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MexaHu4yecroe

JBHEHNe
BO3/YLIHOrO Liapa

MATEPHUAJIbHASAl TOYKA. CUCTEMA OTCYETA

B ok py:karIemM Hac MHUpe BCE HAXOJUTCHA B He-
npepeIBHOM ABMeHuu. Iloxg asmxenmem B 00-
II[eM CMBICJIe 3TOT'0 CJI0Ba MOAPA3YMEeBAIOT JI00bIe
U3MeHeH!s, ITPOUCXoAAInue B npuponae. Haubo-
Jiee TIPOCTBEIM BHIOM ABHKEHHA ABJIAETCA MexXda-
HUuYeckoe 08uiceHue.

W3 kypca dusuku 7 Kaacca BBI 3HAETE, UTO Me-
XaHUYecKkum 0suixceHuem meia Ha3vbl8awm u3me-
HeHUe €20 NONONEHUSL 8 NPOCMPAHCMEE OMHOCU-
menibHOo Opyzux meJ, npoucxodauiee ¢ meieHuem
8pemeHU.

[Ipu permmennu pa3IMYHBIX HAYYHBIX U ITPAKTHA-
JeCKHX 3ajla4, CBASAHHBIX C MeXaHHYECKHM JIBH-
JHeHHueM TeJ, HYy:HHO YMETH OIIMCBIBATE 3TO ABH-
JKeHHue, T. e. ONpPeAeSIATE CKOPOCTh, TPOHIEHHBIA
IIyTh, IIOJMOMEHHE TeJla U HeKOTOpbIe ApPpyrue xXa-
PaAaKTePpHUCTHUEREHA ABHXEeHHWA MOJIA J000ro MOMEeHTAa
BpeMeHH.

Hanpﬂmep, dallyCcrad JIeTaTeJIbHbBIA alaapar
¢ 3eMJaH Ha APYIVIO ILJIAHETY, VUYEHBbIE HOJIKHDI
npeABapuTeIbHO PacCYHUTATh, IAe OyaeT Haxo-
JUTHCHA 3Ta IIJlaHeTa OTHOCHTeJIBHO BBMJIH B MO-
MEHT IIOoCajKH Ha Heeé arrraparTa. A g 3Toro He-
OGXO,I[HMD BBIFACHHUTH, KAK MEeHAITCHd C TeUueHHUeM
BpeMeHH HAalIpabBJIeHHWe W MOAYJIb CKOPOCTH 9TOH
IIJIAHEeTHI 1 110 KBEOI:'I TPaeKTOPHH OHAa JBUKEeTCH.

OcHo8HOII 3a0ayeil MeXaHUKU SIBISeTCSa OIl-
pefesiedrie IIOJIOKeHHA TeJla B JIIOﬁOI:i MOMEeHT
ppemenu. OQHO ¥ TO JKe JBUIKEeHNe, paccMATpPUBA-
eMoe OTHOCHTeJIBHO pPasHBIX Tell, GYHBT OIIMCEI-
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Puc. 1. Ilonoxenue

TOUKH MOXHO 3a0aThb

¢ MOMOIIEBIK KOOPAHN-
HATHOH NPAMOH HIHA
IPAMOYTOJBLHO I

CHCTEeMEI KOOPIHHAT

BaThCA Io-paszHomy. IIpeacraBmm cebe macca-
JKHUpa, CUAAINEro B BaroHe JABHKYIIErocda 1moesaa.
OTHOCHUTEJIFPHO HMONYTUYWKA, CUIAIIET0 HAIIPOTHE,
oH HenoxsmxeH. OTHOCHTENBHO CTPEJOUYHHKA
M MAaIIMHHUCTAa BCTPEYHOIO ITOoe3Ja — ABHUIKeTCd,
IPHUYEM C pa3HOM CKOPOCTLIO.

Taxum ob6paszoM, Kejlasa onpeneUTh, IBUMKET-
cA JHU TeJJO U KaK OHO JABHMMKETCS, MBI JOJIMKHBI
YKas3aTh TeJio, OTHOCHUTEJLHO KOTOpOTr'o paccMa-
TpPUBAaeTCA ABUMKeHHe, — MeJ0 Omcuéma.

W3 Kxypca MaTeMaTHKH BBl 3HAeTe, YTO IIOJIOMKe-
HIe TOYKH MOXKHO 3aJIaTh C IOMOITIBIO KOOPAHUHAT.
Ecinm Touka ABHKeTCA NIPAMOJHUHENHO, JOCTATOY-
HO CBA3aTh C TEJIOM OTCYETa OJHY KOOPAMHATHYIO
0OCb, HAIIPABJEHHYK BIOJb JUHHH [IBUMKEHHA
(puc. 1, a). IIpu sTOM IIOJIOKEHHEe TOYKH OIIpeme-
asgeTcd OOfHOH KoopauHaTol. Kciom Touka gBHU»KeT-
cA B Ipeaeiax IIJIOCKOCTH, €€ II0JIOYKeHHe OIHO-
3HAYHO 3aJlaéTcA ABYMA KoopauHaTaMu. B sTom
clIydae ¢ TeJOM OTCYETa CBA3BIBAIOT JBe B3aMMHO
NeplIeHJUKYJIAPHLIe KOOpAUHATHLIE ocH (puc. 1,
6). Ecan sXe HeoOX0AHMO OIINCATEL JBHKEeHHE TOU-
KM B IIPOCTPAHCTBE, BBOAAT TPEXMEPHYIO CUCTEMY
KoopauHAT (puc. 1, 8). Ho Kak 3a1aTsL IoJIoKeHITe
TeJa, HMeloIlero pasMepsr? Beap Kaxkpgad Touka
aTOro Teja OyIeT HWMeThb CBOHM COOCTBEHHBIE
KOOPJAWMHATEL.

OxaspiBaeTcsa, BO MHOTHX CIOyYasagX BMECTO JIBH-
JKeHHA peaJbHOT'0 Tejla MOMHO paccMaTpHUBaTh
IBUIKEeHHUEe TaK Ha3bIBaeMOU MAMepUaibHoil mou-
KU, m. e. moiku, obaadarou,eit Maccoii 3mozo me-
aa.

J1sa MmaTepruaJbHON TOYKHA MOMHO OJHO3HAYHO
OIIpeJleINTL KOOPAWUHATEI, CKOPOCTE U APpyTrue (hu-
3WYecCKMe BeJIWYMHBbI, TAK KaK OHA He HMeeT pas-
MepOB.

MaTepualIbHBIX TOYEK HET B IIPHUPOJE, 3TO MO-
IeJib, UCIOJb30BaHHE KOTOPOM YyIIpoIlaeT pele-
HUEe MHOT'MX 3a/la4d U IIPU 9TOM II03BOJIAET IOJIY-
YHUTH JOCTATOYHO TOYHEIE pe3yabTarThl. MeToa Mmo-
OeJINPOBaHMWA MBI IPUMEHAJI U paHee, HaIlpuMep,
Hu3ydasd B3aHMOJelicTBHEe 3apsKeHHBIX TeJl, MBI
HCIIOJIbB30BAJIA MOJeJIb TOUYeYHOI'o 3apaa.



MaTtepransHbIMK
TOYKaMMU cHATaKOT
nnaHeTbl Npu U3y4eHuM
MX ABUMEHUS BOKPYT
ConHua

YacoBble 30Hbl POcCHMU:

1 — HanuHuHrpagckas (-1);

2 — MocHKoBcHas (0);
3 — CamapcKas (+1);

4 — EKatepuHByprckaa (+2);

5 — OmMcKas (+3);

6 — KpacHosipcKkas (+4):
7 — Wpryrckas (+5);

8 — AKyrcKaa (+6),

9 — BnaguBocTOKCKaR (+7);

10 — MaragaHcKag (+8);
11 — Kamuarckas (+9)

[paHuUbl PoccHK aaHbl
Ha oKTa6pb 2022 T.

Teso MONCHO CcUUMAMb MAMEPUAIbHOL MOY-
KOllL 8 mex cayuasax, K0z0a ezo pa3mepam MONCHO
npenebpeib, NOCKOJAbKY OHU HeCYU,ecmeeHHbl
8 YCA0BUAX peulaemoil 3adadil.

IIpakTudeckn BcAKOE TeJI0 MOMKHO paccMar-
pHUBaTh KaK MaTepHaJbHYIO TOUYKY B TexX cJayda-
AX, KOTJa pacCcTOAHUSA, IIPOXOAUMBIE TeEJIoM,
OYeHb BEJIMKH 110 CPABHEHHUIO C €TI0 pasMepaMM.

Hanpumep, mMaTepualbHOH TOYKOM CUMTAIOT
3eMJII0 IIPpU U3Y4YeHUHU eé ABukeHusa BoKpyr Cou-
HIla. B JaHHOM ciydae pasnuuusa B JBUIKEHUU
pas3sHBIX TOYEK ILJIaHETHI, BbI3BAHHLIE €€ CYTOdY-
HBIM BpallleHHEeM, He BJANAIOT Ha BeJIMYWHBI, OIIH-
chbIBAIOIVie T'OIOBOE ABHKEeHHE.

B apyrux ycioBHMAX K TOMY XK€ TeJly Helb3dA
IPUMEHATE MOJeJIb MaTepUaJIbHOU TOUYKH.

Tak, npu pelneHuH 3aJa4, CBA3aHHBIX C CYTOY-
HBIM BpallleHneM 3eMJIH (HallpuMep, IPHA olIpeje-
JIEHHWHM BPpEMEHH BOCXO/ia COJIHIIA B pa3HBIX MecTax
NOBEPXHOCTH 3eMHOTO0 IIIapa), CYHATAThL ILIAHETY
MaTepPHAJbHON TOYKOM HeJIb3d, TAK KaK pe3yJb-
TaT 3aJla4yd 3aBHCHUT OT pa3MepOB ILIaHETHI ¥ CKO-
POCTH ABH)KEHHA TOYEK ee noBepxHocrtu. Hanpu-
Mep, BO BraguBOCTOKCKOM 94aCcOBOM 30HE COJIHIIE
B3oHaeT Ha 2 4 noa:xe, B UpKyTrcKkoil — Ha 4 9 1103-
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MockoBcKkoe
BpeMH




3a martepuanbHylo
TOYKY MOMHO NPUHATE
camMonér, neTawuin

W3 oflHOro ropoaa

B Ipyro#

e, a B MockoBckor — Ha 9 u noz:xe, uem B Kam-
YaTCKOM.

3a MaTepuaIbHYIO TOYKY IPABOMEPHO IPUHATH
caMoléT, eciiu TpebyeTca, HallpUMep, OIIpeJeINTh
CPEeAHIOI0 CKOPOCTh €ro ABHIKEHHUA Ha INYTH M3
Mockesr B HoBocubupck. Ho nmpm BeIYMCIeHHN
CHUJILI COIPOTUBJIEHUA BO3AYXA, MEHCTBYIOIIEH Ha
JIeTAINUKA CaMOJIET, CIMTATHL €ro MaTepHalbHOI
TOYKOHN HeJIb35, IIOCKOJbKY CHJIA CONPOTHUBJIEHHA S
3aBUCHT OT (hOPMBI B CKOPOCTU JABHIKEHHSA CaMO-
Jera.

Tesno, ABUKYIeeCA NOCMYnamenbHol, MOXHO
NPUHUMATL 3a MaTepPHUAJLHYIO TOUKY AaKe B TOM
cJIydae, ecJIM ero pasMepbl COU3MEPHUMEBI C IIPOXO0-
OUMBIMH UM paccroAnuamMu. Ha-
IpuMep, MOCTYyHaTeJbHO ABUMKET-
cA 4YeJIOBEK, CTOANIMN Ha CTyIle-
HbKe ABUIKYIIerocsa 3ScKajlaTropa
(puc. 2, a). B m060#t MoMeHT Bpe-
MEHH BCe TOYKH TeJjia 4YejioBeKa
ABH)KYTCA oauHaxkoBo. [losTtomy
ecid MBI XOTHUM OIKACATH [IBH-
JKeHHe dYeJIoBeKa, TO J0CTATOYHO
paccMOTpeTh ABUMKEHHEe TOJbKO
ompHOI ero Touku. IIpm aTom perrre-
HHEe 3aJad¥ 3HAYUTEeJbLHO YIIPO-

IaeTcs.
Tisettea PaccMoTpuM ABMIKEHUE TeJer -
o : KX ¢ ranenbHHuIei. Ilomoxenue
TeJeKKHN (puc. 2, 6), ABMXKYIIeH-
6) CA O CTOJNY HPAMOJJAHENRHO U II0-
CTYHATeNbHO, MOYKHO OIIPpeeINTh
Puc. 2. [Ipu nocrynaTebHOM ABUKEHHH ¢ DOMOIILI0 JIMHEUKH, PacIiojio-
TeJa BCe €r0 TOYKH JBHMKYTCH OJUHAKOBO HeHHOU BJIOJIbL TpaeKTOPHU [OBH-

1 TlocTynaTensHOE IBMMKEeHUE — ABUMKEHHE Tella, IPH KOTO-
poM UpaAMas, cOoeAUWHAINAA Jobble JIBe TOYKH 3TOTC Tela,
nepeMelnaeTcd, OCTABASACE BCE BpeM#A NAPAJNJIEILHOH CBOEMY
NMepBOHAYANTBEHOMY HANpaBileHW0. llocTynaTelbHBIM MOMKET
OBITE KAaK NPAMOJIHHEHHOE, TAK W KPUBOJIHHEHHOe IBHIKeHHE.
Hanpumep, mocrynatelibHO JBH:KeTcHa KabwHa Koneca obBoape-
HUA, ANHAE, BEIABATAeMBII M3 CTOJA.



