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NepeaMmoBa

[ligpyunuk  Hamucanudi  npodecopamu  XapKiBCbKOrO
HalioHasbHOro yHiBepcutety iMeHi B.H. Kapazina, siki 6arato pokis
yuTaIM JIeKUil 3 3arajbHOl (isMkHM cTyleHTaM (i3UKO-TEXHIYHOTO
¢dakynbTeTy, a Takok (i3MKO-€HepreTHUHOro ¢axkyiabTeTy Ta 3
¢i3uku — cTyneHTaM ¢aKyabTeTy KOMIT IOTEPHUX HayYK.

Haykogi gocnimkeHHs, ki OyJd i JWIIMIUCH HEBi' EMHOIO,
OiNbllIe TOTO, OJIHIEID 3 OCHOBHHUX CKIIQJIOBUX BUXOBAHHS CTY/CHTIB
Ha  ¢i3uKo-TexHiUHOMY  (aKyJnbTeTi,  3aBXIM  BUMarajiu
aBToMaTH3allii  eKCMepUMEHTY,  SKHAWKpalmoro  BiJgaieHOro
€JIEKTPOHHOTO KepyBaHHA (I3SMUYHMMHM TPOLIECaMH, BHIIYKAHOTO
BOJIOJiHHSI MaTeMaTUYHUMHM, B TOMY UHUCIi YUCIOBUMH, METOAAMH
00poOkK 3000yTHX eKCclepUMEHTalNbHUX pe3yibTariB. Bce we
00YMOBHWJIO BHUCOKHMII piBEHb KOMIT I0TepHU3alii HAyKOBOTO MOLIYKY
Ha ¢i3uko-TexHIYHOMY (akynbTeTi. Ajie OOUYHMCITIOBabHA TEXHiKa
HIKOJIM He po3risganack Ha ¢akyiabTeTi SK caMOUilb, a JHLIe K
[HCTpyMeHT, Xouya W Jyke BajXJIMBMH 1 TOTY)KHHMH, IHCTPYMEHT
HayKkoBLd. baratuii m0cBim ydacTi BHUITyCKHHUKIB (aKyJIbTeTy Yy
MDKHApOJAHOMY HAyKOBOMY PO3MOALNI Mpali MiATBEPIXKYE, IO
3a3BMYAl 13 JIBOX JOCIIMHUKIB YCHIIIHIIIAM € He TOM, XTO Kpaile
BOJIOZiE OOYMCITIOBAJIBHOIO TEXHIKOIO, IO ii 3aCTOCOBYIOTH ISl
JOCHiKeHHS (Pi3UYHOrO MpoLecy, a TOW, XTO Kpallle po3yMieTbcs Ha
MpeIMeTi TOCITiKeHHS.

3anponoHOBaHWI MiIPyYHUK CTaBUThL HA MeETi He JIWIIe
03HaWOMUTH CTYAEHTa i3 CYKYNHICTIO 3HaHb 3 MEXaHikW, aje M
030poiT  Horo HAOOpPOM MPUHOMIB 1 METOAIB JOCIiIKEHHS
HaBKOJIMIIHBOTO CBiTYy. MW Hamarajquch MpPUILENUTH MaiOyTHIM
JOCITITHUKAM yBa)kKHE, TPEMTIIMBE CTABJICHHS 10 YMCIa, ke BUpaskae
3Ha4eHHs ¢i3nuHOi BeauuuMHU. Komu komm'toTep BUIAE pe3ysibTaT
oOuuciieHb (Pi3UYHOT 3aja4i, HE CIIiJ] MOCHIlIaTH 3alucaTi HOoro sk
ocTtaTo4yHy BignoBiAb. CriowaTtky cCliJ MnpoaHali3yBaTH MHOro,
MOoAyMaTH, SIK CIHIBBIAHOCUTBbCS 3M00yTe 4YHCIO i3 BIJOMOKO
KapTHHOIO YCTPOIO CBiTy. KoMIT' 1oTep HIKONM He MOMWIISETHCS, alie
IHKONM TIOMWJISIETBCS TPOTPaMICT: YW TO TiJ 4Yac HaMMCaHHS
MporpaMu, 41 TO NpU BUOOpI Moxeni ¢izudHoro spuiia. 3100yTuit
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pe3ynbTaT € OiIbIl TEepeKOHJIMBUM, SKIIO HOro MiITBEpHKEHO
aHATIITUYHOK OI[IHKOKO a00 YHCIOBUM pe3yJbTaToM, 1Mo Horo
3100yTO IHIIMM METOAOM.

3HauHy yBary npH BUKJIJIaHHI IaHOTO KypCcy MU Hamaraiucs
MPUIIIUTH MeToay aHanoriid. KopucHuii Ta miinHuii cam mo coOi,
METOJI aHaJloTiii sKHaWKpalle Macye OO0 THX CHTyallid, KoJu 3a
OpakoMm yacy HeoOXigHO 6e3 3aCTOCYBaHHs PyTUHHHUX MaTeMaTHUHUX
npouenyp 3100yTH MOTPiOHY MareMaTuuHy (hOpMyily, IIO OMHCYE
JocikyBaHuid  izuunuii nporec. Kpim Toro, mei meron mobpe
ITFOCTpY€e CHOPIAHEHICTh (Pi3UYHMX SIBMIL, SIKI CMOCTEpPIirarOThCs B
pi3HUX Tamy3sX (i3MKM, a OTKe, WOro 3acTOCYBaHHS IPHBYAE
CTY/ICHTIB He OOATHCSA CaMOCTIHHO BHMBYATH pi3Hi (i3W4HI SBHUIIA,
3aCTOCOBYIOYM  BXK€ 3BMUYHI  MarematuuHi mpouenypu. Lle
MPUILETLUTIOE CTYACHTOBI CMaK 10 TBOPYOT HAYKOBOT Mpalli.

Amnpi [lyaHkape™ mnucaB: «YueHUIl JOCIIKYE TPUPOAY He
TOMY, IO 16 KOPUCHO, — BiH 3aiiMaeThcs BUBYEHHSAM NPUPOIH, 6O
BiH y 3axBarti BiJ Hei, i BiH y 3axBari, 00 BoHa KpacuBa. Komu 6
npupona He Oyfa KpacuBOlO, BOHA He Oyna O rimHoO OyTH
JOCHiDKyBaHOlO, Ta Koiu O mpupoga He Oyna rimHoto OyTu
JIOCHIDKYBaHOIO, He BapTO OyJo O KUTH».

Mexanika — Le HalicTapima ramysb ¢isuku. li 3akoHM
OJIep’KaHO 3 eKCMepUMeHTY. Auie Uil 3’ siCyBaHHsS MOAPOOHUIb TOTO,
K BinOyBarOThCSA Ti YW IHII CKJIAJHI SBUINA, K B HAWMPOCTIIIMN
CIIOCiO omuMcaTH 1ii SBWINA, B Haroii crae maremarHka. LlikaBo, 10
HetoToH, 3aiiMatounch mnpoGiieMaMu CTBOPEHHS OCHOBHHX 3acal
MEXaHiK{, OJHOYAacHO OpaB aKTHBHY YYacTb y pO3poOLi OCHOB
JIudepeHLianbHOro Ta iHTerpalbHOro YUCICHHS.

MexaHika — HayKa Npo pyX Ta piBHOBary Tij. Pyx matepii (B
HIMPOKOMY PO3YMiHHI) — 1le Oyap-ska ii 3MiHa B yaci. MexaHiuHHi
pyX — Lie HaiimpocTila gopMa pyxy, sSKa BiANOBiAae MepeMilieHHIO
MEXaHIYHOrO Tijla BiJHOCHO IHUIMX Til y MpocTopi 3 4acom. B
HallOMy Kypci TpH TEOpPEeTUYHOMY BHWBYEHHI 3aKOHIB MeXaHiKH

! Myaukapé (Poincaré)Kynb Aupi (1854-1912) -bpanity3skuii MaTeMaTHK,
¢i3uk, ¢inocod i Teopernk Hayku. ['omosa Ilapu3bkoi akanemii Hayk i
®panmy3bkoi akanemii. YneH JIOHZOHCBKOTO KOPOJIIBCHKOTO TOBapHCTBa,
IMetepOyp3bkoi  AH, mpe3umeHT  DpaHIy3bKOr0  acTPOHOMIUHOTO
TOBapHCTBA, 4ieH bropo nosrot y [apmxi.
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BUKOPUCTOBYBATUMYTbCS JIBI MaTreMaTW4Hi a0CTpakiii 3aMicTh
KOHKPETHUX MeEXaHIYHUX TiJl. MaTepiajibHa To4ka Ta abCONIOTHO
TBEp/e TiJO.

MaTepianbHa TOYKa — e MakpOCKOMiYHe MeXaHiuHe Tijo
(Horo po3Mmipy MOXKHAa BH3HAYMTH MPOCTUMH  MeXaHIYHUMH
METOaMM MOPIBHSIHHS 3 €TaJOHOM JIOBXKHHH), (hopMa SKOro He Mae
3HAUCHHS, @ PO3MIPH SIKOTO € HEXTOBHO MajMH (iX MOKHa He OpaTu
JI0 yBarv) B TOMY pyci, SKMH HOCHiKyeTbes Y OaHid 3amadvi. [lpu
OMY B&JKJIMBUMH € BiJHOCHI pO3Mipu Tila y TMOpPIBHSAHHI 3
XapaKTepHUMH  po3MipaMH  3ajadi, HanpukKiIag, JIOBXKHHOIO
TPAEKTOPIT, B3MOBXK SIKHX BiOYBaETLCS PyX, a TAKOK XapakTep pyxy.
binpime Toro, oauH 1 TOW caMHUi MeXaHIYHUH 00 €KT y PI3HHX
3ajjauax MOXe ONMUCYBaTHCS pi3HUMU abctpakiisimu. [likaBo, mo npu
BUBUCHHI MPAMOJIIHIHHOTO MOCTYMAIbHOTO PyXY 3aBXKIU MOXKHA He
Opatu 0 yBard po3Mipu Tijla, CHOCTEPIral0uM 3a PyXOM OJIHI€T
TOYKH, SKa 3HAXOAMThCS, HAMPUKIAA, y LEHTPi Mac LBOTro Tija.
PosrnsiHemo 11 npuknagy ckiagHuid odepTanbHUi pyx 3emili: BoHa
b6epe yyacth B obeprasbHOMy pyci HaBkono CoHus (mMpu LbOMY
pafiyc 3emHOi op6itn Ry~ 1,5¢10° km) Ta B oBepramsHOMy pyci
HABKOJIO BJacHOT oci (MpH bOMY XapaKTepHUM MaciiTaboM € pafiyc
3emuti R326,4><103 kM). PosrmsHemo nBi pi3Hi 3amauii Semis
pyxaetbcs 1o opOiti HaBkoo CoHus Ta 3emits 00epTaeThCsl HABKOJIO
BiacHoi oci. B ymoBax mepmioi 3amavi 3emis € MarepiajibHOO
TO4KOI, 60 Ry>>Ry, a 151 BUMaaky obepTaHHs HABKOJIO BJIACHOT OCi
3emiisl BXKE € HE MaTepiallbHOIO TOYKOK, a MOXKe omucyBatucs (3
MEBHOK TOYHICTIO) sk aOCOMOTHO TBEpAe Tino, TobTo MK
CYKYTNHICTP MaTepiaJlbHUX TOYOK, BICTaHb MDK SKHUMH He
3MiHIOETbCS 3 4acoM (y HyJIbOBOMY HaOJIMKEHHI) y mpoueci pyxy
(Bu3HAauYeHHs Ta JeTalbHe OOrOBOpEHHsS TEPMiHIB: LIEHTP Mac,
a0CcoIOTHO TBepe TiIo Oy/ie HalaHO Mi3Hile).

Pyx wmarepiasbHOI TOYKM € TIOBHICTIO OINMCAHUM, SKIIO
3aJlaHuil 11 3aKOH PyXY, ab0 IHIIUMH CJIOBAMH, BiJIOMO il MOJIOKEHHS
B Oyab-fKkMii MOMEHT 4acy, TOOTO 3aJaHo ii pajiyc-BeKTOp,
r=r(t), sx dyukuiro wacy. Pafiyc-BeKTOPOM maTepianbHOT
TOYKHM HA3UBAIOTh BEKTOP, IO MOEJHYE MOYATOK CUCTEMH BiITIKY 3
MarepiallbHOK TOYKOIO.



1106 3a1aTh MoNOXKEHHs MaTepiaibHOT TOUKH, CITiJ| CTIOYaTKy
BU3HAYMTHCS 3 CHUCTEMOIO Bijutiky. J[ns Toro, mobd 3agaTn cuctemy
BIOMIKY, ciim, mo-mepine, BH3HAYMTH TIIO BiAJIKY, MMO-Apyre,
NPUB’ A3aTH 1O HHOTO CHUCTEMY KOOpPAMHAT, BU3HAYMBIIM MaciiTad
(OIVHUIIO TOBXKHMHU), @ TAKOXK YCTAHOBHTH XPOHOMETp (Mpuiaj ajis
BUMIprOBaHHs 4acy). TisioM BiJTiKy 3BeThCS CrieliaibHO oOpaHe Tijo
abo cucTeMa KiNBKOX Till, BIIHOCHO fKWX B o0OpaHiii cucremi
KOOpAMHAT, BUKOPUCTOBYIOUM o0OpaHMii MaciuTal, BU3HAYaeThCs
pO3TalllyBaHHs JTOCIipKyBaHOTO Tijia. Pa3zoM 3 oOpaHOKO cUCTeMOrO
KOOpJIMHAT TiJIO BIAJIIKY YTBOPIOE MPOCTOPOBY CHCTEMY BIIUTIKY.
OcKinbKkY B JaHOMY KypCi BUBYA€ETbCS KJIaCMYHA HEpeNIATHUBICTChKA
MeXaHiKa, TO BBaKA€TbCA, IO Yac Teue OJHAKOBO B yCiX cUcTeMax
Bimiky. Tomy, mogaBmIM 10 MPOCTOPOBOI CHCTEMH BIATIKY TpHIIan
BUMIPIOBAaHHS 4acy, OTPUMYEMO MOBHY CUCTEMY BiUTIKY.

Haituacrie i1 onucy mosno)keHHs MaTepiallbHOi TOYKH B
MpPOCTOPi  BUKOPUCTOBYIOTH OIHY 3 OPTOTOHAJIBHUX CHCTEM
koopanHaT (IXHi OCi € B3a€MHO MEPHEeHAMKYJISIPHUMH): JIeKapTOBY,
UWITiHApUYHY abo  cdepuuny. Bubip cucremu  KkoopauHat
BHU3HAYAETHCS 3 MipKyBaHb CUMETPIi 3aJaui Ta HaiOiIbLIOT 3py4HOCTI
JUIS KOPHMCTyBaua: IO MEHIIe CKAJISIPHUX PiBHAHb MOTPIOHO UIs
omucy pyxy, To Kpawe. B gaHomy kypci wmexaniku Oyne
BUKOPHUCTAHO MpaBy KOOPAMHATHY CHCTEMY, JJIsl OpTiB (OIMUHUYHUX
0a3MCHUX BEKTOPIB) SKOT Mae MiCle HACTYMHUHN 3B'S30K Yy BHIJISIII
BEKTOPHOTO JOOYTKY: [Q_ ,éz] =63 (merasnbHille MPO BEKTOPHHUI
nobytok itumetbess B maparpadi  1.1.1 uwmx nekwmiii). Yepes
TPUBUMIPHICTh HABKOJIMIIHBOTO MPOCTOPY TMOJIOMKEHHS KOXKHOI
MaTepialibHOI TOUKH B OOpaHiil eKkapToBil cUcTeMi BifJIiKy MOXKHA
3a7aTH TpPbOMAa KOOpIMHATaMH, HANpHKIal, TMPOEKUiIMH pamiiyc-
BEKTOpa TOUKHM Ha oci 00paHoi cucTeMu KoopauHart: X, V, Z

3rigHo 3 MPOrpaMor0 HaBYAIBHOTO Kypey “3aranbHa ¢izuka”
N0 MiAPYYHHUKY BKJIIOYEHO HACTYMHI TeMH: 1) OCHOBHI TMOHATTS
KiHEeMaTHKH, 2) OCHOBHI MOHSTTS Ta 3aKOHHW JMHAMIKHA MaTepialbHOI
TOYKH, 3) BUIBHUH pyX CHCTEeMH MaTepiaibHMX TOYOK, 4) CHIIOBe
nose, 5) MexaHiYHUN pyX MarepiaibHOI TOYKM B HEiHePI[iaJbHUX
chcTeMax Bimiky, 6) obepTaibHHUil pyX aOCOMOTHO TBEPIOro Tija,
7) MexaHi4yHi KojuBaHHS. He3Bakaroun Ha Te, 1O Mepuri TeMH 3
BHIIIE 3a3HAUYEHUX BUBYAIMCS MEBHOIO MIpOIO B CepelHiil LIKOJi, He
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CJIiZ AyMaTH, IO Y 3alpOIOHOBAHOMY KypCi HEMa€ HOro BUMTH, IO
cecifo MOYKHa MPOWTH, KOPUCTYIOUUCh TUIBKHM “IIKITBHUM Oarakem
3HaHp". KiacuyHy mexaniky (MexaHiky HptoToHa) ciin Oyae 3aHOBO
BUBUHUTH Ha SKICHO HOBOMY MaTeMaTH4HOMY IpyHTi. Lle kopucHo sik
3 TOYKM 30py TIMOIIOrO po3yMiHHS MEXaHiKH, TaK i 3 TOUKH 30py
OTPHUMaHHS TPAKTUYHOTO JIOCBIAY i3 3aCTOCYBaHHS MaTeMaTHYHHUX
3HaHb, 3aKPIMJIEHHs] TEOPETUYHOrO MaTepiaiy, KM BUKIAJAEThCS B
Kypcax MaTeMaTHYHOTO aHaJli3y Ta aHaJiTUYHOI reometpii. Lle macThb
MOMUIMBICTh ~ TOOAYMTH  BHYTPIIIHIM  3B'S30K MDK  Pi3HUMH
MiAPO3aiIaMd MeXaHiKM, Mo0ayuTH, Mo Wi pi3Hi ii migpo3aimu €
€IMHOI0 HAYKOO, SIKYy MOOYAOBaHO Ha CHINbHUX MPUHLMIAX, IO
pi3HI  THUMM  MEXaHIYHOTO  pyXy  OINUCYIOTBCS  CIIJIbBHUMHU
MaTeMaTUYHUMK MeToAaMu. AHaJi3yloud pe3yJibTaTh HaBYaHHS
0araTbOX  BUIYCKIB  CTYyJIEHTIB, XOTuUlocs O  3acTepertu
MEPIIOKYPCHUKIB BiJl CIPOIIEHOTO PO3YyMiHHS METH HaBYaHHS, Bif
Takol yMKHU: 1110, OyUiMTO, Ui 3000yTTS 3HaHb 3 (I3UKU HA PiBHI,
JIelIO BUIIOMY 3a CepelHiil, JOCUTh Oyle BUBUUTH TiJIbKH OCHOBHI
dbopMynM Ta 3HATH, Yy SKMX BHIAIKaX CIIiJi BUKOPUCTOBYBATH Ty UM
iHmy ¢opmyny. Hapnaku, HalWOiNbUIy HIHHICTH CTAHOBUTH 3HAHHS
METOJIMKA pO3B’SI3aHHS 3aja4 i3 PI3HUX PO3AUIIB MeXaHIKH.

BunatHuii BueHMii ApHOIBI 30MMep(1)enb/:[2 kazaB. «Dopmynn
MaloTb OYyTHM CYMOIO, pe3yJbTaTOM HallMX 3HaHb Mpo 00 KT
JOCITIKEHHS], a He PKePesioM LIMX 3HAHb».

Jloceia GaraTboX MOKOJIiHB MEPIIOKYPCHUKIB CBIIYHTH, IO
OJIHI€I0 3 OCHOBHHUX MpoOJieM Mif Yac HaBYaHHS Ha MepLIOMY Kypci €
HEBMIHHS 3aCTOCOBYBaTH MaTeMaTH4HiI 3HaHHA /O pO3B’S3aHHS
¢iznyHnx 3aaad. YacTo BaKKO 3pO3yMITH 3 TEpIIOro pasy, IIo
HIBUJIKICTh MaTePiajibHOI TOUKH IIe € Tieplia MoXijHa BiJl KOOPJAHHATH
MaTepiajJbHOI TOYKHM 3a 4YacoM, 00 y cepelHiid MIKOJi IIBHIKICTh
BH3HAYajach 3a JIOMOMOIOK omepaiii aiieHHs (a Te, mo To Oynu
cepellHi 3HaueHHS LIBUAKOCTI, Bxke 3a0yiocs). ToMy Kypc MexaHiku

2 3ommepdensa (Sommerfeld)Apronsa lorannec Binbsam (1868-1951) —
HiMeUupkuil (i3WK, OCHOBOIOJOXXHUK aTOMHOI Ta KBaHTOBOi (i3uKH,

nemaror. Yuusmu  3oMmmepdensaa Oynu  HOOeMIBCBbKI  J1aypeatn

B. leiizentepr Tta B.Ilaym. 3ommepdensn Oynm wieHOM OaBapChKOl

akazieMii Hayk, JIOHIOHCBKOTO KOPOJiBCHKOT0 ToBapucTBa B JIoHm0Hi. Moro

Bim3HaueHO Menamsmu [ enpMronbia, Makca [Inanka ta Jlopenra.
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MOYMHAEThCA 3 BUBUEHHS «KiHemMaTuku», ie 1o00pe BiloMi MeXaHiuHi
TepMiHu (IIBHIOKICTh, TMPUCKOPEHHS 1 TaKe iHINE) MOAaHO B HOBIM
pedakiii, CIUparoyrch Ha TMOHATTS TMPO TOXiJHY Ta TepBicHY
¢$yHKUIT, MPO BEKTOPH Ta iXHi BJACTUBOCTI, 110 JaCTh MOXKJIMBICTb,
OKpIM YChOT'O IHIIOrO, 3100yTH MEBHI MPAaKTU4HI HABUYKU 3 KUTBKOX
OCHOBHHX PO3JIJIB aHAITUYHOI reoMmeTpil Ta audepeHIiaTbHOro
YHCIICHHSI.

1. OcHOBHI MOHAMMS KiHeMamukKu

KinemaTtnka MatepiaibHOI TOYKM BHM3HA4ae 3B'I30K MiX
MOJIOXKEHHAM, MIBUAKICTIO Ta TMPUCKOPEHHSAM TiJl, BAKOPUCTOBYIOUH
IS UbOrO MaTeMaTH4HUIM amapaT Teopil AudepeHLialbHOro
YKCJICHHS Ta aHANITUYHOI reoMmeTpii. [Hakile Kaxy4d, KiHemMaTHka
BHMBYA€E XapaKTEPUCTHUKH Ta OCOONMBOCTI MEXaHIUHOTO pyXy, He
Oepyuu 10 yBaru: siki (i3W4Hi NPUUMHM LBOTO PyXy, sIKa Maca Ta
¢dbopma TOro MexaHi4HOro 00’€KTa, pyX SKOro BUBYaeThbes. [lpu
IILOMY BBa)XKa€Thcs, 110 po3MipamMu Ta (opmoro 00’ ekTa 3a yMOB
KOHKPETHOT 3a/1a4i MOYKHA 3HEXTYBaTH.

1.1. [llpo eukopucmaHHs1 3HaHb eUW,0f
MameMamukKu npu po3e’si3aHHi (hizu4yHux 3aday

Sk BigomMo, MoBow (izuku € wmarematuka. lLlikaBo
Bi[3HAUMTH, [0 3aCHOBHMK KJaCHM4YHOI MexaHikh (00’ ekTh
JOCHIJDKEHHST SKOi MaloTh XapaKTepHi po3Mipu 3HAYHO Oinblii 3a
aTOMHI, a IIBHIKICTh PyXY SKUX € 3HAYHO MEHIIMMH 3a IIBHIKICTh
cBiTia y Bakyymi) I. HploTOH 3poOMB TakoK BeJIMYe3HHH BHECOK Y
pi3Hi ray3i BUIIOT MATEMATHKH.

