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BCTYII

TeopeTnuna MexaHika — I1e HayKa MPO 3arajibHl 3aKOHH MEXaHIYHOTO PY-
Xy 1 MEXaHIYHOI B3a€MO/I11 MaTepiajibHUX T1J.

[1ig MexaHIYHUM PyXOM PO3YyMIIOTh 3MiHY 3 IJIMHOM 4Yacy B3a€EMHOIO MO-
JIO’KEHHSA T 200 X YaCTHUH y MPOCTOPI.

MexaH14HOIO0 B3a€MOJIIEI0 HA3UBAETHCS B3AEMOJIS MIXK TUIaMHU, 110 MPHU3-
BOJIUTH JI0 3MIHHM B3a€EMOTIONIOKEHHS TUT a00 1X popMH.

TeopeTHyHa MEXaHiKa € OCHOBOIO Cy4acHOT TEXHIKHU. 11 3aKOHU 3HAXOAATH
3aCTOCYBaHHS B MaIIMHOOYyBaHHI, aBiallii, KiOepHETHUIll, KOCMOHABTHUII Ta 1H-
HIUX TaTy3sX.

Ha ocHOB1 TeOpeTHUHOT MEXaHIKM BUHUKJIIU 1 YCIIIIHO PO3BUBAIOTHCS TaKi
HayKH, K OMip MaTepiaiiB, TEOpis NPY>KHOCTI, TEOPisd MEXaHI3MIB 1 MaIlIHH, Je-
TajJl MallMH Ta 1HIII, K1 MOB’SA3aH1 3 PO3PAXyHKAMU 1 KOHCTPYIOBAHHIM 1HXe-
HEPHUX KOHCTPYKIIiH.

MexaHika € OfHi€I0 3 HaiiaBHIIUX HayK. Ii BUHMKHEHHs OB S3aHE 3
imeHamu Apictotens (384 — 322 p. p. o H. e.); Apximena (287 — 212 p. p. 1o
H. €.). OCHOBH Cy4acHOI TEOPETUYHOI MEXaHIKH, SIKa CKJIalach B €AMHY HAYKOBY
cucremy, Oynu 3akianexi [amineem (1564 — 1642) ta I. Hetotonom (1643 —
1727). Benukuii BKkJaJ B MOJAJIBIINA PO3BUTOK MexaHiku BHeciu JI.Eitnep
(1707 — 1783), XK. Janambep (1717 — 1783), XK.Jlarpanx (1736 — 1813) Ta Gara-
TO 1HIIMX BYEHUX.

TeopeTtnuna mexaHika TPaAUIIHHO AUIMTHCS HA TPU PO3AUIN: CTATHUKY,

KIHEMaTHKY Ta IUHAMIKY.



CTATUKA
1 OcHoBHI MOHATTA i akciomu. CucreMa 30IKHUX CHJI
1.1 OCHOBHI TOHATTH CTATHKH

CraTnka — 11e po3/i1 TEOPETUYHOI MEXaHIKH, B IKOMY BUBYAIOTHCS YMO-
BU PIBHOBAaru MarepiajibHUX 00’ €KTIB (TUI) MiA AI€I0 MPUKIAACHUX CUII Ta METO-
I €KBIBAJICHTHOI'O MEPETBOPEHHSI CUCTEM CHJI, MPUBEJEHHS iX 70 MPOCTIIIOro
BUTJISITY.

[lin piBHOBarow po3yMmilOTh CTaH CIOKOIO a00 pIBHOMIPHHUM, MPSIMOJIi-
HIHUHN 1 MOCTYNAJIBHUM PyX MO BIIHOUIEHHIO 10 HEPYXOMOi CUCTEMHU KOOPAH-
HaT.

VYcs pI3HOMaHITHICTh MaTepiaibHUX 00’ €KTIB MOJIETIOETHCS B TEOPETHY-
HIll MeXaHilll MaTepiaibHOI0 TOYKOI0, CHCTEMOIO MaTepiajJbHUX TOYOK Ta abco-
JIIOTHO TBEPJIUM TLJIOM.

MarepiafibHOI0 TOYKOK HAa3UBAIOTh MPOCTY MOJIETh MaTepiaJbHOTO
00’€KTa, pO3MIPH SIKOTO HACTUIBKH Mali, 110 HUMU MOXHAa HEXTYBAaTH MpU BU-
BYEHH1 TOT'0 YU 1HIIOTO pyXy. TOOTO — 11e TeOMETpUYHA TOUKA, SIKa Ma€E Macy.

Cucrema martepiaJilbHMX TOYOK — 1€ CYKYITHICTb MaTepiaJIbHUX TOYOK,
PYX 1 IOJIOKEHHS KOXKHOT 3 SIKUX 3aJIeKUTh BIJ pyXy 1 OJIOKEHHS BCIX THIIMX.

AOCOJIIOTHO TBEpAMM TLJIOM (HaJajl TBEpIUM TUIOM) Ha3UBaIOTh CHUCTE-
My MaTepiaJIbHUX TOYOK, BIICTaHI M SKUMH 3aJIMIIAIOTHCS BECh 4ac HE3MIiH-
HUMU.

Bynemo HazuBaTH BUIBHMM Take TBEpJE TLIO, HA MEPEMIILLIEHHS SIKOTO He
HAKJIQJICHO HISIKUX OOMEXKEHb.

Cuiia — 11e BEeKTOpHA BEJIMYMHA, SIKa € MIPOI0 MEXaHIYHOI B3aEMO/II MK
MartepialbHUMU 00’ ekTaMu. BoHa XxapaKkTepu3yeTbest MOyJIEM, HAMIPSIMOM 1 TO-
YKOIO MpUKIaAaHHs. Touka MPUKIaIaHHs CUJIH 1 ii HalpsM BU3HAYAIOTh JIHIIO 11
i
Cunu 300paxkarloTh HalpaBiIeHUMH Binpizkamu npsiMmux. Ha puc. 1 nokazana cu-
na F, npukiaaeHa B Touill 4, a MN — minis Aii cuinu. OJUHULICI0 BUMIPIOBaHHS -

cunmn y cuctemi Cl e 1 H.



Pucynox 1

Cucremoro cua (F,F,,...F,) Ha3uBalOTh CyKYIHICTb JEKUIBKOX CHII, L0
JII0TH Ha OJIHE TUIO 00 Ha CUCTEMY TiJ.

ExBiBajleHTHUMM HA3UBAIOTh TaKl JIB1 CUCTEMU CHJI, SIK1, JIFOUU OKPEMO
Ha BUIbHE TBEPJE T1I0, OJHAKOBO 3MIHIOIOTH HOT0 KIHEMATUYHI XapaKTePUCTUKH
(LLIBUIIKICTh, HAIPSAMOK PyXY 1 T.1H.).

VYMoOBa €KBIBAJIEHTHOCTI 1BOX cucreM cun (F,F,,..F,) 1 (R,B,...P,))
BUpaxXaeThes y popmi

(F.F,...F,)~(P.P,...P,).

3piBHOBaKEHOI HA3MBAIOTh TaKy CUCTEMY CHJI, sIKa HE 3MIHIOE KiHEMa-

TUYHOTO CTaHy TBEPJOTo TuIa. Taka CUCTEMa CHJI €KBIBAJICHTHA HYJIIO:
(F,F,.,...F, )~0.
. . ¥ .. .

PiBHoai049010 cuiioro R J1aHOi CUCTEMH CWJI Ha3MBAIOTh TaKy CHITY, Jis

AKOT Ha TBepJie TUI0 a00 MaTepialibHy TOUKY €KBIBAJIEHTHA Jii I[I€1 CUCTEMU CHUJI,

TOOTO
R'~(F.F...F,).
SIKIO cucTeMa CHI Mae PiBHOAI0UY, To cuna Q , AKa JOPIBHIOE PiBHOMI-
I04ii 32 MOJAYJIEM 1 HampaBlieHa B3JOBXK TIET Xk JiHII J1i B MPOTUIEKHOMY Ha-
NPsIMKY, HAa3UBAETHCS BPIBHOBAKYIOYO0I0. J[07aBaHHS BPIBHOBAXYIOYOi CHIIH
O 10 CHCTEMH CHII (171,]72,17”) poOUTH o/iepkKaHy HOBY CHCTEMY CHJI 3PIBHO-
Ba)KEHOIO:
(. F... T, 0)0.
Hapnani nepekonaemocs, 110 HE BCAKA CUCTEMA CHJI MAa€ PIBHOAIIOYY 1 Bpi-
BHOBaXXYIOUY CHWJIM. € CUCTEMH CHJI, SIKI HE 3HAXOASThCS B PIBHOBA31 1 HE €KBi-

BaJICHTHI OJHIMA CHJIL.



1.2 AKCIOMH CTATHKH

Craruka 6a3yeTbcsl Ha JIEKUIBKOX BUXITHUX TOJIOKEHHAX (aKciomax), sKi

O0epyThest 6€3 MaTeMaTUYHUX JI0Ka3iB.

Akcioma 1 (ipo piBHOBary CUCTEMHU JBOX CHII).
s pisnosacu cucmemu 080X cull HeOOXIOHO i docmMamHubo, Wob Yi cuiu
Oy pisHi 3a MoOyaeMm i Oinu Y3008 OOHIEI NPAMO 8 NPOMUNEHCHUX HANPSIM-

kax (puc.2), To0To
F=-F; (F,F,)~0.

[{iero akcioMOI0 BCTaHOBIIOETHCS HAMMPOCTIIIA 3pIBHOBAXKEHA CHCTEMa

CHII.

Pucynok 2

Axkcioma 2 (Ipo TpHWEIHAHHS Ta BiIKUIAaHHS 3PIBHOBAXXEHOI CHUCTEMHU
cu).

iz 0anoi cucmemu cun na abcontomuo meepoe mino He 3MIHUMbCS, AKULO
00 Hei npuedHamu abo 6i0 Hei 8BIOKUHYMU 3DIBHOBAICEH) CUCMEM) CUIL.

IIs akciomMa BCTAHOBIIIOE CKBIBAJICHTHICTH JBOX CHCTEM CHII, SKI

BIJIPI3HAIOTHCS HA 3pIBHOBAKEHY CUCTEMY CHJI.

Hacainok 13 akciom 11 2.

is cunu na meepoe mino He 3MIHUMbCA, AKWO CUTY NEpeHeCmu 830084iC



JUis NOBEIEHHS HACHIIAKY PO3TIsSHEMO cuily F,, IpUKIaAeHy B Touli 4
(puc. 3,a). Y Touni B Ha JiHIi 111 CHJIM MPUKIIAIEMO 3pIBHOBAXKEHY CUCTEMY CHJI

(Fg,F3)~0, ne
F,=F;F=-F,.

Toni BIAOBITHO 10 aKCIOMU 2 0JIEPIKHUMO:
Fy~(F,.Fy,Fy)

(puc. 3,0). 3rigHo 3 akciomoro 1 cucrema cun (F, F B/) ~0, a 3rigHo 3 aK-
ciomor0 2 iX MOXHa BinkuHyTH (puc. 3,B), T06TO F ,~Fj. Takum 4MHOM, HaCIIi-

JIOK JTOBEJIEHO.

Pucynox 3

3 IbOT0 HACIHIAKY MOXKHA 3pOOUTH BUCHOBOK, IO CHJIA € KOB3HUM BEKTO-
pOM.

Axkcioma 3 (mpo mapasenorpam cui).

Cucmema 080x cujl, NPUKIAOEHUX 00 MiNa 8 OOHIl MouYi, Ma€ PiBHOOII0-
Yy, KA OOPIBHIOE BEKMOPHIU CYMI YUx CUl i NPUKIaoeHa 6 mill e mouyi
(puc. 4). g akcioma He TUIBKM BCTAHOBJIOE HASBHICTh PIBHOAIIOYOL

R ~(F},F,) po3risayBaHOi CHUCTEMHU CHJ, aj€ Ja€ TaKOoXX IPaBWIIO ii 3HaXo-

JOKCHHS, AK BCKTOpHO.l. CyMH CHUJI:
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Pucynox 4

R=F +F,. (1)

Monynb piBHOAII0UOT 3HAXOASTH SIK BEJIMYMHY JiaroHalli mapajienorpama,

HO6YIIOBaHOI‘O Ha CHJIax, JK Ha CTOpOHAX:

R=\F>+F}+2F,F,-cosa, )

1€ a - KyT, yTBOPEHU HanpsiMkaMu cuil F) 1 F, .
Sxmo cuin F, 1 F, HampaBieHI B3JIOBX OJHIEI MPsIMOI B OHOMY a0o
MIPOTHIIC)KHUX HAMPSIMKaX, TO BEKTOPHE CKJIaJaHHS MEPEXOAUTh B aareOpaidHe.
. . PO — . .
Hamnpsimox piBHOAII040T R MOXHA BH3HAYUTH KyTamMu [ 1 ¥, sIKi BOHA

YTBOPIOE i3 CKIagoBUMH cutamu F, i F,:
) F, . : F .
s1nﬁ:?2s1na; sm;/:E‘sma; (a=p+7). 3)

OueBuiHO, 1m0 OYb-AKYy CUIy R, B3SBIIM ii K PIBHOJIIOYY, MOXHA PO3-
KJIaCTH 3a MPABUJIOM Ilapajesiorpama Ha JBl CKIanoBi cuinu F, ta F,, Kl yTBO-
proOTh Kyt f 1 ¥ 3 HampsMKoM i€l cwim (puc. 4). BennunHu cKIagoBUX

CJIJ] BU3HAYATH 3a (popMyIamu:

11



_ Rsiny oo Rsin
1_sin(ﬂ+;/)’ z_sin(ﬁ+7/)’

K1 BUTIKaIOTh 13 hopmyinu (3).

Axkcioma 4 (ipo piBHICTb CUJI 1ii 1 MPOTHIIT).

Cunu 83aemo0ii 060X Ml PigHi 3a BETUYUHOIO | HANPAMICHI 8300824C OOHI-
i’ npamoi 6 npomunedxcuux Hanpsamxax (puc. 5).

[{ro akciomy, sSIKy 3aCTOCOBYIOTh 1 B JWHaMIIli, Ha3WBAIOTh 3aKOHOM
HeroToHa mpo piBHICTH i 1 IPOTU/III.

Xou cumu F i F' (puc. 5) B3aeMo/1i BOX T 1 BIAMOBITHO YMOBaM aKci-
omu | F =—F', alle BOHM HE CTBOPIOIOTh 3PiBHOBaKEHY CUCTEMY CHJI, 6O BOHH

MPUKIAACH] 10 PI3HUX TiJI.

Pucynox 5

Axkcioma S (mpUHLMT 3aTBEPAIHHS).

Pisnosaza mina, sike oegpopmyemucs, He nopyuumscs, AKWO 1020 66a-
arcamu abCoOIOMHO MBEPOUM.

[Is akcioma J103BOJIsiE 3aCTOCOBYBAaTH METOJAM CTAaTUKH aOCONIOTHO TBEP-
JI0TO TiNa AJis TUIL, iK1 1e(OpMyIOThCS, Ta 3MIHHUX KOHCTPYKIIIM, BBaXKAIOUH X
a0COJIIOTHO JKOPCTKUMHU.

Ane xuOHuUM Oyae TBEpJKEHHS NpPO Te, IO pIBHOBara TBEPJOTO TuIa

000B’SI3K0BO 30€pEXKEThCS, AKILO BOHO NEPECTAHE OYTU TBEPIUM.

Axkcioma 6 (mpuHIMN 3BUTbHEHHS BiJ B’ s3€i).
[lepm HIX copMyNnIOBaTH 1€ MOJOKEHHS, CIi/1 BBECTH MOHATTA B 531 Ta

peaxIlii B’ s3i.

12



B’a33t0 nazusaroms 6ci mi mamepianvHi 06’ €xmu, sAKi 0OMeNCYIomsb pyx
0aH020 Meepoo2o miia 8 NPOCMopi.

Cuna, 3 saxow 8’s3b 0i€ HA MINO, 3A8ANCAIOYUU NEPEMIUWEHHIO Ybo2o Mid,
HA3UBAEMBCS PeaKyi€ro 8 3.

Hanani cunm, siki He € peakuisiMu B’si3ei (Taki, 110 COPUSIOTh PyXy Tila,
K, HAIPUKJIAJl, CUJla Baru), OyJIeMo Ha3WBaTH aKTUBHUMU CHUJIAMH.

Axcioma npo 38i1bHeHHS 810 6 A3ell CMBEPOHCYE, U0 HeBllbHe maepoe Mi-
JI0 MOJICHA pO327140amu 5K ilbHe, AKWO Oil0 8’sa3ell 3AMIHUMU pearyiamu

8 ’s13ell.

1.3 B’a3i Ta ix peakuii

[Ipu po3B’si3aHHI 3a/1a4 HAa pIBHOBArY HEBUIBHUX TUI HEOOX1AHO BpaxoBY-
BaTHU 110 B’sA3€H, MPUKIIABIINA HEOOXIHI peakuii B a3eH, MpaBUJIbHO BUOPABILIH
ix Hanpsm. [Ipu nbomy TpeGa BUXOAUTH 3 TOTO, IO KUIBKICTh Peakiii KOKHOTro
TUIY B 531 TOPIBHIOE KUIBKOCTI OOMEXEHHMX MEpPEMIIIEHb Tia, 1 110 HaNpsSMOK
peaxiii B’s131 3aBKAU MPOTHIICKHUNA TOMY HANPSAMKY, B SIKOMY B’SI3b HE JJ03BO-
JIsi€ TIEPEeMILYBAaTUCS TLTY.

Po3risitHeMo OCHOBHI THUIM B’Si3€M 1 MOKa)XeMO HAMPAMOK pPEaKIid HHUX
B’ A3€H.

1 I'naoenvka noeepxus

Ha puc. 6 mojana B’s3b — i1€aIbHO I71aJeHbKa MOBEPXHS, peakilis N gKoi
HaIpaBjieHa NEPHEHAUKYIISIPHO O COUIBHOI JOTUYHOT B TOUII KOHTAKTy MOBEP-
XOHb, IO CTUKAIOThCA (puc. 6,a). SIKIIO TLIO CTUKAETHCS CBOEIO TIAJEHBKOIO
MOBEPXHEIO 3 TOYKOI B 5131 (B ToUIll A Ha puc. 6,06) a00 CBOEIO TOUKOIO 3 Iiaje-
HbKOIO TIOBepxHero B’ 31 (B Toukax B 1 C Ha puc. 6,0), To peakiiisi HarpaBJjieHa

NEPHEeHAUKYIISPHO 10 BIANOBIAHOI MOBEPXHI.

13
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Pucynok 6

2 Hlopcmka nosepxus

s B’s13b BIAPI3HAETHCA BIJ paHIille PO3IIIIHYTOI IJIaJIeHbKOI MOBEPXHI
TUM, 110 HIOPCTKA MOBEPXHS OOMEXKYE MEePEMILLIEHHS TiJIa HE TUIBKU y HATPAMKY
HOpMalJli, a 32 PaXyHOK TepTs — 1 B JOTUYHOMY HAIPSAMKY.

Peakiis R mopcTkoi moBepxHi (puc. 7) po3KIagaeThcs HA ABi CKIAI0BI:
HOpManbHy R, Ta jmotuuny R_. JloTMdHa ckiiajoBa peakiii R — e cuia TepTs,

BJIACTUBOCTI SIKOi OyIyTh PO3TIISIHYTI Mi3HILIE.

Pucynok 7

3 Humka
B’s13p, 1110 mo1aHa Ha PUCYHKY &, siKa 3A1MCHIOETHCS HEPO3TIAKHOIO THYY-

KOO HUTKOIO (TPOCOM, KaHATOM, JIAHI[IOTOM), HE Ja€ 3MOT'H BIIJAISTHCS BiJ TO-
yky niaBicy. Peakuis 7, 1 T HEpO3TSHKHOI THYYKOT HUTKM HAIIpaBJIEHA B3/10BXK

HUTKH JI0 TOYKHU 11 3aKPITMJICHHS.

14



Pucynox 8

4 Hunindpuunuii wapuip

Ha puc. 9 300pakeHa B’si3b — HEPYXOMHUH IWIIHAPUYHUN IIApHIP, KA
3MIIACHIOETHCS 32 JOTIOMOT0I0 00JsiTa 200 Maliblisd, 10 MPOXOAUTH Yepe3 OTBOPH
Tia 1 HepyxoMoi omopu (puc.9,a). CxemaTuyHi 300pKEHHS MITTHAPUYHOTO
mapHipa nojaasi Ha puc. 9,0,B,r.

3a J0MOMOroI0 IMITIHAPUYHOTO IIApHIpa 3’ €HYIOTHCS TAKOX TijIa CKJa-

JIEHO1 KOHCTPYKIIii, HAPUKJIaJ CTpiia Ta Oaimira 6amroBoro kpany (puc. 9,x).

Timo

0) 6) 2)

9)
Pucynox 9
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HuniaApUYHUM IAPHIPOM € TaKOX MOJaHl Ha pucyHKy 10 B’s31: migumiu-
MTHUK A Ta NeTyid B, BUKOHAH1 B BUIJISIAL 3B SI3aHOTO 3 TUIOM LMJIIHAPUYHOTO Ba-
7a (1u1mna), po3MileHOro B OTBOP1 HEPYXOMOI BTYJKH (000KWMH).

HuniaapuyHuil mapHip A03BOJIAE TUTy 00€pTaTUCS HABKOJIO HEPYXOMOL
0C1 Ta KOB3aTH B3JI0BX HEl, ajje 00MeXye MepeMillleHHs T1a B HallpsSMKax, mep-
NEHIUKYISIPHUX J0 OCl HIapHipa.

Peaxitis nutingpuynoro mapsipa (R Ha puc. 9, R, Ta R, Ha puc. 10)
JIKUTH B IJIOIIMHI, MEPIIEHIUKYISPHIN OCl apHipa, i HanpsaM Hanepes BKas3a-
TH HEe MOXHA. ToMy peakiito HHJIIHIPUYHOIO HIApHIpA BUPAXKAIOTh y BUIIISAL

ABOX B3a€EMHO NEPHNEHAMKYIApHUX ckinanoBux (X ,,Y, Ha puc. 9, X ,,Z, Ta

X,,Z, napuc. 10).

Pucynox 10

5 Pyxomuii yuninOpuuHuil wiapHip
VY TexHill Taka B’sI3b PeaNi3yeThCsl y BUTIISIAL ONMOPU HA KOTKAaX, SIKOIO B

TOYIll A 3aKpiIjieHa MOCTOBAa KOHCTPYKIlis Ha puc. 11.

Pucynox 11

VY neskux BUMAAKaX PyXOMHUH LHMIIHAPUYHUN MIapHIp 300paxkatoTh O6e3 30-

OpakeHHSI KOTKIB MDK OIIOPOIO Ta OMNOPHOIO MOBEPXHEI0, SK MOKAa3aHO Ha pHC.
11,0.

16



PyxoMuii mumiHApUYHUN IIApHIP, SK 1 TIaJeHbKa MOBEPXHS, OOMEXKYe
MEepEeMIIICHHs TL1a B3[0BX HOpPMalll O OMOPHOi MOBEPXHI, TOMY HOT0 peaxiiis
HaIpaBjieHa NEPHEeHAMKYJISPHO OMOPHIA MOBEpPXHI, MPOXOASYM 4Yepe3 LEHTP

HiapHipa.

6 Cmpuoicens

Taka B’s3b 371MCHIOETbCS TOHKMM HEBAarOMHM CTPUXHEM, 3aKpIIJIEHUM
Ha KIHIAX mapHipamu. [Ipu 1poMy CTpuKeHb HaBaHTAXXEHUMN 3yCHILISIMU, Ha-
MpaBJICHUMH B3JIOBX MPSAMOi, fKa 3’ €AHye HOro mapHipHi KiHui. Tomy peakiis
S crpmwxHs (puc. 12) HanpaBaeHa B3JOBXK OCi CTPUKHS B TOH UM iHIIMH GiK.
SIKI0 CTpUXKEHb HE € MPSIMOJIIHIMHMM, TO HWOTO peakilis TakoXX HarpaBieHa

B3JIOBXK JIiHii, 11O MPOXOJAUTH Yepe3 TOYKH IIAPHIPHOT'O 3aKPITUICHHS CTPYOKHS
(puc.12,0).

Pucynox 12

Hanpsim peakiii CTpWXKHS 3a7€XUTh BiJ BUIY HABAaHTAXEHHS 1 SIKIIO
CTPUXKEHb PO3TATHYTUMN, TO PEAKIIisl CTPUXKHS CIPSAMOBAHA JI0 1OT0 CepeIuHU.

7 Cpepuunuit wapnip i nion’amuux

[Ipuknaau 3A1iiCHEHHS TAaKUX B’s13€i MpeacTaBieHl Ha pUcyHKYy 13.

Chepuunuit mapuip (puc. 13,a) ta mian’ stHuk (puc. 13,06) 103BOISAIOTH
TUTy 00epTaTUCS HABKOJO TOYKM 3aKPIIUICHHS, aje OOMEXYITb MOro mnepemi-
meHHss B mpoctopl. Tomy peakuis chepUdHOro IIapHipa, AK 1 peaxiis

M STHUKA, MAa€ TPU B3aEMHO TIEPIECHIUKYJIISPHI CKIa0BI:

R=X,+Y,+Z; R=\/Xj+YA2+Zj. (4)

17
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Pucynox 13

8 /Kopcmke 3auemnennsn
Taka B’s3b (puc. 14,a) 3A1ICHIOETBCS BMYPOBYBAaHHSIM TiIa B HEPYXOMY
noBepxHio. [Ipy 11boMy 00MEKY€EThHCS TIEPEMIILICHHS Tila B TUIOMIUHI HOTo po3-

MIIIIEHHSI Ta 00€pPTaHHS TiJIa HABKOJIO TOUKH 3aKPITIICHHS.

<

© Va

|

«
=\

Pucynok 14

PCaKI_IiH JKOPCTKOI'0O 3alICMJICHHA BH3HAYA€THCA TPbOMaA CKIAJOBUMMU:

ABoMa ckinanosumu X ,,Y, cuim peakuii (R =X, +Y A) Ta IIapu CHJI 3 MOMEH-

ToM M , (puc. 14,0).

1.4 AHAJITHYHAN cnOCiO 3aaBaHHA CHJIN

Cuny MOXHa 3aJ]aBaTy K BEKTOPHO, TaK 1 aHAIITUYHO Yepes3 ii MpoeKIii
Ha OCl KOOpAWHAT.

IIpoexyis cunu Ha sicb — ye 83ama 3 8i0N0GIOHUM 3HAKOM BEAUYUHA, KA

18



YUCeNbHO OOPIGHIOE BIOCMAHI MIJC NPOEKYIAMU HA YIO 8ICb NOYAMKY I KIHYs 8e-
kmopa cunu. Ilpu poMy npoekiis Oyae J0JaTHOIO, SIKIIO0 KYT Mk HalpsMKOM
CWJIH 1 IOAATHUM HANPSMKOM OCi OyJie TOCTpUM, 1 BiJ’€MHOIO, SIKIIO LEeH KyT —

tynuil. Toai nns cui, 300paxeHux Ha puc. 15, ogepxxumo:
F.=ab=F-cosa;Q, =ed =—Q-cos f3.

Sxkio cuna neprneHauKyJIsIpHa 10 OCl, TO ii MPOEKIIs Ha 10 BiCh JOPIB-
HIOE HYIIIO.

Komnu cuna 1 Bichk He JekaTh B OJIHIH TJIOMIMHI, TO JJISI 3HAXOKEHHS MPO-
eKIIll CHJIM Ha BICh 3aCTOCOBYIOTH MOJBIHHE MPOEKTYBAHHS: CIIOYATKY MPOCKTY-
I0Th CWJIY Ha IUJIOLIMHY, B SIKIM JIEKUTH BICh, a TOTIM 3HAWIEHY MPOEKIiI0 Ha

IUIOIUHY IPOCKTYIOTh HA JAHY BICH.

b

Pucynox 15 Pucynox 16

Ipoexyiero cunu F na niowuny Oxy nasuseacmocs éekmop F\,, posmi-

WeHUL MIJIC NPOEKYIAMU HA YO NIOWUHY NoYamky ma Kinys eexmopa cuiu F

(puc. 16). Moaynb BeKTOpa NPOEKIIl cuy Ha iowuny F,, = F -cos6, ne 60 —

KYT MK HalpsIMKOM CHUJIM Ta IUIOIMUHOKW. . OTXKe, y BUMAJKY, 300paKeHOMY Ha

puc.16, B pe3ynabTaTi NOABIHHOTO MPOEKTYBAHHS 3HAWIEMO

F,=F,, -coso=F-cosO-cosq; F,=F,, -singp=F-cosf-sing

J7ist 3a1aBaHHs BEKTOpa CUJIM aHATITUYHUM crlocoOoM y BUOpaHiil cucte-
M1 KOOpAWHAT HEOOX1THO 3HATH MOAYJb L€ CHIIM, KYTH i HAXUITY 10 KOOPAH-

HATHUX OCEH Ta IOJIOXKCHHS TOYKH MMpUKJIaAdHHA CUIIN. HonaHa Ha puc. 17 cuna

F wmae cknanosi F, F, Ta F, B HaNpsMKax OCeil KOOPJUHAT, BENHIHHHU SKHX €
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MPOEKI[ISIMUA BEKTOpa CWJIM Ha BIANOBIIHI OCl KoopJauHaT. BenuunHa nux npoe-

KITI BU3HAYAETHCS 3aJICHKHOCTIMM:
F,=F-cosa; F,=F-cosf; F,=F-cosy,

ae d, B, Y —KyTH HaXuJly BEKTOpa CHJIUA IO KOOPAUHATHUX OCEH.

Axmo Benuuunu F,, Fy Ta F, mpoekuid CuiIM 3aJaHl, TO CUJA, SIK BEK-

TOP BU3HAYAECTHCA 3aJICKHICTIO

F

iF,+ jF, +kF,, (5)

MOJYJIb CUIIH

_ 2 2 2
F=\F+F}+F2, (6)
d HAIIpAMOK CHJIM BU3HAYACTHCA HAIIPABIAIOYUMU KOCUHYCAMU Ky’TiB Ha-

XMW1y BCKTOpPA CUJIN 4O KOOPpANHATHHUX OCeCH:

o PN " NS AN
cosa=cos(z,F)=7; cosﬁzcos(],F)=7; cosy=cos(k,F)=7, (7)

npuaoMy cos’a + cos’ f + cos’y =1.

I
z , E. 7 ’
s A e
| B
! : £y |
' o\
k_n F;
O
—r y
—_ J
X 1
Pucynok 17
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1.5 CucreMa 30IKHUX CHJI

Cucmema cun, ninii Oiti AKUX NEePEeMUHAIOMbCA 8 OOHIl Moyyi, HA3UBA-
embvcs cucmemoro 30ixcnux cun. 1le € HalimpocTiia 3 ICHYIOUUX CUCTEM CHII.

OxkpiM cucteM 301KHUX CUJT ICHYIOTh TaKOXK CUCTEMHU JOBUILHO PO3Millle-
HUX CHJI Ta CUCTEMHM mapajiebHuX cuil. KoKeH 3 1UX THUIIIB CUCTEM CHJI MOXKE
CKJIQJIATUCh 13 CHUJI, PO3MIIIIEHUX B OJHIN TJIOMMHI (TJIOCKa cucTema cuii) abo B
npocTopi (MPOCTOPOBA CUCTEMA CHJT).

Jlnst omepkaHHS YMOB PIBHOBAru KOKHY 13 CUCTEM CHJI HEOOXITHO MepIil
3a BCE€ CIIPOCTUTH IUISIXOM €KBIBaJICHTHOTO IMEPETBOPEHHS.

Jl1st mpuBeIeHHST CUCTEMU 301KHUX CHJT JI0 TIPOCTIIIOTO BUTIISY JIOBEIE-
MO TaKy TEOpeMY.

Cucmema 30idCHUX CUL MAE PIBHOOIIOYY, KA OOPIBHIOE 2€OMeMPUUHIll
CYyMI cun cucmemu i NPOXOOUMbs uepes mouKy nepemuny ix ainiu oii.

Hexait 3agano cucreMmy 301KHUX CHUIT (Fl Iy, F, ), MoKa3aHy Ha puc.18,a,

JiHiT 1T SKUX nepeTuHarThes B Toull O. Tpeba moBectu, 1110 (171,]72,17,1)~ R,
ne R = z}_?n — piBHOIIOYA, MpUKIaaeHa B Toutli O.

JloBeieHHs TeopeMH 3A1MCHUMO B JICKIJIbKA €TaIliB:

- 3aCTOCOBYIOYH HACIIJIOK 13 akcioM 1 12, mepeHeceMo KOKHY 13 CHJI CUC-
TEeMH B3JIOBXK JiHIi 11 1ii B Touky O (puc.18,0);

- BUKOPHUCTOBYIOUM aKCIOMY MapajejorpamMa CHJ IMOCIIZIOBHO CKJIAIEMO

cwid, npukiaaeHi B Touui O (puc. 18,B):

1?2 :Fl +Fz;
§3 :§2+F3 :E+Fz+ﬁ3;
(C8)

Takum 4MHOM JiCTaHEMO BHUCHOBKY, III0 CHCTEMa CHJI (Fl,Fz,...Fn ), 30-

OpaxeHa Ha puc. 18,a, 1 cuna R, 300pakeHa Ha puc. 18,r, eKBiBaJICHTHI MK CO-

6010, TOOTO TEOpeMa J0Be/ICHa.
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Pucynox 18

['eomeTpuuHe CKJIaJJaHHS CHJI CUCTEMHU MO>KHA 3/1ICHIOBAaTH HE TUIbKH 32
aKCIOMOIO MapaJiesiorpaMa Cuil, a 1 HUIIXOM N100YA0BH CUIOBOIO MHOTOKYTHHKA,
npuOyAOBYIOUH MMOYATOK BEKTOPAa HACTYITHOI CHJIM JI0 KIHIISI BEKTOpA MOIepea-
Hpoi (puc. 19). Toai 3aMuKaroumil BEKTOp R II,OI0 MHOTOKYTHHKA OyJe BEKTO-

POM pIBHO1I0YO]1 JaHOI CUCTEMU CUII (Fl F ,...Fn)

%l

F

Pucynox 19
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AHamiTHYHUM cnioci®0 BU3HAYEHHS PIBHOJIIOYOI MOJSATae B OOYUCIEHH] ii
MPOEKIIiil Ha oci KoopauHat (AuB. puc. 18,r).

[Ipoerroroun 3anexxHicTh (8) HA OC1 X, V,Z, OJIEPKUMO:

n n n
Ry=2 Fiis Ry=2 Fys R =2 F. 9)
k=1 k=1 k=1

Monynb piBHO110UYOT

R=\/R§+R§+R§, (10)

: cos(l?,]?)z—z. (11)

1.6 YMoBHM piBHOBArM CHCTEMH 30iKHUX CHJI

Taxk six cuctema 301KHUX CHII 3BOAUTHCS 0 PIBHOJIIOYO1, TO JJIs ii pIBHO-

Baru HEOOX1THO 1 IOCTaTHBO, ITO0 1151 PIBHOJIIIOYA TIOPIBHIOBAJIA HYIIIO:
R=0. (12)

3a ymoBH, M0 R =0 KiHeIpb BEKTOpa OCTAHHLOI CUIIM CHCTEMHU MPH T106Y-
JI0B1 CUJIOBOTO MHOTOKYTHHKA CITIBMAJIE 3 MOYATKOM BEKTOpA MEPIIOi CHUITH.

3BIACH MOXHA 3pOOUTH BUCHOBOK: cucmema 30id%CHUX cul 0yoe 3Haxoou-
MUch y cmati pigHosazu mooi i miibKu mooi, KOau CUN08Ul MHO2OKYMHUK YIET
cucmemu cuil 6yoe 3aMKHYMUM.

[Tpu Buxonanui ymoBu (12) i3 hopmynu (10) ogepxumo:

3BIIKM 3 ypaxyBaHHAM (9) BUIIMBAIOTh PIBHAHHS PIBHOBAru:
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n n n
ZFkx:O; szyZO; ZFkZZO' (13)
k=1 k=1 k=1

PiBusins (13) BUpakae aHAIITHYHI YMOBU: 0/11 pigHO8azU cucmemu 30i-
JHCHUX CUN HeOOXIOHO © 00CMAmMHbBO, WOO CyMa NPOeKyill 6CIX Cul cucmemu Ha
KOJICHY 3 MPbOX OCell KOOPOUHAmM O0PI8HI0BANA HYIO.

VY BUMAJKy IJIOCKOT CUCTEMH 301KHUX CHJI BAKOPHCTOBYIOTH TUIBKH JBa 3

TPHOX PIBHSIHb PIBHOBAru:

n n
> Fje=0; Y Fy, =0. (14)
k=1 k=1

1.7 Teopema npo Tpu cuiu

Axwo mino nio diero mpvbox HeNnapaielibHux CUll 3HAX00UMuvCsl Yy CIMAHI pi-
BHOBA2U, MO BCI CUIU JIeAHCamdb 8 0OHIU NAOWUHI, a iX AiHil Oli nepemuHaomscs 8
OOHIUL MOYYI.

JloBeqeHHS.

Hexaif i3 Tppox Hemapanensuux cun (F, F,,F;) ~0, mo AiF0Th Ha 3piBHO-
BaskeHe Tt (puc. 20), ninii gBox cun F, i F,, npuknajgeHux B Toukax 4 i B,

nepetTuHaroThes B Toulli O (puc. 20,a).

[lepeneceMo cuiu B L0 TOUYKY 1 3aMIHMMO IX PIBHOAIOYOW R =F +F,

(puc. 20,6). TIpu ubomy ojepxana cuctema nBox cui (R,F;)~0 Oyne 3piBHO-

Ba)XCHOI0, TOMY, Ha MIJCTaBl akciomu 1, cuimu R Ta F, HanpaBieH1 BAOBXK OJIHI-
€1 IpsAMO].

Omxe, JiHIT A1l BCIX TPhOX CHJI MEPETUHAIOTHCS B ToUlll O, a cami CUIH
JIe)KaTh B OJHIHA TUIOIIUHI.

3a J0MOMOroI0 1€l TEOPEeMH B JICSKMX BHUIIaJIKaX MOKHA BU3HAYUTH Ha-
MPSIMOK peakIlii HEPyXOMOTO IapHipa, HE MPEJCTaBIAIOYU il B BUTJISIAI ABOX
B3a€EMHO TEPNEHIUKYIIpHUX ckianoBux. Hanpuknan, mans Oanku AB, sika 3a-

KpiIieHa B To4lll A 1 onupaeThes B Toulll D Ha BUCTyM (puc. 21), niHis Aii peak-
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uii R, HepyXxoMoOro ImapHipa 6y/1e IPOXOAUTH Yepe3 LeHTp IapHipa Ta Touky B

nepeTuHy cuiau P Baru 6anku Ta peakuii N, IN1aJeHbKOI IOBEPXHI.

Pucynox 21

1.8 Po3B’si3aHH4 32124 CTATUKH

Po3B’s13aHHs 3a7a4 3 piBHOBAard MaTepiajibHOro 00’€KTa MPOBOJIUTHCA 32
TaKUM aJrOPUTMOM:

1) Bubpatu 00’ekT (TBepae TLI0, OKpEMY TOYKY), PIBHOBAry Mjis SIKOTO
CH11 po3rasaaT (B MOAAIBIIIOMY — T1JIO);

2) MpUKJIACTU aKTUBHI CWJIH, IO JIFOTh HA 1€ TLIO;

3) 3acTOCYBaBIIIM aKCIOMY B’si3€¥, 3BUIBHUTH TUIO BiJ B’s3€#l 1 MOKa3aTu
iX peakiii;

4) nna onepkaHoi 3pIBHOBAKEHOI CUCTEMH CHUJI CKJIACTH PIBHSHHS PIBHO-
Bary;

5) BU3HAUUTH 3 LIUX PIBHSAHb HEB1JIOMI BEJIMYMHHU.
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Konu B 3amaul KiIbKICTh HEBIIOMUX BEJTUYMH NEPEBUILYE KUIBKICTh PiB-
HSIHb PIBHOBAru, TO 3ajJlaya € CTATUYHO HEO3HA4YeHOI0. /{151 yCyHEeHHS CTaTUYHOL
HEO3HAYEHOCTI HEOOXIJHO a00 3MEHIIUTH KUIBKICTh HEBIJOMHUX BEJIWYMH, 3a-
CTOCYBABILIM, HAMPHUKIAA, TEOPEMY IPO TPU CHIM JUIsl CUCTEMH 30LKHHMX CHII,
a00 1rykatu cnoci® 30UIbIIEeHHS] KUTBKOCTI PIBHSIHB PIBHOBArW 10 KUIBKOCTI He-
BIIOMUX BEJIMYHMH, PO3IJISHYBILIM, HAlpUKIAJ, PIBHOBAry YacTHHHU €JIEMEHTIB
CKJIaZIeHO1 KOHCTPYKIIii UM 100aBUBILHU /10 PIBHSHb PIBHOBAru 3aJI€XKHICTh CHIIN
TEpTs BiJ HOPMaJbHOI peakilii Mpy HakJaJaHHI HAa 00’ €KT piBHOBAru MIOPCTKOI

MOBEPXHI, 5K B3l

Ilpuknao 1
Enexrpuuna nammnouka Baroro P =20H miaBimieHa 3a JIOMOMOTOI JIBOX
mHypiB AB 1 AC, npukpirieHux 10 CTiHU 1 10 cTedni (puc. 22). Buznauutu pea-

kuii mHypiB 7, 1 T,., KIIO KyTH HaXWIy IIHYpIB IO CTEJl Ta CTIHU BIANOBIA-

HO J0piBHIOWOTE @ =60"; f =135". Baroto niHypiB 3HEXTYBaTH.

Po3B’s13aHHs
Po3rnsiHeMO piBHOBAry By3Na A, Ha AKWiA JiFOTH: cua Bard P (akTHBHA
cuna) Ta peakuiil,, i T,. mHypis (puc.22,a) HaNpaBieHi B3OBX IIHYPIB 10
TO4OK B 1 C 3aKpirieHHS.
Ha puc. 22,06 nokazana cxema po3MIlIeHHs] y BUOpaHii cucTeMi KOOpIU-
HAT 3pIBHOBAYKEHOT 30’KHOT CUCTEMH CHJI, SIK1 11II0Th Ha BY30J1 4.

CkuiaieMo piBHSIHHSI PIBHOBAru i€l CUCTEMU CHIIL:

n
z Fkx =O, TAB sin30° _TAC sin45° =0,
k=1

n
2. Fjy=0; Typcos30” +Tyccosd5” —P=0.
k=1
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a) 0)
Pucynox 22

Po3B’s13y10u 111 piBHSHHS, 3HANIEMO:

Typ= & - 46
sin30° + cos30° 0,5+0,866
Ty =Tyg sin30 14,64 0,5 _10,35H.
sin45° 0,707

Ilpuknao 2

Koten 3 piBHOMIpHO pO3MOiJIEHOIO 3a JOBX)KHOI Baroto P =40 xH ta
paniycoM R =1 M JexuTh Ha BUCTyHax kam’ siHOi kianaku (puc. 23). Bigcranb
MDK cTiHKamu kiaaku /[ =1,6 M. HexTyrouun TepTsm, 3HAWTH THCK KOTJIa Ha KJja-

Ky B TOukax 4 1 B.

a) 6)
Pucynox 23
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Po3B’s3anns
Koten 3HaxoauThcs y cTaHl piBHOBAru MijJ JI€I0 TPbOX CHJI: CWJIU Baru
koTna P Ta peakuiit N, i N riajeHbkoi HOBepXHi, IPUKIAJEHUX B TOYKax A
1 B 1 HanpsSIMJICHUX MEPIECHANKYISIPHO JOTUYHUM J0 KPYTroBOi MOBEPXHI KOTJa
(puc. 23,6). Peaxuii N ,, Ny npoxoasats uepes eHTp O Kolla KOT/Ia i HaXuieHi
710 TOPU30HTAN1 M KyTamu ¢ (auB. puc. 23,0)
JI71s1 3pIBHOBa)KEHOI IMJIOCKOI CUCTEMH 301KHUX CHJI CKJIaJIeMO PIBHSIHHS

piBHOBaru (00paHi 0ci KOOpJIMHAT MOKa3aH1 Ha puc. 23,0):

n
> F,,=0; N,cosa—Ngcosa =0,
k=1

n
2. Fy, =0; Nysino+ Ngsina —P=0.
k=1

Tpuronomerpuuni QyHKIII KyTa @ 3HAKIEMO, PO3TISHYBIIN TPUKYTHUK
AOD (puc. 22,0):

AD 0,5

cosaza =0,8; sinoc=\/1—coszotz\/1—0,82 =0,6.

Po3B’s13y10un cucteMmy piBHSIHb PIBHOBAru, 3HailieMo 3 MEpIIOro PiBHSIH-

H1 N, =Ny =N, a3 apyroro oaepxxumo:

2P 2.4
Ny=Np=—-—= 0=33,31<H.
sinae 0,6

Ilpuknao 3

banka AB 3akpimieHa B TOYIll A 32 JOMOMOTOI HEPYXOMOI'O IIapHipa i
YTPUMYETHCS B TOPU3OHTAIILHOMY TOJIOKEHH1 PYyXOMHUM IWITIHAPUYHUM IIapHi-
pom B Toulli B (puc. 24). Y cepenuni 6anku aie cuina P=2 xH nig kytom 45° 1o
TrOpU30HTY. BU3HAUMTH peakilii omop, B3SIBIIA PO3MIPHU 3 PUCYHKA 1 HEXTYIOUH

Baroro OaJIKu.
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Pucynox 24

Po3B’s13aHHs
Banka 3HaXOJUTECS y PiBHOBA3i TIiJ] Ji€0 TPHOX CHII: aKTHBHOI ciyti P Ta
peakuiii R, i R,. Peakuis R, pyXomoro mapHipa B HanpsmieHa TepHeHIuKY-
NSPHO ONOPHil ToBepXHi 3a BepTukammo. Peakuis R, mapHipa A 3TiaHo 3 Teo-

PEMOIO PO TPU CWIX IIpoKJe depe3 Touky D nepetuny cwil P ta R,, CTBOpH-
BIIK KYT ¢ 3 TOPU3O0HTAJLIIO.
BenuuuHy Kyra o 3HaRAEMO, PO3IVIAHYBIIM NPSIMOKYTHUW TPUKYTHUK

ABD, B axomy kateT BD =2M (sik KaTteT piBHOOeApeHoro tpukyTtauka BCD, a

rinoTeHys3a
AD=~AB* + BD* =4 +2> =25 .
.. BD 1 AB 2
Tomi sinat =——=—+==0,447; cosa=——=—=0,894.
AD 5 AD 5

[lepenecemo Bci cuii B Touky D (puc. 24,0) 1 ckiagemMo piBHSIHHS pIBHO-

Baru IJIOCKOI CUCTEMU 301KHUX CHII:

n
> F,,=0; Rycosa—Pcos45” =0;
k=1

n
2 Fjy=0; Rysina+Rp — Psin45” =0.
k=1

3BiJICH OACPKUMO:
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R, - cos45 _ 20,707
coso 0,897

Ry = Psin45°— R sino.=2-0,707 —1,58 - 0,447 = 0,71 xH.

=1,58 kH;

Ilpuknao 4

Bantaxx Q Barorw 1 kH migsimenuit B Touri D, sk moka3zaHo Ha puc. 25.

Kpinnenuns crpuxHiB B Toukax 4, B, C 1 D mapuipHi. BusHauntu peakuii ornop
A, BiC.
Po3B’s13aHHs
Posrnstnemo piBHOBary By3na D, Jie CXOIATbCA TPU CTPUXKHI, SIKI yTpH-

MYI0Th BaHTaX. Ha HbOro i€ mpocTopoBa cucreMa 301KHMX CHJI, siKa CKJajaa-

€TbCS 3 aKTUBHOI cwuin () Ta peakuii ctpuxHiB S 4,S8p,S5¢ (puc. 25). Peakuii
CTPWKHIB HANPAaBUMO B3JIOBXK CTPIKHIB BiJl By3ia D, BBaXalOUl CTPUXKHI PO3-

TATHYTUMHA.

Pucynox 25

CkuiaieMo piBHSIHHSI PIBHOBAru i€l CUCTEMU CHIIL:

> F,, =0; Spcos45” -8 cos45° =0;
2. Fyy=0; —Sysin45”-cos30° —Spsin45” - cos30” — Sccos15” =0;

> F, =0, —S,sin45"-sin30° — Spsin45° -sin30° — S¢sinl5° — Q0 =0.

I3 mepiioro piBHAHHS BUIUIMBAaE, O S 4 =Sp, TOMY ABa 1HIII PIBHAHHSA

HaOYyIyTh BUTJISAY:
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28 4sin45° - c0s30° + Sc cos15° =0;
28 4sin45° -sin30° + Scsinl5° + 0 =0.

[ToMHOXMBIIY TIEpILe piBHAHHA Ha sin30°, a apyre Ha cos30° i B3gBIIM

iX pi3HUIfIO, 3HAWEMO:

. ° ° 1.
S, = | 0 cos?fO :Qc9s30 _ 0,866 335 (xH).
cos15°-sm30°—sinl15°-cos30° sinl5°  0,2588

Toni

.cos15° :
g, —§, - Scoeosls® | 335:09659 _
25in45°-c0s30°  2-0,707-0,866

3HaKu MOKa3yloTh, O cTpuxkeHb DC po3TaruyTuil, a ctpuwxkui AD 1 BD

CTUCHYTI.

Humanna onsa camokoHmpoJiio

1 Hlo BuBUYae TeopeTuHa MexaHika? SKi 3aiayl po3risiIaloThCsl B CTaTH-
1i?

2 o sBAsETHCSA MIPOIO MEXAaHIYHOT B3a€EMO/IIi MaTepianbHUX Ti1? B skux
OJIMHULIAX BUMIPIOETHCS 1151 BEJIMYHUHA?