Cucrema oTc4yéTta:

Teno oTcyéTa —

3AaHue peqyHoro
BOK3ana;
NpsMoyrofibHaa cucTema
KOOpAMHAaT X, I;

Yyacsbl

KeHuA (TeserXKa ¢ KaleJdbHHUIeH IIPUHHUMAaeTCH
3a MaTepHAJBHYIO TOYKY). JIUHEeNKY B 3TOM OIILITE
ya00HO IPHUHATH 3a TEJIO OTCUYETA, a €€ ITKajaa MO-
JKEeT CJHYKHUTHL KoopaumHaTHOH ocbklo. Ilomo:xkenune
TeJeXKKH ¢ KalelbHUAIeH OyaeT onpeaeasaThca OT-
HOCHUTEJILHO HYJIEBOTO JIeJIeHU A TUHEeUKN — Ha4d-
Jaa omcuéma.

OxHako As ONMMCAHUA ABHIKEHUSA TEJe)KKH He
JAOCTATOYHO IIPOCTO (DMKCHPOBATE €€ IOJIOMKEeHHEe B
IIPOCTPAHCTEE, He0OXOAMMO OIIpemesIaATh II0I0MKe-
HUE 8 3ad8ucuMocmu om épemeHt. ITO 3HAYUT,
YTO MOMHMO JHHEHKH MoHAZoOuTcsa npubop IJis
U3MepPeHUA BpeMeHH — Yachbl.

B namHOM ciry4dae poJib TAKOTO IPHO0OPA BEIIIOJ-
HAEeT KalleJLHUIA, 13 KOTOPOI Yepe3 paBHEIE IIPO-
MEeKYTKHA BpeMeHH nagaioTr Kamnau. [loBopauuBaa
KpaH, MOKHO JOOUTHCSA TOI'0, YTOOLI KAILIHU IIaa-
JIM ¢ HETEpPBAJIOM, HanpuMep, 1 c. [locuuras 4un-
CJIO IPOMEXKYTKOB MeK Iy CJaelaMHi KaleJb Ha JIN-
HelKe, MOXXHO OINpeJelNuTh COOTBETCTBYIOIITUN
IPOMEKYTOK BpeMeHH.

W3 npuBeIéHHBIX IIPUMEPOB CJEAYeT, ¥mo 0.1s
onpedeneHus NOJNONeHUA O8UMNCYULe20ca Mela 6
10001l MOMEHM 8peMeHU HeobX00uMbL meJio om-
cuéma, CA3AHHAA C HUM CUCMeMa Koopounam
U npubop Onsa u3mepeHus 6pemMeHU.

Cucrema KOOpPIMHAT, TEJI0 OTCYETA, C KOTOPHIM OHA CBA3aHA, M MPHOOP IS
U3MepeHUs BpeMeHH o0pas3yloT CHCTeMy OTCYETA, OTHOCUTEIHLHO KOTOPOIl
paccMaTpHBaeTCsd IBUKeHIe Tea.

KoneuHno, BO MHOrux cJaydadaxX HeJb3sd HeIo-
CPeJICTBEHHO U3MEPUTH KOOPAWHATEI ABUKYIIIEro-
cA Teya B 110001 MOMEHT BpeMeHH. Y Hac HeT pe-
AILHOM BO3MOXKHOCTH, HAIIPUMEP, PACIOJI0KHTDL
H3MEepPUTEJbHYIO JIEHTY U PacCTaBHTL Habsaomare-
Jiled ¢ 9acaMH BJOJIb MHOTOKHJIOMETPOBOIO ITYTH
IBUIKYINErocsa aBTOMOOWIISA, IJILIBYIIIETrO II0 OKea-
HYy JlaiiHepa, JeTdaIlero caMoJéra, cHapa/ia, BbLIe-
TeBIIIEr0 M3 apTUWLIEPUHCKOr0o OpyAusA, pasiud-

7




HBIX HeOeCHEBIX TeJl, JBIKeHHe KOTOPBIX MBI Ha0-
JwjgaeM, M T. 1.

TeMm He MeHee 3HAHHE 3aKOHOB (DU3HMKHU II03BO-
JIAeT OIIpeAeIUThL KOOPAUHATEI TeJl, ABUKYITUXC
B PAa3JIMYHBIX CHCTEMAaX OTCYETA, B YACTHOCTHU
B CUCTEeMe OTCUEeTa, CBA3AHHOU ¢ 3eMJIEM.

1. B uém saknoJyaercda ocHOBHAA 3amaua Mexanuku? 2. C KakKo#d Ieasio
HCIOJIB3YEeTCS IMOHATHE «MaTepHalbHasg Toukas? 3. B Kakux ciydasx
K ABHIKYIIEMYCHA TEJY MOKHO IPEMEHHTE MO eIh MATePHATBHOM TOTKH ?
4. ITpuBegure IpEMep, MOKASLIBAIONIHE, YTO OJHO U TO e TeJIO B OMHOK
CHTYAIHH MOYKHO CUYHMTATH MATEPHANLHOH TOYKOI, a B APYroili — HeT.
5. B xakoM ciayuae OOJIOJKeHUe ABUIKYIMErocHd Tejia MOMKHO 3aJaTh C [Mo-
MOITILI0 OJHOM KoopauHATHOH ocu? 6. YTo Takoe cucTeMa oTcuéra?

Mumo cTossniero aBToMo0HIIs IPoesikaeT KOJIOHHA BeJIOCHIIeHCTOR, I BH-
JRYIMUXCS C OJHHAKOBOM CKOPOCTRIO. JIBHIKeTCA 1 KarIbli U3 BeJIOCH-
IeJHCTOB OTHOCHTEJILHO ABTOMOOMIA; OTHOCHTEILHO COCEeJHero BeJoCH-
nemgucta? J[BuyKeTcs Tu aBTOMODMI B OTHOCHTEILHO BeJIOCHTIequcTAa?

@ YNPAXXHEHUE 1
1

. MoOKHO TH CUHTATE ABTOMOOHJIE MATEPHAJILHON TOUYKOMN MPH OMpemese-
HHUH IIYTH, KOTOPEIHA OH IIPOMIET 3a 2 U, TBUTAACE CO CPeIHel CKOPOCTEIO,
paeHo# 80 KM /41; mpu 06roHEe HM APYToTo aBTOMOGHIA?

2. Cawmomnér coBepmaeT nepeaét u3 MockBel Bo Baagueroctok. Moxer am
paccMaTPHBATE CAMOJIET KAK MATEPHANBHYIO TOUKY AuUcIieTdep, Habro-
JAIOIIHI 38 ero IBHYKeHUeM; MACCAKHP HTOTO caMoéra?

3. ROI‘,]IB TOBOPAT O CKOpPOCTH MalllMHBI, IIOoe3da M APDYIHMX TPaHCIIOPTHBIX
cpencTs, TeJo orcuéra OOBIYHO HE VEasbIBawT. Yro oogpasyMeBarT
B 9TOM ClIy4iae moj TeJioM orcuéra?

4. MaJpuuK CcTOST Ha 3emJe W HabIoaasm, KaK ero Miagimas cecTpa KaTa-
Jach Ha Kapycenu. [Tociie kaTaHuA JeBoUKa cKasanra 6paTy, 9TO H OH cCaM,
¥ IoMa, ¥ IepeBba OBICTPO TPOHOCHIINCE MUMO Heé. Malbumuk 5Ke cTaj yT-
BEPIKIATH, UTO OH BMECTE ¢ JOMaMH W [ePeBbAMH ObLT HEIMoIBHKeH,
a aeuramgack cectpa. OTHOCHTEIBHO KAKHX TEJI OTCYETA paccMaTpUBATH
IBHKEeHUE JeBouKa 0 Mmanbuuk? O0bACHUTE, KTO IPaB B CIIOPE.

5. OTHOCHTEIBHO KAKOT0 TeJa OTCYETA PACCMATPHBAIOT [ABHIKEHHE, KOTIA
TOBOPAT: a) CKOPOCTh BeTpa paBHA 5 M/c; 6) 6peBHO IIILIBET IO TEYCHUD
PEeKH, MO3TOMY ero CKOPOCTh PABHA HYJIIO; B) CKOPOCTD ILILIBYINETO 0 pe-
Ke [lepeBa paBHa CKOPOCTH TeYeHH s BOALI B DeKe; T) mobasd Touka Kojeca
JBHIKVIErocsi BEJIOCHIIeAa OMHCHIBAET OKPYIKHOCTB; 1) COIHIE yTPOM
BOCXOIHUT HA BOCTOKE, B TEUeHHE JHHA IBIKeTCH o Hely, a BeuepoM 3axo-
ouT Ha 3amaze?




§2 NEPEMELLUEHUE

3a Bpema B3néTta
CaMONET NPOXOAUT NYThb,
paBHbId ANUHE
TpaeKTopun ero
OBHXXEHURA OT 3eMNH

[0 BEPXHEH TOY KM

Puc. 3. 3EaHNe
OpoHeHHOTO TeJIOM
OYTH He ABJIAETCA
JIOCTATOY HBIM

I onpeneleHna
KOHe4YHOr'o
HOJOKeHH Teaxa

o cux 1op IIpHM pelleHrMH MHOTHX 3ajJad, CBiA-
3aHHBIX C JBH)KEHHEM Pas3IMYHBIX TeJl, MBI IOJIb-
30BAIMNCH (PUBUYECKOH BeJIHYHMHOM, Has3bIBaeMOH
«yThb» . Ilog myTéM mogpasyMeBaach CyMMAa JJIHH
BCeX YYACTKOB TPAEKTOPHUH, IPOUAEHHBLIX TEJIOM
3a paccMaTpPHUBaeMBbIH IIPOMEYTOK BpeMeHH.

Ilyte — ckanaprasa eenuviuna (T. e. BeIW9IUHA,
He IMeIoIasa HallpaBJIeHnd).

[na pemreHna pasMMYHBIX IIPAaKTHYECKHX 3a-
a4y B pasHBIX cepax IeATeJIbHOCTH (HaIpuMep,
B JUCIIETUYEPCKON cay:;kbe HazseMHOro M BO3AYIII-
HOT'O TPaHCIOPTa, B KOCMOHABTHUKE, AaCTPOHOMMWU
U JIp.) He00OXOAMMO YMETH PACCYHUTELIBATE IIOJIOMKE-
HUe Tella B 3aJJaHHBIA MOMEHT BPEMEHH.

Ilorkasxkem, 4TO He Bcerga MOXKHO PeIlUTh Ta-
KYIO 3ajja4dy, Jake 3Haf, KAKOU IIYTh IIPOILIO Te-
JIO 3a JAaHHBIA IIPDOMEKYTOK BpeMeHH. I[o1a aToro
obpaTuMcsa K PUCYHKY 3, d.

JonycTuMm, HaM U3BECTHO, YTO HEKOTOPOE TeJIO
(MaTepuaJbHAA TOYKA) HAYWHAET ABUTATHCA W3
Toukn O 1 3a 1 U IPOXOAUT NYTh, paBHLIA 20 KM.

Ilnss orBeTa HaA BOHIpOC, Ime OYIeT HAXOAUTLCA
3TO TeJIO cIoycTA 1 9 ImocJie ero BeIxona u3 Touku O,
Vy Hac He XBaTaeT HHGOPMAIIUKA O HAIIPABJIEHHH €0
aBu:keHud. Temo Mmoryio, IBUrasgchk IPAMOJIMHENHO
B CEBEPHOM HAaIIpaBJIEHWH, IIOIIACTE B TOYKY A, Ha-
xomAalyocea Ha paccroaaun 20 KM or Touku O.
Morio, moiga mo TouKH B, HaxopAmelca Ha pac-
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croauun 10 KM or Touku O, IOBEPHYTH HA IOT U Bep-
HyThCcA B TOuKy O. Ilpu 3ajagHOM 3HAYEHUH IIyTH
TeJO0 TaKyKe MOIVIO OKas3aThedA U B TouKe C, eciu GBI
OHO JIBUTaJIOCh TPAMOJIMHEHHO HAa Or0-BOCTOK,
1 B TouKe D, ecaur 6BI er0 ABHKeHHE IIPOUCXOIILIO
110 H300paKENHOM KPUBOJIMHEHHOM TPAaeKTOPHIA.
Yrobsl m36e:xaTh Takoil HeoOpeaeIéHHOCTH,
OIA HaXO0MKJIeHNU A ITOJOXKeHHs TeJia B IIPOCTPaHCT-
Beé B 3aJIaHHLII MOMEHT BpeMeHH BBOAAT (pusuye-
CKYIO BeJINUWHY, Ha3bIBaeMyIo nepe meuj,eHuem.