BinbuiicTh MeXaHIYHHMX BEJMYMH € BEKTOpaMH, TOOTO
00’ €eKTaMH, L0 XapaKTepU3yIOThCS HE JIMIIE JOBKUHOIW (MOmyJiem)
BEKTOpa, ane U HOoro opieHTalielo y MpocTopi BiTHOCHO Oa3HMCHUX
oceil oOpaHOi cvcteMu KoopauHat. Tak, MONOXKEHHS MaTepiabHOT
TOYKM B OOpaHiii cvcTeMi KOOpIAWHAT 3ala€ThCs pajiyc-BEKTOPOM,
3MiHYy pajiyc-BeKTOpa 3 4acoM BHM3Ha4dae BeKTOp WBHUAKOCTI. Ilpu
JIOCHIJDKeHHI  00epTallbHOTO  pPYXYy KOPHUCTYIOThCS, HAIpPHKIIA,
BEKTOpaMHM KYTOBOT IIBUIKOCTi, MOMEHTOM IMMyJibcy Too. Jlis
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NPaKTUYHUX IiJIed 3pyYyHO KOPUCTYBAaTHCS TPOCKIIIMH  LUX
BEKTOpIB Ha Oci 00paHOi CHCTeMH KOOPJAWHAT, SKi € CKAIIPHUMH

BenmurHamu. [1poekuisa Bektopa R Ha opr éj o0paHoi crcTeMu
KOOpJIMHAT BHM3HAYAETHCS CKaNAPHUM [06YyTKOM (P,éj)= Rj
:H‘éj‘cos@ REj ).

Bzarani, 3a J0OMOMOror CKalspHOro AOOYTKY MOXKHA
BM3HAYUTH TIPOEKLi0 OyIab-sKoro Bektopa A Ha HanpsMOK
JOBiNbHOrO BekTOpa B Az = (A,B)/‘B‘. Ckanspuuii  106yTOK

Oynb-skux neox Bektopie C ta D y TpuBMMIipHIi opToroHanbHik
cucreMmi KOOpAMHAT BU3HAYAETHCS K cyma:

(6,6): CiDq +CyD5 +C3Dg3, T1yr CJ i D] — MpoeKuii
BEKTOpiB Ha Bimnosimni OasucHi oci € j oOpaHoi cuctemMu
koopauHat. Yepes ckajspHuii JOOYTOK y MeXaHilli O0YUCITIOEThCS
Takosk i poGora A= (F,dl'), ne dil - e BEKTOP €JIEMEHTAPHOIO
nepeMillleHHS, F - ue cuna, wo BHUKOHYE JlaHy poOOTY.

Onepaiiisi BEKTOPHOro A00YTKY MIMPOKO BUKOPUCTOBYETHCS
B 3ajayax npo obepranbHuil pyx. Hampukiaa, MOMEHT 30BHILLIHBOT

cwm M, mo mie Ha abcomorHo TBepae Tino (ATT), ske 3marHe
obepraTuicss HABKOJIO 3aKPIrJIEeHOT OCi, BU3HAYAETLCS AK BEKTOPHUHN
N00yTOK pajiyc-BekTtopa I, 10 MPOBEAEHO B HAWKOPOTIIMH crocio

Bix oci ob6epranns o touku ATT, go skoi npuknageno cuimy f:
M = |_F, ]?] = éD|F” f ‘ sin(Or, f ), ne €y — ue oanHNuHwMii BeKkTOP,
IO HaMpaBJIeHWH TEpreHAMKYJIAPHO 10 IUIOMIMHKM, B SKid

posramosaHo Bekropu I Tta f . Ilpn upomy 3 kiHUs BekTopa €[

HalKOpOTLIMIA MOBOPOT Bix BekTopa I 10 Bekropa f Burnsamae sk
TaKHM, 1110 BUKOHYETHCS B J0JATHOMY HAMpsIMKY KyTiB, TOOTO MPOTH
CTPIJIKM TOAMHHUKA. SIK KaxKyTh, BEKTOpU T, f Ta € cKiIaJaroTh
npasy TPinKy (aue. puc. 1.1).3 BU3HAYEHHS BUIHO, 10 aOCOIIOTHA
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BEJIMYMHA BEKTOPHOro M0OYTKY AOPIBHIOE IUIOINII Mapanenorpama,
CTOPOHH SKOTO YTBOPEHI BEKTOPAaMH, 1O TIEPEMHOKYIOThCS.

Z=hxR A 3BepHITH yBary, IIO IMEpecTaHOBKa
2 12 . . -

,‘i&__w{q* Micib BekTopiB @ Ta Dy BekTOpHOMY
By \\_ JNOOYTKY MpPU3BOAUTH JO 3MiHH HAMpPAMKY
2 Pe3y/bTYIOUOro BEKTOpa Ha MPOTHIIEKHHH,
Puc. 1.1. To6T0: [3,b] =—{b,&].

BiKTOpH a, b Sk ropaxyBaTH pe3ynbTar

1C crranaioTs BEKTOPHOrO J00YTKY MO BiIOMHMX BEKTOpax,

TpaBy TpIAKY O TMepeMHOKYIOThCA? Hexalh Ham 3amaHi

npoekuii BekTopiB a i b y nekaproBux
KoopauHatax:  a=(a,,a,a,)= axéx+ayéy +a,8, 1 b=(b,b,b)=
b€ +by€, +b,€,. Tyr €, € i € — ue optu, T00TO OFMHMUHI
BEKTOPH, TOBKHWHA KOJKHOTO 3 HUX IOPIBHIOE OJIMHMII, a HANPSIMOK
CMIBMa/a€ 3 HAMpSMKOM BIAMOBIAHOI OCi, HANMpuKIaa, opT €, Mae
HampsAMOK oci Xx. [HKonM B migpyyHMKax MOXKHA 3YCTPITH iHLII
T03HaYEeHHs OPTiB J€KAPTOBOI CUCTEMH KOOPAMHAT: | , | i k. Tax
MPUAHAITO MO3HAYaTH Ti cami iIKCOBHWH, iIrpeKOBHIA Ta 3€TOBUI OPTH:

i =€, =€, k=€,. Toni pesynbTar BeKTOPHOTO 100YTKY

i

C =[ &, b] MoskHa nopaxyBaTH 3a TOMOMOTOKO BU3HAYHHKA!

& € &
C=lay ay ay|, AKMA PO3KPUBAETBCS 32 TAKUMH [POCTHUMH
bZ

MpaBUlaMH, SIKi BHMBYAIOTbCS B Kypci BHMLIOI MaTeMaTHKH. 3a
BU3HAYEHHSM:!

& (ab, —ab, )+
c= éy(asz - axbz) +
&(ab, -ab,).
Mu HaBMHCHE 3amucaid TYT TpU AOAAHKHW OJUH HaA OAHUM, 361/1

nokasaTH HacTynHe. KoXeH HacTyMHuUil 10JaHOK MOYKHA OTPHUMATH 3
MOMEPEeHbOr0, NPOBIBIIY LIMKIIIUHY MepecTaHOBKY iHACKCIB: X -V,
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y -2z, z-X. (Taka nepecraHoBka aicTana
Ha3By  IMKJIIYHOT, 6o 1  MOXHa /_\\
NPEeICTAaBUTH Y BMIJIAII JIaHLIIOKKA (IWB.

puc. 1.2).JlilicHO, KOJIH B3STH, HANIPUKJIA,

X Y
IKCOBY CKJIaZioBy BEKTOPHOTO J00YyTKY,
éx(aybZ - azby) 1 3aMiHUTH B Hil iHOEKC X
Ha Y, Y HA Z 1 Z HA X, TO AICTAHEMO
HAaCTYTHY, irpekoBy CKJIaJIOBY:
V4

€, (asz - axbz) ... JlonatkoBa iHdopmartis

Mpo omepaiii 3 BEeKTOpaMHd MICTUTbCA Y Puc. 1.2.ITuxiuna
naparpadi 1.3. 3a3HauMMo, WO KOJHOO NepecTaHoBKa
LMKJIIYHOIO MEepPEeCTaHOBKOIO MpaBy TPIHKY

BEKTOPIB HE MOXKHA 3BECTH JIO JIiBOi, TOOTO

Takoi, B sKili HAMKOPOTIIMII MOBOPOT BiA MEPUIOr0 BEKTOpa 10
JpYroro 3 KiHIS TPEeThOro BUINIAAAE TaKWM, L0 BigOyBaeTbCs 3a
CTPIJIKOIO TOIMHHHUKA, TOOTO, Y Bil' €eMHOMY HampsMKy KyTiB (OuB.
puc. 1.3).

Konu posp’s3yemn  3amaui  mpo
MeXaHIYHUI pyX, JOBOAUTHCS MaTH CIpaBy
3 IudepeHLiaIbHUMH PIBHSHHAMMU.
Hanpukiiag, ocHOBHe pIBHSHHS JMHAMIiKH
MOCTYMAIBHOTO PyXy, TOOTO, APYTrHii 3aKOH

Puc. 1.3.JTiBa i mpaBa

HeroToHa, dp/dt=YF, € TpIHKH BEKTODIB
JTU(pepeHIliaTbHAM ~ PIBHAHHIM  MEPUIOro TIPUHIIATIOBO HE
nopszAKy. 3ajadi Mpo MeXaHiYHWH pyx 3BOJATLCA OJ1HA JIO
3aJIe)KHO BiJl YMOB MOXKHA MOAUIUTH Ha B OftHOT

rpyni:  NPAMI Ta 3BOPOTHI  3ajadi

MexaHikd. Takuii MO MOB SI3aHO 3 BUKOPHCTAHHSIM abo MpsMoi,
a00 3BOPOTHOI MaTeMaTHU4HOT Jii, TOOTO 3HAaXOaUThcs abo MoXiaHa
¢yHkuis Bin Bimomol ¢yHkuii wsXoM udepeHuioBaHHsS, abo
O3HAauYeHMH iHTerpas Bij BigoMoil QyHKIIIT.

Hexaii, Hanpukiaa, 3 yMOB 3aaadvi BiZomMa HIBHUAKICTH U
MPSIMOJIIHIHHOTO pyXy MarepialbHOT TOYKH, a MOTPiOHO 3HAWTH ii
npuckopenns. lLle Bumagok mpaMoi 3agadui  KiHEMaTHKH, il
PO3B’ A3yI0Th LUISAXOM JOU(epeHLiIOBaHHS BEKTOpa MIBUAKOCTI 3a
gacom: a=do/dt. Tlpu 1pomy ciig mnam sTaTd, 0O TMpU
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ONTUMaJIbHOMY BHOOpI CHCTEMH KOOpAWHAT Oyne OTpUMaHO OJIHe
CKaJsipHe PIBHSHHS JUIS MPOEKIii MBUAKOCTI HAa oOpaHy Bich. A B
iHIIMX BUMaakax Oyne naBa abo Tpu BUpas3u AJs MPOEKLiil IBUAKOCTI
Ha oOci KOOpOMHAT B OOpaHiii cucTemi BimiKy, 1 mNpouenypy
MUQepeHIitoBaHHs MOTpiOHO Oyae 3acTOCOBYBaTH JIO BCIX IHX
BUpa3iB, 100 OOYMCIWTH SBHI BUpa3W JUId  YCIX TMpOEKLiHi
MPUCKOPEHHS.

Axuio x y 3aga4i moTpiOHO 3HAWTH 3alEKHICTh KOOPAWHATH
MaTepialibHOI TOYKH Bijl Yacy 3a BiJJOMOIO 3aJIeKHICTIO HIBHIKOCTI
BiJl yacy, TO Taka 3ajJaya € 3BOPOTHOIO, 1 PO3B’'S3YETbCS BOHA
LUISXOM iHTerpyBaHHsi piBHsiHHs: U =dr /dt. Jng uporo crovatky
3aMMIIEMO  BHMpa3 IS eJeMeHTapHoro nepemiumienns  dr
(nudepenuiana paaiyc-sekropa): dr =odt. Jlani, obGuuciaroroun

t
HEO3HAYCHU iHTerpai IdF = J- odt, orpumyemo: T = J- odt + f(to),
to
ae F(to) — cTajia iHTerpyBaHHsI, iKa Ma€ B [bOMY BHUIAJKY MPOCTHI

Gi3UYHUE 3MICT: TIOJIOKEHHS MaTepialbHOI TOYKH Y TOYaTKOBHIA
MOMEHT 4acy.

[Ipu po3B’s3aHHi 3BOPOTHUX 3ajgady CiiJ NaM’sATaTd, LIO
HEO3HA4YeHMWil iHTerpan OOYMCIIOETBCS 3 TOYHICTIO 10 KOHCTaHTH,
TOOTO PO3B’ 130K TUQEPEHLIIATILHOTO PiBHAHHS N-TO TOPSIKY MICTHTh
N KOHCTAaHT iHTerpyBaHHs. [[Ji1 BH3HAYEHHS LMX KOHCTaHT Cllif
3acTocyBaTH MOYaTKOBI YMOBMW. Hampukian, Hexail ans BUMAaKy
OJIHOBUMIpPHOTO PyXy BiZIOMO, LIO B MOMEHT 4Yacy tp KoopauHarta
MarepianbHOT TOYKM Majia 3HaueHHS Xx(to)=Xo, a MexaHiuHUil pyx €
PiIBHOMIPHUM, TOOTO, BiIOYBCS 31 CTanMM 3HAUEHHSAM IBUAKOCTI

u(t)=v,. Tomi x= J- v, dt =yt + const. BukopucTaHHS MOYaTKOBHX

YMOB  JI03BOJISIE  3alUCaTH: X(ty) =ut, +const.  3piacu
const= X, —Ut,. Takum 4YMHOM, 3aJIeKHICTH KOOPIMHATH BiA Hacy
JU1s aHoT 3aadi Mae Takuid Burisa: X(f) = (t—t,)u; + X, .
Po3B’si3yroun  mexaHiuHi  3amadi  eKCNepUMEHTaJTbHUM
uisixom (abo B YMCIOBHIA crocif), cimij paxyBaTHCs 3 THM, IO BCi

¢i3uuHI  BeNMYMHM TPH  LOMY BHM3HAYAlOThCS  BHACIIIOK
BUMIpIOBaHHS, a Bci (i3W4HI BUMIpPIOBaHHA CYNPOBOIKYIOTHCS
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MOXUOKaMU. A TpU YKMCIOBOMY CHOCOOI PO3B’sA3aHHSA 3a/4advi BCi
BEJIMUMHMA Ta TPOLEAypHd OOUMCIICHHS BHMKOHYIOTBCS 3 TIEBHOIO
TouHicTio. Ll 00CTaBMHA YHEMOXKJIMBIIIOE TPaHUYHUI Tepexia Bin
Manux 3HadeHp uacy At Ta koopauHath AX o Hynas. B
eKCMIePUMEHTANIbHIM MpaKTULi, MOYMHAIOUYM 3 TIEBHOTO Majoro
3HauenHs At, wactka AX/ At B Mexax [OCATHYTOI TOYHOCTI
BuMiptoBaHHs AX mepectae 3MiHIOBATUCS MOHOTOHHO a0 HaBiTh
MOYMHAE 3MIHIOBATHCS XaOTHMYHO. ToMy Topanmbiie 3MEHIICHHS
npomikky uvacy At He wmae cency. lle oOymoBieHO TuUM, IO
BIZIHOCHA TOYHICTh JIOBIJIBHOTO BUMIpPIOBAHHS € THUM MEHIIOI (THM
TipILIOI0), YAM MEHLIOK € BeJIMYMHA, O BUMIproeThes. Hanpukian,
JIOCUTBH JIETKO BUMIpATH 1 m 3 TouHicTio 10 1 Mm, TOOTO BigHOCHA
TOYHICTh TAKOrO BUMipioBaHHs ctaHoBuTh: 10°. A crpoGyiite-HO
BuMipaTd 1 mm 3 Takow K BigHOCHOI TouHicTio! Jlnsg uporo
3HAZOOUTECS MIKpPOMETp, MprIaz 3 moinkamu B 10° M.

UYepe3  moxuOKM  BHUMIpPIOBaHHS  €KCHepHMEHTalIbHEe
BU3HAYCHHs [ificHOI MIBHUAKOCTI (Ha BiAMIHY BiJ MaTeMaTHYHOI

. . X .
rpaHui: U= |jm —) MOXHa 3OiMCHUTH JHMlIe MpUOJIH3HO,
4t-0
OTOTOXKHIOIOUM 1[I0 BEJIMYMHY 3 YacTKOI MajMX, ajleé CKiHYeHHHX

HpI/IpOCTlB U~E. ]_[1 CKIHYCHHO MaJil HpI/IpOCTI/I KOOpL[I/IHaTI/I Ta
yacy, 4YacTKa SKHX 3 TIEBHOIO TOYHICTIO ampOKCHMYE TOXIiIHY

lim é y ¢i3uni Ha3uBaloTh (PI3MYHO HECKIHUSHHO MauMHU
at.o &t

BeJIMYMHAMHM Ta OMNEpPyIOTb 3 HHUMH, SK 3 MaTeMaTHYHUMHU
nudepeHLianamu.

HaBenemo 1ie oauH MNpUKIA, SKHM UIFOCTPYE PI3HHMIIIO
AQHAJTITUYHOTO Ta EKCMEePHMMEHTAILHOTO IMiAXOMAIB 10 BHM3HAUCHHS
(hi3MYHMX BEJWYMH y MeXaHilli. 3 TOYKHM 30py MaTeMaTHKH T'yCTHHA

Am _dm

PEYOBHH BH3HAYAEThCS Tak: O = lim — =—— 1yt V — 1ie 06’ em. 3
av-0AV  dV

TOYKHM 30py (I3MKM Ll BH3HAYEHHsS BTpAyae CEHC 4Yepe3 aTOMHY
OynoBy pedoBuH. O0’€M peyOBMHHM Mae OyTH MAKpPOBEIUYUHOIO,
00 y HbOMY 3HAaXOAMWJIOCs 6arato 4acTUHOK (aTomiB). A 3 iHIIOrO
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Ooky 11e Mae OyTH MiKpoBeaWurHa, MO0 3HaYeHHS L He 3ajekano

BiT ¢opmH, po3MmipiB Ta o00'eMy peuoBHMHU. TakuM YHHOM,
3MCHLICHHS BeJIMYMHM YaCTUHU JIOCHTIPKYBAaHOTO MEXaHi4HOTO
o0'ekTa Mae KPUTHUYHY MEXKY, IO Ma€ 4YUCTO (Di3W4HY TNPHUPOAY:
po3Mipu 00'€KTIB KJIacH4HOT MEXaHIKM MaloTh MEPEBUIIyBATH
XapakTepHi MOJIEKYJISIPHI pO3MipH.

1.2. Lleudkicmb ma npuckopeHHs1 nid 4yac
npsiMOJliHiUHO20 pyXy

[TpsMoniHiliHUM Ha3WBAIOTh TAaKWWi MEXaHIYHWU pyX, NpU
SKOMY yci Touku 00 ekTa, skuid Oepe ydacTb B TaKOMy pyci,
PYXaroThCsl B3IOBXK MPSIMMUX JiHiM, O € MapajeJbHUMU OAHA [0
onHoi. ToMy y 11boMy BHUMaJKy, He3alle)KHO BiJi Macu 00’ €kTa, foro
dopMu Ta po3noaily Mach TO 00 €My, JHOCHKEHHS pyXy
KOHKPETHOTO MeXaHIYHOro 00’ €KTa MOXKHA 3aMiHUTH TOCIIIKEHHIM
PyXy MaTepiallbHOT TOUKH.

Jns mpsmMomiHIHOTO pyXy TMOJIOKEHHSI MaTepialbHOT TOUKH
y TpOCTOpi MOXHa BH3HAYMTH OJHIEI0 KOOPAMHATOIO, HANpHKIa,
X=X(t), 60 Takuii pyx BinOyBaeThcs B3MOBXK MpsAMOi JiHii. [Tpu
ILOMY MW OOMpaEeMO BiCh X TaKOO, LIO CIIBMAJAE 3a HAMPIMKOM i3
HamMpSAMKOM  pyXy Tila. 3BWYaiiHO, fKIOIO HeBJalo o0Oparu
MPOCTOPOBY CHUCTEMY KOOpPAMHAT, TO MOXKe 3HamoOuTHCs 1Bi abo
HaBiTh TpW koopauHaTh. Tomi cmim Oyde po3B’sA3yBaTH cHCTEMY,
BiJIMOBIZIHO, IBOX a00 TPbOX CKASIPHUX PIiBHAHb, SKi OTPUMYIOTh
LUIIXOM  3HAXO/DKEHHS TMpOeKLii BekTopa, sKUH 3aJaHo B
KOHKpETHii 3amaui, Ha oOpaHi OCi KOOpAMHAT 1 fKi, 3pelITOl,
BUSABIISIOTHCSA JIIHIHHO 3aleXHMMHU. Ane OyaeMo BBakaTH, IO
CUCTEMY KOOpIMHAT BUOPAHO B ONTUMAIbHUH crocil.

Skmo B MoMeHT uacy lp MONOKEHHsS MaTepianbHOI TOUKH

BH3Hauanocs koopanHatoro Xg = X(tg ), To 3a 4acoBMil MPOMKOK
At=t,—t, marepiajbHa Touka B Mpoleci MNPSIMOJIHIHHOTO pyXy
snificauTs nepemimends: AX=Xo — Xg, ae Xp = X(ty) (mus. puc.
1.4). IlepemilleHHsI BBaKA€ThCS TMMO3UTUBHHUM, SKIIO KOOPAWMHATA

KIHLIEBOTO TOJIOXKEHHSI MaTepiallbHOT TOUKH € OIBUIOK 32 BEJTMYUHY
il KOOpAMHATH B TIOYATKOBOMY TTOJIOKEHHI, X2>Xo, TAa HETATUBHUM — y
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Xo /X MPOTHIICKHOMY
Bunaaky. OCKiTbKH B

'0 ALI AZI X JIaHOMY miApo3 i

Prc. 1.4 : JTOCITIPKY€E€ThCS
uc. 1. .I[O BI/ISI-I.EI‘-.I?HH}I H.[BI/IZ[.KOCTI HpﬂMOHiHiﬁHHﬁ pyX, TO
NPy MPAMOJTiHIHHOMY pyci

BCi BEKTOPHI BEJIWYMHH,
o OMNHCYIOTh
MeXaHIYHUI pyX 3a LIMX YMOB, MAaTUMYTh aOCOJIIOTHY BEJIMUYMHY, SKa
CHiBMazaTiMe 3 MOJYJIEM IXHBLOI MPOEKIii Ha BiCh X, a HANPSAMOK
BU3HAYaTUMEThCS 3HAKOM TPOEKILT.

YacTka mnepeMilieHHs Ax, fSKe BUKOHAHO MEXaHiYHUM
MaTepiajibHOKO TOYKOIO, 10 MPOMiXKKY dacy At, mpoTarom siKkoro BOHO
BiZOy/ocs, 3BeThcs  CEPEOHbOK  LUBUAKICTIO  pyXy  wmiel
MaTepiajJbHOI TOYKH:

\4

to+At
(UX>:%=i [ortta. (1.1)

fo

IIpu upomy At#0, 60 B iHIWIOMY BHMNAAKY oOMepauis AUICHHA €
HeBHM3HaueHoo. [Ipore At Moke mpsMyBaTh 10 HyJIsl, TOMY CepeaHs
wBKAKicTs (U,) = f(1,4t) € dyHKLielo He nMIe MOMEHTY uacy to,

asie i BEJIMYMHM NPOMIDKKY Yacy At, mporsroM sikoro BiaOyBasiocs
repeMilleHHS.

ikaBo, mo konu At—0, To BenuunHa nepemiienHs Ax—0
TaKOX MpsMye 10 HyJis (e 00pe 3po3yMisio, SKIIO MpoaHasi3yBaTu
iHTerpajbHUI BHpa3 Jjisl CepeHbOl IIBUIKOCTI). AJle MpU LbOMY
sHaueHHs yactku AX/ At npsmye 10 neBHOI rpaHMYHOT BEJMUMHM,
fKa 3aJeXUTh Bi MOMEHTy uacy [g, I SKOrO BHKOHYETBHCS

00YMCIIeHHS BEJIMUMHM Li€] YacTKH, ane He 3aleXHUTh Bil BEIUYMHHU
MPOMiXKY vacy At, mporsarom sikoro BinOysanocs nepeminieHHs! s
rpaHMYHa BEJMYMHA 3BEThcs  AIMCHOK  (abo  MUTTEBOLO)
LLBUAKICTIO MaTepialbHOI TOUKK B MOMEHT Yacy to :

= lim X(t0+At)_X(t0) _%
°  4-0 Vi i ot
IIBHaKICTE BUMIPIOETBCS B METPaX 3a CeKyHay: [U]=m/c.

t to ty - (1.2)

. AX
4lt0)= im0
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Takoro THIly rpaHMYHI BEJTMYMHM YacTO 3YCTPiUarOThCs
B MaTeMaTHYHOMY aHaJli3i, 3ByThCsl BOHHM MOXigHUMH Bia GyHKIT x (1)
3a ii aprymeHTOM t B MOMeHT vacy lo. [loxinHy Big KoopauHaTH came
3a 4acoM MPUHHATO MO3HA4YaTH TOYKOIO HaJl CHMBOJIOM KOOPAMHATH!
X(t) Crnig HaroloCUTH, IO MIBUIKICT MaTepialbHOI TOUKM — L€

€ TIOXiJlHa BiA x came 3a yacoMm, 00 B3arayi KaKy4dd, KOOpJIWHATa
MOKe OyTH (DYHKIII€IO0 KUTbKOX 3MIHHMX, TOJAI Y CTYJEHTIB, 5IKi He
MaJii JIOCTaTHBbOI TMPAaKTHKKA 3 (i3MKM Ta MaTeMaTHKH B CEepeHii
IIKOJIi, MOXKYTh BHHHMKATH HETIOPO3YMiHHS TpH BXKMBAaHHI TaKoro
Ba)KJIMBOTO TEPMiHa, SIK MOXiHa, 0COOIMBO HAa MOYATKY KYpCY.