3 Ilig giero sSIKMX JABOX CHJI BUIbHE TUIO Oyje 3HAXOIUTHUCH y CTaHI CIIO-
KOI0?

4 YUn MOXHa MEPEHOCUTH CUITYy B3JOBX JIiHII /1i, HE 3MIHIOIOUH ii 10 Ha
Ti10? OOIpyHTYHTE BiAMOBIb.

5 Illo Ha3mBaIOTL CUCTEMOIO cui? SIKi CHCTEMU CUJI Ha3UBalOTh CKBIiBaJIC-
HTHUMM?

6 Slka cuiia Ha3UBA€THCS PIBHO1I0UOIO cucTeMu cuii? YoMy TOpiBHIOE Pi-
BHO/IiI0YA CUCTEMa CUJI, MPUKIAZACHUX JJO MaTepiajabHOT TOUKU?

7 lllo nHa3uBawTh B’s33107 Y YoMy MOJIATa€ MPUHLUI 3BUILHEHHS BiA

B’ s3ein?
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8 Ha3BiTh OCHOBHI TUNH B’si3e. SIK HampaBIieH] iX peakiii?
9 Illo Ha3uBaTH cUcTeMOIO 30DKHUX cuii? YoMy MOpIBHIOE piBHOAIIOYA
CUCTEMU 301KHMX cuil? SIKi yMOBU 1 pIBHSHHSI PIBHOBAru MmiIOCKOi cCUCTEMU 301-

JKHUX CHJT?

2 MOMEHT CHWJIN. ITAPA CIJI

2.1 MoOMEHT CHJIM BiTHOCHO TOYKH

Panimie Gysio BCTaHOBJICHO, 1110 MPOEKIiS CUJIM HA BiCh a00 TUIONIUHY Xa-
paKTEepHU3y€E 3AATHICTh CHUJIU MEPEMILIIYBATH TUIO B JEAKOMY HANpPSIMKY. AJie JTis
CHWJIM Ha TUI0O HE OOMEXKYEThCS TaKUM 3MimyBaabHUM edekToMm. Ilpyu meBHHX
yMOBax CHWJa 3/JaTHa oO0epTaTH TLIO HAaBKOJO TOYKH abo oci. s BpaxyBaHHS
o0epTaIbHOI Jii CHUJIM BBOAWTHCS TOHITTS MOMCHTY CHIIH.

Bexmoprum momenmom cunu F - gionocro mouxu O nasusarome npuxia-

Oenuil 6 yiti mouyi eekmop M (F ) AKUU BUSHAYAEMBCS BEKMOPHUM 000y -

KOM paoiyca-6ekmopa v mouKu NPUKIAOaHHs CUIU 6IOHOCHO MOMEHMHOT MOYKU

O ma sexmopa cun F (puc. 26):
My(F)=7FxF. (15)

Lle#t BekTOp, HampaBleHUN MEPHNEHAUKYISIPHO TUIONIMHI, B SIKIM JiexKaTh
BEeKTOpH 7 i F, B TOMY HampsAMKY, 3BiIkM 00epTaHHs TiNa IiJ Ji€l0 CHIM HA
MEHIIUHN KyT BUAHO MPOTHU XOY TOAUHHUKOBOI CTPUIKH.

Monynb BEKTOPHOIO MOMEHTY CHUJIM BIJHOCHO TOYKH OOYHMCIIOIOTH 3a

MpaBUJIAMHU BEKTOPHOI anredpu:
M, (F)|= Frsino=Fh, (16)

ne h = OC = r sin o — jeye Cuiand £ BIIHOCHO MOMEHTHOI TOYKH, SKE

SBJIsIE COO0I0 HAMKOPOTIILY BIICTAaHB MK I1€F0 TOUKOIO 1 JIIHIEIO A1l CUITH.
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Pucynox 26 Pucynox 27

[Ipu posrasiganHi MIOCKOT CUCTEMH CHJI, KOJH JIiHIT 111 CUJT Ta MOMEHTHA
TOYKA JIeXKATh B OJHIN TIJIOIINHI, BBOASITh MOHATTS aire0paivyHOr0 MOMEHTY CH-
JIY BIJIHOCHO TOYKH.

Aneebpaiunum momenmom cuiu 8i0HOCHO MOYKU HA3UBAIOMb 834MY 3 Ne-

BHUM 3HAKOM BEJIUHUHY, WO OOPIBHIOE O0OYMKY MO0V cuiu Ha niede (puc. 27):
Mo(F) =+ Fh. (17)

3Hak anreOpaiyHOro MOMEHTY BUOUPAIOTh Y 3aJIEKHOCTI BiJl HAMIPSAMY TO-
BOPOTY Tijia MiJ] JIE€I0 CHJIK: MOMEHT CHJIM BBAXXAETHCS JOJATHUM, SKIIO CHJIA
HaMaraeThCsl MOBEPHYTH TUIO BIIHOCHO TOYKU MPOTU XOJY TOJMHHUKOBOI CTpi-
JIKY 1 B1JI”€MHUM — IIPU MOBOPOTI 32 TOAMHHUKOBOIO CTPUIKOIO.

Tak Ha puc. 27 maemo, mo M, (17)> 0.

BnacTuBOCTI MOMEHTY CHUJTU BIJTHOCHO TOYKHU:

1) MOMEHT CHJIM BIITHOCHO TOYKH YHMCEJIBHO JOPIBHIOE MOJBOEHIN TUTOIII
TpukyTHUKa OAB, M00y10BaHOr0 Ha CUJI1 1 MOMEHTHIH TOUIl];

2) MOMEHT CWJIM HE 3aJICKUTh BiJl IEPEHOCY CHJIM B3JOBX JIHII 11 ii;

3) MOMEHT CHJIM BIAHOCHO TOYKH JOPIBHIOE HYIIO, SKIIO JIHIA A1l CHUIIH
MPOXOAUTH Yepe3 MOMEHTHY Touky ( Toai 47 = 0 ), abo Koju cama cujia JOpiB-
HIOE HYIIIO.

[To3HayuMoO KOOpAMHATH TOUKH MPUKIAAaHHS CUIIM Yepes X, Y, z, a Mpoe-
KIIi CHJIM Ha ocl KoopAuHaT 4epe3 Fy, F), F.. Toal BEKTOpHUI MOMEHT CHJIH

MOZXKHa IMoJgaTu Tak:
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=i (vF, - 2F, )+ j (zF, - xF.)+ k(xF, - yF,).(18)

RS

a Moro MpoeKIlii Ha KOOPJIMHATHI OC1 BU3HAYAIOTHCS 32 (OPMYJIaMHU:
M, (F)=yF, - 2F,; M (F )= zF, - xF.; M. (F )= xF, - yF,. (19)

Moayne MOMEHTY

12, (F) =, (F)= [, (F)] + [, E)f +[m,.(FF . (20)

Hanpsamox BekTopa M, (F ) BU3HAYAETHCS HANIPABIISIOYMMU KOCUHYCAMU:

’ o2y

2.2 MoOMEHT CHUJIM BiTHOCHO OCi

Momenmom cunu 8ioHocHo oci Ha3usaroms aneebpaiyHuli MoOMeHm npoe-

KYii’ cunu Ha niowumny, nepneHoOuKyIsaApHy oci, 8i0HOCHO MOYKU Nepemuny oci 3
yiero naowuHoro. BIIMOBIIHO /ISl HHOTO BU3HAYEHHS ISl 3HaXO/I)KEHHS MOMEH-
Ty CHJIM BITHOCHO oc1 HeoOXiHO (puc.28):

- mpoBecTH onuHy I, nepneHauKyIsapHy oci z;

- 3HaiiTh Touky O nepeTuny oci z 3 miomuHoro I1;

- cmpoenitoBaty cuny F Ha miomuy IT;

- 3HaiiTn MOMeHT npoekuii Fj; BinHOCHO Touku O.

Toni
M (F)=M,(Fy)=+Fy-h, (22)
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ne F,; — BexTop npoekuii cumi F Ha miommny I1, mepneHaukynspHy oci
Oz,
h — nnede mpoekuii Fy; BigHocHO Touku O mepetuHy oci Oz i3 mwio-
muHoro I1.
MOMEHT CHJIM BITHOCHO OC1 BBa)KalOTh JOJATHUM, SIKIIO 3 JIOJATHOTO Ha-
NOPsIMKY OC1 BUJIHO HaMaraHHsl CHMJIM MOBEPHYTH TUIO BIJHOCHO OC1 MPOTH XOAY
TOJMHHUKOBOI cTpUIKHU. [Tpr mOBOPOTI 32 X0J0M TOAMHHUKOBO1T CTPUIKH MOMEHT

CWJIH BIJHOCHO OC1 Tpeba Opatu 13 3HaKOM «MiHyc». Tak, Ha puc. 28 MaeMo, 110
M _(F)>0.

MoOMEHTY CHJIH BiTHOCHO OCi MOYKHA BUPA3UTH Yepe3 IUIONy TPUKYTHHKA,
n00yI0BaHOTO Ha TIpoeKii cumu Fp; i Touni O mepeTMHy oci 3 ILIONIMHOK

(muB. puc.28)

M _(F)=+Fy; -h=2n1AOA,B,. (23)

Pucynox 28

I3 hopmynu (22) MokHa BCTAaHOBUTH YMOBH, KOJIM MOMEHT CHUJIU BIAHOC-
HO OCI JJOPIBHIOE HYJIIO:

1) MOMEHT cWJIM BITHOCHO OC1 JIOPIBHIOE HYJIIO, SIKIIO CHJIa TapajeiibHa
oci (To/1 JOPIBHIOE HYJIIO MPOEKIIis CUIIM Ha TUIONIUHY, MEPIICHANKYIISIPHY OC1);

2) MOMEHT CWJIM BITHOCHO OC1 JIOPIBHIOE HYJIIO, SIKIIO JIHIS il CHIU Tie-
pEeTHHAE 110 BICh (B LIbOMY BHUIIQJKY JOPIBHIOE HYIIO IUJIe4e MPOEKIl CHIIM Ha
TUIOLIMHY, IEPHIEHANKYISIPHY OC1).

OO6’enHyr0uM 111 JBa BHUIMAJKH, MOKHA 3pOOUTH BHCHOBOK: MOMEHT CHJIM

BITHOCHO OC1 JJOPIBHIOE HYJIIO, SIKIIIO CHJIA 1 BICh JIEXKATh B OJHIM MIIOMIMHI.
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AmHaJii3 BIaCTUBOCTEM MOMEHTIB CHJIM BIJHOCHO TOYKH Ta BIJHOCHO OCI
JI03BOJISIE BCTAHOBUTU TaKy 3JICKHICTh MK IIUMU JIBOMAa XapaKTePUCTUKAMHU
o0epTanbHOI J1i CUJTH, SIKa XapaKTEPU3YETHCSI TEOPEMOIO:

Momenm cunu 8i0HOCHO 0Ci OOPIBHIOE NPOEKYIi HA YO 8iCb BEKMOPHO2O
MOMEHMY CUiU 8IOHOCHO 0Y0b-K0i MOYKU HA OCI.

CrpaBeJIMBICTD 1ILOTO TBEPKEHHSI BCTAHOBUMO, PO3TJISHYBIIM IO Ha
Tino cumn F , mpuknanenoi B Touti A( puc. 29).

BekTopHuii MOMeHT cuni F BimHOCHO 11eHTpa O 300pakaeTbcs BEKTOPOM

M, (1'7 ), MEPNEHINKYIISPHUM J10 TJIOIIMHYU TpUKyTHUKA OAB, a HOoro MOayJib

| M(F)|=2n1.004B. (24)

B

Pucynox 29

BenuunHa MOMEHTY CHJIM BIJHOCHO OCi, BIAMOBIAHO 10 (Gopmynu (23),
nopiBHIOE M , (17 )= 2n1.AOA;By. Ane tpukytHuk OA,B; siBisie co0010 IPOEK-

iito Ha wiomuHy I1 TpukytHKa OAB. KyT 00 MiXK TUIOIIMHAMYU ITUX TPUKYTHU-
KiB JOPIBHIOE KYTYy MiX MEPICHIUKYISIpAMU 10 IUX IUIOMKH. To/i 3a BiIOMOIO
3 reoMeTpii HopMyI0r0 MaeMo:

nin. AOAB, = nn. AOAB - cosa,

Jle 0. — KyT Mixk BekTopoM M (]?) Ta Biccto Oz. 3Bijcu 3a GopmyiaMu
(23)1(24)

MZ(F)z‘MO(F)‘-cosoczMoz(F). (25)
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BukopucroByioun 1110 3aiexHICTh Ta hopmyny (19) onepxumo aHamiTHy-

H1 GOpMYIH JJi1 0OUHMCIEHHS MOMEHTIB CHUJIU BITHOCHO KOOPJMHATHUX OCEH:
M (F)=yF, - zF,; M (F)=z2F, - yF,; M_(F)=xF, - yF,, (26)

Jie X, y,Z- KOOPJMHATH TOYKH MpPUKIAAaHHs cwid, F,F,F, - npoekuii

CWJIM Ha KOOPJAMHATHI OCI.

2.3 IIapa cuJ Ta Ti MOMEHT

Ilaporo cun nazusaiomsv cucmemy 080X PIiGHUX 3a MOOYIeM CUl, HANPAs-
JIEHUX 630081C NAPANENbHUX NPAMUX V npomunedcHux Hanpsamvkax (puc. 30).
[InouuHa, B sIKid pO3MIIIEH] CUIIM Mapu — 1€ MJIOIIKMHA A1l Mapu CUJl, a HaiKo-

poTiia BiacTaHb d MK JHIAMHU Jii CUJT HA3UBAETHCS TJIEYEM MApH.

Pucynox 30

Cunu napu He CKJIa/IaloTh 3pIBHOBAXKEHY CHUCTEMY CHJI, 00 HE MAlOTh CITi-
JBHOT JIIHIT 111, Ta HE 3BOJATHCS JO PIBHOJMAIIOYOI, TaK K iX T€OMETPUYHA CyMa
nopiBHIOE HYJIO. [lis mapu cui 3BOAUTHCS 10 00EpTaIbHOTO eeKTy, siIKkuil xa-
pPaKTEepU3YETHCS MOMEHTOM TapH.

Aneebpaiunuii Momenm napu — ye 83ama 3 8i0ON0GIOHUM 3HAKOM GeJIUYUHA,

KA 00PIBHIOE 00OYMKY MO0V OOHIEL 3 CUN NApU HA niede napu.
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M=M(F,F')=+F -d . 27)

AnreOpaiyHuii MOMEHT TIapy CHJI OyJe JTOAaTHHUM, SKIIO Mapa CHJ Hama-
raeTbcsi 0OEPTATH TIJIO MPOTH XOAY TOJUHHUKOBOI CTPLIKH.

BinmoBimHO 10 BU3HAYCHHSI, alNreOpaidyHUii MOMEHT Mapu CHUJ YUCEITHHO
JOPIBHIOE TUIOII1 TTapajesnorpama, mooy1oBaHoro Ha cuiiax napu (puc. 31):

M =M (F,F')=nil7 ABCD = 2un.AABC = 2. AABD.

Pucynox 31

BexmopHum MOMeHmMoM napu cui Hazueacmucs eekmop M , MoOyb sKo-
20 O0PIBHIOE 00OYMKY MOOYIs OOHIEL 13 CUNL HA Nleye Napu, i KUl HanpsaMIeHUll
nepneHOUKyIApHO NIOWUHI Oii napu 8 mou OiK, 36I10KU HANPAMOK NOBOPOMY Mi-
Jia nio Ji€r napu 8UOHO NPomu X00y 200uHHUK080i cmpiaku (puc.32).

I3 mpOro BH3HAYCHHS MOYKHA BCTAHOBUTH, IO MOMEHT ITapW CHJI JIOPiB-
HIOE MOMEHTY OJIHI€1 13 CHJI Mapu BiIHOCHO TOYKH MPUKIIAJIAHHS JPYroi CUJIH,

TOOTO

M =ABxF =M ,(F) a6o M = BAx F' =M 4(F"). (28)
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Pucynox 32

[Tokaxkemo cripaBeIMBICTh BUCHOBKY (TEOPEMH):

Cyma momenmis cun napu 8iOHOCHO OYOb-AKOi MOUKU He 3aNeHCUmMb 8i0
NOJI0dCeH s yiei moyuku i 0opieHtoe momenmy napu cui. OOUUCIUMO CyMy CHII
napu BIAHOCHO JOBLIbHO BHOpaHoi Touku O (muB. puc. 32), BpaxoBYIOUH, IO

F=-F":

=(ry —7)x F=ABxF =M . (29)

Takum YHUHOM, IIiH Imapu CUJI Ha TBECPIC T1J10 TOBHICTIO BU3HAYAETHCI MO-
MCHTOM IIapu CHUIIL. OCKIIBbKH MOJOKEHHS TOYKU O BI/I6paHC JIOBiJIBHO, TO BCK-

TOop M MOMEHTy Mapu MOKHa IPUKIaAaTH y OyAb-sKiid Toulli, TOOTO 1€ BEK-

TOp € BUIBHUM BCKTOPOM.

2.4 Teopemu npo napu cui
Teopemu npo mapu cuJl BCTAHOBIIOIOTH YMOBHU €KBiBaJIGHTHOT'O TEPETBO-

peHHs nap cui 0e3 3MIHM iX /11 Ha TBEepAE TLIO0, K1 JO3BOJISIIOTh IPUBOAUTH CH-

CTCMHU I1ap 40 HpOCTiH_IOFO BUIIIOAY.
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2.4.1 Teopema npo ekgisanenmuicms nap cuj, po3mauio6aHux é 0OHiil

NOWUHI

Ilapy cun, wo Oie Ha meepoe mino, MONCHA 3AMIHUMU [HULOK NAPOIO CUI,
AKA pO3MAWO8ana 8 mill Hce NIoOWUHI I Mae 0OHAKOBUL 3 Nepuiolo napoio aiee-
OpaiuHuti MOMeHm.

Xaii Ha TBepJe TULIO JIi€ Mapa Cuil (Fl,F ') 3 anredpaiyHUM MOMEHTOM

M =F -d (puc. 33). Ilokaxkemo, 1110 CTaH TUIa HE 3MIHUTHCA, SKILO HA TUIO 3a-
MICTb IIi€1 Tapu CUJI AIATUME 1HIIA Tapa CUJI 3 TAKUM K€ alireOpaiyHuM MOMEH-

TOM, CHJIM SIKOi OyIyTh IPUKIAJECHI B JOBUIBHO BUOpaHMX TOoukax A4; 1 B; Ha
BiAcTaHl A, B, =d, (puc. 33,a).

JUid 1bOrO MPUKIALEMO B TOUKax A; 1 B; 3pIBHOBaXXE€HI CUCTEMHU CHII
(F{,F5)~0Ta (F/,F;)~ 0, ninii aii akux nepnenuKky/IsapHi 10 Biapiska A4, B,
F-d

1

(puc. 33,0).

BI/I6paBH_II/I BCIIMYMHU IINX CHII piBHI/IMI/I F_i = E = F_vllz F_vzl =

Tomi (F,F')rv(ﬁ,ﬁ';ﬁ,ﬁ';]@,ﬁz'), OCKITBKH (}71,}71';]72,}72')~0.

Iepenecemo cunu F i F, B Touxy C mepeTuHy miHii ix aii, a cunu F' i
F, - BinnoBimuo B Touky D . PiHomitoui tux cun R=F +F, ta R'=F'+F,
MaroTh PIBHI MOJYJi 1 HampaBieHl B3l0BX AlaroHani CD mapanenorpama
CKDL B npoTWIeKHUX HampsiMkax (puc. 33,B), TOMy BOHU CTBOPIOIOTH 3PIBHO-
BaXEHY CUCTEMY CHJI, IKY MOXKHa BIAKUHYTH.
OpnepxaHa B pe3yibTaTl TaKUX €KBIBAJEHTHHUX I[EPETBOPEHb Iapa CHJ
(F,F) 3 momentom M, =F,-d, (puc. 33,r), saminwia 3ajady mapy Cu
(FI,F ') 3 MOMEHTOM M=F-d (puc. 33,a), IPUIOMY
d .

M,=F -di=F—d; =Fd=M, 1to0to anreOpaiydi MOMEHTU LUX Iap CUII
dy

OJTHAKOBI.

I3 noBeneHoi TeopeMu BUILUIMBAIOTH TaKl BIIACTUBOCTI Map CHJL:

a) mapy CHJI MOKHA SIK 3aBrO/IHO TIOBEPTATH Ta NEPEHOCUTH B IUIOIIMHI J1i
napu;

0) y mapu cuj1 MO>KHa 3MIHIOBATH TUIede 1 CUIIH, 30epiratouyy He3MIHHUM i

anredpaiuHuii MOMEHT 1 TUIOUIUHY .
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2)

6)

Pucynox 33
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2.4.2 Teopema npo nepenecennsa napu cuu y napaieivHy nioujuHy

is napu cun na meepoe mino He 3MIHUMbCA, AKWO il nepenecmu 8 06y0b-
AKY NJIOWUHY, NapaneibHy nAowuHi 0ii napu.
Posristnemo mapy cui (F I '), gKa Jli€ Ha TBepJe TUI0 B TwiomuHi I,

(puc. 34). Ilposenemo mionuny I1,, mapanensny miomuni I1; (puc. 34,a).

Pucynok 34
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VY mnomwHi I1,, mapanensHi mmomuHi I1;, Binknaaemo Biapizok 4;B; Tak,
mo AB|| A1By 1 AB= A,B;. llpuknaaemo B Toukax 4; Ta B; 3piBHOBa)KEH1 CUCTE-
MH CHJI (]71,}72' )~O Ta (]71',]72)~0, BUOMpAIOUM CHJIM TaKUMH, 06 F = F| = F,;
F'=F/'=F, (puc. 34,6).

CxnazeMo piBHI mapaneibHi CUIIH (]7 ,]72) i (F ' F) ), 3aMiHUBIIN iX PiB-

HOJIIFOYOIO

R=F+F,

MPUKIAJCHOIO B CEPENIMHU Bilipi3Ka AB| Ta piBHOI1I0YOIO

MPUKIAJCHOI0 B cepelinHi Bifpizka BA;. L1 n1B1 piBHOAIIOY] NPUKIIAJECH] B
onHiM Touli O NepeTUHy AlaroHajie mpsaMoKyTHUKa ABA,B;, piBHI 3a MOlyJIeM
1 HampaBlieH1 MPOTUJIEKHO, TOMY CKIJIaJali0Th 3pIBHOBaXEHY CHUCTEMY CHII
(1? R ') ~ 0, Ky MOXHa BIJKUHYTH.

V pesyabTarti 3anumartbes cuid Fy i Fy', ki yTBOPIOIOTH Mapy CHJI, IO

nie Ha Tu10 B tuionuHi I, (puc. 34,r), ekBiBaJIeHTHY MTOYaTKOBO 1041l Tapi CUII

(]7,]7') (puc. 34,a). Tak sk
B A, x F| = BAXF ,

TO BEKTOPHI MOMEHTH Iap CUJI (F1 ,Fl') Ta (F F ') piBHI MIXK COOOIO.
OTtxe, 1Bl Iapu CUJI €KBIBAJICHTHI, SIKIIIO BOHU MAalOTh OJIHAKOB1 BEKTOPHI

MOMCHTH.

2.4.3 Teopema npo 0ooasanns nap cun

Cucmema nap cun, Oitouux Ha meepoe MIiNo, eK8iBANeHMHA OOHIU napi
CUJl, BEKMOPHUL MOMEHM 5IKOI OOPIGHIOE 2e0MEeMPUUHII CYMI 8EKIMOPHUX MOMe-

HMIB 6CIX nap cucmemu.
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Poszrnstnemo AB1 napu cui (l_)1 ,I_)l') Ta (I_)ZJ_)Z'), AK1 JeXaTh B riomuHax [,
1 II, mo nmepeTnHaroThCA Mmin AesiKUM KyToM o (puc. 35). BekTopHi MOMeHTH
M, i M, uux nap cun HampasJeHi NEePIEHAUKYIISPHO 10 BiAMOBIIHUX IUIOIMH

(puc. 35,a).

Pucynox 35
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BianoBigHo 10 TeopeMu Mpo €KBIBAJICHTHICTH Map CHII IEPEHECEMO PO3T-
Js7aHl Tapu CHJI B CBOIX IUIOIIMHAX O JIHII MEPEeTUHY IUIONINH, MPUBIBIIM 1X
1o 1uieda AB, Tak, o0 MOMEHTH MEPETBOPEHUX Map CHII (FI,FI') Ta (FZ, FZ')

Oylu pIBHUMH MOMEHTaM II0YaTKOBO JIIOYUX Map CHII (PI,PI') 1 (PZ,PZ')

(puc. 35,0):
M(R.R)=M(R,F)=BAxF,=M; M(P,By)=M(Fy, Fy)=BAxFy =M,
CxknaaemMo cuiu, IpukiIazeHi B TouIll A Ta B Toutli B (puc. 35, B):

R=F +F:; R =F+F,.

OnepskaHa pe3yabTyroda rmapa Cuil (R, R ’) Ma€ MOMEHT

Otxe, 1BI Iapy CUT (l_’l ,I_’l') 1 (l_’z, I_’Z') 3 MoMeHTamu M, i M ,, sKi IeKaTh
B IUIOLIMHAX, 10 NEPETHHAIOTHCS (pHC. 35,a), MOXKHA 3aMIHUTU OJHIEIO MApOIO
CHII (1? R ') (puc. 35,r) 3 Mmomentom M =M, + M,. Y BUTIAAKy PO3MillleHHS
nap CuJI B OJIHIHM IUIOIIKHI YU B NApajelIbHUX IUIOUIMHAX, KOJU BEKTOPHI MOMeE-

HTHU IIap CUJI HapaHeJIBHi MIDXK CO6OIO, BCKTOPHC NOJaBaHHA MOMEHTIB map 1nepe-

XOJIUTh B anreOpaiuHe J0 1aBaHHS.

SIk1o Ha TiI0 1€ cucTeMa map cui 3 MomeHtamu M, M,,..M , , TO noc-

JIiJIOBHO CKJIagaro4y MOMCHTH I1ap, MOKHA 3p06I/ITI/I BHCHOBOK, IO AaHa CHUCTC-

Ma Iap eKBIBAJICHTHA OJHIN mapi CHUJI 3 MOMEHTOM

M=>M,. (31)

2.5 YMoOBH piBHOBaru CMCTeMH nap CHJI

BpaxoBytouu, 1110 cucTeMy Jif04MX Ha TUIO Map CHJI 3aBXKIH MOXKHA 3aMi-
HUTH OJIHIE€I0 €KBIBAJIEHTHOIO MAPOI0 CUIL, 0/ pigHO8a2U cCUCmeMU nap Heoobxio-
HO [ 0oCcmamubo, wob MoOMeHm pe3yabmy4oi napu cui 0opieHoeas nyuwo. To-

11, BiAmoBiaHO 10 dhopmyinu (31) ogepkuMo YMOBY PIBHOBArv CUCTEMU Iap:
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S M, =0. (32)
k=1

[Ipoeuitoroun BekTOpHE PiBHAHHS (32) Ha KOOPAMHATHI OCI, OJEPKUMO

TpH aJireOpaiyHuX PIBHSIHHS YMOB PIBHOBAru CUCTEMH Mapu CHUIIL:
n n n
k=1 k=1 k=1

Jlnst cuctemMu map cui, 10 JieXKaTh B OJIHIM IJIOMIMHI, HEOOX1AHO 1 J0CTa-

THBO, 1100 anredpaiuHa cymMa MOMEHTIB IMX Iap JOPIBHIOBAJA HYJIIO.
Humanna onsa camokoHmpoJiio

1 JlaiiTe BU3HAUYEHHS MOMEHTY CHUJIM BIJTHOCHO TOYKH. 32 SIKUX YMOB MO-
MEHT CHJIM BIIHOCHO TOYKH JIOAATHHUM, B11’ €EMHUMN, TOPIBHIOE HYIIO?

2 Sk BU3HAUUTU MOMEHT CWJIM BiTHOCHO oci. Koiau MOMEHT cuiu BIIHOCHO
0C1 IOPIBHIOE HYITIO?

3 Ska 3aJIeKHICTh ICHYE MK MOMEHTOM CHJIM BIJHOCHO OCl Ta BEKTOPHUM
MOMEHTOM CHJIA BIJHOCHO TOYKH Ha 0C1?

4 Sxy cuctemy Cui Ha3UBAKOTh Naporo cui? SIK BU3HAYAEThCA 11 MOMEHT?

5 SIxi nepeTBOpPEHHS Mapyu CUJ HE 3MIHIOIOTH ii A1i Ha T110?
Sk ckiamaroThCs mapu Cuil, 11O JIEKaTh B OJHIN TUIOUMHI? VY IJIOIIHUHAX,
110 IEPETUHAIOTHCA?

7 Sxi yMOBU pIBHOBaru CUCTEMH Iap Cui?

3 OCHOBHA TEOPEMA CTATHUKHW I YMOBH PIBHOBAT A
MPOCTOPOBOI CHCTEMHU CHUJI

JIJist TOBUIBHOT CUCTEMHM CHJI, JIIHIT 111 SIKOT MOXKYTh OYTH PO3TalllOBaHi B
npoctopi ado B OAHIN TUIOHIMHI, HEOOX1THO TaKOX, K 1 JIJIsl paHille po3risHy-
TO1 cUCTeMHU 301KHUX CWJI, OJlepKaTH yMOBHM piBHOBaru. ExBiBajeHTHE meper-
BOPEHHSI JOBUIBHOI CUCTEMHU CHJI 3[IIMCHIOIOTh, 3aCTOCOBYIOUM TEOPEMY PO Ma-

PaJaCIbHC IICPCHCCCHHA CUIIN.
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3.1 Teopema npo napaJiejibHe NePeHECEHHS CUJIU

Cuny MooxcHa nepeHocumu napaieibHo camiti cobi 8 0y0b-aKy MOUKY
meepoo2o mia, 000ar4u Npu YboMmy napy Cuil, 6eKMOPHULL MOMEHM KO O0pi-
BHIOE BEKMOPHOMY MOMEHMY CUNU, U0 NEPEHOCUMBC, BIOHOCHO HOB0I MOYKU (i

NPUKIAOAHHSL.

Posristnemo cuny F, npukiageny B Toulll 4 (puc. 36,a). Y 10BUIbHO BU-
Opaniii Toulli B NPHUKIAAEMO 3PIBHOBAKEHY CUCTEMY CHII (]7 ' F ") ~ 0, ne
F=F'=-F".Toni F ~ (]7, F',F") (puc. 36,0).

Pozriasinemo CUCTCMY NIHUX TPbBOX CHUII, AK OIHY CHIIY F' Ta mapy Cuil

(}7 JF ") (puc. 36,B), MOMEHT SIKOT
M(F, F")=BAx F = M, (F)= .

Teopema noBencHa.

a) 6)

Pucynox 36

3.2 OcHOBHA TeopeMa CTATHKH PO NPUBEICHHA J0BLIbHOI CHCTEMH

CHJI 10 3aJaHOI'0 HeHTpa

JI71s1 AOBUTBHOT CUCTEMHU CHUJI BBEJIEMO TaKl BUSHAUYCHHS.
T'onosHum 6ekmopom cucmemu cuil € 6eKmMop, AKUU OOPIBHIOE 2eoMempu-

yHitl cymi 6cix cun cucmemu. TOOTO IJI1 CUCTEMU 1 CHJI MAEMO
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R=YF,. (34)

l'onosnum momenmom cucmemu cuil 8i0HOCHO 0esIK020 YeHmpa HA3Uea-
EMbCA BENUUUHA, AKA OOPIBHIOE CYMI MOMEHMIE CUL CUCIEMU BIOHOCHO OaHO20

yenmpa. ToOTO

M, = élm(ﬂ) (35)

JloBeieMO OCHOBHY TeopeMy cTaTuku (Teopemy IlyaHco):

byov-axa cucmema cun exgieanenmua cuii, sika OOPIBHIOE 20I08HOM) Ge-
Kmopy cucmemu i NpUKIA0eHa 8 0esKitl mouyi (YeHmp npueeoeHHs) ma napi cu
3 MOMEHMOM, SIKUL OOPIBHIOE 20JI0BHOMY MOMEHMY cucmemu 8i0HOCHO YeHmpa
npueeoeHHsL.

PosrnsiHeMo cuctemy cui (171 , 172,17” ), MPUKJIAJEHUX B TOUKax Ay, As,...
A, (puc.37,a). Bubepemo nesxy Touky O 3a LEHTp IMPHUBEICHHS 1 EPEHECEMO
KOXHY 13 CHJI B IO TOYKY, JTOOABJISAIOYW 3THO 3 TEOPEMOIO IMPO IMapajeiibHe
MIepEHECEeHHS BIIMOBIIHI apy CUil. Y pe3ysbTaTi IIbOTO oAepxkumo (puc.37,0):

- CHCTEeMY 30DKHUX CHIT (Fl', s ...Fn'), MPUKIaJICHUX B Tou O, e

- cUCTEMY J100aBJICHHUX Iap CUJI, MOMEHTH SIKHX (M M, M ), Ie

M =M, (F k )
3aminumo  (puc.37,8)  cucreMy  30DKHUX  CWJI  PIBHOAIIOYOIO
R =) F!=>F,, W0 NAOPIBHIOE TOJOBHOMY BEKTOPY CHCTEMH, & CHCTEMY Tap
CHII — ojiHiero mapoio 3 Momentom M, = M, => M, (F, ), sxuii nopisuioe

rOJIOBHOMY MOMCHTY CUCTCMHU BiI[HOCHO HCHTpa MPUBCACHHA 0.
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Pucynox 37

TakuM YHHOM OJepKaju, IO (FI,FZ,..F”) ~ (E M, 0). Otxe, Teopema

JOBCACHA.

3.3 ®opmyJiu 115l 00YNCIECHHS TOJIOBHOT0 BEKTOPA i r0OJIOBHOTO

MOMEHTY

SIx BiOMO, TOJIOBHMI BEKTOP Ta TOJIOBHUIM MOMEHT CHCTEMM BH3Haya-
IOTBCs piBHOCTIMU R =Y F,, My =Y M, (Fk).
3HadyeHHA R Ta M ,po3paxoByIOTh aHAJIITHYHO 4epe3 iX MpOeKLIi Ha KO-

OpJIMHATHI OCi:
R=iR,+jR,+kR.; My=iM + M, +kM_, (36)

JC HpOCKHi.l. I'OJIOBHOI'O BCKTOpPA CUCTCMHU HA ocl KOOPpAHWHAT BU3HAYAIOTh-

cs 3a BimomuMu popmynamu (po3a.l.5):
Rx:szx; Ry:szy; Rz:sz29 (37)

a MPOEKI[ii Ha KOOPJWHATHI OC1 TOJIOBHOI'O MOMEHTY CHUCTEMHU BIITHOCHO
nentpa O 3HaAXOJATh 3 3aCTOCYBAHHAM 3JIEKHOCTI MK MOMEHTOM CHUJIU BIJHO-

CHO OC1 1 BEKTOPHUM MOMEHTOM CHJIM BIIHOCHO IIEHTpa Ha OCi, TOOTO
M. =YM/(F), M,=YM/(F) M. =YM(F) (38)

3a BiIIOMI/IMI/I HpOCKI_IiSIMI/I BHU3HA4YaIOThb:

49



MOJYJ b TOJOBHOI'O BEKTOpa 1 KOCUHYCH KYTIB MOTO HaxXmiy J0 Oced KO-

OpAUHAT:

R|=R=,/R*+R>+R7;
Y

A R A R A R
cos|i,R |=—%;cos| j,R |=—2;cos| k,R |=—=, (39)
R R R

Ta MOAYJIb TOJIOBHOT'O MOMCHTY 1 KOCHHYCH Horo KyTiB 3 OCAMH KOOpIHU-

HaT:

Mo =My =M+ M2+ M,

(40)
M ) M 8 M

AN
cos| i, My |=—2;cos| M, |=—;cos| k,M |=—~.
M, M, M,

[TopiHioroun Gopmynu (37, 39) 3 panime oaepxkanumu popmynamu (9,
10, 11), MOHA BCTAHOBUTH, 110 TOJJOBHUM BEKTOP JAOBLILHOI CUCTEMU CHUII 1 Pi-
BHOJ1I0YA 301KHUX CHJI OOYHMCIIOIOTHCS 32 OJHAKOBHUMH 3aJIEKHOCTIMU. AJte 11l
BEJIMYMHM HE 1JICHTHYHI, TaK SIK TOJJOBHUH BEKTOpP CUCTEMHU HE 3aBXKJIHU CKBiBa-

JIECHTHHUHU 11l CHCTEMHU CHJI.

3.4 Bunaaku npuBeAeHHs MPOCTOPOBOI CUCTEMH CHJI 10

HAUNPOCTIIIUX CHCTEM

AHaJIi?)y}O"II/I 3HAYCHHA T'OJIOBHOT'O BCKTOpa Ta I'OJIOBHOI'O MOMCHTY, MO-
»KHa BCTAaHOBUTH TaKl OKpCMi BHUIIAAKH.

1) fAxmo ans nanoi cucremu cuil R =0, a M, #0, To cuctemMa 3BOIUTHCS

10 OZHIET Mapu CUJI 3 MOMEHTOM M ), IO AOPIBHIOE TOJIOBHOMY MOMEHTY CHC-
TeMd. Y 1IbOMY BUNAJKY 3HAUYE€HHS TOJIOBHOI'O MOMEHTY CHUCTEMH Bij] BUOOPY
eHTpa O He 3aJEKUTh.

2) SIxmo st ganoi cuctemu R #0, a M, =0, To cuCTeMa CHJI 3BOJIUTHCS
70 PIBHOAIIOYOI, SKa JOPIBHIOE TOJOBHOMY BEKTOPY CHCTEMHM 1 JiHIA Jii SKOI

MMPOXOOUTh YCPEC3 LHCHTP o IMPpUBCACHHA.
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3) Sxmo mns gaHoi cucteMu R #0 ta M, o #0, TO B 3aJI€KHOCTI B1J B3ae-

MOIIOJIOKCHHS NUX BCKTOpiB pOSpiSHIOIOTB BUITAJKHU:
a) TrOJIOBHUIM BCKTOp Ta TrOJIOBHHUM MOMEHT HepHeHI[I/IKy.HHpHi OAHH OO OA-

HOTO (R 1M 0) — TakKa CHUCTeMa 3BOJIUTHCS JI0 PIBHOJAIIOUOI, sIKa JOPIBHIOE TO-

JIOBHOMY BeKTOpy R , aje miHis ii 1ii He IpoxoauTh yepes neHTp O NpUBEICHHS
(puc. 38).
JiticHo, pu TakoMy po3TalryBaHHI (puc.38, a) mapy cui, 300pakeHy Be-

KTOpoM M, MOXHA IPEICTaBUTH CHUIAMU (R ',R”), AK1 JIeXkKaTh y TUIOLIUHI TO-

JIOBHOTO BeKTOpa R Ta NOpIBHIOIOTH HoMy uMcenbHO (puc.38,0). 3a Takux

o M,
YMOB ITUIeUe Tapu (R ',R”) MOBHHHO JopiBHIOBaTH d =00, = “7(‘). Po3micTus-

M CWJIM Tapu TapajeilbHO TOJIOBHOMY BEKTOpPY R Tak, IO cHUCTeMa (17 ,R ”)
OyJe 3piBHOBaXEHOI0, 3MOKEMO BIAKUHYTH IF0 CUCTEMY CHII (17 ,R ”) ~ 0. Toni
JlaHa CHCTEMa CHJI 3aMiHUTHCS OJIHI€I0 piBHOAII0UOIO cunoo R’ =R (puc.38, B),
sKa MPOXOJIUTh Yepe3 Touky (), 3MillleHy Bix 1eHTpa O NpuBEIEHHS Ha BijC-
TaHb d, U0 JOPIBHIOE YACTIIl BiJ AUICHHS MOJYJISI TOJOBHOTO MOMEHTY Ha MO-

AYyJIb IT'OJIOBHOT'O BCKTOpPA.

a) 0) 6)
Pucynox 38

0) TOJOBHUN BEKTOp 1 TOJIOBHMH MOMEHT TapajeibHI MDK CO00I0
(puc. 39, a) — cucrema CWJI 3BOJUTHCS 1O CYKYITHOCTI CHJIM R Ta mapu cuil
(P,P’), sKa JICKHUTHh B IUIOIIMHI, TEPICHANKYISAPHIA TOJIOBHOMY BEKTOpYy R

(puc. 39, 6).
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Taka CyKynHICTb CHJI Ha3WBA€THCS TUHAMIYHMM T'BHHTOM a00 JTMHAMOIO,
a JIHISA, B3OBXK SKOT HAIIPSAMJICHUH TOJIOBHHIA BEKTOP Ta TOJIOBHHH MOMEHT CH-
ctemu (puc. 39, a) — 1e Bich aquHamu. [lomanbpiie COpolIeHHS AaHOI CUCTEMU
CHJI HEMOJKJIUBE, TOMY CHUCTEMa CHJI B I[bOMY BHUIIQJKY 3BOJHMTHCS 10 JHHAMH,

BIChH SIKO1 MMpOXOaUThb 4YCPEC3 LUCHTP o0 IMPpUBCACHHA.

Pucynox 39

B) TOJIOBHUW BEKTOp 1 FOJIOBHUH MOMEHT CHUCTEMH HE IMEPIEHIUKYIAPHI
OJIMH JI0 OJIHOTO 1 HE MapalenabHi MK co0oto (puc. 40) — cuctema CHJI 3BOJIUTh-

csl 10 IMHAMHU, BICh SIKOi He OyJie mpoxoauTH uepes3 ueHtp O.

z MO
1 Dl
M, P
7 I
o\~ >l
/ R Mo/ g
X
a) 6)
z z
E// O
< = 75/ ) © y
O o/ R M,
I 0,
X r — T
R= 0
8) 2)
Pucynox 40
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[TocTtynoBuii mepexia BiJl TAKOTO 3aBaHTakeHHs (puc. 40, a ) 10 AUHAMI-

YHOTO TBUHTA 3i 3MIlIEHOI0 BiCCIO 3/iHCHIOETBCSA PO3KIaJaHHAM BekTopa M
Ha CKIagoBi M, 6 i M, 6/ (puc. 40, 6), 3amiHor0 BekTOpa M, 6/ aporo CHil
(R',R"), mneue sixoi
/I
M|
| 3
%

a CUJIM Mapyu YKCEIHHO JOPIBHIOIOTH TOJIOBHOMY BEKTOpY (puc. 40, B), Bi-

00, =

JTKUJIaHHSAM 3pIBHOBaXKEHOI cucteMu cui (R R ) ~ 0, mepeHeceHHsIM BEKTOpa

_/ i
M o B Touky O, ik BUIbHOTO BekTOpa (puc. 40, r).
4) SIxmo ans gaHoi cuctemu cui R =0 i M, =0, To Taka cucteMa CHJl

OyJie 3HaXOJUTUCh Yy CTaH1 PIBHOBATH.

3.5 PiBHSIHHA PiBHOBAru A0BUJILHOI POCTOPOBOI CHCTEMH CHJI Ta

MPOCTOPOBOI CUCTEMH MAPATETbHUX CHII

Sk Oys10 BCTAaHOBJICHO B MOINEPEIHHOMY PO3ALI, 0151 pi6HOBACU O0BLILHOT
NPOCMOPOB8Oi cucmemu cull He0OXiOHO I 00CMAMHBO, WOO 20I08HUL 6EKMOP CU-
cmemu cul ma ii 207106HULL MOMEHM 8iIOHOCHO 0Y0b-AK020 YEeHMPA NPUBEOEHHS.

00pi6HI08ANIU HYIH0, TOOTO

R=0;M,=0. (41)

Ane BekTopu R Ta M|, JOpiBHIOBATMMYTbH HYIIO TUIBKH TOAI, KOJH iX
MIPOEKIIIT HAa KOXHY 3 0Ce KOOpAuHAT OyAyTh JOPIBHIOBATH HYIIIO, TOOTO KOJIH
R, =0;R,=0;R,=0; M, =0; M, =0; M, =0. I3 BpaxyBaHHsIM (opmy

(37), (38) 1l wIicTh piBHAHb OYAYTh CHpPABEAJIMBI, KOJU 110Ul CHUIN 33JJ0BOJIb-

HAIOTH YMOBAM:

D2 =05 2 Fy =05 > F, =0;
k=1 k=1 k=1
(42)
zMx(Fk):O: zMy(F_}c):O: ZMZ(F_}c):O
k=1 k=1 k=1
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Taxum urHOM, 0711 pisHOBA2U O0BINLHOI NPOCMOPOBOI cucmemMu CuUl Heoo-
XIOHO [ 00CMamubo, Wob cyma npoeKyill 8CIX CUl CUCMEMU HA KOXCHY 3 MPbOX
oceli KOOpOuHam ma Cyma MOMEHMIB 6CIX CUN CUCeMU BIOHOCHO Yux oceti 00-
PIBHIOBANU HYTIIO.

I3 3aragbHUX YMOB PIBHOBAru J0OBUIbHOT IPOCTOPOBOI CUCTEMU CHUJI Ofie-
PKYIOTh YMOBHU PIBHOBAru OUTbII IPOCTUX CUCTEM CHIL

SIK110 BC1 CUIIM MPOCTOPOBOT CUCTEMU MapaliedbHl MK cO0010, TO MOKHA
PO3MICTUTH OC1 KOOPAMHAT TaKUM YMHOM, 1[0 OJHA 3 HUX, Hampukiaa Bick Oz,
Oyne mapasnenbHa HanpsMKaMm cui (puc. 41).

Toni mpoexkiii KoxkHoi 13 crt Ha oci Ox ta Oy 1 iX MOMEHTH BIIHOCHO OC1
Oz NOpIBHIOBAaTUMYTh HYJIIO TOTOKHO. Binkuaatoun y popmynax (42) piBHIHHSA
PIBHOBAry, siki BAKOHYIOTHCSI TOTOKHO, OJEP>KUMO TaKi TPH PIBHSHHS PIBHOBAru

HpOCTOpOBOI CUCTCMHU ITAPAJICIIBHUX CHII:

2 F =05 XM (F)=0; > M, (F)=0. (43)
k=1 k=1 k=1

Pucynox 41

OTxe, 011 pigHOB8a2U NPOCMOPOBOT cUCmeMU NapalelbHux cul HeoOXiOHO
i docmamuwvo, Wob cyma npoexyill 8Cix CUl Ha BiCb, NAPAJEIbHY CUNAM, MAd C)-

Ma ix MOMeHmi6 8IOHOCHO 080X THUUX KOOPOUHAMHUX OCell O0PIBHIOBANU HYTIIO.
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3.6 Teopema BapinboHa PO MOMEHT PiBHOAII0Y 0L

Axkwo cucmema cun mMae pigHOOiOUy, Mo MOMeHM Pi8HOOII0YO0I 8IOHOCHO
0y 0b-sK0I MOUKU OOPIGHIOE CYMI MOMEHMIB CUL CUCIeMU 8IOHOCHO YIEL e Moy-

KU.
— — — — n —
Hexail 3apano cucremy cun (F|,F;,....F, ), piBHOAII0OYa SKOi R = sz
k=1

npukiageHa B Touil A (puc. 42). Jogamo 10 CHUCTEMHU BPIBHOBaXYIOUY CHITY

R'=-R, MPUKIAJCHY B TIA Xe TOUll A, 1 OIEPKUMO 3pIBHOBAKEHY CUCTEMY
il - D/

cun (F,55,....F,,R") ~0.
["o0BHMIT MOMEHT L1i€1 3pIBHOBAXEHOT CUCTEMH CHJT

My = S My(Fy) + My(R')=0. (44)
k=1

Pucynox 42

3Baxkaroun Ha Te, mo M (R / )=-My(R), i3 Bupa3sy (44), onepKumo
n — — — —_—
> My(F,) - My(R)=0,
k=1

3B1JIKA BUILUINBAE
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My(R)= 3 M, (). (45)
k=1

Teopema noBeneHa.
Teopema BapinboHa cripaBenivBa 1 Jijii MOMEHTIB CHJI BITHOCHO OCel KO-
opauHat. J[iicHO, TPOEIioYM BEKTOPHUM BHUpa3 (45) Ha KOOpIMHATHI OCi,

OACPIKNMO:

M (R)= Y M (F); M,(R)=>M,(F); M. (R)=YM_.(F,), (46)
k=1 k=1 k=1

TOOTO MOMeHm Pi6HOOIIOUOI BIOHOCHO 0esAKOi OCi OOPIBHIOE CYMI MOMEHMIB CUL
cucmemu 8i0HOCHO Yi€i oCi.

3acTocoByrouu Teopemy BapinboHa 1151 0OUMCIEHHS MOMEHTY CHJIU BijI-
HOCHO TOYKH a00 OC1, pO3KJIaJIal0Th CUJIy Ha CKJIAJOBI, IJIs SKUX IJIe4Ye BiAHOC-

HO TOYKH 200 OCi1 BiIOM€ 13 YMOB 3a/1a4i, 110 TOJIETITYE OOYUCICHHS MOMEHTY.

3.7 Po3B’s13aHH 32124 PIBHOBAru TiJia IiJ 1i€10 NPOCTOPOBOI

CHUCTEMHU CHJI

[Ipu po3B’s3aHHI 3a/1a4 Ha PIBHOBAry TBEPJOTO TUIA MMiJ JIE€I0 MPOCTOPO-
BOi CUCTEMH CHJI HEOOX1THO JOTPUMYBATUCh aTOPUTMY, HABEJIEHOTO B PO3ILUII
1.8. Ilpu ipbomMy 3a1aua piBHOBAru Tijia Mij A1€10 JOBUILHOI IPOCTOPOBOT CHUCTE-
MU cHJI Oy/ie CTATUYHO BHU3HAYEHOIO TO1, KOJIU KUIBKICTh HEBIJIOMUX BEJIMYUH
CTAaHOBUTHUME HE OLIbIIIE MIECTH, a M €0 MPOCTOPOBOI CUCTEMHU MapaieTbHUX
CWJI — HE OUTbLIE TPHOX.