Ilepemernenuem Tejia (MaTepuadbHOMN TOYKH) HA3BIBAKT BEKTOP, COeXWH A0-
1M HAYAJIbHOE MOJI0KEEeHU e TEJIA C ero MOCHeIYIOIMM IL0JI05Ke HILeM.

CormacHo onpenesieHUI, ITepeMeIleHue — 8€K-
MopHasa eenuYdlHa (T e. BeJIlM4YMHa, HMewInad,
KpoMe 9YHCJIOBOTO BHEFIBHI/IH eme g HaHpaBJIEHHe}

Ono 0603HAYAETCA S, T. €. TOH ke GYKBOM, UTO U
MIYTh, TOJBKO CO CTPeJIKOH Ha Hell. EnuHMIIE MO-
nyaa nepemernennsa B CUL, kak u yTH, asiaserca
memp. Ha npakTHKe UCIIOJNBL3YIOTCA U APYTHE eIH-
HHUIILI JJIHHBI, HAIPEMep KWJIOMEeTp, MHUJIA U T. 1.

Ha pucynke 3, 6 mokasaHbl BeKTOPEI IIepeMelre-
HHIH, KOTOPLIE COBEPITNUIIO GBI TEI0, eclH GBI IPOIII-
a0 20 KM caeayoniuM o6pa3oM: o OpAMOJHUHe-
Holi TpaekTopun OA B ceBepHOM HAIIPABJIeHHUN
(BeKTOp §0A) IO IPAMOJHHEeHMHOMH TPaeKTOpUU ocC
B IOT'0-BOCTOYHOM HATIPABJIEHUH (BEKTOD Soc) ¥ 110
KpUBOJHMHeHON Tpaekropuum OD (BeKTOp SOD}
A ecim 651 Tenro nponnio 20 KM, goiaa no Touku B
M BEPHYBIIINCE 00paTHO B TOUuKy O, TO B 3TOM CJIY-
gae ero nepeMeIrnesue 6uL10 661 pABHO HYIIIO.

3Hasa HaYaIbHOe II0JIOMKeHne M BeKTOp ImepemMe-
[eHus Teja, T. €. ero HalupaBJIeHrue U MOJYJb,
MOJKHO OJHO3HAYHO OIIPeJeIMTh, I'/le 3TO TeJIO Ha-

1 Hanomawum, uro 8 CH (Me:xayHapoAHAA CHCTeMA eIWHHUIL)
eIMHANEH MAcChl ABIAETCA KHJIOTpAMM (Kr), AJTAHBL — METD
(M), Bpemern — cerkyHza (c). Ix Ha3bIBAIOT OCHOSHLIMU, TAK
KAaK OHHM BbIOpaHBI HE3ABHCHMO OT €AWHHI APYIUMX BeJIHYHAH.
EmmHALL, onpefesseMble Yepe3d OCHOBHBIE, HABBIBAIOT NPOU3-
godnbimu. Ilpumepamun npomseonuabix enwEun CH aersoTea
eMHAI LI cKopocTH (M/c), mnorHOCTH (Kr/M%) 1 gp.




S

1.

xoguTca. Hanmpumep, eciim U3BECTHO, YTO BEKTOP
ImepeMeIleHuA Teja, BIIIeaInero u3 Toukm O, Ha-
IIpaBJIeH Ha CeBep, a ero Moaynab paseH 20 K,
TO MBI C VBEPEHHOCTbIO MOXKEeM YTBep:KIaTh, YTO
TeJI0O HaX0oAuTca B Touke A (cM. puc. 3, 6).

TaruMm oO0pazoM, Ha depTeXxe MOXKHO HAUTHU KO-
HeYHOe II0JIOKeHHe TeJia, OTJ0KHB OT ero Hadyalb-
HOT'O IIOJIOMKEHU A BeKTOp IepeMeIleHnA.

1. Beerga 11 MOYKHO OIpeeIHTh [IOJOJKEHHWe Tesla B 3aJaHHbIH MOMEHT
BpeMeHH f, 3HAad HAaYaJIbHOE IIOJI0MKeHHe pToro Tena (upH t, = 0) u nyTs,
MPOMACHHBIN UM 3a MPOMEKYTOK BpeMeHH 17 OTBeT mOATBEPAWTE IPUMe-
pamu. 2. Yto HasBIBAIOT TepeMelfeHneM Tela (MaTepHalbHOW TOUKM)?
3. MoskHO JTH OJHO3HAYHO O PEJEeIHUTE MOJ0KEeHHEe Tela B 3aJaHHBIH MO-
MEHT BpeMeHH , 3Had HAYAIBHOE MOJIOYKEeHHe 3TOTO Tejla U BeKTOP mepe-
MEIeHU s, COBePIIEHHOTO TeJIOM 3a IPOMeXKyToK Bpemenu t? Oreer moj-
TeepAuTe npumepamu. 4. MoeT mu 6BITH pABHBIM HYJIIO IMyTh; HepeMe-
meraune? ObocHylTE CBOM OTBET.

K‘® YNPAXKHEHUE 2

Kaxyo phusruecKyio BelIHIHHY OIpeae/igeT BOAHTeI: aBTOMODMIISA IO I0-
KasaHUAM 0JI0MeTpa — IIPOHIAeHHBIA IYTh WJIH MOAYJbL IIepeMelneHnsa?
Ecnu BaM HeM3BeCTHO 3HAYECHHE CI0BA «0JOMETP», HalauTe ero B MUHTEp-
HeTe.

Kax mosxeH NBHraThed aBTOMOGHIE B TeUeHHE HEKOTOPOr0 MPOMEXKYTKA
BEpeMeHH, YT005I IO OJ0OMEeTPY MOMKHO GBITI0 OIpefeIATh: MOAYJIb ITepemMe-
IMeHWsI, COBEPIIEHHOTO ABTOMOOHMIIEM 3a 3TOT IPOMEKYTOK BpeMeHH?
OO0 pACHHUTE CBOM OTBET.

TypucT mpomén 2 KM ¢cTPOT0o Ha CEBEp, 3aTeM 3 KM Ha BOCTOK M 2 KM Ha
wor. Coenaiire yeprésx, BerOpas macirTad: B 1Byx kiaerkax 0,5 KM, u Hafi-
[NTE Iy Th, IPOHACHHBIA TEJIOM, U IePEeMEIeHHue Tesa.

3A0AHME 1

WUcnonsaya npuinoxenue « Kaprer» B MobuwisaOM TenedoHne, oxapakrepu-
3yHTe CBOE IBUKEHHE B TEUeHHE JHA: ONPEIeIHTe TPAEKTOPHIO, IVTh, Ie-
peMeIieHHe 3a JeHb, BUJI JBHKEHHA.

ONPEAENNEHUE KOOPAUHATDI
ABUKYLUErocd TENA

3Haa HaYaAJIbHOE IOJIOMKEHHe Teja M ero Ie-
peMellleHHe 3a HEeKOTOPBLIA IIPOMEMKYTOK BpeMe-
HH, MOKHO rpad)iUecKH HAWTH IIOJIOMKeHHe TeJa.

11




Puc. 4. Onpegenenne
KOOpPIHUHEATEI
ABHIKYIEroca Teja
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Ho B GonbIIMHCTBE CAy4YaeB HEOOXOAMMO 8blyllC-
JUMb IIONOKeHue Telaa, T. €. OIPEJAeJHThL ero Ko-
OPAHHATHI.

ITorkaxxem, Kak OIpemeUTh KOOPAHHATY JBH-
JKYIIerocs Tejia, 3HasdA KOOPAHHATY ero HadaJibHO-
ro IIOJIOXKEeHHA U BeKTop nepemMenieHnud. J[ns aTo-
o PACCMOTPHM CJEAVIOIYIO0 CHTYAaI[HIO.

JlBa KaTepa MAYT IO PeKe B ITPOTHBOIOJIOMK HBIX
HaIIpaBJIeHUAX 1 BeTpeuaroTesa B 100 KM K BOCTOKY
or npucranu II (puc. 4). IIpogomkasa aBUKeHUe,
3a HEKOTOPLIA IIPOMEXKYTOK BpeMeHHu { HepBLIi
KaTep mepeMecTUJica OT MecTa BeTpeund Ha 60 KM
K BOCTOKY, a Bropoil — Ha b0 KM K samangy. Oupe-
IeJIMM KOOPAWHATHI KayKI0T0 KaTepa OTHOCHTEJb-
HO NPHUCTAHH W PACCTOSHHE MEXKIY KaTepaMH de-
pes IIPOMe>XYTOK BpeMeHH { IIocJie X BCTPedH.

Tak kak KaTepa ABHIKYTCA IIOCTYIATEJILHO,
MOJKHO CIYUTATH X MATEePHUAJILHBIMHA TOYKAaMH.

IIpoBeném koopaunaruyio ock OX napajiieib-
HO IIPpAMOH, BAOJL KOTOPOHM ABHUIKYTCA Karepa,
M HalnpaBAM e€ Ha BocTok. Hauano sToi ocu
(x = 0) — Touky O — COBMECTHM C HPHCTAHLIO,
IPHUHAB eé 3a TeJIO oTcueTa (IIOCKOJBKY TpebyeTcsa
OIIpele;INTh ITOJIOJKeHHEe KATepOB II0 OTHOIIIEeHHWIO
K mnpucranu). KoopauHaty mMecTa BCTpedH KarTe-
pPOB 00603HAYHM X .

Onycrum HePIeHANKYIAPLL OT HAYaIa U KOH-
I[a BEKTOPOB NepeMeIleHusa S; U S, HAa ock OX,
IIOJIYyYUM OTPE3KH S, U S,,., KOTOPbIe ABIAIOTCH
NpoeKyuAMU YKA3aHHbLX 6eikmopos! Ha ocs OX.

1 Takoe geiicTBue HashIBAOT npoeyuposaruenm. Jlehcreua
C BEKTODHBLIMH BeJIMUHHAMU paccMoTpeHE! B ITpnnoxennn.



ITpoeknua BeKTOpa Ha OCh CUHMTAETCA IOJOMKHU-
TeJIbHOH, eC/I¥ BeKTOP COHAIIPABJIEH C 9TOH OChIO,
M OTPUIIATEBHOM, eC/IM BeKTOP HaIpaBJeH IIpo-
THBOIIOJIOMKHO OCH.

SHA4YNUT, B JaHHOM cayd4ae $;,. > 0, as,, <O0.

W3 pucyHKa 4 BUAHO, YTO KOOPJUHATHI X; U X,
MOXKHO HAaMTH ciaefyloniuM odpa3oM:

x1=x0+81x, (1)
Xy =Xy + 8y, (2)

Paccrosune [ Mmexxay AByMA TOUKAMM, KaK W3-
BECTHO, PABHO MOJYJII0 PAa3HOCTH UX KOOPIMHAT:

1=|x; —x,|. (3)

ITo ypaBHeHuAM (1) 1 (2) MOXHO paccCYHUTATh
HICKOMBIe KOOPAMHATHI X; U X,. Ho Kakme umcaa
cJemyeT IIoACTABUTE B ypasHenud (1) u (2) BMecTo
CHMBOJIOB X, Sy, 1 89,7

CormacHo ycI0OBUIO 3aJadyl, KaTepa BCTPETH-
auck Ha paccrodaun 100 KM or mpucraHW, 3Ha-
guT, AumHa orpeska Ox, pasua 100 km. Kak Bug-
HO 13 pHCYHKa 4, KoOpAWMHATAa X, HAaXOZWUTCA
Ha IOJOMUTeNabHON moayocu OX, T. e. x, > 0.
3Hauur, x, = 100 kM.

IMockonwsKy ock OX mapajiensHa BeKTOpPaM Iie-
peMellleHNil KaTepoB, JIWHBI IPOEKIIHi 8, , U S,

pPaBHBI COOTBETCTBEHHO [JIMHAM BEKTODOB S; H So
(KaK NIPOTHBONIOJOMKHBIE CTOPOHBI IIOCTPOEHHBIX
HAa HUX IPAMOYTOJBHHUKORB). A 9TO 03HAYAET, 4YTO
MOO0Yab KaKAOW MPOEKIINN paBeH MoO0Y.J110 COOT-
BETCTBYIOINEro el BeKTopa.

VYrasaunbie B 3agade paccrogausg (60 u 50 xm),
Ha KOTOpLIe CMECTUJIMCH KaTepa 3a BpeMd f, Ipe-
CTABJAIOT cOB0# MOOY.1U BEKMOPO8 UX Nepemele-
Huil. 3HAYAT, MOAYJIb NPOEKINH $;, paBeH 60 KM,
a MOZyJIb IPOEKIINHA S, paseH 50 KM.

ITockONBKY HIPOEKIUA Sy, IOJOKHUTEIbHA, TO
MOJKHO 3anucarb: S, = 60 kM. Ho npoexnua s,,
OTpHUIIaTeNLHA, II03ATOMY S,, = —00 KM.
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x=x,t+s,
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TBHBI]I:- 3alliiieM YCJIOBHE 3ajljadM W pelrnrnM ee.