[Ipu npsMoniniiiHOMYy pyci HanpsAMOK MepeMillleHHs
MeXaHIYHOro 00’ €KTa He 3MIiHIOEThCs (BOHO BiOYBAETHCS B3IOBK
3a/1aHOi KOOPJMHATHOT OCi), TOMY LIBHUAKICTh TAKOTO PyXY B MEBHHI
JNOBUTBHUI ~ MOMEHT 4Yacy BHU3Ha4aTHUMETbCs  (QYHKI€K, 110
€ MOXIJTHOI TUTBKHU BiJ 1iel koopanHaTh 3a yacoM. OCKiNbKH 3MiHa
Yacy € BeJMYMHOI JOAaTHOIO, TO HAmpsMOK MIBUAKOCTI
NPSMOJTIHIHHOTO PyXy BHM3HAYa€ThCS 3HAKOM MepeMilieHHs. Ko
KOOpJMHATa MeXaHIYHOro o0’eKTa 3pociia B mMpoleci pyxy, TO
U(t) >0 (e crnoctepiraeTbcsi 3a YMOB JOAATHOTO TMEPEMillleHHS,

Ax>0), a npu Big emHoMy mnepemimeHHi AX<0 maemo,
Bignosigno, U(t) <0.
[TpuckopenHs marepianbHOI TOYKM B MOMEHT uacy t mpu

MPAMOJIIHITHOMY pyci BU3HAUAETHCS SIK TIOXiJHA BiJ IIBUAKOCTI PyXy
3a 4acoM:

_d%x

do,
ol

dt

ax(tD)z ty " (13)

TobTto s TPSAMONIHIKHOTO pPyXy TNPUCKOPEHHS € TMEepIIor
MOXIJTHOKO BiJl IIBHJKOCTI 3a YacoM 1 JIPYrol TMOXiJTHOK Bif
KOOpAMHATH 3a 4YacoM. JIns mpsMOMNiHIHHOTO pyxXy NPHUCKOPEHHS
MoOke OyTH HampapjieHO TapajeinbHo abo aHTUMapaiesbHO 0
BEKTOpa IIBUAKOCTI, B 3aJIXKHOCTI Bijl TOTO, YU 3pOCTAE IIBHJIKICThH
3 4acoM, Y4 3MEHINYEThCS, BIAMOBIIHO. BUMIipIoIOTh Horo B MeTpax
Ha CeKyHIy B KBaaparti: [a]=m/c.

Ille pa3 3BepraeMo yBary Ha HEOOXIAHICTH 3a3HauYaTH
3MiHHY, 3a SIKOIO BiJIOYBA€ThCS 3HAXOJPKEHHS MOXiAHOT QyHKIil. Ak
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BunHO 3 dopmynu (1.1.2), mBHAKICTE MOXHA pPO3MNISAATH SIK
¢yHkuito abo wacy, abo koopAuHATH. Tomy Jisl YHUKHEHHS
MOJJIMBUX HEMOPO3yMiHb CITiA BKa3yBaTH, 3a SKOI 3MiHHOIO
BinOyBaeTbest AudepeHuitoBanHsi. Came uepe3 110 OOCTaBUHY JIsl
MO3HAYeHb MOXIOHUX (YHKLIH B HAMIOMY Kypci BUKOPHCTOBYIOTBCS
no3Hauky JIeHOHHUIA, 3 SIKUX, Mo-Tieple, ay’Ke YiTKO BUIHO: BiJ SKOI
¢yHKUiT OOUYMCIIOETbCA MOXigHA Ta 3a SKUM MapaMeTpoM Le
BiOyBa€eThCs, 1 MO-APyre, MOXKHA YiTKO MOOAYUTH 3B'A30K MOXiTHOT
¢byHkuii 3 T audepennianom Ta audepeHiiagoMm ii aprymeHry, 3a
SKUM BH3HaYaeThcs 3MiHa GyHKUii. [Ipyn upoMy moxigHy B sKOgHOMY
pasi He MOXKHA pO3MJISAATH SIK YaCTKy AudepeHLiaiB.

Ha npakTtuiii yacTto He BHAETbCS 3adaTH KOOPAMHATY Ta
LIBUIKICTb PyXY Y BUIIS/II aHANITUYHMX BUpa3iB, GYHKLIH Bif dacy.
Toni Ha gomomory npuxoauTh rpadiuyHuid crioci® omucaHHS LMX

GbyHKLIH. Skio

HaMaJIFOBaTH rpadik  x A

KOOPIMHATH X=Xx(t) X

(muB. 2

puc. 1.5), a mortim a
NpPOBECTH  JOTHYHY  JIO %0

kpuBoi X = X(t) B nesHiit

Toui Xg = X(tg ), Touxi, t, ty+At ot
O00YHCITMBLIM TAHTEHC KyTa
HAXW1y O MDK BicCiO Puc. 1.5./]o nuranns nmpo

a6C]_[I/IC (BiCClO '-Iacy) Ta TEOMETPUYHHUH 3MICT TOX1OHO1

JAOTHUYHOIO, MOXXHAa BUpaxXyBaTH ]J.IBI/II[KiCTB B LIeK MOMEHT vacy
V(1) =tg(a) = dx/d, . (1.4)

AHaNoOriyHo, MarouM rpadik WBUAKOCTI U, =U,(t), TakuM
METOJIOM MO)KHa MoOyyBaTH rpadik MpUCKOpeHHs. SKIIo nMpoBecTH
JOTHYHY JIiHIIO 10 KPUBOi U,(t) B 0Opanuii MomeHT vacy t =1g, To
kyr [ Mik BicClO yacy Ta JOTMYHOK MOKHA BHUKOPUCTATH JJist
00YMCIeHHS MPUCKOPEHHS:

a(to) =t9( B) = duy /df; . (1.5)
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TakuM YMHOM, TE€OMETPUYHHMI CEHC MOXIAHOT (QYHKIIT SK
TAHFEHC KyTa HAXWIy MK JOTHYHOIO JiHielo 1o rpadika naHoi
¢yHkuUii Ta Biccto yacy Moxke OyTH YCHIIIHO BUKOPHCTaHUM MpH
3HAXO/KEHHI LIBUIKOCTI Ta MPUCKOPEHHS MPSIMOJIHIMHOTO pyxy,
SKIIO BiloMa TpadiuHa 3alIeKHICTh KOOPAMHATH 1LOTO PYXy Bill
qacy.

[lpuknaau rpadivyHOoro po3s’'s3aHHS 3a4ad  KiHEMaTHKU
HaBeJieHO B naparpadi 1.8.

BusHaueHHs  mIBUAKOCTI 32 BIIOMOIO  3aJISKHICTIO
KOOpAMHATH Bil uacy pa3oM i3 BHM3HAa4YeHHSM MPUCKOPEHHS 3a
BiJIOMOIO 3aJIeXKHICTIO IIBUAKOCTI BiJl Yacy CKJIAJIatOTh 3MICT MPSIMOT
3ajadi  KiHeMaTWkd. 3BOpOTHA 3ajJa4ya KiHEMaTHKH  TMOJIATae
y BH3HAY€HHI MOTOYHOI MIBHAKOCTI Uy(t) 3a BiIOMHMH MOYATKOBOIO
Ux(to) IIBUIIKICTIO Ta 3aJIeKHICTIO MPUCKOPEHHs Bif yacy a(t) ta/abo
BU3HAUeHHI NoTouyHOl koopauHatH X(t) 3a BiZOMHMH MOYATKOBOIO
koopauHaToo X(lp) Ta 3aneKHICTIO WBUAKOCTI Bix yacy U(t):

t t
U= Ulto)*+ [axt)dt; x(t)= x(t)+ [U(t)dt. (1.6)
t to

V pazi, konu 3anexHocTi a(t) Ta/abo (i (t) 3amaHo rpadiyno,
JUIS  BHU3HAYEHHSA MOTOYHOI IBUAKOCTI (1) Tal/abo moTOYHOI
koopauHaTu X(t) MOXKHA CKOPHUCTATHUCS TE€OMETPHYHHUM 3MiCTOM
03HAYEHOTO IHTerpana sK IUIONI TMiJi KPWUBOW, SKOK rpadidyHo
OIMUCYEThCS MiIIHTErpajibHa PYHKILIS.

1.3. lleudkicmb ma NPUCKOPEeHHs
npu AoeifibHOMY KpUeOJIiHilIHOMY pYCi

VY BUNaAKYy JOBUIBHOIO TPUBHMIPHOTO PYXy MaTepialbHOT
TOYKM BW3HAYCHHS KIHEMATHKH, SKi HaBeIEHO Yy TMOMEPeaHbOMY
naparpadi Aad YacTUHHOTO BUMAAKy MPSMONIHIHHOTO pyxy
y3aranbHITbCS B HACTYIHUIA croci6.

Axuio BiOMUI 3aKOH pyxy MaTepianbHoi Touku [(t), TO
cepefHsa LWBWAKICTb, 3 KO pyxajach MarepiajibHa TOYKa BiJ
MOMEHTY Hacy to mporsrom npomikky Af, BU3HauaeTbcs aHAIOTIYHO
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1o (1.1) sx yacTka mepemileHHsl, sKe 3aidCHIIa MaTepiajbHa TOYKa
npotsrom At, 10 HbOro NPOMixKy 4acy:

to+At

(U):F(t‘)*‘z:"“to):i Iﬁ(t)dt. (1.7)

to

3a3HaurMo, 110 KOJIH Tio 3a yac At MoBEpHYJI0Cs A0 BUXiAHOT TOUKH
MpoCTOpy, MepeMillleHHs AF(tO ,At)= F(ty+4)-r(ty) HOopiBHIOE
HYJII0, BHACJiIOK 4YOro 3HAYEHHS BEKTOpa CEepeAHbOi MIBMAKOCTI
TaKOX TOPIBHIOE HYJIIO.

MwutTeBa (@ificHa) LWBWAKICTb Yy BUMAAKY JOBIJIBHOTO
TPUBMMIPHOTO PyXy BH3HAuYa€ThCs 3a 3aKOHOM pyxy (mopiBHsiiTe 3
(1.2)) B HacTynHwmii crioci6:

Tt 4) =T (to)

=i _ar
-0 VA S -

toa

Lo (18)

d(te) = lim 27,
A0 At 10
Take BU3HAYEHHS CIPUYUHSE T€, IO LIBUAKICTH € JOTUYHOKO IO
TpaekTopii. TPAEKTOPIEI0 HA3UBAIOTH TEOMETPUYHE MICIIe TOYOK, SIKi
MPOXOJINTh MaTepialibHa TOYKA MPHU CBOEMY pYCi.
MMpUCKOpeHHA 3a BHU3HAYEHHSAM IOpPiBHIOE (MOpIBHSHTE 3
(1.3)):

~ do
a(ty)=—
()=

_d?r
to © dtZ

. (1.9)

SAkmo Bigoma mouatkoBa MmBMAKICTE Uty) (WBHAKICTS, 3

SAKOIO MaTepiajbHa TOYKa pyXajach B MOMEHT uacy fp), a Takox
3aJIe)KHICTh MPUCKOPEHHS Bif Yacy &(t), TO MBUAKICTh B JOBUILHUH

MOMEHT 4YaCy BM3HAUYa€ThCs B HACTYMHUHU crioci6 (mopiBHsiiTe 3

(1.6)):

U(t):zj(to)+j'a(t)dt. (1.10)
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SAkuio BijoMe MOYaTKOBE TMOJIOXKEHHS MaTepiaibHOI TOYKH
F(ty), a Takox 3anexuicTs mBmMaKocTi Bix wacy (t), To MonoKeHHs

MarepiaJibHOT TOYKM B JIOBUIBHUI MOMEHT 4Yacy BHM3HAYa€ThCS TaK
(mopieHsiite 3 (1.6)):

t v4
Flt)=r(t,)+ j o(t)dt. (1.11)

Bupas (1.11) mae npoctuit ,7([()) 7 l‘)
i HaOuHM# 3micT (TUB. puC.
1.6). IMonoxxeHHs
MaTepiabHOI TOYKH F(t)

=<

MOJKHA 3HaWTH, SKIIO A0
paniyc-Bektopa Flt,), mo X
XapaKTepusye i Puc. 1.6.J1o po3B’si3aHHS 3BOPOTHOT

MOJIOKEHHSI B MOYATKOBUI 3ajaql KIHEMaTURK

MoMmeHT uacy lo, momatum
t

nepeMitieHHs Ar = J o(t)dt, wo #oro 3nilicHuna MaTepianbHa TOUKa
to
MPOTATOM MpOoMiKKY 4acy to*t. Po3i0’emo mpomixkok uacy to=t Ha
HECKIHUEHHO BEJIMKY KiJIbKiCTh HECKIHYeHHO KOPOTKHX iHTepBaiB:
to7ty, t1=tp, to=ts... IlpoTaroM KOXXKHOro 3 IMX KOPOTKUX iHTEpBAJIiB
MaTepiajibHa TOUKa 3[iHCHIOE HECKIHYEHHO Malli mepeMilleHHs: A,
A4r,, Ary... Li iHTepBaNM € HACTIIBKKM KOPOTKHMH, IO TPOTATOM
OKpPEeMOro iHTepBaly UWIBUAKICTb MaTepialbHOI TOYKM MOXKHA
BB)KATH HE3MIHHOIO, TOMY KOXXHE OKpeMe MepeMillleHHs MO)KHa
nopaxyBaTH 3a (opMyiaMu piBHOMipHOTO pyxy: 4f =t )% (t, —t,),
4, =0(t,)x(t, ), Ah=0(t)x(t;-t,)... Skmo  nosmaunTm
intepBasiu uacy: (o) =4t (t—t)=4t,, (t312)=Ats..., To wi mani
HepeMillleHHs: AF1=D(t1)><At1, Aar, =D(t2)><At2, A4, =D(t3)><At3

CTAKOTh 30BCIM CXOKHMH Ha HifiHTerpanbuuii upas o(t)dt B (1.11).
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t
Bupas J. D(t)dt € iHTerpasiom, To0TO (3a BU3HAYEHHSIM) CYMOIO, sKa

to
CKJIAIAETRCA 513 HECKIHUYEHHO BEJIMKOI KiJBKOCTI HECKIHUEHHO MaJIuX
JOJIaHKIB. Y JaHOMYy BHMAIKY MEpeMillleHHs, 110 Horo 3fificHuna
MaTepiajJbHa TOYKa TMPOTATOM YChOTO TMPOMDKKY uHacy o=,
CKJIA[IA€ThCS 3 HECKIHYEHHO BEJIMKOI KIJIBKOCTI HECKIHUEHHO MAaJIhX
nepeMillieHb, sKi  3AificHWIa MaTepialbHa TOYKAa MPOTATOM
HECKIHYEHHO KOPOTKMX iHTepBalliB @ lp=t;, t1-1p, tr+{s..., 3 skmx
ckJ1agaeTbes to-.

JIoBXHHY TpaekTOpil HA3WBAOTh MPONAEHNM LLUMNAXOM:

dto ,t)=j|17(t)|dt. (1.12)

Busnauenns (1.12) y Burisai iHTerpajly o3Hayae, IO MpPOWACHHI
HUIAX € CYMOIO, SIKa CKJIAJa€ThCs 3 HECKIHYEHHO BEJIMKOI KiJIbKOCTI
NOAAHKIB, KOXEH i3 SKMX € JIOBKMHOIO HECKIHYEHHO KOPOTKOTO
nepeMillleHHS . |AF1| =|l7(tl)|><Atl, |AF2| =|D(t2]><é|t2, |AF3| =|D(t3]><é|t3
3BepHEMO yBary Ha aHaJIOril0 MDK paliyc-BeKTOpOM i
mBHAKICTIO. [ nporo moyHeMo 3 TOro, w0 BBEAEMO MPOCTip, Y
SKOMY B37I0BJK OCel Bi/IKJIa/leHO MPOEKLiT IBHUAKOCTEN Uy, Uy 1 U, HA
oci exapToBoi cuctemu (muB. puc. 1.7). Takuit npoctip npuiiHATO

zZA

F(t)

<v

Puc. 1.7.Ananoris Mix paziiyc-BEKTOPOM i BEKTOPOM LIBUAKOCTI
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HasuWBaTh (PA30BMM MPOCTOpoM  wBuakocten. Ilsuakicts
MarepialbHOI TOYKHM BHUIJIAAAE B TakoMmy (ha30BOMY MpOCTOpi SIK
Touka 3 koopauHatamu (t) =(Uy, Uy, Uy), PO AKY KakyTh, IO Le —
HIBU/IKiCHA TOYKA.

['eomeTpruHe Miclie TOYOK, K MPOXOJUTH LIBUAKICHA TOYKA
y (a3oBOMy MpOCTOPi, HA3UBaKOTH FOAOrPaAPOM LUBUAKOCTI. AKkio
TIJIO € HepyXOMHM, rojorpad IMIBHUAKOCTI — L€ TOYKAa B MOYATKY
KoopauHat ¢azoBoro npoctopy. Konu Tiio pyxaetbes piBHOMIpHO,
rojorpad WIBUAKOCTI € TOYKa, SKa HE CIIBMAJae 3 MOYaTKOM
koopauHat. [omorpad y  BUMIAAI  NpOMEHs  BIAMOBiAae
piBHOTIpUCKOpeHOMY pyXy. Konm MarepiampHa Touka pyXaeThbes
piBHOMIpHO TO OKpY>KHOCTi paaiycy R, ii romorpad surnsgae sk
OKPYXKHICTb 13 paliiycom GR, e @ — 1ie KyToBa HIBUIKICTh PYyXY.
AHaNori4Ho 10 TOro, K WBHMAKICTH € JOTUYHOIO JI0 TPAEKTOPIi, TAK
1 IPUCKOPEHHS € TOTUYHHUM JI0 Tojtorpada.

OT>ke, MOJKHA Ka3aTu MPO aHalorilo MK pajiyc-BeKTOPOM i
BEKTOPOM IIBHUKOCTI:

peanbHUi MPOCTip « (a3oBUil MPOCTIp,
paziyc-BeKTOp « BEKTOp LIBUAKOCTI,
TpaekTopisi — rogorpad,
MIBUJIKICTh < TPUCKOPEHHS.

1.4. Kym sik 3py4Ha koopOuHama rnpu eue4eHHi pyxy
MamepianbHOI MOYKU Mo Koy

JoBinbHui M
KPUBOJMIHIMHUIA pyxX MOXHa
YSIBUTH €001 SK pyX MO KOJy 3i
3MIHHUMH LHEHTPOM \¢
i paniycom. Konu marepianbHa 0] >
Touka M pyXaerbcs MO KOy X
(muB. puc. 1.8), TO i
TMOJIO’KEHHS BU3HAYAETHCS
asumyTaibhum  kytom  @(1)

Puc. 1.8./]o Bu3Ha4eHHS KyTOBOT

B TMOJIAPHIN CHUCTEMI1 IIBUIKOCTI

KOOpIMHAT. Kyt
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@ BigpaxoByeTbhcs BiJ MEBHOI OCi, MO 3’ €IHYE I[EHTP Koja Ta
MoYaTKOBE TIOJIOKEHHS ~ MaTepialibHOi TOYKM Ha  KOJi, Ta
obpaxoByeTbess B pamiaHax: [@]=pan. Toai KyTOBOK LUBUAKICTIO
G 3BeThes mepmia noxigHa Bin @(t) za wacom: @« =d¢@/dt.
KyToBa miBHAKiCT BUMIPIOETHCS B paliaHax 3a cekyHay: [al=pan/c.
3BepHITH yBary Ha Te, IO BEKTOPM @ Ta (L MarOTh HANPIMOK,
MEepPHeHANKYISIPHAN 10 TUIOLIMHY, B SKil JI@KHUTh TPAEKTOPIs Pyxy
JaHOi MaTepianbHOi ToukW. SIKmo mpu Takomy pyci 3mina @(t)
BiZIOYBaeThCS B HAIMpPSAMKY 3a CTPUIKOI TOJMHHHUKA, TO HANPSMOK
BEKTOpa (. CIiBNajac 3 HAMNpPAMKOM TOMJISAYy CrocTepiraua Ha
oMty obepranHs («BXoaMTh» y Hei). A skimo 3mina @(t)
BiIOYBa€eTbCI B HANpSMKY TNPOTH PyXy CTPUIKM TONWHHHUKA, TO
BEKTOp (L OpIEHTOBAaHO Ha crocTepiraya, MepreHIUKYISPHO
IJIOLIMHI 00epTaHHs, TOOTO BEKTOP (L <«BHUXOAUTH 3 L€l MIOIMHH.
3a (hizMYHMM 3MiCTOM BEKTOP (L BKa3ye HampsMOK OCi, HABKOJIO SKOi
BiOyBa€eThcsl 00epTaHHs, a MOIYJb |cq 3aja€ KyT B pajiaHax, Ha
KU BiZIOYBa€THCS TIOBOPOT 32 OJMHULIIO Yacy.

AHANOTIYHO 10 BUMAJKy MPSAMONIHIHHOTO pPyXy MOXHa
BBECTH JUIS PYXY MO KOJIY TEPMiH «KYyTOBE MPUCKOPEHHS!

2
_dw_d%¢ (1.13)
dt gt

BekTop KyTOBOrO MPHMCKOpEHHs (QHAJONiYHO 10  BHMAAKY
NPSMOJIIHIHHOTO pyXy) OPIiEHTOBAHO TAPAJIENbHO BEKTOPY (&, SKILO
MOAYJIb KyTOBOI LUIBHJKOCTI 3pOCTa€ 3 4acoM, ab0 aHTUMapasebHO
BEKTOPY (L Y BHIAJKYy 3MEHIIEHHS MOMIYJs KyTOBOi LIBUIKOCTI 3
yacoM. KyToBe npuckopeHHs! BUMIPIOETbCS B palliaHax Ha CEKyHIy B
kBazpari: [§=pan/c’.