Ilpuknao 5

3a J0MOMOrol0 BOpOTa, CXEMAaTUYHO 300paKEHOTO Ha puc.43, yTpUMY€ETh-

csa Ba"Tax (Q=1000H. Pamiyc OGapabana R =0,05m, AOBXHHA PYKOSITKH
KD =0,4m, Bincrani AD=03m, AC=0,4m, CB=0,6l,m. BippoBKa cXOIUTH 3

GapabaHa 3a JOTHYHOIO, HAXMIICHOKO JI0 TOPU3OHTY iy KyroM 60°. BusHaunTu
TUCK P Ha pYKOATKY 1 peakiii onop 4 i B B TOMY MOJIOKEHH1 BOPOTa, KOJIH Py-

KosiTKa KD TOpHU30HTaJIbHA.
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Pucynox 43

Po3B’s13aHHs

Po3riisiHEMO piBHOBAry BOpOTa, Ha AKHil AitoTh akTuBHI cuu P i Q . Cu-
ny O Baru BaHTaXy IPHUKIANAEMO 0 BOPOTA B TOWIIi 36iry BiphOBKH 3 BOPOTa,
HaIlpaBUBILY ii B3/I0BK BIpbOBKHU. B’s13siMu 111 BOpoTa € miqmunHuku A 1 B,
peakuii R, i R, AKX MPEACTABUMO CKIaNOBUMU X , i Z,Ta X i Z, po3mi-
[IEHUMU B IJIOIIMHAX, MEPIEHIUKYISIPHUX OCl MAMUIHUKIB. {15 1iei mpocro-

POBOi CUCTEMHU CUJI CKIIAAA€EMO LIICTh PiBHSAHD (42) piBHOBAru:

n
S F,.=0; X,+X,+0cos60 =0;
k=1

n
kZ{F ry =0; 0=0 (>xoaHa 13 cuI Ha BIiCh y HE POCILIFOETHCS);

n
SF_.=0; Z,+Z,-P+Qsin60 =0;
k=1

S M (F,)=0; Zz(AC+CB)+ P+ AD + Qsin60 - AC =0;
k=1

>M,(F)=0; OQ-R-P-KD=0;
k=1
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S M_(F,)=0; — X 3(AC + CB)— Qc0s60 - AC =0;
k=1

[Tpu oOuucieHHi MOMeHTIB cuiii () BITHOCHO oceil Ax Ta Az Oyna 3acrto-
coBaHa Teopema BapinboHa, 3TiJIHO 3 KOO cuia O Oylia po3kiajeHa Ha CKila-
noBl Q. ta Q.. YncenbHl 3Ha4eHHS LUX CKJIALOBUX Takl: Q. =(cos60°, a
0, =0sin60°.

MoMeHT BITHOCHO OCl Ax Ja€ TUIbKU CKjiaaoBa (J,, OCKUIbKM CKJaJ0oBa

Q, mapaneinbHa ocl Ax, a BITHOCHO 0c1 Az — TINbKH ckiIanosa Q..

Po3B’s3vyI04u 111 pIBHAHHSA, 3HANIIEMO:
2

p_ QR _1000-0,05

=125H ;
KD ,
0
X, - Qcos60” - AC :_1000 0,5-0,4 — 200H:
AC + CB 0,4+ 0,6

_P-AD+Qsin60° - AC _ 125-0,3+1-0,866-0,4
AC+CB 0,4+0,6

Zy = —384H;

Z,=P-Z,—0sin60° =125(-384) —1000- 0,866 = —357H :
X, ==Xz —0cos60° =200-1000- 0,5 =—300H .

Ilpuknao 6

OnnopinHa npsMokyTHa pama Barowo G =200H mnpukpimieHa A0 CTIHU
3a IONOMOTOI0 IIApOBOTO MapHipa A 1mnerii B, 1 yTpUMY€eTbCS B TOPU30HTANb-
HOMY IOJIOKEHHI BiphoBKOIO DH , ipuB’si3aHo0 B TOYIlll D 110 pamu Ta A0 I'Bi3-
nka H , BOUTOro B CTiHYy Ha OJHIM BepTukaii 3 netieo B (puc. 44). Ha pamy B
tourli £ y Hanpamky CE nie cuna. OOUMCIUTH OMOPHI peakilii B Toukax A4, B

1 HaTsT BippoBKU DH , sixuio po3mipu pamu a = 0,8m; b =0,4m; ¢ =0,8u, a Bi-

. 0
PBOBKA HAXWUJICHA OO0 INIOIIMHU PaMM 111 KYTOM & = 30".
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Pucynok 44

Po3B’s13aHHs

Pama 3HaxoauThcs B CTaH1 pIBHOBArd mija i€t akTuBHUX cuil G, Ta

peakuii X ,,Y,,Z, mwapoBoro mapHipa, X ,Z, nemi ta peakuii 7' BIpbOBKHU
DH . lle noBuIbHA MPOCTOPOBA CUCTEMA CWJI, YMOBH PIBHOBAru sIKOi BKIIIOYa-
I0Th IIICTh PiBHSAHB (42), MICTUTH IIICTh HEBIIOMUX PEaKIliid, TOMY 3ajada €

CTaTUYHO BU3HA4CHOK. JlIst 1aHOT 3a1a4i piBHSIHHS PIBHOBAard OyayTh TAKUMH:
n
YF,=0; X,+Xz+0—-Tcosa-sinf=0;
k=1

n
2. F,=0;Y,~Tcosa cosB=0;
k=1

n
YF,.=0; Z,+Zy—-G+Tsina=0,
k=1

>M (F,)=0; ZA-a+Tsinoc-a—G(a—aJ2rbj:0;
=1

> M, (F)=0; G-%—Tsina-c=0;
k=1

>M,(F,)=0;, O-b-X,-a=0.
k=1
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[Tpu cxmamganHi nMX piBHSAHB cuia 7', 3riHO 3 TeopeMoro BapinkoHa, po-

3KIa/anacy Ha Tpu ckianosi 7, 7', T,, piBHI ii IPOCKIIAM Ha KOOPAMHATHI

oct. Cxknagnosi 7, T , HE BXOIIITH 110 PIBHSIHHSI MOMEHTIB BITHOCHO oced Bx 1

By, Tak sik BOHH a0o mapajesibHi UM OCsIM, a00 MEepPEeTUHAIOTh iX. Y pPIBHSHHI

MOMEHTIB BITHOCHO OC1 Bz BIJICYyTHI KOXKHa 13 LIUX CKJIaJ0BHX, TaK SK cuia 1’
nepeTuHae Bich Bz, 1 T MOMEHT BIIHOCHO I1i€1 OC1 JJOPIBHIOE HYIIIO.

Po3B’s3yroun piBHSHHS PIBHOBAru OACPKHNMO:
2

XA:Q'b:400.O’2:100H;
a 0.8
-9 _ 209 _a0on;
2smoa 2-0,5
a—>b 0,8—-0,2

2a

ZAzG( j—Tsinoc=200( j—200-0,5=75H;

Zy=G-Z,—Tsino.=200-75-200-0,5=25H ;
Y, =T cosa cosB =200-0,866-0,707 =122,45H;
Xy =TcosasinB—Q— X, =200-0866-0,707 — 400 — 100 = —377,55H

b

V HaBeJIeHHX PO3paxyHKaX B3ATO 3HaueHHs KyTa [ =45° Haxuny BepTH-

KaJbHOI IIOIMHN PO3MIleHHs cui I [0 KOOPAMHATHOI IJIOIMHY, BUXOASUH
AD ¢
3 TOTO, IO B TPUKYTHUKY ABD (nuB. puc. 44) Mmaemo 1gf3 = B4 1
a

Humanna onsa camokoHmpoJiio

1 Cdopmymniolite Teopemy npo mnapajuenbHe nepeHeceHHs cuid. 1o tpeba
100aBUTH TPH TapaIeIbHOMY MEPEHECEHH1 CUIIH, 00 HE 3MIHUTH 11 J1110
Ha TU10?

2  Yum 3aMIHIOIOTH JOBUIbHY CHUCTEMY CWJI MpH 11 3BEJACHHI JI0 3aJaHOTO
uentpa? Chopmyiolite OCHOBHY Teopemy ctaTuku (Teopemy [lyaHco).

3 UYomy AOpIBHIOE TOJIOBHUI BEKTOP 1 roJOBHUN MOMEHT cuctemu cun? Lo
MalOTh CIUIBHOTO 1 YAM BiAPI3HSAIOTHCS TOJIOBHHUM BEKTOP CUCTEMU CHUJI Ta
piBHOAII0YA?

4 B skuX BUMaJKaX MPOCTOPOBA CUCTEMA CHUJI 3BOJUTHCS O PIBHOAIIOUOT?

60



5 B saxux BUDaaKax MpoCTOpOBa CUCTEMa CHJI 3BOJUTHCS J10 OJIHIET MapH
cun?

6 Illo take nuHamiuHui TBUHT (AuHama)? B sKuX BHUMaAKax MPOCTOPOBA
CUCTEMa CHJI 3BOJIMTHCS J10 AUHAMU?

7 Cdopmymroiite HeOOXiaHI 1 JOCTATHI YMOBHU PIBHOBArv Ta 3allvIliTh aHa-
JITUYHI PIBHAHHS PIBHOBArd JOBUILHOI MPOCTOPOBOI CUCTEMHU CHII, TIPOC-

TOpOBOI CUCTCMU I1apaJICIIbHHUX CHUIJI.

4 IIVIOCKA CUCTEMA CUJI

4.1 IlpuBeaeHHs MJIOCKOI CHCTEMH CHJI 10 HAMNPOCTIIIMX CHCTEM

Inockoro cucmemoro cun Ha3UBArOMb MAKy CUCMEMY CUNL, NiHil Ol AKUX
Jlexcamo 8 0OHIU NIOUWUHI.

3I‘iJIHO 3 OCHOBHOIO TCOPCMOK CTATUKHU IINIOCKY CUCTEMY CHII

(Fl,Fz,...,Fn) MOHa TaKOX MPUBECTH B 3arajJbHOMY BHUITQJIKy /10 OJIHIET CHIIH
R, Axa npukiazeHa B I0BUIBHO BUOpaHOMY HEHTpi1 O 1 TOPIBHIOE TOJIOBHOMY

BEKTOPY CUCTEMH, Ta OJHI€I Mapu CHII 3 MOMEHTOM M ,, IKUI JOPIBHIOE TOJIO-

BHOMY MOMEHTY cucTeMu. OCKUIbKU BC1 CUJIU CUCTEMU JIeXKaTh B OAHIN IJIOIIH-
pE— n p—
Hl, TO TOJOBHUU BEKTOp R = ZFk TAKOX JICKUTh Yy U1M IUIOMKHL Y IIA XKe
k=1

IUIOLMHI OYIyTh PO3MIILIEHHI 1 MPUETHAHI TApU CUJI, MOMEHTH SIKMX CKJIaJa-
I0ThCs anreopaiyHo. ToMy Ui MIIOCKOI CUCTEMHU CHJT 3aMICTh BEKTOPHOI'O I'OJI0-
BHOT'O MOMEHTY CUCTEMHU, HAMPaBJICHOT0 NEPHEHANKYIISAPHO TUIOLUIMHI PO3TAIIly-
BaHHA cuil (puc. 45, a) BUKOPUCTOBYIOTh MOHATTS aireOpaidiHoOro rojIOBHOTO

MOMEHTY M, cuCTeMH, LIO JIEXKUTh B IUIOMIMHI 11i cui (puc. 45, 6) 1 JOPIBHIOE

anredpaiuHiii cyMi MOMEHTIB CHJI CHUCTEMH BIIHOCHO IIEHTpa MPUBEICHHS:

M, :ZMO(}_Tk)-
k=1
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Pucynok 45

Y 3a5eKHOCTI Bial 3HaueHb R Ta M|, MOMKJIMBI Taki OKpeMi BHIAJKH MO-
JANbIIOTO CIPOLIEHHS MJIOCKOT CUCTEMH CHIL.

1) SIkmo R #0; M, # 0, To napy cui 3 MOMEHTOM M, MOXHA MOJIATH Y
ursni gasox cwt R ta R’ , BHOMpam4M 11 CWIM TaKUMH, II100
R’ =R =-R" (puc. 45, ). Ilpu 1pomy cuny R’ mpukmazeMo y HEHTpi mpHBe-
nennst O i crpsimyeMo ii mpoTunesxno curi R . Toxi cuna R’ Hampanena Tax,
gk icmma R, Oyzae npukiaaeHa B Touul O, Ha Bincrani OO, =d . L1a BincraHp

3HaXOAUThCS 3 YMOBU M, = Rd , 3B1IKHU

Mo
R

BinkunyBmu npukiageHy B Toyll (O 3pIBHOBAXKEHY CHUCTEMY CHI

(R,R// ) ~ (0, gicTaHeMO BHCHOBKY: SIKIIIO TOJJOBHHM BEKTOp Ta TOJOBHUW MO-
MEHT IJIOCKOI CUCTEMU CHIJI HE AOPiBHIOKOTH HymO (R #0; M, #0), To Taka cu-

CTEeMa CHUJI 3BOJIUTHCS J10 OJIHI€l PIBHOMIIOYOT R , piBHOI TOJIOBHOMY BEKTOPY
CUCTEMH, JIiHIs A1l K0T 3MillleHa BiJl MOMEPEHbOr0 IIEHTPa 3BEACHHS Ha BIJC-

TaHBb.
M
00,=d="=". (47)

2) Sxwmo ronosHuii Bektop R #0, a ronoBHuit MomeHT M, =0, To Taka

CHUCTCMaA CHJI TaKOX 3BOAHUTHCA OO piBHOI[iIO‘IO.l., 10 I[OpiBHIO€ IrOJIOBHOMY BCK-
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_ n
Topy cucreMu | R =) F, |, ane miHist Ail piBHOAII0YOI IPOXOAUTH Yepe3 LEHTP

npuBeneHHs O.
3) Sxuo ronoBHUi BeKTOp cucteMu R =0, a ronoBHuil MoMeHT M, # 0,

TO CUCTEMa CHJI 3BOAUTKLCS JI0 OJIHIET Mapy CHUJI 3 MOMEHTOM
M, = ZM o(F7).

VY npomy BUMNAIKy 3HaueHHs M, HE 3aleKUTh BiJ MOJOXKEHHS LEHTpa
MIPUBEECHHS.
4) Sxmo ronosHuii BekTop R =0 1ronoBHuil MomeHnt M, =0, To cucre-

Ma cuil Oyjie 3piBHOBAXKEHOIO.

4.2 PiBHSIHHA PIBHOBAaru A0BLILHOI IJIOCKOI CHCTEMH CHJI Ta MJIOCKOI

CHUCTEMH IMapaJ€JbHUX CHJI

HeoOxinH1 1 JocTaTHI YMOBU PIBHOBAaru OY/b-sKOi MJIOCKOT CUCTEMH CHUJI

BHU3HAYAKOTHCA piBHHHHHMI/I:
Ry=0; M,=0. (48)

BennunHa roj1oBHOTO BCKTOpPAa IUIOCKOI CUCTEMHU CHUJI BU3HAYAETHCS 3ajic-

KHOCTSIAMMU:

R=\R;+R}; szzn:F; Rysz ,
k=1

k=1

n —
a roJIOBHOrO MoMeHTy M, => M (F,).
k=1

['onoBHMit BekTop R Oyne AOPIBHIOBATU HYJIIO TUIBKH TOJ1, KOJIH OJHO-

gacHo R, =0; R, =0. Omxe, ymoBu piBHOBaru (48) BUKOHYIOTHCS MPH BUKO-

HaHHI TaKWX aHAJITUYHUX YMOB
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szx:O; szy:O; ZMO(Fk):O- (49)
k=1 k=1 k=1

L1 piBHSIHHA € OCHOBHOIO (neputoio) GOpMOI0 aHANITUYHUX YMOB PIBHO-
Baru JIOBUIBHOI TUIOCKOT CUCTEMH CHJI, SIKi (DOPMYIIIOIOTHCS TaK: 0l pigHOBaAlU
008IIbHOI NIOCKOI cucmemu Cuil HeoOXiOHO i 00CMamubvo, Wob cymu npoexyii
8CIX CUl HA KOJMHCHY 3 080X KOOPOUHAMHUX Ocell ma aneebpaiuna cyma MOMeHmia
YUX cui 8i0HOCHO 0Y0b-aKOI MOUKU HA NIOWUHI Ol CUl OOPIBHIOBANIU HYIIIO.

IcaytoTh mie aB1 opMuU PIBHSHB PIBHOBAru JIOBUIBHOI MJIOCKOT CUCTEMU
CWJI, BUKOHAHHS SIKUX BUpa)ka€ yMOBHU piBHOBAru (48).

/Jlpyea popMa aHaJIITUYHUX YMOB PIBHOBaru mnepeadavac: 0. pisHogacu
008IIbHOI NIOCKOI cucmemu Cul HeoOXiOHO i 0OCMAMHBLO, WOO CYMU MOMEHMIE
ycix cun 8i0HOCHO 080x mouok A i B ma cyma npoekyiii yux cun Ha 8ice Ox,

HenepneHouKyIsapHy 00 npamoi AB, dopienrosanu HyiO:

M (F)=0; Y Mp(F)=0; 3 F,=0; ABXOx. (50)
k=1 k=1 k=1

HeoOXigHICTh IUX YMOB BHUIUIMBA€ 3 TOrO, L0 MPU HEBUKOHAHHI OY/b-
saKoi i3 piBHOCTEl (50) a60 ronoBHMIA BekTop R # (0 , a60 TOJOBHMI MOMEHT
M #0, 1 piBHOBaru He Oyje.

HoctaTtHicTh yMOB (50) MOBOAUTHCSA BiJl 3BOPOTHOTO, TOMYCKAHOYH, IO
IIpY BUKOHAHHI TMEpUIMX JIBOX PIBHSHb CHCTEMa CUJI HE 3HAXOJUThCS B CTaH1 pi-
BHOBAru, a Mac piBHOAII04y R # 0, JiHis il SKOi NPOXOAUTH yepes Touku A i
B. Ane mpu TakoMy JOMYIICHHI HE BUKOHYEThCS TpeTe piBHsHHA Y F, =0,
OCKUIbKHU BiCh Ox MpOBeIeHA HEMEPHeHAUKYISIPHO 10 AB . OTxKe OCTaHHE piB-
HSHHS BUKOHY€ETBCS TilIbKH TOJi, KOJIU piBHOAII04a R =0, TOOTO Mae Micle pi-
BHOBAra.

Chopmymntoemo mpemrio GopMy yMOB PIBHOBArd po3IJISIAYBaHOT CHCTEMU
CUI: 07151 PIBHAHb PiBHOBALU O0BLILHOI NAOCKOI cucmemu cuil HeoOXiOHO i 0oc-
MamHuvo, Wob cymu MOMEHMI8 CUL CUCmeMU 8i0HOCHO 0Y0b-AKUX MPbOX MOYOK

A,B i C, wo ne nexcams Ha 00HIU NPAMIl, OOPIBHIOBAIU HYIIO:

iMA(Fk)zo; iMB(Fk)zo; iMc(E)zo (4;B;C — A).  (51)
k=1 k=1 k=1
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HeoOximnHicTh 11X yMOB oueBuaHA. JlocTatHiCTh yMOB (51) BUIIIUBaE 3
HEMO>KJIMBOCTI IPUBEACHHS CUCTEMH JI0 PIBHOJII0YOI IPU BUKOHAHHI KOXHOT 3
yMoB (51), 00 miHis Aii i€l piIBHO1I0YOT MOBUHHA Oyna O MPOXOAUTH Yepe3 TpU
Touku A, B 1 C, He po3MIlLIEHH] HAa OJIHIM MPAMIi, 110 HEMOXKINBO. OTXe, IpH
BUKOHaHH1 YMOB (51) mMae miciie piBHOBara.

VY BUMNAAKy IUVIOCKOI CUCTEMU MapajebHUX CUJI, MOKHA CIPSIMYBATH BICh
Oy mapajienbHO ChiiaM CUCTEeMHU. TOoxAl MpOEeKIlii KOKHOI 3 CHUJI CUCTEMH Ha BICh
Ox OynyTh AOPIBHIOBATH HYJIO. Y pe3yJbTaTi JAJi MJIOCKOI CUCTEMHU Tapaielb-
HUX CHJI 3aJIMIIaThCs AB1 (GOPMHU YMOB PIBHOBAaru.

na pienosazu niockoi cucmemu napaneivbHux cui HeobXiono i docmam-
HbO, WOO cyma Npoexyil YCix Cul Ha NapaieivbHy im 8icb ma cyma MOMeHmig

8CIX CUNl BIOHOCHO OYO0b-KOi MOYKU OOPIBHIOBANU HYIIO:

S Fy =0, Y My(F;)=0. (52)
k=1 k=1

s mepma ¢dopma aHATITUUHUX YMOB PIBHOBAard IUisl IUIOCKOI CHCTEMH
napajieIbHUX CUJI BUILTUBAE 3 PIBHIHB (49).

Hpyry ¢popMy yMOB piBHOBAru IIOCKOi CUCTEMU MapajelbHUX CHII OJiep-
xKuMo 3 piBHAHB (50). [ns pienosacu niockoi cucmemu napaneibHux Cuil Heoo-
XIOHO § 00CMamuvo, Wob cyma MOMeHmMI8 8CiX CUl cucmemu 8i0HOCHO 080X MO-

YOK, SKI He Jledcamsb Ha NPsAMill, napanieivHil CULAM, OOPIBHIOBANU HY IO

ki_MA(E)=0; §M3<Fk)=o; 4B 4 F)). (53)

4.3 Po3noaijieHe HABAHTAKEHHSA

B imkeHepHUX po3paxyHKax MOps/ 3 30CEPEIHKEHUMH CHUIIAMH, SIKi TPUK-
JajieH1 A0 TBEPJOro Tila B AESKIM TOUlll, 3yCTPIYaIOThCS CUIIM, Aisl SKUX PO3IO-
JJIeHa TEBHOIO IUISHKOI0 00’ €My TLIa, HOTO MOBEPXHI a0 JIiHiI.

OCKUTBKHM BCl aKCIOMHM 1 TEOPEMH CTaTHKH (POPMYIIOIOTHCS IJIsL 30Cepe-
JOKEHHSX CHJI, TO HEOOX1THO PO3IJISTHYTH CIIOCOOU MEepexoay BiJ pO3MOILIEHOTO

HaBaHTAKCHHA 10 30CCPCIKCHUX CHIJIL.
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PosristHemo aesiki mpocTi BUMAAKU PO3MOAUICHOTO HaBaHTaXEHHs Mapa-
JENbHUMH CUJIAMHU, 110 JIeXkKaTh B OJJHIN TJIOMIMHI B3JI0BXK BiIpi3Ka MPsIMOT.

[Inocka cuctema po3MOJUIEHUX CHJI XapaKTepU3YEThCA i1 IHTEHCUBHICTIO
¢, TOOTO BEJIMUUHOIO CUJIM, 10 TIPUIIAJIa€ HA OJUHUIIO TOBKMHU HABAHTAKEHO-
ro Biapizka. OAMHUIICI0 BUMIPY IHTEHCUBHOCTI € HbIOTOH, MoAlIeHuii Ha MeTp
(H/m). InTeHCUBHICTD MO€e OyTH MOCTIIHOIO (PIBHOMIPHO PO3MO/LJICHE HABaH-
Ta)KeHHsI) a00 3MIHIOBATUCH 3a JIHIMHUM Ta JOBUITLHUM 3aKOHAMH.

PiBHOMIpHO po3noaiieHe HaBaHTaeHHs (puc. 46, a), KOJIU IHTEHCUBHICTh

q € IMOCTIMHOIO BCIIMYUHOIO, IIPU CTATUYHUX PO3PAXYHKAX 3aMIHIOETHCS OI[Hi€}O

30CEPEKEHOI0 CHII0I0 () , MOJYJIb SIKOT

ne [— noBXMHA HABaHTAXEHOTO Bi/pi3Ka.
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a) 0) 6)
Pucynok 46

I1s piBHOxItOuUa cuna () , mapajieipHa CHWJIaM pO3IOJUIEHOTO HaBaHTa-

KEHHS, CIPSAMOBAHA Yy HANPSMKY PO3MOAUICHUX CHJI 1 MPUKIAJeHa BCEpeauHI
HABaHTAXXEHOTO BiJpi3Ka AB.

Take HaBaHTa)XE€HHSI Ma€e Miclie TPU PO3MIILEHHI Ha TUI1 OJHOPIIHOI Oa-
KU JTOBKUHOIO / 3 MUTOMOIO Barolo ¢.

Posmnoginene HaBaHTa)KEHHS 3 IHTCHCHUBHICTIO, IO 3MIHIOETHCS 3a JIIHIN-
HUM 3aKOHOM (puc. 46, 6), 3 SBISIETbCS, HANPUKIAM, MiJ AI€EI0 TUCKY BOJIU Ha
rpe0iato, KoM THTEHCUBHICTh HaWOUIbIAa OUIS JHA BOJOMMHUIIA 1 € HYJIHOBOIO
Oi1a moBepxHi Boau. [Ipu 1boMy BeaMYMHA ¢ IHTEHCUBHOCTI 3pOCTa€ Bl HY-

JHOBOTO JI0 HAUOUTBIIIOTO 3HAYEHHS ¢4 - P1BHOIIOUA (O TaAKOTO HAaBaHTAXKCHHS
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BHU3HAYAETHCA SIK Bara TPUKYTHOI OAHOPIAHOI TiacTUHKU ABC , sika ponopIii-

Ha ii rmoni, TOOTO 32 MOTYJIEM:
1
Q:Elqmax‘ (55)

Jlinist 1if cunu Q NMPOXOAMT uepe3 IHeHTp TpUKyTHHKA ABC Ha BincTaHi

2, .
El BIJl IOT'O BEPILIUHU A.

[Tpukiamom aii cuit, po3nOAUICHUX B3JIOBXK BiApi3Ka MPSAMOi 32 TOBUILHUM
3aKOHOM (pHC. 46, B), € HABAaHTAKEHHS IJIOCKOTO NMEPEKPUTTS KyUyTrypOIO CHITY.
PiBHogifo4a O TaKHX CHJI 33 aHAJOTIEI0 3 CUIIOIO Bark Oyjie YHCICHO IOPIBHIO-
Batu o ¢irypu ABDE , BUMIpsiHOT B BIANOBIAHOMY MaciuTabi, a JiHis Aii

1i€1 pIBHOIIFOYOT MPOXOAUTUME Yepe3 LICHTP IUIONII i€l (irypu.

4.4 Po3B’si3aHHA 32124 PiBHOBATI'M TiJIa MiJ Ai€10 MJIOCKOI CHCTEMH CHJI

Ilpuxnao 7

Onnopinna 6anka AB (puc. 47, a) Baroro G=1 kH, 1o sixoi B Touii D Ha
Binctani AD =0,75A4B ninsimeHuit Bantax P Baroto 2 xkH, 3akpimieHa B TOYII1
A 3a JI0MOMOTOI0 HEPYXOMOTIO IIapHIpa 1 yTPUMYETHCS B CTaHl PIBHOBAru Mif
KyToM o =45° 10 BepTUKaJIl IPUKPIIICHOIO B TOYIl B HUTKOIO, MEPEKUHYTOIO
yepe3 Hepyxomui OjoK £ 3 miABilIeHWM Ha 11 KiHIl BaHTaxeMm (. BuzHauutu
OTIOpHI peakilii mapHipa A Ta Bary BaHTaxy (J, K0 HaXWJI HUTKHU JIO BepTHUKa-

71 cknangae kyt [ =30°.

Po3B’s13aHHs

Posrnsinemo piBHOBary Oaiku AB, Ha Ky Ail0Th akTuBHI cuin G,P Ta

cuna ( , puKJajeHa B Toulll B 1 HampaBieHa B3/10BXK HUTKU (AUB. puc. 47, 0).
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Pucynok 47

Jlito HepyXOMOro LIapHipa 3aMIHUMO JBOoMa ckiagoBumu X ,,Y, peakuii

1 711 3pIBHOBa)XEHOT1 JOBUIBHOI TUIOCKOT CHCTEMHU CHII (G,P, 0,X,7Y A) ~0

CKJIaJIeMO PIBHSIHHS PIBHOBAru:
YF, =0, X,-0sinpB=0,
> F,=0,Y,-G-P+Qcosf=0;

ZMA(F,{):O; G-0,54B -sino.+ P-0,75- AB -sino. — Q- AB -sin(o + B)=0.

Po3B’s13y104 1110 CUCTEMY PIBHSIHB, 3HAWEMO 3 TPETHOT'O PIBHSIHHS CHUC-

TCMHU.

(0,5-G+0,75-P)- AB-sina _(0,5-1+0,75-2)-0,707

0= AB -sin (a + B) 0,965

= 1,46 (kH).

3 nepuIoro piBHSIHHS CUCTEMU 3HANUIEMO:

X, =0sin B =1,46-0,5=0,73 (xH).

3 Ipyroro piBHSAHHSA CUCTEMH MAEMO:

Yy =G+P—QcosB=1+2-146-0866=173 (xH).
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Ilpuknao 8
Busznauutu peaxitii xopcTKo 3akpimieHoi T-moaioHoi 0anku, 300paxeHoi
Ha puc.48,a, ika 3HAXOUTHCSA B CTaHI PIBHOBArU MiJ JI1€}0 PIBHOMIPHO PO3MO/i-

JIEHOTO HaBaHTAXXEHHsSI I1HTEHCUBHOCTI ¢ =5«xH/m, 30cepemxeHoi CuiIH

F=10 xH, naxuneHoi mig kyrom ¢ = 60" 10 BepTHKAIi, i Iapy CHJI 3 MOMEHTOM
M =8kH - m.

E A
AN
M F 2
2 r ,
ZW.! <J Dle—
‘—
<“— =
6Mm - T
sl
a)
E —&
F
_— N, _
A 60
X M =
M<—\ ’A I_> y
4401 J D tox
=
N
oM B @ =
N
0) B v
Pucynok 48

Po3B’s13aHHs

Posrasinemo piBHOBary KoHconbHOIT T-oi0Hoi 6anku ADBE . PiBHOMIp-

HO O3HOI[iJ'IeHC HaBaHTaXCHHS 3aMIHHMO 30Ce CAKCHOK CHIIOIO SAKY IIPHUK-
>

Ja7eMo MOocepeAnHl AUIAHKU BD , cipsMyBaBIIH 11 TapajieIbHO CHUJIaM PO3TO/Ii-
JICHOTO  HABaHTaXXCHHS B TOMY K Hampsamky. OOuuciaumo, 11O

O=q-4=5-4=20«H . Jlito )XOpPCTKOT0 KPIIUICHHsS Ha OaJIKy 3aMIHUMO JBOMa

cutamu X ,,Y, Ta maporo cui 3 MoMeHTOM M , (puc. 48, 6). CkuameMo pis-

HSHHSI PiIBHOBAry JOBLIBHOI [IIOCKOT CHCTEMH CHJL, [IFOYNX Ha GaJIKy:
— ; 0_0-
YF,=X,-0-F-sin60" =0,
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Y F, =Y, +F cos 60" =0;

S M (F)=M, M —Q-2+Fsin60° -3+ Fcos60° - 6=0.

Po3B’s13y104H 1110 CUCTEMY PIBHSIHB, 3HAXOIUMO:

X, =0+ Fsin60° =20+10- 0,866 = 28,66 kH;
Y, =—F cos 60° =—10-0,5=—5kH;

M, =M +20— F(sin60° -3+ cos60° - 6) =8 +2-20-10(0866-3 + 0,5-6) =

=-7,98(xH - m).
4.5 PiBHOBara cucTeMHu TiJI

Jiist OyAb-AKO1 MJIOCKOT CUCTEMHU CUJ ICHY€E TUIbKHU TPU HE3aJIEKHHUX PiB-
HSIHHS PIBHOBArd, 13 SIKKX MOXXHA BU3HAYUTH HE OUIbIIE TPHOX HEBIIOMHX Be-
JIUYHH.

3anayi, B SKUX KUIBKICTh HEBIIOMUX BEJIMUMH HE MEPEBUILYE KUIBKOCTI
PIBHSIHb PIBHOBAru il AaHOI CUCTEMU CUJI, € CTATUYHO BU3HaueHUMHU. [lpu po-
3paxyHKy I1HXX€HEPHUX KOHCTPYKIIA 3YCTPIYAIOThCSA 1 CTATUYHO HEBU3HAUYECHI
3a/ayl, B SIKUX KUIBKICTb HEBIJOMUX NEPEBUILYE KUIbKICTh PIBHSHb PIBHOBAru
J1I0Y01 Ha KOHCTPYKI[IIO CUCTEMH CHJI. Takl KOHCTPYKIIlI Ha3UBaIOTh CTATUYHO
HeBHU3HauyBaHUMH. Hampukiaj, cTaTHYHO HEBU3HAUYYBAHUMHU OYIyTh 3aKpiruie-
Ha HepyxoMuMU ImapHipamu Oanka AB (puc. 49,a) 1 [-moniOHa pama, 3akpin-
JIeHa KOPCTKUM KPIIJIEHHSM B TOYIll A Ta pyXOMHUM IapHipoMm B Touli B (puc.
49,6). lns po3B’si3aHHs 3a7a4 3 BUSHAUYCHHS PEAKIIN B’A3€d UX KOHCTPYKIIIH
He0oOX11HO ab0 BpaxoByBaTH iX jaedopmallito, 10 HE y3TOJKYEThCSA 3 MPUHIIH-
MIOM 3aTBep/IiHHA, a00 3pOOUTH 3a/1ayl CTATUYHO BU3HAYCHUMHU, 3aMIHUBIIH IS
OaJIKM OAMH 3 HEPYXOMHUX ILIAPHIPIB OMOPOI0 HA KOTKAax, Ta 3BUIbHUBIIM [ -
noai0Hy paMmy BiJ onopu B Touli B.

CraTuyHO HEBU3HAYEHUMU Ha MEPIINM MO NPEACTABISIIOTHCS 3a/1a4l
PIBHOBAru CKJIaJIeHOT KOHCTPYKINIi (CHUCTeMU TT), B SIKUX JACKUIbKA T 3’ €IHAHI
MDK COOOI0 BHYTPIIIHIMHU B’A35SMHU; 30BHIIIHIMU OYIyTh B’5i31, IKI yTPUMYIOTh

B1JI MEPEMIIICHHS BCIO CKJIAJICHY KOHCTPYKIIIIO.

70



Cunu, 1o JII0Th Ha CKIIaJIEHy KOHCTPYKLIIO (CUCTEMY TiJT), TAKOXK PO3i-
JSAI0Th HAa 30BHINIHI Ta BHYTPIlIHI. 30BHINIHI — 1€ CHWJIM (aKTHUBHI Ta peakiii
B’s13el), 3 IKUMH TiJIa, K1 HE HaJleXKaTh 10 KOHCTPYKIIii, T1FOTh HA JIaHy CUCTEMY
TiU1. Jlo BHYTpIMIHIX CWJ (BHYTPIIIHIX peakiliil) BIAHOCITHCA CHUJIU B3a€EMOJIT

MDK TUTaMH JTaHOT KOHCTPYKITII.

0 Yp

URZ R R ”% Xy
gl

a) 0)
Pucynok 49

JIJist yCyHEeHHsI CTaTUYHOT HEBU3HAYEHOCTI MPHU PO3B’A3aHHI 3a]]a4 PIBHO-
Bard CUCTEMH TiJ TpeOa 30UIBIINTH KUIBKICTh HE3aJIE)KHUX PIBHAHb PIBHOBAru
JI0 KUTBKOCTI HeBimoMuX. Lle qocaraeThcsi TakUMU IBOMA CITOCOOAMH.

3a OIHUM 13 HUX PO3TJISAJAETHCS OKPEMO PIBHOBAra KOXHOTO 3 TiJ CUCTE-
MU 1] JI€10 TMPUKIIAICHUX 10 HhOTO aKTUBHUX CHJI 1 peakiliii B’s3eil 3 00Ky 30-
BHIIIHIX OMOp Ta 3 OOKYy BimokpemieHux Tul. Ilpu mpoMy peakiiii BHYTpIIHIX
B’s13€, K CUJIM B3a€MOJIi MK TUJIaMU, NMPUKIIAJAI0Th A0 KOXHOTO 3 TUI CUCTe-
MU B TOYKaX 3’ €IHAHHS T, HAMPABIAIOThH X B MPOTUJIICKHUX HAMpsIMKaXx, Bpa-
XOBYIOUH X YHCENbHY PIBHICTh MIX COOOIO.

[Hmmit cnioci6 nepeadavae ckiagaHHs pIBHSHb PIBHOBAru BCI€i CKIIaIEHOT
KOHCTPYKIIli 3aMICTh PIBHSHb PIBHOBAru OJHOTO 3 Tl cuctemu. llpu npomy
CKJIaJICHy KOHCTPYKIIii BBa)XalOTh a0OCOJIFOTHO TBEPJIUM TLJIOM, Ha SIKE JIIOTh 30-
BHIIIIHI aKTUBHI CWJIM 1 peakiiii 30BHILIHIX B’ a3ed. BHyTpilH1 peakiii B piBHIH-
HSIX PIBHOBaru BCIET CUCTEMH TIJ1 HE BPaxOBYIOThCS, TaK SIK BOHU CTAHOBJIATH
3pIBHOBA)KEHY CUCTEMY CHJL.

3acTocoBylO4M 111 criocoOu, Tpeba B MepIlly Yepry CKaajaTH piBHSIHHS pi-
BHOBAaru TUX TUIL, IS IKMX 3a/1a4ya PO3PaXyHKY HEBIIOMUX € CTATUYHO BU3HAYE-

Hoto. Lle monermuTs po3B’si3aHHS cUCTeMH 371 aiareOpaiuHUX piBHSIHB PIBHOBA-

I (TYT 7 - KUIBKICTh TUI CHCTEMH).
PosrnstHemo mpukiaan po3B’s3aHHS 3a7ad pIBHOBark CUCTEMH T 3 3a-

CTOCYBaHHSIM BKa3aHUX CIOCOOIB.
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Ilpuknao 9

3HalTH peakilii onop 1 TUCK B mpoMibxHOMY mapHipi C 3anaHoi Ha puc. 50
KOHCTPYKIIli, fIka CKIagaeTbcsi 3 HeBaroMux KyTHuka AC 1 crpuwxkss CB. Ha
KOHCTPYKI[iFO JiI0Th napa cuil 3 MomeHToM M =50 xH - m, po3nojijieHe HaBa-

HTa)XeHHs 3 1HTeHCUBHICTIO ¢ =10 kH /m, cumu F =20 xkH ta P =30 xH . Bi-

nomi po3mipu a=4m, b=2m, c=1m, d =3m.

Po3B’s13aHHs
[Ipu po3risigaHH1 piBHOBAru BCi€l KOHCTPYKIIii, sIK a0OCOJIIIOTHO TBEPAOTO
TiJIa, TPU PIBHSHHS PIBHOBAru JOBUIBHOI TUIOCKOT CUCTEMHU CHJI, IO JIIOTh Ha
cUCTeMy Til, OyayTh MICTMTH 4YOTHpPHM HeBimomi peakuii: X ,,Y,, R, M,
(muB. puc. 50, a).
JIist yCyHEHHSI CTaTUYHOI HEBU3HAYEHOCTI PO3JLIUMO CUCTEMY B TOYIII
3’eqHanHs C 1 pO3IIITHEMO PIBHOBAry KOKHOI YaCTMHHM KOHCTPYKIIIT OKPEMO.

Croyatky po3risiHEMO B CTaH1 piBHOBaru cTpmxeHb BC, Tak K Ha HHOT'O
KpIM B1IOMOI aKTHBHOI cuiu P, 1nie Tpu HeBifoMi peakuii X, Y, mapuipa C

Ta R, riajaeHbpKoi noBepxHi B Toulll B (auB. puc. 50, 6), To0TO 3a7a4ya piBHOBA-

I'Yl CTPUKHS € CTATUYHO BU3HAYEHOIO.
CkiaieMo Tpu piBHSIHHSI pIBHOBAru A1i04Y01 Ha CTPHXKEHb JOBUIHHOI IJI0-

CKO1 CUCTEMU CUJ1, CKOPHUCTYBABIINCH OCHOBHOXO q)OpMOIO YMOB piBHOBaI‘I/II

S F, =0, Xc+Pcos30°— Ry =0;
Y F, =0; Y+ Psin30°=0;

S M (F,)=0; Rz(b+d)sin30° — Psin60° - b =0.
Ckrnaznarouy OCTaHHE PIBHSAHHS, NIPU 3HAXOKEeHH1 M - (1_3) CKOPHUCTYEMO-

cs TeopeMoro BapiHbOHa PO MOMEHT PiBHOLIOHUOI, po3KIaBm cuiy P Ha
CKJIaJI0BI, oj1Ha 3 siIKUX P" = Pcos60° mapanenbHa CTPHIKHIO, TOOTO JIiHIs 1 il
npoxoauth uepe3 Touky C i ii Moment M (P") =0, a imma P’ = Psin60° nep-
NCHIUKYJISIPHA IO CTPYIKHS 1 Ma€ IIeue BiTHOCHO TOYKH, IO IOPIBHIOE BiICTa-
ui b; i moment M (P'") = M~ (P) = Psin60°-b.

Posrasinemo Tenep piBHoOBary kyTHuka (puc. 50, B), 10 SIKOTO KpiM aKTH-
BHMX CHJI TIPHKIageMo peakuii X ,, ¥, M , 5 OpCTKOro 3aleMIeHHs B TO4Ili A,

Ta peakuii X, Y. mapuipa C, HanmpaBUBIIM OCTaHHI MPOTHJIEKHO PEaKLisAM
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Xc, Yo Oanku BC. [lito po3nofuIeHOro HaBaHTa)KEHHs 3aMIHMMO 30CepelKe-
Hoto cuiioro O (Q =¢q-b=10-2 =20«kH ), npukiaBiiy ii mocepeuHi JUISTHKH
nii HaBaHTa)keHHA. [ IIIOCKOI CUCTEMH, IO i€ Ha KYyTHHK, CKJIaJEMO TaKOXK

TPH PIBHSHHS PIBHOBAru:

R,
P \
F 60 )
30° C _A30°
[ \\
c d
= yd
q ] 1
M
S
Y,
M, )—(A
v
A —
0
a) '
Mf-\
Y,
M, X,
A
6)
Pucynox 50

SF,. =0, X+ 0+ Fcos30° — X/ =0;
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Y F,=0; Y, + Fsin30° - ¥} =0;
.M (F,)=0;

M , +M—Q(a+§)—Fcos300(a+b)+Fsin300 c+Xce(a+b)=Yi(c+d)=0.

BpaxoBytoun, mo X, =X 1a Y =Y/, K cunm B3aeMogii, BCTAHOBHMO,
[0 CUCTEMH IIECTH CKJIAJEHUX PIBHAHb MICTATHh IIICTh HEBIJOMHUX pEaKIlii,
TOOTO 3a/7a4a CTATUYHO BU3HAUEHA.

Po3B’s13y10um cucteMy 1UX PiBHSIHB, 3HANIEMO 3 TPETHOTO PIBHSIHHS:

.0
g, = Psin60 bo _30-08662 _oe e
(b+d)sin30°  (2+3)-0,5

Tenep 3 nepuioro Ta Ipyroro piBHIHHSI MAEMO:
X, =Ry — Pcos30° =20,8 —30- 0,866 = —5,2 kH ;

Y, = Psin30° =30-0,5 =15 (xH).

POBB’HSYCMO piBHSIHHSI CUCTCMH piBHOBaFI/I KYTHHKA, HiI[CTaBJ'ISIIO‘II/I Tyanu

3amicTh X, Y- 3HaueHHA X Ta Y 3 ofiepKaHNUMHU 3HAKAMH:
X, =X,-0- Fcos30° =-52-20-20-0,866=—42,5 kH;

Y, =Y — Fsin30° =15-20-0,5=5 kH;
M 5 =—M+Q(a+§)+Fcos300(a+b)—Fsin3O0 c— X (a+b)+

+ Y. (c+d)=-50+20(4+1)+20-0,866(4 +2)—-20-0,5-1-
—(-5,2)(4 +2) +15(1 + 3) = 235,1 (xH - m).
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BianoBigHO 10 3HaKIB peakliil BCTAHOBIIOEMO, 1O peakuii X , ta X,
HaIpaBJIeH] MPOTUJIEKHO 300paKEHUM Ha PO3PAXyHKOBUX CXEMaX HaIlpsSMKaM.
3 MeTOI0 MePeBIPKU MPABWIHLHOCTI PIICHHS CKJIAJAEMO 1 pO3B’SIKEMO OJHE

3 piBHHHB piBHOBaFI/I CUCTCMHU CHUII, I[iIO‘H/IX Ha BCIO KOHCTpYKLIiIO:

S M(F)=0; M+M, +XA(a+b)+Q-§—YA(c+d)—
k=1
— Fsin30°-d + Psin60°-b — Pcos60°-b + Ry(b + d )sin 30° = 0;

50 +235,1 +(—42,5)4+2)-5(1+3)+20-0,5-2-20-0,5-3-30-0,866-2 +
+20,8(2+3)-0,5=50+235,1-255-20+20-30-51,96 + 52 =
=347,1-346,96 = 0,14 ~ 0.

OTxe, po3paxyHKH BUKOHAH1 TPaBUIIBHO.

Ilpuknao 10

Ha rmagenbkiit TOpu30OHTANIbHIN TOBEPXHI CTOITh MepeCcyBHA JApaOuHa, sika
CKJIaJa€ThCs 3 ABOX YacTuH AB Tta BC, noBkuHoto 3M ta Baroio P = 120 H kox-
Ha, 3’enHanux mapHipom C 1 BippoBKOIO EF Tak, mo Binctanb BF = AE = 1Mm.
Ientp Baru koxxHoi 3 yactTud AC, BC 3HaxoauThes B 1i cepeauni. Y Touni D Ha
Bizcradi CD = 0,6M ctoiTh moauHa Baroto 720 H. Buznauutu peaxiiii niajioru i
mapHipa ta HaTar 7 BipboBKU EF, ko kKyT BAC = ABC = 45°.

Po3B’sa3anHs

Posrnsinaroun apabuny sik ogHe TBepae Tuio (puc. S1,a), BCTAHOBUMO, 1110
111 KOHCTPYKIisl 3HAXOIUTHCS B CTaH1 pIBHOBATH IiJT JII€F0 aKTUBHUX CHUIT P Baru
KOXKHO1 3 4YacTHH ApaObuHU 1 é Baru JIIOJIMHHU, Ta peakiuiii R A,E p TIaJeHbKOI
MOBEPXHI1 MIJJIOTH.

[li cunu cKJIaaroTh MJIOCKY CUCTEMY MapajiebHUX CHUJI, IS SKOT YMOBHU
pPIBHOBAarv MiCcTATh JiBa PIBHSAHHA. Tak, sSIK 70 11€1 CUCTEMHU CUJI BXOJSAThH JBI He-

BiJJoMi peakuii R ,, Ry, TO 3a/a4a piBHOBaru ApaOMHU € CTATUYHO BU3HAYEHOIO.

CxaieMo piBHSHHS PIBHOBAIM IIUX CHIL:
> M (F)=0;

Rg(3 + 3)(:05450 - P 1,5(:05450 -0- 3,6(:0545O - P- 4,5(:05450 =0;
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2 My (F) =0;
-R,(3+ 3)(:05450 + P-45c0s45° + 0-24- cos45’ + P-1,5¢c0s45° = 0.
I3 1ux piBHSIHB 3HAXOIUMO:

CP(5+45+0-36 120-6+720-3,6

=552 H,;
6

Rp

CP(45+15+0-24 120-6+720-2,4

=408 H .

R,

Pucynox 51

Tenep posrnsnemo piBHoBary yactunu AC npabunu (puc. 51,0), Ha gKy
OKpIM aKTHBHOi cwin P Barm JitoTh peakuli R, riajgeHbkoi noBepxHi, I Bi-
pboBKH, X, Y- mapHipa. J{as JOBUIBHOI INIOCKOI CUCTEMH CHJI CKJIAJEMO PiB-

HAHHA piBHOBaFI/II

> F,=0;, Yo —P+R,=0;
S My(F,)=0; P-15c0845° +T-2-sin45° — R, - 3cos45" = 0;
> M, (F,)=0; P-15c0s45° =R, -3-cos45" — X -2-sin45" = 0.
Tyt 3actocoBana npyra ¢opma piBHSHb PIBHOBAru JOBLIBHOT MJIOCKOT CH-
CTEMM CWJI, 110 3a0e3Meuye CIPOILEHHS iX PO3B’sI3aHHS, TaK AK 10 KOKHOTO 3

piBHHHB BXOJIUTD JUIIC OJHA HeBiI[OMa BCIIMYHMHA.

Bu3Ha4YMMO HEBinoMi peakiiii, BpaxoByroun, mo sind5’ = cos45’ = 0,707.
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Yo =P—-R, =120 -408 = -288 H;

3R, c0s45° —1,5Pcos45”  3-408 -1,5-120

r 0
2sin45

=522 H;

3R, co0s45" —1,5Pcos45” 3.408 —15-120

X
¢ 2sin 45°

=522 H.

Bukonaemo nepeBipKy, NE€pPEKOHABIINCH, 1110 BUKOHYETHCS PIBHSHHS PiB-

HOBaru Ajisd CuJi, IpUKIaJICHUX 10 BCiel KOHCTpYK].Iﬁ:

SM,(F,)=0; Ry-2,4-cos45°—P-(1,5-0,6)cos45° +
+P-(1,5+0,6)cos45° — R ,(3+0,6)cos45°=0.

3BiACH, 3 BpaXyBaHHAM TOro, 0 cos45° # 0, 00YnCII0eEMO:

Rp-24-P-09+P-21-R,-3,6=552-24-120-0,9 +
+120-2,1-408-3,6=1576,8 —1576,8 =0.