HaHo:
xX,=100 kM
$1, = 60 kM
S5, = —00 KM

1—7?

Pemenne:

KoopauHaThl KaMaoro Karepa u
paccTOSHME MEXKIY HUMH:

X7 = Xg+ 81,

Xy = Xg T 85,,

I=|x; — x4

x; =100 km + 60 kM = 160 KM,
xy =100 &M — 50 kM = 50 KM,
1=1160 xm — 50 kM| = 110 M.

Orser: x; = 160 &M, x, = 50 kM, [ = 110 xM™.

Meu1r nonyuannu GopMyany, KOTOpas IO3BOJIAET
OIIpeNeJINTE KOOPAMHATY TeJja, €CJH HU3BECTHLI

ero KoopaoimuHaTa B HAYaJIbHBIA MOMEHT BpeMeHH

U IIPOeKITHs BeKTopa IIepeMeIreHns.

x=x0+sx.

1. ITpu KakoM YCJIOBMH MPOEKIHMA BEKTOPa HA OCh OyIeT HmOJIOMKHUTEeNb-
HOIi, & IPH KaKOM — OTPHIaTelbHoU? 2. 3annmuTe ypaBHEHHE, C IOMO-
B0 KOTOPOI'0 MOM{HO OIpefe/IUThL KOOPAUHATY Tesa, 3Had KOOPAHHATY
ero HaYaJbHOTO IIOJIOMKEHU A U MPOeKIIWI0 BeKTOpa HepeMeIe i,

AMHEHHUE 3

MoronukaucT, mepeexaB 4epes MOCT, OBHUIKETCH II0 OPSIMOIHHEHHOMY
yuacTKy moporu. ¥ cBerodopa, HaxonAmerocsa Ha paccrogaru 10 kM or
MOCTa, MOTOIMKIHNCT BCTpedaerT Benocunenwcra. 3a 0,1 4 ¢ momeHTa
BCTPEYH MOTOIMKIIMCT IepeMerjaercd Ha 6 KM, a BeIoCHIEOHCT — HA
2 kM ot ceeTodopa (mpu 5ToM 06a OHH ITPOIOJIFKAIOT ABUTATHCA I PAMOJIH-
HEeIHO B IPOTHEOMNOJIOMKHEIX HATPABIEHUAX ).

Omnpenenure KOOPAHHATE] MOTOOHWKIHCTA ¥ BEJIOCHIEIHCTA U PACCTOAHHE
Mmexay aumu cayerda 0,1 1 mocne ux BeTpeuun.

Vicasanue: aaveptute ock X, HATIPABUB €€ B CTOPOHY ABUIKEHHUA MOTO-
MUAKJIUCTA U MPHHAB 3a Teao orcaéra Moct. O603HaUBTE KOODIHHATY CBe-
Toopa (x,.), KOOpAUHATEI BeJocunegucTa (x,) 1 MOTOOUKAKCTa (X ), KO-
Topeie oHu umenu deped 0,1 u mocme Berpeum. Hasn ocsio maueprure
n 0003HAUBTE BEKTOPHI [IePEMEIeHUN BeJIOCHIIeLHCTA (S,) ¥ MOTOHKIIH-
cTa (Sy), 4 Ha OCH — IIPOEKIIUH 3THX BEKTOPOB (8., U §,,.).



X 2. ManpuuK Zep:KHUT B PyKax MAY Ha Beicore 1 M oT
Wiy L IIOBEPXHOCTH SeMJIH. 3aTeM OH IIof0pachIBaeT
) 8§ =818 MAY BePTHKAJILHO BBEPX. 38 HEKOTOPBIM IpoMe-
Sz 8, =81, 83, JKYTOK BpeMeHH { MAY ycoeBaeT HMONHATHCA Ha
prs . - 2,4 M OT CBOET0 IMepBOHAYATBHOIO IIOJ0KeHn,
2 e P MOCTHUTHYB IIPH 3TOM TOYKH HAHOOIBIIEr0 IOIb-
5. & 2 éMa, H OIIYCTHTLCHA OT 3TOi ToukH Ha 1,25 M.
xo L _____ _ Iloneaysack pUCYHKOM 5, ompefieIuTe: a) KOOPAHHATY X, Ha-
JaTbHOIO HOJIOMKEHHA MAYa; 6) IPOEeKIHIO S, BEKTOpa Iepe-
MEIIeHHs § , COBePIIEHHOI0 MAYOM 3a BpeMs: 1; B) KOOpPIHHA-
0 TY X4, KOTOPYIO HMeJ MAY Yepes IPOMEeKYTOK BpeMeHH ¢ 1o~
Puc. 5 cJe bpocKa.
3. Teno, Hauae ABMIKEHHE H3 TOUKH A ¢ KOOpDIHHATAMHU X4 = 2 M, y, = 3 M,
HepeMeCcTHIOCE B TOUKY B ¢ KOODIUHATAME Xp = 2 M, g = —2 M, 3aTeM
B TouKky C ¢ KoopguHATAMHA X, = —1 M, Y, = —2 M ¥ 3aKOHUYHJIO JBIKeHHe
B Touke D ¢ koopauHaTaMu X, = —1 M, y, = 3 m. Cgenaiite uepréx, BoI-
6paB macirTab: B ByX Kiaerkax 1 m. Haliiure mpoeKknuu mepeMernieHus
HA OCH KOOPJAWHAT W MOAYJIH TepeMelneHuA Ha yuacTkax AB, BC, CD,
a TaKe MOJYJIb Pe3yJIETH PYIOIIero HepeMerne A Tea.
m NEPEMELLEHME NPU NPAMONTUHEUHOM
PABHOMEPHOM ABUXEHWUHU
Bo Bcex PacCMOTPEeHHBIX HAMH IIpHMepPax M 3a-
Jadax IIO OoIIpeleqiIieHWI KOOpIHHAaT Tella BeKTOp
nepeMeIneHusa ObLI u3BecTeH (T. €. ObLIM U3BECT-
HBI €0 MOAYJIb U HallpaBJIeHue).
A xak Ha¥iTH BeKTOp IepeMeleHns, ecJii OH He
zamaH?
ITpoie Bcero mony4durh (OpMyJIy AJIA OlIpeje-
JIeHHd BeKTOopa IIepeMeleHunda NJIAd Tejla, IBHEY-
meroca NPAMOJIMHEMHO U pasdHoMmepHo (T. e. co-
BepLIAIOIIero 3a JoOble paBHBIE IIPOMEKYTKHU
BpeMeHH paBHELIe llepeMellleH ).
CoracHo oIpeie/IieHHIO,
CKOPOCTHh PABHOMEPHOI0 NPAMOJIHHEHHOr0 JIBHKEHHA — 3TO IOCTOAHHASN

BeKTOPpHAaA Be/JIHYHMHAa, PaBHaAA OTHOIIEHHHK IIepeMellleHHMA TeJaa 3a Mool
IIpOMeKYTORK BpeMeHH K SHa4YeHHI0 3TOro MmMpoMeXyTKEa.

-
D =

o | @i

: (1)
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Nz dpopmyasl (1) MO3KHO HAWUTH IepeMeIreHne
I IPAMOJIAHEMHOI0O PABHOMEPHOT'0 ABU)KEHHS,
€CJIM U3BeCTHA CKOPOCTD JBH KEeHHUs TeJja:

8 =Dt (2)

ITo ypaBHeHmaAM, 3aIHMCaHHBIM B BEKTOPHOM
thopme, MOXKHO CYAUTHL O TOM, KAK BEKTOPHBIE Be-
JIWYHUHLI HAIPaBJI€eHBI 10 OTHONIEHHUIO JAPYT K APY-
ry. Hanpumep, dopmyasl (1) 1 (2) cBUaeTeIBCTBY-
IOT O TOM, YTO ITPHA IIP AMOJHHEHHOM paBHOMEPHOM
OBUKEHHH BEKTOPhbl CKOPOCTH H IIepeMeIleHHs
HaIlpaBJIeHbl B OOHY U TY JKe CTOPOHY, TaK KakK
IIPOMEXYTOK BpeMeHHU ! (AIHUTEeJILHOCTh ABUMKE-
HUA) BeJIUYUHA IIOJIOMKUTEeTbHA.

Ina pacuéra mepeMeIeHusa ITPUMeHAOT (hop-
MVYJIY, B KOTOPYIO BXOAAT MPOEKIIHN BEKTOPOB HAa
KOOPAUHATHYIO OCh:

g.=0.1%. (3)

Torma dhopMyny A ompeaeieHNA KOOPAUHATEI
Teya B JI0O60H MOMEHT BpeMeHH MOJKHO 3aIllNCATh
TaK:

x = xe+ vxt.

MpbI ONMYYUJIH 3aBUCUMOCTh KOOPAMHATBI OT
BPEMEeHHN — 3aK0H 08UMCeHUA Teaa. 3ABICHUMOCTD
x(1) MmoXxeT OBITH BEIpAJKEeHA He TONLKO aarebpamn-
YecKH, HO U rpaduIecK .

Mz rypca mareMaTHUKU HaAM HU3BEeCTHA JIMHEMH-
Had pyHKNua y = kx + b, rne x — aprymesnr, B —
MNOCTOAHHBIA Ko3hduimenr, b — CcBOOOJHBIN
ynen. I'padpmkoM aToM (PYHKIIUA ABIAETCA IIPs-
Masd.

DyHKnHa X = X, + vt (u1u x = vt + x,) ToxKe
JVUHeHHAaA c apIryMeHTOM [, IOCTOAHHBIM K03 du-
IIAeHTOM U, B CBOOOJHBIM WIEHOM X,. SHA4YHUT, eé
rpahmuK — npaMas.

ITocrpoum pna npumepa rpauK 3aBUCHMOCTH
KOOPJAWHATEI OT BpDEMEHH JIJIA TeJia, IBUMKYIIEerocs
paBHOMEPHO INIPAMOJHHENHO B IIOJOMKHUTEIBHOM
HampapJaeHUH ocu X cO CKOPOCTBIO 2 M/C, U3 TOY-
KU ¢ KoopaumHaToi 4 M. IlocKONMBKY CKOpPOCTE Tesra



1234 ¢t

1234 t0
0)
Puc. 6. 'padur

PyHKIHHA
x=4 + 2t (m)

0 1234 t,c
Pue. 7

coHAIIpaBjieHa ¢ ochio X, IPOEKIINA CKOPOCTH Ha
3Ty OCh OYIeT IIOJIOKUTeJILHA.

3anuireM 3aKOH ABMIKeHHA AJA JAaHHOTO CIIy-
vaa: x = 4 + 2t (m).

Ina mocTpoeHUsA IIPAMON HOCTATOYHO 3HATH
KOOPAHHATHI IBYX Touek. Hampumep, npu ¢t = 0
x=4wm,upnt=2c x=8 M. OTMeTUM TOUKH Ha
KOOPAHMHATHON ILIOCKOCTHA U IIPOBEAEM Yepes HUX
npamyio (puec. 6, a). I'padur 3aBucumocru x(t)
Ha3bIBAIOT 2paAPurom 06UNCEHUA.

Ilo rpadhuky, Kak 1 mo (popmMyJie, MOKHO HAUTH
MMOJIOMKeHne Teja B 110601 MmoMeHT BpeMeHnun. Haii-
IéM KOOPAHHATY Teja depe3 3 ¢ IIOCJe Hadalaa
ABUsKeHUA. J[1a 9TOro M3 TOYKHU C KOOPAHHATOMU
t = 3 ¢ (puc. 6, 6) BoccTaBUM HePHeHAUKYJIAD IO
nmepecedenus ¢ rpapuroMm (touxa A). U3 Toukn A
OIIYCTUM HePIeHIUKYJIAP Ha OCh X M HAWJIEM, UTO
yepe3 3 c MOcJie HadaJda ABHKEeHHA KOOpPAHMHATA
rena x = 10 m.

ITpumep. Teno pBUIKeTCA TIPAMOJHHEHHO.
ITonssysaces rpaduxoMm 3asucumocTu x(t) (puc. 7),
OXapaKTepHU3yWTe ABH)KEHHE Teja M 3alluInnuTe
3aKOH ero ABHKEeHNA.

Pemenue. M3 rpaduxa mBuUIKeHUs clenyer,
YTO TEeJO ABUIKETCHA PABHOMEPHO B IOJOIKUTEIH-
HOM HanpaBreHuu ocu X. I[na Toro uTobnl 3amu-
caTh 3aKOH ABMIKEHHUA Tejla, HYXXHO ONpeAeanuTh
ero HaYaJbHYIO KOOPAUHATY U IMPOEKIIUI0 CKOPO-
cru. Havanbuasa koopauHara tena (nmpum t = 0)
x5— 0.

