ha Hesl, C¢ HApHId MOMEHMHA GUHIMOBA OC
YPaBHCHHATa HA MOMEHTHATA BHHTOBA 0C BB BEKTOpHA (JOPMa TI0 OTHOLIEHHE Ha
NOABHCHATA M HEMOABHKHATA KOOpAHHATHa cuctemMa ca (20) u (21) upm
otuynTane Ha (18) u (19)
HOPOCKLHY Ha MOMEHMHAMA UHIN0EA OC

- B HEHOJBHM)KHATA KOOPIWHATHA CHCTEMa



X=X Y=V _Z-2Z 22)
@, @, @,

- B II0JABHIKIATA KOOPAMHATHA CHCTEMA

x’—xé“.:y'—yézzf_zé (23)

@, @, @,

- kKoopauHaTHTe Ha Toukata C B (22) 1 (23) ce onpeaenar or ( 19) u (18):

_ 1
xC - xO + .;J-Q_(a)yv(]z - a)zv()y)
i
Ye =MW + ;{ (a)zv()x = a)xvﬂz) (24)

1
ZC = ZU + —a?(a)xvﬂy - wyvﬂx)

i
Hoa
X = —~ (@,v,, —@,v,,)

. 1
yC = — (a)z'vﬂx' - a)x'vD:') (25)
(124

!

1
g = pe (@, — @y vy,)

pasllika ¢ TAJ0, KOETO HMa HEMOIBHXKHA TOUKA: GUMINOBAMA OC HE MUHAGA
npe3 eOHa U Cbya HeNOOBUNCHA MOYKA @ POA3AUYHY MOMEHINU OM 8DEMENO
dKo c¢ M3KMOUM BpemeTo B (22) m (23), He ce TONYuaBAT KOUMYHH
IIOBEPXHHHH, & IHHEHTAaTH HOBBPXHOCTH, HAPEUCHH CHOTBETHO HenoOd8uUMNCHU
U nOJBUNCHYU aKcouOu Ha BHHTOBHTE OCH

dHAJOTHA € JIBHKEHHE Ha TANO ¢ HEMOABI)KHA TOYKA, KHICTO HOJBHKHHAT
AKCOH/| C€ ThpPKa/La 5e3 XTh3raHe Mo Hell0ABIKHES AKCOHI

TONBHKHHAT aKCOUT, Ha BUHTOBHTC OCH € THPKANA 110 HENOABMKHNA aKCOM,
Kamo ce xav32a no Hezo No obmarta obpazyeamia 3a JBAaTa akcouma -
BUHMIOSAMA OC 8 OA0CH MOMEHm



5. Hpumep.
TBBpA0 TANO A c€ BEPTH 0K00 0¢ I ¢ BII0BA CKOPOCT @, , a TATO B He3aBHCHMO o1
HEro ce BBpTH oxoio oc II ¢ Briosa ckopocT ®@,, kato w, =2w,. Ocra I e

neprenaukysipaa Ba ocra Il v e na pascrosuue ot mes a (dur.2). Jda ce onpesent
ABIKCHHUETO HA TAIO A cripAaMoO 1a10 B.
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JABHKEHHETO HA TAIO A CIPAMO TsI0 B € CBBKYITHOCT OT [(BE MBIKCHUSA - OKOIO 0C Ic
BIIOBA CKOPOCT @, K 0KOTIO oc¢ 1I ¢ BrIoBa cKopocT -@, ;  (IpH BriIoBa CKOPOCT - @,
TAno B craga HenoasiwkHo) . M36upa ce KOOPAHHATHA CHCTEMA C HAYAIIO B TOUYKA A;
(PE3YATATHT Ha ABETE ABIKEHHA ~ BBPTEHE 0KOMO o¢ [I] ¥ HOCTRIATENHO BIKEHHE ChC
cKopocT v: (ur.2,0)

llpoeKIrATe Ha BITIOBATA CKOPOCT:. (0 = ®; + @, BEPXY OCHTE Ca: @, = —@, =—2@,;

@, =0;, =0, a HeliHaTa TONeMHHA: @ = \[@] + @] + W = o5 .

IIpoekuuu Ha MOCTBIATENHATA CKOPOCT 11O KOOPAHHATHHTE OCH Ca v,=0,v, =0,
v, =2a®,, a HelinaTa roneMuHa: v = 2aw , .CKanapHOTO NPOU3BEICHHKE HA BITIOBATA K
TOCTBIATENHATA CKOPOCT .V = @V, + @V, + @,V, = 2aw | e pa3IHYHO OT HYNA, T.C. TE3H

BCKTOpH HE ca NePpICHAUKYIAPHA - DBHXKEHHETO € BHHTORO,

V, — Y0, +Iw, Vv, -0, +xo,
YpaBHEHHe Ha BMHTOBATA OC: = =

o, @, o,

—_— %: 2za) +xay _ 2a—2y,T.el Z:E, y:—4£

0 1 2 3
HocTsnatennara CKOPOCT, ¢ KOSTO THNOTO Ce ABHKH 10 HAlIPaBICHAE HA BUHTOBATA OC

V@, V@, +V o, _ 2aw,

® Js

Vv, —X@, + Yo,

CC OfIpEacHas OT VCoS &) =V, =