OTxe, po3paxyHKH BUKOHAH1 TPaBUIIBHO.

Humanna onsa camokoHmpoJiio

1 Sk 00YHMCITIOIOTHCS TOJTOBHHUM BEKTOP Ta FOJIOBHUH MOMEHT IUIOCKOT CHC-
TeMH cwi? 3anuiniTh GOpMYyJIH.

2 3a SKMX YMOB IUIOCKA CUCTEMA CHUJI IPUBOJIUTHCA JI0 PIBHO1I0UO1?

3 3a SKHX yMOB IJIOCKA CUCTEMa CUJI IPUBOJUTHCA 10 apu CUil?

4 Ckinbku icHye (OpM yMOB PIBHOBaru JOBUIBHOI IJIOCKOI CUCTEMH CHII?
3anumIiTh KOKHY 3 HUX.

5 3anuuith piBHSHHS PIBHOBArd MJIOCKOT CUCTEMU MapalieTbHUX CHJL.
YoMy H0piBHIOE PIBHOII0OYA PIBHOMIPHO PO3IMOAIJICHOTO HABAHTAXKECHHS?
SIx BOHA HampaBIIeHA 1 JIe MPUKIAAA€ThCS ?

7 Yomy HOpIBHIOE PIBHOJIIOYA PO3IMOALICHOTO HABAHTAXKCHHS 3 1HTCHCHB-

HICTIO, 1110 3MIHIOETHCS 3a JIIHIHHUM 3aKOHOM? /e BOHa MPUKIATAETHCA?
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5 TEPTA

VY pe3ynbTari MEXaHIUHOI B3a€EMOJIIT MK HIOPCTKUMH MOBEPXHSMHU T B
MICISIX iX CTUKAHHS BUHUKA€E CHUJIA TEPTsl, sIKa MEPEUIKOIKa€e BIIIHOCHOMY KOB-
3aHHIO TUI. PO3pI3HAIOTH TEpTs CMOKOIO (CTaTUYHE TEPTS) MK B3a€EMHO HEpy-
XOMUMH TUIaMU 1 TepTs pyxy (KiHEeMaTH4HE TepTs), Ke B1AOYBAa€TbCS MPHU Bif-
HOCHOMY pYycCi TiJI.

Tepts Mk Tiamu, MOBEPXHI SIKMX HE 3MallleHl, HA3UBAIOTh CYXUM Tep-
TSM, a TepTs MPU 3HAYHOMY 3MAIlleHHI MOBEPXOHb — PIIMHHUM TEPTAM. Y Teo-
PETUUHIN MeXaHilll pO3IJIAIal0Th TUIBKU CyXe TepTS.

Posrnsim  Bcix ocoOnMBOCTEH TEpTS € JOCUTh CKIAIHOK  (hi3UKO-
MEXaHIYHOI0 MpobieMoro. TouHe BU3HAUYCHHS CUJI TePTS MPOBOJATH 3a JOCTAT-
HBO CKJIAJHUMU (DOpMYJIaMH, JIe BpaXOBYIOThCS HE TUIBKM MEXaHIYHI, a 1 eJIeKT-
PUYHI, TEPMiUHI1, BHYTPIIIHLOMOJEKYJISIPHI Ta 1HIII XapaKTEPUCTUKU. B iHxkeHe-
PHUX PO3paxyHKaX KOPUCTYIOTHCS YCTAHOBJICHMMHM JIOCHIIHHUM IIJISXOM 3aKO-
HOMIPHOCTSIMH, SIK1 3 JJOCTaTHBOIO JJI MPAKTHUKU TOYHICTIO BiIOOpakaroTh OC-

HOBHI1 0COOJIMBOCTI SIBUIIIA TEPTS.

5.1 3akoHu TepTH KOB3aHHSA

HaGmmxeHi 3aKkoHU JJIs1 CyXOTro TepTsS KOB3aHHS OyJIM BCTAHOBJICHI IIE Y
XVIII cr. dppanny3pkum ¢pizuxom . Kynonom (1736-1806).
OcHOBH1 0COOJIMBOCTI CUJT TEPTS MOYKHA YCTAaHOBUTH 3a JOTIOMOIOI0 MPH-

Jaay, cxema sIKoro 300pakeHa Ha puc. 52.
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Pucynox 52

[Ipu piBHOBa31 Tu1a A, pO3MILIEHOrO Ha IIOPCTKIA MOBEPXHI, pylliiiHa

cuina O BPIBHOBAXYETHCS CUIIOKO TepTs F,,, MosiBa AKOT 00yMOBJICHA IIOPCTKi-

CTIO MOBEPXHI 1 HAABHICTIO 3YEIUICHHS 3 MOBEPXHEIO Tila, MPUTHUCHYTOTO CH-
noto Baru P 1o noBepxHi. [locTynoBo Hapolnyroun Bary BaHTaxy () 1 TakKum

YUHOM 30UIbIIYIOUM cHily () TpU OJHOMY 1 TOMY K HOPMaJIbHOMY THUCKY P,

MOZKJIINBO JOCAI'TH TOI'O HaBaHTAXCHHA Q Ipu AKOMY Timo A SPpYWIUTHCA 3

max ?

MiCI_ISI. O‘ICBI/II[HO, 6YI[C HOCATHYTO I'PaHUYHE ITIOJIOKCHHA, IIPHU AKOMY CHJIa TCP-

Ts cTaHe HaOuIbwow (£, , = F .. ) 1 He 3MOKe 3piBHOBaKYBATH CHily O IpH ii

MOJANLIIOMY 30UIbIIEHHI. 3MIHIOIOYM HOPMaJIbHUNA THCK P NUISXOM HaBaHTa-
KEHHS TU1a A JOMOMDKHUMHU FMPbKaMU MO>KHA JOCIIIUTH, SIK 3MIHIOEThCS TIPU

LbOMY TPaHUYHA cUiIa Teptsd F. . .

Ili Ta 1HII1 DOCTIAM MO3BOJISIOTH MIATBEPAUTH Taki 3akoHU KyrnoHa mis
CYyXOTO TepPTs KOB3aHHS:

1)  Ilpum Hamipi 3pylIUTH OAHE TLIO MO MOBEPXHI 1HIIOTO B IUIOIIMHI
CTUKAHHS TUT BUHMKA€E CHJIa TEPTA, CIPSIMOBaHA MPOTUIICKHO HANPSIMKY 3py-
IIIEHHS Tia, sika Ha0yBae Oy/b-sIKOTO 3HAYEHHS B HYJIS 10 MAaKCUMAaJIbHO1 CH-

JI1 TCPTA, IPpHU I[OCSIFHCHHi SIKO1 IIOYMHAETHCS PyXx TiJ'Ia, TOOTO:

0<F, <F._. (56)
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2)  MakcuManbpHa cuiia TepTS KOB3aHHS MPOMOpLIHHA CHUJIl HOPMaJlb-
HOT'O THCKY (HOpMaJbHil peakuii N ), TOOTO

F..=f-N, (57)

max

ne f — craTuyHui KoedilieHT TepTs KOB3aHHS.

3) BenuunHa MakCMMaJbHOI CHIIM TEPTS B IOCUThH HIMPOKUX MEKaX HE
3aJIEKUTH BiJ] PO3MIPIB CTUYHUX TTOBEPXOHb.

4)  KoeilieHT TepTa KOB3aHHA 3aJIEKUTh BiJ MaTepiaiiB 1 pizuyHOro
CTaHy CTMYHUX MOBEPXOHb, TOOTO BiJl YUCTOTH 0OOPOOKHU MOBEPXOHB, BOJIOTOCTI,
TEeMIIepaTypH Ta IHIINX YMOB.

KoediuieHT TepTsa BUZHaYa€THCSA JOCHIIIHUM IIJISXOM, HOTO 3HAYEHHS JIJIs
PI3HUX MarepianiB HaBOJUTHCSA Yy AOBIAHMKAX. Jis psay marepiajiiB BeJIMYMHA
CTATUYHOTO Koe(illieHTa CyXOro TepTs Ma€ Takl 3HAUSHHS: JIs CTaJIl 1O CTal —
0,15; nns crani mo yaByny — 0,3; s aepesa no aepey — 0,4 ... 0,6; 11st neriu
o 6etony — 0,76.

3aKOHM TepTs 3 JOCTATHHOIO TOYHICTIO CIPABEMJIMBI 1 IJIsL TEPTS PyXYy.
[Ipu pyci cuna TepTs MPOTUIIEKHA HAMPSIMKY PYXY 1 BU3HAYAETHCS CIIBBIIHO-

IICHHAM
Fmp:f/'Na (58)

ne f'— xoedirieHT TepTs pyxy, a6o AMHAMiuHHI KoedillieHT TepTs KOB-
3aHHS, IpU YOMY | < f.
JlnHamiuHui KOe(illieHT TepTs KOB3aHHsA f ' 3alIeKHTh HE TUIBKU BiX Ma-

Tepiajy 1 CTaHy IMOBEPXHI, ajie B JeAKIA Mipi 1 BiJ MIBUIKOCTI KOB3aHHs. J[Jis Oi-
JBIIOCTI MaTepiajiB BiH 3MEHILYEThCS MPU 30UIBIIEH] BITHOCHOI MIBUAKOCTI, a
IUTSL IeSIKUX MatepiaiiB (IIKipa Mo MeTany) — 30UIbIIYETHCS.

VY HaOMMKeHUX TEXHIYHUX PO3PAXyHKAaX BBAXKAIOTh, 10 JUHAMIUHUN KO-
edilieHT TepTs KOB3aHHS HE 3aJIeKUTh BIiJl BIIHOCHOI MIBUIKOCTI 1 MPUOIU3HO

JOPIBHIOE CTATUYHOMY KOE(IIIEHTY TEPTS KOB3aHHS.
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5.2 Peakuist mopcTkoi moepxHi. Kyt i konyc reprs

SIx yxe Bim3Hauanoch pasime (amB. po3min 1.3), peakuis R IIOpPCTKOi

IIOBEPXHI CKJIAJAEThCA 13 JIBOX CKJIAJJOBUX: HOPMaJbHOI peakuii N Ta nepreH-

JTUKYJISIPHOT 0 HET CHIIH TePTS Fmp (puc. 53).
I[ToBHa peakilis MOPCTKOI moBepxHi R = N + Fmp OyJe BIIXUIICHOIO BIJ

HOpMaJll Ha AeaKui KyT Y . [Ipu 3MiHI cunu TepTd Bix Hynd 10 £, TIOBHA pea-

KI[isl IIIOPCTKOT MOBEPXHI 3MIHIOEThCS Bil N 10 R a KyT ii HaxXuily A0 HOp-

max 2

MaJi 3poctae Bix 0 10 AESIKOTO 3HAYECHHS . Y TPAaHUYHOMY CTaHi piBHOBAaru

(puc. 54) moBHa peakiis MIOPCTKOT MOBEpPXHI R BIAXWIIEHA BiJ HOpMaJli Ha

max

HAaUOUIBIINN KYT (0, SIKUWA Ha3UBAIOTh KYTOM TEPTH.

Pucynok 54
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OTxe Haubinbwull Kym @ MidC NOBHOK peaxKyiclo WopCmKoi noGepxHi,

noOy008aAHOK HA PAHUYHIN CUL Mepms Npu OaHill HOPMATIbHIU peakyii, [ Ha-

NPAMKOM HOPMATbHOL peaKkyii Ha3ueaioms Kymom mepmsi.
Fmax 1 1
Ak BurunBae 3 puc. 54, (g @ = Y Ane, BiInoBiaHO A0 3akoHy KyioHa,

maemo F .. = f N, ToMy

go=1. (59)

OTXe TaHreHC KyTa TepTs JOPIBHIOE KOe(DIIIEHTY TEPTs KOB3aHHS.

KonycoM TepTs Ha3uBaeTbCs KOHIYHA TOBEPXHS 3 KYTOM 2¢ MpHU BEpUIU-
Hl, IKYy OMHCY€ MPU MOBOPOTI HABKOJIO HAMPSMKY HOpMaJl MOBHA PEaKIis IOop-
CTKO1 OBEpXH1, TOOyZ0BaHAa HA MaKCUMAaJbHIN cuill TepTs (AuB. puc. 54).

[ToHATTS KyTa TEepTs, KOHYyca TepTs JO3BOJISIE JaTH T€OMETPUYHY 1HTEpII-
peTaIlio CTaHy piBHOBAru Tijla Ha MIOPCTKINA MOBEPXHI.

Hexaii piBHoaIt0Ua Q aKTUBHUX CHJI, IPUKJIAICHUX JI0 TiJIa, pO3MIIIEHO-
ro Ha MIOPCTKIM MOBEpXHIi (pUc. 55), HaXuJIeHa Ml KyTOM ¢ JI0 CHUIBHOI HOP-

Maji CTHYHHUX TOBEpXOHb. Po3KiazemMo 110 pIBHOJIIOUY Ha CKIJIAJI0BI

Q=QZ+Q,TaK,m0 Q,=Q0cosa,a Q, =0sina.

/%/////7//r

mp

v O,
Pucynok 55

HopmaneHa cknanoBa (), IPUTHCKYE TLIO 0 MOBEPXHI B’5131 1 BPIBHOBA-

KYE€TbCS HOPMAJIbHOIO peakmicro N, a JOTUYHA CKiIafoBa (), HAMaraeTbes
3pYIIMTH T1JI0 MO MOBEPXHI.
Tu10 Ha mIOpCTKIN MOBEPXHI Oy/le 3HAXOJUTUCH B CTaH1 PIBHOBAru 10 TUX

nip, MOKU JOTUYHA cKiagoBa O, = Jsina He Oyne NepeBHIyBaTH MaKCUMAallb-
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HO MOXIUBYy cuiy Tteprs F, ., =f-N=f-Qcosa, TOOTO 3a YyMOB
Osina < f-Qcosa .
Pozainstoun oO6uaB1 YaCTUHU HEPIBHOCTI Ha (JCOs¢ 3 BpaxyBaHHSIM BH-

pa3sy (59), ogepxxuMo Taky HeOoOXiAHY YMOBY pIBHOBAru Tijla Ha IIOPCTKIA MO-

BEPXHI:

tga<tgp,abo a<p.

Jlo 1i€1 yMOBU HE BXOJIUTh 3HAYEHHS CWiIM (), TOMY CJiJ 3pOOUTH TaKUit

BUCHOBOK (JIMB. PHUC. 55): mino Ha wopcmkill nOGepxHi He MOJICHA 8UBECU i3
CMaHy pieHOB8a2U HISAKOK CUNOI0, SAKWO il NiHiA Oii NPOXooumsv 6cepeouri Kyma
(konyca) mepms.

[{uM NOSICHIOIOTBCS B1IOMI SIBHILIA cCaMOTajibMyBaHHS a00 3aKJIMHIOBAHHS
PYXOMUX JIeTaliell MalllMH Yy JIeIKUX MOJ0KEeHHIX. Buxonauu 3 1ie€i yMmoBu, Ha3-
HAYyaloTh KPOK pi3bOM T'BUHTA (Tallku) pi3bOOBHUX 3’€/IHaHb Ta Pi3LOOBHX Mepe-

Jay.

5.3 Teprs1 KOUeHHHA

VY 3amayax MexaHIKM 1HOA1 HEOOXIJHO BpPaxOBYBAaTH TEPTS KOYEHHS —

ortip, KM BUHUKAE MTPU KOUYEHH1 OHOTO TLJIa 10 MOBEPXHI IHIIOTO.
PosrnstHeMo HUIIHAPUYHHUM KOTOK pajilyca » Baroro P, ikl CIMpa€eThCs

Ha TOPU3OHTAJIbHY INIOIIUHY 1 3HaXOAUTBCA HiI[ I[i€IO I‘OpI/IBOHTaHBHOI CHJIN Q

(puc. 56).

mp

Pucynox 56
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Axmo Q<F, ., TO B Toulll A KOHTAaKTy TiJla 3 IOBEPXHEIO BUHUKAE CUIIA

ax?

tepts F,, =0, sKa NePeIKO/KAE KOB3aHHIO KOTKA MOBEPXHEIO.

[Ipu cxeMi HaBaHTa)KEHHSI KOTKA, BUKOHAHIN BIAMOBITHO 1O TMOJOKECHHS
TEOPETUYHOT MEXaHIKH MpO aOCOIIOTHO TBEpAe TuTo (puc. 56, a), HOpMaibHA
peakiis N , mpuKIajeHa B Toulli A KOHTAaKTy, 3piBHOBa)Ke€Ha CWJIOK P Barm

KOTKa, a cuin F,,, 1 ) CTBOPIOIOTH Iapy CHUII, sIKa CIIpUYUHAE KoyeHHs. [Ipu Ta-

Kilf pO3paxyHKOBI! CXeM1 KOTOK TIOYHE pyXaTucs npu OyAb-sIKOMY MajoMy 3Ha-

YyeHH1 cuiii () , 110 He BIJNOBIIA€ TIMCHOCTI.

IcTuHHE ysIBIEHHS MPO TEPTS KOYEHHS J1a€ po3paxyHKOBa cXema 3 Bpaxy-
BaHHAM Jiepopmaliii OnopHOT MOBEpXHI 1 KOTKa (puc. 56, 6), KOJIM TOTUK KOTKa
710 HEpYXOMOi IUIOIIMHM BiI0YBa€eThCA HE B TOUIll A, a B3IOBXK Ayru BD, sxa
BU3HAYAE MOBEPXHIO KOHTAKTY. IIpH 1IbOMy HOpMallbHa peakilis N , sIK pe3yllb-
Tylo4ya pO3MOJAUICHUX Ha AUIAHLI AB cuil HOpMaJIbHHUX peakiiii, Oyne 3Milie-
HOIO BiJ LIEHTpa B HANPAMKY Jii cunu O Ha JedKy BiCTaHb, sKa 301IbIIYETHCS

31 30UTBIICHHSM BENWYMHU pywiiHoi cunu Q . Ilpu npoMmy mapa cumn (Q,Fmp)

BpiBHOBa)Ky€TBCSI Imaporo (P,N), MOMEHT SIKO1 Ha3MBalOTh MOMEHTOM TCPTA KO-

aeHHs M, ,.

VY rpaHWYHOMY CTaHl PIBHOBarv, KOJW HOPMaJlbHAa Peakilis 3MIL[ye€ThCs
Ha HaWOUIBIIY BiACTaHb k (IUB. puc. 56, 0), MOMEHT TEPTA JOCATAE MaKCUMa-

JIbHOI BeauuuHu M 1 KOTOK IOYHMHAE KOTUTUCH ITOBCPXHCIO.

max?

Ile HaitbinblIe 3MIlIEHHS & HOPMalbHOT peakiii BijJ [IEHTpa KOTKAa B Ha-
NOPSIMKY Jii pyHIIAHOT CUJIK, TIPU SIKOMY KOTOK NTOYMHA€E€ KOUYCHHS, HA3UBAETHCH
Koe(inieHTOM TepTs Ko4YeHHs. BiH Mae po3MIpHICTh OJUHUIII TOBXKUHU 1 HOTO
BHUpaXaloTh y MuTiMeTpax. J{Jis BUMa Ky KOUEHHsI BaroHHOTO KOJieca CTaJbHOIO
perikoro k =0,5mm.

Jl7ist ysIBIIEHHS SIBUILA TEPTS KOUEHHS Y MEXaX CTaTUKHU aOCOJIOTHO TBEp-
JI0TO TiJIa pO3paxyHKOBa cXeMa BUKOHYEThCA 0e3 po3risay Aedopmariii ta 3mi-
HIEHHS HOpMaJIbHOI peakuii (puc. 56, B), BBaXKal0OUd OMOPOM KOUYEHHIO MOMEHT

Teptst M, . Lle 103BoIIsie HAOIMIKEH] 3aKOHH TEPTS KOYEHHST BUKIIACTH MOI0HO

3aKOHAM TEpTS KOB3aHHS:
1) [Ipu HaMipi NEPEKOTUTH LITIHIAPUYHE TUIO MIOPCTKOIO MOBEPXHEIO

BUHUKAE OMIp KOUECHHIO Y BUIJISIAI MOMEHTY TepTsd M, , BelIMYUHA SIKOTo Ha0y-

mp >

Ba€ 3HAYCHHA Y MCIKaAX BiI[ HYJI 10 MAaKCUMAJIBHOTI'O, KOJIM ITOYNHAECTHCA KOUYCH-
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Hi:

0< M, <M . (60)

2)  HaiiOGinpmmii MOMeHT My IIUPOKUX MEXKaxX HE 3aleKUTh BiX

pajiyca KOTKa.
3) MakcuManbHUM MOMEHT TEpTs KOYEHHS MPOMOPLINHUN CHIIl HOP-

MaJIBHOT'O TUCKY

M_  =k-N. (61)

max

ne k — xoe(ilieHT TepTs KOYCHHS.
4)  KoedimieHT TepTs KOYECHHS 3aJICKHUTh BiJl MaTeplally KOTKa, ILJIO-
IIMHY 1 PI3UYHOTO CTaHy iX MOBEPXOHb.

Jlist aHanmizy siBUII TEPTS KOPUCHO MOPIBHATU KOEPIIEHT [ TEepTsS KOB-

3aHHSA 31 CHiBBiI[HOH_IeHHHM —, HCPEC3 JAKC BUPAKACTHCA MAKCHUMaAJIbHA CUJIa TCP-
r

TS KOUYCHHA

k
Fmax = Qmax =—-N. (62)

r

Jlst OUIBIIIOCTI MaTepiaiiB BiTHOIICHHS % 3HAYHO MEHIIE CTaTHYHOTO

koedimienta teptst f. LlUM MOSCHIOETHCS IIMPOKE 3aCTOCYBAHHS B TEXHIIII

SABUIIA KOUCHHA B TPAHCIIOPTHHUX 3aco0ax Ta IHIINX KOHCTpYKI_IiHX (KOHGC&, KO-

TKH, IIAPUKOMIAMIUITHUKY ).

5.4 Po3p’si3aHHsI 32124 PiBHOBArW TijIa HA WIOPCTKIi MOBEePXHI

Po3B’s13aHHs 3a7a4 piBHOBAru Tijla MPHU HAsSBHOCTI TEPTS MPOBOATH Y Bi-
JANOBITHOCTI /IO  3arajJlbHOi ~ METOJAWKH  PO3B’SA3aHHSA  3aJad  CTATHKH
(muB. po3ain 1.8). Ilpu mpoMy peaxiiiro MIOPCTKOI MOBEPXHI MPEICTaBISIIOTH
JIBOMA CKJIaJI0BUMHU: HOPMAJILHOIO PEaKIliclo N Ta CHIIOK0 Fmp. VY BuIagKy Tep-

TS KOYEHHs JI0 IMX PEAKIid NONal0Th Mapy CUIl 3 MOMEHTOM Tepts M, . Jist

AKOI IEPEIIKOKAE KOUEHHIO.
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Posrnsimaroun rpaHuyHU CTaH piBHOBArv Tijia, KOJU cuiia TepTs abo Mo-
MEHT TEpTS JIOCATalOTh CBOTO HAWOLIBIIOrO 3HAYEHHS, /10 CKJIaJCHUX PIBHAHB
pIBHOBaru Tina J00aBISAIOTH 3aJEXKHICTh cuil TepTa (57) abo MOMEHTY TepTs
(61) Bim HOpMaJIBHOT peakxiii.

[Ipu reomeTpruHOMY PO3B’sI3aHHI PEAKIIII0 MIOPCTKOI MOBEPXHI HE PO3K-
JaJal0Th Ha JBI CKJIAJIOBl, a 300pa)kat0Th OJIHIEI0 CHJIOKO R, HaIpaBIgOYHN 1i
i KyTOM TE€PTS ¢ 10 HOpMalli (B TPaHUYHOMY TOJIOKEHH1 pIBHOBATH).

Ilpuknao 11

['opuzoHTaNbHUM CTpUXKEHb AB Mae Ha KiHIII 4 OTBIp, IKUM BIH HaJITUH

Ha BEPTUKAIbHUI KPYIJIUKA CTOAK (pUC. 57); NOBXKUHA BTYJIKU b =2cm; y TOUIIl

E wa BifiCTaH1 a BiJ OC1 CTOSIKA IO CTPUXKHS MIJABIIICHUN BaHTax P.
BusHaunTH, HEXTYIOUM Barol CTpUxXHsA AB, BIACTaHb a Tak, HI00 Mix

JI€10 BaHTaXy P CTpUXEHb 3HAXOJIMBCS B CTaH1 PIBHOBArd, SKIIO KOEPIIIEHT

TEPTsI MK CTpUKHEM 1 cTosikoM f =0,1.

S
I

=
—
L]
<

Pucynok 57

Po3B’sa3anHs
PosrnsiHeMo rpaHuyHE TOJIOKEHHS PIBHOBAru CTpWXKHA AB, KoM BaH-
TaX P 3HaXOIUTHCS Ha BIICTAH1 @ BIJ OCI CTOSKA.
VY 11bOMy TOJIOKEHH1 Ha CTPHIXKEHB JIIFOTh aKTUBHA CHJIA Baru BaHTaXy P

ta peakuii N., N, F, F,, mopcTkoi noBepxHi B Toukax C 1 D KOHTakTy BTY-
JKH 13 CTOSIKOM, A€ F., I, — TpaHUYH1 CUJIM TEPT.

Ckuiajiatour piBHSHHS pIBHOBAru, Bi3bMEMO 32 MOMEHTHY TOYKY L, po3-

MIIIEHY Ha OC1 CTOsIKa AlaMEeTpPOM d Ha PiBHI BEPXHBOT'O TOPLS BTYJIKHU:
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S F,=0; F.+F,—-P=0;

JloaMo 10 MX PIBHSHB 3aJIEKHICTh TPAHUYHUX CUJI TEPTS BiJ HOpMaJib-
HUX peaKIlii:
Fe=fN¢; Fp=f-Np.

I3 Imepmoro piBHfIHHSI 3 BpaXyBaHHAM BI/IpaBiB 1 CUJI TCPTA 3HAXOAHUMO!:
No=N,=N i F.=F,=f-N.

. P
I3 npyroro piBHsiHHS Maemo: 2- f - N — P =0, abo N = ﬁ

Toni migcTaBIsAOUM 111 3HAYEHHS B TPETE PIBHSAHHS, OJICPKUMO:

N-b—P-a=0, abo P(L—aj 0,
2-f

3BIAKA

b
a=—-
2-f 2.0

Ilpuknao 12

Hpabuna AB Baroio P =200 H cnupaeThcs HA BEPTUKAIbHY CTIHY 1 T'O-
pusoHTaNbHY mimiory (puc. 58). KoeditieHT TepTst 1pabuHU MO MIOPCTKIKM TO-
BepxHI cTiHU B Toull A Oyne f,=0,4, a no mno3i B touni B f, =0,5. Ilix
SAKUM KyTOM ¢ J0 HiIJIoTH Tpeba MOoCTaBUTH ApaOuHy, 00 HEro 3Moria Mif-

HATHUCH TOBEPXY JItoAuHa Baror 90 H ?
Po3B’s13aHHs

Hopwmanbhi peakitii CTiHM 1 MAJI0TH B TOYKaX 4 1 B mMO3HA4YUMO BIAIOBI-

muo N, Ta N, a v Tepts B 1ux Toukax F, i F,. Toni npabuna AB Gyne B
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piBHOBAa31 mig aiero mectu cun: N, Ny, F, F, Ta cunu P Baru n1paOuHH, IpH-
KJIaJICHO1 TtocepeHl AB icunu () Baru JIIOAWHU, MPUKIIAICHOT B TOUIl A .

CxuazieMo piBHSIHHSL PIBHOBAru X CHJI:

n
szx:O; N,-F,=0;
k=1

n
S F,=0; Ny+F-P-0=0;
k=1

n — AB .
> M ,(F,)=0; NB-ABcosa—P-Tcosa—Fz-ABsmoc=O.
k=1

— X
F2

Pucynox 58

OCKUTbKM KYT ¢ — HaMEHILIUW KyT Haxwuiy JIpaOuHHU, IpH SKOMY BOHA

3HAXOJIUTHCS Ha MEX1 CITOKOIO 1 KOB3aHHS, TO1
F=fi'Ny;F,=f,"Np.
ITincraBuBmu F| 1 F, B pIBHSHHS PIBHOBAru, OJEPKUMO:

Ny—=/fyNp=0,
Np+firNy—P-0=0,

(Ngcosa—0,5Pcosa— f, Np-sina) AB=0.
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3 mepumux ABOX PiBHAHB onepxkumo N , = f,-Np, 3BlOKH

P+0Q

NB (1+ﬂ f2)=(P+Q),a60 NB:m.

ITincraBuMO 3HalifieHe 3HauUeHHS N, y TpeTe pIBHSAHHSA 1 HOAUIMMO HOro

Ha cos ¢« . Toal MaTUMEMO:

LQ—OSP f2

b

(P+Q) tga , 3BiaKHU

L+ 1, /o YA
tgazi{l_o,sp(uflfz)}: 1 [1—0’5'200(“0’4'0’5)}:1,73,
P P+Q 0,5 200 + 690
a =arctg 1,73=60°.
Ilpuknao 13

CkulbKM cUIydoro wmatepianly (pyAu) MOKHAQ HACHIIATHU HA KPYTiy

IUIOIIMHKY aiameTpoM d =20m, SKIO IMTOMa Bara Marepialy CKJIajae

¥ =50 kH / m”, a koedillieHT TepTs MiXk 4aCTHMHKAMH cTaHOBUThL f =0,7 .

Po3B’s3anns
Cunyuunii MmaTepiana Ha TOPU3OHTANTBHIN IUIONTMHI HabyBae (OpMHU KOHYCA.
Posrnstnemo piBHOBary nesikoi yactuau M (puc. 59, a) matepiany, 110 J€XKUTh
Ha MOBEPXH1 KOHYCA, 3HAXOASIYHUCH M1 JIEI0 CUJIM Baru G , HOpMaJIbHOT peakilii

N Ta cuim TCPTA Fmp . TpI/IKYTHI/IK 3PIBHOBAXXCHHA CHIJI, JAK1 J1IOTh HA YaCTHHKY

Mmarepiany (puc. 59, 6), NoBUHEH OyTU 3aMKHYTUM, TOMY

F .
ga=—r-L Xy
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G d
a) 6)

Pucynox 59

Tomxi 00’eM KOHYCA, CTBOPEHOTO CUITYUHUM MaTepiajioM
9 9

1 1 1
V=—nd*h=—nd* -itga=—nd3f,
12 12 2 24
a Bara CHIIy4oro marepiany
1 3 1 3
P=y-V=—nrnyd f=—n-50-20"-0,7=36633,3kH .
24 24

Ilpuknao 14

Busznauntu, npu SKMX 3HaYEHHSAX KyTa ¢ HAXWJy IUIOLIMHU J10 TOPU30H-
Tajgl MWIHAP pajaiyca R, po3MIlIEHUA Ha TOXWJINA TUIONIWHI, 3aJUIIUTHCS B
CTaH1 pIBHOBAary, KIIO KOe(II€HT TEPTS KOB3aHHA JOPIBHIOE f, a TEPTS KOUEH-
H4 k (puc. 60).

Pucynox 60
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Po3B’s13aHHsa

Pozriasinemo I'PaHUYHC I1OJTOKCHHA piBHOBaFI/I KOTKa, KOJIM Ha HBOI'O ,Z[i-

I0Th CWiIa Bard P, HOpManbHa peakiis N, cuna teprs £, 1 MOMEHT TepTs

M, . Cknanemo piBHSHHs PIBHOBAru:

n
kz_lex =0; Psina - F,, =0;

n

szy =0; N — Pcosa =0;

k=1

n —

> Mp(F)=0;M,, - Psina-R=0.

k=1

Kle Oboro, AJjisd BUKIIIOUYCHHA KOB3aHHA ]_II/IJ'IiHI[pa Ta MOTr0 KOYCHHS I10-

BHUHHI BUKOHYBAaTUCh HEPIBHOCTI

F,, < fN;M,, <kN.

3 piBHSIHB PIBHOBarv BU3HAYA€EMO:

F,, =Psna; N=Pcosa; M, ,=Psina R.
[TizcTaBUBIIH 111 BETUYUHU B HEPIBHOCTI, OJIEPIKUMO:

Psina < f Pcosa; Psina - R<kPcosa, abo tga < f, tga SE.

Jlnist 30epeskeHHs] piBHOBAru UWJIIHApPA 111 1B HEPIBHOCTI MOBHUHHI BUKO-

HYBATUCh OAHOYACHO.

Humanna onsa camokoHmpoJiio

1 Komau 3’gBisieThCs cHia TCPTA KOB3dHH:A, B AKHX MCXKdX BOHA 3MIHIO-

€Tbcsi? 3anuiliTh GopMyIy Al BUSHAUCHHS CUIIH TEPTS.
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2 Slky po3MipHicTh Mae KoedilieHT TepTsa KoB3aHHA? Bin yoro oH 3aie-
KUTb?

3 Illo take KyT TepTs, KOHYC TepTA? Sk BOHM MOB’s3aH1 3 KOEPIIEHTOM
TepTa?

4 3a sSKUX YyMOB TIJIO Ha HIOPCTKiM MOBEPXHI 3aJUIIUTHCS B CTaH1 PIBHO-
Bard HE3aJIEKHO Bl BEIMYMHM PYHIHHOI cuiau? YUM TOSCHIOETHCS
SBUILE CaMOTaJIbMYBaHHSI TaliKK B p13bOOBUX 3’ € THAHHAX?

5 o Ha3zuBaroTh TEepTsIM KOYeHHs? 3anuiniTh GopMyIy A BU3HAYECH-
HSI MOMEHTY TE€pTSl KOUEHHS, B IKMX MeXaX BIH 3MIHIOETHCS ?

6 IlosicHiTh Q13UUHY CyTh KoedillieHTa TepTs KoueHHs. B skux oguHu-

X BiH BUMIPIOETHCS?

6 HIEHTP BAT'H

6.1 LlenTp Baru TBepAOroO Tijia i 1Oro KOOPAUHATH

Cunu Baru 4YaCTUHOK TBEPAOIO TLIA, PO3MIIIEHOTO MOOJIM3Y TMOBEPXHI
3emui, SBISIIOTH COOOI0 CUCTEMY 301KHHUX CWJI, JIIHIT 111 AIKUX NEPETUHAIOTHCS Y
HEHTpP1 3eMHOI KyJi. AJle He3HAYH1 pOo3MIpU MarTepiajdbHUX TUT y MOPIBHSIHHI 3
po3mipamu 3emili J03BOJISIIOTh BBAXKATH CUJIM Bark YaCTUHOK OJIHOTO Tijia mapa-
JIenbHUMHU Mk coOoro. Ili cunu 3aBkaAM HampaBlieHI BEPTUKAIbHO BHU3 1 HE
3MIHIOIOTH CBOT'O HAIPSIMKY MpHU OyAb-sIKOMY MepeMilieHH1 Tina. Taka cuctema

napaneiabHUX Cul py,p,,..., P, Bard 4YaCTUHOK Tula (puc. 61) He MoOXKe 3HAXO-
JUTHUCH y CTaH1 PIBHOBArd 4u 3BOJAUTHCH /10 MAPH CHJI; BOHA €KBIBAJIEHTHA OJIHIM

piBHOAIIOYIN cuili P, MOAY/b AKO1 JOPIBHIOE CUJI1 Baru Tula 1 BU3HAYAETHCS Pi-

BHICTIO

P=3 p;. (63)
k=1
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Pucynox 61

ITpu nOBUIPHOMY MOBOPOTI TUNA CUIM P, 3aJIMINAKOThCA NPUKIAJCHUMU B

OJIHMX 1 THX )K€ TOYKaX TiJIa 1 mapajiefbHi oJHa ojHik. ToMy piBHOMII04a P cui
D, Oyne npu OyIb-AKHX MOJIOKEHHSIX TUIa IPOXOAUTH YEPE3 OAHY 1 Ty kK HOro
Touky C, SIKy Ha3UBalOTh LEHTPOM Baru tina. OTxe, yeHmpom eazu meepoozo
Mina HA3UBAEMbC HE3MIHHO 38 ’513aHA 3 YUM MIIOM MOYKA, 4Yepe3 AK) NpoXo-
oumw NiHisL Oii’ piBHOOIIOYOI CUNl 8a2U YACMUHOK Yb020 Mina npu 06y0b-sAKUX No-
JIOJHCEHHI MINa 6 NPOCMOPL.

3Hail1eMo MOJIO0KEHHs IEHTpa Bark Tija BIIHOCHO MPSIMOKYTHOI CUCTEMU

KOOpAMHAT (nuB. puc. 61), HAPAMOK OCeil AKOi 3aHaHo opramu i, j,k , a Ha-

MIPpsAMOK CHUJI BaT' — OAMHUYIHUM BCKTOPOM e=—k.

o n
Toni p;=pie; Py =pre,.... P, =p,&; P =2 pr-€, 0€ Py, Pys--er D, -
k=1

MOJIyJIi CUJT Bard YaCTUHOK Tija.
Ha mincraBi TeopemMu BapinboHa BEKTOpHAa CyMa MOMEHTIB CHUJI Baru yac-
TOK TiJ1a BIIHOCHO 1ieHTpa O AOPIBHIOE MOMEHTY CHJIM Bard Tija BIAHOCHO I[bO-

ro HeHTpa, TOOTO
— (= n__ _ no no _
Mo(P)= X M(py ). a60 7. x 3. ps = 2. (7 x By, ).
k=1 k=1 k=1
e 7, — paziiyc-BeKTOp TOUKU A, MPUKIaJaHHA CWIU D, ,

7. — paJlyc-BEKTOp LIeHTpa Baru Tuia — Touku C.
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[lincTaBisioun CrOM BUPA3U CHII Yepe3 OJUHUYHHUIA BEKTOP e, OJEPiKU-
MO:
_ n . n _ - _ n . n _ .
Fo X Y pre |= Z(Vk kae)» abo | 7. X py xe |= Z(Vkpk Xe)-
k=1 k=1 k=1 k=1

[lepeHocsauu wieHH PIBHSHHS y JIIBY YaCTHHY 1 BUHOCAYM 32 TY>KKHU CIIi-

JBHUN CITIBMHOXKHHK € , OJICPKUMO:

n n
(Vc 2Pk~ Zrkpije =0.
k=1 k=1
[le piBHSHHS BUKOHYETHCS 32 YMOBHM PIBHOCTI HYJIIO BHpa3y B JIYKKax,
TOOTO

n n
Fe 2Pk — 2Tk pr =0,
k=1 f=1

3BiIIKI/I BHU3HA4YaA€THCA paz[iyc-BeKTop LHCHTpa Baru TUIA:

n
2 Pilk
P — (64)

n

2. Pk
k=1

[Ipoenitoroun piBHICTH (64) HA OC1 KOOPAMHAT, OJEPKUMO (opMyIu s

BHU3HAYUCHHA KOOPAWHAT LICHTPA Baru TiNa:

n n n
Zxkpk Zykpk szpk
k=1 k=1 k=1
Xe = " Ve = " s Zo = " ) (65)
2. Pk 2. Pk 2. Pk
k=1 k=1 k=1

AC X, Vi, Z;, — KOOPAHHATH TOYOK HPUKIAACHHA CHUJI Baru pk YaCTHUHOK

TUIA.

6.2 KoopauHaTu neHTpIB Baru OAHOPIIHUX TiJl

JIns OHOPIAHOTO TiMa Bara KOXHOI MOTO YAaCTHMHKHM MPOMOpIlidHa ii

00’eMy v, , aBara P BCbOrO TiIa NPONOPLIOHAIbHA 00’ eMy V' 1bOrO TiNIA, TOO-
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TO p, =y v, 1 P=yV, ne y—nuroma Bara Tuia. IlincraBnsroun 1i 3Ha4eHHs p,

1 Py popmynu (65) 1 OAUTUBILIN YUCEIbHUK Ta 3HAMEHHHK Ha ¥ , OJI€PKUMO:

n n n

2 XV 2 ViVk 2 ZkVk
o=ty = = (66)

V V V

Sx BuaHO 13 popmyin (66), MOJTOKEHHS HEHTPA Bark OJHOPIIHOTO Tija He
3QJISKUTH Bl (PI3UYHUX BIIACTUBOCTEW TLa, & BUBHAYAETHCS TUIBKU HOTO T'eo-
METpUYHOIO opMoI0 1 po3Mipamu. Tomy Touka C, KOOpJAWHATH SKOi BU3HAYA-
10ThCsl hopMmysiamu (66), HA3UBAIOTh IIEHTPOM Baru 00’ emy.

[Tig MOHATTSM LIEHTpA Baru MOBEPXHI PO3YMIIOTh IIEHTP Baru OJHOPIAHUX
MJIOCKUX (DIryp, IIIACTUH OJHAKOBOT TOBUIUHM, KOOPJUHATH SIKOTO 3HAXOATH 32

aHAJOTTYHUMH (POPMYIIAMMU:

n n n
D Xp S 2 ViSk 2 ZkSk

k=1 k=1 k=1
xc:T;yc:T;Zc:Ta (67)

A€ s, — IUIOIA €JIEMEHTApHOI JUISIHKY TOBEPXHI,

S — moia Bciel MOBEpXHI MIOCKOI (QIrypu.

TakuM e YMHOM 0/IepKYIOTh KOOPJMHATH LIEHTpa Baru JiHii:

n n n
2 Xl 2 Vilk 2 Zkly

k=1 k=1 k=1
= =z, =—), 68
L e L ¢ L (68)

Xe

ne L — nosxuHa Bei€l JiHii, /, — 10BKUHA 11 YaCTUHM.

6.3 MeToau BU3HAYCHHS KOOPAMHAT HEHTPIB Baru Tij

[Ipu BHU3HAYEHHI MOJIOKEHb LEHTPIB Baru TUI CKJIaJAHOI (POPMHU 3aCTOCO-

BYIOTh TaKl KOHKPETH1 METO/IH.
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1) Memoo cumempii. SIkio OAHOpINHE TUIO Ma€ IUIONIMHY, BICH a0o
IEHTP CHUMETPii, TO MOro IIEHTP Bard 3HAXOJUThCS B IUIOIIMHI, Ha oci abo B
LEHTP1 CUMETPIi.

2) Memoo pozbusanns i donosnenns. Tiio po30MBaOTh HA CKIHYEHY Ki-
JBKICTh YAaCTUH MPOCTOI (OpMHU, IIEHTPU Baru SKUX BiIOMI abO JIETKO 3HAXO-
JAThCS. SIKIIO T1JIO Ma€ BUPI3U, MYCTOTH, TO X BBAXKAIOTh 3alIOBHECHUMHU MaTepi-
ajyioM 3 BiJ’eMHOI0 Macoro. KoopanHatu nieHTpa Baru BChOro Tija 00YUCIIOIOTh,
3acTocoByroun popmynu (66), (67), (68), 1e 10AaHKK AJIsI YACTUH BUPI3IB, MyC-

TOT BpaXOBYIOTH 3 BiI[’GMHI/IM 3HAYCHHAM.

Ilpuknao 15
BusHauutu KOOpJIMHATH TUIOCKOI IUIACTUHH, 300paxeHol Ha puc. 62, ska
Mae GopMy KyTHHKA BKa3aHUX PO3MIpIB, 1 B SIKiil BUKOHAHO KBaJpPAaTHUM BUPI3.

¥Yci po3Mipu BKazaHi B CAaHTUMETPax.

Po3B’s13aHHs

[IpoBenemo oci koopauHat. Po3i6’€MO MiIacTUHY Ha J1Ba MPSIMOKYTHHUKH
Ta OJUH KBaJpaTHUil BUpi3. OOUUCIUMO IJIOIII 1 KOOPAMHATH LEHTPIB Baru Ko-
KHOT 3 X Piryp.

[lowa GibIIOro IPSIMOKYTHHKA S; = 6:10 = 60 cM”, a KOOPIUHATH HOro
LIEHTpA Baru x; =3 cM, y; = 5 CM.

MeHrmmii MPIMOKYTHHK Mae miomty S, = 2-4 = 8 ¢cM°, KOOPJAUHATH [IEHTPa
Barv 1bOro MPSIMOKYTHHUKA X, =7 CM, ¥, = 2 cM. [L1omia BupizaHoro kBajapara
Sy =-2-2 = -4 cM’, KOOPAMHATHU LIEHTPA BATH X3 =3 CM, 3 = 3 CM.

KoopaunaTtu 1ieHTpa Baru BCi€i IIacCTUHU 3Hal1eMo 3a hopmynamu (67):

¢ S, +8, + 8, 60+8—4 64

=3,5¢cMm,

Ye T TS kS, 48, 60 +8— 4 64

=4,75¢cMm.
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Pucynox 62

3) Memoo inmeepyeanua. SIKIIO TLIO HEMOXKJIUBO PO3OUTH HAa CKIHYEHY
KUIBKICTh YaCTHUH, MOJOKEHHS IIEHTPIB Barv SIKUX BiJJOMI, TO HOTO PO30MBAIOThH

Ha Oyap-aK1 Maii 00’emu Av,, 15 akux Gopmynu (66) HaOyTyTh BUTTIAAY:

n n n
ZXkAVk zykAVk szAVk
X, =kl ¥, =kl z, LS S (69)

V V V

ne X;,Vi,Z, — KOOPAMHATU TOUKH, PO3MILIEHOI BcepeuHi 00’ emy Av, .
Ilepexonsdun y popmyiy (69) no rpanuti, npu n — oo, konu Av, — 0, orpuma-
€MO, 110 CYMH B YHCEJIbHHKAX IIUX BUPa3iB NEPETBOPIOIOTHCSA B iHTETpaId Ha

Bech 00’ €M TiIa, TOOTO:

%(Ij;)xdv, yczi(lj;)ydv, Zczi(lj;)zdv. (70)

Xe =

AHaNOrIYHO JIJI KOOPJIMHAT LIEHTPIB Baru IJIOMIMH 1 JIHIM OJepXUMO 13
bopmyn (67) 1 (68):
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1 1 1

xcz—jxds, ycz—jyds, zcz—jzds. (71)
5() 5 () 5 (s)
1 1 1

Xe=—|[xdl, y.=—|ydl, z,=—zdl. (72)
L L L

6.4 IlenTpu Baru Aesikux OJHOPIIHMX TiJl

1) Llenmp 6acu Oyeu xkona. BusHauuMMO MOJOKEHHS LIEHTpa Baru Ayru Ko-
na paniyca R, neHTpalbHHI KyT aK0i 2 (puc.63). Ockinbku nyra 4B mMae Bich
cumetpii Ox, TO IEHTP Baru JAyTH 3HAXOIMTHCS sSKpa3 Ha Mil oci, TOOTO KOOp-
nuHata y. =0. [l 3HaX0MKEeHHS KOOPAUHATH X, CKOPUCTAEMOCH IHTETPATHHUM
METOJIOM, 3aCTOCYBaBIIH Mepiry 3 popmyd (72).

Po310’emMo0 nyry Ha enemMeHTapHi BiAPI3KU, OAUH 3 KX MM' 10BKUHOIO
dl =R - do, Binxunenuii Big oci Ox Ha KYT .

Koopaunara 1ieHTpa Baru nporo Bipizka x = Rcos Q.

Homxuna nyru AB 6yne L =2Ra.

X

Pucynox 63

Ha niacrasi dopmynu (72) maTumemo:

B a
X, = %J‘xdl = ﬁ IRZ cos¢ d¢, 3BLIKH
A

-
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xX.=R : (73)

2) l]lenmp 6acu naowi mpuxymuuxa. Po3i6’emMo 1oy TpUKyTHHKA (pHC.
64) niHisIMH, MapajelbHUMH CTOPOHI AD Ha TOHEHBbKI cMyXKu. LleHTpu Baru
UX CMY>KOK OYJyTh 3HaAXOAUTHCH HA MeliaHl BE TpukyTHuka. OTxe LeHTp Ba-
I'l TPUKYTHUKA JIEKUTH Ha 111 MeiaHl.

[IpoBiBIIM aHANIOTIYHE PO30OMBAHHS IUIOLII TPUKYTHHUKA JIIHISIMU, Hapae-
JBHUMU CTOPOH1 AB, NicTaHeMO BUCHOBKY, IO LIEHTP Bard IUIONIl TPUKYTHHKA

3HaXOOUTBhC Ha HepeTI/IHi Horo MeI[iaH. Sk BiI[OMO, Me)liaHI/I MNCPCTUHAOTHCA HaA
B1ACTAaH1 OAHIE1 TPCTHO1 B1 OCHOBH 1 IBOX TPCTIX B1A BEPIIUHU, TOMY CE=§BE

(muB. puc.64).

Pucynok 64

3)enmp 6acu Kpyeosozo cekmopa. JlJi1 BU3HAYCHHS KOOPAMHAT LIEHTpPA
Baru kpyroBoro cekropa OAB paniyca R 3 neHTpaJibHUM KyToM 2o (puc.65)
p0310°€MO TUIONLLY CEKTOpa Ha eJIeMEHTapH1 OJHAKOBI CEKTOPH pajilycaMu, Mpo-
BeJleHUMU 13 1ieHTpa O. BHacniok ManocTi e1eMeHTapHUX CEKTOPIB iX MOKHA

BBaXHUTHU piBHO6CIIpCHI/IMI/I TPUKYTHUKAMHU, OCHTP Barv KOKHOI'O 3 JKUX 3HAXO-
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nuThes Ha BizctaHi 2/3R Bin Bepminau O. OTKe LIEHTPH Baru €JIeMEHTapHHUX Ce-
. ) 2 :
KTOPIB JIeKaTh Ha Oy31 DE, Tak mo OD = ER. Tomy nentp Baru cexropa OAB 1

1eHTp Baru ayru DE € ojlHa 1 Ta )X TOYKa, KOOPJAUHATH K01, BIMOBIAHO 10 ¢o-

pmynu (73) OyayTh

) i
¥ =ZRUEy, =0. (74)
3 a
Komn o =—, oepkuM0o KOOPAMHATY IICHTPA Bary IBKOJIA:
4
x=—R.
RY/4

Pucynox 65
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Humanna onsa camokoHmpoJiio

o Take neHTp Baru Tu1a? Yu 3MIHIOETHCS MOJIOXKEHHS LIEHTpA Baru
BITHOCHO TOYOK TiJIa TP MEPEMIILIEHH] TiJIa B TPOCTOPi?