IlockoJIBKY TeJI0 ABUIKETCHA B IIOJIOXKUTEILHOM
HanpaBJaeHuu ocu X, IpoeKUA cKopocTu v, > 0.
BriGepeM NpOM3BONBHBINN MOMEHT BpPEeMeHW, Ha-
npumMep 2 ¢, U, ONPeJIeJIUB IIPOEKIIUI0 COBEPIIEH-
HOT'O 3a 3TO BpeMsA HepeMeIleHHus, paccuruTaeM
MIPOEKITI0 CKOPOCTH:

10m

[ W =5 M/C.

3alnuieM 3aK0H JBAKeHHA B 00I11eM BIifie
x=xyt+v,t.
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C yuyéroM HaHHBIX, IIOJYYEHHEBIX IIPH AHAJIN3E
rpaduKa, BRIpaKeHue IIPUMeT BUJ:

x = 5t (m).

OtBer: x = 5% (m).

ITo 3HAKY IIPOEKIITMH MOKHO CYJAHUTHL O TOM, KaK
HampaBJeH COOTBETCTBYIOIIUI el BeKTOP II0 OTHO-
IMeHnIo K BeIOpanuoi ocu. Ho ecou mpu pemmennn
3aa4y Ha NPAMOJIMHENHOe NBHKEeHNe HAC He WH-
TepecyeT HallpaBJieHHEe BEeKTOPOB IepeMEeIeHHa

M CKOPOCTH, TO MOYXHO BOCIIOJIB30BATBCA (POPMY-
JIOH, B KOTOPYIO BXOJIAT UX MOJTYJIHU:
s =vt. (4)
dopmyaa (4) BaM JaBHO 3HAKOMAa — BEI YAaCTO
MCIOJb30BAJIA €€ IIPHU peIlleHuH 3agaq 10 (hu3ukKe
B MaTeMaTHke. ToJbKO 1moJ OyKBOM S mojipasyMe-
BaJICA IPOMJeHHbIA TeloM NyTh. Ilouemy ke Te-
nepb MBI TOBOPHUM, YTO S — 3TO MOAYJAL BEKTOpa
nepeMeIlneHua?
Iemo B TOM, 9TO npu NPAMOJSUHEUHOM O68UMNCE-
HUW 8 O0HOM HanpasjeHuu Modyab exmopa ne-
pemeuierHus, CO8EPULEHHO020 MEJLOM 34 HEeKOmo-
Pblil npomeNcymorx epemenil, paseH nymu, npoi-
OeHHOMY IMUM MeJoM 3a4 MOM JHce NPOMeHYymokx
8PEeMEHU.
Hapany ¢ rpadpuromM ABHKEHHA MCIIOJIL3VIOT
d rpaduK MOAYJIA BEKTOpa CKOPOCTH.
vA Ha pucyuke 8 mpejacraBjieH IpaMK 3aBHCH-
Uy MOCTH MOJY.NA 6CKMOPA CKOPOCMU U Om 8peme-
Hu 1t IpAu paBHOMepHOM ABu:KeHuHU Tteja. Ilo rpa-
UKy 3aBUCHMOCTH U(f) MOXKHO OIpeJgeJUTh MO-
OyJIb TIepeMelieHus $ 3a HEKOTOPBIA ITPOMEKYTOK
BpeMeHH. [leliCcTBUTEIbHO, MOAYJIE BEKTOPA IIepe-

T
|
|
|
|
|
|
t

0 Lt >

MeIleHU A S, COBEPIIEHHOI'0 TeJIOM, ABAMKYIITUMCH
Puc. 8. OnpesenreHne NpAMOJUHEHHO U PABHOMEPHO, 3a IIPOMEMKYTOK
MOAYJIA BeKTOpa 3
B A TE, BpeMeHH t,, onpeAeadeTcsa 110 hopMmy.e:
ABHLKYINErocs 8= U1t1-
IpAMOJIAHEHHO
paBHOMEPHO IIponsBenenuio v,t, paBHA TaKJKe H ILJIOMIAAbL S

3aKpalleHHOTO NOpAMOYroJbHUKa (cM. puc. 8),
TaK KaK OTPe3KHU v, M t; (AJaH, 9TO TO Ke camoe,
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-30

Puc. 9. I'padurn sasu-
CHMOCTH [P OeKITHIi

Ov; u Ot,) ABAAIOTCA CMEXXHLBIMI CTOPOHAMH 9TO-
ro IPpAMOYTOJIbHUKA.

Takum o6pazoMm, npu NPAMOJSUHEILHOM PABHO-
MepHOM OBUdHCeHUW meaa MoJYlb 6eKMopa 2o ne-
pemewseHus HUCLeHHO PaBeH NJaowadu npamo-
Y20AbHUKA, 3AKIIOUEHH020 MeHDY ZpAPUKOM CKO-
pocmu, ocwvio Ot u nepneHOUKYAAPAMU K ITMOTL OCL,
60CCMABJIEHHbLMU U3 MOYLEK, COOMEEMCMEYIOWUX
MOMeHmMaM Havaia u KoHua Habawdenua (B JjaH-
HOM caydae u3 Touek O u t,). Hacro aTy miom@ams
Ha3bIBAIOT IJIOIAABIO IO, rpauKOM CKOPOCTH.

IlockonbKy IpU pellleHWNW MHOTHUX 3aJa4 IpPH-
JéTcs UMEeTh AeJi0 He TOJBKO ¢ MOAYJIAMH, HO
U C IIPOEKIINAMHI BEKTOPOB, PACCMOTPUM TpadUK
3aBACUMOCTH NPOEKINH BeKTOpa CKOPOCTH OT
BpPEMEeHH.

Inst aTOro o6paTuMes eIné pas K 3afadue ¢ IByMsSA
Karepamu (cm. § 3, puc. 4). IlycTh IpoMeEKYTOK

$10 >0 BpeMeHHU f, 3a KOTOPLIM KaTepa COBEPHININ VKa-

3aHHBIE IIepeMelreHns, paseH 2 4. 3a 9T0 BpeMs
IIepPBLIH KaTep nepemecTmiaca Ha 60 KM, a BTOpoit —

————— pa 50 xM. 3HAYNUT, MOAYJIb BEKTOPA CKOPOCTH Iep-
_5 L
_10 L

BOro Karepa paseH 30 KkM/4, a BToporo — 25 Km/4.

85, <0 Tar xax IIPOEKIIHH BEKTOPOB CHKOPOCTH H IIe-

peMellleHHsI MEepPBOro KaTepa M[OJOMKHUTENbHEI,
a BTOPOTO — OTpHUIlaTeJbHBI, TO U, = 30 KM/4,
81, =60 KM, a vy, = —25 KM /4, $5, = —5H0 KM.
I'padpuku 3aBHCHMOCTH IIPOEKIIHH CKOPOCTEel
KaTepoB OT BpeMeHH IIPeJICTaBJIeHbl Ha PUCYHKeE 9.

cKOpoCTelt KaTepoB Mozyiu nnpoeKuy nepeMeles il YUCJIeHHO paB-

OT BpeMeHH

@

HEBI IIJIOIMIagAM 3aKpPallleHHBIX IIDAMOYVI'OJIBHHKOB.

i. Yro HABBIBAIOT CKOPOCTHI) PABHOMEDHOTO IPAMOJIHHEHWHOIO IBMMKE-
auA? 2. Kakx HalTH TPOEKIIHIO BEKTOPA TePeMelNeHus Tea, JBHKYIero-
cA IPAMONIMHEWHO W PABHOMEDHO, CIIH H3BECTHHI MPOEKOUA BeKTOpa
cKopocTH B Bpemd aBmixenua? 3. [Ipm Kakom yclIoBuMEM MOIYIbL BeKTOpa
[IepeMeIleHH s, COBePIIEHHOTO TeJIOM 32 HeKOTOPBIH IPOMEeKYTOK BpeMe-
HH, PABEeH IIyTH, IPOHIEHHOMY TEeJIOM 34 TOT K€ IPOMEeKYTOK BpeMeHu?
4. MoxxeT J1H1 MOZYJIb BEKTOPA IePeMeIIeHNA OBITh MEHBIIE My TH, IPO-
IeHHOTO 34 TOT JKe IpoMeXyTok Bpemenu? Ilpueennre mpumeprl. 5. Ka-
KYI0 HHQOPMAIHMIO 0 IBHKEHHH ABYX TeJl MOMKHO HOJYIWUTE IO rpadu-
KaM, u300pakéHHBIM Ha pucyHKe 9? 6. flBnserca mu gBMKeHWe Tela
IPAMOINHEHHEIM DABHOMEDHEBIM, €CJIH 34 JI0bIe PABHBIE MPOMEXKYTKH
BpPEeMeHH OHO IPOXOIUT OSUHAKOBBIE Iy TH !
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1. Ilpoernusa Ha ock X mepeMeIeHHA Tella, JEHKYIIErocd IapaililelbHo
ATOH OCH, MOKeT OBITEH paBHA MOIYJII MepeMeeHusa WIHd MOL Y0 mepe-
MeIleHnsa ¢ 00paTHEIM 3HaKOM. O0BACHATE, OT Yero 9TO 3aBHUCHT.

2. JIBa MOTOOHMKJIIA ABHIKYTCH MPAMOJIHHENHO U paBHOMepHO. CKOPOCTH
JBHIKEHUS MEPBOTO MOTOMHKJA GOJbIIEe CKOPOCTH ABHIKEHHS BTOPOTO.
Yem OyayT oTim4aTbCHa HX paHKN 3aBHCHMOCTH: a) Oy Tei 0T BpeMeHH;
6) cxopocTelt OT BpeMeHu?

@ YNPAXHEHHWE 4

1. Teno gemxerca Broas ocu X. Onpemenure mo rpapury

x, mA aemKenuda (puc. 10) oyTe, OpolineHHERIN TeIoM 3a 5 ¢, 1
30 CKOPOCTE ABHIKEHHA Tela. SalHIINTe 3aK0H ABMKeHHA
25 TEeJIa.

20 2. OxapaxrepusyiiTe OBHKEeHHe TeJ, TpaHKN IBHKEHHA
15 KOTOPEIX npexcraeiaeHsl Ha pucyare 11. ITo rpaduram
10 OIlpeelINTe HAUaAIbHEIe KOOPAHUHATEI TeJl, HATIDABIEHUE
| MKeHHA Tej, ONpoeKmum cKopocreili. YTo ozHauaer
5

. TOUKA mepecedeHuA rpadpuroe? Hanumure 3akoH IBH-

0 2468 tc JKeHHA AJIA KaxKJ0ro Tea.
Puc. 10 3. Moxer nu rpadhUK 3aBECHMOCTH MOOYJIA BEKTOPA CKOPO-

CTH OT BEDEMEHH PacIoJaraTbesa moj ockio Of (T. e. B 06-
JIACTH OTPHUIATEIbHBIX 3HAYCHUI OCH CKOPOCTH)?

X, M
300 4. TlocrpoiiTe rpahuKM 3aBHCHMOCTH IIPOEKITHH BEKTOPOB
T CKODOCTH OT BPEMEHH AJA TPEX aBTOMOOUIell, IBIMAKY-
- MUXCHA TPAMOJIMHEHO U PABHOMEPHO, €CJIH JBA U3 HUX
200 | Simet®is eIyT B OMHOM HATIPABIEHHH, 4 TPETHUH — HABCTPEUY UM.
I CropocTts mepeoro aromobunsa pasua 60 km/u, BTOpO-
100 ro — 80 km/u, a TpeTbero — 90 KM /4.
5. Koopgumara Tena, ABMIKVIMEroCH IPAMOJIHHEIHO W PaB-
0 10 20 ¢t.c HOMEPHO, U3MeHsdAeTcA mo s3akouny X = 6 + 3t (m). ITo-
cTpoiiTe rpadMKE 3aBHCHMOCTH OT BpEMEHH KOODAHWHA-
Puc. 11 Thl ¥ TyTH. CpaBHUTE MOJTYIeHHBIE TPDaApUKH.

3AJAHUE 2

® BosemMuTe BEICOKYIO OV THLIKY (y100HA MIacTHKOBaA Oy THIIKA BMECTHMO-
cthbio 1,56—2 m). HaxseiiTe Ha Heé Mo Bcell BRICOTE BEPTHKATBHYIO GyMasi-
HYIO MOJIOCKY ¢ CAHTHMETPOBBIMHE JeleHuAME. Bpocere Ha xHO Oy TRIIKH
HeGoIbIMoN KyCcoUeK MPoOKH WK COMYKHW. (DTO Teno, ABUIKEeHHe KOTOPOo-
ro BbI OygeTe uceliemoBaTs.) HanmonasaiiTe OYVTEIKY BOMOI, MOJCTABUE €&
IION OYeHEL TOHKYIO cTPYHEKY. OnpegenuTe monoxkeHue Tena sepes 10, 20,
30 ¢ u 7. x. 3amumuTre peayabTaThl B Tabauny. [locrpoiiTe rpadux saBu-
CHMOCTH IIyTH TeJa 0T BpeMeHH. PaccuuraiiTe CKOPOCTH TeJa.
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XAPAKTEPUCTUKU HEPABHOMEPHOIO 1IBUXKEHUA.
NPAMO/IMHEUHOE PABHOYCKOPEHHOE JBWUXEHUE

PaBHomepHOe JBHKeHMe BCTpedaeTca B XKU3HU
ZJOBOJBbHO peako. Kak mpasmiio, 3a paBHEIE IIPO-
MeXYTKH BPpeMeHH! TelI0 IPOXOAUT pasHble ITyTH.
JBrxxenne Tena B 3TOM clydae ABIAETCA HepaB-
HOMEPHBIM.