3BOpOTHa 3a7aya y BUMAAKy pyXy MO KOJIy MOJSArae y
BHM3HA4YEHHI MOTOYHOI KyToBOi wwBuakoctTi (1) 3a Bimomumn

0YaTKOBOKO KYTOBOIO WBHAKICTIO (1 ) Ta 3anexHicTio KyToBOro

npuckopenHs &) Bia yacy Ta/abo Bu3HaueHHi motouHoro kKyta @(t)
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3a BiIOMHMMH MOYaTKOBUM 3HaueHHAM kyTa @(lp) Ta 3anexHicTio
KyToBOT miBuAKoCTI ¢ft) Bix yacy:

t t
wt)= alto)+ [€M)dt, #O)= @lto)+ [w(t)dt. (1.14)

to to

Hanpukinni naparpagy 1.1.3Mu po3risiaiv aHaIOTII0 MK
paniyc-BeKTopoM i mBHaKicTio. Y (i3uili, Ha BiAMiHY Bia OUThIIOCTI
IHIIMX TOYHHMX HAyK, 4YacTO BXKMBAIOTb METOJ aHanorii. Metox
aHaJoTii, 30KpeMa, IIHPOKO BUKOPHUCTOBYIOTH Yy MeXaHiui. BiH
TMOJIATAE Y TOMY, IO PIBHSHHS PyXY 3 TOUHICTIO 10 3aMiHU 3MiHHHX €
MoAIOHMMM OAHE OJHOMY AJIsl PI3HUX THIIIB PYXY, CMiBBiAHOLICHHS
MK OCHOBHMMHM Ta TMOXiAHMUMH 3MIiHHUMHM, LIO OIHUCYIOTh
MeXaHIYHUH pyX, € MOAIOHUMHU OJJHE OJTHOMY JIJISl Pi3HUX THIIIB PYyXY.
Sk 6aurMo, iCHYIOTh aHaJIOTil Mi>K MOCTYMaJlbHUM Ta 00epTaTbHUM
pyxamu:

1. awnasoris MK JTIHIHHUMH Ta KyTOBUMH KOOpAWHATAMH X « @,

2. aHanoris Mix JIiHiIHHOIO Ta KyTOBOIO IIBUAKOCTSIMU

_dx _dg

Uy=—7 o W= )
ot dt

3. aHayoris MiX JIIHIHHUM Ta KyTOBUM MPUCKOPEHHAM

2 2
_0% 0%
dt dt

ay

1.5. PieHOMIipHUlU pyx MamepiasibHOI MOYKU Mo KoJy

Jns  mopanblioro MOrjiMOJICHOro BHBYEHHS  JIOBUIBHOTO
KPHUBOJIIHIMHOTO pPyXy PpO3MJISHEMO WOro TpaHUYHUNA BUMAJOK:
piBHOMIpHHI pyx MarepiaibHOT Touku 1o Koy (puc. 1.9). Tepmin
«piBHOMIPHHI» BUKOPUCTAHO TYT y 3HAUCHHI, 110 KyTOBa IIBHIKICTh
i1 obOepraHHs € cranorw. Po3p'sbkemMo mpsMmy 3amady, TOOTO 3a
BiJIOMOIO TPAEKTOPI€IO 3700yI€MO TOUYHI BUPA3H JJIsl BEKTOPIB
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MIBU/IKOCTI Ta MPUCKOPEHHS MaTepialibHOT TOUKH B LIbOMY BHMAJKY .
Paniyc-Bektop I MarepiaJlbHOT TOYKM MOKHA 3arucaTtH siK
JI00yTOK HOTo MOYJIsl HA OMMHUYHUIN BekTop & (t) =1 (t) r:
Ft)=re (t). Leit
OIMHUYHHI BEKTOpP MOJXKHA
NpPEe/ICTABUTH B JEKAPTOBUX
KOOpJMHATaX:
& (t) = & cosp +8 sing.
OckisTbkH 3a YMOBOIO
MarepiajgbHa TOYKa
pyXaerbcs  piBHOMIpHO, 11
KyTOBa LIBHUIKICTb € CTAJIO0.
Ile mnosicHOETbCS TUM, IO
KyT A¢, Ha KWl TOYKa
MOBEPTAEThCSA 32 TMPOMIXKOK
'{flcy 4t, nopiBHIOE YacTui Bil Puc. 1.9.CniBBifHOIEHHS TeKapTOBUX
JJIEHHS TIOBXKMHU IyTH S Ha i TIOMAPHIX KOOp/MHAT
paniyc kona r: Ag=S/r. Ilpu
piBHOMIpHOMY pyci IOBKMHA IyTd NponopLiiiHa npoMixkky yacy At:
S=uvdt. Omxe, kyT AP TakoXK € MPIMO MPONOPLIAHAM A0 MPOMIKKY
JI0 TIPOMDXKKY Yacy, MPOTATOM SIKOTO Lieil OBOpPOT BinOyBcs, TOOTO
KyTOBa HIBWJKICTh MaTepiaibHOl TOUKH € crayoto: d¢ /dt=w=const.
Inmmmu cnoBamu, d@g=cdt. Tlicns inTerpyBaHHs 3100yBaEMo, IO
@= at+ a(to). Ans cnpolueHHs HACTYIMHUX O0YMCIIeHb YBa)KaTUMEMO,
10 B MOMEHT 4acy {p MaTepiasibHa Touka jexana Ha oci X: @(to)=0.
Toni oMMHUYHUE BEKTOp 3MIHIOETHCS 3 YaCOM Y HACTYIHUN CHOCIO:
& (t) = @, cosut+ éy sinad. Lleii 3amuc € 3py4HUM 3 OIJIsIY Ha Te, 110

— A\

OpPTH JeKapTOBOT CUCTEMH KOOPJAWHAT HE 3MIHIOIOThCS 3 YacOM He
JIYIIIe 32 MOJyJieM, ajie i 3a HanpsMkoM. MoJyJib pajiyc-BekTopa —
1Ie BiICTaHb BiJl MaTepiajibHOT TOYKHU JIO OYATKy KOOPAWHAT, TOOTO,
paniyc KoJa.

CKOpHCTaEMOCh BU3HAUCHHSAM INBUAKOCTI SK TMOXIAHOT Bil
paziyc-BeKTopa 3a 4acoMm:

Q—izg (3 :E e e, Si =
o= (ra (t)) [ 8 cosat+ & sinat)]
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= d _d : = -
=r[ exacosaﬂ & sinat]=r[ &, (—asinat)+ € (arosut)]=

= (-6 sinat+ €y cosat). (1.15)

[TokakeMoO, 110 MOIYJb IMIBHIAKOCTI U=GI, TOOTO BEKTOP
(—€sinat+ € cosat) € omunmuHuM. Jlns  1BOro  nopaxyemo

CKaJISIpHUI TOOYTOK LLOTO BEKTOPa HAa HHOTO CaMOTO, IO JOPiBHIOE
KBaJIpaTy MOJYJISl BEKTOpA:

(—&sinat+ &, cosut)( —&, sinat+ &, cosut)= sinfat + cos at=1.

Ilpn upoMy MU CKOPUCTAIIUCH i3 TOTO, LIO BEKTOpH €, 1 €y MatoTh
OJVHWYHY JOBXHHY. €, € =1, éy éy =1, i € MeprneHAUKYISIPHUMHI
OJUH JI0 OJHOro: € éy =0. Omxke mnpu piBHOMiIpHOMY pyci

MaTepialibHOT TOUKH MO KOJTy 3a1aHOT0 pafiycy ii WUBUAKICTh U= .
A sxuii HanpsMok Mae O ? [LIBUAKICTh Y IbOMY BHUMAJKY, 5K
i 3aB)K/IM, € IOTUYHOIO 110 TpaekTopii, Tod0Tto U U . Jlns mepeBipku
Hiel 0OCTaBUHM CKOPUCTAEMOCH BU3HAYEHHSM CKaJISIPHOTO AOOYTKY,
SKAH  JIOPIBHIOE HYyJNIO B pasi, KOIM  TEPEMHOXKYIOThCS
MepHeHANKYJISpHI BEKTOPH: & U =( & cosut+ €y sinat)

ar(—8, sinat+ €y cosut)= ar( -~ cosut sinat+ sinat cosut)=0.

[IpuckopeHHsI MaTepiajibHOI TOYKHM B IIbOMY BHIAAKY TaKOX
BU3HAYKMMO, BHUXOISYHM 3 3arajbHOr0 BU3HAYEHHS SK ITOXIiAHOI Bif
LIBUAKOCTI 32 YaCOM:

~_do_d L ~ _
a=——=— (ar( -8 sinat+ &, cosut)]= awr(-ws, cosat—
” gt (U (=& y )= ar(—weéy

~we, sinat)= —afT( & cosut+ & sinat)= -afr & =-af7 . (1.16)

SBHMIT BUTNAA BUpa3y MPUCKOPEHHS yKasye, IO BOHO CHpPsIMOBaHE
MPOTHIISKHO 10 pajiiyc-BeKTOpa, TOOTO TPHUCKOPEHHS CHpsSMOBaHE
BiZl TOYKM 10 LEHTPY Koza. |[HmmMmM cioBamH, piBHOMIpHHH pyX
TOYKH MO KOJIy CYMpPOBOKYETbCS AOLIEHTPOBUM MPUCKOPEHHAM.
Monyb NIPUCKOPEHHS
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a=afr= eI, (1.17)

VY Bunagky piBHOMIPHOrO pyXy MaTepialbHOI TOYKH [1O
OKPYXKHOCTI, SIK OyJ0 MIOWHO TMOKa3aHO, U=dJ. Y3arajJbHUMO Liei
pe3ynbTaT Ha BUNAIOK, KOJIU JOBIIbHUN BEKTOp, HaNpUKIIad, paiiyc-
BEKTOp I, 00EpTAETHCA 3 KYTOBOK LIBUJIKICTIO (), HE 3MiHIOIOUH
CBOro a0CoIOTHOro 3HaueHHs. [lokakemo, 10 B LIbOMY BHUOAIKY
BUpa3 s JIHIWHOI MWBUAKOCTI U MaTepiaibHOi TOYKM MOXKHA
3arucaTv, KOPUCTYIOUHCH MOHATTSM MPO «BEKTOPHUH TOOYTOK»:

i=lar], (1.18)

3a BU3HAYEHHSAM KYTOBOI WIBHIKOCTI 1i HampsMOK 3aja€
MpsMy, HABKOJIO SKOi BinOyBaeTbcs OOEpTaHHS B JaHUM MOMEHT
Yacy, a MOAyJib 3a/1a€ KyT (Y paziaHHiii Mipi), Ha SKuil BinOyBaeThCs
obepTaHHs 3a OJVHUIO Yacy. 3a moayseM dopmyina (1.18)nae

0] =] OF| Bin(D @), (1.19)

CnpaBesIUBICTE  IHOTO
CITiBBiTHOIIIEHHS crae o
3pO3yMLJIOH, SIKIIO
PO3IIITHYTH JIOBYKUHY
e7IeMEHTapHOTO &|dt

cy

0 |dt

7lsin (£®,7)

nepeMilieHHs |17|dt . Bono

N
el

JTIOPIBHIOE JTOBKHMHI XOPAH
OKPYXHOCTI paniycy
|r| BS'“(D wr )' AKYy CTArye Puc. 1.10./Io BU3HAY€HHS BEKTOPHOTO
KyT |621dt. o kopoTumii noByTKY

NpoMiKOK vacy dt, TO MeHIle MOBKWHA XOPIAHM BiIpPI3HAETHCS Bil
JOBXKHMHM JIyTH, fiKa 3a BHU3HAYEHHSAM KyTa JOpiBHIOE JH0OYTKY KyTa

Ha pajiiyc OKpPYXHOCTI, |£1dt |F| E‘sin(D cT),F). Tum camum MU TOBeJTH

cnpaBeyuBicth Gopmyinu (1.19), To6TO MiATBEpAMIN KOPEKTHICTh
dopmyau (1.18) mo BigHOUIEHHIO 1O aOCONIOTHOTO 3HAYCHHS
MMTTEBOT INBMAKOCTI B pasi oOepraHHs paziyc-Bektopa [ i3
KyTOBOK LIBUAKICTIO . [lokakeMo, IO HAMpsMOK BEKTOPA,
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BU3HaueHUi popmyioro (1.18),Takox € npaBuiIbHUM. SIKIIO B 1aHUi
MOMEHT 4acy BeKTopu (0 i I nexkars B ruiomuni puc. 1.10, To
KiHelb pajiyc-BEKTOpa PYyXaeTbcs B apKyll, HalpaBUMO BEJIMKUHN
najeib MpaBoi PYKH B3JOBX TMepuioro Bekropa mo0ytky (1.18),
TOOTO B3J0BXK (U, i BKa3iBHMH — y30BK JPYroro BeKTOopa, TOOTO
B31I0BXK [, Tomi cepemHiii maneup (y koHpiryparii mpaBoi Tpilku
BEKTOPiB, HaBeleHil Ha puc. 1.1, 1.3)TMuBUTUMETBCS SK pa3 B apKyll,
IO ¥ TIOBOAWTH CIIpaBeUIMBICTh BUKOpUCTaHHS Gopmyiu (1.18) s
BU3HAYEHHS HANpPSIMKY IIBUIKOCTI.

1.6. HopmanbHe ma maHz2eHuyjiasibHe NMPUCKOpPeHHSs

[ToBepHeMocss 1O BU3HAYCHHS XapaKTEPUCTHK JOBLIHHOTO
KPUBOJIHIKHOIO pyXy MarepianbHoi Toukd. JlOBITBHICTE pyXy
O3Hayae, 10 3MIHIOEThCS He JIMIIE BiJICTaHb BiJ| MOYaTKy KOOPAWHAT
10 MaTepianbHOT TOukH, ToOTO noBxkuHa F(t) paaiyc-sektopa (1),
SKUH BU3HAYa€ TMOJIOKEHHS MaTepialbHOI TOYKH B KOOPAHMHATHOMY
npoctopi. JIOBUIBHICTE pyXy O3Ha4ae, IO JIOBUILHUM UYHUHOM
3MIHIOETbCS TaKOXK 1 Horo opieHTauis y mnpoctopi. [IBumkicTh
MarepiaJibHOI TOYKM BHM3HAUYA€ThCS LUIAXOM JTUepeHLiFoBaHHS
sextopa T(t) 3a wacom, 0 =dr /dt. Ii spyuno npeacraButn sk
nooytok O(t)=6&(t)u(t), B sxkomy MHOXHHMK U(t) BH3Ha4ae
MOJy/b LIBMAKOCTI, a MHOkHUK &-(t)=0(t)/u(t) € Bektop
OJMHUYHOI TOBXXWHH, SKUH CITIBIA/Ia€ 32 HAMPSIMKOM i3 IIBUIKICTIO.
3a3HaurMo, IO MPH JOBUILHOMY KPHBOJIHIHHOMY pyci HIBUIKICTh
MOKe 3MIHIOBATUChH i3 YacOM SIK 32 MOJIYJIEM, TaK i 3a HANpPSIMKOM.
To6To obunsa MHOkHUKHM (€ (t) 1 U(t)) B 3aranmbHOMY BUMAAKY
3aJearth BiJl Hacy.

Bu3HaurMo NpHCKOpeHHs NMpU AOBUILHOMY KPHBOJIHIHHOMY
pyci K MOXiAHY Bil LWIBMAKOCTI. 3a MpaBWJIOM IU(epeHLiIOBaHHS
N0OyTKY BEKTOp MPUCKOPEHHS CKIIaIaTUMEThCS 3 IBOX JTOAAHKIB!

joll

do _ de(ut)] _5 a0, o Er
5 5 =&.(t) S +u(t) et (1.20)
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Ili nomaHkKM MarOTh JTOBOJI MPO30puil ¢izuunmii 3mict. Hanpukinan,
SKIIO MaTepiajibHa TOYKa PYyXaeTbCsi MPSMOJIHIAHO, TO HampsIMOK

BekTOpa IBHAKOCTI Ta opra €,(t) nvwaroTees He3MiHHMM,
&g, /dt=0. 3a uux ymos apyruii nomaHok B (1.20) nopisHioe
Hymo, i a=& =gdu/dt. Bexkrop &,  Ha3MBaOTH

TaHreHujanbHUM MPUCKOPEHHSM, BOHO OpIEHTOBAHO B3IOBXK
JNOTHYHOT 10 TpaekTopii pyxy (MpM LBOMY BOHO HarpaBiieHe
napanenbHo abo aHTHUIapaneIbHO BEKTOPY LIBUAKOCTI B 3aJI€XKHOCTI
Bia 3Haka noxigHoi du/dt: skwmo du/dt>0, To TaHreHuianbHe
MPUCKOPEHHS CIiBMaJac 3a HANpPSAMKOM i3 BEKTOPOM LUBMIKOCTI, i
HaBraku). TaHreHuiajgbHe MPUCKOPEHHs BIAMOBigaIbHE 3a 3MiHY
HIBUIKOCTI came 3a aOCOJTFOTHOIO BEJTMUUHOIO.

I'nanky TpaekTopilo MarepiaibHOI TOYKM 3aBXKIW MOXKHA
ySBHO MOIUIMTH HA HECKIHYEHHO KOPOTKi Ayrd 3MiHHOI (y daci)
KPMBHHH, sKi MalooTh 3MiHHI (Y uyaci) UeHTpu. Y BHUMAAKY
MPSAMOJIIHIHHOTO pyXy paliyc KpUBHHMU JOOPIBHIOE HECKiHUEHHOCTI.
Skuio MaTepialibHa TOUKa PyXa€eThCs MO KPUBIiH TPaeKTOpii 31 CTaI00
3a abCONIIOTHOI BenuuuHOW0 HiBuaKicTio, du/dt=0, To apyrwuii
NOAaHOK B mpaBiii yactuni Gopmynu (1.20) mopiBHioe Hym0. A pyx
MaTepialibHOI TOUYKH MPH [IbOMY SIBJISE COOOI0 PIBHOMIPHHUI pyX MO
KOJy, SIKMH JeTallbHO BHMBYEHO Yy mornepenHboMmy mnaparpadi. Tam
OyJl0 TOKa3aHO, LIO MPU LILOMY MPUCKOPEHHS Ma€ HampsMOK [0
LEHTpa KOJIa, eJIEeMEHTOM SIKOTO € JIaHa Jyra i sike MO)KHa BIHCATH B
JIaHy TPAEKTOPIIO PyXy TaK, 00 BOHO TOPKAaloCs TPAEKTOPIi came B
Til TOYIi, Ie B JaHUW MOMEHT 4acy repeOyBae MaTepiajibHa TOYKA.
OTxe, MPUCKOPEHHs MaTepiaibHOT TOUKH, IO PyXa€ThCs MO KOy 3i
CTaJlUM MOJYJIEM IIBHIKOCTI, IOpiBHIOE, 3a (opmynoro (1.20),

a =U(t)%. Sk Oysio MmokazaHO y monepeaHboMy maparpadi, e

MPUCKOPEHHS € JOLEHTPOBUM: 5.=—éRU2 /IR, Tyr € - ue
OMHUYHHI BEKTOp, KW MOEIHYE LIEHTP OKPY)KHOCTI, €IeMEHTOM
AKOT MM BB@KaEMO MyTy, B3IOBXK SKOI B JaHW MOMEHT dacy
pyXaeTbcs MaTepiajibHa TOYKa, Ta IO MarepiajibHy TOouky. ToOTo,
€r € MNepneHIVKYJISIPHUM OO0 LIBUJAKOCTI, SKa € JOTHYHOIO 0

TpaekTopii, R — 1ie pamiyc i€l Okpy>KHOCTI, SIKMii, B3araii KaKy4dH,
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3MIHIOETbCS 3 4YacoM. L0 cCKkiIamoBy NpPHUCKOpPEHHS Ha3WBaIOTh
HOpMarnbHUM NPUCKOPEHHAM (sike, sik 3a3HaveHo B maparpadi 1.5,

L€ Ha3MBAIOTh IOLEHTPOBUM), &, = —éRU2 /R.

3a3HaunMo, WO [Uis OOYMCIeHHS padiycy KkpuBu3HM R
TpaekTopii MaTepialibHOI TOYKW TMPH JOBUILHOMY KPHBOJIIHIHHOMY
pyci MOXKHa TOpaxyBaTH TPOEKIiI0 WIBUIKOCTI Ha HaMpsSMOK,

a

MEPNeHIUKYIAPHUN 10 IIBUJKOCTi, TOOTO HOPM‘ 1 MOmyJb

a

mBHAKocTi U . Toni R=07/ HOPM‘ :

TakuM YMHOM, MPH JOBIBHOMY pyci y BEKTopa MOBHOro
NMPUCKOPEHHSA € JBi CKJIAJOBi: TaHTeHIliaJlbHe TPUCKOPEHHS Ta
HOpMaJibHE MPUCKOPEHHS:

8=8; +8,0,,- (1.21)

1.7. Tunoei 3ada4i KiHeMamuku. 3eopomHa 3adaya

3BOpOTHa 3ajjauya KIHEMAaTHKH TOJIAra€ B 3HAXOJKEHHI
MIBUAKOCTI Ta KOOpAMHAT MaTepiajbHOI TOYKM 3a BiJOMHM
MPUCKOPEHHSM Ta MOoYaTKOBMMHU ymMoBamu (nuB. maparpad 1.3). [lns
MPUKIIAy PO3MJITHEMO BIIOMY 3i IIKIIBHOTO KypCy 3ajady Mmpo pyx
Tija MoOau3y moBepxHi 3emJyi B MoJli CWIIM TsOKiHHA. 3000yaeMo ii
PO3B’ 3K 3 BUKOPUCTAHHSIM 3arajibHMX BU3HAYCHb KiHEMATHKH, SKi
CIIUPAIOThCA HA TOHSTTS MPO MepBicHy (YHKINiIO, 1 TOKaXEMO, 110
BOHHM CITIBMAJAIOTh i3 pe3y/bTaTaMH, SKi € BiJOMUMH 31 HIKUTBHOTO
Kypcy, A€ PO3IJISIHYTO BUIMAIOK PiBHOIPUCKOPEHOTO PyXYy.

Pozmounemo 3 Bubopy cucremum koopauHat. OOGepemo
JIeKapTOBY CHCTEMY, OCKIIBKM MOBEPXHIO 3eMJli BBOKAEMO TITACKOIO
i IPUCKOPEHHS BITLHOTO MaJiHHS BBAKAEMO MEPIEHIUKYJIIPHUM JI0
noBepxHi 3emiti. [Touatok cucteMu KOOpAMHAT PO3TALIYEMO Y TOMILII,
3 SKOI MOYMHAE pyX MarepianbHa Touka (muB. puc. 1.11), Tomy
X(0)=y(0)=20)=0. Bice OZ cnpsmyemo Bropy, ToOTO
aHTHUMAapanelbHO [0 MPUCKOPEHHs BinbHOro mnaniHHi. Bice OX
HaIpaBUMO Mapayie;IbHO TOBEPXHi 3eMili TaK, a0W BEKTOp MOYaTKOBOI
HIBUJIKOCTI MaTtepianbHOl TOUYKH NexkaB y miommHi XOZ YV upomy
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BUIMAJIKY JKOJIHOT CUJIM He Jli€e Ha MaTepiaibHy TOUKY B3110BxkK oci OY,
OTXKe, BIZICYTHsI TIPOEKIIis IIBUAKOCTI Ha 11el HAMPSMOK, 1 )KOJTHE
repeMileHHS HE Z |
BiIOYBa€ThCS B3IOBK IliET

oci. B oOpaniii cucremi
KOOpJMHAT  KOMITOHEHTH

BEKTOpa MPUCKOPEHHS

MaroTh HACTYIHI
3Ha4yeHHs: a,=a,~0, a,=—q.
OckinbKK BUCOTY MigioMy
MaTepiajibHOI TOYKM Haj 0
MOBEepxXHeI0  3emili MM
BB)KAEMO MAJIOK, 3MiHOO Puc. 1.11.JT0 3apaui npo pyx
NPUCKOPEHHS T/ 4ac pyxy MaTepiaibHOI TOUKH H'06J'II/13y MOBEPXHi
HEXTYEMO, TOOTO semit

BBOKAEMO  TPHUCKOPEHHS  CcTaluM. [ OpW30OHTanmbHa  CKJaaoBa
MPUCKOPEHHS JOPIBHIOE HYJI0, 00 MM HEXTYEMO CHJIOIO OMOpY
TIOBITPS, IO € CMPaBeAIMBUM /ISl BUMAAKY HEBEJIMKHX IIBHIKOCTEH

PYXy.

Uy

X

3a3Buuaii 3amady mpo pyX Tijla MOOJM3Y TOBEPXHi 3emii
(hopMyIIOIOTh Tak, IO BiOMi MOIYJb HIBUAKOCTI Uy HA MOYATKY
pPYXy Ta KyT O, KM CTAHOBHUTbH BEKTOP UIBHJKOCTI 3 TOPU3OHTOM,
TOOTO KYT MK BEKTOPOM IIBUAKOCTI Ta Biccto OX. Toni koMIoHeHTH
MOYaTKOBOT ~ MIBWAKOCTI ~ MaTepiajbHOi  TOYKM  JOPiBHIOIOTB!
Uox=UoCOS, Uo= UpSING.

OcCKiNbKHM TIPUCKOPEHHS B3I0BXK oci OX OPIBHIOE HYIIO, TO
HIBUJIKICTh Y IbOMY HAMPSIMKY € CTaJIO0, U= U,

1 BIAMOBITHA KOOPAMHATA 3MIHIOETHCS 3 YaCOM JIHINHO!

t t
X=x(t=0)+ j Uyt =0 + f Uyodt= vyt (1.23)
0 0
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JocniguMo Tenep BepTUKaIbHUHN pyX Tina. OCKUTbKU PUCKOPEHHS Y
BEPTHKAJIbHOMY HAIPAMKY € cTainum, a,=d v/dt= —g, To BepTHKaibHa
CKJIaJIOBA MIBUAKOCTI 3MEHIIY€EThCS 3 YaCOM JIHIHHO:

t t
du=—gdt; U= Uye+ Idvz = UzO_I gdt=uv,0-gt. (1.24)
0 0

BignoBinHo BepTHKanbHA KOOpAWMHATA 3MIHIOEThCS 3  YacoM
KBaJIpaTUYHO:

t 2
z=2(0)+ j (v,0 - gt)dt= Uzot—% . (1.25)
0

®dopMabHO Ha ILOMY 3aJ]auy MOXKHA BBaYKATH PO3B’ SI3aHOIO.
Ilpotre 3a rapHuMii cMak BBakaeTbcs B  (i3uuHiil  3amaui
MpoaHalizyBaTu 3100yTHii PO3B’ 30K, IOHAWMEHIIe, MepPeBipUTH
HOro Ha PO3MipHICTb.