3a skuMu (opMyJaMu BU3HAYAIOTHCS PajilyC-BEKTOp LIEHTpa Baru, Ho-
ro KoopAauHaTu? 3anuiniTh i GopMyIu.

3anumith GopMyNu Uil BUSHAYEHHS KOOPAMHAT OAHOPITHOTO TBEP-
J0T0 TLIA.

SIK BU3HAYUTH TOJIOKEHHS LIEHTpa Baru IUIOIII, KOJIM BiJOMI MOJIO-
KEHHS LICHTPA Bard OKPEMUX ii YaCTUH?

[Ilo Take meton cumetpii? Jle 3HAXOAUTHCS LEHTP Baru OJAHOPITHOI
IUTACTUHKY B (popMi mapanenorpama, TpPUKyTHUKA?

VY yoMy cyTh MeTOAY JOMOBHEHHS (B1A’ €MHUX Mac)?

3anumith GOpMyau I BU3HAUEHHS KOOPJIMWHATU LIEHTpa Baru Iyru

KOJ1a, TUIOII1 KPYTOBOI'O CEKTOpa.
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KIHEMATHUKA

1 KIHEMATHKA TOYKHA

1.1 Beryn g0 kinematuku. OCHOBHI NOHATTS | BU3HAYEHHS

KinemaTnkoo Ha3MBa€TbCA PO3LT MEXAHIKU, B SKOMY BUBYAETHCS PYyX
MartepiaibHUX 00’ €KTIB (TOYOK 1 TUIT) 0€3 ypaxyBaHHA iX 1HEPTHOCTI Ta AIIOYUX
Ha HUX CHJL.

Pyx 3aBau po3risgaloTh BITHOCHO JESIKOi CUCTEMH BIIJIIKY: 3B’SI3aHOI 3
JeSKUM TUIOM (Hampukiajg 3emMiIet0) CUCTEeMHU KOOpIUHAT.

Pyx tin BinOyBaeThcs y mpoctopi 1 yaci. [IpocTip B kinacuuHii MexaHiii
PO3IJIAIAEThCS K TPUBUMIPHHM, €BKJIIAIB, BIH € HENEPEPBHUM OJHOPIIHHUM 1
130TponHUM. Yac B MeXaHilll BBaXKA€ThCS YHIBEPCAJIbHUM, HE IOB’S3aHUM 3
IIPOCTOPOM 1 pyXOM; 1€ CKaJIsipHa HelepepBHA 3MiHHA BEJIMYMHA, IKa Y BCIX CHU-
cTemMax BIJJIIKy HaOyBae OJHOTO ¥ TOro * 3HAYEHHS, SIKIIO 3a MOYATOK BIJJIIKY
BUOpaHa CIJIbHA IS HUX TO/T1S.

3aJIeKHICTh BiJl Yacy HapaMeTpiB MOJOXKEHHs TuUla (TOYKH) y BHOpaHid
CHUCTEMI1 BUIJIIKY BHU3HAYA€THCA BIAMOBITHUMH PIBHSHHSIMH, SIKI HA3UBAIOTHCS
3aKOHOM PYyXy Tua (TOYKH). 3aKOH pyXy BBAXKAETHCSA BIIOMHUM, SIKIIO MO>KHA
BU3HAYUTHU IOJIOKEHHS T1Ia B IPOCTOPI1 B IOBUIbHUNA MOMEHT 4acy.

Onniero 13 3a1ad KIHEMATUKHU SIKpa3 1 € 3aJaBaHHsl 3aKOHY PyXy, TOOTO
BCTAHOBJICHHS! MATEMAaTUYHOT'O PIBHSAHHS, SIKE TO3BOJISIE BU3HAYUTH MOJIO0KEHHS
TOYKHU a0 Tij1a BITHOCHO BUOPAHOT CUCTEMHU BIJJIIKY B OYy/b-sIKUH MOMEHT 4acy.

[Hma, ocHOBHA 3a7a4a KIHEMATUKH TOJISITa€ Y BU3HAYEHHI 3a 3aJIaHUM 3a-
KOHOM PYXy KIHEMaTUYHHUX XapaKTEPUCTHK IILOTO PYXY: TPAEKTOPIi, IBUIKOCTI
1 IPUCKOPEHHS TOYKH, KYyTOBOI IIBUJIKOCTI Ta KYTOBOTO IPUCKOPEHHS TiJa.

BuBueHHS KIHEMAaTUKU TTOYHEMO 3 BUBUEHHS PYXY OKPEMOI TOUKH.

TpaekTOpi€l0 TOUKM HA3UBAIOTh F'€OMETPUYHE MICIE MOCIIJOBHUX MOJIO-
KEHb pyXoMoi TOUKU. TpaekTopis — 1ie HemnepepBHa JIiHis, ika Moxe OyTH mpsi-
MOI0 a00 KpHBOIO. SIKIIIO TPAEKTOPIs TOUKU € MPSIMOIO JIHIEIO, TO ii pyX Ha3u-
BalOTh MPSMOJIIHIAHUM, a SKIIO Il YMOBAa HE BUKOHYETHCS, TO — KPUBOJIIHIH-

HHM.

102



1.2 Cnoco0u 3agaBaHHs PyXy TOYKH

Pyx Touku B mMpoCTOp1 MOKHA 3a/1aTU OJTHUM 13 TPHOX CHOCOOIB: BEKTOP-
HUM, KOOPJIMHATHUM 1 HATypaIbHUM.

Bexmopnuii cnocié. 3a 1um criocoOoM MOJIOKEHHS pyXoMoi Touku M B
IpOCTOpi B KOXKHUM MOMEHT dYacy MOKHA BHM3HA4YaTH pajalycoOM-BEKTOPOM
7 =OM , IPOBEICHNIM 3 JESIKOi HepyXoMoi Touku O TPOCTOPY B PYXOMY TOUKY
M (puc. 66).

Pucynox 66

3anexuicThb pagiyca-BexTopa 7 Bixg uacy
7 =7(t) (75)

HA3MBAIOTh PIBHAHHSIM PYyXY TOUYKH Y BEKTOPHINA (popmi.

Kineup BekTopa 7 miJ 4ac pyXy TOUKH MEPEMILIYEThCS Ii TPAEKTOPIELO.
['eomeTpuuHe Miciie KiHI[IB 3MIHHOTO BEKTOpPa, MOYATOK SKOT0 BECh Yac 3HAXO-
JTUTHCS B OJHIN 1 TiH e TOYIll, Ha3uBalOTh rogorpadgomM BekTopa. OTKe Tpaek-
TOpist TOUKU € Togorpadom ii pajiyca-BeKTopa.

BekTopHuii crnocid 3acTOCOBYETHCS HaWyacTille B PI3HUX TEOPETHUHUX
JTOCHIKEHHSX, ISl OTPUMAaHHSI OCHOBHUX KIHEMaTUYHHUX XapaKTEPUCTUK PYXY.

Koopounamnuii cnocié. [1o10XeHHsI TOYKH BIIHOCHO JESKOI CUCTEMU
KOOpJMHAT BU3HAYAIOTh KOOPJAUHATAMH TOYKHU. Y TPSIMOKYTHIN NE€KapTOBil CH-
CTeM1 KOOpJUHAT 1Ieil cnocid mojsirae B BUPaXKEHH1 KOOPAMHAT X, y, Z PYXOMOI

Touku M (AuB. puc. 66) sk BigoMux QyHKI[IH yacy:
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x=x(t);y= y(l‘); z= z(l‘). (76)
VY 11bOMY BHITaJIKy pajaiyc-BeKTOp TOUKH M

F:frx+jry+krzzfx+jy+/€z, (77)

ne i, j,k — OpTH KOOPAMHATHUX OCEIA.

PiBasiHust (76) pyXy TOYKHM Y KOOPAMHATHIM (opMi MOXHA PO3IJIsAIaTH
TaKOX SIK PIBHSIHHS TPAEKTOPIi TOUKH, J€ MapaMeTpoM BUCTynae yac t. Buxito-
YUBIIM 3 UUX PIBHAHb PyXy MapameTp !/ MO>KHA 3HAWUTU PIBHAHHS TPAEKTOPIi B
3BUYANHIN KoopauHaTHIA (popMmi, TOOTO y BUMIISAL 3aJI€KHOCTI MK KOOpAMHA-
TaMU TOYKH.

Hamypanvnuii cnocié. Ilpu HaTypaabHOMY crioco01 3aJlaBaHHS PYXy TO-
YKW MOBUHHA OyTH BiZloMa TPA€KTOPIsS TOYKH 13 3aJlaHUM Ha Hiil moyaTtkoM O 1
J0JIaTHIM HaNpsSMKOM BIIUTIKY IO Jy31 TPA€KTOPIi TyroBOi KOOPJIAUHATUA § TOUYKH
(puc . 67). Toni nonoxxeHHst Touku M y OyAb KMl MOMEHT 4acy MOXKHa BH-

3HAYMUTH 13 3AJIEKHOCTI

s=s(r). (78)

Ky HA3MBAlOTh PIBHSHHS PyXy TOUYKH B HATypajbHIA (opMi. 3ayBakMMO, 11O
IyroBa KOOpAMHATAa s B PIBHAHHI (76) BU3HAYA€ TOJOKEHHS PyXOMOI TOUKH, a
He npoiiieHuit Hewo nuisix. Hanpuknana, sSKIIo ToYkKa, pyXxaroduch 13 MOYaTKOBO-

ro nosioskeHHss O (puc . 67), npoiife B MOJ0KEHH M|, a MOTIM NEPEMICTUTHCS

B MoJIOKeHHS M , To ii myroBa KoopJuHaTa Oyne s, a MPOUACHUN MUIAX, K CY-
ma nyr OM, 1 MM , Oyne OuIbIINM, HIX JTyroBa KOOPAHHATA.

[Tpu BUBYEHHI PyXy TOYKH, 33JJaHOTO HATYpaJbHUM CIIOCOOOM, BBOISATH
PYXOMY CHUCTEMY KOOpIMHAT, OYATOK SIKOi CIIBIMAJIa€ 3 PyXOMOIO TOYKOI0 M 1
AKa PyXaeThCsl Pa3oM 3 1i€r0 Toukoro. Oci 11i€l CUCTEMHU KOOpJIMHAT (OCi HaTypa-
JBHOTO TPUTPaHHWKA) HampaBieHi Tak (puc.67): notuuHa Bich M7 — 3a 10THY-
HOIO JI0 TPAEKTOPIi B HANIPSIMKY 30UIBIIEHHS KOOPAUHATU S, BICh T'OJIOBHA HOP-
Majb Mn — 3a TOJOBHOIO HOPMAJUIIO 10 TPAEKTOPil y 61K YTHYTOCTI TPAEKTOPIi,

BiCh O1HOpMaNTb M6 NTOTIOBHSE ITI0 CUCTEMY J0 IpaBoi cucteMu kKoopauHat. Op-

TH 7,n,b 1IMX KOOpJAWHATaX OCel BCTAHOBIIOIOTH BiOMI 3 Au(epeHIIaTbHOT
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reoMeTpii TpU B3aEMHO MEPHNEHAUKYISIPHI HANpPSMKHU (JOTHYHA, TOJIOBHA HOP-
Majb 1 O1HOpMasb) 1 CTBOPIOIOTH KOOPJAMHATHI IUIOIIMHM: CTHYHA IUJIOIIMHA
IPOXOAUTH Yepe3 JOTUYHY 7 1 TO0JOBHY HOpMallb 7 , HOpMajbHa — Yepes3 roJo-
BHY HOpManb 7 i GiHOpMAnb b, a CIPAMIISIOUH — 4epe3 JOTHYHY 7 Ta GiHOp-
Mab b . SIKIO TPaeKTOpis TOUKM € MIOCKOK KPUBOIO, TO BOHA PO3MIllIEHA B

CTUYHIN TUIOIIMHI.

n
HOpMaJIbHA
TUTOTITMHA _ CTHYHA
" IUTOII[MHA
0+ 5 /
M,
— T
M T
8
CTIPSAMIISIOYA
s TUTOIITMHA
Pucynox 67

VY pa3i npsAMOIIHIMHOTO pyXy, AKIIO Bich Ox HampaBUTH B3JI0BXK TPaekK-
TOpii, 1oTMYHA Bick M7 chniBmanae 3 Biccto Ox, a 3aKOH MPSIMOJIIHIMHOTO pyxXy

TOYKHU B HATYypaJbHik Gopmi Oy1ie
X = X(l‘)‘ (79)
1.3 Bu3HayeHHs IIBUIKOCTI TOYKH

HIBUIKICTh TOUYKH XapaKTEpU3Ye 3MIHY 3 MIJIMHOM Yacy MOJIOKEHHS TOUKH

y BUOpaHiii cucTeMi BIIJIIKY Ta 3MIHY HAMPSMKY PyXy TOUKH.
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1.3.1 Bexmop wieuoxocmi mouxku

[Tpu BekTOpHOMY CIIOCO01 3a/JaBaHHs PyXy BEKTOP HMIBUAKOCTI } BHU3HA-
Yar0Th, PO3MNIANAIOYM 3MiHY pajiyca-BeKTOpa 7 TOUYKH Ha BEIUYHHY A7
(puc. 68) 3a MPOMBKOK yacy At , KOJIM TOYKa MePEeMICTUIIACH 13 TIOJIOKEHHST M B

nojioskeHHs1 M. ToJll cepelHbOIO MIBUIKICTIO TOUKH 3a IPOMIXKOK dacy At Oy-

JI€ BITHOIIIEHHS

== (80)

Pucynox 68

HanpsiMOK BEKTOpa CepeiHbOl WIBHAKOCTI V,, CHiBNALa€ 3 HANPSIMKOM

BEeKTOpa A7, a BeJIMYMHA MOT'0 MOJIYJIS 3aJI€KUTh BiJl BEIMUYMHU MPOMIKKY Hacy

At . IIBUAKICTH V' TOYKM y TaHMIl MOMEHT 4acy 3HaXOAMTHCS SIK MEXKa Cepeli-
HBOT IIBUIKOCTI MPU MparHeHHi A¢ 10 Hyssi, TOOTO

— . Ar dr

V =Ilm —=—

A—0 At dt

v piBHSIHHSIX MEXaHIKM 3MIHHA BEJIMYMHA 3 MO3HAYECHHIM TOYKH Haa HCIO

r. (81)

€ TIOXIJHOIO 32 yacoM. OTe, BEKTOp IIBUJIKOCTI TOYKU JOPIBHIOE MEPIIi MOXi-
JHIM 32 YacoM BiJ pajiyca-BeKTopa Touku. HampapiieHnuii el BeKTop 3a 10THY-
HOIO JI0 TPAEKTOPIi Y HAIPSIMKY PYXY TOUKH.

OpunuIs BAMIpY BUAKOCTI ToUkH y cuctemi CI —1w/c.
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1.3.2 Illeuokicmo mouku npu KOOPOUHAMHOMY CHOCOOI

ko pyx TOUYKHM 3aJaHO KOOPJAMHATHUM crocoOoM (76),T0 MIBHIAKICTH
TOYKHU BU3HAYAETHCS 3@ MPOCKLIIMHU BEKTOpa MIBUIKOCTI HA OC1 KoopauHat. Bu-
paxkarouw, 3rigHo 3 popmysoro (77), paalyc-BeKTOp TOUKU 4epes3 ii KoopAUHATH

1 BpaxOBYIOYH, L0 OPTH I, j,k MOCTIiHi, 3 piBHAHHSA (81) 0gepKUMO:

— dF de dy— dZ— - K 7
L e A R T N T 82
¢ ar a T ar SRRECARE (82

OTxe mpoekIlii BeKTopa MBHUIKOCTI Ha JAEKapTOBI OCi KOOPAHUHAT JIOPiB-

HIOIOTb TMEPIIiNA MOXITHINA 32 YaCOM BiJ] BIIMOBIAHUX KOOPIUHAT TOYKH:

E_ iy Yy, V. _d_
dt

v —
Yo dt

=—= . 83
E z (83)

3a oMU HpO@KI_IiHMI/I MOXHA BU3HAYUTH MOJYJIb BCKTOpPA H_IBI/II[KOCTi:

SN R (84)

1 loro HampaBJIAIOYl KOCUHYCHU
EEASER N 74 ~ )V A
cos| V,i |=—2;cos| V,j |=—2;cos| V,k :ﬁ_ (85)
4 4 4

1.3.3 IIleuokicmv moyku npu HAMYPaIbHOMY CROCODI 3A0ABAHHA PYXY

Hexail Touka pyxaeTbcst BIJJOMOIO TPAEKTOPIETO, 1 11 MOJOXKEHHS BU3HAYA-
€TBhCSl TYTOBOIO KoopauHaTow s (puc.69). Toni 3a yac At paaiyc-BEKTOpP TOUKH
oJepkaB mpupict Ar, a koopauHata s OpupicT As. OOUUCIUMO MIBUIKICTH

TOYKMH:
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V= lim —= lim
A—0 At At—0

V Ar (ﬂ-ﬁj: lim 5. fim A7 _95 .47 (86)
As At

A—>0At As—>0As dt ds

@)
Pucynox 69
dr dr|_ . |A7]
Po3rissHeMO BEKTO > MOAVJb skoro |[—|= 1M |— =1 Y
P ds y ds| Ar—0/As
, AF N
3B 3Ky 3 THIM, 1[0 HAIIPSIMOK BEKTOpa e CIiBIaa€e 3 HAMPsIMOM ciuHoi MM |,
s

. r
I'paHUYHUM ITIOJIOKCHHAM AKO1 € JOTHYHA OO0 TPAEKTOP1l TOYKHU, TO BCKTOpd— €
S

OJIMHUYHUM BEKTOPOM JIOTHYHOI 10 TPAEKTOPIi TOUKH

ar _
g—f. (87)

Ha mincrasi (86) 1 (87) ogep>kMMo HACTYIHUNA BUpa3 AJis MIBUAKOCTI MIPU

HaTypajJbHOMY CIOCO01 3a1aBaHHS PYXYy TOUKHU

ds

o9
dt

T=§-T. (88)
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. . A
HpO@KI_IIIO BCKTOpPAa MBUIAKOCTI1 VT = ; =S Ha JOTUYHY OO0 TPAECKTOPI1l HA-
t

3MBAIOTh AIreOpaiuHOI0 MIBUAKICTIO TOYKHU. 3HAK aireOpaiuHoi MIBUAKOCTI 3a-

JE€KUTH Bl HANPSMKY PyXy TOUKHU: SKIIO V, >0, TO TOUKa pyXaeTbcs y JOAAT-
HOMY HaIpsMKy BLUIIKY AYroBoi KoopauHatu, a skmo V<0, 10 — Yy
BiI’eMHOMY. MO/yJIb BEKTOpa MIBUAKOCTI V = ‘VT‘ = ‘S‘ BIIPI3HAETHCS BiJl anreo-

paiyHOi MIBUIKOCTI TIIBKUA BIICYTHICTIO 3HaKa, TOMY Oy/leMO Mo3HayaTH Iii JIB1

BEJIMYWHU OJTHUM 1 TUM KE CUMBOJIOM V.

1.4 BuzHayeHHA NPUCKOPEHHSA TOYKH

[IpuckopeHHsIM TOYKH HA3MBAE€ThCS BEKTOPHA BEIMYMHA, SIKA XapaKTepH-
3y€ 3MiHYy 3 4aCOM MOAYJIS 1 HAMPSIMKY BEKTOpa IMIBUIKOCT1 TOUKH.

1.4.1 Bexmophuii cnocio 6u3Ha4ueHHsa NPUCKOPEHHA

Hexaii 3a npomixok yacy Af Touka NepeMiCTUIACH 13 MOJ0KeHHS M | nie

BOHA Majia MIBUJKICTb V , B MOOkKEHHsT M|, 1€ 11 IBUIKICTH CTala JOpIBHIOBA-
™ V; (puc. 70). 3a medl NpOMDKOK Yacy IIBUAKICTH OTpUMaia HPHUPICT
AV =V, =V . Toxai cepeqHiM NPUCKOPEHHSAM TOUYKM 3a 4ac Af Ha3MBalOTh BiJ-

HOIICHHA

c_lcp VR (89)

Pucynox 70
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HanpasiieHuil BEKTOp d,, BIAINOBIIHO [0 HANpsAMKY Bektopa AV 'y Oik

YBITHYTOCTI TPAa€KTOPIi.
[TprcKOpeHHsI TOUKH y MOMEHT 4acy ¢ 3HaXOAATh SIK MEXY, 0 SKOI Ipsi-

MY€ CepeJIHE IPUCKOPCHHS d,,, PH HAOMMKEHHI Af 10 HyJIs:

L AV dV
a= lim S Iim —=—
At—0 At—0 At dt

— v .
Toni, 3 BpaxyBauusm (81), ne V' = m =7, MATUMEMO:

w7
dt  dr?

a= =7. (90)

OTxe, BEKTOp MPUCKOPEHHS TOYKHU y JAHWW MOMEHT 4acy JOpIBHIOE Tie-
pIIiif MOXIAHIM BiJ BEKTOpa IMIBUAKOCTI a00 Apyrid MOXiAHIN Bix paniyca-
BEKTOpa TOYKH 32 YACOM.

Bekrop a,, nexurs y IJIOLIMHI, CTBOPEHil BexTopamu Vi 171 Konu At
psIMye 10 HyJIs, Touka M| HaOIMKa€eTbCsl 10 TOUYKU M , 1 IUIOIIKMHA BEKTOPIB
(17,171) TIIOBEPTAEThCS HABKOIO BEKTOpa V , NparHydd [0 MONOKEHHS CTUYHOI
wiomuHU. OTKe BEKTOp MPUCKOPEHHS a JICKUTh Yy CTHYHIA TulomuHi M
(puc.67) 1 HanpaBiIeHUH Y O1K YBITHYTOCTI TPAEKTOPII.

Opunuis BuMipy npuckopenHs B cuctemi CI — 1w/ .

1.4.2 Bu3nauennsa npuckopenHns 6 0eKapmosiil cucmemi Koopounam

[Ipu xoopanMHaTHOMY CrOCOO1 3a/1aBaHHSl PYXy NMPUCKOPEHHS TOYKHU 3HA-

XOJIATh Yepe3 Moro mpoekIlii Ha KOOpIUHATHI OCi:

c_z:ax17+ay]_'+azl€_ ©1)

Kpim Toro, Ha mizcrasi Bupasy (90) 3 BpaxyBaHHAM TOT0, 110 OPTH i, j, k

HE3MIHHI, MAaEMO
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v av,. dav, . dv, -
= i+ Jj+ k. (92)
dt dt dt dt

a =

[TopiBHiotOun 3anexHocT (91) 1 (92) BcTaHOBUMO, 110 MPOEKIIii BEKTOpa

IMPUCKOPCHHA TOYKHU Ha I[eKapTOBi ocl KOOpAWHAT BU3HAYAKOTHCA q)OpMy.HaMI/I:

av. . av, . dv.
a, = =X; a,=——=Y; =—=%=7 93

3a HpOCKI_IiSIMI/I MMPUCKOPCHHA BU3HAYUMO Woro MOOYJIb

2, 2, 2
a:\/ax+ay+az (94)
Ta HaHpaBJISIIO‘{i KOCHHYCH

_ _ a _
cos(@,i)=22: cos(@,j)=—2; cos(@,k)="2. (95)
a a a

1.4.3 Buznauennsa npuckopenns mouKku npu HamypaaibHoOMy cnocooi

3A0A8aHHA PYXy

SIK10 pyXx TOYKHM 3aJlaHO HATypaJlbHUM CIOCOOOM, TO MPUCKOPEHHS TOY-
KM BU3HAYAIOTh Yepe3 Moro mpoekiii Ha 3B’s3aHi 3 PyXOMOIO TOUKoo M Hary-
payibH1 OC1 KOOpJMUHAT: NOTUYHY M7, roloBHY HOpMainb Mn 1 6iHopMans Me
(puc. 71), HanpAMKHU SKUX BCTAHOBJIEHI paHiiie B po3auti 1.2.

VY cyciiHpOMY MONOXKEHHI M| TOYKHM HATypajibHI OCl KOOPAUHAT 3MIHATH
cBiil HanpsMoK. Kyt A¢ Mix opramu 7 1 7; IBOX CYCIAHIX JOTMYHUX OCEH Ha-
3UBAETHCS KYyTOM CYMIXHOCTI.

Haramaemo nesiki mojioKeHHsI, BITIOMI 3 AU(EPEHIIaIbHOI TeOMEeTpii, sIKi
CTOCYIOTbCSI BIACTUBOCTEN KpuBUX. KpuBH3HOIO KpUBO1 B Toulll M Ha3UBaIOTh

MCIKY BiJIHOH_IeHHSI KyTa CYMi)KHOCTi A0 OOBKWHU CICMCHTA AYTU As:

K= lim 22_99 (96)
AS—0|As|  ds
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Pucynox 71

PaniycoM kpuBHM3HU KpHBOi B ToUulll M Ha3MBAa€ThCS BEJIMYMHA O, 00ep-
HEHa 10 KpUBU3HH,

p= 97)

1
k
[Togamo BeKTOp MIBHAKOCTI TOYKH, SIK TPU HATypaJIbHOMY CIOCO01 3a1a-

BaHHA PyXY, Y BUIJISII

V=V 1T,

T

ae V. =$§ — npoekiis BEKTOpa MIBUIKOCTI Ha BICh T .

Toni, va miacrasi popmynu (90), maeMo

W _d )Wy 9T (98)
dr dt dt dr

BuszHaunmo MOyiib 1 HAMPSIMOK APYroro 1oAaHKy y Bupasi (98):

a =

Td_T:Vrd_T'éerzd_T' 99)
dt ds dt ds

. dt AT
BcranoBumo BCIIMYUHY 1 HAIIPAMOK BCKTOPA d_ BCKTOp E 3aBXIHU
S

HaIpaBjieHu# y OiK YBITHYTOCT1 TPA€EKTOPIi 1 IEKUTH B TUIOUIUHI, 1110 TPOXOJUTD
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) _ drt ) )
yepe3 Touky M i Bektopu 7,7;. OTKE BEKTOp d_ JIEKHATH B CTUYHIN IUIOIIMHI,
s

10 AKOI IpsIMYe€ IJIOLIMHA BEKTOPIB 7,7, npu As — 0, 1 HanpaBieHui y 01K yBi-

. T _
THYTOCT1 TpaekTopii. KyT Haxuimy BekTopa % 70 BEKTOpa 7 BU3HAYUMO, JIH-
t

. . _ _ 2 T _
(dbepeHIioYn 32 § TOTOXKHICTD T T =7~ =1; 0IepXUMO 2d—r =0. I3 mporo
s

T . _ . T
BHIINIMBAE, IO BEKTOPHU —— 1 7 B3d€MHO NCPICHIAUKYIAPHI. OTtxe BCKTOp ——

ds ds
HaIpaBJICHUH 3a TOJOBHOK HOPMAJLTIO JIO IIEHTPA KPUBU3HH TPAEKTOPII.
_ A
Bu3znavaroun Monaynb BEKTOpa ccz;_r’ BCTaHOBHMO, IO ‘Aﬂ=2sm7(p
s
(muB. puc. 71). Tomy
: . Ap ‘
_ _ 2sin—— sin ——

. |A : A . A 1
T im 2 2 lim = i 2P tim 2P k== (100)
ds| As—0|As| As—0 ‘AS‘ As—0l AQ As| As—0 ‘AS‘ Jo,

2
BpaxoByroun BCTaHOBJICHHH HAIPSIMOK IIbOI'O BEKTOpa, MAaTUMEMO
cji—rzl. [TincraBumo 11e 3HaueHHS y Bupas (99), 1 3rigHo 3 hopmynoro (98)
s P
OJICPKHMO

dv, 2
a= Tf+V—ﬁ, (101)

dt D

OCKUIbKHU VT2 =V2. 3 niei GopMyIH BHIUIMBAE, IO BEKTOP IPUCKOPECHHS
JICKUTh Y CTUYHIN TITOIIMHI.

TakuM YuHOM, BEKTOp MPUCKOPEHHS! TOUKH MA€ JIB1 CKIAJ0B1: JOTUYHY Ta
HopManbHy. CKI1a/loBa BEKTOpa MPUCKOPEHHS y HAPSIMKY O1HOpMaJli TIOPIBHIOE
Hy/10, T00TO a, =0.

JIOTM4HE NPUCKOPEHHS

7 =er_ sz (102)
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HaIpaBJIeHE 3a JIOTUYHOIO JI0 TPAEKTOPIl y HANPAMKY 30UIbIISHHS KOOP-

AVHATH S, SKIIO anredpaiuHa HMIBUJKICTb TOYKHM V, 30UIbIIy€ThCS, 00 B Ha-

MNpAMKY 3MCHIICHHA §, SAKIIO V‘r SMCHINYE€THCA, TOOTO AOTUYIHC TIPHUCKOPCHHA

XapaKTepu3ye 3MIHY MOJYJS MIBUAKOCTI TOUKH. [Ipoexiis TOTHYHOro MpUCKO-

PEHHS Ha BICh T :

dv,
a, =2t =, 103
Sl (103)
HopmasbHe NprCKOpeHHS
2 -2
a = "w-5, (104)
p

a oro npoex1is Ha TOJIOBHY HOpMailb

(105)

Ile npuCKOpEeHH 3aBKIU HANpaBiIeHE 3a HOPMAJUIIO 10 TPAEKTOpIi y Ha-

NPSIMKY YBITHYTOCTI1; BOHO XapaKTepU3ye 3MiHY BEKTOpa MIBUIKOCTI 3a HAIpsIM-

KoM. Tak sIK 11 CKJIa/J0B1 B3aEMHO NEPHEHANKYIIAPHI, TO MOJYJIb BEKTOpa Mpuc-

KOPEHHS 3HaXOJIUThCA 32 (OPMYIIOI0

a= a2+a

(106)

1.5 Okpemi BUnagKu pyxy TOYKH

Posrasinemo 3BeseH1 10 Tabnuii 1 BUMaagKu XapakTepy pyXy TOYKH B 3a-

JIEKHOCTI BiI[ 3HA4YCHb JOTHYHOI'O 1 HOPMAJIBHOTO IIPUCKOPCHb.

Sk GaumMmo, TUIbKU y BUIAJKy PIBHOMIPHOTO MPSMOJIIHIHHOTO PyXy TOY-

KU 11 IPUCKOPEHHS JOPIBHIOIOTH HYJIO. B IHIIMX OKpeMUX BHUIMAJKaxX pyXy TO-

YyKa Ma€ BIAMIHHE BiJl HYJISl IPUCKOPEHHS: PU 3MIHHOMY NPSAMOJIHIHHOMY pYyCi

MPUCKOPEHHS TOYKU OyJie TIIbKU TOTHYHHM, NMPU PIBHOMIPHOMY KPHUBOJIHIN-

HOMY — TUIbKM HOPMAaJIbHUM, a MPU 3MIHHOMY KPHUBOJIHIMHOMY pYCi IPHUCKO-

PCHHA TOYKH CKIIAAATUMCTBCA 13 JOTHUYHOI'O 1 HOPMAJIBHOT'O ITPUCKOPCHb.
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Tabnuys 1
3HaveHHSI NPUCKOPEHHS TpaexkTopis, BekTOpH
Xapakrep ..
IIBU/KOCTI i MPUCKO-
PyXxy — — — . .
a, a, a PE€HHHA, KIHEeMaTH4YHI 3a-
TOYKH .
JIEKHOCTI
i ¢ >
PiBHOMIpHUY 0 M yoX
npaMoniHiiiauit |a, =a, =0 a,=0 a=0 =
p 4 X n V =const; x=x, +Vt
pyx
| é >
a‘[ = ax = O M a V X
PiBHO3MIHHUMI d _ _
. o == an:O a = T V_V0+at
NPAMOJTIHIAHUT dt )
= const
PiBHOMIpHUI _
DM e =0 2 a=a,
KPUBOJIHIMHUN a, =—
Jo,
: . . dv 5
PiBHO3MIHHUM a, =—= Vel o _
VY dt a,=—,\a=a, +a,
KPUBOJIIHIMHUN Jo;
= const

Tpeba Bim3HAUMTH, 11O JOTUYHE MIPUCKOPEHHS JOPIBHIOE HYIIIO, SIKIIO TO-
YKa PyXaeTbCs 3 MOCTIHHOIO anreOpaiyHOIO MIBUJIKICTIO, a00 B MOMEHTHU Hacy,
KoM anreOpaiyHa MIBUAKICT, HAOyBa€ €KCTPEMaJbHUX 3HAYEHb (MAKCUMYM 4YH

MIHIMYM).
HopMmanbhe npuckopeHHs OyJe TOpIBHIOBATH HYJIIO IPHU MPSIMOJIIHIMHO-
My pyci abo B MICISIX TIEPETHHY TPAEKTOPIi, TOOTO KOJIU O =00, a TAKOX B Ti

MOMCHTH 4acCy, KOJIHN H_IBI/II[KiCTB TOYKH I[OpiBHIOG HYJIIO.
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1.6 Ilpukjagym BH3HAYECHHHA KIHEMATHYHHX XAPAKTEPUCTHK PYyXy

TOYKH

Jl7ist po3B’s3aHHS 3a/1a4 KIHEMAaTUKU TpeOa 3HaTH 3aKOH PYXY TOUKH, KU
a00 3a/a10Th SIBHO B YMOBI 3aj1a4l, a00 MO>KHA BU3HAYUTH 13 BIJOMOT'0 PyXy Me-
XaH13MY, OJIHI{ 13 JJAHOK SIKOTO HAJIEKUTh PO3TIIsyBaHa TOUYKA.

KinemaTuuHi XapakT€pUCTUKH PyXy TOUYKHU (IIBHIKICTh, HMPUCKOPEHHS,
JOTUYHE 1 HOpMalbHE MNPUCKOPEHHS Ta 1H.) BHU3HAYAIOTHCA 3a (PopMyliamMH
(82)...(95), (101)...(106). Sxmio pyx 3agaHO KOOPJAWHATHUM CIIOCOOOM, TOOTO
piBHAHHAMHU (76), TO MBUAKICTh 1 IPUCKOPEHHS TOYKH 3HAXOATh 3a (hopmyIa-
Mu (83)...(85), (93)...(95). [Ticna obuucieHHs MBUIAKOCTI V' 1 IPUCKOPEHHS a
MO>KHA 3HANTH 1 JOTUYHE Ta HOpMalibHE MPUCKOpeHHs. bepyun nmoxiaHy 3a ya-
dVv _ Veia, +V,a, o
dt V

< . 2 2 2
pPMaJIbHE NIPUCKOPCHHA 4@, 3HAUACMO 13 3aJICKHOCTI 4 =4, + a, . OI[HO"IaCHO

COM BI1Jl 3HaWJEHOro BUpa3y V , BU3HAYaeMo, 110 a, =

MOJKHA 3HAWTH pajilyC KPUBU3HU TPAEKTOPIl o 13 popMmynu a, = % / p.

SIkuio pyx 3aJjaHO HaTypajJbHUM CIOCOOOM (3a7aHa TPAEKTOPIs 1 3aKOH
PYXY B3IOBX TPAEKTOPIii), TO BCl XapaKTEPUCTUKHU PyXy BU3HAUAIOTHCS PopMy-
namu (88), (93)...(95). [noni 3ak0oH pyXy TOUKH TPAEKTOPIEIO B YMOBI 3a7a4l HE
HABEJIEHO, 1 MOro HEOOXITHO CKJIACTH, BUXOISYM 13 3alaHUX XapaKTepy PyXy
(pIBHOMIpHUN YW PIBHO3MIHHUM) Ta 3HAYEHHS JIEAKUX KIHEMAaTHUYHUX XapaKTe-
PUCTHK pyXy B IEBHUI MOMEHT 4acy. /[ bOro 3acTocoByIOTh (hOPMYJIHU KiHE-
MaTUYHHUX 3aJIEKHOCTEH B OKPEMHUX BUIIAJIKaX pyXy TOUKH, 5Kl HaBe/JeH1 B Ta0-

i 1.

Ilpuknao 16
3HailT TpaekTOpito TOuku M matryHa AB KpHUBOLIMIIHO-IIATYHHOTO

MexaHi3My (puc. 72), skuio noexkuHa kpuBommna OA=r=20cm, TOBXKHUHA
: [

matyHa AB =1[=20cm, Biactanb AM = 2 =5 cm, KyT HAXWIy KPUBOIIUIIA 10

TOPU30HTAN1 3MIHIOETHCS 32 3aKOHOM (@ =2f paja. 3HAWTU TaKOX HIBUIKICTb,

. T
IIPUCKOPEHHS Ta pajilyCc KPUBU3HHU TPAEKTOPIl TOUKU B MOMEHT 4acy f = ] CEK.
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Pucynox 72

Po3B’s13aHHs
VY naniit 3ama4i 3aK0H pyxy TOYKH O€3MOCEPEIHbO HE 3aJlaHUi, TOMY B
NepIly Yepry BCTAHOBUMO PIBHAHHS pyXy TOUYKH M y KOOpAMHATHIN GopMi.

JUis 11bOr0 IMPOBEAEMO OC1 KOOPAMHAT X Ta ), PO3MICTHUBILHU IX IOYATOK
B Toulli O 1 BU3HAYMMO KOOpJAUHATH TOUKU M sk QyHKIIT KyTa ¢ . I3 pucyHka

72 BUAHO, 11O
x=0Acosp + AM cosp =25cos¢;
y=0A4sm@p - AM sinp =15sin¢@.
A00 3 BpaxyBaHHSIM 3QJISKHOCT1 KyTa ¢ BIJ 4acy:

x =25cos2t; y =15sin 2¢.

JJist BUBHaueHHs PIBHSHHS TPA€KTOPIii TOUKW M BUKIIOUYHUMO Yac ¢ 3 piB-

HSHHS PYXy

cos2t = i; sin2t = l.
25 15

[TigHicmn 0OWABI YaCTUHU IUX PIBHOCTEM 10 KBajpaTy Ta CKJIABIIHU iX,

0JIEP>KUMO
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X2 y2

I A |

252 152

Orxe, Tpaektopito Touku M Oyne eminc 3 miBocaMHu 25 cm 1 15 em 3

nentpoMm B Touli O. [loOynyeMo TpaekTopiro y BuOpaHoMy Maciitabi 1 moka-

.y . 7
’)KEMO Ha HIH IOJI0KCHHS TOuku M Yy 3aJaHU MOMCHT 4Y4cCy tl —g C, KOJINM 11

KOOpJIMHATU OyyTh
T .
Xy = 250052 =17,675 cm; yy = ISSmZ = =10,605 cm, (puc. 73).

[Ipoexiii BekTOpa MIBUAKOCTI HA OC1 KOOPAMHAT
Viy=x=-50sin2t; V,=yp=30cos2t

X

MOOYJIb H_IBI/II[KOCTi B 6YHB-HKHﬁ MOMCHT 4YacCy:

V=V +V2 =10y25sin? 21 + 9 cos 2t .

HaHpHMOK BCKTOpa V y 6YIIB-$IKI/Iﬁ MOMCHT 4YaCy BHU3HAYA€THLCA HAIIpaB-

JEIFOYUMHU KOCUHYCaMU:

— V. 5sin 2t
cos|V,x|=—= ;
V' \J25sin?2¢ +9 cos 2t
N V 3 cos2t
cos|V,y =2 cos

V. \J25sin?2t +9cos> 2t

[IprickopeHHsI TOYKH )/ 3HaiiieMo 3a HOro MpOEeKIisIMU Ha OCl KOOPJIH-
HaT 3ri7HO 3 popmynamu (93) 1 (94):

a, = v =-100cos2¢; a, =-60sin 2z,

Yodt

118



0 5 10cm

10 20 cm/c

10 20 cm/c?

| |

Pucynox 73

MOZYJIb BEKTOpPa MPUCKOPEHHS

a=,[a? +a? =10,/100 cos® 2 + 36 sin> 21;

HaHpaBJISIIO‘Ii KOHYCa BCKTOpPA ITPUCKOPCHHA:

(_A] a, 10 cos 2t
cos|a,x|=—%=- ;
a  \[100cos® 2t +36sin? 2t

cos E/\ a4 6 sin 2¢
9y - a - 5 ) .
100cos” 2t + 36sin” 2¢
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o . T
Buznauumo 3HAWJICH1 BEJIMUYNHHU B MOMCHT 4acCy tl = g C:

v, =—505in%=—35,35 enfe; V, =30cos%=21,2 emje;

V =(=3535)% + 21,22 =41.2 en/c;

a, =-100 cos- = 70,7 cu/c?; a, =—60sin=-42,4 cu/c?;
4 4

a=(=79,7) +(-42,4) =82,45 cu/c”.

JloThyHE MPUCKOPEHHS 3HAlAeMO, TU(PEPEHIIII0I0YN BEJIMUUHY HIBUIKOC-

Ti1 TOUKH:

. :dV:anx+Vyay
/i 14

: Y3
1 B MOMCHT 4Yacy ¢ = g Ma€EMO:

. (-35,35)-(~ 70;?; 21,2-(-42,4) _ 38,85 cu/c? .

3HaliiIeMo HOpMaJlbHE TPUCKOPEHHS TOYKH 332 (POPMYIIOI0

a, =+a® —a® =+/82,45> 38,857 =72, 7cm/c? |

Paniyc kpuBHu3HU TpaekTopii B AaHiil Touui M, 3rigHo 3 popmynoro (105)

JIOPIBHIOE
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VY 3amaHoMy MOJ0KEHHI TOYKHA B MaciiTadi OyayeMo BEKTOp V' 31 ckia-

JOBHUMU Vx Ta Vy , HAIIPABJIAIFOYHU BCKTOP H_IBI/II[KOCTi 3d JOTUYHOIO JO TPAEKTO-

pii (quB. puc. 73). BeKTOp @ 3HaXOAMMO 3a CKIaJIOBUMHU d, 1 @, & TAKOK 1 3a

a, Ta a,, K NoKa3aHo Ha puc. 73. BukoHaHHd yMOB 1oOyI0BU LIUX BEKTOPIB

MIATBEPIKYE MPABUIBHICTH MPOBEIECHNUX 00UYHCIICHb.

Ilpuknao 17
Touka pyXaeTbcs KONIOM paiiyca 25 m 3a 3aKOHOM S =21> +3f (s — Y

MeTpax, ¢ — Yy CeKyHaax). BU3HaunTH NpuUCKOpPEHHS! TOYKU y TOM MOMEHT 4acy,

KOJIH ii TyroBa KoopJuHaTa Oyje JopiBHIOBATH 27 M.

Po3B’s13aHHs
Pyx Touku 3aaHO HaTypajabHUM criocoboM. Bubepemo Ha TpaekTopii mo-
4aTKOBE MOJIOKeHHST O Ta NOJaTHUN HANpsIMOK pyXy (puc. 74) i mokaxxemo I1o-
JOXKEHHA M, TOYKM B TOM MOMEHT 4Yacy f, KOJIM II Iyroa KOOpAWHATa
. . sy 27 .
sy =27 m, WO BIANOBIAAE LIEHTPAIBHOMY KYTY @ =% :E =1,08 pan. 3Haii-

AEMO 4Yac #; pyXy TOYKH, MIJCTABUBIIU B PIBHSAHHS PyXy 3HAUEHHS S| 1 f:
27= 2t12 + 3¢,. I3 kBapaTHOrO PIBHAHHS 2t* +3t—27=0, 3naiinemo:

_—=3£49+4-2-27 -3£15

t = = ,
: 4 4

To0TO #; =3C.

Bennunna IJ_IBI/IJIKOCTi 1 IMPUCKOPCHHA TOYKH I[OpiBHIOIOTB:

V=§=4t+3, a, =d—V=4M/c2 = const .
dt dt
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Pucynok 74

[pu ¢ =1, =3¢ weuakicts V; =4-3+3 =15 u/c. Toni HOpMasbHE TIpUC-

KOPCHHA TOYKH Y ueﬁ MOMCHT 4acCy

V12 152 )
a, =—=—-=9 mu/c”,
" R 25 /

a ITIOBHC ITPUCKOPCHHA TOYKH B MOJIOJKEHHI Ml

ay, :\/aT2 +a’ =42 19?7 =985 mjct.

Ilpuknao 18
Binxoasuu Bij cTaHIlli, MOi3]] pyXaeThCsi PIBHOMPUCKOPEHO IYTrOl0 KOJa
paniycoM R =720m . IlpoimoBmu musax s; =480.m , moi3q oaepkaB MIBUAKICTh
Vi =12 m/c . 3HaiiTu 4ac, 3a SIKAi MO13] MIPUHIIIOB If0 BIICTaHb, Ta HOro MOBHE
1 ’ ’

IIPUCKOPEHHS Yy LIEH Yac.

Po3B’s13aHHs
Posrisimaemo moi3z sk pyxoMy TOYKY, TPA€EKTOpis sikoi Bigoma. st 3Ha-
XO/DKEHHS IIYKAaHUX BEJIMYUH CKOPUCTAEMOCH HATYPaJbHUM CIIOCOOOM 3aja-

BaHHA PyXY, BUOpaBILM MOYATOK BIIJIIKY Ha TPAEKTOPii B MOYATKOBOMY IOJIO-
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KEeHHI noizaa, konu npu ¢t =0 maemo s, =0 1 V; =0. Toal piBHO3MIHHUI pyX

HOISIIa OIMUIICTBHCA 3aJICKHOCTAMMU.

t
V=a, -t s= Iz
2
, ) .. 2s . 2 )
POBB SISYIOIH/I CIIUJIBHO 111 plBHS[HHS[, 3HAX0AUMO l‘=7 1 CZT 22—, 3B1AKHN
S
IIYKaHUI yac pyxy 1 JOTUYHE PUCKOPEHHS OYIyTh

2s, 2-4 ve o o122
=280 gy o S 127 g5 ae2

4 12 2s, 2-480

[ToBHE mpuckopeHHs BU3Ha4YUMO 3a hopmyioro (106)

_[2, 2
a =+a; +a,,

2

V )
ae a, =—, abo NpH YMCIOBUX 3HAYCHHAX 3a/1a4l
2 2
V, 12
a, :L:—:0,2M/c2 .
R 720
OcTaTto4HO

a=+0,15%+022 =025 m/c>.

Humanns ona camoKkoHmpoiio

1 IIlo BuBuae kinematuka? ChopMyIrolTEe OCHOBHY 3a/1auy KiIHEMaTUKH
TOYKH.
2 JlaiiTe BU3HAYE€HHS CUCTEMH BIIJIIKY, 3aKOHY PyXY TOUKH.

3 o Take TpaeKTOpis TOYKH, IKOIO BOHA MOXKe OyTH?
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4 S$ki icHYIOTh CcIIOCOOU 3a/1aBaHHS PyXy TOUKH 1 B UOMY TOJIATAE KOKEH
3 HUX?
5 Sk mpu KOOpAMHATHOMY CIOCOO1 3a/1aBaHHS PyXy TOUYKH BU3HAYAETHCS
il TpaexTopist?
6 3a sSKuX yMOB MPONAECHUI TOYKOIO HIJIAX 1 ii AyroBa KOOpJIHWHATa Ha
TpaeKTOpIi CIiBIaAAIOTh?
7 YoMy AOPIBHIOE 1 SIK HANPABICHUI B IPOCTOP1 BEKTOP IIBUAKOCTI TOY-
KH?
8 3anuuith GopMyNH AJs MPOEKIli MIBUKOCTI TOYKM HA OC1 I€KapTOBOI
CUCTEMU KOOpUHAT.
9 Sk 3a mpoeKkuisMH MIBUIKOCTI 3HAUTH 11 MOYJIb 1 HATIPSMOK?
10 fx Bu3HaAuaeTbcs anreOpaiyHa IIBUAKICTH PYyXy TOYKH 3a 337aHOIO
TPAEKTOPIEI0?
11 Yomy nopiBHIOE 1 K HampaBlIE€HUH B MPOCTOP1 BEKTOP MPUCKOPEHHS
TOYKHU?
12 Sk BU3HAYA€ETHCS MPUCKOPEHHS TOYKU MPH KOOPAMHATHOMY CHOCOO1
3a/1aBaHHA pyXy?
13 IIlo Take HaTypalsibH1 OC1 KOOpAUHAT? SIK BOHU HamNpaBIieH1?
14 'V kil TUIOHNIMHI PO3MIIIYETHCS BEKTOP MPUCKOPEHHS Y BIIHOIIEHHI
710 HaTypaJbHUX OCeH, KyJu BIH HaIIpaBiIeHUM?
15 Yomy IOpiBHIOIOTH MPOEKIIii MPUCKOPEHHS TOYKM Ha JOTHYHY BICH 1
rOJIOBHY HOpMaJIb JI0 TPAEKTOPIi?
16 VY sxux BUMaakax JOTUYHE MPUCKOPEHHS TOYKH JopiBHIOE Hymo? Ho-
pMasibHe MPUCKOPEHHS TOUKH JOPIBHIOE HYIIO?

17 Sxuii pyX TOUKH Ha3UBAETHCA PIBHOMIpHUM? PiBHO3MIHHUM?

2 ITIPOCTI PYXH TBEPAOI'O TIJIA

2.1 3arasnbHi M0JI0KEHHSI KiHEMATHKH TBEPAOro Tijia
OCHOBHUM 3aBJIaHHSIM KIHEMAaTHUKH TBEPJOTO Tila € BCTAHOBJICHHS CIIO-

cOOIB OMHUCYBaHHS MOro pyXy sIK JJi TU1a B IIJIOMY, TakK 1 JIJII OKPEMUX HOTO

TOYOK.
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Onucatn pyx Tila — 1€ 3HAYUTh yKa3aTH CHOCIO 3HAXOJKCHHS B OYIb-
KA MOMEHT 4acy TMOJIOKEHHsI Tijla BITHOCHO BUOpaHOi cucTeMu BITIKY. s
BOTO JIOCUTH 33JaTH JIEKUIbKa HE3aJeKHUX MapameTpiB, sIKI OJJHO3HAYHO BH-
3HAYalOTh MOJIOKEHHS TU1a B MPOCTOP1 B 3aJIEKHOCTI BiJ] 4acy. PIBHSHHS, B IKUX
[l MapaMeTpu 3aJaHi aK QYHKIII 4acy, 1 € pIBHIHHAMU pyXy TuIa, sSIK1 BU3HAYa-
I0Th 3aKOH PyXYy TiJa.