Ona XapaKTepMCTHKH HepaBHOMEPHOT'O JIBH-
KeHUA B HEKOTOPBIX CJIydasX IMOJb3YIOTCA cpeod-
Hel nYymeeoi CKOPOCMmbio.

CpenHeil ImyTeBOM CKOPOCTHIO HA3HIBAIOT (PM3UYECKYI0O BEJIHYHHY, PABHYIO
OTHOUIEHUID NMYTH K IPOMEKYTKY BPEeMEeHH, 3a KOTOPBIH 3TOT IYTh OBLI
NpoiIeH.

cp. I

l
Uhpon = ? '

Cpenusasa mnyTeBad CKOPOCTh XapaKTepH3yeT
ABUKEHUE B I1eJIOM W He COIEPKUT MH(POPMAITTN
0 ero gerajaax. Tak, 3Had cpegHIOI IYTEBYIO CKO-
POCTh HA HEKOTOPOM YVYacTKe TPaeKTOPHUH, MOMK-
HO OIIPENeINThL BPeMs, 3a KOTOopoe OLLIT HpoiimeH
9TOT VYACTOK, HO HeJb3d HAWTHU BpeMsd, 3a KOTO-
poe OBLIA IIPOIileHa ero II0JIOBHHA.

Tem He MeHee B HEKOTOPBIX CAyYaAX 3HaHUE
cpelHel IIyTeBOH CKOPOCTH MO3BOJIAET IPUOIN3n-
TeIbHO ONpPeleJIUTh NYTh, KOTOPLIN OyaeT mpoii-
JIeH 3a JaHHOe BpeMsdA, UJIA OIEeHNTHL BpeMs, Heob-
XOoAuMOe I NpoxXoxkaeHuda nytu. UMmeHHO pac-
YET cpeJHeMr IIyTeBOH CKOPOCTHU JIEXKHUT B OCHOBE
aJIroOpuUTMa HaBUTaTOpa, OIEHMBAIINEro BpeMsd,
yepes KOTOpPOe BbI IPpUOyAeTe B KOHEYHYIO TOUKY
MapIIpyTa.

B (m3uke HCOONB3YIOT eIIeé OAHO IIOHATHEe
cpefHeil CKOPOCTH, CBA3aHHOE He ¢ IIPOHJeHHbIM
IIyTEM, & C IepeMellleHUeM, — CPeJHIOI0 CKO-
pocmbub nepemeuL,enus.
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CpenHell CKOPOCTHIO TIepeMellleHUS HA3hIBAKOT (PH3HYECKYI0 BeJIHYMHY, PAB-
HYH0 OTHOIIEHHIO IepeMelleHnsA K NPOMeKYTKY BpeMeHH, 32 KOTOPbIi 0bLI0
COBEpPIIEHO 3TO IepeMelleHne.

ooz

Ucp =

~+ |w .

CpenHAsa CKOPOCTEH IIepeMeIIeHMsA — BeKTOop-
Had BeJIW4YWHA, €€ HalpaBJIeHHE COBIIAJaeT C Ha-
NnpaBJIeHHEeM IIepeMeIeHnusI.

Kak u cpemgHAas myTeBasd CKOpPOCTh, CpeIHASA
CKOPOCTh IepeMeIleHHA XapaKTepHu3yeT IBUIKe-
Hue B nemoM. OHA II03BOJISET ONPeAeUTE IIepeMe-
IeHne, COBEePIIEHHOe 34 BCE BpeMs, HO He II03B0-
JIAeT BRIYUCIATL IIepeMellenne, a 3HAYUT, U KO-
OPAHMHATEI TeJia B JIIDOOH MOMEHT BpeMeHH.

Yro e HYXKHO cAeJaTh IAJ TOr0, 4TOOLI OXa-
PaAKTepPU30BATE OBLICTPOTY ABHIKEHHA B KarKIOH
TOYKE TPAeKTOPHUH B KAaKIBIH MOMEHT BpeMeHHu?
R S JlomycTuM, YTO HEKOTOPOE TEJIO ABUKETC IIPA-

i s MOJIMHEHHO, HO He paBHOMepHO. ByaeM yMeHB-

=F

Uep =

o ||

|
v |
8
1

i
| ]
J |
| i ! IIaTh IPOMEMKVTOK BpeMeHH, 3a KOTOPLIHA MEI pac-
I
i §é : : CMaTpHBaeM IlepeMeIlleHMe TeJia (BMECTB C HUM
et | OyIZeT YMeHBIIATLCA M IIepeMelleHne), U omnpeje-
| i
! . | JIATH CPELHIOIO0 CKOPOCTE IlepeMeleHus (puc. 12).
5, =
I i IToayuarommecsa sHaAYeHHS MOJAYJIA CpeIHell CKO-
- - -
Puc. 12. IIpn yMeHbIIIe- | 8; 8 ‘ Sg .
HUH OIPOMEXKYTEA poCcTH r L 0 g OyAyT BCé MeHBIIIe
BpeMeHH YMeHBINaeTCH 1 2 3
nepeMelieHHe

1 MeHbIIIe OTJINYaTLCHA APYT OT Apyra, Ipubamxa-
ACh K HEKOTOPpOMY IIpele/IbHOMY 3HAYEHHMIO. Ta-
KUM 0o0pazoM, MbI IPUXOAUM K QUBMUYECKOI Be-
JUYAHE, XapaKTepU3VIOIIer OLICTPOTY ABUMKEHN I
B JAHHBEIII MOMEHT BpeMEHH B JaHHOH TOYKe Tpa-
EKTOPpHH, — MZHOBEHHOU CEOPOCmIL.
MezHnosenHas cKkopocmb, Uil CKOpocmbv 6 0aH-
HbLiL MOMEHM BPEeMEHU 6 OAHHOI mouKe mpaekx-
mopuu, pasHa OMHOWEHU MaJ0zZ0 nepemeuie-
HUS HA YyHacmKke mpaexmopuu, NPpuMblEalouLem
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K 9moil mouke, K MAJA0MY NPOMEHYMKY 8peme-
HU, 8 MeYeHUe KOMOopozo 3Mo nepemMeuw,enue co-
gepuiaemcs.

Yro 03HAYAKOT CIOBA «MaJbIM IIPOMEXKYTOK
ppeMeHH» 7 Iloxg MajapIM mOApasyMeBaloT TaKOH
IPOMEeKYTOK BpeMeHH, IPH JaJlbHeUuIlTeM YMeHb-
IeEHUW KOTOPOr'0 HOJIYyYeHHBbIE HOBBLIE 3HAYEHHUA
cpelHell CKOPOCTH IIPaAKTUYECKH He OTJIHMYAITCA
Apyr ot apyra. IpyrumMm cnoBamMu, ABUMKeHUE
B TedeHHE TaKoro IIpPOMe:KYTKa BpeMeHH II04Y-
TH HEOTIHYHUMO OT IIPAMOJHUHEHHOTO paBHOMEP-
HOTO.

Kak 1 cpeHAA CKOPOCTH IlepeMeIlleHHusI, MI'HO-
BeHHAsd CKOPOCTH ABJISAEeTCA BeKTOPHOH BeJIMYH-
HoM. HanpaBieHrne MIrHOBEHHOI CKOPOCTH COBIIA-
JaeT ¢ HaIpaBJIeHHMEM MAJOTO IlepeMeIleHHsd.
B pansHellIeM, TOBOPA O CKOPOCTHA HepaBHOMEP-
HOTO ABMXeHHsA, MBI OyleM UMeThL B BUAY UMeHHO
MI'HOBEHHYIO CKOPOCTb.

3 Bcex BHI0OB HEpPAaBHOMEPHOI'0 JABHMKEHHSA
OCTAHOBMMCHA HAa CAMOM IIPOCTOM — PA6HOYCKO-
pPeHHOM, IIDA KOTOPOM BEKMOp CKOPOCMU med
3a 1100ble pasHble NPOMENYMKU BPEeMEHU U3Me-
HAemcs 00UHAK080.

Ecnm ckopocTs HEKOTOPOI'O Tejla, IBUMKYIIEro-
ca paBﬂoyCRopeHHO 32 MPOMEKYTOK BPeMeHH t

Camonér,
PaBHOYCKOPEHHO HU3MeHHJIach OT vo o U TO 34 KAMKAVI0O eIUHUILY
pasroHaoLWnica BpeMeHH BEeKTOpP CKOPOCTHU MeHAJNCS Ha BeJIn4Yu-

no B3NETHOW nonoce
U‘ . Un
— JTO OTHOIIIeHUEe 0003HAYAIOT

—+
CHMBOJIOM 1 HA3BIBAIOT YyCKOPEHUEM.

HY, PAaBHYIO

YcropeHHeM Tejia MIPH PABHOYCKOPEHHOM JABHIKeHHH HA3BIBAKOT BeKTOPHYH
thnzuyecKyr0 BeJIMYUHY, PABHYH OTHOIIeHUIO H3MeHeHH A CKOPOCTH K IIpoMe-
#YTKY BpeMeHH, 3a KOTOPBII 3T0 M3MeHeHHe TP OU30IILI0.
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RaH BEKTOPHadA BeJIMYHMHAa YCHOpPpeHHe XapaK-
TepusyeTcd He TOJABKO MOAyJIeM, HO M HallpaBJie-
HueM. YeM GoJIbIlle MOLYJIb YCKOPEHH A, T€M GbIC-
Tpee MeHAeTCA CKOPOCTh TeJIa.

W3 onpenenennsa yckopenuda caenyer, aro 8 CU
B,I[HHI/IHBI:.I YCHEOpPpeHHuA ABIAeTCH Memp HdA Cemyﬂ‘
dy 6 Keadpame (m/c?).

Im/c
1c

1 m/c2 — amo yckopeHue maxozo pasHoOYcKo-
pernHozo dsuicerus, npu komopom 3a 1 ¢ mody.ne
u3meHeHus ckopocmu pasern 1 m/c.

HcnonsayoT U Ipyrue eJuHUIIbl YCKOpPEeHHS,
HanpuMmep 1 cm/c2.

PaBHOYCKOpeHHOE ABHKEHIe MOMKeT ObITE IIPs-
MOJIMHEHHBIM 1 KpHBOJINHeHHBIM. MBI OyaeM pac-
CMaTpUBAThE NPAMOJHUHEHIHOe pPaBHOYCKOPEHHOEe
IBUKeHHe. B 9TOM cilyuae BeKTOPHI U U U, Ha-
NpaBJeHLI BAOJL OAHON MPAMONM — TpaeKTOPHUH
OBUKeHna. Boosb 3TOl ke mpamMo# ymobHO Ha-
NPaBUTh KOOPAUHATHYIO OCh.

BrluncnanThs YCKOpEeHHe Tena, ABUMKYIIIErocs
NPAMOJHHEHHO M PABHOYCKOPEHHO, MOYKHO C II0-
MOIIIbI0 YPABHEHU A, B KOTOPOE BXOAAT IIPOEKIIAHN
BEKTOPOB YCKOPEeHHUA U CKOPOCTH

=1 m/c2.

— vx_vﬂx_

a, .

IToxaxeM Ha KOHKPETHBLIX IIpHMeEpax, Kak Ha-
XOJIUTCA YCKOPEHHE.

CaHKN, KOTOpLIEe PABHOYCKOPEHHO CKATBLIBAIOT-
cd ¢ ropsl (puc. 13, a), yaacroxk nytu AB npornin
3a 4 c¢. IIpu aToM B ToOuKe A OHU MMEJHA CKOPOCTh,
pasHyio 0,4 M/c, a B Touke B — CKOpOCTh, PABHYIO
2 M/c (TaK KaK CAaHKH ABMKYTCA IIOCTYIIATEILHO,
MOKHO IPUHATEL UX 34 MATEPHUAJILHYIO TOUKY ).

OmnpepenuM, ¢ KAKHM YCKOPEHHEM IBHUTAJIHACD
CaHKM Ha yyacTKe A B.

3a mayaJio OTCYETA BpEeMeHHU CJelyeT IMPUHATL
MOMEHT IIPOXOKIeHUA CaHKaMH TOYKH A, IIo-



Cradan ¢ material100.tilda.ws

a) 6)

Pue. 13. PaBHOYCKOpPEHHOE ABAKEHUE CAHOK, CKATHIBAKIIAXCA C TOPHI (a)
U IPOJOIKAININX JBUKEHHE 110 paBHUHE (0)

CKOJIBKY, COIVIACHO YCJIOBHIO, MMEHHO OT 3TOI0
MOMEHTA OTCUYHTHLIBAETCH IIPOMEKYTOK BpeMeHH,
34 KOTOPBIA MOJYJIb BEKTOPA CKOPOCTH H3MEHHJI-
caor 0,4 no 2 m/c.