Kpim Toro, 3ayBaxkumo, 1110 3ajaya Mpo pyx Tija MoOJIU3y
MOBepXHi 3emMyi Mae Oe3liu  pi3HOBUIIB. 30KpemMa, MOXKHA
MopaxyBaTd 4ac f;, MPOTAroM SIKOTO TiJIO J0ocArae HaWBHMIIOI TOYKH
Tpaektopii. JIns UbOro ciif yCBiOMWTH, IO B IiH TO4II TiJO
nepecTae pyxaTHCh Yropy, ToOTO, BepTHKaJbHA IIBWAKICTH TiJla
nopiBHIOE HYNO, Uf(t)=0. TlincraBuBmM SABHUHA BHIJISL VIS
3aJIe)KHOCTI BEPTUKAJILHOI CKJIAJIOBOI IIBUAKOCTI BiJl Yacy, JiCTaEMO:
U,0—0t=0, 3Bimku t; =0pSinalg. Skuio Tino Bhmajo Ha TOMY K
TOPU3OHTAJIBHOMY piBHi, 3 $KOrO BOHO CTapTyBaJo, MOXHa
BHU3HAYUTH Yac fp, MPOTATOM SIKOTO BOHO pyXayioch. 3 (izMuHMX
MIipKyBaHb JIICTAEMO, IO Yac, MPOTATOM SKOTO TIJO pyXalloch BiJ
MOYaTKy 710 BEPXHbOI TOYKH TPAEKTOPIi, JOPIBHIOE Yacy, MPOTArOM
SIKOTO BOHO Tazajo, To6To t, = 2t;=2 vpsinalg. Ty camy Biamosiapb
MOXKHA 3/100yTH NPSMHM PO3pPaxyHKOM 3 YMOBH, LIO TiJIO MiJ] 4ac
pyxy mocsryio piBHs 3emii, T06T0 Z(t)=0. CKOpHUCTABIIMCH SBHUM
BHUTJISJIOM 3aJIEKHOCTI BEPTHKAILHOT KOOPJUHATH BiJl 4acy, JAiCTaEMO
pisnsiHEs U,d—0.5g€ =0. Ile piBHsHHS Mae 1Ba po3’ s3ku: t, =0, sKe
BiJIMOBiZ]a€ MOMEHTY [MOYaTKy pyXy, KOJNHW Tilo JilcHO Oyno Ha
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HYJIbOBOMY BEpTHKaJbHOMY piBHI, Ta t, = 2 U0/Q, o cmiBnagae 3
LIOKHO 3100yTHUM i3 Qi3UUHUX MipKyBaHb PO3B’ I3KOM.

1.8. lMpuknadu po3e’si3aHHsA 3aday4y KiHeMamuku

Jlns po3w’si3aHHsA 3a7ay i3 KiHEMAaTWUKW CIliJi MaTh 0a3oBi
3HAHHS 3 MaTeMaTHYHOro aHali3y Ta aHaliTUYHOT TreoMeTpii.
Kinemaruka Ga3yeTbcsi Ha 3aCTOCYBaHHI MPsMOT Ta 3BOPOTHOT 3adauyi
JTU(pEepPeHIIIATbHOTO YHCIICHHS, OCKUJIbKM OCHOBHI MapaMeTpH, SKi
ONMUCYIOTh MEXaHIYHMH pyX B KiHEeMaTMYHOMY HaOJIMOKEHHI,
MOB’ s13aHO MiXk co0or0 B audepeHIliaibHuil crocid, Hanpukiam, ais
pyxy B3IOBX oci Z: U, =dz/dt, a, =dv, /dt= d?z/dt?. Tomy 3
TOUKHM 30py MaTeMaTHKH MPH PO3B’ A3aHHI TaKMX 3a/a4 MOTpiOHO 1Jist
MEeBHOI BifioMOi (QyHKUIT abo 3HaiiTH mnoxigHy ¢yHKIi, abdo
nepBicHy (QyHKIIiI0. 3 Kypcy aHAIITUYHOT reOMeTpil ISl po3B’ I3aHHS
3ajay i3 MexaHiku O0OOB’SI3KOBO CITifl 3HATH, LIO TaKe CKaJSPHUIA Ta
BEeKTOPHUH JOOYTKM BeKTOpiB. Y TpeTboMy pO3MiTi JaHOTO
MiPYYHUKA HaBEJCHO TAONHUIIIO aHWX MPO HAMMPOCTIli MOXi/IHI Ta
nepBicHi QyHKLIT Ta MPO OCHOBHI omnepatii 3 BEKTOpaMHu.

VY 3aralbHOMY BHIAQJKy MEXaHIUYHHMH pyX OIUCY€EThCS B
TepMiHax TeH30piB (y JaHOMY Kypci Lie BEJIMYHMHHU Bijl HYJIbOBOTO /10
Jpyroro panry). TeH3op HyJBOBOTO paHry — Lie CKaysip, TOOTO OJIHEe
YHCIIO, IO OMUCYE TAKy BEJIMYMHY, 3HAYCHHS SKOTO HE 3aJIKHTh Bill
BUOOpY cHCTeMH KOOpAMHAT. TeH30p Mepuioro paHry — 1e BEeKTOp,
TOOTO, 3a3BMYald, TPU 4YMCNA, LIO OINHUCYIOTH TaKy BEJIMYHHY,
HaTpUKIaj, TPY NPOeKLii BEKTOpa Ha Oci OPTOHOPMOBAHOTO Oa3ucy
y TPUBUMIPHOMY KOOPIMHATHOMY MPOCTOPI (SKIIO pyX BiAOyBaeThes
y JIBO- 200 OJHOBUMIPHOMY MPOCTOPI, TO BiJIMOBIHI 3aiBi MpoeKilii,
3BUYAWHO, MOPIBHIOOTH HYJIO, IO CHpOIILye 3agady). TeH3op
JPYroro paHry Mo)kKHa 3aricaTH K ABOBHMIpPHY MATPHLIO: TaKUMHU
BEJIMYMHAMM €, HAMIPUKJIIAJI, TEH30p iHEepLil aOCOMIOTHO TBEPAMX Til
Ta TEH30p MEXaHIYHOTrO HaNpy)KeHHS, sSKe BUHHUKAE B CEPEIOBHILI,
30KpeMa, uepe3 HasiBHICTh BHYTPILIHBOTO TEPTS.
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3adayva l

Jlano: Buxonsuu 3 reoMeTpUYHOro 3MicTy MOXiOHOI Ta iHTerpany,
HakpecniTh rpadikd 3aJeXHOCTI BiAg uacy A MPUCKOPEHHS,
KOOPJMHATH Ta LUIAXY, KN MpoiaeHO. 3aIeKHICTh IIBUAKOCTI Bif
qacy nofaHo Ha puc. 1.12.IToyaTkoBy KOOpIMHATY BBa)KaTH TaKOIO,
IO JISKUTH B OYATKy KOOPAMHAT.

Posé’ azanns.

[Mounemo 3 rpacdika npuckopeHHs sk ¢yHKUIT vacy. Bin
MoYaTKy pyxy A0 JAPYroi ceKyHIW IIBWAKICTb MaTepianbHOI TOUYKH
3pocTana, oTKe MpuckopeHHs Oyno nonatHuM. LlIBuakicTs 3pocrana
niniiino,  U,=Cit+C,,  omxe, npucKOopeHHs OyJo  cTanum:
a,= du,/dt=C;. Koncranty C; BU3HAUAEMO K TAHI'€HC KyTa HaxXHIy
npsMoi Ha rpadiky: 3a OB CEKyHOM LIBHMAKICTH 3pocia Ha 2 wm/c.
OTxKe, MPUCKOPEHHS OpiBHIOE: a=2/2=1m/c’.

Bin agpyroi mo TpeTboi cekyHAM WIBUIKICTH Oyna craloro,
TOOTO TMPUCKOPEHHS JOpiBHIOBaJO Hymo. [JlilicHO, KyT Mix
TOPU30HTAJILHOIO MPSIMOIO Ta Biccto abCIUC JOPIBHIOE HYITIO.

Bin TpeThoi 10 cbOMOT CeKyHIU HIBUAKICTH 3MEHIIYBAIaCh,

oTXe, mpUcKopeHHs Oyno Bix' emHuMm. IlIBHAkicTh 3MeHLIyBalach
JHIHO, OTXKe, MPUCKOPEHHS OyJo cTaiuM. 3a YOTHPH CEKYHIU
HIBUKICTh 3MeHIIUIach Ha 4 m/c. OTxe, MPUCKOPEHHS JOPIBHIOE:
a=~4/4=-1 m/c®.
IMoGynyemo rpadik 3ale)KHOCTI KOOPAWHATH Bij vacy. Bim mouarky
pyXy IO Ipyroi CeKyHAM UIBMAKICTb MaTepialbHOi TOuku Oyna
JOAAaTHOIO, OTXKEe KOoopauHaTa 3poctana. LlIBumkicTs 3pocTana
niniiHo, U=Cit+C,, oTke, KOOpAWHATA 3pocTajia KBaJpaTU4HO:
X= Xo + Judt= 0.5Ct?*+Ct+Cq. OcKiNbKM BUAKICTD (moxinHa Bix
KOOpAMHATH) IopiBHIOE Hymato npu X=0, To B wiii Touri rpadik
3aJIe)KHOCTI  KOOpAMHATH Bing dYacy Mae MiHiMyM. Koopaunara
3pocTa€ Bifl MOYATKy pyXy A0 APYroi CeKYHAM BiJ HyJIs A0 3HAUCHHH,
AK€ JOPIBHIOE TUIOWI MiJ KPHUBOIO — TUIOL MPSIMOKYTHOIO
TPUKYTHHKA 3 KateTamu 21 2. ToOTo, Lis Tuiolna J0piBHIOE JIBOM, LIO
HAaOYHO BHWJHO Ha Tpadiky UIBUIKOCTI, OCKUIbKM 3a3Ha4YeHUN
TPUKYTHUK CKIafa€TbCsl 3 OAHI€T LUI0i KIITHHKM Ta JBOX
TIOJIOBHHOK.
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"Biz[ Zpyroi Ao v, %
TPeTbOi CeKyHIOH LIBHIKICTh
Oyna CTaJIoko, TOOTO
KOOpJHMHATa 3pocTaa ol 11
TiHIHO. 3a I  CeKyHIy
KOOpIWHaTa  3pocia  Ha
BEJIMYMHY, IO JIOPIBHIOE
TUIOLIi  MPSAMOKYTHHKa  3i ol o
ctoponamu 1 i 2. Tobro,
KOOpJMHATa 3pociia Ha 2 M.

Bin  Ttperhoi  no
' ATOi CeKyHOW UIBHUAKICTb
3anuianacs JOJaTHOIO,
OTXKe, TIJIO pyXajioch BIiepe],
i KoopauHaTa  3pocTana. 1
B Ttouui t=5 ¢ wmBuaKicTh
(moxigHa Bixg koopauHaTh!)
JIOpIBHIOBaJIa HYJIIO, OTXKeE, B
eu MOMEHT qacy
KOOpJHHATa Jocsraa
MaKCHMaJIbHOTO  3HAuYeHHSI.
[Ticass momeHty uacy t=5 c
LIBUIKICTH CTalla Bi' EMHOIO,
OTXKe, KOOpIOWHATa craja
3MeHIyBatucs. Big TpeTboi g
bi (6] CbOMOI CeKyHIH
HIBU/KICTH  3MEHIyBaacs
JIiHIAHO, OTXe, KOOpAWHATa
3anexkasa Bif yacy
KBajgpaTHuHO. i  rpadik /
BUIJISA€ K YacTHHA ol 1
KBaJIpaTUYHOI napabonu \
pbKkamu JIOHU3Y
3 BepIIMHOK B Touli t=5 c. Puc. 1.12 fio 3anaui 1)
Bucora 1poro MakcMmMyMmy JIOpIBHIOE TUIOINI BCi€l Tpaneiii, SKy
MOKHA TIOpaxyBaTH SK JOOYTOK TMiB CyMH OCHOB Ha BHCOTY:
0.5(1+5)x2=6. JTo cboMOi cekyHIu I napaboja 3MEHIIYEThCS Ha

—

Q
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BEJIMUMHY, LIO JOPIBHIOE IUIOLII TPSIMOKYTHOTO TPHKYTHHKa 3
Karetamu 2 Ha 2, TOOTO, KOOpJAMHATA 3MEHIIY€EThCS 10 6—2=4 M.

Bin cbomMoi 10 BOCBMOI CEKyHIW LIBHIKICTH Oyna
BiZ' €MHOIO, TOMY KOOpOMHATa TPOJIOBXKyBajlla 3MEHLIyBaTHCA.
LIBuakicTh Oyna cTanor, TOMy KOOpAMHATa 3MEHIyBanacs JiHilHO.
3a 10 CeKyHIy KOOpAMHATa 3MEHIIWJIacs Ha BEJIMUYHMHY, LIO
JIOPIBHIOE TUIONII MPSIMOKYTHHMKAa 3i ctopoHamMu 1 Ha 2, TOOTO,
KOOp/IMHATa 3MeHInunacs 10 4—2=2 M.

Bin BocbMOi 10 necaToi CceKyHOW IIBUAKICTE Oyna
Bil EMHOIO, TOMY KOOpAMHATa TPOJOBXKYBana 3MEHLIYBaTHCA.
B Touni t=10 ¢ mBUIKICTh cTalla HYJbOBOIO, OTKE, KOOPIMHATA MaE
B Iiif TOYIL MiHIMyM. Big BocbMOT 710 JIecsITOT CeKyHIM KOOpIMHAaTa
3MMHE LIKUjacs Ha BEJIMYMHY, KA JOPIBHIOE IJIOLII MPSIMOKYTHOTO
TPUKYTHHKA 3 KaTeTamMu 2 Ha 2, TOOTO, KOOpJWUHATA 3MEHIIMIACS 10
2-2=0wm.

I'padik npoiigeHoro nuiAXy MpocTiiie BCbOro MoOyayBaTH,
cnMparovuch Ha JaHi 3 rpadiky X(t) ta o(t). 3a3Haummo, wo s
Oynb-skoro pyxy S(t) € momatHoro QyHKIi€t0, Oimbie TOro, s
(YHKLIs 3pOcTae He3aeKHO BiJl HAMPAMKY pyxy. SIKIIo >k y mpoueci
CKJIAIHOTO PYyXY € MPOMIXKOK 4acy, ynpoaosx sikoro U=0, tomi S(t)y
LOMY IHTEpBaJli 4Yacy 3aJMIIAETbCS HE3MIHHMM, JOPIBHIOIOUH
CBOEMY [MOMEpeJHbOMY 3HAueHHI0. s TUX MpOMIKKIB Hacy, ae
U(t)>0, rpadik S(t) moxna 3100yTH 3 rpadika X(t) mapanenbHUM
MEePeHOCOM Y3/I0BK OCi OpAMHAT. SKIIO X AJIsl IEBHOTO MPOMDKKY
gacy U(t)<O, To ans Hboro rpadik S(t) Takok MoxkHa 3100yTH
napaieabHUM nepeHocoM rpadika X(t) X(t) 3 Ti€0 BiAMIHHICTIO, IO
BiMOBIAHY 4YacTHHY rpadika X(t) ClliJ TOMepeHbO TMOBEPHYTH
HABKOJIO YSBHOI Oci, IO € MapalesibHoto 10 abcumcu. Ha octanok
nigkpecnumo, o rpadik S(t) mae OyTH HemepepBHUM, TOMY BCi
HACTYMHI [JiNSHKKA Lboro rpadika MaroTb OyTH MpHUEAHAHI A0
BiJIMOBIZTHUX MOTIEPEAHIX JIISHOK.

OckiNbKM IBUIAKICTh y 1Kl 3a1a4i Bechb 4ac € J0AATHOIO,
KOOpJMHATa BECh 4ac He 3MEHLIYEThCS, OTKe, 30iracThes i3 LIISIXOM,
IO IPOMUIEHO.
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3adaya 2

Jlano: MartepianbHa TOUYKa PyXaeTbCs MPAMOJIIHIMHO 31 IIBUAKICTIO
V(t)=Vgsin(at), ne Vg Ta @ - crani gonatHi BeqMUMHM.
[Mouarkosa ymosa: X(t =0)=0.

3uaiimu: npuckopenns a(t), koopaunary X(t), npoitnennit usx S(t).
Po36’ azanns.
[TpuckopeHHs — Lie TIOXi/THA Bif] IIBUAKOCTI 338 YacOM:

a(t)=dVv /dt =aVg cos(at). (1.26)

3BepHITh yBary, IO eKCTPEeMaJIbHUM 3HAYEHHSIM MIBHUAKOCTI
BIZIMOBIJAlOTh HYJIbOBI 3HAUEHHs MprcKopeHHs (puc. 1.13).
Koopaunary 3HaxoauMo UUIsIXOM iHTErpyBaHHS:

X(t)=[V(t)dt=C - Vya tcos(at), (1.27)

ne C —KOHCTaHTa iHTerpyBaHHs, (Gi3UMYHUNA CEHC SKOT — 16 3HaYeHHS
KOOpPJMHATH B IMEBHWH MOMEHT Yacy. 3HalTH i1 MOXHA 3 TTOYaTKOBHUX

ymoB:  X(0)=0=0=-Vg/a+C. Omke, sBuuil BUIIIA
3QJIEKHOCTI KOOPIMHATH Bix vacy € TaKUM:
X(t)= —Voa_l cos(at)+Vg / a . 3eepnits yBary, mo: V(t)>0,
xoma  X(t) s3pocrae, Ta, Bimmosimmo, V(t)<O0, xomm X(t)
3MEHILIYETHCA; MOMEHTaM  OOHYJIHHS ~ 3HAueHHS  IIBHUIKOCTI
BimnosimaroTb Ti MomeHTH uacy, komu X(t) Mmae sxech
ekcTpeManbHe 3Hadenns. Cuin momatu, mwo rpadik X(t) mae Gyru

HEeTNepepBHUM Ta JOCTATHBO TJIaJKKUM, L1006 MOXKHA OyJI0 00YMCIUTH
MOXi/IHY BiJj KOOPAMHATH 32 YacOM.
Ipolinennii mISX BHU3HAYA€ThCA SK IHTErpan Big MOMYJs

weuakocti 3a wacom: S(t)=[|V|dt. B mnamomy Bumaaxy
S(t)= a_lj |V |d(ta). Bimnaunmo we pas, wo S() — wue
¢$yHKLisA, fKa 3 YacoM He 3MEHLIYETbCS, BOHAa MOxe OyTH,

B KpailHbOMY BHIMAJIKy, HE3MiHHOIO BEJIMYMHOIO, SKLIO TiJIbKU B LIS
MPOMIXKOK Yacy IBUJIKICTh OPIBHIOE HYJTIO, TOOTO MaTepialibHa
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Puc. 1.13.JTo 3apaui 2

TOYKa NPH LIbOMY HE pyXaeTbes. Takum unHOM, Tpadik mpoitaeHoro
mnsaxy cmienagae 3 rpadikom X(t) B Ti nmpomikku wacy, Koam
KOOpAMHAaTa HE 3MEHLIYETHCS, Ta € O3ePKaJbHUM BilOOpaXKeHHSM
rpadika X(t) BiIHOCHO rOPU3OHTAILHOT OCI YaCy, KOJIM KOOpAMHATA
3MEHLIYETHCS 3 YACOM.

3adaua 3

Jlano: nBi marepiaNibHi TOYKH OJHOYACHO TMOYAIM PyX B CHiJIbHIH
BEPTUKabHIN TUOLIMHI B MO TKiHHA. [Ipy 1poMy: 3HaueHHs TXHIX
mBUAKOCTEH Oyno omHakoBuM 3a moayiieM Vo=20 wm/c, pyx noyascs
3 ofHiel kKoopauHaTHOI Touku mif Kytamu 0,=90° Ta 0,=60° mo
TOPHU30HTY, BiJIMOBIHO.

3uaiimu: BiicTaHb MiXK MU MaTepialbHUMHU TO4YKaMu vepe3 T =2c,
HEXTYIOUM CHJIAMH TEPTSL.

Pos3é’ azanns.

BBenemo cucteMy KOOpAMHAT, MOYATOK SIKOi MOB’S3aHO 3
MOYaTKOBUM PO3TALLYBAaHHIM JAaHUX MaTepiaJbHUX TOYOK. 3aBISKH
BOMY MAaEMO TPUBiaJbHI TOYATKOBI YMOBH U1l KOOPIWHAT MEpLIOi
Ta Opyroi MarepianbHOi TOukM. Bich alcuuc 30pieHTyeEMO
napanenbHO FOPU30HTY, a Bich OpAMHAT — BEPTUKAJILHO Bropy, TOOTO
aHTHUMapasenbHO 10 MPUCKOPEHHS BITBHOTO MaiHHS.

PosrnsHemMo pyx mnepuioi MaTepiaJibHOI TOYKM, Ui Hef:

Vo l[ey; Tomy fTi wsnakicrs Vji=Vg-gt, a xoopaunara
Y1 =Vot—gt2 /2.

s npyroi  martepiaJibHOT TOYKM INBUAKICTH Mae JBi
ckianosi; omHy — B31oBXK oci X: Vo, =V COSQo, a npyry —

B3nomxk oci Y Voy =Vg sina, —gt.

[InsixoM iHTErpyBaHHsS, BPaxOBYIOUM TOYaTKOBOI YMOBHU
fo(t=0)=0, sHaiinemo Bupa3 u1s ABOX Npoekuiii Bekropa (1)
Ha oci KoopauHaT: X =Vt Ccosao Ta
Yo = \ptsinay - gt2 /2. Bigcranp MK JBOMa TOYKaMHM B

KOOPJIMHATHOMY TMPOCTOPi BU3HAUa€eThes 3a TeopeMoto [lidaropa:
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L:\/sz’fﬂyz :\/(Xl‘X2)2+(Y1‘Y2)2- (1.29)

[TizctaBuMO CloaM 3HaMAeHi BHpa3d Il  KOOpAMHAT
JTOCITiPKYBaHUX TOYOK:

L(7) :\/Vozr2 cos? as +V02r2(1—sina2 )? =
VoTy2-+/3 =Vory/2 - 1.7 =Vyr/03 =Vyr / 2= 20m . (1.30)

3BepTaeMo yBary, IO BiJICTAaHb 3HAJIEHO NPUOIU3HO, 3
TOYHICTIO, IKa BU3HAYA€ThCs TOYHICTIO BEJIMUMH, IO 3a/laHi B YMOBI
3ajadi.

Bignosige: L(7) = 20m.

3adaua 4

Jano: 3 MyHKTY A, 10 3HAXOIUTHCS Ha LIOCe, MOTPIOHO MOTPANUTH
N0 MYHKTY B, sikuii po3ramosano y noui (puc. 1.14).Biacrans Bin
nyukty B no wmoce nopisaroe | (DB =1). llleuakicts pyxy mno
noiro B N pasiB MeHIIa 3a MBUIKICTh PyXYy IO IIOCE.

3uaimu: B sxii touni C, mo
3HAXOIMTHCS Ha IIIOCE MK | D _
ToukamMu A Ta D, cuoig | | ‘J ){
3’ixaTu 3 woce y mnosue, oo I
NOTpanuTH 3 MyHKTY A 110 '
MYHKTY B 3a MiHIMaJIbHUIA
yac?

Pos3é’ azanns.

Hamamoemo cxemy
pyxy Ta o0epeMo 3pyuHY
CUCTEMY KOOpIMHAT, sKa
MoB’ si3aHa 3 wwoce. BBeaemo nozHauku: V,, — Ue WIBUAKICTb PyXy MO

Puc. 1.14.J1o 3anmaui 4

woce, tog =t1 +to — ne yac pyxy Big 4 1o B, BiH ckiafaeTbes 3

iHTepBaJIiB pyXy Mo wwoce Ta 1o noJo, Bignosiguo: t1 = AC/V,, -
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— 2.2
e yac pyxy no woce, to =VCD“ +1“ /(V,, / N) - ue uac pyxy
T10 TIOJTIO.
Ils 3amaya € THOOBOIO 334adyel0 Ha  3HAXOMKCHHS
eKCTpeMalIbHUX 3HaueHb. ToMmy 3100y1eMo aHaJITUUHUI BUpa3 IS
MOBHOTO 4Yacy pyXy Bill TOYKH A 10 TOYKU B, a NOTIM OOYHCIHMO

noxigny Big tap 3a JoBkuHOIO BifcTaHi CD. Te 3HaueHHs
CD =CDx, ske oOHyauTh w0 MNOXigHy, i Oylde ONTHMAJbHUM,

TOOTO BiAMOBigaTHMe MiHIManbHOMY 3HadeHHIO T pg. OTxe:

AC  JCD?+1° AD-CD+NvyCD?+I?

tag =——+N . (1.31
AB v, v, v, (1.31)
thB :—i+iﬂﬁCD2+|2 :ﬁﬁ_ 1 y (132)

d(CD)  V, d(CD)V,, Vo VD212 Va

dt N [CD.
A8 ‘0ptim=0; —-1=0; (1.33)
d(CD) /CD*2+I2

N2CDZ =CD2 +12; CD. =I/4YN?-1. (1.34)
Takum uunoMm, nosxkuHa CD+ BusHauaeTbcs BincTanHoo | Bifg

MYHKTY B 10 1IOCE, a TaKOK CIIBBIIHOIIEHHAM MiX IIBHIKOCTAMHU
pyxy no moce Ta no momo N. 3pocranns senwuunu | Ta
nabmwkenns N — 1 nmpussoauts 10 36inbmenns gosxuau CDx

TOOTO TOYKA MOBOPOTY BiJICYBa€ThCs OJIMMKYE JIO CTAPTOBOT TOUKH A.
[Tpu mpOMy ciil poO3yMiTH, IO TOYKA MOBOPOTY 3 IIOCE HA TMOJIe He
Moyke OyTH po3TalloBaHa JIiBille 3a CTaAPTOBY TOUKY, TOMY 332 YMOBH

| / VN2 =1>AD 3 moce crin 3’ rmrar ozpasy.
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1.9. A6cosiromHo meepde mino

OxkpiM Takoro ¢izu4yHoro o0'ekTa, SIK MaTepiajibHa TOUKa,
IHIIUM J00Ope NOCTIKEHUM 00’ €KTOM B MeXaHilll € «abCOoNIOTHO
TBepae Tiio». ADCOMIOTHO TBEpAe TINO — 1e CyKYMHICTh
MaTepialibHUX TOYOK, BiJICTAHb MXK SIKUMH HE 3MIHIOETLCS B TIPOLIECi
pyxy. Lleit TepMiH BHKOPUCTOBYETHCS, 30Kpema, IMPH OMHCAHHI
00epTabHOrO PyXy MEXaHIYHOTo 00’ €KTa HABKOJIO MeBHOT oci. OHa
MarepialbHa TOYKa, I TOJIOKEHHS B KOOPIMHATHOMY TMPOCTOpI
OMUCYETbCS ~ TPbOMAa  HE3AJICKHUMH  CKATAPHUMH  (DYHKLIsIMU
x(t),y(t),z(t), abo sk KaxyTb: OAHa MaTepialbHa TOYKAa Ma€ TpPH
CTYTEHI BIJIBHOCTI.