Kinekicms nezanexcnux napamempis, AKUMU OOHO3ZHAYHO GUIHAYAEMbCSA
NON0JACEHHS MIA 8 NPOCMOPI, HA3UBAEMbCS YUCTIOM CMYNEHIE 8LIbHOCMI MLd.

VY MexaHili po3pi3HAIOTh N'ITh BUIIB pyXy TBEPJOro TiIa: MOCTYNAJIbHUH,
o0epTarbHUM HABKOJIO HEPYXOMOI OCI, MJIOCKO-MapaieabHuil (TUI0CKuit), 00ep-
TaJbHUM HABKOJIO HEPYXOMOi TOUKH (chepuuHUii), BUIbHUN PyX TBEPIOTO TiJA.

Jlo mpocTUX pyXiB BITHOCSATHCA MOCTYMAJbHUIA 1 00€pTadbHUNA HABKOJIO

HEpPYXOMOi ocl. [HII pyXu TiIa MOXHa MPEICTaBUTU K CYKYMHICTh MPOCTUX

PYXIiB.

2.2 llocTynajJibHMH PyX TBEPAOro Tijia

Tlocmynanvrum Hazueacmvbcs makuii pyx meepoo2o miid, npu aKomy 0o-
8IbHA NPAMA, NPOBEOeHA 8 MINli, PYXAEMbCA 3ATUUAIOUUCH NAPATIETILHOIO CBOE-
MY ROYAMKOBOMY NOJIOHCEHHIO.

[IpuknagamMu MOCTYNAJBHOTO PYXYy € PyX Ky30Ba aBTOMOOLIS Ha MPsSMO-
JTHIAHIA OUISHIL LUISXY, pyX crnapHuka AB (puc.75), mo 3’€qHye KPUBOIIMITH
OA 1 OB o1HaKoBOi JIOBXKUHH, 51Kl 00epTatoThcs. TOUKM CrlapHUKA MPU IILOMY
pYyXaroTbCsl [yraMH KiJI OJIHAKOBOTO pajiyca. [HIIMM MpUKIaJ0M MOCTYNalbHO-
ro pyxy TBEpJOro Tila € pyX KabiHOK Kojeca orsiay. TpaekTopisiMu KaOiHOK €
OKPYXHOCTI, @ B pyCl BOHM BECh 4YacC 3aJIMIIAIOTHCS MapajedbHUMHU MOBEPXHI

3€MUIIL.

[ A

Pucynok 75
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BnacTuBOCTI MOCTYNanbHOTO PyXy Tijla BU3HAYAIOTHCS TAKOKO TEOPEMOIO:
npu NOCMYNAILHOMY PYCi meepoo2o mind 6ci tio2o0 MouKy ONUCYIOMb 0OUHAKOB]
MPAEKMOPIL | 8 KONCHULL MOMEHM 4ACY MAOMb PIBHI MIdIC OO0 8eKMOpU ULBU-
OoKocmell | 6eKMOpU NPUCKOPEHb.

JIns1 foBeAieHHS TEOPEMHU PO3IIISTHEMO TBEPJIE TLIO, SIKE 31HCHIOE TIOCTY-
MajJbHUNA PyX BITHOCHO cuUcTeMH BIIIIKYy Oxyz (puc. 76). Pamiycu-Bekropu mo-

BUILHUX TOYOK A 1 B Tij1a 3B's13aH1 MK COOOI0 CITIBBIIHOIIIEHHAM

ne AB = const — cTanuii 3a BEJIMYMHOIO Ta HAPSIMKOM BEKTOP.

Pucynox 76

OTxe , paJlyc-BeKTOpU 7'y 1 'z TOUOK A 1 B Tia BIAPIZHIIOTHCS MIXK CO-

0010 Ha cTanuii BeKTOop AB, 1 romorpadu nux paaiyciB-BeKTOpiB (TOOTO Tpaek-
TOpii TOYOK A4 1 B) cniBnayTh NpU HAKJIaIaHHI.

Hudepeniitoroun 3a yacom criBBigHoieHHs (107), ogepxxumo:

drg _dry d(AB)
dt  dt dt

_ d(4B) _

A
dt
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drg dr R — . .
Tomy —2 ="4 ago Vg =V,, TOOTO HMBUAKOCTI TOYOK y OYyIb-IKUI
dt dt
MOMEHT 4Yacy OJIHAKOBI.

AHaJIOTTYHO OTPUMAEMO:

dvVy dV,
dt dt

abo az =a,, TOOTO MPUCKOPEHHS TOYOK TLIAa B OyAb-IKHH MOMEHT Yacy

OJITHaKOBI, 1 TEOpeMa JJOBEICHA.
I3 11i€1 TEOpemMu BUIUIMBAE, 110 MOCTYNAIBHUM PyX TLIa MOBHICTIO Xapak-
TEPU3YETHCS PYXOM OJIHI€T Oy/Ib-IKOT TOUKU L[HOTO TUIa (HApHUKIaa, TOUKH A).

Tomy piBHAHHS IIOCTYIAIBHOTO PyXY TBEPAOTO Tijla HAOy/e BULIISLY:
x,=/@); ya=/20); z4=f30), (108)

a KIHEeMaTHU4YHI1 XAPAKTCPUCTHKHU MMOCTYIAJIBHOI'O PYXY TiJ1a BU3HAYAIOTHCS

3a popMysaMH KIHEMaTUKH TOYKH.

2.3 O0eprajibHUI PyX TBEPAOrO0 Tijia HABK0JIO Hepyxomoi oci. Kyrosa

IIBUAKICTD | KyTOBe IPUCKOPEHHS

ObepmanvHum HA3UBAEMbCA MAKUU PYX MEepo020 Mmind, Npu sAKOMY 6CI
MOUKU MiNa, Wo 1eicams Ha O0esKill 36 SA3aHill 3 MiIoM NpAMIl JiHil, 3anuua-
romuvcest Hepyxomumu nio yac pyxy mina. s mpsiMa Ha3UBAETHCS Gicco 0Oepman-
Hs. Touku Tina, K1 He JIeKaTh Ha OCl 00epTaHHs, PyXalThCs KOJaMu, IO Jie-
KaTh B IUIOIIMHAX, NEPNEHAUKYIAPHUX OCl OOepTaHHsS, a LUEHTPU KUI 3HAXO-
ISITHCA HA I OCl.

Jlisi BU3HAYEHHS TOJIOKEHHS Tu1a BHOEpEeMO JOJATHUM HAmpsIMOK OCl
oOepTaHHs (HampsiM z) 1 MPOBEAEMO Yepe3 L0 BICh HepyXxomy miButouiuny Il
(puc.77). Pyxomy niBmiomuny I1; ®opcTKO 3B'SKEMO 3 TUIOM, 10 00€PTAETHCA.
[TonoxeHHs TiMa OJHO3HAYHO BCTAHOBIIOETHCSA KYTOM ¢ (KyTOM MOBOPOTY Ti-
Ja) IBOrpaHHOrO KyTa Mk miBmiomunamiu Iy 1 I1;. BBaxxatumemo KyT ¢ nona-
THUM, SIKILO 3 JOAATHOTO HAMpPSAMKY OCl oOepTaHHS 0auMMO MOro BiIKJIAJIEHUM

MIPOTU TOJMHHUKOBOI CTPUIKH.
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Pucynok 77

3aJIe’KHICTh KyTa OBOPOTY BiJl Yacy
¢ =o(1) (109)

€ PIBHAHHAM 00epManbHO20 PYXYy MIiNd HABKOJIO HEPYXOMOIL OCi.

OCKUTbKM TOJIOKEHHS T11a BU3HAYAETHCS OJHUM HE3QJICKHUM TapamerT-
poM (KyTOM TOBOPOTY (), TO TUIO MPU 00EPTATHLHOMY PYCl MAa€ OJHY CTYIIIHb
BUIBHOCT!I.

BumiproeTscsi KyT MOBOPOTY ¢ B pajiiaHax.

KinemMaTH4HUMM XapaKTepUCTUKAMH OOEpPTANbHOI'O PyXy TLIa € KyTOBa
HIBUAKICTh @ (OMera) i KyToBe MPUCKOPEHHS £ (ETICLIOH).

Kymoesorw weuokicmro Ha3uBaeThes (i3nyHa BEJIMUUHA, 1110 XapaKTepU3ye
OUCTPOTY 3MIHHM KyTa MOBOPOTY ¢ 3 YaCOM.

Hexaii 3a nmpoMixkok yacy A¢ KyT HOBOPOTY TUIa ¢ JICTaB MPUPICT AQ.

Toni cepenHst KyToBa MIBUIKICTH T1JIa 32 MPOMIKOK yacy At

Ap
Yo =
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Mema, a0 SIKOT HaOIMKAEThCS CCpCaHA KYTOBa H_IBI/II[KiCTB @, , KOJIN

MIPOMDKOK Yacy Af mpsiMye A0 HyJs, HA3UBAETHCS KYTOBOIO MIBHJIKICTIO B Ja-

HHUM MOMEHT 4acy ¢ :

o(t) = lim 22 -9
A—0 At dt

OTxe, kymosa weuoKicms mina npu 1020 06epmanHi Ha8KoJI0 HEPYXOMOi

0CI OOPIBHIOE Neputiti NOXIOHIU 3a YACOM 810 Kyma NOBOPOMY:

_de _
dt

® P. (110)

Sxuo @ >0, To TUIO B JaHUW MOMEHT 4Yacy 00epTaeThCs B JIOAATHOMY
HaIpsIMKY, TOOTO MPOTH TOAMHHUKOBOIT CTPUIKH.

=—pa0=c_1.
c

OnuHuis BUMIPY KYTOBOI IIBUJIKOCTI [a)]

. : 06
[HKONMM KYyTOBY HMIBHIIKICTH BUMIPIOIOTH B 00€pTax 3a XBWIMHY (1, —).
X6

Toni KyToBa MBUAKICTh @ B pajiaHax 3a CEKYHy OOUUCIIOETHCS 3a (HOPMYJIIOI0
0="" (111)

KyroBa mBUAKICTE MOXe OyTH 300pa’keHa BEKTOPOM @ , MOJYJb SIKOTO
BU3HavyaeTbes opmyroro (110), 1 skuii HanpsSIMIIGHU B3JI0BXK OC1 0OepTaHHS B
TOM OIK, 3BIIKM OOEpTaHHS TUIa BUAHO MPOTHU XOAY TOJAMHHHKOBOI CTPUIKH
(puc. 78) (mpaBWIO MPaBOi PyKH).

Ileii BekTOp BHU3HAYA€E MOJIOKEHHS OC1 OOepTaHHs TUIa B MPOCTOP1 Ta Ha-
npsiM 00epTaHHsl HaBKoJIO ocl. Touka MpuKIIaJaHHs BEKTOpa @ BUOUPAETHCS HA
oci 00epTaHHs I0BUIbHO, TOOTO @ — KOB3HHI BEKTOP.

Kymoeum npuckopennsm HazuBaeThcs (I3MYHA BEIMYUHA, sIKA XapaKTe-
pu3ye OUCTPOTY 3MIHM 3 YACOM KYTOBOI IIBUIKOCTI T1IA.

SIkuo 3a mpoMIXKOK 4acy Af KyToBa IIBUJKICTh 3MIHUTHCS Ha BEJIMYHUHY

) Aw
A®, TO cepellHE KYyTOBE MPUCKOPEHHS Oyle TOpIBHIOBATU Ecp :Tt' Kyrose
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IMPUCKOPCHHA Y JIaHI/Iﬁ MOMCHT 4YaCy 3HAXOJAHUTBLCA AK MCXKaA, 10 SIKO1 HaOJIMKa-

€ThCA CCPCAHE KYTOBC IIPUCKOPCHHA, KOJIN HpOMi)KOK qacy At MpAMYy€ 00 HYJIA:

. Ao do
g(t)=lim —=—.
At—>0 At dt

OTxe Kymoge npuckopeHHs miia OOPiBHIOE Neputiti NOXIOHIl 3a 4acoM 810

KYmogoi weuoxocmi abo opyeaiil noXioHill 810 Kyma nogopomy mina

dw
E=—=¢. 112
Fraa (112)
. pao -2
OnuHuLs BUMIPY KyTOBOTO IPUCKOPEHHS — 1—2 =1c “. Kyrose npu-
C

CKOPEHHsSI Tak0oX MOKHa 300pa3uTH Yy BHIJISAI BEKTOpa &, HAIMPaBJICHOIO
B37I0BX oci obeptanHs (puc.78). [Ipu mpuckopeHoMy oOepTaHH1, SKIIO MOIYJIb
KyTOBO1 IIBUAKOCTI 3 4acOM 30UIbIIYETHCS, KyTOBa MIBUAKICTh 1 KYTOBE IMpHUC-
KOPEHHS Mal0Th OJHAKOB1 3HaKH, 1 BEKTOPU @ 1 & HANPABIICHI B OJHOMY 1 TOMY
K HanpAMKY (auB.puc.78,a). Y BUMAAKYy CIOBUIBHEHOIO 0O0€pTaHHA 3HaK KyTO-
BOT'O MPUCKOPEHHS MPOTUIICKHHUM 3HAKY KYTOBOI IIBUJKOCTI, @ BEKTOPU @ 1 &

HaIpaBiIeHl Y MPOTUIICKHUX HaNpsMKax (quB. puc.78,0).

2.4 OxpeMi BUNIAAKH 00€PTAJIBHOTO PYXY

OOGepTanbHUN PyX HA3UBAIOTh PIGHOMIPHUM, SKIIO KYyTOBa MIBUIKICTH Ti-

do

Ja HE 3MIHIOETHCS, TOOTO a)=7=const. [nTerpytoun 1e CriBBIIHOLIEHHS,
t

OJIeP>KMUMO PIBHAHHS PIBHOMIPHOTO 00€pTaHHS

Q=@ +ot, (113)

1€ (y— IIOYAaTKOBUM KYT IIOBOPOTY.
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Pucynox 78

SIK10 KyTOBE MPUCKOPEHHS TUIA MiJ Yac PyXy 3aJIMINAETHCS MOCTIHHUM,

dw ) ) )
TOOTO £ =d—=const, TO 00epTaHHS HA3UBAIOTh PIGHOZMIHHUM. 3BIFACH MICIIS
t

IHTETpyBaHHS OTPUMAEMO

w=w,+ét. (114)

d . .
Tak, sx 3 Bupazy (114) Bumnusae, 1o 7(020)0 + &, TO TICIs IHTErpPy-
t

BaHHA OJIEP>KUMO PIBHSHHS, PIBHO3MIHHOT'O OOEpTaHHS

2
g
2.5 lIIBuAKOCTI | NPUCKOPEHHS TOYOK TiJIa, 110 00€PTAETHCH HABKOJIO

HEePYyXoMoi oci

Posrasinemo Touky M, sika 3HaXOAMThCS Ha BijicTaHl R BiJ OCl 0OepTaHHS.
[{ro BimcTaHb TaKOX HA3WBAIOTH pajiycoM obOepraHHs. Tpaekropiero Touku M
Oyne kojo 3 paaiycoM obeptanHs R, nieHTp C SKOTro JISKUTHh Ha O0C1 00epTaHHs
(puc.79). Bubepemo Ha TpaekTopii MOYATOK BIIIKY B MOJOXKEHHI M), 1€ TOUKa
3HaxXoaujach B MOMeHT 4acy =0. [Ipu moBOpoOTi Tijla Ha KyT ¢ JyroBa KOOpIu-

HaTa § BUPA3UTHCS 3ICKHICTIO
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s=Rop. (116)

ANARRARARRNRRRRNNNNS

Pucynox 79

Toni mBUAKICTH TOUKH M Oye

pods_pdo
dt dt
abo
V=Row. (117)

OTxe niHitiHa WeUOKiCmb MOUKU Mind, Wo 00epmacmvcs HA8KOI0 Hepy-
XOoMOi oci, yucenbHo 00pPiBHIOE 00OYMKY paodiyca 0bepmaHnts Ha KYmMoe8y WeUo-
kicmb mina. IIBUAKICTh TOUKK HAIpaBieHa 32 JOTUYHOIO 7 JI0 TPAEKTOPIi KojIa
y 01K 00epTaHHs 1, TAKUM YMHOM, NIEPIEHAUKYIISIPHO 10 pajaiyca od0epTaHHs R.

3 dopmynu (117) BumauBae, 1Mo MBUAKOCTI TOYOK MPU 0O0EPTAITHLHOMY
pyci Ti1a IponopIioHATBHI BIICTAHAM IIUX TOYOK J0 oci o0epTanHs (puc.79,0).

[Ipuckopennst Touku M mMae TOTHUHY 1 HOpPMAJIbHY CKJIa/10B1, TOOTO

a=a, +a,.
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Bupaszumo 11 mpuUCKOpeHHs yepe3 KIHEMaTH4H1 XapakTEePUCTHKU @ 1 &

00epTaIbHOTO PYXY, CKOPUCTABIIUCH (hopmMyaMu

av . y?
=—14a,=—.

Codt

a

3 BpaxyBaHHsM Gopmyinu (117) ogepxxumo:

o . R’w?
a,=R—1a,=—
T dt n
a00 0CTaTOYHO
a,=Rs; a, =o°R. (118)

BekTop MOTHYHOrO MPUCKOPEHHS HANpaBJICHMH 3a JOTHYHOIO /O Koja
oOepTaHHS 1 CIIBNAJA€E 3 HAMPSIMKOM IIBUAKOCTI MIPU MPUCKOPEHOMY 00OepTaHH1
Ta MPOTUICKHUIN BEKTOPY IIBUIKOCTI IPHU CIIOBUIBHEHOMY.

BekTop HOpManbHOrO MPUCKOPEHHS HAINpaBISETHCSA 3a pajiycoMm obep-
TaHHsI 10 ocl o6epTanHs (IuB.puc.79).

Moaynp ITOBHOTO IPUCKOPEHHS TOUKU M

a=+a>+a’ =RVe* +o* . (119)

HaHpHMOK BCKTOpPAa ITOBHOT'O IIPHUCKOPCHHA BCTAHOBJIIOETHCA KYTOM U

HaxuiIy IIbOTO BEKTOpa 10 paaiyca obepTanHs (quB.puc.79), sskuilf BU3HAYAETHCSA

13 CHIBBIIHOILIIEHHS

tqu="r="_. (120)
a w
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Onep>xuMo BEKTOpH1 (OpMYIM Il BUSHAYECHHS IIBHJKOCTI Ta MPHUCKO-
pPEHHSI TOYOK TUIa, 10 00epTaeThecs. s LbOro MokakeMo BEKTOpPH KyTOBOT
HIBUAKOCTI @ Ta KyTOBOI'O IMPHUCKOPEHHS & , HAIPaBUBILHU iX B3/I0BXK 0Ocl 00ep-
TaHHs, 1 3 JOBUIBHOI TOYKHM Ha OCl1 OOEpTaHHsS MPOBEAEMO PAJlyC — BEKTOp 7
touku M (nuB. puc.79). Toal BeKTOp MIBUAKOCTI MOKe OyTH BUPaKEHUN BEKTO-

pHUM J0OYTKOM BEKTOPIB @ 1 7 :

V=oxr. (121)

[le cniBBiAHOLIEHHS HAa3UBaEeThCs hopmyroto Eitnepa.
CrnpaBegnuBicts ¢hopmynu (121) miaTBEpAKYyETbCS THM, IO BIAMNOBITHO
710 TIpaBUJia BEKTOPHOTO AOOYTKY HAMpPsIMOK BEKTOpAa @ X 77 CIIBIAJA€ 3 HAMps-

MKOM BekTopa V/ (nuB.puc.79), a foro Moy

‘Exf‘:a)rsina:a)R:V.

— dr _ )
Tak sk BogHoyac V = d—, 7I¢ BEKTOp 7 B JAHOMY BHUIIAJKY 3MIHIOETHCS
t

TUIBKH 32 HAPSIMKOM (‘F‘ = const), TO

dr
Ly 122
7 r (122)

T00TO hopmyna Elinepa € y3araabHEHUM MPABWIOM 3HAXOJKEHHS MOX1IHOT Be-
KTOpa MOCTIHHOT'O MOJTYJIS.
JIst 3HaXOKEHHSI BEKTOpa MPUCKOPEHHS TOYKU TiIa, M0 O0EPTAETHCA,

npoaudepenioemo Bupas (121) 3a yacom:

dV do _ _ dr
—=—Xr+wx—,
dt  dt dt
abo
a=gxr+oxV (123)
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i nB1 ckiamoBi mpuckopeHHs y Gopmyini (123) € 1oTUYHUM 1 HOpMaJTh-

HHUM IIPUCKOPCHHAMM:
a,=&xr, (124)
a,=0xV=0xoxr. (125)

CrniBnajaHHsi HaMpsIMKIB JIIBOT Ta MpaBoi yacTuH piBHOcTer (124) 1 (125)

MiZATBEPKYETHCS IPABUIIOM BEKTOPHOTO J0OYTKY. IX Moyi:

‘g_xf‘ :‘g‘-‘r‘sina =¢R=a,;

‘a_)x17‘=‘a)‘-‘V‘sin9O°=a)-Ra)za)zR:an.

2.6 Ilpukyiag BU3HAYCHHS KiIHEMATHYHHMX XaPAKTEPUCTHK MPOCTUX

PYXiB Tinia

Ilpuknao 18
Mexani3zMm 5e0inku, nokasanui Ha puc. 80, nepeminrye BaHTax 4 3aBJs-

K1 obepraHHIO 1IKiBa 1 paniycoM 7; = 0,04, ssKuii 32 1OIIOMOTOX0 MMACOBOT Iie-
penaui 3B 3aHUM 31 IKIBOM 2, pajiyc sKoro 7, =0,08 m. 3 UM MKIBOM K0pc-

TKO 3B’sI3aHa MEeCTCPHA 2 , JIKa 34YCIICHA 3 MCCTCPHCIO 3 , HACAJP’KCHOIO Ha BaJl

Oapabana pantycom 73 = 0,1 m. BusHauutu y MomeHT uacy ¢, = 0,4c MBHIKICT

1 MpUCKOpeHHsI Touku M OapabaHa, a TaKOX BUCOTY MiIMOMY BaHTaxy 3a Lel
. _ 2 . . .

yac, AKIIO IKIB 1 obepraeThes 3a 3aKOHOM ¢ =25t" — 5¢, a KUIBKICTbh 3yOlLlIB

HIECTEPEHD Z, =24 1 z3 =30.

Po3B’s13aHHs

3HailieMo KyTOBY IIBHJIKICTh Ta KyTOBE MPUCKOPEHHS 1IKiBa 1.

@ =@, =50t -5, g = % =50¢"2 = const.
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Pucynox 80

OCKUTbKM peMiHb, 110 3’ €JHY€ MKIBU | 1 2 HEPO3TSIKHUM, TO MIBUJIKICTh
Toukd K 1KiBa 2 JOPIBHIOE IMIBUJIKOCTI TOYKH, sIKa JEKUTh HA 0001 mKiBa 1,

T00TO V) = 0,7, = (077, 3BIAKY BU3HAUMMO KYTOBY IIBHJKICTb KoJjieca 2 :

_ oy _(506-5)-0,04

7 0,08
KyToBe nmpuckopeHHs koseca 2
£y = doy =25¢"% =const .
dt

HIBUIKICTH TOYKH JOTHKY 3yOUaTUX KoJic 2 13

V2,3 =Ry =Ry,

3BIJIKHA

136



0, Ry _z3
wy Ry 7z
OTxe KyTOB1 HMIBUAKOCTI oOepTaHHs OOEpHEHO MPOMOPIIiHI pajiycam

a00 KUTbKOCTI 3yOIiB:

24
0y =, 22 = (25t - 2,5) = =20t - 2.
%, 30

AnHanoriysa 3ajexXHICTh MDK KyTOBUMH MPUCKOPEHHIMMU:

24
&3 :522—2:25-—:200_2 = const .
Z3 0

-1
VY moMmeHT vacy £, =0,4 ¢ maemMo @; =20-0,4-2=6¢" .
BusHaunMo Moayml IBUAKOCTI V', JOTUYHOTO @, HOPMAIBHOIO 4, 1 IO-

BHOT'O @ TIPUCKOPEHHS TOYKU M .
VY moment vacy ¢, =0,4¢c, V' =2-0,4-0,2=0,6m/c Maemo:

a,=¢&;-1,=20-01=2m/c%, a, =wir=6>-01=3,6Mc

a=+a’+a? =2> +3,6> =412 /.

Tak sgK MBHAKICT BaHTaXy JOPIBHIOE IIBHAKOCTI TOYKU M

V,=2t-0,2, To 3aKOH NOCTYNaJbHOIO PyXy 3HAWAEMO, IHTETPYIOUM BHpa3

MIBUIKOCTI
x=[(2t-0.2)dt=1>-02t+C, .

[IpuitHABIIM MOYATOK BUIIIKY OC1 X B MIOYaTKOBOMY TMOJIOKEHH1 BaHTAXY,

ko x, =0, orpumaemo C; =0, 13a yac ¢, =0,4c BaHTax NIAHIMETHCS HA BH-

COTYy

h=X(o) =1 —0,2-0,4=0,08 .
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Ilpuknao 19

[Ipuckopennst Touku M 1ucKa, 110 00€pTAETHCS HABKOJIO HEPYXOMOI OCl,

a=4m/c? (puc. 81). BuzHaunTi KyTOBY MIBUAKICTH I[LOTO AUCKA 1 MIBUAKICTH

Touku M , Ao paaiyc qucka R =0,5 m, a KyT HaXWIy MOBHOT'O PUCKOPEHHS

toukd M 10 HOpMami u =60°.

Pucynox 81

Po3B’s13aHHs
OCKUTbKM KYT MK BEKTOPOM IMOBHOI'O MPUCKOPEHHS TOYKU M 1 BEKTO-

pPOM 11 HOPMAJILHOTO MPUCKOPEHHS BIIOMUMNA, TO IPUCKOPEHHS
o 2
a,=a-cosp=4-cos60" =2 m/c”.

HopManbHe mpuckopeHHs TOUKH MpU 00epTaIbHOMY pycCl 3B’ d3aHE 3 KY-

. . . 2 .
TOBOI MIBHUAKICTHO T1JIa 3aJIC)KHICTHO an =0 -R. 3B1)IKI/I

o=t |2 2
R 05

[IIBuakicts Touku M :
V=w-R=2-05=1wm/c.
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Humanns ona camoKkoHmpoiio

1 ki pyxu TBEpAOro Tijia HA3UBAIOTh MPOCTUMU?

2 Slkwmii pyx TBEpAOro Tijla Ha3UBAEThCS MocTynaiabHUM? Ha3BiTh OCHO-
BHI1 BJIACTUBOCTI MOCTYNAJIBHOIO PYXY Tija Ta 3alUIIITh PIBHSAHHA IO-
CTYMaJbHOTO PYXY.

3 Sxum pIiBHSHHSAM 3aJal0Th OOEpPTAIbLHUI PYX TBEPJOrO Tija HABKOJIO
HEepyXoMoi oci?

4 Sk 3B’s3aHi MK CO0OI0 KYT MOBOPOTY, KyTOBa MIBHJAKICTH 1 KYTOBE
MPUCKOPEHHS Tis1a?

5 Sk HampaBlieH1 BEKTOPU KyTOBOI IIBUJKOCTI 1 KyTOBOI'O IPUCKOPEHHS
TiJa, [0 00ePTAETHCS HABKOJIO HEPYXOMOT 0Ci?

6 Sk BU3HAYAIOTh MIBUIKICTH TOUKH TiJIa, K€ 00EPTAETHCS HABKOJIO HE-
pyxomoi oci?

7 Sk BU3HAUYAIOTH MPUCKOPEHHS TOYKHU TiJa, sIKE 00EPTAETHCS HABKOJIO

HepyxoMoi oci? YoMy IOpiBHIOIOTH 1 SIK HaIlpaBjeH1 Horo ckiaioBi?

3 INIOCKO-ITAPAJIEJIBHUM PYX TBEPJOTI'O TLIA
3.1 OcHoBHI BU3HAYeHHS. PIBHAHHS IJIOCKO-NIApPAJIeILHOTO PYXy

IInocxo-napanenvrnum (abo NIOCKUM) HA3UBAEMBC MAKUL PYX MEEPO020
mina, npu AKOMy 6Ci MOUKU MiNa pyxXaomvcs Y NIOWUHAX, NAPAIebHUX OOHIl
HepyXoMiu NAOWUHI.

BHBYCHHSI TUIOCKOTO PyXY TBEPJOTO Tija Ma€ BEJIUKE 3HAYCHHS, OCKIIbKH
JJaHKY OUIBIIOCTI MEXaHI3MIB 1 MalllMH, BXXMBAHUX B MeXaHilll, 31HCHIOIOTH
wiockuil pyx. Hanpukmnan, pyx Kojeca Ha NPAMOMIHIMHINA JUISHII TUIIXY, PyX
IaTyHa KPUBOIITUITHO-IATYHHOTO MEXaHi3MY 1 T.II. € TUIOCKHM.

I3 BU3HAaUEHHS TJIOCKOTO PyXY BUIUIMBAE, 10 MepeThH S (TUiocka ¢irypa)

TUIa IJIOLMHOKX [/, MapalleIbHO0 HepyXoMil tuiomuHl /] (puc. 82), pyxaerb-

cs B IuIoMHI [/}, a npsima niHist MM / , IpOBEJICHA Yepe3 TOUKy M nepeTuHy

MEePIEHIUKYIAPHO IUIOMMHI [/, pyXaeTbcs MOCTyHaibHO. ToMy TpaekTopii,
IIBUJIKOCT1 1 IPUCKOPEHHS BCIX TOYOK INi€T MPsMOi ouHakoBi. OTKe, MIIOCKUMA

PYX Tija MOBHICTIO BU3HAYAETHCS PyXOM NepeTuny S (miockoi ¢irypu). Hagamni
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IUIOCKUHM pyX Tu1a OyaeMo po3riifaTd sk pyX IJIOCcKoi Girypu S B IUIOMIMHI

Oxy, CyMIIIIEHO] 3 TUIOIIMHOIO PUCYHKA.

My
0] | X
\
L
é
n
S S S S S S S

Pucynox 82

[Tonoxxenns minockoi ¢girypu S B mionmHi Oxy (puc. 83) BU3HAYAETHCS
KOOpAMHATAMU X 4, ) 4 NEAKOI TOUKU A, AKY Ha3UBAIOTh IOJIKOCOM, 1 KYyTOM ¢
HaxWJy J0 JIOAATHOrO HampsMKy oci Ox BiApi3ka AB, 3B’S3aHOrO 3 IMJIOCKOIO

¢iryporo S.

x
Pucynox 83
3anexHICTh LUX BEJMYMH B1J 4acy
x, = [0); va=10); o= 1) (126)
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Ha3UBAIOTh PIBHSHHIM IUIOCKO-TapajeabHOTO (IIOCKOT0) PYXy TBEPJOTO Tija.
[lepmri 1Ba 3 HUX PIBHSHb BU3HAYAIOTh PyX TLIa MPU HE3MIHHOMY KYTI1 ¢, TOOTO
y BUIAAKY IOCTYNAJIBHOTO pyXy Tula. TpeTe piBHSHHS XapakTepU3ye pyX TuIa
IIPU HE3MIHHUX KOOpAMHATaX TOYKH A, TOOTO mpu oOepTaHHI Tija HAaBKOJO He-
PYXOMOT OCl, IKa MPOXOAUTH Yepe3 Moytoc A MepneHANKYISpHO TionuH1 Oxy.

OTxe, nrockuii pyx meepoo2o mina MOACHA pO32NA0AmuU AK CyMy 080X p)-
Xi@: NOCMYNANLHO20 PA30M 3 NOJIOCOM I 00epMalbHO20 HABKOAO OCI, 5IKA NPO-
X00umy uepes NoaC NepneHOUKYIAPHO NIOUUHT PYX) .

JlilicHO, mepeMillleHHs TUIocKoi Girypu S 13 MOJIoKeHHs A, B, B moino-

KeHH A,B, (puc. 84) MoxHa 311HCHUTH, IEPEMICTUBIIHN 1i CIIOYATKY MOCTYyIIa-
JBHO B TMOJIOKEHHS AzBé, a TIOTIM IOBEPHYBIIM HABKOJIO Moitoca A, 3 MoJso-

KEHHS AzBé B IIOJIOKEHHA A, B,
KinemMaTH4HUMM XapaKTEepUCTUKAMU IIOCKOTO PYyXY € MIBUJIKICTH 1 MPUC-
KOPEHHS MIOCTYNAJIbHOIO PYXY, PIBHI HIBUAKOCTI V, 1 IPUCKOPEHHIO @ 4 NOJIIO-

ca, a TAaKOX KyTOBa IMIBUAKICTh @ Ta KyTOBE MPUCKOPEHHSI & O0EPTAIBHOIO Py-

XY HABKOJIO ITOJIXOCA.

Pucynox 84

[Ipu BUBYEHHI IUIOCKOTO PyXY 3a IMOJIOC BUOMPAIOTh OYJb-KY TOUKY Ti-
na. XapakTepUCTUKU MOCTYNAIbHOI YACTUHU IIOCKOTO pyXy (TpaekTopis, IIBU-
JKICTh 1 IPUCKOPEHHS TIOJIFOCA) 3aJICKHUTh Bl TOro, sika TOYKa BUOpaHa 3a Io-
moc. XapaKTepUCTUKH 00epTaIbHOTI YaCTUHM PYXY (KYTOBa IIBUJIKICTh 1 KyTOBE
MIPUCKOPEHH) Bl BUOOpY moiitoca He 3anexats. JlificHo, BuOepeMo 3a motoc
3amicTh TOUkd A Touky C (puc. 85) 1 BU3HAUMMO TNOJ0KEeHHS BiJpi3ky CB Bi-

THOCHO oci Ox KyToM Y . Y OyIb-SIKHIl MOMEHT 4acy Maemo, o @ =y + o, e
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o = const. llpoau@epeHIiloBaBIIM 1[I0 3aJEXKHICTh 32 YacoM, OJEPKUMO
O=Q=y; &=@=y, O CBIIYATH PO HE3aJEKHICTh KIHEMAaTUIHUX XapaKTe-

PUCTHK 00epTaIbHOI YACTUHHU IUIOCKOTO PYXY BiJl BUOOPY MOJIOCA.

y

Pucynox 85

3.2 Bu3sHayeHHsI LIBUAKOCTI TOYOK INIOCKOI ¢irypu

I3 piBHsHHA (126) mocko-mapanenbHOTO PyXy BHU3HAUYAIOTHCS TUIBKU
WBUIKICTH 7, MOoca i KyToBa INBUAKICTh @ MIOCKOi Girypu. JIis BU3HAYEH-
HSl IIBUJIKOCTI OYyAb-sIKOT TOYKU IUIOCKOT (IrypH PO3TIsSHEMO PyX il JOBUIHHOL
Touku B (puc. 86), MOJOKEHHS SIKOi B KO)KHUM MOMEHT 4acy Yy BiJIHOIIEHHI J0

HEPYXOMOi CUCTeMH BiJIiKy Ox) BU3HAYAETHCS PaJIlyCOM-BEKTOPOM

1€ 7,-pajilyc-BEKTOp TOUYKU A ; E-paniyc-BeKTop TOYKH B BIIIHOCHO

noiiroca 4. Tomi

_ dry _dry, d(4B)
VB - - + .
dt — dt  dr
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Pucynox 86

. dl"A . . .
Y ObOMY BHUpaA3l. —— = VA — INBUJAKICTH ITOJIFOCA A , 4 ITIOX1aAHAa B11d BCKTO-
dt

pa mocTiiHOro Moayis AB 3a 4acoM JOPIBHIOE MIBUIAKOCTI Vp, Ky Touka B

oJiepKye Tpu obepTaHH1 TI0CKoi Pirypu HaBkojio nontoca A. OTxke, 13 more-

PEIHBOT PIBHOCTI MAEMO
Ve =V4+Vpy. (127)

I[Ipy bOMY HIBHAKICTH V5, TOUkH B B 00epTalbHOMY pyci mIockoi ¢i-

I'ypU HaBKOJIO TOYKH A
Vey=w-AB V5, L AB), (128)

1€ @ — KyTOBa HIBUAKICTD IJIOCKOT irypHu.

OTxe, weuoxicms 6y0b-K0I MOUKU OOPIBHIOE 2eOMEMPUUHITE CYMI WUBUO-
Kocmi noaoca i weuoKocmi yici mouku 6 06epmaibHoMy pyci niockoi ¢gicypu
HABKO.JI0 noJioca.

Monynb 1 HanpsIMOK HIBUAKOCTI V) BU3HAYaIOThCs MOOYIOBOIO BiAIOBI-

JTHOTO Tapajenorpama (puc. 86).
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3.3 Teopema npo npoekiii LBUAKOCTEH IBOX TOYOK

besnocepeane BukopuctanHs 3anexHocTi (127) nias BUSHAYEHHS IIBUI-
KOCTEH TOYOK IJIOCKOT (hirypH HE 3aBXKAM JOIUIbHE. AJe 3 11i€1 3aJIe)KHOCT1 MO-
’KHA OTPUMATH 1HIII, OUIBII 3pY4Hi 1 MPOCTI CIIBBIIHOIIEHHS, OJHE 3 SKUX Ja€
Taka TeopeMa: npoekyii weuoKocmell 080X MO4OK Meepo020 Miia Ha NPAMY, Wo
npoxooums uepe3 yi mouku, PiHi Mixc co6oio.

Jlist ToBeJIeHHSI TEOpEMHU CIIPOEKTYEMO BEKTOPHY piBHICTH (127) Ha mi-
Hilo, TpoBejieHy uepe3 Touku A,B (puc.87) i, BpaxoByrouu, o Vp, 1 4B,

OJIEPIKUMO

V,-cosa=Vgz-cospf. (129)

Pucynox 87

JloBesieHa Teopema J103BOJISIE JIETKO 3HAXOJWUTh MIBUAKICTh JAHOI TOYKHU
TiJIa, SKIIO BIOMI HAMPSMOK IIBHAKOCTI I1€1 TOYKHU Ta MBHIAKICTh OYIb-SKOT

IHIIIOT TOYKH I[HOTO TLIA.

3.4 MurTeBuii HeHTP WBUAKOCTEl. BU3HAUeHHS IIBUAKOCTEN TOYOK

TUIOCKOI (Pirypu 3a 101OMOro MUTTEBOr0 HEHTPA MBUAKOCTEM

Mummesum yenmpom weuokocmeti (M.1111.) HA3UBAIOMb 36 3AH) 3 NJO-
CKOM0 (hicypoio mouKy, WeUOKICMb AKOi 8 OaHUL MOMEHM YAcy OOPIBHIOE HYIIIO.
[Tokaxxemo, 110 32 YMOBU HEPIBHOCTI HYJIO KyTOBOi mBHUAKOCTI (@ #0)

TJI0CKOT (PIrypH 3aBXKAM ICHY€E TaKa TOYKA.
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Hexaii BizomMa mBHAKICTE V), N0BiIBbHOI Toukn A mIockoi ¢irypu
(VA # O) Ta ii kyroBa mBUAKICTH @ (puc. 88). [IpoBenemo npominb AN, nep-
NEHIMKYISAPHUIA BekTopy V,, BinkiaBmm KyT 90° y HampsMKy KyTOBOi IIBH]I-
KOCTI Tu10cKoi pirypu. Bigkiagemo Ha bOMy MPOMEH1 BiJIPI30K

ap=ta

@ (130)
1 3HaﬁHeMO IJ_IBI/II[KiCTB TOYku P , B3JABIIHN 34a IIOJIFOC TOYKY A:
Vp = VA + VPA N

AC

”
Vey=0w-AP=0-2=V,.
@

OckuibKu BEKTOp Vp, NEpHEHAUKYIApHUM 10 AP 1 HampaBiIeHU y Ha-
OpsIMKY OO€epTaHHS IUIOCKOi (irypu, TO BUSBISAETbCS, WO V,y=—Vp,, 1
Vp=V,—Vp,=0, T00TO TOuka P y NaHM MOMEHT 4acy € MUTTE€BUM LIEHTPOM

mBuAKOCTI. Lle enrna Touka miockoi Girypu, MBUIKICTb SKOT B JTAHUH MOMEHT

Pucynox 88
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yacy JIOpIBHIOE HYINIO, TaK SIK MPU HASIBHOCTI L€ OJHIE€T TOYKU 3 HYJbO-
BOIO IIBHJIKICTIO IUTOCKa (pirypa B JaHUl MOMEHT dacy Oyjia 6 HepyXoMolo, 110
CyIepeduTh NpUitHATIiH yMoBi V, # 0.

Bubepemo Tenep 3a mositoc MUTTEBUM IEHTP MIBUAKOCTENH P, TOJI MIBUI-

KICTh Oy/Ib-SIKOT TOUKHU IJIOCKOT (DIrypy BUSHAUYMUTHCS 3aJI€KHOCTAMHU (pHc. 89)
Vy=Vp+V,p=V,p,a60 V,=w-AP; V, L AP;

Pucynox 89

Otxe, weuoxicmo 6y0b-sK0i MOUKU NAOCKOIL picypu 00piGHIOE il UBUOKO-
cmi 8 06epmanbHOMy pPyci NIOCKOL (icypu HABKOIO MUMMEBO2O YEHMPA UBUO-

kocmeti. 13 piBastHHS (130) Maemo

Va Vs _ _Vk

w=-"4A="B - , (131)
AP BP KP

TOOTO Kymosa weuoKicms NJIOCKOI hicypu 8 Oanuti MOMEHmM 4acy 0opis-
HIOE BIOHOWIEHHIO WBUOKOCMI OOHIEP 3 Ii MOYOK 00 008dHCUHU BIOpPI3KA, WO
3’€OHY€E MOYKY 3 M.Y.UL., A WBUOKOCHMI MOUOK MILA NPONOPYIlIHI 8I0CMAHAM 810

YUX MOUOK 00 M.UY.UL.
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3.5 OkpeMi BUNIaIK¥ BU3HAYEHHS MOJI0KEHHA MUTTEBOTO LIEHTPa

IIBHAKOCTEH

IcHye nmexinbka TUMOBUX MPUHAOMIB 3HAXOXKCHHS TTOJIOKEHHS MUTTEBOTO
IIEHTpa IIBUIKOCTEH.

1 SIxmo BizoMi mBKAKICTL ¥, oamiei 3 To4ok MI0CKoi Birypu Ta ii KyTo-
Ba LMIBMKICTh @, TO M.ILII. 3HAXOJAUThCS HA MEPIEHAMKYIAPi 10 BekTopa V

HIBUAKOCTI TOYKH, BIIKJIaJICHOMY B HamlpsIMKy oOepTaHHS IUIOCKOi (irypu Ha
. . V,
BijgcTaHi AP =—= (nuB. puc.88).
@

2 SIKumio BiIOM1 HaMPSIMKH IIBUAKOCTEH ABOX TOYOK IUIOCKOI (irypu 1 Be-
KTOpH IIMX TOYOK HemapajeiabHl MK co60t0 (puc. 90), TO M.ILII. 3HAXOAUTHCS

Ha NEPEeTHHI MEePIEeHIUKYISPIB A0 BEKTOPIB MBUAKOCTEH IUX TOYOK.

Pucynox 90

3 SIKio mBUIKOCTI ABOX TOYOK IJIOCKOT (hirypu mapaniesbHi Mk co00to,
NEePHeHANKYIIAPHI 0 BIAPI3Ka, 10 3’ €JHYE 11 TOYKH, a MOIYJl HUX IIBUAKOC-
TeW B1JIOMI 1 Pi3HIi, TO M.IL.II. JIGKUTh HA MEPETHHI CHUILHOTO MEPICHANKYIISIpa
710 BEKTOPIB MIBUAKOCTEH IIUX TOYOK 1 JIIHIT, TPOBEICHOI Yepe3 KIHIll I[UX BEKTO-

piB (puc.91).
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Pucynox 91

4 Sxmo mBHIKOCTI JBOX TOYOK MapajesbHi MK cO0010, a JIiHiS po3Mi-
HICHHS IIUX TOYOK HEeTMEePIEeHANKYISIPHA 0 IX MBUIKOCTEH (puc. 92), TO M.ILII.

3HAXOJAUTHCS B HECKIHYCHHOCTI (AP =o0; BP= oo), a KyToBa MBHUJKICTH TIJIOC-

- Vy V4 ) .
Koi pirypu @ =——-=—==0. Y 1poMy BUIMAJKY T1J0 31HCHIOE MUTTEBO TOC-
AP o
TyHaJbHUN PYX, MPHU IKOMY IIBUIKOCT1 YCIX TOYOK Y JIaHWH MOMEHT 4acy piBHI

3a BEJIMYHHOIO 1 OJHAKOBO HanpaBneHi.

Pucynox 92

5 SIKumo maockui pyx 3A1MCHIOETHCS MIISXOM KOYEHHs 6€3 KOB3aHHS O]1-

HOTO TIa HEPYXOMOIO MOBEPXHEI 1HIIOTo (PUC.93). TO M.IL.III.. 3HAXOIUTHCS B
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TOYLl KOHTaKTy TUIa 3 HEPYXOMOIO MOBEPXHEI0, TaK K MPHU BIJCYTHOCTI KOB-

3aHHSI MIBUJKICTH II€T TOYKU PyXOMOTO TijIa TOPIBHIOE HYIIIO.

Pucynox 93

3.6 BusHayeHHsI NPUCKOPEHb TOYOK IJIOCKOI (pirypu

[IpuckopeHHst TOBUIBHOT TOUKKM B 1uiockoi ¢irypu (nuB. puc.86) 3Haii-

neMo nusixoM audepenititopanns Bupasy (127) 3a yacom:

ap =

dvVy AV, .\ dv g
dt dt dr

. dV,
Tyr —4 =a, — npuckopenns nomoca A, i —24

dt dt

Hs, SIKe Ma€ TOYKa B mpu o0epTaHHI IIOCKOT (irypy HABKOJIO mojitoca A .

=dap, — IPUCKOPEH-

OTXE, NPUCKOPEHHS KOHCHOT MOYKU NAOCKOI (hicypu 0opieHIoe 2eomempu-
YHIU CYMI NPUCKOPEHHS NOI0CA | NPUCKOPEHHSL Yi€i MOYKU 8 00epmanbHOMY py-

ci njiockoi gicypu Haeko10 noaca:

agp=a,tapy. (132)
[Ipu bOMy MPUCKOPEHHS TOBUIbHOI TOUKH B 00EPTAILHOMY PYCi Ma€ J10-

TUYHY 1 HOpPMaJIbHY CKJIaJ0BI:
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— —1 —n =T AR =N || AR
dpy =Adpy + Apys aBA 1 AB, aBA || AB.
Mopyni HuX CKJIaJI0BUX
T n _ 2
VY 3aragbHOMY BUMAJAKYy HOJIOC A MOXE pyXaTHCh KPUBOJIIHIAHO 1 HOTO
— —T | —n
MPUCKOpPEHHs d 4 =da 4 + a 4, TOMY pO3ropHyTa popMya AJisi BUBHAYEHHS MPH-

CKOPEHHSI IOBUIbHOT TOUKH IIOCKO1 (irypu Oyzie MaTu YOTUPH CKIAJO0BUX:

— —T —n T —n
ag=a,+a,+ap, +agy,. (134)

Pucynox 94

Ha puc.94 nokazaHo reomMeTpuyHe BU3HAUYEHHS BEKTOpa @z MOOYJOBOIO

BIJIMOBIHOTO Napaineiorpama. Ha nmpakTuill reoMeTpuyHe CKIaJaHHS BEKTOPIB
IIPY 3HAXO/XKEHH1 MPUCKOPEHHS TOUYKHU MIIOCKOI (irypu 3pyuHilie 3A1CHIOBATH

[UISIXOM NPOEKTYBaHHS BEKTOpHOTO BUpa3y (134) Ha BuOpaHi 0Cl KOOpJUHAT.
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3.7 llpukiaaau po3B’A3aHHA 321249 KiHEMAaTHKH IIOCKOT0 PYX
yXy

3amaui, JUIsl pO3B’s3aHHS SKUX BUKOPUCTOBYIOTH (DOPMYSM KIHEMATHUKHU
IJIOCKOTO PYXY TLIa, CTOCYIOThCS MEPEBAKHO BU3HAYEHHS IIBUJIKOCTEH Ta MpU-
CKOPEHb TOYOK PI3HMX MEXaHI3MIB 1 BU3HAUEHHS KyTOBUX IIBUIKOCTEH Ta MpH-
CKOPEHb JIAHOK LIMX MEXaH13MIB 32 3aJJaHUM PYXOM BeAYy4Oi JJaHKH MEXaHI3MYy.

MexaHi3M, pyX SIKOTO pO3IJAllaeTbes, Tpeba 300pakaT Ha PUCYHKY B
TOMY TMOJIOXKEHHI, /ISl SIKOTO MOTPIOHO BU3HAYUTH BIAMOBIAHI XapaKTEPUCTUKH.