IIposeném ocsr X, mapaureabHYIO BEKTOPY CKO-
POCTH ABMIKEHWA CAHOK M HANPABJIEHHYIO B TY
’Ke cropoHy. Haliiéem mpoenuud BEeKTOPOB 730 u v
Ha ochk X. O0e 3TH IIPOEKIIUM IOJOMHUTEJIbHBI
A PaBHBI MOAYJIAM COOTBETCTBYIOIIHX BEKTOPOB:
Vo, =0,4M/c, v, =2 M/c.

3amnuIineM ycJIoBUe 3aJaYi M PeIlIuM eé.

Hamno: Pemnenue:

Vo, = 0,4 Mm/c aJ{:M,

v,=2wm/c 5 ; 0,43/

Folr oM q. —2M/c—-04dm/c _
* 4c

a,—?

x = 0,4 2/° — 0,4 m/c2.

C
Oreet: a, = 0,4 m/c2.

IIpoeknna BeKTOpa YCKOPEeHHA Ha ochb X ITOJIY-
YHJIACH IIOJIOMKHUTENILHOM, 3HAYNUT, BEKTOP YCKOpe-
HHUA COHAIpaBJIeH ¢ 0cbio X M CO CKOPOCTBHIO ABH-
JKeHH s CAHOK.

Ecnu eexmopst cKopocmiu i YyCKOPEHUA HANPAE-
JLleH bl 8 0OHY CMOPOHY, MO CKOPOCMb pacmeém.

Temepp paccMOTpHUM HpHUMEp, B KOTOPOM CAaH-
KW, CKATUBIIIACE C T'OPHI, ABUIKYTCA II0 TOPU30H-
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ragxbHOMY yaacTKy CD 1 ocTaHaBIMBAIOTCA B TOY-
ke D (puc. 13, 6). U3BecTHO, uTO B TOuKe C cCAaHKN
MMeJu cKkopocTh 1,2 M/c, a yaactok CD ObLT IPOiA-
ned uMu 3a 6 c.

Paccuuraem yckopeHue caHok. Hauaiaom oT-
cuéra BpeMeHU OyaeM CUYHTATh MOMEHT, KOTJa
cauku npoxoxar Touky C. Torma Momyan BeKTopa
HAYAJIBHON cKopocTH pasexn 1,2 m/c, a KoHed-
HOHM — HYJIIO.

ITposemém ocwy X mapamnensno orpesry CD m
COHAIIPaBUM €€ CO CKOPOCTBHIO IBHUXKEHHUA CAHOK,
KaK IMoKasano Ha pucyHke 13, 6. IIpu saToMm mpo-
eKI[NA BeKTOpAa CKOPOCTH CAHOK Ha och X B M0G0t
MOMEHT WX JABUKeHUA OyIeT IOJIOMKUTeNbLHA U
paBHA MOJVJII0 BeKTOpa cKopocTu. B wacrHOCTH,
nput,=0 vy, =1,2m/c,anput=6¢c v, =0.

3anuineM ycJOBHe 3aJa4l U PeIllnuM eeé.

Hano: Pemenue:
Vo, = 1,2M/c a, = M,
v, =0 ¢
t=26 _
€ ax = % =—0,2 M/cz.
a,—? ¢

Orser:a, = —0,2 m/c?.
IIpoeknusa ycKopeHuA Ha och X OTPUIIATEIbHA.

DTO 3HAYMT, YTO BEKTOP YCKOPEHUA @ HAIPABJIECH
IMIPOTUBOIIOJIOHO ocd X W COOTBETCTBEHHO IIPO-
THBOIIOJIOXHO CKOPOCTH JABUKEHU A.

Ecau eexmopu. ckopocmu U YCKOpPeHUA HA-
npasnenv. 8 NPOMUBONONOICHBLE CMOPOHbBL, MO
CKOPOCMb YMEHBULACTCA.

M&I T03HAKOMUJINCH ¢ YCKOPEeHWeM IIPH PaBHO-
yecxkopeHHoM aBmykeHnn. OQHAKO IIOHATHE YCKO-
penusa mupe. Kakum ObI CIOKHBIM HU OBLIO JBU-
JKeHHe, IOBOpAT 00 YCKOPeHHMH Tela B KayKIon
TOYKE TPAaeKTOPHH B KaKJABLIII MOMEHT BpPeMeHH.
I[Ipu sToMm oz ycKopeHHeM (MHOTIA eT0 HAa3kIBAIOT
MZHOBEHHbBLM YCKOPEHUEeM) TIOHUMAIOT OTHOIIIe-
HUE UBMEHEeHUS CKOPOCTH K MAJLOMY TIPDOMEKYTKY
BPEMEHH, 34 KOTOPLIH 9TO HM3MEHEeHHe IIPOU30-



&

nuro. IIpm paBHOYCKOpPEeHHOM ABHMKEHHWHU MI'HO-
BEHHOE YCKOpPeHHe BO BCeX TOYKaxX TpaeKTOpHUHU
OJTHHAKOBO.

1. Yro HaswIBaioOT cpelHEH MyTeBOH CKOPOCTHIO; CPeAHEH CKOPOCTBIO TIe-
pememierusa? 2. Yro HaseIBalOT MTHOBEeHHOM cKopocThio? 3. K kakomy Bu-
Iy IBHMKEHHA — PABHOMEDHOMY WM HEPABHOMEPHOMY — OTHOCHTCSH
npAMONUHEeHHOe paBHOycKopeHHOe aBu:keHume? 4. Ilaiite ompemenenme
VCKOpPEeHHSA PABHOYCKOPEHHOTO ABHyKeHnA. KaKoBa equHHIA YyCKOpEeHUA?
5. Uro Taxoe paBHOycKOpeHHOe nBu:keHue? 6. YTo mokassiBaeT MOAYIb
BekTOopa yckoperua? 7. [Ipu xakoMm yCIoOBHHA MOAYIB BEKTOPa CKOPOCTH
ABHIKYIETOCH TeJa YBeJININBACTCH; YMEHBITACTCS?

YTo BBl MOYKETE CKA3ATE O ABHIKEHHH TeJa, eCIA MOAYJE CpelHei CKOpOo-
CTH IepeMeINe s OKasalicsad paBeH: a) cpefHel TyTeBoi ckopocTH; 6) Ha-
YaTbHONU CKOPOCTH?

@ YNPAXHEHUE 5

1.

Teso 3a 2 ¢ mporiio 2 M B TOJTOKUTETHLHOM HapaBJIeHuHu ocu X, a 3areMm
3a 3 ¢ — 1 M B mporusomono:xKHOM Hanpasiaeauu. Onpegenure cpegHIOI0
OYTEeBYI0 CKOPOCTE B MOAYJIb CPeIHEeH CKOPOCTH HepeMeIlleH A 3a IpoMe-
JKYTOK BpeMeHH: a) 2¢; 6) 5 c.

o 2. 3a oIVHH TOT Ke IPOMEKYTOK BpEMeHH t MOAYIb BEKTO-
pa CKOPOCTH HepBOr0 aBTOMOOHJIA M3MEHHJICA OT U; 0
v’, a BTOPOTO — OT U, 0 U’ (BEKTOPHI CKOPOCTH H300pa-

Puc. 14

v JKeHBI B OfHHAKOBOM MaciiTabe Ha pucyake 14). Kaxoii

w3 aBTOMOOWMIEH IBHUTrajiicsd B YKABAHHBIA TPOMEIKYTOK
¢ 6ONBIIHM yCKOpeHHeM ?

CamonéTr, padaroHafach mepef B3JIETOM, B TeYeHHE HEKOTOPOTO MPOMEIKYT-
Ka BpeMeHH [BUTAJICA paBHOYcKopeHHO. KakoBo Gwi0 mpu 5TOM yCKOpe-
HUEe caMoJieTa, ecau 3a 30 ¢ ero ckopocTs Bodpocia ot 10 go 55 m/c?

C KaKUM YCKOpPEHUEM JABHUTAJICS MOe3/f HA HEKOTOPOM YIaCTKe Iy TH, eCIH
3a 12 ¢ ero ckopocTh Bo3pocya Ha 6 M/c?

Teno, uMepImee HAYATBHYIO CKOpPocTE 20 M/C, IBHMKETCA € IIOCTOAHHEIM
VCKOpPeHHeM H ocTaHaBiameaeTcA depes 10 ¢ mocie Hauaa OJBHIKEHHA.
Yemy paBHO YCKOpEeHHe Tema?

ITaii6a mocye yapa KIIONTKON ABHMKeTCs ¢ HauadbHOU cKopocThio 10 M /¢
mo aexy. JIén yixe He rmagkwmit, u maifa TOPMOSHT ¢ yekopenmeM 2 M/c2,
Hepes Kakoe BpeMs mocJie yaapa maiiba ocraHoBUTCA?

7*1, Cpegaaa oyTeBas CKOPOCTE ABTOMOOMIIA Ha MePBOI IMTOJIOBUHE IIYTH PaB-

Ha 60 KM /4, a Ha BTOpOi momoeuHe nyTH — 40 kM /u. Onpemenure cpen-
HIOIO IYTEBYIO CKOPOCTE HA BCEM Iy TH.

1 3pésnoukoit 0603HAYEHLI 329U DOBLINIeHHOH CJIOKHOCTH.
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§ 6| CKOPOCTb MPAMOJIMHEAHOrO PABHOYCKOPEHHOIO
[BWKEHUS. FPAGUK CKOPOCTH

Ham m3BecTHO, 9WTO NIpPH PaBHOYCKOPEHHOM
IBUKEHUH BEKTOPhI YCKOPEHUA U CKOPOCTH TeJa
cBA3BIBaeT popmya:

Bripaszum u3 9Toit GOPMYIIBEI CKOPOCTH U, KOTO-
pPYIO MMeJO TeJI0 K KOHILY HPOMEXKYTKAa BpeMe-
HHU {, OTCUUTHLIBAEMOI'0O OT MOMEHTA Hadaja Had-
JII0fleHud, T. e. oT t, = O:

Nid > —>
v =10yt at.

ITta (opMyJia MO3BOJISAET HAWTH CKOPOCTHL TeJjia
B J1000li MOMEHT BpPEeMEHH, €CJIH M3BecTHa Ha-
JaJibHaA CKOPOCTh M YCKOPEHHE TeJa.

Ecnu B HaAauanbHBIA MOMEHT TeJIO IMOKOWJIOCH,

T. e. f)o = 0, To mocaegHAsa GopMy.JIa IPHUMET B/
—+ —¥
v=at.

3anuineM moJydeHHbIe (hOpMYJIbl Yepes IIPoeK-
I BEKTOPHBIX BeJIMYWH Ha 0Chb X:

v, =0y, tat, v,=a,.t.

3aBHCHMOCTH IIPOEKIIMA BeKTOpPa CKOPOCTH OT
BpPEMEHH IIPU PaBHOYCKOPEHHOM JABMKEHUM JIH-
HellHadA, 3HAYUT, rpauKomM QyHKIuu v,(1) Oyzer
npaMas.

ITocTpoum, HanpumMmep, rpauK 3aBUCHIMOCTH OT
BPeMeHH MPOEeKIIUN BEeKTOPa CKOPOCTH PA3TOHAIO-
mierocs mepej B3JETOM CaMOJETA, KOTOPLIH IBH-
JKeTcs U3 COCTOAHUA ITOKOA IPAMOJIHHEHHO ¢ YCKO-
perueM 1,5 m/c? B Teuernue 40 c.

ConanpaBuM ock X CO CKOPOCTBIO B KEHHA
camosiéra. Torma mpoeKIIUA BEKTOPOB CKOPOCTH U
VCKOPEHHI OYAYT HOJIOKATEIbHEIL.

3anuimeM 3aKOH H3MEHEHHUd CKOPOCTH U, =
= 1,5t (m/c).
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Uy, M/C | Ina mocTpoeHUA 3alaHHOM IIPAMOM
70 7 JOCTAaTOYHO 3HATH KOOPAWHATEI (T. e.
80 7 1 V,) ABYX JIOOBIX €€ TOUeK.

. ” Hanpumep, npu ¢, = 0 v,, = 0; npu
501 ; t=40c v, = 1,5 m/c2-40 ¢ = 60 m/c.
40 f ITo xoopamHATAM IEepBON W3 HaWJIeH-

/ HBIX TOYEK BUHO, UTO rpadUK 3aBUCH-
30 MOCTHA CKOPOCTH OT BpPeMeHHU IIPOMAET

— 7 yepe3 Haudayjo KoopauHaTr (pmc. 15).
20 / Temepb IOCTPOMM AaHAJOTHWYHBIN
10 rpauK oid caydasd, Korma HadaJbHasd

/ CKOPOCTHL He paBHAa HYJIIO.
ITo popore emeT aBTOMOOKUJIIL CO CKO-

0 10 20 30 40 50 ,c

Puc. 15. T'padnk pyErOUR
v, = 1,5t (m/c)

Uys M/C |
20
14,2724~
//‘"
10
5
0 123 t,c
Puc. 16. I'padux
QYHEEIHH

v, =10+ 1,4 (m/c)

poctbio 10 m/c (36 KMm/4). Bogurens,
VBHUJIEB JOPOKHBLIM 3HAK, CHHMAIOIIH I
orpaHy4YeHue CKOPOCTH, HayKaJl Ha IIe-
Ianbk rasa, B pesyJbTaTe 4ero aBTOMO-
OWJIL CTal IBUTATHCA C IIOCTOAHHBIM
ycxkoperueM 1,4 m/c2. IloctpouM rpaduK 3aBHCH-
MOCTHA OT BpPeMEHH IIPOeKIIMH BEKTOpPa MI'HOBEH-
HOM CKOPOCTH Ha ochb X, COHAIIPABJIEHHYIO CO CKO-
POCTBIO IPAMOJHHEHHO ABAMKYIIIErocs aBTOMOOH-
Jig, IJIS IePBBIX YeThIPEX CeKYHJ[ pa3roHa.