KinbKicTb  CTyneHiB  BIfIbHOCTI  JIOpPiBHIOE  KIJTBKOCTI
He3aJIOKHUX y3arajlbHeHUX KOOpAMHAT (HezanekHUX (QyHKUii abo
He3aJIeKHUX 3MiHHHX), K1 HaJIE)KUTD 3aJaTu, o0
0XapaKkTepU3yBaTH MOJIOKEHHS MEXaHIYHOTO 00’ €KTa y MPOCTOPI.

MexaniuHa cucrema, o ckiagaetecs 3 N marepianbHuX
TOYOK, MDK SKMMHM HEMae >KOPCTKMX 3B’s3kiB, Mae 3N cTymeHiB
BIJIBHOCTI.

JIBi MartepianbHi TOUKH, BiICTaHb MK SKMMH € (iKCOBAHOIO,
MaloTb M ATb CTyMNeHiB BinbHOcTi. Lli m'aTe koopaMHAT MOXKHa
BU3HAYUTH B PIi3HUI crniocid, i 1XHSA KUTBKICTh HE 3aJIKHTh BiJ
cnoco0y oOpaxyHKy. Hanpukian, MokHa BUMHUTH B Takuid crocio.
[TonokeHHs KOXHOT ~MaTepiallbHOi TOYKM 3a/1a€ThCS  TPbOMaA
koopauHatamu: (Xi, Y1, z) 1 (X2, Yo, %), TOOTO /sl BU3HAUCHHS
IXHBOTO TOJIOXKEHHS CJIiJl 3HATH 2X3=6 KoopauHAT. AJie 32 YMOBOIO
«Bifctanb | Mibk HUMH € (hikcOBaHOIO», TOOTO iCHY€e YyMOBa 3B’ SI3KY, |

=\/ (Xl - X2)2 + (yl - y2)2 + (Zl - 22)2 . OTxe oJHa i3 3a3HAYEHUX
BUILE KOOPAMHAT € 3aiiBOIO, ii 3 YMOBHM 3B’ 53Ky MOKHAa BH3HAUYHTH
yepe3 iHWWI M’ ATb KoopaWHAT. ToMy KiJIbKiCTh CTYMEHiB BiJILHOCTI Y
JOCHIHKYBaHOMY BUMAJIKY JOpiBHIOE
6-1=5. Lli n'aTe KOOpAMHAT MOXKHA BW3HAUMTH i B iHWIMK cmocil.
Hanpuknan, mnonoxkeHHs oOJHIET MaTepiallbHOI TOYKHM MOXKHA
BU3HAYMTH TphOMa MAEKAPTOBUMM KoopaMHaTamu. Tomi apyra
MaTepiajibHa Touka Mae OyTH Ha cepU4Hild MOBEPXHi 3 LIEHTPOM Yy
nepiuiii MarepiaipHiii Touli i 3 pamiycom |. IlonoxeHHs Toyku Ha
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cepi BU3HAYAETBCS JBOMA KOOpAMHATaMH, HaNpHKIal, IBOMA
KyTaMu cdepuuHOi cucTeMH KoopauHar. B rtakuit  croci6
OTPUMYEMO, IO MOJIOKEHHS JOCIIIKYBAHOT CUCTEMH BU3HAYAETHCS
3+2=5koopauHaramu.

[MopaxyeMo KiNBKICTh CTYNEHIB BIUTBHOCTI  aOCONIIOTHO
TBEpPAOro Tijla, WO CKJIAJA€ThCs 3 TPbOX TOYOK, SKi JIeKaTh He Ha
OIHIM npsAMii. Sk Moka3aHO BHIIE, MOJOKEHHs ABOX i3 HUX MOXHA
3a7aTH I AThMa KoopauHaTaMu. Tozi TpeTs MaTtepianbHa TOUKa Mae
JIeKaTH HAa OKPYXKHOCTI, WLEHTp 1 pajiyc sKOi OJHO3HAYHO
BU3HAYAETHCS Yepe3 BiZOMI BiJICTaHI BijJ MEPIIMX JBOX TOUYOK JO L€l
TPeThoi. A MOJOKEHHS TOYKM Ha KPUBI OJHO3HAYHO 3aa€ThCS LIe
OJIHI€I0 KOOPAMHATOIO, HAMpUKIIaz, KyToM. OTke, aOCOIOTHO TBEpIe
TiJIO, IO CKJIANAEThCS 3 TPhOX TOYOK, y 3arajbHOMY BHIIQJIKy Mae
LIicTh CTYMeHiB BiibHOCTI. Tol caMuii pe3yabTaT MOXHa 3000yTH 1 B
iHmmit  croci6. Hanpuknan, Ttak. [lonokeHHS KOXHOT 3 TPhOX
MarepiaJlbHUX ~ TOYOK  33/1a€ThCsl  TphOMa  JIEKapTOBUMHU
KOOpJMHATaMH. AJie B Ili€i MEXaHIYHOI CHCTEeMH, SIK B aOCOJFOTHO
TBEPJIOTO Tijla, HassBHI TPH YMOBH 3B’ 3KY: 3a/IaHO TPH BijJICTaHI MiX
Toukamu. OTKe, KiJTbKICTb CTYMEHiB BiIbHOCTI 10piBHIOE 3X3-3=6.

[TponorkuMO — TMOpaxyeMoO KUTbKICTh CTYMEHIB BiIbHOCTI
a0COJIOTHO TBEPIOTO TiNla, L0 CKJIANAETHCS 3 YOTUPHOX TOUOK, SIKI
JexaTh He Ha OJHIM mpsaMii. SIk MM LIOHHO MOpaxyBajiM JBOMa
cnocobamMH, B TEpIIMX TPHOX TOYOK € INICTh CTYIEHIB BiJIbHOCTI.
OcKiNbKM BIJIOMi BiJCTaHI MiX 4YEeTBEPTOIO TOYKOI Ta TphOMa
MepIIUMHU, TO Ti MOJOKEHHS MOYKHAa BM3HAYWTH Ha OCHOBI 3HaHb 3
reomMeTpii — 1 YeTBepTa TOUKa MOCifae Micle B BEPLIMHI TPUKYTHOT
nipamian. ToMy AocliKyBaHe TYT aOCONIOTHO TBEpJE TiJIO Ma€ Tak
CaMo IICTb CTYNEHIB BiJIbHOCTI.

[Nopanbuie 36ibLIEHHS KiTBKOCTI €IEMEHTapHUX Mac, 3 SIKUX
CKJIaJIa€ThCsl a0CONIIOTHO TBEpJAE TiJIO, He BIUIMBAE HA KIJIbKICTh
CTymNeHiB BibHOCTI. OTKe, B 3arajibHOMY BHUMaJKy aOCOIIOTHO
TBEpJIe TIJIO Ma€ IIICTh CTYNEHIB BUIBHOCTI: 3 HUX TPH, HATIPUKIIAT, —
e KOOpJIMHATH LIEHTpa Mac, a e TPpU — Ue KYTH, 10 BU3HAYAIOTh
MPOCTOPOBY OPi€HTALiIO a0COIIOTHO TBEPAOIO Tija.
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1.10. NMocmynanbHul pyx
abcosmromHo meepdo2o mina

INocTynmanbHUM Ha3MBaTUMEMO TaKMH pyX, MPH SIKOMY BCi
TOUYKH aOCOJIIOTHO TBEPAOTO Tijla pyXaloThCs 3 HACOM 32 OAHAKOBUMHU
TpaekTopisiMu. [HIKMMU crioBamu, Oyap-ska MpsMa, L0 NpoBedeHa
MiX JIBOMa TOYKaMH abCONIOTHO TBEPJAOro Tija, NMpPU TaKoMy pyci
nepecyBaeTbesl mapajenbHo cama cobOi. OpieHranis aOcomroTHO
TBEPIAOro Tifla y MPOCTOPi MpHU LUBOMY HE 3MIHIOETbCA. Y LBOMY
BUTIQAKY TPAEKTOpPii pyXy YCIX TOYOK aOCOJIOTHO TBEpPAOro Tija
MOKHa OTPUMATH OAHY 3 OIHOI HIJISXOM MapajielIbHOro MepeHocy.
Tomy Takuii pyx aOCONIOTHO TBEPAOrO Tijla MOBHICTIO BHU3HAYEHO,
AKIO 3aJaHO pyX OAHiel 3 Horo Tovok. LL[o0 omumcatn Takuii pyx,
JNOCTaTHbO TPHOX KOOpAMHAT. Y KiHEMaTWYHOMY BiTHOIISHHI
MOCTYMAJIbHUI PyX aOCOJIIOTHO TBEPAOTO Tijla € eKBIBAJICHTHUM PYXY
MaTepiajibHOi Touku. ToMy MM He OOCHiJKyBaTUMEMO HOro naji
OinbII eTANTBHO.

1.11. Mnockuii pyx abcosnromHo meepdo20 mina

[Inockum Ha3MBalOTh Takui pyX abCOMIOTHO TBEPAOrO Tija,
Npy  SKOMY TpPAaeKTOpii yCiX MarepiaibHUX TOYOK, IO HOro
CKJIa/IaloTh, JIeKaTh B TMapajielbHUX TUIOMMHAX. Y I[bOMY BHUIMAAKY
a0COJIIOTHO TBEp/Ie TIIO Ma€ TPU CTYMEHI BUTLHOCTI: JIBI KOOPJUHATH
3a/1a10Th TOJIOXKEHHS, HAMIPUKJIA/, LIEHTpa Mac abCOIOTHO TBEPAOro
TiJla Ha TUIOLIMHI, 1€ OfHAa KOOpAWHATa 3aJa€ KyT, Ha SIKHH
abCOJIIOTHO TBepJie TUIO TIOBEPHEHO BIHOCHO OCi, WO €
MEePHEeHANKY/ISIPHOIO [0 TUIOIIMHU i TPOXOAWTh Kpi3b LIEHTP Mac.
IHIWMMK  croBamMM, TJIOCKHI pyX abCoMIOTHO TBEpAOro Tila €
eKBIBAJICHTHUM IUIOCKOMY pyXy IBOX TOYOK LbOro Tina abo
TIOCKOMY PyXy aGCONIOTHO TBEPAOro CTepikHsA. Moro monmoskeHHs
OJTHO3HAYHO BHM3HAYAETHCS TOJIOKEHHSIM ioro KiHUiB. [lojokeHHs
KOJKHOI 3 LMX JIBOX TOYOK Ha TUIOUIMHI BH3HAYAa€ThCs JBOMA
KOOp/IMHATAMH, ajie BiJIcTaHb MK HMMH € BIJIOMOIO, TOOTO, BOHA
Bifirpae poiib yMoB 3B's3Ky. OTxke, y LbOMY BHMAIKy KiJIbKiCTb
CTYTeHIB BIJTLHOCTI JOpiBHIOE 2X2-1=3.
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Hosenemo Teopemy Efinepa mpo Te, 1mo B mpolieci miockoro
pyXy abCOJIOTHO TBEPAOro Tijla HOro MepeMillleHHs 3 MOYaTKOBOIO
MOJIOXKEHHSI B iHIIE MAOBUIbHE [MOJIOXKEHHS MOKHa BUKOHATH 3a
JIOTIOMOTOI0 OJTHOTO TiJIbKM MOBOPOTY HABKOJIO MEBHOI OCi, SIKYy MU
Ha3UBaTUMEMO MHUTTEBOIO  Biccio  obepranHs. [lpm  1mpomy
PO3IIIIaTUMEMO TUTACKUI pyX CTPHOKHS.

Hexaii crpwkenb AB (amuB. puc. 1.15) nepeiimoB 3
MOYaTKOBOTO TIOJNIOXKEHHS y TONOXeHHS A1B1. 3’ €nHaeMo TOuky A 3
Toukolo A;, a Touky B — 3 B;. IlotiMm mpoBememo cepeaunHi
NepreHauKyasapyu  BiapiskiB A44; Ta BB;. 1i  cepeauHHi
NepreHanKyIsIpy nepeTrHatoTbes y Touli O. Touka O € onHaKoBO
BigmaneHow Big Touok A Tta A;. OA=0A,, a Takox Big B Ta Bi:
OB=0B;. TobTo Touku A Ta Ay iexKaTh Ha OJTHOMY KOJIi 3 IIEHTPOM B
Touni O, Tak camo, K TOYKH B Ta B; NiexaTh Ha IHIIOMY KOJTi 3
LIEHTPOM B Tiil camiit !
Toui . 3 piBHOCTI
TpukyTHUKIB OAB Ta
OA.B, BumuBae, MIO
kytit UUAOA; ta UBOB;
TakoX € piBHUMU. OTXKe,
Bipi3ok 4B  MoxHa
MOBEPHYTH HABKOJIO OCi
O Tak, wob Touka A
omuHUIAcS y Touli Aj, i
BOJIHOYAC TOYKA B
nepeiuia B TOUKy Bj.

Omxe, MIOCKHHA
pyx y TeBHiH IomuHI
MOXXKHAa  OmMcaTh  sK

obepTaHHs HaBKOJIO A
NeBHOi  oci, 1O € Puc. 1.15.Cxema 3HaX0KEHHA MUTTEBOT

oci oGepTaHHA

MEPNEHIUKYISIPHOIO 10
miel wionHU. B Takmii
crocid Mu JOBENM iCHYBaHHS MUTTEBOI OCi oOepTaHHs: B 1il 3amaui
BOHA € MEPNEHANKYIIAPHOIO JI0 TUIOIIWHKA PUCYHKA i IPOXOJUTh KPi3b
Touky O.
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1.12. Mummesa sicb o6epmaHHs

JloBinbHUH pyX aOCONIOTHO TBEPAOTO Tijla Y TUIOLMHI MOXKHA
YSABUTH K CYMEprO3MLII0 MOCTYNMAJbHOTO Ta 00epTaJbHOTO PYXIB.
Jlo Toro ik peanizyBaTH IO CYMEpro3MIIiI0 MOXKHA y Oe3KiHeuHy
KUTBKICTb cMoco0iB. Ajle KyT oOepTaHHs He 3aJIeXKHUTh Bia BUOOpPY
BapiaHTa cynepno3uuii (BiJ BHOOpY TMOJIOXKEHHs Oci oOepTaHHS).
Bynb-sKy Bich, 110 € MEPNEHANKYJISIPHOIO O TUIOLIMHH PYyXY, MOXHA
po3rIAAaT sk Bichb oOepTaHHsi. MUTTEBOIO Bicclo 00epTaHHS € Ta 3
HUX, AJS SKOI MOoCTynajibHa WIBUAKICTb B AaHU MOMEHT JOPiBHIOE
Hymo. LlIBunkicTe ycix TO4Ok aOCONOTHO TBEpAOro Tija y Oymab-
KW MOMEHT Yacy MOYKHA YSIBUTH SK IIBUIKICTb 00OepTaHHS HaBKOJIO
MUTTEBOI OCi. 3 MJIMHOM Yacy MOJIOKEHHS MHUTTEBOI Oci 0OepTaHHs
3MIHIOETBCS BITHOCHO aOCONIOTHO TBEPIOrO Tijia Ta BiTHOCHO
|

VeV,

6) B)
Puc. 1.16./To BuU3HaYeHHS MUTTEBOI OCi 0OepTaHHs Kojeca

o0paHoi cucTeMH KOopauHaT. MHTTeBa Bick OOepTaHHS € YSBHUM
00’ eKTOM, BOHA HE Ma€ MaTepiabHOro Hocis. Di3uyHe 3HAYCHHS Ma€
Te, MO YCi TOYKM abCONMIOTHO TBEPJOrO TiJia, SKi JiexkaTh B JIaHWMH
MOMEHT Ha Iiif oci, € HEpyXOMHMH, i pyX abCOJIOTHO TBEPAOTO Tijia
MO’KHa 3BECTH JI0 00epTaHHS HABKOJIO I[i€l MUTTEBOT OCi.

Bu3HaurMMo TONOKEHHS MUTTEBOT oOci oOepTaHHs [yis
YaCTMHHOTO BUIMAKY IUIOCKOTO PyXy — KOUYEeHHI KoJieca.

SIK110 KOJIECO KOTUThCS O€3 KOB3aHHS Ta MPOOYKCOBKHU (pHcC.
1.16a)), To Touka Ha 0060/ KoJieca, IKOK BOHO TOPKAETHCS MOBEPXHi
B JaHWH MOMEHT 4acy, € HEepyXOMOK BiTHOCHO moBepxHi. Came
Kpi3b Hel MeprneHIUKYISIpHO 1O TUIOLIMHM PHUCYHKA 1 TMPOXOIUTH
MUTTEBA Bich 00EpTaHHS.
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IIBuaKicTh LieHTpa Kojeca BIIHOCHO MOBEPXHI Ta BiIHOCHO
TOYKM TOPKAHHS BU3HAYAETHCS SK IIBUAKICTH OOEpTaHHS HaBKOJO
wiei oci: U¢ = [67), F] , JIe KyTOBY IIBUJKICTh OOEPTaHHS HAMpaBJICHO B
TUIOIIMHY PHMCYHKA, SKIIO KOJecO KOTUTbCsA MpaBopydY, i pamiyc-
BEKTOp HaIpaBJICHWH BiJl TOYKM TOPKAHHS KOJIECOM TMOBEPXHi Bropy
JI0 LeHTpa Kojeca. 3a mpaBUjaMu OOUMCIIEHHsS BEKTOPHOro AOOYTKY
LIBUIKICTH KOJeca HalpaBleHO MpaBopydY, 11 aOCONMOTHE 3HAYEHHS
JOPIBHIOE Uc=aJ, TYT I' —Lie pafiyc Koneca.

IlIBunkicTh BepxXHBOI TOUKHM KoJieca Mae TOW camuit
HaMpsAMOK, IO 1 LEHTp Kolieca, 00 pajiyc-BeKTOp, KUK BHU3HAYAE
MOJIOKEHHs1 1[i€] TOYKM BIZIHOCHO TOYKM TOPKaHHS KOJECOM
MOBEpPXHi, CHIBMAaJae 3a HANPSIMKOM 13 pajiyC-BEKTOPOM Yy
MOTIepeIHOMY BHIAJKY. 3a aOCONMOTHOIO BEJTMUMHOIO 111 IIBUKICTH
yIBiYi TepeBHIIye MIBHIKICTh LIEHTpa Kojieca, 00 BEpXHS TOYKa
po3TallloBaHa BABiYi Jami BiJ MOBEpXHi, HiK LEHTp Koseca. Tol
caMuit pe3ynbTar 3100y/1eMO, SKIO OOUMCITIOBATH L0 LIBUAKICTH 5K
BEKTOPHY CyMy HLIBHJKOCTI LIEHTPY Kojieca BiTHOCHO TOBEpXHi Ta
HIBUIKOCTI BEPXHBOT TOYKH KoOJIeca BiJHOCHO HOTo LICHTPY.

Skuo x Koneco KoTuThes 3 npodykcoekoto (Puc. 1.1606)),
TOJI TOYKa Ha 00OJi Kojeca, KO BOHO B JIaHW MOMEHT Hacy
TOPKA€ETbCS TOBEPXHi, PYXa€TbCS B HAMPAMKY, MPOTHICKHOMY
HIBUAKOCTI pyXy Kosieca sk winoro. Ilpu 1poMy MHUTTEBa Bich
o0epTaHHs JISKUTh Ha BEPTUKAIBHOMY BiAPi3KYy, L0 MOEAHYE TOUKY
TOpPKaHHS Kojieca 3 TOBEPXHEI Ta ILEHTp Kojeca. Binmcranb Bin
MUTTEBOI Oci OOepTaHHS A0 LEHTpa Kojieca MpomnopuiiiHa #oro
IIBUKOCTI, BiJICTaHb BiJf MHUTTEBOI OCi OOepTaHHS 0 TMOBEPXHi
MponopiiiiHa MBUAKOCTI PyXy TOUYKH Ha 00071 Kojieca, IKOI0 BOHO B
JAaHWI MOMEHT uacy TOpKaeTbcsi mMoBepxHi. lle TBep/keHHs €
HACJIIJIKOM BU3HAYEHHS MUTTEBOI OCi OOEpTaHHSA: IIBUIKICTh OYyJb-
SKOT TOUKH aOCOJIFOTHO TBEPAOTO Tila MOKHA BU3HAUYUTH (hPOPMYJIOIO
D=[67),f], ne T — 1Le BEKTOp, TpPOBEIEHWH BiI MHTTEBOI oOCi
obOepTaHHS 10 Ii€T TOUKH.

AKUIO K TIIO KOTUTLCS TpaBOpYY 1 TMpU UbOMY LI i
npokor3ye, (Puc. 1.16B8)), To Touka Ha 0001 KoJieca, IKOIO BOHO B
JAHUIT MOMEHT 4acy TOpPKAa€ThCs MOBEPXHi, PYXa€TbCS B HAMPSAMKY
pyxXy KoJjieca sik winioro. [1py iboMy MUTTEBaA Bich 0O€pTaHHS JISKUTh
Ha BEPTHKAJbHINW NpsAMil, 10 MPOXOAWThL Kpi3b LIEHTP Koseca. Sk B
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yCiX MOTNepe/IHIX BUMAJIKAX, BiICTaHb Bil MUTTEBOT Oci 0OepTaHHS 110
LeHTpa Kojieca MporopIliiiHa HOro MBWAKOCTI, 1 BiJICTaHb BiJ
MUTTEBOI OCi 00epTaHHs A0 MOBEPXHi MpOMopuUiiiHa LIBUAKOCTI PyXy
TOYKM Ha 000Ji KoJieca, SKOKO BOHO B JaHWM MOMEHT 4Yacy
TOPKA€EThCS TIOBEPXHI.