[Ipu BU3HAUYEHH1 KYTOBUX LIBUIKOCTEH 1 MIBUAKOCTEH TOUOK TpeOa 3HATH
MOAYJIb Ta HANpPSMOK MIBUIKOCTI SIKOi-HEOyab OAHIET 3 TOYOK Ta HAMPSAMOK
HIBUAKOCTI 1HIIOT TOYKH 1IOTO TiJIa, 1O JA03BOJISIE€ 3HANTH MOJ0KEHHS MUTTEBO-
ro IEeHTpa MIBUJIKOCTEH (OKpIM BUIAIKY 5, po3riisHyToro B posaui 3.5). Ipu
pOMY Tpeba po3yMITH, IIO KOXKHA JaHKa MeXaHI3My, siKa 31MCHIOE IJIOCKO-
napajielbHUM pyX, Ma€ B JaHUA MOMEHT 4acy CBii MUTTEBHI LIEHTP HMIBUAKOC-
Tel 1 CBOIO KYTOBY IIBHUJIKICTb.

JJist BUBHaY€HHSI KyTOBOI'O MPUCKOPEHHS MIOCKOI (PIrypu 1 IPUCKOPEHb ii
TOYOK 3aCTOCOBYIOTh BEKTOpHHI Bupa3 (132), BpaxoByrouH, 10 MPU KPUBOJII-
HIHHOMY pYCl TOYOK iX MPUCKOPEHHSI MalOTh JOTUYHI Ta HOPMaJIbHI CKJIa/J0BI.
[TocTaBnena MeTa € TOCSKHOIO, AKIIO BIJOMI BEKTOPHU MIBUAKOCTI 1 MPUCKOPEH-
Hs1 OJIHIET 3 TOUOK 11i€1 PIrypH, a TAKOXK TPAEKTOPIs 1HIIOI TOUKU (irypu ado mno-
JIO’KEHHS MUTTEBOTO LIEHTPA MIBUAKOCTEH.

Ile nmo3BosiE€ 3HANTH MOAYJ1 1 HAIPSIMKK OUIBIIOCTI 13 MPUCKOPEHb BUpa-
3y (132), 3aIUIIMBIIM HEBIIOMUMU TIIBKU Bl BEIWYUHU (MOAYJIi, HAMPSIMH).
[ToTim, mpoekTyroun BekTopHE piBHsAHHS (132) Ha BuOpaHi oci KOOpAUHAT, OJie-
PKYIOTh J1Ba alreOpaiuHuX pPIBHSHHSA, 32 SKUMH OOUYMCIIOIOTH HEBIJOMI BEIU-
YUHH.

KyToBe npuckopeHHs1 & IUIOCKOiI (Irypu yacTilie BCbOTO 3HAXOATh IiC-
71 OOYMCIIEHHS JOTUYHOTO MPUCKOPEHHS OJHIET 3 TOUOK (irypu B 00epTanbHO-
My Pyci HaBKOJIO MOJII0CA, 3aCTOCOBYIOUH 3aIeKHICTh (133). Ane y BUNaaKy Ko-
yeHHs 0e3 KOB3aHHA KoJieca HEpPYyXOMOIO MOBepXHEew (auB.puc.93), komu Bijic-
TaHb AP ULeHTpa Koyeca 10 M.ILII. 3aJUIIAE€THECA HE3MIHHOIO, KYTOBE MPHUCKO-
PEHHS 3HAXOJATh LUISXOM JU(EpPEHIIIOBaHHS 32 YacCOM BUpPAa3y KyTOBOi IIBU/I-

. V,
KOCT1 @ = —"-:
A
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g_d_a)_i(VAj_ 1 dv,

Cdt  dt\AP) AP di’
abo
T
=44
AP
Ilpuknao 19

VY miockoMy MexaHi3Mi, 300paxxeHOMYy Ha puc 95, TOBXHHA JIAHOK SIKOTO
[;=0A4=0,6Mm, [,=AB=1,8m, 5=0,B=2,4m, O:D=0,8m 1 [;=DE=1,2M, KpUBOIIUII

) .
OA ob6epTtaerbest 3 KyTOBUM MPUCKOpeHHSIM £ 1=10c¢™. BU3HauuTu mIBUIKOCTI

Vg, Vg Todok B,E MexaHI3MY 1 KyTOBI IIBUAKOCTI  @,, @4 CTPWXKHIB AB 1DE,

a TAKOK IPUCKOPEHHS dg TOYKH B Ta KyTOBE IPUCKOPEHHS &, CTpUXHI AB B
. . o o o o
MOJIOKCHHI MeXaHi3My, Koy Kytu o =60 , =90 , y=45 , 6=120 , a kyroBa

. -1 o 2
mBUAKICT KpuBomuna OA4 w;=6¢ , HOro KyToBe NpUCKOpeHHs €,=10c™.

Po3B’s13aHHs
Bynyemo monioxkeHHS MeXaHI3My Y BIIMOBIIHOCTI A0 3aJaHUX KYTIB
(puc.96). BuzHauaemo mBuaKicTh To4OK. IIBUAKICTE ¥, Touku A IepneHauKy-
nspHa jo kpusomnna OA . Ii monyns V, =w, -1, =6-0,6=3,6 m/c.
IIBuaKicTh V5 Touku B, siKa OJHOYACHO HAJNEKUTH MATYHY AB i KpHBO-
muny OB, nepneHIuKyJispHa A0 Kpuomunna O;B. MuUTTeBHI NEHTP MIBUIKOC-
Teil P, cTpukHS AB 3HaXOIUTHCA B TOYI[l NEPETUHY NEPHEHAUKYIIAPIB, MPOBE-

JeHUX 3 TOYOK A 1 B 10 ix mBujakoctend. [IIBUAKOCTI TOUOK CTpUKHA AB (1aHKu

2) Ta HOro KyToBa IMIBUJIKICTh 3B’ S3aH1 3aJIEAKHICTIO

Va _ Vg
AP, BP,’

Wy =
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60°

(04

Pucynox 96
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Sk BuAHO 3 pucyHka 96, TpukyTHUK ABP, npsSMOKYTHHIA 1 piBHOOEApe-

Hui, Tomy: AP,=AB=[=1,8M. Buxoasiuu 3 11b0ro, 0AepKumMo:

BP, = _AB = 18 =2,55M
sin45° 0,707

OT1xe

_Va 36 =2¢"; Vy=w,BP, =2-2,55=51m.
AP, 18

)

JIns BU3HAYEHHS MIBUJIKOCTI TOYKU FE, sika HAJCKUTh CTpWwKHIO DE,
Tpeba crovyaTKy 3HaWTH MBUAKICTh TOUkH D . Tak sik Touka D pa3om 3 TOYKOIO

B HanexuTh 10 JIaHKU 3, sika 00epTaeThcs HABKOJIO HEPYXOMOi Touku O 3 Ky-

TOBOIO IIBUJKICTIO (5, TO IIBUAKICTb TOUKU D 3HAWIEMO 3 IPOMOPLII:

LY B S . Slo 125,
BO, DO, BO, 24
D
VD :VB -B—glzspl- 0’481- :1,7M/C
1

b

Bektop V;, HanpapieHMil NepIeHAUKYISIPHO 10 cTpukHa DO, Tak, moo
KyTOBa HMIBUJKICTb (3 OyJla HaIpaBJI€HA IPOTH XO1y TOAMHHUKOBOI CTPLIKU Bi-
JUIOBIHO 10 HAPAMKY Vg .

HanpsMmok BekTopa V; BU3HAYMMO, BUXO/SYH 3 TOTO, IO TOUKa E Hae-
KUTh OJITHOYACHO TIOB3YHY, SIKMI PyXa€ThCs B3J0BXK HAMPABIAIOYUX MOCTyHAIb-
Ho. Tenep, 3Hatoun V,, i HanpaM V, CKOPUCTAEMOCH TEOPEMOIO MPO TPOEKILii
IIBUJIKOCTEM TBOX TOUOK Tina (cTprkHs DE') Ha npsaMy, sika 3’€IHY€ 111 TOUKH.
CroyaTky 3a I1i€l0 TEOPEMOIO BCTAHOBMMO, B sIKUH GiK HapsAMIICHHIT BeKTOp Vg

(TpoeKIIii MBUAKOCTEN MOBUHHI MAaTH OJHAKOBI 3HakH). [ToTiM, 0OUuCTIONOYH 111

MPOEKIIi1, 3HAXOAUMO:

V5 c0s30° =V, cos60°,
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3BiAKH

Vi=Vp c0s30° _; 70866 5 gqm.
cos60° 0,5

Jl7isi BU3HaYeHHsI KyTOBOi IIBUAKOCTI CTpWkHS DE (nanku 4) 3HaiieMo

IMOJIOKCHHA MHUTTEBOI'O ICHTPA HIBI/II[KOCTeﬁ P4 B TO‘II_Ii MNEPCTUHY NCPICHAN-

KyJIsIpiB, IpOBeEHUX 3 TouoK D 1 E 5o ix mBuakocre. Toxi:

VD _ VE
DP, EP,

Wy =

3 NpsAMOKYTHOT O TpUKyTHUKAa DEP, 3Haiinemo:
DP, = DEsin30°=1,2-0,5=0,6 ™.
Orxe

Yy 17
DP, 0.6

w, =2.83¢c™.

Busnauaemo IMPUCKOPCHHA TOYOK. HpI/ICKOpeHHH Touku A CKJIada€ThbCA 3

JOTHYHOI'O 1 HOPMAJIBHOT'O IMPUCKOPCHD!:
a,=a,+a’,
a’y =gl =10-0,6 =6m/c’,
a" =w,l, =6%-0,6=21,6m/c".

Bektop @ HampaBieHuil mepneHauKyispHo g0 OA, a BEKTOp d Ha-

npaBiieHuit Big ToUku A 110 Touku O.

I[JISI BHU3HAYUCHHS ITPUCKOPCHHA TOYKH B CKOpUCTYEMOCA piBHSIHHSIM
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- _ =T , =n , =T —n
adp=a,+a, +apy+apy.

Tak sik Touka B HalneXWUTb HE TUIBKU CTPUXHIO AB, a 1 ctpuxHio BO,
(;manmi 4), Axuil 00epTaeThCss HABKOJIO HEpyXoMmoi Touku O;, TO IPUCKOPEHHS

TOYKHU B Takoxk CKJIaa€ThCA 3 JOTUYHOI'O 1 HOPMAJIbBHOTO ITPHUCKOPCHD, TO6TO
—T , —n _ =T , =n , =T —n
ap +CZB =ay +CZA +aBA +aBA'

BekTop dp HampaBisieMO TEPICHAUKYISIPHO 10 CTpwiHsS OB B TOW 4n

iHmmii 6ik. Moro oGumcieHHs 3a GOpMYJIO0 dj = £4/; HEMOKIHBO, TaK SIK 3HA-

YeHHsI &; HeBimoMo. HopmalibHE MPUCKOPEHHS TOUKH B
n_ 27 _ 2 . 2
al =l =2,125%2,4=1085u/c

i BEKTOp d HATPABISIEMO Bijf TOUKH B 10 Touku O, .
BekTop d@jp, HampaBIsiEMO MEPIEHAUKYISPHO 10 CTPIXKHSA AB B OyIb-

SIKYy CTOPOHY, & BEKTOp dp, — B3MOBXK AB Bim Touku B 10 Touku A, i 3HAXO-

JAUMO YUCJIIOBC 3HAUCHHA .
2 2 2
agA:a)zlzzz ‘1,8:7,2 M/C .

Takum unMHOM, y BeIMUYMHAX, K1 BXOAATH 10 BEKTOPHOIO PIBHSIHHS HEBI-
JIOMi TITBKU YHCIIOBI 3HAUCHHS dp 1 ap,. 11l00 3HAWTH 1i BEIUYUHH, CIIPOCIIiO-

€MO OOUBI YACTMHU BEKTOPHOT'O PIBHSHHA Ha JIB1 IOBUIBHO BUOpaHi NepHeH u-
KyJIsIpHi oci x Ta ). HampaBinsemo oHy 3 oceil (Bich x ) B3AOBX CTPHXHS AB 1
B PE3yJIbTATI MPOEKTYBAHHSA OACPKUMO:
T o n o __ T n
—apcos45°—apcos45°=—a, —ap,,

T 3 o n _: o __ n T
agsm45°—apsmdS°=—a, +ap,.

3 1ux anreOpaiyHUX PiBHSAHb 3HAXOAUMO:
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T n
a a 6 7,2
A BA ag_ ’

~10,85="7,8m/c’;
cos45° cos45° 0,707 0,707

ag =

ab, =a" + a5 sin45° — alsin45°=21,6 + 7,8-0,707 10,85 - 0,707 =19,5 m/c’.

Tonai npuckopeHHs TOUKU B :

ag =+(a})> +(ah)’ =78 +10,85> =134m/c>
KyTtoBe nipuckopeHHs cTpuxHs AB :

_agy 195 _

= =8 1c”
AB 2.4

&)

BiamoBias:

Ve=5,1wm/c; Vp=2,85Mm/c; a)2=2c'1; V,=2,83 c_1 ;ag=13,4 M/c; &,=8,1 ¢

Ilpuknao 20
Hlectepus 2 paaiyca R =12 cM minanetapHoro Mexasizmy (puc. 97,a) no-
yuHae pyxaTtucs kpuBommunoM OA, axuil o0epTaeTbes HaBKoJIO oci O HepyXo-
Moi mectepHi 1 3 TuMm xe paxaiycom. Kpusomun OA o0epraeThCcsi 3 KyTOBUM
_ o . -1

IIPUCKOPEHHIM €, =8¢ 2, MAIO4H y JaHWH MOMEHT KYTOBY IIBHIKICTb @, =2c".

BusHaunTH MIBUAKICTH 1 MPUCKOPEHHS TOYKH B PyXOMOIi IIeCTepHI MEXaHi3MYy,

akmo L OAB=120°.

Po3B’s13aHHs
VY nanomy mexaHni3mi kpuowun OA 3A1iCHIOE 00epTaTbHUN pyX, a 1ec-
TEpHS 2 pyXaeTbcs IUIOCKO-NapaienbHo. KiHemMaTuuHi XapakTepUCTHKUA TOYKH

A obuucnumo, po3risiaaoun ooepranbauil pyx kpuBomuna OA4 (puc. 97,0):

Vi=w, O4A=2-24=48cwm/c;
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a’y =gy -0A=8-24=192cm/c*;

a" =wf -0A=2%-24=96cm/c”.

0) 6)
Pucynox 97

Hanpsimku BekTopiB V,,a,a’, mokasasi Ha puc. 97,0.

Tenep po3risiHEMO MJIOCKUN PyX IIECTEpPHI 2, AJs AKOI MUTTEBUI LEHTP
IIBUJIKOCTEW P 3HAXOIUTHCS B TOUII il KOHTAKTY 3 HEPYXOMOIO IIeCcTepHEro 1, a
BiacTtaub AP =R = const.

Tomi
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aVy=0, PB=4-20,8=283,2cm/c, ne BiacTaHb BP 3HalifjeHa 3 pIBHO-

6enpeHoro Tpukytuka ABP :

BP=2Rc0s30°=2-12-0,866=20,8cm.

HanpapieHuil BeKTOp 3 epNEHAMKYIApHUNA 10 BP, K MOKa3aHO Ha
puc. 97, B.

[Ipuckopennst Touku B 3HaiigeMo 3a HOpPMYIIOK0 PO3MOAUTY IPUCKOPEHD

BIJHOCHO moJiroca 4 :
- _ =T , =n , =T —n
dg=a,+a,+ap,+agy.

CkI1aioBi MPUCKOPEHHS TOYKU B B 00epTalibHOMY PYCl HABKOJIO MOJIIOCa

A 3Haitnemo 3a popmynamu:
ag,=¢€, - AB=¢,-R=16-12=192cm/c’;
ap,=w; - AB=w*-R=4*-12=192cm/c’.

HamnpsiMku CckiagoBUX BEKTOpa MPUCKOPEHHS TOYKM B TOKa3aHi Ha
puc. 97, B. Bubpasiu oci koopauHaT (AuB. puc. 97, B), BU3HAYUMO IPOECKIIiT

BEKTOPA dp Ha L OCl:

ap, =a’ cos30°+a" sin30° + alt, =192-0,866+96- 0,5 +192 = 406,3 cm/c?,
ap, =a%sin30°—a’ cos30° + af, =192-0,5 96 - 0,866 + 192 = 204,9 cm/c’.

Toni

ap =+Jap, +aj, =4063% +2049 =455cm/c”.

Humanns ona camoKkoHmpoiio

1 Axuii pyx Ti1a HA3UBAIOTH TIOCKO-NApAJIENBHUM 200 TIIOCKUM?
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2 SlkuMu pIBHSIHHAMU 33]1al0Th MIIOCKUM pyX Tija?

3 Sk 3B’s3aH1 MK cO0O0I0 MIBUAKICTh JOBLIBHOI TOYKH IIIOCKOI (Pirypu Ta
IIBUJIKICTh TOYKH, BUOpAHOT 3a T0JIFOC?

4 Chopmymroiite TeopeMy PO MPOEKIli MIBUIKOCTEN ABOX TOUOK.

5 Ilo Ha3uUBA€THCA MUTTEBUM LIEHTPOM HIBHIKOCTEMN ?

6 SIx BU3HAYAIOTHCS MOJIOKEHHS MUTTEBOTO LIEHTPA IIBUIKOCTEN?

7 Jle 3HaXOQUThCA MHUTTEBHM IIEHTP IMIBUAKOCTEH IUIOCKOiI (irypu, sika
3MIIHCHIOE MUTTEBO MOCTYNANbHUN PyX?

8 Sk po3nmonUIAIOTHCS IMIBUAKOCTI TOYOK IJIOCKOI (Irypu BIJHOCHO ii
MUTTEBOTO LIEHTPA MIBUIKOCTEMN ?

9 Sk BU3HAYAETHCS MPUCKOPEHHS TOBUILHOT TOUKHU MIIOCKOT Pirypu?

4 PYX TBEPJIOI'O TIJIA HABKOJIO HEPYXOMOI TOUKHU. PYX
BIJIBHOI'O TBEPAOI'O TIJIA

4.1 Kytu Eiinepa. PiBHIHHS 00epTaIBHOI0 PyXy Tij1a HABKOJIO0

HEPYXOMOI TOYKH

Pyx mina, npu sixomy oOHa 11020 MmoYKa 3aIUUAEMbC HEPYXOMOIO, HA3U-
garomb 06epMaHHAM HABKONIO HEPYXOMOI MOUKU abo cheputnum pyxom.

[Ipu TakoMy pyci TUIO Ma€ TPU CTYIEHS BUILHOCTI 1 HOTO MOJIOKEHHS BU-
3HAYAETHCS TPhOMA HE3AICKHUMHU NapaMmeTpamu-kytamu Eitnepa. Jlyis BcTaHOB-
JICHHS LIUX MapaMeTpiB MPoBEAEMO Yepe3 HepyXxoMmy Touky (O Tula JABI CUCTEMHU
KoopAMHAT: HepyxoMy Ox;y,z; Ta pyxomy Oxyz, )KOPCTKO 3B’si3aHy 3 TUIOM
(puc. 98). Ha nipomy pucysky mniHigs OK, sika Ha3UBA€ThCS JIIHIEIO BY3IIB, € Ji-
HIE€I0 NIEPETUHY HEPYXOMOI KOOpAMHATHOI IuiomuHu Ox;y; Ta pyXOMOi IJIOLIHU-
Hu Oxy. Kyramu Eiinepa, ski BU3Ha4al0Th MOJ0KEHHSI PYXOMOi CUCTEMHU KOOP-
JUHAT 1 3B°A3aHOTO 3 HUM TLIA € :

- KYT Ipenecii  MDK HepyXoMolo Biccto Ox;, Ta niHi€ro By3niB OK ;

- KyT HyTauii 8 Mix Hepyxomoro Biccto Oz, 1 pyxomoto Biccio Oz;

- KyT BJIaCHOTO O0€epTaHHA ¢ MDX JiHI€I0 BYy3liB OK 1 pyXoMoO10 BicCIO

Ox.
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Kyramu Eiinepa y,0,¢ xapakTepusyeTbcs oOepTaHHS Tila HaBKOJIO Bij-
noBiHO oci Oz, miHii By31niB OK Ta oci Oz, TOMy 3HaK KOYKHOTO 3 HUX Oyne
JOIaTHUM, SKIIO TIPU PO3MJISAL 3 JJOJAATHUX HAMPSAMKIB IIUX OCEH BUIHO IIi KYyTH
BIIKJIQJICHUMU MPOTHU XOIy TOJUHHUKOBOI CTPUIKH (IUB. puc. 92).

J171s1 BU3HAUYEHHS TIOJIOKEHHS T1j1a 3 OJTHIEI0 HEPYXOMOIO TOUKOIO B KOXKEH

MOMEHT 4acy Tpeba 3anatu Kyt Eiinepa sk ¢hyHKIIIT B yacy:

y =540, =10, 0= 100). (135)

i 3a51€5KHOCTI € PIBHSHHSIM (3aKOHOM) C(PepUIHOTO PYyXYy Tija.

Z]

Pucynox 98

4.2 MuTtreBa Bich o0epranns. KyroBa mBuakicTs i KyroBe

NPUCKOPEHHS TiJIa IpH Horo cpepuuHomy pyci

XapakTep pyxy Tila 3 OJHIEI0 HEPYXOMOIO TOYKOIO BCTAHOBIIIOE TaKa Te-
opema Eiinepa-/lanambepa: 6yov-sike eremenmapue nepemiuyerHs mina 3 0OHi-
€10 HEPYXOMOIO MOUKOI MONCHA OMPUMAMU OOHUM eleMEeHMAPHUM NOBOPOMOM

HABKOJIO 0eaKOi MUMMEBOI 0Ci 0O0epMAaHH3L, KA NPOXOOUMb Yepe3 Yio MoUK) .
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Hexait Ti10 3 HEepyxoMor0 Toukoo O 3a elleMEeHTapHUN MPOMDKOK dacy
dt TOBEpHYIOCh BITHOCHO HEpyxoMoi oci Oz, miHii By31iB OK Ta pyxomoi oci
Oz Ha BIIMOBIIHI eTIeMEHTapHI KyTH IOBOpOTY dy , dOB, do (puc. 99).

Cknagarouy cro4aTKy HMOBOPOTH HaBKojJo oced Oz 1 Oz;, BCTaHOBHMO,
1o Oyab-AKa TOYKa Tija, po3MillleHa B IUIOMKHI zOz;, OAEPKUTh €IEMEHTApHI
NEpPEeMIIlICHHs], TMEePHEeHAUKYISIPHI 1O 1i€i TUIOUMHU 1 YHUCEIbHO pIBHI
ds, =h.dg Bix moBOpOTY Ha KyT d¢ Ta ds, =h, dy Big moBOpOTY Ha KyT
dy , ne h,i th — BiACTaH1 B1J LI€1 TOYKH O BIAIIOBIAHUX OCEH.

OCKUIbKM 1l NEPEMILIEHHSI NEePNEeHIUKYISpHI 10 miuomuHu zOz;, TO B
wiomuH1 zOz, 3HAUAETbCA Taka TOUKa B, Ui sIKOi pe3ynbTyloUe NepeMILICHHS
Bl €JNEeMEHTapHUX TOBOpPOTIB d¢ 1 dy Oyne JOpIBHIOBaTH HYJIIO

(dsp, =0sp ). Lle mo3Boisie 3poOUTH BHCHOBOK, IO B PE3YNBTATI CKJIAJaHHS

€JIEMEHTapHUX MOBOPOTIB HaBKOJIO ocell Oz 1 Oz; OAEPKUMO €JIEMEHTAPHUIM
moBopoT dff HaBkojo oci OB, sika NpoXoauTh yepe3 Touky O.

AHaNOTiYHO MOXKHA ITOKa3aTH, 10 eJIeMeHTapHi moBopotu dfi dO Ha-
BKOJIO oceid OB 1 OK eKBIBaJICHTHI OJJHOMY €JIEMEHTapHOMY MOBOPOTY do¢ Ha-
BKOJIO Jesakoi oci OP, mo mpoxoauTh 4epe3 Hepyxomy Touky O. JliiicHo
(nuB. puc. 99), B mionuHi aiHid OB 1 OK € nesika Touka P, elleMeHTapHi Ie-
pPEMILIEHHS dS pog = hpop *dP "Ta dspox = hppox -dO sxo0i piBHI MK COOOM0 1
MPOTHIIC)KHO HamparieHi (auB. puc. 99). OTxe 1 TOYka TUIa MPU 3A1HCHEH]
eJIEeMEHTapHUX MOBOPOTiB dy ,d6 ,d¢p Oyne Hepyxomoro i ii MIBUAKICTH B Ja-
HUW MOMEHT uacy aopiBHIoe Hymo. Toxal npsma niHigs OP, npoBeneHa yepes
naHy Touky P 1 Hepyxomy Touky O Oyne reoMeTpUYyHUM MiCLIEM TOYOK Tiia,
MIBUJIKICTH SIKUX Y JJaHUH MOMEHT 4acy JAOpiBHIOE HyIt0. Ll mpsiMa Ha3uBaeThCs

MUMMEBOIO BICCHO 06€pmaHH}Z.
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Pucynox 99

I3 noBenenoi TeopeMu MokHa 3pOOUTH BUCHOBOK, 1[0 pyX mMEepoo2o mina
HABKOIO HEPYXOMOI MOUKU CKIA0AEMbCSA 13 CYKYNHOCMI NOCTIO06HUX e/leMeH-
MAapHUux nOBOPOMI6 Mina HABKOJIO MUMMEBUX Ocell 0OEepMAaHHs, AKI NPOX0OAmMb
yepes yro Hepyxomy mouxy. I1o10keHHS MUTTEBOI OCl OOepTaHHs 3 yacoMm 0e3-
MEPEPBHO 3MIHIOETHCA K B TLI1, TaK 1 B HEPYXOMOMY IIPOCTOPI.

KyroBa mBHIKICTE @, 3 KOO TUIO 3A1MCHIOE €IeMEHTapHUI MOBOPOT

HaBKOJIO OCl O6epTaHHSI, Ha3UBAE€THCA MUTTEBOIO KYTOBOIO ]_I_IBI/IIIKiCTIO

da,),

dt

=

BekTop @ KyTOBOT HIBMIKOCTI HAaNpaBIsiOTh B3JOBK MUTTEBOI OC1 00€p-
taHHsd OP y HanpsMKYy, 3BIIKM BUJHO OOEPTaHHS Tija MPOTU XOAY TOAMHHUKO-
Boi ctpuiku (puc. 100). HampsiMok BekTopa @ $SK 1 MOJOXKEHHSI MHUTTEBOI OCi
oOepTaHHS 3 YaCOM 3MIHIOETHCA, 1 KIHEI[b A 1OI0 BEKTOpa OMHUCYE B MPOCTOPI

JEsIKy KpUBY — rojorpad BekTopa @ .
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Pucynox 100

BeKTOp MUTTEBOT'O KYTOBOT'O ITPUCKOPCHHA

_ do
E=—-.
dt

Hampapnenuii BiH 3a JOTHYHOIO 10 rojgorpada BEeKTopa @ , MapajieiabHO

mBuakocTi ¥ Touku A (puc. 100) Bektopu ®,£ € KiHEMAaTHUYHUMH XapakTe-

PUCTHKAMHU PYXY TUIa 3 OJHIEI0 HEPYXOMOIO TOUYKOIO.

4.3 IIIBUAKOCTI Ta NPUCKOPEHHSA TOYOK TLIA MPH HOro odepTraHHi

HABKOJIO HEPYXOMOI TOYKH

[IIBUAKOCTI TOYOK Tijia MPHU HOro chepuaHOMY pyCi BU3HAUAKOTHCA (op-

Mmynoro Eintepa
V=oxr, (136)

1€ @ — BEKTOP MUTTEBOT KyTOBOI IIBUJIKOCTI;
7 — paglyc-BEKTOp PO3TJIAYBaHOT TOUKM M BITHOCHO HEPYXOMOI TO-

yku O (puc. 101). Moaynb mBUAKOCTI

V =wrsina =wh, (137)
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ne h — BiACTaHb Bl TOUkU M Tu1a 10 MUTTEBOI oci oOeptanns OP. [lu-

¢bepenuitoroun Bupas (136) 3a yacom, oaepkuMo Taky GopMyiy A BUSHAUYECH-
HSl IPUCKOPEHHS TOYKH Tija:

_ da dF
A=—XF+®X—,
dt dt
aJic
90 _ i Ty _Gxr,
dt dt

(138)

Pucynox 101

OTXe MPUCKOPEHHs TOUKH TiJIa MpU HOro 00epTaHH1 HABKOJIO HEPYXOMOT
TOUKM CKJIAZJA€ThCS 3 JABOX IPUCKOPEHB: TaK 3BAHOIO OOEPTAIBHOIO MPUCKO-
PEHHS

]|
S
Il
2l
X
N
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1 I00CBOBOT'O MPUCKOPEHHS

a,. = xV.

OOepTanbHe IPUCKOPEHHS d,; HAIPaBIEHE MEPNEHIUKYISPHO 10 IUIO-

IIMHYU BeKTOpiB €,7 (puc. 102) 13a moaynem
Ay =&-rsmf=¢-h,

1€ h; — BincTaHb B TOUKM M 10 BEKTOpa KyTOBOT'O IPUCKOpPEHHs. Bek-

TOp a,, NEPHNEHIUKYISIPHUNA OJHOYACHO V' Ta @ 1 HAampaBICHWH A0 MHUTTEBOI

oci ooepranns (puc. 102). 3a BeTu4nHOIO

a,,=w-V-sin90° =w-V=0-h,

ne & — BIACTaHb BiJ TOUKH M 10 MUTTEBOI OC1 OOEpTaHHS.

el

a 4

oc

Pucynox 102

MOJIy.IIB ITOBHOT'O IMPUCKOPCHHA TOYKHU B IbOMY BHUIIAKY 00YHCITIOIOTH 34

dhopmyIior
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N
2 2 _
a=_|la,s;+a,. +2‘a05‘-aoc CoS| A 5,0, | (139)

4.4 3araabHuii BUIAJ0K PYXy BIJIBHOIO TBEpPAOIO TLJIa

I[JISI BH3HAYCHHS IMOJIOKEHHS BUILHOTO TBCPOAOTO TLIa B HpOCTOpi BiI[HOC-

HO HEpYXOMOI cucteMu koopauHat O,x,y;z; BUOEpeMO 3a MONIOC JOBUIbHY TO-

yky O TuLIa 1 MPOBEAEMO 4Yepe3 Hei 3B’sA3aHl 3 TUIOM PYXOMi OCi KOOpAMHAT

Ox{y{z{, fAKi IpU PycCl Tila NEPEMINyBaTUMYThCS Pa3oM 3 HEKO MOCTYMAIbHO.
[TonoxeHHs TiIa MO0 HEPYXOMOI cucteMu Biuiky O,x,y,z; Oyzae BigoMme, sK-

10 MU 3HaTUMEMO B KOXXHUW MOMEHT 4acy MojiokeHHs nojtoca O, ToOTO Horo

KOOPJIUHATH X, V(,Zo 1 NOJOKEHHS TUIA BIAHOCHO PyXOMOi CUCTEMH KOOPAH-
HaT, BU3HauyBaHe KyTtamu Eitnepa v ,0,¢ (puc. 103). Takum 4yuHOM, MOJIOKEH-

HS BIJIBHOT'O TBEPAOTO TiIa B HpOCTOpi B 3araJIbHOMY BUIIAJKY PYXY T1JIa MO>KHa

BU3HAYUTHU IIICTbMA MapaMeTpamu, siKi 3SMIHIOIOTBCS 32 YACOM:
xo = £, (1), y = f4(1),
o = f2(t), 0= fs5(), (140)
zo= f3(1), o= fs(t).
i piBHAHHS HA3UBAIOTh PIBHAHHSAMHU PYyXy BUILHOTO TBepaoro tina. Ile-

pIIi TpU PIBHSAHHSA BU3HA4YaIOTh pyX nontoca O 1 BOAHOYAC — MOCTYHAIBHUM pyXx

cuctemu koopaumHat Ox|y|z{, a IHIII TPU — MHTTEBUH 0OEpTAIBHUN PyX Tina

HaBkou10 1osroca O.
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Pucynox 103

ToMy MOkHa cKa3zaT, 110 B 3arajibHOMY BHUIIAJKy PYX BUIBHOTO TBEPIOTO
TiIa B KO)KHUM MOMEHT 4acy CKJIaJIa€ThCs 13 MOCTYMAIbHOIO PYXy pa3oM 3 Mo-
JIOCOM Ta 13 cepii eIeMEHTApHUX PYXiB HABKOJIO MUTTEBOI OC1 0OepTaHHs, sika
npoxoauTh uepe3 noitoc (puc. 104). Takuii xapakrep pyxy BUIBHOTO Tijia J0-
3BOJISI€ OOUMCITIOBATH IIBUKICTH T MPUCKOPEHHS TOUOK BUIBHOTO TLJIA MIJISXOM
r€OMETPUYHOIO CKJIAJIaHHS IUX KIHEMAaTUYHUX XapaKTEPUCTUK B KOKHOMY 13

CKJIQJIOBHX PYXIB.

Pucynox 104
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JliiicHo, A pajiyca-BeKTopa JOBUILHOI TOUKM B Tina, iK€ BUIBHO pyXa-
€TbCS BIIHOCHO HEPYXOMOi TOUkd O; B KOKE€H MOMEHT 4acy CIIpaBeJiiBa 3a-

nexHICTh (puc. 105)

1532150+79

Ie po — paaiyc-Bekrop nomroca O,
7 — TIOCTIMHUY 32 MOAYJIEM PaJilyC-BEKTOp TOUKH B BigHOCHO mnomoca O.

NPCPCHUIOOYH IO 3aJICKHICTh OACPKHNMO:
2

—  dpy dp, dr
VB — ﬂ — & + — ,
dt dt dt
dpo :
ae % =V, — mBuakicTs nontoca O,
t
au _ _ = . : . .
= @ X7 =Vpo — WBUAKICTb TOUKU B TiNa npu Horo obepTaHHi Ha-

BKOJIO MUTTEBOI OCI.
Tomi

[IpuckopeHHsI TOUYKU BUIBHOTO Tija 3HaiAeMO, AUEPEHIIOI0UN PIBHICTD
(141):

ap =

vy dV, deo _ _ dr _ _ _ _ —
= + XFr+wx—=ap+&Xr+oxV,
dt dt dt dt

1€ d, — npucKkopeHHs nomoca O ;
EXV = Egg — obepTanpHe MPUCKOPEHHS B ChepUUHIN YaCTUHI PyXY Ti-
Ja HaBKoJo noiroca O

® XV =dg, — 100CHOBE MPUCKOPECHHS Tia B ChepuyHiil yacTuHi Horo

pyxy HaBkouio nomoca O.
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Pucynox 105

OTxe ToBHE IMPUCKOPCHHA TOYKH BIJIBHOI'O TUJIa BU3HAYAETHCS 3aJIC)KHIC-

THO
dg =Gy + gy =0y + a0 +T55. (142)
Iumannsa onsa camokoHmponio

1 Axuii pyx Ti1a Ha3UBAIOTH CPEPUUHUM?

2 CKUIbKM HE3aJI)KHUX BEJIMYUH MOTPIOHO NIl BU3HAUYEHHS IMOJIOKEHHS
TiJIa 3 OJTHIEI0 HEPYXOMOIO TOUKOIO?

3 o Take kytu Eiinepa? 3anumiite piBHSIHHA cPEepUUHOTO PyXYy Tiia.

4 Chopmymroiite Teopemy Eitnepa-/lanamOepa npo einemMeHTapHe mepe-
MIIIEHHS T1j1a 3 OJHIEI0 HEPYXOMOIO TOUYKOIO.

5 IIlo Take MuTTEBA Bich 0OEpTaHHS MpU chepuyHOMY pyci Ti1a?

6 [aiiTe xapaKTepUCTUKY KyTOBOI IBUJKOCTI TijIa IPH HOTO chepruuHOMy
pyci.

7 Sk BU3HAYAETHCSA 1 IO XapaKTEPU3yE BEKTOP KYTOBOTO MPHUCKOPEHHS
TiJa TIpu Horo chepuaHomy pyci?

8 Sk BU3HAUAIOTHCA MIBUAKOCTI TOYOK Ti1a IpH chepuyHOMY pyci?
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9 Sk BU3HAYAETHCS MPUCKOPEHHS TOUOK TLJIa IPU ChEeprUUHOMY PyCi?

10 o Ttake obepranpHe 1 100ChOBE MPUCKOpPeHHS? ONUIIITH X B3aEMHE
PO3MIIIICHHS.

11 Sk BU3HaYa€THCS MOYJIb MPUCKOPEHHS TOYOK Tija MpH Horo chepuy-
HOMY pyci?

12 Oxapakrepusyiite pyx BUIBHOrO TBepAOro Tuia. CKUIbKM CTYIEHIB Bi-
JBHOCT1 BOHO Mae?

13 Ha sxi cki1aioBi MOKHA PO3KIACTH PyX BUIBHOTO TBEPJOTO Tijia?

14 3anumiTe KIHEMAaTUYHI PIBHSAHHS PyXYy BUIBHOTO TBEPJIOIO Tila.

15 SIx BU3HAYAIOTHCS MIBUAKOCTI TOYOK BIJIHOTO TBEPAOIO Tija?

16 SIx BU3HAUAIOTHCS MPUCKOPEHHS TOYOK BUILHOTO TBEPIOTO Tiia?

5 CKJIAJJHUM PYX TOUKH

5.1 BigHocHmii, NepeHOCHUI Ta a0COJITHUHA PYXH TOYKH. AOCOJIIOTHA

Ta BiITHOCHA MOXI/JIHI Bil BeKTOpa

VY kiHeMaTulll TOYKH PO3TISAaBCS PyX TOYKH BIIHOCHO HEPYXOMOI CHUC-
TeMU KoopAuHaT. Ta B AesSKUX BUNAJKaX TOIUILHO BUBYATH PyX TOYKH BIJTHOC-
HO JIBOX CHCTEM BIJIIKY, OJIHA 3 SIKUX NEBHUM YHMHOM PYXAa€ThCS BIJHOCHO 1H-
1101, YMOBHO HEPYXOMO1 CUCTEMH KOOPUHAT.

Hanpuknaza, aBToMoOUb, SIKUH pyXa€eThCsl MOBEPXHEIO 3eMJll, pa3oM 3 3e-
MHOIO KYJIel0 00€pTa€EThCS HABKOJIO iI OCl, @ TAKOX MEPEMILIYEThCS B KOCMIY-
HOMY MIPOCTOP1, O€pyUr ydacTh B IEKUIBKOX pyXax.

Pyx, npu sixomy mouxa 6epe yuacmo 6 060X i 6inbuLe pyxax, HA3UBAEMbCSL
CKIAAOHUM DYXOM.

PosrnstHemo ckmagHuil pyx TOUYKM M, KOJU 1 TOYKA NMEPEMIIIYETHCS 110
pyxomomy Tinty A (puc. 106). Uepe3 noBuibHy Touky O Tiia A MpoBEAEMO KOp-
CTKO 3B’si3aHi 3 HUM ocl Oxyz pyxomoi cuctemH Biiiky. Hepyxomy cucremy

BiITiKy O1X1y1Z; 3B’S’KEMO 3 YMOBHO HEPYXOMUM T1JIOM, HAIPUKIIA 3 3eMJICIO.
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Pucynox 106

Pyx Touku M BigHOCHO HepyxoMoi cucteMu koopauHat ( O,x,y;z;) Ha3u-

BalOTh abconomuum. TpaekTopis, MBUAKICTb 1 MPUCKOPEHHSI TOUku M B abco-
JIOTHOMY PYCl HA3UBAIOTh A0COJIFOTHOIO TPAEKTOPIEI0, AOCOTIOTHOIO IIBUIKICTIO
1 a0COTIOTHUM MPUCKOPEHHSIM.

Pyx Touku M BigHOCHO pyxoMoi cucteMu BiIIKY (Ox)z) HA3UBAIOTh Gi0-

HOCHUM PYXOM, a TPA€KTOPIs, IBUIAKICT V, 1 IPUCKOPEHHS d, TOYKHU B LILOMY

pycl HA3UBAIOTh BITHOCHUMH.
Ilepenocnum Ha3WBaIOTh PyX PYXOMoOi cUCTeMHU KoopauHat Oxyz 1 He-
3MIHHO 3B’SI3aHOTO 3 HEIO TiJIa BIIHOCHO HEPYXOMOIi cUCTeMU BiIIIKY Ox;yz;.

IlepeHOCHOO MIBUAKICTIO V, Ta IEPEHOCHUM IMPUCKOPEHHSAM d, OyIoyThb LIBUJ-

KICTh Ta MPUCKOPEHHS TI€T TOUKHU m T1a (PyXOMOT CUCTEMHU KOOPJMHAT), 3 SIKOIO
B JJaHUW MOMEHT 4acy CIIBIaJae pyxoMa Touka M.

OCHOBHOI0 33/1a4€10 KIHEMaTUKU CKJIAAHOTO PYXy TOUYKHU € BCTAHOBJICHHS
3aJIeKHOCTEH MK KIHEeMAaTHUYHUMHU XapaKTEPUCTHKAaMU aOCOJIIOTHOTO, MEPEHOC-
HOTO 1 BIIHOCHOT'O PYXIB.

[Ipu po3B’s3aHHI 1I€T 3a1a41 HEOOX1IHO MU(]epeHLiIoBaTH 3MIHHUN BEK-
TOp B PYXOMiil 1 HEPYXOMill cucTeMaxX KOOpJMHAT, BU3HAYAIOUM MOXIJHY 3a Ya-
COM Y BIIHOIIEHHIO IO PyXOMOi cucTeMH (BITHOCHY a0o JIOKaJbHY MOXIIHY), a

TaKOXX y BIIHOIIEHHIO 10 HEPYXOMOI CUCTEMHU KOOpJIUHAT (aOCOJIIOTHY MOXIij-

HY).

172



BcTanoBuMoO 3B’ 130K MK a0COJIIOTHOIO 1 BIAHOCHOIO MOXIJHUMH B1J BEK-
Topa b =b(t), sKkuil 3MIHIOETbCA B pyxoMiid Oxyz Ta Hepyxomiit O,x;y;z; CUC-
Temax Bimiky (puc. 107).

VY pyxoMmiii cucTeMi KOOpAUHAT 1€l BEKTOP BU3HAYAETHCSA 3aICKHICTIO

b =ib, + jb, +kb., (143)

ne by, by, b, — npoexuii BeKTopa b Ha BIAIOBIIHI OCI PyXOMOT CHCTEMH.

JudepeH1iiroroun 11e BEKTOpHE PIBHSIHHS 3 BpaxXyBaHHSIM 3MIHHOCTI OPTiB

i, j, k BHACIZIOK pyXy pyXOMOi CHCTEMH BiIIIiKy, OIEPKUMO:

— B db B _ - i~ 7
B _dby ;B s By L,
dt dt dt dt dt dt dt

Pucynox 107

[lepuii Tpu CKIaAOBHUX LILOTO PIBHSHHS XapaKTepU3YIOTh 3MIHY BEKTOpa

b y pyxoMili cucteMi KoOpauHAT (P HE3MIHHUX OpPTax i, j, k ) i ABIAIOTH CO-

0010 BITHOCHY TIOX1JIHY:

i db, )
db _dby Dy 5 db: (145)
At di d d




3amiHIOIOUM B paHilie oepkaHii popmyini (122) mBUAKOCTI TOUYKU MPHU

obepTarbHOMY pycCi TiJIa

O1xe cyma TphOX OCTAHHIX CKJIaJIOBUX piBHSHHS (144) 3anuieTbes Tak:

b,—+b,—+b,— =wx(ib, + jb, + kb,)=w xb. 146

[Tincrapmstoun (145) 1 (146) B (144), onepKumMo:

db_db -
—=—+4+0xb. (147)
dt dt

Otxe, abconomna noxiona 6ekmopa 0OpPiBHIOE CYyMi 8IOHOCHOI NOXIOHOT
Yb020 8eKMOpPA Ma BeKMOPHO20 00OYMKY KYmMOo8oi weuoKkocmi pyxomoi cucme-

MU KOOPOUHAM HA yeli 6eKmop.
5.2 Teopema npo 10gaBaHHS MIBHAKOCTEH NMPH CKJIAAHOMY pyci
TOYKHU
Posrnstnemo ckiiagHuil pyx TOUku M, sika y BIJHOCHOMY PYCl IEpEMIlLy-

€TbCS BIIHOCHO PyXOMOi cUCTEMH KoopAuHAT Oxyz Ta 3A1MCHIOE a0COJIIOTHE Iie-

peMIIIeHHS BITHOCHO HepyXoMoi cucTemMu BLLTIKY Ox;y;z; (puc. 108).
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Pucynox 108

[TonoxenHss Touku M y BITHOIICHH] A0 HEPYXOMOi CUCTEMH KOOpIUHAT

Ox;y;z; Y KO)KHUH MOMEHT 4acy BU3HAYAETHCS
r=rop+p, (148)

Ie 7y — paatyc-BeKkTop Touku O, B K1l pO3MILIEHO TOYATOK PyXOMOI CH-
creMu koopauHat Oxyz,
0 — paiyc-BeKTOp TOYKU M y BIJHOIIECHHI J0 PyXOMOI CUCTEMHU KO-

opauHat Oxyz.
BBakarouu, 1110 KOOpAUHATH TOYKH M y pyXoMiil cucTeMi KOOpAUHAT OY-

NyTh X, ¥, Z, BA3HAUYMMO:
p=ix+ jy+kz.

Hudepenmitoroun 3anexHicts (148) 3a yacom, 3HaieMo aOCONIOTHY

H_IBI/IIIKiCTB TOYKH

V="-="t 4+ (149)



AOGComI0THA TIOXIJHA BiJl BEKTOpA P , SIKUW 3MIHIOETHCA B PyXOMIH cUCTe-

Mi KOOpJIMHAT, BU3HAYa€eThes hopmyiioro (147)

1€ @ — KyTOBa IIBHUAKICTh 00€pTaHHS PyXOMOI CUCTEMH KOOPAMHAT,

675 T . 7 . o4 . .
E =iX+ jy + kz =V, — BiIHOCHA MIBUAKICTb TOYKH.

[Tincrapmstoun 11 3HaueHHs B (149), onepxumo:
V= 170 +0xp+ I7r ,

— dr : :
ne Vy = 70 — MBUAKICTh MOYATKY PYXOMO1 CUCTEMHU KOOPJMHAT BIIHOC-
t
HO HEPYXOMOI CUCTEMH KOOPJIUHAT.
BpaxoByrouu, 110 nepeHocHa MIBUAKICTb, 11€ HWIBUIAKICTh TOYKU m PyXO-

MOl CUCTCMHU, UCPC3 JKY B I[aHI/Iﬁ MOMCHT IIPOXOOUTHb PyXOMa TOYKaA M, TOOTO
V,=Vy+@xp, (150)

OyneMo Matu

V=V,+V. (151)

e

Abcontomua weuoKicms mouxku npu ii ckiaoOHoMmy pyci 00PIBHIOE 2eoMen-

PUUHIT CyMI NepeHOCHOI ma 8i0HOCHOI UBUOKOCME.

HaHpaBJIeHl BCKTOPH Ve 1 Vr 3d JIOTUYHUMH OO BIAIIOBIAHUX TPAEKTOPIN.

Monynb abCOMIOTHOT NIBUAKOCTI TOYKH BU3HAYAETHCS 32 (POpMYII010

v=2 v+,

cosa, (152)

A
ne cosa = cos(V,,V.), To0TO 0L — KyT MIXk BekTOopamu V,, V.
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5.3 Teopema KopioJica npo 101aBaHHS NPUCKOPEHb NPH CKJIATHOMY
pYyci TOUKH

AOGCOTIOTHE TTPUCKOPEHHS TOYKH BU3HAYMMO, AUGEPEHIIIIOI0UN 32 4acoM
opmyny (151
pMYyI1y

7

. 153
dt dt dt (153)

a =

a7 dv, av.
= +

AOGCONIOTHY TOX1IHY BEKTOpa BIIHOCHOI MIBHUAKOCTI 3HaijeMo 3a ¢op-
Myoro (147)

VY 11pboMy CHIBB1IHOIIEHHI BIIHOCHA MOX1JHA BEKTOpa V, 3a yacoM € mpu-

CKOPEHHSIM TOYKH M y BIAHOIIEHHIO JI0 PyXOMOi CUCTEMHU KOOpAMHAT, TOOTO
BITHOCHUM IPUCKOPEHHSM:

~

a,=—" =ik + jy + kz.
Jt Jy

Tomi

I
\Ql
+
S
X
N

(154)

AOGCoJI0THA MOX1AHA BiJ] BEKTOpa MEPEHOCHOI MIBUAKOCTI, 3T1IHO 3 Qop-
Mmyoro (150)

dv, d — V. d
C=—WVy+oOxp)=—"+—Xp+0OX—
7 dt(o p) P
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av, _ .
a60 BPAaXOBYIOUHM, 0 —2 = a, — NPUCKOPEHHs MIOYaTKy PYXOMOI CHUC-

dt

@ _ .
TCMHU KOOpAUHAT, 7 = & — KYTOBC IPHUCKOPCHHA PYXOMOl1 CUCTCMH KOOPAH-
t

HaT,d—p:Cji—’?+a_)x,5:I7r+a_)x,5, OJIEPIKIMO:
av, _
7:=670+§><,5+a_)><(a_)><p)+a_)xl/r.

Tak gx mepeHOCHe MPUCKOPEHHS — 1€ MPUCKOPEHHS TOYKU m Tina (py-
XOMO1 CUCTEMHU), sIKa CIIBIIA/Ia€ 3 PYXOMOIO TOYKOIO, TO

A, =0y +&EXPp +W XWX P,

TOJI1

I
S|
+
S|
X

N

(155)

[TincraBuBmu (154) 1 (155) y (153), onepxumo:

a=a,+a +2woxV).