1.13. A6cosnromHull xapakmep Kymoeoi weuodkocmi
npu doeinibHOMY NIOCKOMYy pyci abcosmromHo
meepdo20 mina

ObepeMo B aOCOJIOTHO TBEPAOMY TiJii AOBUIbHY TOuKy O.
Hexail y maHuii MOMEHT 4Yacy BOHA pyxaeTbes 3i mBuakicTio Vp, a

came a0COJIFOTHO TBepAe TiJIo 00epTaeThCs i3 KYTOBOK IIBUAKICTIO
(. HaBKOJO OCi, IO € MEPNEHAMKYJIAPHOI [0 IUIOLIMHH, B SKiH
BiIOYBa€ThCS PYX, i MPOXOIUTH KPi3b TOUKY O. JIOBITbHUIA TUIOCKUH
pyX aOCOJIIOTHO TBEpAOro Tilla MOXHA YSBUTH SK CYNEPrO3UIio

noctynansHoro (3i mBuakictio Vg) Ta obepranbHoro (i3 KyTOBOK

weuakicTio &) pyxiB. Tobro mus

IIBUKOCTI JIOBIIBHO OOpaHOi TOYKH A, o
IO HAJIeKWUTh JI0 LLOTO TBEpAOro Tinma, A

Ma€eMO TaKud BUpa3s:

Va=Vp+[@F], (@35 4

el

ne I — 1e pajiyc-BeKTop, 10 MPOBEACHO

3 Touku O Ao Touku A. Ilinkpecnumo, 1o 0,

BeJMYMHA (L HE 3aJIEKUTh Bill BUOGODY

Toukk O — y upboMmy i mnonsgrae  Puc. 1.17.Jlo noeenenus
abcontoTHUI Xapakrep KYTOBOi ~ a0CONIOTHOTO XapakTepy
MIBMIKOCTI. KyTOBO{ IIBUKOCTI

JloBeieMO e TBEpIKCHHS. obepraHHs

OGepemo iHmy Touky O; (puc. 1.17) Ta Oyaemo omucyBaTu
JMIOBUTBHUN TUTOCKMHA pyX, COHMparodYrch Ha 11 XapaKTepPHCTUKU:

niniiiny Vq Ta KyroBy @) wBmakocti. Toai mBHAKICTh \7A TOYKH 4,

paziyc-BekTop sIKoi BifHOCHO To4uku Oy I0piBHIOE 1, CKagaeTbes 3
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WBKUAKOCTI V4 MHOCTYyHanbHOro pyXy Touku O; BIIHOCHO CHUCTEMHU

BiJUTIKy Ta LUBUIKOCTI 00€pPTanbHOro pyXy TOUYKH A BIJHOCHO TOUYKH
O1:

\7A :\71 +[CT)1,F1]. (136)

PizHuto Mixk pagiycamH-BeKTOpaMH TOUYKM A BiJHOCHO To4YOK (g Ta

O noznaunmo R Tak, mo I =7 + R (aus. puc. 1.17):
Va=Vi+[@,r] =Vi+[@,r1+[@1R].  (1.37)

Kpim TOro, touky O HIUMM He BHUIIEHO cepell IHIIMX TOYOK
a0COJIIOTHO TBEpAOro Tina, TomMy s Hel anamoriuHo no (1.36)
TaKO0K MOYKHA 3aITUCaTH:

Vp =V; +[ @ R]. (1.38)

CkopucTaeMocsi [UM Uil BUKJIIOYEHHS TMEPIIOro 1 TPEThOro
momaskis B (1.37):

\7A =\70 +[d)]_,r] (1.39)

[Mopintotoun Bupasu (1.35) Ta (1.39) mis mwBHAKOCTI \7A,
3100yBa€EMO PIiBHSHHS [CD_LF]=[67)F] Ockinbku Toukn O Ta A
BUOpaHO y MOBiNbHUI cnoci0, To @) = @. Came y upomy i nossrae
MareMaTuuHe  (OpPMYIIOBaHHA  (I3UYHOTO  TBEpPUKEHHS  TPO
a0coMOTHUH XapaKkTep KyTOBOT LIBUAKOCTI 00€pPTaIbHOTO PyXY.

Lla ¢izuuna oOCTaBMHA IIMPOKO BHKOPUCTOBYETHCS MpPHU
po3B’s3aHHi 3amay. Hampukian, KyTOBY IIBHIKICTH OOepTaHHS
KoJieca aBTOMOOIIS MOXKHA BHM3HAYMTH 3a BIIOMHUMHM IIBHIKICTIO
pyXy aBTo Ta paaiycoMm kojeca. Toni WBHUAKICTE Oyab-sIKOI TOUYKH
KoJieca MO)KHA BHM3HA4MTH 3a (opmyJoro, aHanoriudoro (1.35), sk
CyMy LIBHIKOCTI MOCTYMAIbHOTO PyXy, HalpHKJaz, oci Koneca (ska
JIOPIBHIOE IIBHMAKOCTI TMOCTYNAJLHOTO pPyXy aBTO B LIIOMYy) Ta
LIBUKOCTI 00€PTaJIbLHOTO PyXy HABKOJIO L€l Oci.
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Kpawomy e}
YCBIIOMJIEHHIO a0COJIFOTHOTO e
xapakrepy KyTOBOT |
IIBUAKOCTI OOepTaHHs, Ha '
Har TOTJISA L, cripuse
Hactynmuuit puc. 1.18, Ha
SKOMY MOKa3aHo, K
nepeMillleHHs  BiIpi3Ky Tpu
TUIOCKOMY pyci 3 OJIHOro
nonoxkeHHss AgBy B inme AB
MOXKHA  BUKOHATH  JIBOMa
pisHMMU criocobamu. By /

[Nepmii croci6
rnojiira€ B TOMYy,  a0u A
CTIOYaTKy BUKOHATH
napanenbHui nepeHoc AoBg B AO
A'B, i mortiMm noBepHYTH
Biapisok A'B’ HaBkoso oci

O’, NOKM BiH HE CIBHaze 3
AB.

Puc. 1.18.Pi3Hi cniocobu peanizamii
IJIOCKOTO PyXy

Hpyruii crioci® nonsrae B Tomy, abu miciis mapaielIbHOTO
neperocy AoBoB A" B’ moBepHyTH Lieit Biapizok HaBkosio oci O 10
crniBnaganHs 3 AB.

OO6unBa crnocoOu — 1e KOMOIHAIlS NapanelbHOro MepeHoCcy
Ta MOBOPOTY HaBKOJNO oci. B mmx crocobax BiApi3HSIOTbCS OCi
MOBOPOTY, BEKTOPU TMapayeIbHOro MepeHocy, ajie KyT, Ha SIKUH
BiZI0yBa€eThCs MOBOPOT, criBnaaae (00 1e € KyT MK napajielbHUMU
nNpssMUMH  Ta ci4HOIO mpsMoro). Komm wac, TpOTIroMm  sSKOro
BiOyBaeThCs Take nepeMilneHHs 3 AgBy B AB, npsimye 1o Hysis, ToJi
HE3MIiHHICTh KyTa TIOBOPOTY TIEPETBOPIOETLCA HA HE3MiHHICTh
KyTOBO{ LIBUJKOCTi 0OepTaHHs.

HaounuM  migTBep/ykeHHSAM — aOCONIOTHOTO — XapakTepy
KyTOBOT INBUIKOCTI OOEpTaHHA € TaKOXK CXeMa pO3MOALTY
mBuakocteit Ha puc. 1.19. [Inockuii pyx BEepTUKAIBHOTO CTEPIKHS
MO>XKHA YSIBUTH SIK MOCTYNAJbHUI PyX sSIK LIJIOro 3i WBHAKICTIO U Ta

obepTaHHs HaBKOJIO Toukd () ab0 SK MOCTYNAalbHUHN PyX SIK LIIOro 3i
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WIBMAKICTIO Uy Ta OOepTaHHs 3 TIE0 CAMOO KYTOBOKO IIBHIKICTIO
HaBKoJI0 Touku O,

!

Puc. 1.19./To nmutaHHs PO abCOMOTHUI XapakTep KyTOBOT
IIBUIKOCTI

lMumaHHs1 Onss caMOKOHMp oo 0o po3oiny
1. OcHOB8HIi NOHAMMS KiHeMamuKu

1. Ilo o3Hauae “3anaTy cUCTEMY BiJUTIKY"?

2. Ulo Take «MaTepiajibHa TOUKa»?

3. Ulo Take «KiNbKiCTh CTYMEHIB BUTBHOCTI MEXaHI4HOT CUCTEMU»?

4. Illo Take «paaiyc-BeKTOp»?

5. o Take «rpaekTopisi»?

6. Uum  BimpisHsAETHCA «igx,  SAKUH  TpoieHo»  Bif
«TepeMilIeHHS»?

7. Sk BU3HAUAETHCH IIBUJIKICTH 32 BIJOMOIO 3QJICKHICTIO pajiyc-

BEKTOpa BifJ yacy?

8. Sk BuU3HAYaETbCH TMPUCKOPEHHS 3a BIIOMOIO 3aJICIKHICTIO
HIBUJIKOCTI BiJT yacy?

9. Sk Bu3HAuaeTbcsd INBUIKICTH 32 BIIOMOIO  3aJISKHICTIO
MPUCKOPEHHS Bif yacy?

55



10. Sk BU3HA4a€eThCs TMOJOKEHHS MaTepiallbHOI TOYKU 32 BiJJOMOIO
3aJIe)KHICTIO HMIBUAKOCTI BiJl yacy?

11. o Take «HOpMasibHE MPUCKOPEHHS»?

12. 1o Take «IOTUYHE MPUCKOPEHHS»?

13. o Take «rogorpad MBUIKOCTI»?

14. 1o Take «abCOMIOTHO TBEPAEC TIIO»?

15. SfAkuii pyx aGCOMOTHO TBEPAOTO Tijla HA3UBAETHCS TIOCKUM ?

16. Axumit  pyx aOCONIOTHO TBEpAOro Tila  HAa3UBAEThCA
MOCTYMAILHUM?

17.1o Take «MUTTEBA Bich 00EpTaHHA»?

18. Sk 3a BiJOMUMU MIBUKOCTSIMH JIBOX TOYOK a0COJFOTHO TBEPOTO
TiJla BU3HAYWTH MOJIOXKEHHSI MUTTEBOT Oci 00epTaHHs?

19. Jle posramioBaHi MUTTEBI OCi 0OepTaHHS KOJIC, IO PyXarOThCs
0e3 KOB3aHHSI, 3 KOB3aHHSM i 3 MPOOYKCOBKOIO?

2. [JuHamika mamepianbHOI MoOYKU

JluHamika BUBUaE MEXaHIYHUH pyX 3 MO3ULIT BCTAHOBJICHHS
MPUYHH, 3 SKUX [Iel pyX BiIOYBAETLCS Ta YOMY BiH 3MIHIOETHCS.

O6roBopumo crnioyatky BHOip cuUCTeMH BiMTiKy, 00 1ie €
Ba)K/TMBUM MUTAHHSM TMPHU PO3B’ 13aHHI 3afay AuHamMiku. OauH 1 ToH
camMHii MeXaHiYHWH pyX BUIJISNAE MO-PI3HOMY BiJHOCHO Pi3HHUX
cucteM Bimiky (a00 BiJHOCHO pi3HMX MexaHiYHUX 00’ ekTiB). Pazom
i3 TUM BHMOIp CHCTEMM BiJJIIKy AOCHIAHUKOM € JAOBUIBHUM, IO
O3Hayae pIiBHOMPABHICTh Pi3HUX cucTeM Biadiky. Tomy cnpoba
o0paru Taky cucTeMy BiIUTIKY, B IKiH MEXaHIYHUH pyX BUIJISAIAB OU
Ta ornucyBaBcsi 6 MaTeMaTHYHUMHU (hOpMyJIaMH B HAHOUTBII MPOCTHIA
cnocid, Burasaae npupogHoro. s 3HaXOmKeHHS Takoi CHUCTeMH
BiJUTIKY pO3MJISHEMO MEXaHiuYHUH 00’ €KT, SAKUH 3HAXOJUTHCS
HACTUIBKM JaJIeKO BiJ IHIOMX MeXaHiYHHMX 00’ €KTiB, L0 BOHM HE
BIUIMBAIOTh Ha Horo pyx. Takuii 00'€KT Ha3MBalOTh BIJILHOIO
MaTepiaJibHOIO TOYKOI. 3BHYAHO, YMOBM BIIBHOTO pyXy Ha
MpaKTHL peaylizyBaTH MOKHA TIIbKM MPUOIM3HO, ajle MPUHLIMITOBO
MOJKHa YSBHUTH c00i Taki yMOBH, sKi 3a0e3MeuyioTh BUTBHHHN pyX
MaTepialibHOT TOUKH 3 IOTPIOHOIO TOUHICTIO.
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BinbHuii pyX, SK i pemirta THIIB MEXaHIYHOTO PyXy, BUTIIsIA€
B pi3HMIA croci0 y pi3HUX CHUCTeMaX BiJUTIKY. AJie SIKIIO B SIKOCTI
CUCTEMHU BiAJliKy oOpaTu cucTeMy, LI0 MOB’ 3aHa 3 MEBHOIO BIJILHOIO
MaTepiaJibHOIO TOYKOIO, TO B TaKii CHCTeMi BiAJIKY BUTbHMHA pyx
BUTJISIaATUME Jy’Ke TPOCTO: 1ie Oyse PiBHOMIpHUI MpsSMOIiHIHHUN
pyx. lle TBepKeHHS CcKiaamae 3MicT 3aKOHY iHepuii, skwuii

BcTaHoBUB [amineit . Cuctema BimliKy, IO TMOB’s3aHa 3 BiJIbHOIO
MarepiaibHOK TOYKOK, Ha3WBAa€ThCs IHEPLUianibHOK CUCTEMOKD
BigniKy.

IlikaBo, 10 BBeACHHS IHEPLiaJbHOI CUCTEMH BIiJUTIKY 5K
TaKoi, o XapaKTepU3yeTbCs TakKUMH crieuudpiyHUMH
BJIACTUBOCTSIMU, OJTHAKOBO HE J03BOJISIE BBECTH CTAaHU aOCOIIFOTHOTO
CMOKO, abCoMOTHOroO pyxy Ta abcomorHoro npoctopy. Crpasa B
TiM, 110 iHePUiaIbHUX CUCTEM BiAJIiKy iCHY€ HECKiHYEHHA KiJIbKIiCTb.
JilicHo: Oynb-ska cucTemMa BIJUTIKY, IO PyXaeTbes MPSIMOJTIHIMHO Ta
PIBHOMIPHO BiJTHOCHO iHEPIiaIbHOI CHCTEMH BiJUIIKY, TaKOX €
iHePUiaJIbHOIO ~ CHUCTeMOIO  BiAJliky. BwuBuatoum BimbHMI pyX,
HEMOXKITUBO BIJIPI3HUTH Pi3HI iHePLialbHI CUCTEMHU BiAJliKy. bijbine
TOro: BCi (i3nuHi sBHIIA BiAOYBAalOTHCS B PI3HUX iHEPLIATBHUX
cuctemMax BiJiky B moniOHui crnoci®. Bci 3akoHum mpuponu
MPOSIBJIIIOTECS. B OJAHAKOBMM CHOCIO y pi3HUX iHePUiaIbHUX
cuctemax Biamiky. Tomy Bci iHepLiaNbHI CHCTEMHU BIIJIKY €
eKBIBaJICHTHUMH (TOOTO TaKMMH, 1110 TX HE MOXKHA HIsIKMM (D i3UYHUM
crocoOOM BiApi3HUTH OAHY Bix oxanol). lleli mnoctymar mpo

% laninéit (Galilei) Taninéo (1564-1642) —itaniiichknit MECIUTENb ENOXH
BimpomkeHHs, 3acHOBHUK KJIacMYHOT MeXaHikd, (i3uK, acTpoHOM,
maremaruk. [amineil chopmystoBaB MNPUHIWN BIOHOCHOCTI pyXy mAjIs
MPSIMOJTIHIHHOTO i PIBHOMIPHOTO PyXY, 3aKOH BiJIbHOTO MaIiHHS TiJ, ileto
Mpo i30XpOHI3M KOJMBaHHS MasTHUKA, ifeto iHepuii (1609), mousrTs mpo
iHepTHy Ta TrpaBiTauiliHy Macu. BuHaliioB rigpoctaTuuHi Baru ans
LIBUJIKOTO BU3HAUEHHS CKJIaly METaJeBUX CIUIaBiB; BU3HAYMB MUTOMY Bary
noBiTpa. BuHaiimos Tepmockor, 1o € npoodpazoM Tepmomerpa. CTBOpHUB
nepwuii Teaeckon. BucyHyB ifero 3acTOoCyBaHHA MasTHUKAa B TOJUHHHUKY.
lanineil 37ificHMB HW3KY BaXKJIMBMX aCTPOHOMIUHUX BIAKPHUTTIB — ropw i
Kpatepn Ha Micsmi, po3mipu 3ipok Ta IXHS KoJOcallbHAa BiJIaJCHICTB,
wismu Ha Conui, 4 cymytHuku lOmitepa, ¢asn Benepw, kinbus CatypHa.
laninero HaJEeXKWUTH i/1est CKIHUEHHOCTI IIBUIKOCTI MOLMIMPEHHS CBIiTIA.
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iHepUiaJibHI CUCTEMH BIJTIKY, IO € OJHUM i3 (pyHIaMEHTALHUX Y
MeXaHilli, Ha3UBatoTh NPUHLMNOM BiAHOCHOCTI pyXy.

3BUYAIfHO, ICHYBaHHS iHEPIIabHUX CHCTEM BIIIKY He
oOMeXkye TpaBo AOCHiAHMKA 0OOpaTH OyAb-Ky IHUIY CHCTEMY
BiJUTIKY: MPOCTO B YCiX iHePUiaJbHUX CHCTEMax BiUIIKY 3aKOHH
MeXaHIKH (OPMYITIOIOTHCS OJTHAKOBO Ta B HAWOIIBII MPOCTHIA cHOCIO.
Tomy Hajgani MM BHBYATMMEMO MEXaHIUHHMH pyX came BiJHOCHO
iHePLiaIbHUX CUCTEM BiJUTIKY, 1 JIUIIE OJJUH OKPEMHIT pO3/ILT HAIIIOTO
Kypcy Oyze crienianbHO NPUCBAYEHO MEXaHIYHOMY pPYyXy BiIHOCHO
HeiHePmiaJbHIUX CHUCTEM BIIUTIKY, SIKi pyXaloTbCsi 3 TPUCKOPEHHSIM
BiTHOCHO iHePUiaJIbHUX cuUCTeM Bimiky. HeoOximHicTh y 1boMy
MOB’ s3aHa, TMO-Tiepie, 3 THUM, aOW 3HATH, HACKUJIBKM Ba)KJIUBOIO
€ IHepUiabHICTh CUCTEMH BIJJTIKY; B MO-ApYre, iCHYIOTh Taki 3aiaqi
MeXaHiKH, B IKMX pyX MPOCTillle BUIJIAAA€E 3 HEIHEPLialbHOT CUCTEMH
BiJUTIKY.

2.1. ®i3uYHi eenu4uHu, SKUMU ornepye po30in
“AQuHamika mamepianbHOI MO4YKU’

Ha nopgatok [0 OCHOBHMX TepMiHIB, SIKUMH OMepye
KiHEeMaTHKa, TIPU OMUCAHHI MEXaHIYHOTO PYXY B JIMHAMILII BBOASTLCS
11e TPY TEPMiHU: OCHOBHUI —Maca, i TaKi, 10 € MOXiJTHUMH: IMITyJIbC
i cuna.

Maca - mwme wmipa iHepTHOCTI
MexaHIYHUX 00’ ekTiB. BoHa xapakrtepusye m
BJIACTUBICTb Tl OMMPATHUCh 3MiHI iXHBOT
meuakocti. lllo Oinpiia maca Tinma, TO my
MEHIIe 3MIHIOETBCS HOTO MIBHAKICTE 32 Puc. 2.1.7T0
O/IHAKOBHX iHIIHMX YMOB. BUMIpIOBAHHS MacH

Sxwo BectM MOBY MNpO MNEBHUI
eTaJloH MacH, Hampuknajg, My =1ke, To ne € maca oxHoro sitpa
YHCTOT BOAM NPY TUCKY B OAHY aTmocdepy Ta Temmeparypi t=4° C.
Toni HeBimomMy Macy MOXKHa €KCHEPUMEHTaJbHO BU3HAUMTH 4Yepes
Jociin i3 B3aemonii HeBimomoi M Ta eTanoHHoi My Mac.

IlocTaBMMO Ha rOPU3OHTAIILHY MOBEPXHIO JIBa HeBaromi Bo3uku. Ha
OJMH TIOKJIAJIEMO €TajloH, Ha IHIOMM — TUIO HEBIZOMOI MacH.
CTUcHEMO BO3WKAMH TIPYXKHHKY 1 BIAIMMYCTUMO BO3MKH — BOHH
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MOKOTATBCS Y MPOTHICKHHUX Hanpsmkax (auB. puc. 2.1). Bumipssiu
MOJIYJTi IIBUAKOCTEH eTajlOHHOT Ta HEBIZIOMOT Mac Ug i U, BIAMOBIAHO,
00YMCITUMO HEeBIIOMY Macy: M=MyUy/ U.

IMnynbCc — ue A00yTOk Mack MaTepiajbHOI TOUKM Ha ii
MIBUIKICTB: P=MUJ . IMOysnbc BHUMIPIOETbCS B TAaKUX OAMHHULIAX:

[p]=xrxm/c.

B mnpoueci pyxy BinbHOI MaTepialibHOi TOUYKM ii iMMyJbe
BiTHOCHO iHEPLialbHUX CHCTEM BiJUTIKY 3aJIUIIAETLCS HE3MIHHHM.
SIkmo >k MarepiaibHa TOYKa B3a€MOJI€ 3 IHIIMMH MaTepiaJbHUMHU
TOYKAMH, TO IMITYJIbCH B3aEMOJIFOYMX MaTepiabHUX TOYOK 3 4acoM
3MIHIOIOTBCSI, ajie TIPY UbOMY IMITYJIbCH Ta iXHi 3MiHM MOB’ sI3aHi MiXK
co00t0 B EBHHUH c11ocib.

3aMKHEHO CUCTEMOK  MmarepianbHUX TOo4ok  (abo
3aMKHEHOI0 MEXaHIYHOK CHCTEeMOI0) Ha3MBalOTh  CYKYIHICTh
MaTepiaJibHUX TOYOK, SKi B3a€MOJIIOTh TIJIbKM MDK COOOI0 Ta He
B3aEMOJIIOTh 13 30BHILIHIMM MeXaHiYHUMH 00 ekTamu. Jlns
3aMKHEHUX CHCTEeM ICHY€ HHM3Ka TAKMX BEJIMYMH, SIKi BU3HAYAIOTHCS
4epe3 iIMIYJIbC, i MPU LIbOMY HE 3MiHIOIOThCS 3 yacoM. Hanpukiaz,
HEe 3MIHIOETBCS 3 YacOM TMOBHHUM (CyMapHHil) BEKTOp iMITyJbCY
3aMKHEHOi cHucTeMH. ToMy TIOHATTS TpPO IMIyJABC Ta HOTO
BJIACTHBOCTI € Ay’Ke BOXJIMBHMH B 3aJadyax Mpo JAWHAMIKY CUCTEMHU
MarepialbHUX TOYOK.

Cwvna — ue BekTopHa (i3UvHA BEIMYMHA, KA XapaKTePHU3ye
IHTEHCHBHICTh B3aeMolii MexaHiuHUX 00’ ekTiB. Cuity (aHTITiIHCHKOO

force) szaspuuaii mosHawarote Ak F . Ywacmimok B3aemonii Tinm 3
¢iznyHIMH 00’ €KTaMH, 10 iX OTOYYIOTh, BIAOYBa€Thcs 3MiHA
iMIynbcy 1Mx Tid. ToMmy iHTEHCHBHICTb B3a€MOAIl MiXK AaHUMH
TiJIaMH Ta Gi3HYHUMH 00’ EKTaMH OIIHIOKOTh 10 TOMY, SIK 3MiHIOEThCS
IMITYJIBC TiJl BHACTIIOK 1€l B3aeMoii. BuMiproroun 3MiHy iMITyJbCy
tina AP nporsirom ¢isuuHO KOPOTKOro npomikky vacy At , moxHa

BU3HAYUTU BCJIMYUHY i HalpsAaMOK CHJIM, dKa I[iC Ha TiJO:

= 4p _ dp .

F =lim At_'OZFt)Ed_Ft)' Cuna  BuMmiproeTbes B HbroToHax:
[F]=xrxm/c® =H. Ha upomy npuHUumi noGygoBaHO il MpHIaLy,
SKAM  BHUMIpIOIOTh CWIIy, — JWHaMomeTpa. HadnpocTimmii

JAWHAMOMETp BJIAIITOBAHO TaK: OJUH KiHeI_[B MPYy>KUHU 3aKpinneH0 Ha
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MJIaCTHHI, JI0 APYroro KiHIM NpukiaaaoTs cuiy. 1o OGiibiua cua,
TO CWIBHIILIE PO3TATYETHCS MpYyKKHA. J[0 OHOrO 3 BUTKIB MPYKUHU
NPUKPIMUMO CTPiouKy (muB. puc. 2.2). [Ipueanaemo 1o apyroro
KiHI TIPY>KUHU TiJI0 OJAMHWYHOI Macu. SIKio mif di€lo NpyKUHU
Tilo HaOyBa€ OAMHUYHOIO MPHUCKOPEHHS, TO HAMpPOTH CTPITOYKU
3pobumMo mnosHauky «1 H». [Toraraemo 3a quHamoMeTp i3 OiNTbIIONO
cuoro. Komu mij stiero npy»muan Tino Habyzne nprckopenns B 2 m/c?,
3po0MMO HAMpOTH CTPUIOYKM MO3HA4Ky «2 H» — Ttak moOyayemo
HIKaJTy, i ITMHAMOMETpP TOTOBHI 10 BUKOPUCTAHHS.

[IBuaKOoCTI MEXaHIYHHUX PYXIB Y KIACHYHIM MEXaHilli € ayxke
MaJlMMH TOPIBHSHO 31 WIBHIAKICTIO CBiTJIAa, TOMY VY I[bOMY
HAONMOKEHHI  MOXKHA  BBaKaTH, LI0 MeEXaHIYHA  B3a€EMOJIS
BiZI0YBa€eTHCS MPOCTO MUTTEBO.

B ycix MexaHIUHMX SBUILAX B3a€MOit0 OOYMOBJIEHO BOMa
TUMaMH CUJI: TPABITALlIHHUMHU Ta €JIEKTPOMArHiTHUMHU (IeTallbHO TPO
Kkiaacudikairo B3aemomii aumBuch posnin 4). Cuna rpasitarii
BHU3HAYa€ IHTCHCUBHICTh, 3 fAKOK yci MeXaHiuHi 00’ eKTH
MPUTATYIOTBCS OJUH JO OJHOTO B 3aJIEKHOCTI Bil BiJcTaHi Mix
HUMM. [HOII cunM y 3agavax KJIacM4HOI MeXaHIKM MaloTh
€JIEKTPOMArHiTHy MPHUPOAY: L€ — CHIM NPYXKHOCTI Ta TepTs (cuin
iHepLil BUHMKAIOTh y HEiHEepLiaJbHUX CHUCTeMaX BiAJIiKy — AWBHUCDH
pozain 5). /I BU3HAUEHHS iHTEHCHBHOCTI LIUX JIBOX CHJI Y MEXaHilli
BUKOPUCTOBYIOTh  (DEHOMEHOJIOTIYHMN  TIAXi:  MOJEIIOITh
aHaJIITUYHI BUPa3H IJ1s HUX 32 pe3yJibTaTaMu eKCIIEPUMEHTIB.
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2.2. 3akoHu HbromoHa

TeopeTW{Hy OCHOBY KJIACHYHOT MEXaHiKU CKJIaJat0Th TpH

3akoHH HeroToHa .

Mepwwnin 3akoH HblOTOHA crBepmkye: «ICHYIOTH Taki
CHCTEeMH BIMUTIKY, IO Ha3MBalOThCS IHEPLiaIbHUMM, B SKHX
MaTepialibHa Touka abo nepeOyBae y cTaHi CroKor, abo pyXaeThes
MPSAMOJIiHIIHO Ta PIBHOMIpPHO, SKILO BEKTOPHA cyMa BCiX 30BHILIHIX
CHIJI, IO JIifOTh HA MaTepialibHy TOUKY, TOPIBHIOE HYJIO».

Opyrnin 3akoH HblOTOHA BH3Havae, mio: «B iHepHiaIbHUX
cucTeMax BiJUTIKY HIBHIKICTb 3MIHH IMITYJIbCY MaTepiallbHOT TOUKH 3
4acoM AOPIBHIOE BEKTOPHIM CyMi yCiX 30BHIIIHIX CHJI, IO JilOTh Ha
naHy marepiaabHy Touky, 0p/dt=3 F jS’OBH

i

TpeTih 3akoH HbOTOHA cBigunth, mO: «B3aeMomis

MaTepialibHUX TOHYOK MiK co00t0 BinOyBaeThCsl B TakMid CHOCiO, 110

».

cuna Fqo, 3 sKkoro mepma MmarepianbHa TOuYKa Ai€ Ha JPYry
MaTepiajibHy TOYKY, HOpPIBHIOE 3a MOAyJeM i MpoTWJeKHa 3a

HanpsiMkoM cunti Fp1, mo nie 3 6oky apyroi MaTepialbHOT TOUKH Ha

nepumy: F12 = —F21 ».

OcmucneHHs mepioro 3akoHy HbroToHa Ao3Bosisie OiiiTu
BUCHOBKY, LIO L€ € Jell0 PO3LUIMPEHUH BapiaHT 3aKOHY iHepuii
Taninea. BaxnvueuM y 11bOMY 3aKOHI € BKa3iBKa Ha BEKTOpPHHIA
XapakTep CHJ1, L0 CaMe 32 YMOBH PiBHOCTI HYJIIO Pe3yJIbTyIOUOl CHIU
(K BEKTOPHOT CyMH YCiX 30BHIIIHIX CHJI) MOKJIMBHM CTa€ peaizaiis
PIBHOMIPHOTO MPSMOJIIHIHHOTO PyXy MaTepialbHUX TOYOK. 3 iHLION

* Hetoron (Newton) Icadk (1643 -1727) -sunaThuii aHrmilichkuii diszuk.
OuosoBas kadenpy B Kem6pumxcskomy yHiBepeuteti (1669-1701)3 1699
— nupektop KoponiBcbkoro moHetHoro neopy. Unen Ilapusbkoi Akagemil
Hayk. HbIOTOH YBiB OCHOBHI MOHATTS Ta aKCiOMaTHKy KJIACMYHOT MEXaHiKH,
30KpeMa, MOHATTA MacH, KiTbKOCTi pyXy, CHJIM, MPUCKOPEHHS; TPH 3aKOHU
PYXy, 3aKOH BCECBITHBOTO TSKiHHS, TMOSCHUB OCOONMBOCTI pyxy Micsus,
SIBUILIE TIpeLiecii; pO3BUHYB Teopito (opMu 3eMHOT KyJIi, TEOPIit0 MPUILINBIB i
BiIUTMBIB, BCTAHOBUB 3aKOH OIOPY Ta OCHOBHWI 3aKOH BHYTPIIIHBOTO
TepTs B PigMHAaxX i ra3ax, AaB (GopMyiTy [UTd IBUAKOCTI HOMNPEHHS XBUIIb.
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TOYKH 30pY, LeH 3akoH HproToHa MOYKHA pO3MIISAaTH SIK YaCTHHHUN
BUMAZOK JApyroro 3akoHy HbioToHa, skimio He OpaT 10 yBaru
BKa3iBKy Ha iHEpUiaJbHICTb CHCTEM BiJliKy, B SKHX €
cnpaBeAauBUMHU 3akoHM HbtoTona. Cnig TakoK y3sTH A0 yBaru
ICTOPUYHMI acleKkT 3HadeHHs Tepmoro 3akoHy Heiotona. [lo
HetoTona y ¢i3umi naHyBana iHIa To4ka 30py, fka #iouia me 3

yueHHs Apuctotens . «MexaHIYHUH 00’ €KT pyXaeTbcs TiIbKU

BHACIIZOK Aii 30BHiWHBOI cumm. Skmo F e, =0, To i meuakicts

fioro V =0». Ile, Ha mepumii Nors, criBnagae 3 MOBCAKIEHHUM
MoOyTOBHMM JIOCBIZIOM, ajie HACTIpaB/li € TOMMIKOBUM BPa)KeHHSM.
BuxopuctoByroun apyruit 3akoH HeloToHa [1st po3B’ s;3aHHS
3a/1a4 3 MEeXaHiKkH, NOTPIOHO Mam’ ATaTH, 110 BiH € CIIPaBeITUBUM IS
iHePIiaIbHUX CHCTEM BiJUTIKY, TWHAMIKa PYXy MaTrepialbHHUX TOUOK
BiTHOCHO HeiHepLialbHAX CHUCTEM BiJUIIKY OIUCYEThCSA IHIIAM
3aKOHOM. 3 BEKTOPHOT'O Xapaktepy Apyroro 3akoHy HetotoHa (To0TO

yepes Te, wmwo dp/dt=>F j306H )  BumMBac  MPUHLMN
i
He3aneXHOoCTi MexaHiYHMX pyxiB. CyTHICTh I[OTO MPHHIHITY
nojsira€ B TOMY, 110, CIHPOEKTYBAaBIUM pIBHAHHS, SKE €
MaTeMaTUYHUM (OPMYJTIOBAaHHSM JIpyroro 3akoHy HeloToHa, Ha Tpu
He3aJIeKHI HampsMKM 1 TpPeACTaBMBIIM HOro y BHUINIAII TPbOX
CKaJISIPHUX PIiBHSAHB, IIHIEMO BUCHOBKY, 1110 3MiHA iMITYJIbCY B3J0BXK
MEBHOI OCi KOOpPAMHAT 3aJIe)KUTh TIIbKK Bil CyMH THX CHIJI, WIO
MaloTh CKJIJOBI came B3JIOBXK Ili€l OCi, ajie He 3aJIeXKHTh BiJ CYMH
IHIIMX CHWJI, IIO0 MaloTh HEHYJIbOBI 3HAUEHHS MPOEKIi Ha iHII oci
JaHoi cructeMu koopanHat. OcoOauBO CITiA MiAKPECIUTH, WO APYTHid

® Apuctotens (Apiototédng 384 10 H. e.- 322710 H. €.) — JaBHBOrPELbKHI
yueHuii-eHIMKIonenuct. Y 367-347m0 H. e. HaB4YaBcs B akaneMii [1naTtoHa
B Adinax, y 343-33510 H. e. OyB BHXoBarTeleM CHHa Laps MakemoHii
dininna — AnekcaHapa. CucTteMaTH3yBaB PO3BUTOK AHTHYHOI HAyKH
BrponoBx 15 cromite. Haii0inbm noBepmIeHUM eJeMeHTOM Matepii
ApuctoTens BBaxaB edip. Bkazas, mo 3MiHa BIacTUBOCTEH MPU3BOIANTE 10
3MIHM arperaTHOr0 CTaHy pEeYOBMHH. 3BYK APHCTOTENb TOSCHIOBAB
«CTPYCOM» TIOBITPS 3BYYHMM TiJIOM, JIyHy — BIZOMBAaHHIM 3BYKY.
ApucToTesb He 3yMiB 30arHy T PUHLMI iHEpLii.
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3akoH HpioToHa Hi B sIKOMY pasi He € BHU3HauYeHHsAM cuid. Lle
(dbyHAaMeHTaTbHUI 3aKOH MEXaHikH, 00:
1) y BU3HaYeHHi iJeTbcs MPO OAHY CWIY, a B JPYroMy 3aKOHi
HploToHa Bak/IMBOIO OOCTAaBMHOIO € MPHUCYTHICTL CYMH YCiX
30BHILIHIX CHJI,
2) npyruii 3akoH HprioToHa mepenbavae aauTHBHICTH Mac (Maca
CKJIaJTHOTO Tilla JOPiBHIOE cyMi mac ckianoBux). lle, Ha nepiumii
TOTJISINT, 3A€ThCS OUSBMIHMM, ajleé Haragaemo, L0 BCi TEOPeTHUHI
TBEPIKEHHS  CTOCOBHO  BJIACTMBOCTEH TMPHUPOAM  TMOTPeOyroTh
MepeBipkM ~ Ha  CHPAaBEMJIMBICTH  PI3HUMH  HE3aJIe)KHUMHU
eKCTIepUMEHTaMH.

Hpyruii 3akoH HprloroHa moxe OyTH BHKOPHUCTAHUH: MO-

nepiie, 1 po3B’ s3aHHA 3a/1a4 JMHAMIKH, AKIIO Bigomo, sk F pes

3aJIe)KUTh Bill KOOpJUHAT B3aEMOIFOYMX MEXaHIYHHUX 00’ EKTIB, a TO-
apyre, IUIS JIOBEACHHS 3AKOHY 30€pexdceHHA NO0BHO20 IMRYJIbCy
3AMKHEHOT cUCmeMU MamepianbHUx MoYoK.

Hpyruii 3akoH HploTOHa BKasye Ha MpPUYMHY 3MiHH
IMITyJIbCy, Ha TPUYMHY TPUCKOPEHHS Tila — L€ MPUYUHOIO €
HEHYJIbOBA PIBHO/IIIOYA CHIL.

VY Bumaaky He3MiHHOI Macu Tina, Apyruil 3akoH HeroToHa

d2F _ o=
CIIpolLyeThest i HAOyBae BUIIIALY m—2=ZFj306H. Ilig niero
dt i
OJIHAKOBMX cHI Jerime Tino HaOyBae OIMBIIOr0 MPUCKOPEHHS, i
Ba)k4e TIJIO — MEHIIOro MpHucKopeHHs. Abo, mo Te came, Ui TOTO,
abu HajaTH MEBHOTO TPHCKOPEHHS TUTy MEHIIOl Macd, MoTpiOHa
MeHIla cuja, HK A TOro, abu HajaTH TOro CaMOro MPUCKOPEHHS
Tify OinblIOT MacH.

Bumnamok, komu Maca Tida 3MIHIOETBCS 3 4acoM, MU
pPO3IJISTHEMO ~ OKpeMO, OCKUTbKM  Ilell  BUIAJOK  BiJIMOBinae
pPEaKTHBHOMY PYXY.

Jpyruit 3akon HetoToHa nomyckae o00OpOTHICTE Yacy, sika €
BJIACTUBOIO KJIacu4Hiil mexaHiui. Konu 3aMiHUTH HampsMOK yacy:
t-—7, npyruii 3akoH HbplOTOHa JMIIUTBCA  CNPABEIIUBUM:

d2F =
m— = o
2 —
dr j
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Tperiii 3akoH HproTOHA CBITUUTB, 10 CyMa yCiX BHYTPILIHIX
CWJ, WO [ilOTh Y 3aMKHEHiIi cucTeMmi, JIOpPIBHIOE HYJIIO:

F1 + F> +...=0. Lle npocre piBHsIHHS BUpakae HyHAAMCHTATbHUIM
MPUHIMIT MEXaHIKH. «MexaHiuHi 00’ €KTH B3aEMOJIIIOTh MiXK COOOIO

Tak, o0 TxXHsA eHepris Oyna MiHIMalIbHOK, TOOTO . Ifngy M =0».
i

Amnanizyiouu Tpetiii 3akoH HploTOHa, MPUXOAMMO JI0 BUCHOBKY, IO

BHYTPIlIHI CHJIK HE € IPUYUHOIO PYXy CUCTEMH MaTepiabHUX TOUOK

gk unutoro. CaMe HasSBHICTb 3O0BHIIIHLOI CHIIH F 396" £
MPU3BOAMTH JI0 PYXY CUCTEMH MaTepiabHUX TOUOK.

IHKONIM B OKpeMHUX MiApY4YHUKAX aBTOPU HAMOJIATAIOTh Ha
TOMY, IIO 32 TPeTiM 3aKOHOM HBIOTOHA CHiH, 3 SIKUMH B3a€EMOIIIOTH
JIBa TiJla, MiOTh B3JIOBXK MPSMOI, IO MOEIHYE I Tija. XUOHICTh
LBOT'O TBEPAKEHHS JIETKO MPOJIEMOHCTPYBATH Ha MPUKIAi B3aEMOIii
mimoxona Ta 3emii. JIOKW JIIOIMHA € HEPYyXOMOKO, BOHA BiJUYyBae
JIMIIE CHITY TSDKIHHSL Ta HOPMAITBHOI peakilil moBepxHi 3emii, i cunu
B3a€EMOZIT NiHCHO CpsIMOBaHI B3IOBXK MPSAMOI, 110 MOEAHYE LEHTPH
Mac JIOOWHU 1 3emuli. Ane SKIIO JIIOJMHA TOYMHAE pyXaTuch, 11
MIPUCKOPEHHS B3IOBXK MOBEPXHi 3eMili 3yMOBIIIOE CHJla TEpPTH, sKa €
JOTHUYHOIO 10 MOBepxXHi 3emii. Y LbOMY BUMAAKy CHJIM B3a€MOIii
JIOAMHU 1 3eMIli JIMIIAIOTBCS aHTHUMAapanejbHUMH, alleé BKe He
CTIPSIMOBaHI BEPTUKAIBHO — HE TMOEIHYIOTh LIEHTPH Mac JIIOAMHM |
3emui.

TakuMm uuHOM, yci Tpu 3akoHM HbloTOHa € B3aeMHO
MOB’ I3aHUMHU Ta CKIIQIAl0Th TeopeTHuHy 0a3y, Ha sKild MoOymoBaHO
KJIACHYHY MEXaHIKY.

2.3. Memooduka po3e sizaHHs 3a0a4 OUuHaMiKu
MexaHi4YHO20 pyxXy

MoskHa BHUTMTH [Ba OCHOBHI METOJM PO3B A3aHHS 3a/1a4 3
IMHAMIKM pyXy MatepiajibHoi Touku. [lepmmii metox momsirae B
NpsSIMOMY IHTErpyBaHHI JIpyroro 3akoHy HploToHa 3a yMOB, KOJIH
BiJIOMa 3aJIeXKHICTh 30BHIIIHBOT PE3YJIbTYIOUOI CHIIM BiJl KOOPJUHAT
Ta 4acy, SKIIO TaKa ICHye, a TaKOX JIBi MOYAaTKOBI YMOBHU. Ha
HIBUIKICTh Ta KoopAuHaty. JIpyruii MeTon mossirac y BUKOpPUCTaHHI
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3aKOHIB 30epexkeHHs (3aKOHIB 30epeKeHHs IMITyJIbCY Ta eHeprii), sAKi
MaroTh OYTH BilOMi 31 WIKUTBHOTO Kypcy (i3uiku. Binbll JneTaibHO
Mpo 3aKOHM 30epexeHHs HamucaHo y mnaparpadi 2.6 Ta y posminax
3 Ta 4, BiAnosigHO.

3adayva l

Jlano. KoHIYHMI MasgTHUK — Lie TII0O Macd M, sKe MiABICHIM Ha
ieanpHil (HeBaromiii i HEpPO3THKHINA) MOTY3II JOBKHHOWO L; Horo
pPO3MipH € HEXTOBHO MayiuMH TopiBHsAHO 3 L. KoHiuHmii masTHHMK
PIBHOMIPHO pPYyXaeTbCsl MO KOJIy HABKOJO BEPTHKAJIBHOI OCi, MIO
MPOXOJIUTH KPi3b TOUKY mijBicy. CHIaMu TepTsS MOYKHA 3HEXTYBATH.
3natimu: mnepion o0epTaHHS KOHIYHOTO MasTHHMKA, TOOTO dac,
MPOTATOM SIKOTO MasiTHUK BUKOHYE MOBHHI 00€pT.

Pos36 s3anms:

Hamanioemo pucyHOk, 110 mokazye B oOpaHiii cucTemi
KOOpAWHAT (BHIJISA MasTHHKa 300Ky NpencTaBieHo Ha puc. 2.3)
HampsMKH Jii ycix 3oBHimHIX cuin. Ha puc. 2.3 moszHaueno: R —
paaiyc tpaekropii, R=L SIN@, kyr @ BigpaxoByeTbes Bin

BEpTUKAaII JI0

L[S MOTY3KM, Ha sKiii

! obepraeTbes
MasITHHUK.

Busnaunmo

CWJIM, 110 AIIOTh Ha
MasTHUK. OCKIIbKH
MasiTHUK PYXa€eThCs
B MOJI  TSOKIHHS
3emiti, TO OHA 3 LIKUX
Puc. 2.3.]1o 3anmaui 1 cwi — ue cwia

TSOKIHHS Mg, 1o

Jlie BepTUKAJILHO BHU3. [HIINI 00’ €KT, 3 IKUM B3a€EMOJli€ MasTHUK, —
1le MOTY3Ka, Ha sIKili MOro MiABIilIEHO, TOMY JIpyra cuja — Iie CHujia

HATATY MOTY3KH FH , IO JIi€ B3/IOBK MOTY3KH. OCKIJTbKY 32 yMOBaMH

3aJa4i HeMae 1HINUX 00’ €KTIB, 3 IKUMH B3a€EMO/II€ MAATHUK, TO HEMAE
M IHIIKUX CHJT.
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OCKiNIbKM B HamlpsAIMKY pyXy MasTHHUKA HisKi CHJIM He JIIOTh,
TO JiHIHA [IBUJAKICTh MAasTHUKA € HE3MIHHOIO 3a MOJYJIeM:
V=const a omke, 1 KyToBa WIBHAKICTb €  CTaJoOIO:
a =d¢ / dt =const.

Ockinbkl 3a yYMOBaMH 3aJadyi MAasATHUK PiBHOMipHO
pyXaeTbes MO KOy, TO HOro MPUCKOPEHHS, a OTKe i pe3ysbTyroua
CWia, COpsAMOBaHI 10 ULEeHTpy kosa (ropuzoHTtanibHo). Lle nae
MOXJIMBICTh MOOYAyBaTH TPUKYTHUK cui (auB. puc. 2.3), 3 SKOro
3HAXO/AUMO 3B’ 130K Pe3yJIbTYIOUOT CHIIM Ta CUITH TSOKIHHS

Fpe3 =mgtgo. (2.1)

IMpoekuiss napyroro 3akoHy HeloroHa Ha pagianbHui
HanpsIMOK Ma€ BHTJISII

F pes = Ma, 2.2)
Ji€ IOLIEHTPOBE MPUCKOPEHHS JIOPiBHIOE
a=fR=afLsinG. (2.3)

[Ticast mincraHoBky siBHKUX BHpasie (2.1) ta (2.3) 10 apyroro 3akoHy
HeroTona (2.2) JCTAaEMO: gfgO= ofL5inG, 3BimKM

o = g/ (L COS@) . Ockimekn T = 271, T0o as nepioqy KOJMBaHb
MaEeMO:

T=2m/Lcos@/g. (2.4)

[poananizyemo 3mo0yTtuii Bupasz (2.4). Ilepiog koHi4HOTrO
MasTHUKA € THM OLUIbLIMM, YMM JOBLIA MOTY3Ka, a TaKOXK YUM
Ginpmii COS@  (tobro, unm Mmenmmii ©@). Ile 3posymino: 1o
LIBHLIE PYXA€ThCsl MAsSTHHK, TO GimbLimii KyT © yTBOPIOE MOTY3Ka
3 BEPTHKAJUIIO, a NIepiojl € 3BOPOTHO MPOMOPLIHHUM JI0 LIBHIKOCTI.
IMpu © =0 3 (2.4) nicraemMo 3HAMOMHIA 3i MIKUILHOTO KypCy BHpas3
Ul TIepiojly MaTeMaTHYHOrO MasiTHUKA, TOMY LIbOTO pasy He OyaemMo
MepeBipATH KIHIEBY (OPMYITy Ha PO3MIpHICTh. AJie HaragaemMo Mpo
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BUCOKY €(eKTHUBHICTb 1 TPOCTOTY LBOTO METOAY MepeBipku
CIPaBEeTTUBOCTI TUX YM THIIUX QOPMYII.

Bignosins: T =27/7,/Lcos@/ g .

3adaua 2

Jlano: MarepiaibHa Touka najiae 3 BUCOTH h Ha abCcoMmoOTHO rimaaky
NPY>KHY IUIOLIMHY, AKa YTBOPIOE KyT @ < 71/ 4 3 piBHEM rOpU30HTY.
3natimu. TpaekTOpilO PyXy MaTepiabHOI TOYKH TICJ]s MPYXKHOTO
BIIOUTTS BiJ| 1aHOT MOXMJIOI TUIOIIUHHU, HEXTYIOUYHM OMIOPOM TIOBITPSI.
Pos36 si3anms:

Hamanroemo pucyHok, 110 BioOpakye reoMmerpito 3amaui
(muB. puc. 2.4). OOepeMo [eKapTOBy CHUCTEMY KOOpJAWHAT.
[Nokaxkemo Ha puc. 2.4HaNpPsAMKH MBUAKOCTEH MPU BEPTUKATIBHOMY
MaJiiHHI Ta oJlpa3y Micis MPYKHOTO BiAOWTTS, HAMPSIMOK JIii €IMHOT
30BHIIIHBOT CHJIU — 4
CWJIM TSOKiHHA Mg .

Ockinbku y
BigOynocs MpysKHE
BIIOUTTS, TO KYyTH
MDK  HampsMKam#
IIBUJKOCTEH Ta
HOPMAJLITIO J0
NOXWJIOT IUIOLIMHUA
nepen  Ta  Tchs
yaapy MaroTh OyTh OJHaKoBUMH. ToOTO KyT BIiIOUTTS Ta KYyT
NaJiHHA JOPIBHIOIOTE O . 3 aHANi3y pUCYHKA BUIHO, L0 YTBOPHIIOCS
JBa MpsAMi KyTH: MepLuid, MOXWia TIUIOLMHA-HOpMaJb A0 Hef,
IOpyruid, BepTUKAIb-piBeHb TOpH30HTY. Jlami MoxHa 3poOUTH
BUCHOBOK: CyMma JIBOX KYTiB O Ta HEBiIOMOro KyTa ) ckjianae 712,
ToMy y=TI2-20

IIlo6 po3B s3aTH 3aady MpPO TPAEKTOPIKO MONBOTY MiCs
BiIOUTTS MaTepiabHOT TOUKH BiJl MOXHIIOT IMJIOUIMHY, I/l CIOYaTKy
3HAWTH BEJIMUYMHY MIBUAKOCTI Up, 3 KOO MaTepiajibHa TOYKa Majae
Ha MOXWIy TMJoUMHY. bo came 3 Takum MOJyneM LIBUIKOCTI i
MOYHETHLCS PyX MaTepiallbHOI TOUKH Miclis i1 MpyKHOTo BiAOUTTS Bif
MOXMJION MJIOLIUHHU.

Puc. 2.4.]1o 3anadi 2
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