ITpuckopeHHsl, sike BU3HAYAETHCS TOAAHKOM 2(® x V) Ha3uBaIOTh KOPIiO-

JICOBUM IIPUCKOPEHHSM 1 MO3HAYAIOTH
a, =2@xV). (156)
Otxe, MaeMo
a=a,+a,+a,. (157)
s dopmyna Bupaxkae teopemy Kopiomica; 3rigHO 3 SKOWO abconomue

NPUCKOPEHHS MOYKU Npu il CKIAOHOMY pYCi OOPIBHIOE 2eOMEeMPUYUHILl CYMI

MPbOX NPUCKOPEHb. NEPEHOCHO20, BIOHOCHO20 1 KOPIONiC08020.
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KoxHa 13 cki1aoBuX abCOTIOTHOTO MPUCKOPEHHS € KIHEMAaTUYHOIO Xapa-
KTEPUCTUKOIO 3MIHU 3 4acOM BEKTOpa aOCOJIIOTHOI MIBUAKOCTI TOukH. Tak, me-

PEHOCHE NPUCKOPEHHS @, - LI€ XapaKTepUCTHKA 3MIHM MOJYJS 1 HAaIpsMY BeEK-

Topa V¥, NEepeHOCHOI IBUAKOCTI B IIEPEHOCHOMY PYCl, BIIHOCHE NPHUCKOPEHHS

@, XapakTepu3ye 3MIHY BEKTOpa BIJHOCHOI IBUAKOCTI V, y BIIHOCHOMY pycCi, a
KOPIOJIICOBE TMPUCKOPEHHS 4 3 SABIAETHCS AK XapaKTEPUCTHKA 3MIHU BEKTOpa

MEPEHOCHOI MIBUAKOCTI Y BIIHOCHOMY PYCi 1 BEKTOpa BIIHOCHOT IIBHJIKOCTI Y

MEPEHOCHOMY pYCL.

5.4 BuznaueHHss MoayJifl i HANpsAMy npuckopenHs Kopioaica
IIpaBuio ’KykoBCcbKOro

Ax BugHO 3 popmymnu (156), npuckopenus Kopionica 0opisHioe noosoe-
HOM) 8€KMOPHOMY 000YMKY NePeHOCHOI KYymoGoi ueuoKocmi ma NiHiliHOi 8i0-
HOCHOI WBUOKOCMIT MOYKU.

Monynbk BEKTOpa KOPioJliCOBOTO MPUCKOPEHHS BU3HAYMMO 3a MIPaBUIaMHU

3HAXOJKEHHS MOyl BEKTOPHOIO JOOYTKY:
a,=2-w,-V, sina, (158)

A
ae sina = sin(@,,V,), TOOTO o — KyT MK BEKTOpaMH NEPEHOCHOI KyTO-

BOI IIBUJIKOCTI (0, 1 BITHOCHOI IIBUJKOCTI V. TOYKH.
I3 popmynu (158) BuaHO, 110 KOPIOJIICOBE MPUCKOPEHHS Oyze TOpIBHIO-
BaTH HYJIIO B TAKUX BUIIAIKAX:
- xomu @, =0, T0oOTO, KOJIM MEPEHOCHUM PyX € MOCTyNaabHUM ado,
SKIIO TICPEHOCHA KyTOBA IIBUIKICTh B JaHUH MOMEHT 4Yacy MepeTBO-
PIOETHCS HA HYJIb,
- komu V, =0, TOOTO pyX TOUKHM HE € CKIaJAHUM, a0 SKIIO BIAHOCHA
IIBUAKICTh TOYKH y IAHWUH MOMEHT 4acy € HYJbOBOIO;
- xomd o =0 abo a =180°, TOOTO KOJIM BEKTOP BiIHOCHOI IIBHIKOCTI

TOYKH € MapajelbHUM OCl OOEpPTaHHS PyXOMOi CUCTEMHU BIIJIKY (Ti-

na).
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HanpsiMok KOpioJ1icOBOTO MPUCKOPEHHS BU3HAYAETHCS HANPSIMKOM BEK-
TOPHOTO NOOYTKY BEKTOPIB @, 1 V,, TOOTO Kopionicose npuckopenHs 6yoe Ha-

npasiene nepneHOUKYIAPHO NIOWUHI 6eKmopie @, i V. y Hanpsamky, 36i0Ku no-

gopom Ha MeHwiul Kym 6i0 @, 00 V. 6uoHo maxum, wo 6i06yeacmvcsa npomu

X00y 200unHukosoi cmpinku (puc. 109).

Pucynox 109

3a npaBunoM JKYKOBCBKOTO 011 3HAXOONCEHHSA HANPAMKY KOPIOAiCO8020
NPUCKOPEHHSI HeOOXIOHO CnpoeKmyeamu 6eKmop GIOHOCHOI wieuokocmi V, Ha

niaowuny 11, nepneHOuKyiapHy 00 oci nepeHocHo2o 0bepmanHts, a NOmim nogep-

Hymu yto npoexyito V. Ha kym 90° y Hanpsmky nepeHoCHo20 0OepmaHHs.

(muB. puc. 109).

5.5 llpukJyiaam po3B’sA3aHHA 32124 CKJIAJHOI0 PyXy TOYKH

[Ipu po3B’si3aHHI 3a/1a4 KIHEMATUKHU CKJIQJHOTO PYXy TOYKU BaXKJIUBUM €
MPaBUWIBHUI PO3MOALT aOCOMIOTHOTO PyXy TOUYKHM Ha BIJHOCHY Ta MEPEHOCHY
ckianoBi. JlJis BCTaHOBJIEHHS BUAY BIAHOCHOTO PyXY TOYKHU Tpeba MOIYyMKH 3Y-
MIUHUTHU NIEPEHOCHUH pyX (pyX T, SKUM PyXa€TbCsa TOUYKA), a JJIsl BCTAHOBJICH-
HSl XapaKTepy NEPEHOCHOTO PYXY MOAYMKH 3YNMUHSIOTh BITHOCHUN PYX TOUKH.

KinemaTnuHi XapakTEpUCTHKU TEPEHOCHOTO PyXy CIiJ BHU3HAUUTH 3a

IMpaBUJIaAMH 3HAXOKCHHA BiI[HOBiI[HI/IX XapaKTCPUCTHUK TOYOK TBCPAOTO TiIa.
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[Ipu 3HaxX0/1>KE€HH1 BIJHOCHOI IIBUJIKOCTI Ta BIIHOCHOTO PUCKOPEHHS TO-
YKH PYXOMY CHUCTEMY KOOPJMHAT CJiJ BBa)KaTH HEPYXOMOIO 1 3aCTOCOBYBATH
dbopmynu KIHEeMaTUKH TOYKH.

[Tpu Bukopucranni popmynu (157) mist BuU3HaYeHHST aOCOIIOTHOTO MPHUC-

KOPCHHA TOYKH CJIiJI HaM’SITaTI/I, 10 Y BHUIIAJKY IMOCTYIAJIBHOI'O IEPEHOCHOI'O

pyxy 1151 (hopMyra CIpoILyETHCS 10 BUY

a=a,+a, (159)

TaK SIK KOP10J1COBE MPUCKOPEHHS MPHU I[bOMY JOPIBHIOE HYITIO.

Ilpuknao 21
Ha Bi3Ky A4, sikuii pyXaeTbcs 13 CTaHy CIIOKOIO 32 TOPU30HTAILTIO BIPABO 3

NOCTIHHUM NPUCKOpPeHHsM a , = 0,492 m/c” (puc. 110), po3MileHO eneKTpoIBH-

2 . .
I'YH, POTOp SIKOrO OOEpTaeThCs 3a 3aKOHOM @ =¢~ paaiad. Paalyc potopa
R =0,2m. BuzHauntu abCOMOTHY MIBUAKICTH 1 a0CONIOTHE MPUCKOPEHHS TOUKU

M, sixa nexxuTh Ha 000711 pOTOpa, y MOMEHT 4acy ¢ = 1c¢, Ko B IIell MOMEHT TO-

yka M 3HaXOAUTHCA B TIOJIOKEHHI, MOKa3aHOMY Ha pucyHKy 110.

Vi

Pucynox 110

Po3B’s13aHHs
st Touku M 0601y poTopa NMOCTyNajibHUN pyX Bi3Ka € MEPEHOCHUM, a

o0epTaHHs pOTOpa HaBKOJO Horo oci € BiHOCHUM. BubepemMo Hepyxomy cuc-
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TeMy BUUIIKY Ox;y;, @ pyXoMmy cuctemy Oxy 3B’SIKEMO 3 pyXOMUM BI3KOM. AO-
COJIIOTHUM Oyjie pyX TOuku M y BIAHOLIEHHI 0 HepyxoMmoi cuctemu Ox;y;.

AOGCOIOTHY MIBUKICTh TOYKUA M BU3HAYMMO 32 3ajexHICTIO (151)

V=V,+V,.

[lepeHocHa MIBUAKICTh TOYKK M JOPIBHIOE MIBUIKOCTI Bi3Ka B HOro moc-
TYNaJbHOMY IPSMOJIIHIAHOMY pPIBHONPUCKOpEHOMY pyci. Tak, sk moyaTkoBa
mBuaKicTh  Bi3ka V=0, T10 V,=V,=a,-t, 1 1mpu t=lc
V,=0,492-1=0,492u/c. Bextop V, mampasnenuii mapaneisHo oci Ox; BIpa-
BO. BilHOCHY HIBHIKICTh 3HAWAEMO SIK IIBUJKICTh TOUKU M mpu oOepTaHHI po-

do

TOpa 3 KYTOBOIO MIBUJKICTIO @, = % =2¢. Ilpu t = 1c KyTOBa MIBHUAKICTH PO-
t

TOpa @, = 2071 Toni BinHOCHA mBHAKICT V., =@, -R=2-0,2=0,4m/c. Bek-

Top V, HampaBieHuH neprneHauKkyyiIspHo OM B HalpsiMi 00EpTaHHS POTOpa.

Mopaynb aOCOMIOTHOI MIBUJIKOCTI TOYKHW M BU3HAYMMO 3a 3aJICKHICTIO
(152):

VI"

Ve

V:\/V§+Vrz+2 - COS .

BpaxoBytouu, 110 KyT @ MK Bekropamu V, i V, craHoButh 60°, oxep-

ZKHUMO

V =40,4927 + 0,42 +2-0,492-0,4-0,866 = 0,773/ c.

Tax, sik IepeHOCHUN pyX € MOCTYMAJbHUM, TO JUIsl 3HAXOXKEHHS a0CoIIo-

THOT'O IPUCKOPEHHS TOUKU M 3acCTOCYEMO 3alexHICTh (159)
a=a,+a,.

Tyr mepeHocHe NPHUCKOPEHHS MAOPIBHIOE MPUCKOPEHHIO Bi3Ka, TOOTO

2 . . .
a, =a, = 0,492 m/c”. OckiIbKu pyX BI3Ka IMPUCKOPEHUH, TO HAIpsM BEKTOpa

a, CHIBIANAE 3 HAIPIMKOM V.
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BinnocHe mpuckopenHst Touku M npu oOepTaHHI poTOpa Ma€ ABI CKIaA0-
BI:

— _ =T , —n
a.=a, +a, .

MOJIy.IIi OUX CKIIaJOBHX BHU3HA4YMMO 34 (bOpMyJ'IaMI/I JOTHYHOI'O a; Ta HO-

PMaIbHOTO @, NMPUCKOPEHb TOYKH Tija, 10 00EPTAETHCS:

d , -1 -
Tyt ¢, = =2c¢ ', TOMy JOTUYHE ITPUCKOPEHHS TOYKU M B 1i BITHOC-

dt

HOMY pyci Oy/ie MaTh 3HAYCHHSI

a’ =2-02=04m/c>.

OCKUIbKM 3HAKU @ 1 & OJIHAKOB1 (0OEpTaHHS MPUCKOPEHE), Ta BEKTOPH

T

a, 1V, OynyTh cniBHanpaBieHUMU. HopmasibHEe TPUCKOPEHHSI TOUKH Y B1JTHO-

CHOMY pyci Oyje TakuM: a, = 2%.02=08m/c>. Bekrop @, HampaBieHHH 10
neHTpa O obepTaHHs poTopa.

Bennuuny abCcomoTHOTO MPUCKOPEHHS TOUKK M 3HaiaeMo 3a iloro mpoe-

KI[ISIMA Ha OC1 pyXOMOi CUCTEeMHU KOOPAMHAT:

a,=a, +a’ cos60° —a” cos30° =0,492 +0,4-0,5—0,8-0,866 =0;
a, =alsin60° +a sin30° = 0,4- 0,866 + 0,8 -0,5=0,746.1/ .

OCKUTBKM MPOEKIIisi BEKTOpa aOCOIIOTHOTO MPUCKOPEHHS HA BICh X JIOPIB-
HIOE HYJIO, TO BEKTOP a Yy JaHW MOMEHT 4Yacy HalpaBJeHHUIl 3a BEPTHKAJIIIO
BBEPX.

Ilpuknao 22

[Tnactuna D (puc. 111) oGepTaeThcs HABKOJIO HEPYXOMOI OC1 32 3aKOHOM

Q, = 0,912 —8¢°, paa. Ilo miacTuH1 B30BXK NPSMOIIHIHHOTO %K0J100a pyXa€eThCs

TOuKa M BIANOBIAHO 3aKOHY §, = OM =16 —8cos(37¢), cm.
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3HailT aOCOMIOTHY WIBHUIKICTH 1 a0CONIOTHE MPUCKOPEHHS TOYku M y

MOMECHT 4acy ¢ = 50 .

Z]

®
%/ve

Pucynox 111

Po3B’s13aHHs
Bbynemo BBaxkatu, 110 B pO3paxyHKOBUI MOMEHT 4acy IUIOLIUHA KPECIIEH-

HA choiBHajgac 3 mwiomuHoro miactuau D. [lonoxenus Touku M Ha tuiactudi D

Ipu t = 50 BHU3HAYA€THCA BiI[CTaHHIO

s, =16-8cos 37[% =16+4=20cm.

AOGCONIOTHY MIBUAKICTH TOUKU M 3HANAEMO SIK TEOMETPUYHY CYMY Tepe-

HOCHOI Ta BITHOCHOI IIIBUJIKOCTEMN:

V=V, +

N

BigHocHa MIBUIKICTE:
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ds, 2 5

V. = =24rsin3at; npu t = —c MaeMo: V, = 24x— = 65,3 cMm/c.
dt 9 2

JlonaTHuii 3HaK BenuuuHU V), mokasye, mo Bekrop V. (puc. 112, a) Ha-

IpaBieHUl y O1K 3pOCTaHHA s, .

Z] é Z| Z] é >
AE.. A
D | D

€e

Pucynox 112
[lepeHocHa MIBUAKICTH:

V,=Ro,,
ne R=s,-sin30° =20-0,5=10cm — pazaiyc Koja, siKe OMKCY€E Ta TOYKA

do,
dt

. . )
TL1a, 3 IKOXO B JJaHy MUTH CIIIBIIajae Touka M, a o, = = 1,8t - 27t" — xyTO-

Ba IIBUIKICTH TLIA.

2 2 4
Ilpu ¢ = =¢ Maemo ®, = 1,8= - 27— =—-0,93¢".
9 9 8l

Ocratouyno V, =10-0,93 = 9,3 m/c.
Bin’emHui 3HaK y BeIUYUHI @, O3Hauae, 110 00epTaHHA TPUKYTHHUKA Ha-

BKOJIO oc1 Oz BiIOyBa€TbCs NMPOTUWIEKHO HANPIMKY BIIIIKY KyTa ¢,, TOMY Be-
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KTOp @, HampaBJeHWi B3M0BX oci Oz BHM3 (nuB. puc. 112, a). Bektop V, Ha-

MpaBJICHUH 32 JOTUYHOIO /10 KoJja pajiyca R B Oik oOepTaHHS Tiia.

Tak sx V, 1 V, B3a€eMHO NEpNEHIUKYISAPHI, MOAYJIb a0COIIOTHOI IIBU-

KOCT1 TOUKU M:

V=JV2 472 =932 +652% =659cmic.

AOGCOIOTHE MPUCKOPEHHSI TOYKU JOPIBHIOE T€OMETPUYHIA CyMi BIAHOC-

HOT0, IEPEHOCHOT0 1 KOP107ICOBOTO MPUCKOPEHHS:

a=a. +a,+a,.
AG0 B pO3rOpHYTOMY BUTJISIJII:
a=a, +a, +a, +a, +a,.

MOJIy.IIB BiI[HOCHOFO JOTUYHOT'O IMMPUCKOPCHHA:

2
a, = d ir =727 cos3nt.
dt
2 r 2 2 2
Ipu ¢ = Z¢; a, =-12n COS§7Z' =—-355cm/c”.
9

Bin’emMHuii 3HaK a, CBiMYNTH, 10 BEKTOP @, HAMPABICHUN B CTOPOHY
BIJI’€MHHUX 3HaueHb s, (AuB. puc. 112, 0).

BiJIHOCHC HOPMAJIBHC IIPUCKOPCHHA:

TaK sIK BITHOCHUH pyX TOUKU MPSMOIHINHUH.

HepeHOCHC AOTUYIHC IPUCKOPCHHA !
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a' =R ¢

e e’

Ie €, — KyTOBE IPUCKOPEHHs Tu1a D.

d
g, =% _18_54.
dt
2 2
Tpu ¢ = e ge =18 =547 = ~10,2¢72.

OnHakoB1 3HaKU &, 1 @, BKa3ylOTh HA Te, 0 00EpPTaHHsA Tu1a D IPUCKO-

peHe.
Tomi:
al =10-10,2 =102cm/c?.

Bekrtop @, HampaBieHHi B TOi GiK, 110 i BEKTOp V.

IIepenocHe HOpMaJIbHE NTPUCKOPEHHS:
a" = Ro? =10-093% =8,7cm/c?.

Bektop a, HampasieHuii 10 oci obepranHs Tina D, To6To 10 nenTpa O,
KoJia pajaiyca R.
[Ipuckopennst Kopiomica:

a, =2w,xV).

Monyns npuckopenns Kopiomica:

a = 2|7, |sin(@,.7;)
Tax sk sin(@,,7,) = sin150° = 0,5,
TO a, =2x0,95%652x0,5=6lcm/c?.
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BianoBigHO 10 mpaBuiia BEKTOPHOIO I0OYTKY BEKTOP @) HAalpaBJICHUI

NEPHEHINKYIISIPHO 10 IUIOUIMHU TPUKYTHHUKA D y TOMY HalIPSMKY, 11O 1 BEKTOpU
. —T
V,1a,.

Monynb aOCOMIOTHOTO MNPUCKOPEHHS TOYKKM M 3HAXOAMMO CIOCOOOM

MPOEKI[1il BEKTOPHOTO PIBHSHHS:

a, =al +a, =102+61=163cm/c?,

a, =-al —a) cos60° =-9-355-0,5=—186cm/c?,

NG

a, =—a’ cos30° = 355 = —308cm/c?.

z

Ocrarouno a= \/ai +a§ + aZ2 = \/1632 +186 +308% =395cm/c?.

Humanns ona camoKkoHmpoiio

1 Axwii pyx Touku HazuBaroTh ckiaaaHuM? 11lo Ha3uBaIOTh BITHOCHUM,
aOCOJIIOTHUM 1 IEPEHOCHUM PyXaMH TOYKH ?

2 Sk 3B’s3aH1 Mk cO0010 aOCOJIIOTHA, BIIHOCHA 1 MEPEHOCHA IIBH/I-
KICTh TOYKHU?

3 Sk BU3HAYaAIOTh MOAYJIh A0COMIOTHOT IIBUIKOCTI TOUKH, SKIIO BiOMI
BEKTOPH MEPEHOCHOT 1 BITHOCHOT IIBUKOCTI Ta KyT MK HUMHU?

4 Sk BU3HA4a€THCS A0COJIIOTHE MPUCKOPEHHS TOUKU y 3arajJbHOMY BHU-
MaJIKy CKJIAJHOTO PyXy TOUKHU?

5 Yomy nopiBHIOE KOP10JICOBE MPUCKOPEHHS TOYKH? 3alUIIITh BEKTO-
pHUl Bupa3 s npuckopeHHs Kopiouica.

6 3anumrite GopMyIy AT BUSHAYCHHS MOIYJIS KOP10JIICOBOTO MPUCKO-
PEHHS TOUKHU. Y SKMX BHUMAJKaX KOPI1OJIICOBE MPUCKOPEHHS JOPIBHIOE
HYJI0?

7 Sx wHampaBieHUl BeKTOp KopiomicoBoro mnpuckopeHHs? Cdopmy-
moiTe npaBuwio JKyKOBCHKOTO I BUBHAUYEHHS HAIPSIMKY MPHUCKO-
pennst Kopiouica.

8 Illo xapaktepuszye KOpiOJiCOBE MPUCKOPEHHS TOYKH, SKI MPUIUHU

I10s1BHU IBOT'O HpI/ICKOpeHHH?
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9 Sk Bu3HauUaeThCsA aOCOMIOTHE MPUCKOPEHHS TOUYKH Y BUMAAKY MOCTY-

MajgbHOTO MEPEHOCHOTO PYXy?

6 CKJAJTHUM PYX TBEPJOI'O TLIA

Pyx mina, axuii cknadaemvcs 3 080X CKIAO08UX. BIOHOCHO20 | NEPEHOCHO-
20 PYXi8, HA3UBAEMBCSL CKIAOHUM PYXOM MIild.

BinHocHu — 11€ pyX TiJIa y BITHOIIEHHI 10 JESKOI pyXOMOi CUCTeMH BijI-
JKY.

[lepeHocHuMit pyx — pyX Tijla, CKPIMJIEHOTO B KOKHUA MOMEHT 4acy 3 py-
XOMOIO CHCTEMOIO BIJTIKY, BITHOCHO HEPYXOMOT CUCTEMH BIUTIKY.

AOGCONIOTHUM pyX — 11€ Pe3yJIbTYIOUMI pyX Tijia BIIHOCHO HEPYXOMOI CH-
CTEeMU KOOpJUHAT.

BuBYeHHS CKJIaJHOrO pyXy Tila MOJSITa€ y BCTAHOBIICHHI 3aJI€KHOCTEH
MDX OCHOBHUMH KIHEMAaTUYHUMU XapaKTEPUCTUKAMU CKJIaJ0BHX PyXiB Ta abco-
JIOTHOTO pyXy Tula. TakuMu XapaKTepUCTUKAMH € IIBHJIKOCT1 1 MPUCKOPEHHS
MOCTYMAJIBLHOTO PYXy Ta KYyTOBI IIBUAKOCTI, KyTOBI MPUCKOPEHHS Tia. BuBuen-
HSl CKJIQJHOTO pyXy Tia B JAHOMY Kypcl OOMEXEHO BCTAHOBJIEHHSM 3B’SI3KY

JUIIE MK IIBUIKICHUMH XapaKTePUCTUKAMU (MOCTYNAJIbHUMHU 1 KyTOBUMH).

6.1 lonaBaHHS NOCTYNAJbHUX PYXiB TBEpPAOro Tijia

Axkwo mino 3Haxooumuvcs 0OHOYACHO 8 080X NOCMYNAIbHUX DYXAX, MO
abCoNOMHULL PYX MILA MAKONC € NOCMYNATbHUM 31 UBUOKICMIO, SIKA OOPIBHIOE
2e0OMEeMPUYHIL CYMI WUBUOKOCIEL BIOHOCHO20 [ NEPeHOCHO20 PYXie mild.

JIiiCHO, SIKILIO TLIO PYyXa€ThCSl IOCTYNAJIbHO BIJHOCHO PYXOMOi CUCTEMHU
KoopauHat Oxyz 31 LIBUAKICTIO V|, a Il 0C1 pyXalThCsl MOCTYHAJIbHO BIAHOCHO
HepyxoMoi cuctemu O,x,;y;z; 31 mBUAKICTIO V, (puc. 113), To 3a Teopemoro mpo

J0/IaBaHHS IIBUJKOCTEH a0CONIOTHA MBUAKICTE OYyb-SKO1 TOUKH M Tina aopi-
BHIOE T€OMETPUYHIN CyMi BIJTHOCHOI 1 MEPEHOCHOT IBUAKOCTEH. Y HAIIOMY BU-

nanky V. =V, i V,=V,, otxke

V=T 47, (160)
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Pucynox 113

AOGCOJIOTHI MIBUAKOCTI BCIX TOYOK TiIa B I[bOMY BUIAJKY Y KOXKEH MO-
MEHT 4acy OyIyTh OJHAKOBi, TOMY IO PE3yJIbTyIOUUN aOCOJTIOTHUN pyX TuIA
OyJie mocTynaabHUM.

3po3yMiio, MO CYKYIHICTh ACKUIBKOX MOCTYMaJbHUX PYXiB TiJIa 3BO-
JTUTHCS 10 Pe3yJbTYIOUOr0 MOCTYHAIbHOTO PyXy 13 aOCOJIOTHOIO HIBUIKICTIO,

sKa JIOPIBHIOE TEOMETPUYHIN CyM1 IIBUAKOCTEN CKIaA0BUX PYXIB, TOOTO:

— n —
7,7y V)~V V=3V,. (161)
k=1

6.2 JlomaBanHs  o00epTajJbHMX PYXiB HABKOJO oOcCei, 110

MNEPETUHAKTLCH

PosrnstHemo Takuil pyx Tu1a, HapUKIaA LWIIHIApa, KOJU BOHO oOepTa-

€TbCS HaBKOJIO oc1 Oz; 3 KyTOBOIO IIBUJKICTIO @, 3A1MCHIOI0YM BITHOCHUM pyX,
a BiIcb Oz, y NEPEHOCHOMY pycl 00epTaeThCsl 3 KyTOBOIO IIBUIKICTIO (), Ha-

BKOJIO ocl Oz, (puc. 114).
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Pucynox 114

st Oynb-aK01 TOUKU M LHMITIHIpa MAaEMO

AC

Toni

Vi =0, X7 + 0, ><17=(a)1+a)2)><r.

3 iHImIoro 00Ky, MIBUIKICTH Ti€l K TOYKU M B aOCONIOTHOMY pyci Oyne

JIOPIBHIOBATH
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[TopiBHIOIOUH 111 3aJI€KHOCTI, OJICPKUMO
O =0,+00,. (162)

CykynHicmb 0bepmanb HABKOJLO Ocel, W0 NepemuHarmovcs, eKeieaieHm-
Ha 0OHOMY 00epMAHHIO HABKONO 0esAKOi MUMMEBOI 0Cci 06epmants 3 KYmoeoro
WEUOKICMIO, SIKA OOPIBHIOE BEKMOPHIU CYMI KYMOBUX UBUOKOCHEU CKAA00BUX
0bepmaty.

Skio TiI0 OJHOYACHO 3AIMCHIOE JEKUTbKa 00epTaHh HABKOJO OCEH, SKi
MIEPETHHAIOTHCS B OJHIN TOYIll, TO PE3YIbTYIOUYHA aOCONIOTHUHN PyX TiJIa TAKOX
Oyne o0epTalbHUM PYXOM HaBKOJIO OCi, SIKa MPOXOAHUTH Yepe3 TOUKY MEPETHHY
oceil CKIa0BUX 00epTaHb, a aOCOJIIOTHA KYyTOBa IIBUJKICTh Oy/e JOPIBHIOBATU

r€OMETPUYHIN CyMi KyTOBHX HIBUAKOCTEHN IIUX 0OEpTaHb:

(@, @,...0,)~@ , Ezia_)k. (163)
k=1

6.3 lonaBanHs 00epTaJbHUX PYyXiB HABKOJIO MAPaJIeJIbHUX OCeil

SIku1o mepeHoCHM Ta BIAHOCHHMM PyXH TBEPAOIro Tila € 00epTallbHUMHU
HABKOJIO MapajeabHux ocei (puc. 115), To BCi TOUKHU Tija MEPEMIIIYIOThCS B
IUIOLIMHAX, TMapajelbHUX OJAHIN HepyxoMii miuomuHi. OTXe, pe3ynbTyIOUHid
pyX Tila B IIbOMY BHUIAJKY Oyje IJIOCKOMapajeldbHUM Y BIAHOILIEHHI J0 IJIO-
IIMHU, EPIIEHIUKYISIPHOT OCsIM 00epTaHHS.

OCKUIbKM TIOCKMHM pyX TBEPAOrO TiJla B KOXHUH MOMEHT 4acy MOKHA
pO3IJIAaTh K 00epTaJbHUN pyX IIIOCKOI (PIrypu HABKOJIO MHUTTEBOIO LEHTpPa
oOepTaHHs, TO 1 CKIaAHUI 00epTanbHUI pyX TiIa HAaBKOJO MapajelbHUX OCel
MO>XKHA MpPEJACTABUTH EKBIBAJICHTHHM OJHOMY OOEpPTIbHOMY pyXy HaBKOJIO
MHUTTEBOT OC1 OOEpTaHHS.

VY 3a1exHOCTI BiJi BETUYMHU KYTOBUX IIBUAKOCTEH Ta HANpSMKIB CKJa-

JOBHUX O6epTaHB pOSpiSHSIIOT]’: TpH MO>KJIHBI OerMi BHUIIAAKH TaKOI'0O CKJIaAHOI'O

PyXy.
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1 CkiaioBi 00epTaHHs HaNpaBiIeH1 B OJUH OiK.
[Ipu cniBHampaBiIeHUX CKJIaJOBUX oOepTaHHAX (puc. 115, a) BigHOCHUM

Oyzne obepraHHs HaBKOJO ocl O;z; 3 KYTOBOIO IIBUJKICTIO @), a IEPEHOCHUM —

BIIHOCHO 0c1 O,z, 3 KyTOBOIO IIBUJKICTIO (.

Pucynox 115

Posrnsmatroun pyx miockoi ¢irypu () tuia (puc. 115, 6), BctaHOBUMO,

10 MBUIKOCTI TOUOK A 1 B nepetuny oceil BianosinHo O,z; t1a O,z, 3 miIoc-
KOI0 (Iryporo BU3HAYAKOThCS 3allekHOCTIMU: V,=w, - AB, Vyz=w, - AB.
Ockinbku BeKTOpH V ;, V' NepenuKyIsapHi 10 AB, TO MOJI0KEHHS MUTTEBOTO
neHTpa mBuAKocTed (Touka C) 3HAMIETHCS Ha TepeTuHi JiHII AB Ta miHii,
TpoBeieHoi yepes KiHii BekTopis ¥, i Vp (mus. puc. 115, 6). Uepes 110 TOUKy
napanensHo ocsiM Oz, 1 O,z, npoige MUTTEBA Bick 00epTaHHs Cz, HABKOJIO

SAKO1 B pe3yJIbTYIOUOMY pyci Oyae o0epTaTUCh TLIO 3 MUTTEBOIO KYTOBOIO IIIBU-
JIKICTIO @ .
Tak sk IBUAKOCTI TOYOK IUIOCKOI (PIrypH MPOMOPIIIOHANIBbHI X BIICTaHAM
Ve Va4 _ Vp+V, o
>
BC AC BC+ AC

710 MUTTEBOTO IIEHTpa IIBUIKOCTEH, TOOTO @ =

BpaxyBaHHAM 3HAYCHb HIBI/II[KOCTeﬁ TO4oK A 1 B OACPIKUMO:

Ct):a)l +Ct)2, (164)
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a)l_a)z_a)
BC AC AB’

(165)

OTxe, pesyrbmyrouum pyxom cnignanpasieHux obepmanb miia HABKOJO
napanenvHux oceu byoe mummese 0Oepmants miid 6 momy i HANPAMKY 3 Ky-
MO0 WBUOKICIO, AKA OOPIBHIOE CYMI KYMOBUX UBUOKOCHEl CKIA008UX 0De-
pmanb, HABKOJIO MUMMEBOL OCI, NApaleNbHOi 0CAM CKIA008UX obepmaHb, KA
OiUMb BIOCMAHb MINC OCAMU CKAAO0BUX 0O0epmMAaHb HA 8i0pPI3KU, 0OePHEHO NPo-
NOPYIOHANbHI CKAAOO0BUM KYIMOBUM UBUOKOCTISM.

2 CkiazoBi 00epTaHHs HAMpaBIIEH] MPOTHIIEKHO.

SIKu10 BIIHOCHUM 1 MEPEHOCHUM 00epTaibHI PYXU HABKOJIO MapajebHUX
ocell MPOTUIIEKHI 32 HANPSIMKOM 1 PI3HI 3a BEJIMYMHOWO (HAIpUKIAL @ > @, )
(puc. 116, a), To mBuaAKOCTI TOUOK A 1 B muockoi girypu () (puc. 116, 6) Ha-
npaBiieHI B OTHOMY HampsiMKy. MutteBa Bich o0epTanHs Cz y IbOMY BUTIAAKY
3HAaXOJIUTBCS HE MIXK ocsiMU Az, 1 Bz,, a po3ramoBaHa 30BHI 3 OOKy OCI1 CKJIa-
JIOBOTO 00epTaHHS 3 OUTBIION KYTOBOKO IIBHJIKICTIO. ToJi, BpaxoBYHOYH, IO
Ve Vi VeV,

BC AC BC-4A4C

V,=w,-AB, onep>XxuMo BUpa3u A OOUUCIEHHS aOCOJIOTHOI KyTOBOI IIBHJI-

Ta 3HA4YEeHHA WBHIAKOCTI Vp=w,-AB, 1

KOCTI TiJIa Ta MOJOKEHHS MUTTEBOT OC1 O0EepTaHHS:
=0 —-0,, (166)

a)l_a)z_a)
BC AC AB’

(167)

OTxe y 6unadky 080X NPOMUNEHCHO HANPABIECHUX 00epMAHb MeEepo02o
Mina HABKOJI0 NAPANENbHUX OCeli 3 PIZHUMU KYMOBUMU WBUOKOCMAMU De3)ilb-
myouuil pyx 6yoe maxodic 06epmaibHuM 3 AOCOIOMHON KYMOBOI0 WUEUOKICIO,
KA OOPIBHIOE PI3HUYI CKAAO0BUX KYMOBUX UWBUOKOCMEU, V HANPAMKY OLIbUlol
KYMOoB0i w8UuOKOCmi HaBKoJI0 0Cl, NapaeyibHOi 0CAM CKIado8ux obepmams, sAKd
JIEAHCUMD 8 IX NAOWUHI | POZOLNIAE 308HIUHIM YUHOM 8I0CMAHb MIJC HUMU HA Bi0-

PI3KU, 00epHEeHO NPONOPYItiHI 8eTUUUHAM CKIAO0BUX KYMOBUX UWBUOKOCTELL.
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Pucynox 116

3 Tlapa oGepTaHs.

SIkuio BigHOCHUH 1 MEepeHOCHHMI 00epTaibHI pyXy HAaBKOJIO MapajebHUX
oceil BiIOyBalOThCS 3 PIBHUMU 33 BEIMYMHOIO KYTOBUMH IIBUAKOCTSIMHU y MPO-
TWIEKHUX HanpsiMkax (puc. 117) (tak, mo @, = —®,) TO Taka CYKyIHICTb LIMX
PYXIB Ha3UBA€ETbCA nNAporo 0bepmarb, a CyKylHICTb BEKTOPIB @ 1 @, B I[bOMY
BUIIAJIKy CTBOPIOIOThH Mapy KyTOBHMX IIBHIKOCTEH (32 aHAJIOTIEIO 3 MAPOI0 CHIT Y
cratuni). Y npoMy BUNAIKy MaemMo V, =w,-AB 1 Vy=w, - AB, TO0TO
V,=Vy. MUTTEBUIi LEHTp MBHMAKOCTEH IIOCKOT (irypu 3HAXOMUTHCA B He-
CKIHYEHHOCTI, BC1 TOUKHU TUIa B JAHUI MOMEHT 4Yacy MaroTh OJHAKOBI IIBHIKOC-
Ti.

Ock1bKM a0COIOTHA KYTOBA MIBUAKICTh TPHU TAKOMY PYCl JOPIBHIOE HY-
JII0, TO PE3YJIABTYIOUUN PyX Tila OyjAe MOCTynajabHUM, 1 BC1 TOUKHU Tila MalOTh B
JaHUM MOMEHT OJJHAKOBI IIBUIAKOCTI V' =, - AB, HanpaBieH1 NepIEeHIUKYIIAP-
HO IUIOUIMHI BEKTOPIB @ 1 @, BIANOBIAHO 10 HAIPSIMKY MOMEHTY IIapu CHI y
cratuill. OTXXe napa obepmans eKkgigaienmuHa NOCMYNAIbHOMY PYXY 3i WEUOKI-
cmio V , saKka 0opienioc Momenmy napu Kymoeux weuoKocmeti yux obepmarb.

I3 1boro MonokeHHs MOXHA 3pOOMTH BUCHOBOK, IO MOCTYHNAIbHUN PyX
TBEPAOTrO TiIa €KBIBAJICHTHUI mapi o0epTaHb, y Kl MOMEHT KyTOBUX IIBUIKO-

cTell X 00epTaHb JOPIBHIOE MOCTYNANbHIN MIBUAKOCTI TiJa.
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Pucynox 117

6.4 lonaBaHHS NOCTYNAJBHOIO i 00€pPTaJIbHOIO PyXiB

AHaniz momnepeaHbO PO3IMNIAHYTUX BUMAJAKIB CKIAIHOTO PyXY J103BOJISE
JICTaTH BUCHOBKY, 1110 BEKTOPHE CKJIaJIaHHS KyTOBUX IIBUAKOCTEH oOepTaHb 1
HIBUAKOCTEN MOCTYMalbHUX PYXIB 3A1MCHIOETHCSA 3a TUMH K 3aKOHaMH, K 1
CKJIaJlaHHs BEKTOPIB CUJI Ta Map CUJI B CTATHIII.

JliiicHo, 1ii 3 MOCTYMaJIbHUMHU IIBUJKOCTAMHU 1 TapaMu o0epTaHb aHAJIOT1-
YH1 JIIIM 3 MOMEHTaMu map cui B craruui. CkiIalaHHsd KYyTOBUX IIBHIKOCTEH
oOepTaHHs HABKOJIO OCEHl, sIKi MePETUHAIOTHCS AHAJIOTIYHE CKIIAJJaHHIO BEKTOPIB
CUJI 30KHUX CUCTEM B CTATHIIL.

Crin yekaTH, 10 111 aHAJIOT11 MIATBEPASATHCS 1 MPU J0JIaBaHH1 MOCTYIAlb-
HUX Ta o0epTanbHUX pyxiB Tina (puc. 118). [Tokaxkemo, 110 IpUBEICHHS CYKYTI-
HOCTI MOCTYIAJIBLHOTO 1 00epPTAIHLHOTO PYXIB TiJIa 10 pe3yJbTaTUBHOIO PYXy OY-
7€ aHAJIOTIYHUM MPHUBEIEHHIO 10 MPOCTIMIOrO BUTIISALY CYKYIHOCTI TOJIOBHOTO
BEKTOpa 1 TOJIOBHOI'O MOMEHTY IIPOCTOPOBOi CUCTEMU CUJI B CTATHIII.

Sk B cTaTUIl B 3aJIEKHOCTI BiJl HAPSAMKIB BEKTOPIB TOJIOBHOTO BEKTOpA 1
rOJIOBHOTO MOMEHTY CHUCTEMH, TaK 1 B KIHEMATHIl, B 3aJIEKHOCT1 BiJl HAIPSIMKIB
BEKTOPIB KYTOBOI MIBUAKOCTI 00€pTaHHS Ta MOCTYNAIbHOI IIBUAKOCT1, MOKJIIUBI

TPH BUIIAAKHU IMOAAJIBIIOTO IMTPUBCACHHA 10 HpOCTiH_IOFO CTany.
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VY mepuioMy BUMAAKY, KOJTU TUIO PYXa€ThCs MOCTYMAIBHO i3 MIBHIKICTIO
V BigHOCHO HepyXoMoi cucTemu KoopauHat O X; V| z; i BOAHOYAC 00€pTaETh-
Cs 3 KYTOBOIO IIBUKICTIO (@ HABKOJO OCi Az PyXOMOi CUCTEMH KOOPJIMHAT TaK,
o Bich 0OepTaHHs MEepHEHIMKYISpHAa BEKTOPY F MOCTYyHalbHOI MIBHAKOCTI
(puc. 119), pesynbryrounii pyx Tina Oyze miocKonapajieabHUM.

3aMiHMMO BeKTOp V' TMOCTYNanbHOI MIBHAKOCTI Hapol0 06epTaHb 3 KyTO-
BHUMHU IIBUAKOCTAMUA @ =@ ,a @' =—o . [Ipy IbOMYy BEKTOp @' Mpoiiie BicCro
Pz, napajienbHOI 0Cl Az, pO3MIIIEHOI0 Ha BiICTaH1

ap=".
0]

BigkunyBmim oO0epTaHHS 3 KyTOBUMH IIBUIKOCTAMU @ 1 @", AKi MpH
CKJIaJIaHHI AIOTh HYJb, BCTAHOBUMO, WO NpU CYKYNHOCMI 00epmaibHo20 i noc-
MYNAIbHO2O PYXi8 Mila y 6UNAOKy NepneHOUKYIAPHOCMI 0Ci 00epmanHs 6eKmo-
PV NOCMYNANbHOI WEUOKOCMI pe3yIbmylouuil pyx mina 6yoe 00epmanbHuM 3 mi-
€10 JHC KYymoeor weuokicmio. Bicv pe3ynbmyrouozo obepmanHtsa 3aiumumscs na-
PAanebHo0 0Ci CKIA008020 00EPMAHHA [ 3MICIMUMbCS 8i0 Hei HA 8i0CMAaHb, KA
OOPIBHIOE UWBUOKOCMI NOCMYNANbHO2O PYXY, NOOLIEHIU HA KYMO8Y WEUOKICMb
mina.

Y npyromy BUTIAAKY, KOJIW BiCh OOEpTaHHS MapajieibHa HAMPSMKY ITOC-

TynajibHOI mBHIKOCTI (puc. 120), To6TO KON @ ||V, pyX TiJIa Ha3UBAIOTh IT'BUH-

TOBUM a00 KIHEMATUYHUM I'BUHTOM.

197



2]

Vi

Pucynox 119
Bich Az, 3a AKOIO HANpaBJIEHi BEKTOPU @ 1 V , HA3MBAIOTh BiCCIO IBUHTA.
Konu BekTOpH @ i V' chiBHaIpapjieHi, TBUHT Oyjie MPaBUM, SKIIO HPOTHIIEKHI
— niBuM. BiacTtane /1, Ky npoxoauTh OyAb-sika TOYKa Tia, 110 JISKUTh Ha OCi
I'BUHTA, 32 4ac OJHOro o0epTy, Ha3MBAalOTh KPOKOM IBUHTA. SIKIIO TUIO pyxa-
€TbCA TIOCTYMAJbHO 3 MOCTiiHOW mBUKicTIO V' (V = const) i obepTaeThes 3
NOCTIHHOK KYTOBOIO HIBUJAKICTIO @ = const, TO KPOK /1 TBUHTA OyJ€ MOCTIHHUM

1 BUBHAYUTBLCS 3aJICKHICTIO

27 ) ) .o
ne T =— — 4ac oJHOTO 000POTY TiJIa y TBUHTOBOMY pyci. IIpu mocTiii-
%)

HOMY Kpolli / JoBiIbHA TOYKa M Tija, sSKa HE HAJICKUTh OCl TBUHTA, OyJe py-

XaTUCh T'BUHTOBOIO JIHIECIO 31 MIBUAKICTIO
[1,2 252

ne R — Biagctanb TOYkd M Big ocl TBUHTA.
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PosrnstHemo TpeTiil BUNAAOK, KOJU MIBHAKICTh MOCTYMAIbHOTO pyxy V
HalpasJi€Ha MiJl JOBUIBHUM KyTOM @ JO KyTOBOi IIBHAKOCTI @ OOEpPTAIbHOIO

pyxy (puc. 121, a).
Po3kiazeMo mBUAKiCTs ¥ Ha ckianosi (puc. 121, 6).

V=v'+vV" @'=vcosa, V'=Vsina).
Lleuzakicts ' MokHa 3aMiHHTH IaPOKO KYTOBUX LIBUAKOCTEH

/

o =—oio =0,

1

MICJST YOro BEKTOPU @ 1 @ MOXXHA BIAKMHYTH, TaK SK BOHU B CYMi JIalOTh

Hylb. Bincranp AC 3Haiinemo 3a GopmyIioro

v/ _Vsina

) )

AC =

/

Toni y Tina 3anumiaerbest 00epTaHHs 3 KyTOBOIO HIBUIKICTIO @ 1 TOCTY-

MaJbHUN PYX 13 MIBUAKICTIO v OT1xe, po3MOILT NIBUAKOCTEH TOUOK Tijla B Ja-
HUW MOMEHT 4acy Oyje TaKuM >Ke, SIK IPU TBUHTOBOMY PYCI 3 MOCTYIMAaJbHOIO
wsuakictio V' =V cosa (puc. 121, B) 1 KyTOBOIO MIBUAKICTIO @ =@ mnaBkono
Vsina

oci Cz' TBHHTA, 3MIIICHOT B1J] TOYAaTKOBOTO MoJIokeHHS Ha AC =
0]
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6.5 Ilpukyaam po3B’A3aHHA 32/1a4 KIHEMATHKHU CKJIAJHOI0 PyXy Tijia

Ilpuknao 23

[InaneTapHuii peayKTop 3 KOHIYHMMHU IectepHsiMu (puc. 122) mepenae
oOeptanHs 3 Bajia | Ha Ban II. BusHauntu KibKicTh 00€pTiB 3a XBUIMHY Baia Il
1 KUTbKICTh 00EpPTIB 32 XBWJIMHY B aOCOIIOTHOMY 1 BITHOCHOMY OO€pTaHHSIX ca-
TEJITIB 3, SKIIO pajalyCHM KOHIYHMX Kolic 7 =7, =80.mm, pailyc caTeliTiB

ry =60.mm, a Ban I mae n; =60006/x6.
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Po3B’s13aHHs
VY nanoMy MexaHi3mi caTeniTd 3 3A1MCHIOIOTh CKIAJHUNA PYX, MPU SKOMY
BiIHOCHUM Oyze oOepTaHHs IIecTepHi 3 HaBKOJIO cBO€i oci OB 3 KyTOBOIO

MIBUJKICTIO (03, @ NEPEHOCHUM — o0epTaHHs pa3oM 3 Bicclo OB HaBKOJIO OCl
OA 3 KyTOBOIO MIBUAKICTIO (), MPOTNOPIIOHAIBHOK 7; 06/x6. Y 1bOMY BHIIa-
JIKy Ma€ Miclie CKJIaAHuN 00epTalbHUM pyX IIeCTepH1 3 HABKOJIO OCEH, IO Iie-
pPETUHAIOTBCS, TOMY, 3riIHO 3 (162), abconroTHA KyTOBa MIBUIAKICTh (@, LIECTEP-
Hi 3 HaBKOJIO MUTTEBOI oci obeptanus OC, sika NMPOXOaUTh Yepe3 Touky O Te-
pPETUHY OCel CKJIaJIOBUX OO0epTaHb Ta uepe3 HepyxoMy Touky C, BUZHAYUTHCS

3JIEKHICTIO:

a)a =Ct)1 +Ct)3,

i€ (3 — BIIHOCHA KyTOBA MBUAKICTb HIECTEPHI 3.

[ToOyayBaBIIM BEKTOPHY PIBHICTH J0JaBaHHSA KyTOBHUX IIBHJKOCTEH, pO3-

rissHeMo noAiOH1 TpukyTHuku Oab 1 OBC 1 o1epXuUMo:

w; OB 1 ny
B2 = a60 2=
w, BC n n n

1€ n;— KUIbKICTh 00€pTIB 3a XBUJIMHY LIECTEPHI 3 y BIIHOCHOMY pYCi.

3B1IKA MA€EMO 713 = ’”_1n1 :@6002 80006/ x6 . KinbkicTh 00epTiB caresi-

3

Ta 3 B a0COIIOTHOMY pYCi:

n, =+n +n? =v/600% +800> =100006/xs,
a a0COJIFOTHA KyTOBA IIBUIKICTh:

mn 7 -1000
“ 30

Jl1s1 BU3HaUCHHS KyTOBOI MIBUAKOCTI Basia Il BU3HaUMMO MIBUIKICTH TOY-

=104,7¢7".

w

ki D . IIBuaKicTh TOUKH B 1mectepHi 3 1OpPIBHIOE
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AJie mIBUIIKICTh TOUYKH D 1IecTepHi 2 TOPIBHIOE

ﬂ'nz ‘7”2
y,=-"2"72
b 30

OTxe, BpaxoBYIOUH, IO 7] = 7, , ONEPKUMO:

ny =2m =2-600=120000/ .

Humanns ona camoKkoHmpoiio

1 Sxkum Oyne pe3yiabTylOuUHMil pyX ACKUIbKOX 00epTaHb TiJla HaBKOJO
OCei, 110 MEepeTUHAIOThCS B OAHIN Touli? SIK CKIaAyrOThCS KYTOBI1
HIBUAKOCTI TAKUX 00EPTaHb?

2 Sk cknanaThes NOCTyNaIbHI PyXH TBEPIOTO Ti1a?

3 Skum Oyne ckiaJHUN pyX TBEPAOro Tila Yy BUNAAKY 00epTaHb HABKOJIO
napajiebHuX ocei?

4 SIx BU3HAYA€THCS KyTOBA MIBUIKICTH TL1a MPHU HOro 0OepTaHHI HABKOJIO
JIBOX MapayieJIbHUX OCel B OAHOMY 1 B PI3HUX HampsiMKax?

5 o Take mapa oGepTaHb Tija 1 K1 i1 BIACTUBOCTI?

6 Y yomy moJisirae aHaJoTisl 31 CTATUKOI0 METOIB aHai3y CKJIaIHOTO PY-
Xy Tina?

7 Jlo 4oro mpUBOAMTBCS CYKYIHICTh MOCTYNAJIbHOTO Ta OOEPTaIbHOTO
PYXy Y BUMNAJAKY MNEPIEHIUKYISIPHOCTI HAIPSIMKY MOCTYMAJIbHOTO PY-
Xy A0 oci o0epTaHHs Tina?

8 Ilo Take reBuHTOBUH pyX TBepaoro Tina? Konu BiH BigOyBaeThCs ?
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