IlockoNMbKY ABUXKEHHWE aBTOMOOUIA paBHOYC-
KOpeHHOe, 3aBHCUMOCTE U, (f) onuceiBaerca (op-
mynoi v, =10 + 1,4¢ (m/c). Haiigém mmo sToi pop-
MyJie KOOPAHUHATEI ABYX IIPOM3BOJLHBIX TOYEK
rpadpuxa. Hanpumep, npu ¢, = 0 v,, = 10 m/c;
nput=3c v,=10m/c+1,4m/c2-3c=14,2 m/c.

I'pachuK, MOCTPOEHHEIH 10 3TUM TOYKAM, Ipej-
craBleH Ha pucyHKe 16. OH oTcekaeT Ha OCH U, OT-
PE30K, PaABHBEIN IIPOEKIIMA BEeKTOpPa HAYAJILHOM
CKOPOCTH.

IlocTpoumM Teneps rpaduK 3aBHCHMOCTH IIPOEK-
I[N BEKTOPA CKOPOCTH OT BpeMeHH, eC/IM Hadallb-
Had CKOPOCTh He paBHA HYJIIO, a MOAYJIb BeKTOpa
CKOPOCTH YMEHBIIIAETCA ¢ TeUeHHNeM BpeMeHMH.

HomrycTum, BOAUTENbh aBTOMOOWIA, NBUMKYIIE-
rocs co ckopoctbio 20 m/c (72 KM/4), HaKAMaeT
Ha IIeJlaJlb TOPMO3a. B pesyabraTe aBTOMOOHIIL
ABMAKeTcH ¢ yckopeHueM 2 M/c? u gepes 10 ¢ ocra-
HABJHBAaETCs.
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Uy M/C | Ocp X comampaBuM ¢ BEKTOPOM CKOPOCTH. 3a
20 HAYAJI0 OTCUYETA BpeMeHH IPpuMeM MOMEHT Hadajia
16 TOPMOMKEHHA, KOrga CKOPOCTH AaBTOMOOMIA eIré
12 6pLa paBaa 20 m/c. B arom ciyuae KOOpAMHATEL
8 IBYX TOYeK rpapuKa OYeBHUAHbL:
4 nputy, =0 v,, =20 m/c;
- nput=10c v, =0.
0 2468¢c 3axoH usmeHeHus ckopoctu v, = 20 — 2¢ (m/c).
Puc. 17. T'pacur CooTBeTCTBYIOINUN rpadMK IIpeJcTABJIeH Ha pPH-
(byHRI AN cyHKe 17.

v,=20-2¢(m/c)

1. Samumure GOpMyTy, I0 KOTOPOH MOMKHO PACCYMTATH MPOEKIIHI0 BEeK-
TOpa MCHOBEHHOM CKOPOCTH IIPAMOJHHEHHOT0 PAaBHOYCKOPEHHOTO IBH-
JKeHHS, eClIW UBBECTHHI: a) MPOEKIHA BEeKTOpPA HAYAIBHONH CKOPOCTH H
MPOEKIMsI BEKTOPA YCKOPeHH:A; 0) MPOEKIHA BEKTOPA YCKOPEHWUS TPH
TOM, YTO HAYAJIbHAS CKOPOCTH paBHA HYII0. 2. Yro npexacraBaseT coboi
rpah MK IPOEKIHH BEKTOPA CKOPOCTH PABHOYCKOPEHHOTO ABHIKEHUA S TIPH
HavYaJbHOU CKOPOCTH: a) pABHOM HYJI0; 0) He paBHOM HYII0?

1. Yem cXOIHEI ¥ UYeM OTVIHYAIOTCS APYT OT APyTra ABUMKEHH, rpaduxu
KOTOPBIX IpPeICTABIeHE HA pucyHKax 16 m 177

2. Ha pucysake 18 mpencraBieHBI rpaMKH 3aBHCH-
MOCTH MOIYJIA CKOPOCTH OT BPEMEHH JJIA ABYX Tell,
IBIDKYINUXCA BAOIB ONHOM mpamoii. OxapaxTtepn-
gyiiTe IBIIKEHNe Tel. UTo 03HAYAEeT TOUKa Imepecede-
auA rpadpukos? CpaBHHTEe MOILYIH YCKODPEHHH TeJl,
HEe IPOBOLSA PACYETOB. 3AMUINUTE 3AKOH HM3MeHEHHA
MOJYJIS CKOPOCTH JLJIA KasKJI0T0 Tesa.

1
2

3. ArTobyc, Tporasgcs OT OCTAHOBKHY, B TEUEHHUE 3 MHH
HAOHpaeT CKOPOCTH, CHEAVIOINVE 5 MHH IBHIKETCH
PABHOMEpPHO, 3ATEM TOPMOZUT M OCTAHABIHBAETCH.
Ycroperusa aBTobyca HA YIaCcTKAaX PasTOHA W TOPMO-
sKeHHs ommHAKOBBI. [locTpoiiTe Trpadmk saBuCHMO-
Puc. 18 CTH CKOpOCTH aBTofyca 0T BpeMeHH.

po 11—
(VV]
¥ I
ev 4
=1]
-~
P
e

@ YNIPAXKHEHVE 6

1. XOKKeMCT cJIerKa yAapuJ KJIINKON mo mraiife, TpHAAB el CKOPOCTH
2 m/c. Hemy OyaeT paBHa CKOPOCTH Mmaiibel uepes 4 ¢ mochae yaapa, ecin
B peayabTaTe TPeHHs O JI6 OHA ABHKeTcHA ¢ yexopernunem 0,25 m/c2?

2. JIBDXXHUEK CHE3IKAeT ¢ TOPHI H3 COCTOSHHA MMOKOS C YCKOPEHHEeM, PABHBIM
0,2 m/c2. Hepes Kaxoil NPOMEKYTOK BPEMEHH €ro CKOPOCTH BO3PACTET
mo 2 m/c?
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3. B omaux H Tex 3Xe KOOPAHHATHBIX OCAX IMOCTPOHTe rpad KK 3aBHCUMO-
CTH OT BPEMEHH IMPOEKIIHH BEKTOPA CKOPOCTH MPH MPAMOIAHEHHOM PaB-
HOYCKODEHHOM J[BH)KeHHUH JJIA chyuaes: a) vy, — 1 m/c, a, = 0,5 m/c?;

6) vy, = 1m/c, a,=1m/c?; B) vy, =2M/c,a, =1m/c2.

MacmTa6: 1cm — 1 m/c; 1 em — 1e.

v, M/ch

5 !

4 rd

I
3
2
I

1 N

0 2 4 t,c
Puec. 19

4.

B opHuX u Tex e KOOPAHHATHBEIX OCAX MOCTPONTE rpa-
(PMKHM DpPOEKIHMH BEKTOPAa CKOPOCTH NPH IPAMOJIHHE-
HOM paBHOYCKOPDEHHOM [BHIKEHHH [JI CJIyJaes:
a) vy, = 4,5 m/c, a, = -1,6 m/c?; 6) v,, = 3 M/c,

x
—_ 2
a, 1 m/c2.

Ha pucymke 19 mpepcraBieHbl rpa@uHKy 3aBHCHMOCTH
MOMIYJsA BEKTOPA CKOPOCTH OT BPEMEHH IMPHA MPAMOJIH-
HeHHOM ABHIKEeHHUH ABYX Teld. C KakuM 10 MOAYIII0 YCKO-
perumem nBmxercA Teso I; Temno I1? Banunrure sakoH ua-
MEHEeHHUA MOAYJAA CKOPOCTH AnsA wKammoro tena. I[lo-
CTPO#HTE B OMHUX U TEX 3Ke KOOPAUHATHRIX OCAX rpahurn
saBucumocTH a,(t) (oce X cumraiiTe cOHanmpaBJIEHHOH
C BEKTOPOM HAYaILHOU CKOpocTH Tena ).

NEPEMELLEHUE TENA NPU MPAMOJIMHEAHOM

PABHOYCKOPEHHOM ABUXEHWUH

Pue. 20. ITpoexknua
BEKTOpa nepeMeleHH A
TeJa, IBHMKYINerocH
OpPAMOJHHEHHO

U PABRHOYCKOPEHHO,
YHCJIEHHO PABHA

Lo amy S moja
rpapHuEOM

HO

BriBegem hopmyiry, ¢ IOMOMIIBIO KOTOPOM MOMK-
pacCYUTATE IIPOEKIIHIO BEKTOPAa IepeMelleHnsA

Teja, ABUIKYINErocAa IIPAMOJHHEHHO pPaBHOYCKO-
peHHO, 3a 000l IIpPOME)XYTOK BpeMeHu. [lma
aroro obparumMca K pucyHkKy 20. Orpesor AC

1p

encraBnaaeT coboil rpaUK HPOEKIIMH BeKTopa

CKOPOCTH TeJa, MABHIKYINErocad € IIOCTOSHHBIM
YCKOpeHUeM a (IIpU HAaUYaTLHOM CKOPOCTH Ug).

Uk %

a)

| |
| |
| O
| |
L P = ¢#"‘
db Bt 0 i Bt
0)
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Mpr 3HaeM, 4TO TPpU NPAMOJHUHENHOM PAEHO-
MepHOM IBUKEHUU TeJia TMIPOeKIUA BeKTopa IIe-
peMeIleHnA YHCJIeHHO paBHA ILIOIIAAH IIPAMO-
YIOJMbHUKA, 3aKJIIOUEHHOTO IO rpadMKOM IpoeK-
AN BEKTOpa CKOpocTH (cM. puc. 9).

IloxakeM, 4TO W B ciIy4ae IPAMOJHHEHHOTO
PABHOYCKHOPEHH 020 NBUMKEHU A IIPOEKI[UA BEKTOpa
IepeMeIeHns S, YUCIeHHO paBHA IuIomanu Qu-
I'yPphI ITOA rpauKoM cKopocTh. (1A aToro Ha ocn
Ot (puc. 20, a) BRIIeINMM MAJBIH IIPOMEKYVTOK
ppeMenn db. U3 Touex d 1 b mpoBeéM neprieH -
KyJaapbl K ocu Of 1o X nmepecedeHnusa ¢ rpauKoM
MPOEKIIHI BEeKTOpa CKOPOCTH B TOYKAax a u ¢. Ta-
KM 00pasoM, 3a IPOMEKYTOK BpeMeHH, COOTBET-
CTBYIOITUHA OTpe3Ky db, CKOpPOCTh Tela MeHAeTCs
OT U, 0 U,,.

ITpomesxyTox Bpemenu db pgomkeH OBITE Ha-
CTOJILKO MAJI, YTOOBI IIPOEKIINA BEKTOPA CKOPOCTH
MeHsaJach OYeHb HesHauuTelabHO. Torma nemixe-
HHE TeJia B TedeHHe 3TOT0 IIPOMEeKYTKA BpeMeHH
MAaJIO OTJIMYAeTCA OT pABHOMEDPHOTO.

B srom ciayuae y4yacToK ac rpaHKa MOMKHO
CYHUTATh TFOPH30HTAJNBHELIM, a IIOJOCKY acbd —
NPpAMOYIOJbHAKOM. 3HAYHUT, ILIOMIAAL 3TOH II0-
JIOCKH YHCJEHHO paBHA IIPOEKI[UN BEKTOpa Iepe-
MeIleHU s 32 IPOMeKYTOK BpeMeHH:, COOTBETCTBY-
OIU N oTpesKy db.

Ha Takwme mojgocKM MOMKHO paszbHUTL Bcio (DH-
rypy OACB, asiasamoiiyiocda Tpamnenuei. Eé miro-
aab OyIeT paBHa CyMMe ILIOMIalel IIPAMOYTOJIb-
HBIX noJiocok. CiemoBaTesbHO, NPOeKUUA BEKMO-
pa nepemeulenHus S, 3a NPOMeNYmor epeMeHU,
coomeemcmeyowuii. ompesxy OB, uucieHHO
pasna naowadu S mpaneyuu OACB.

W3 Kypca reomeTpud HAM HM3BECTHO, YTO ILIO-
IIab Tpallellii PAaBHA IPOU3BEAEHHUIO IIOTYCYM-
MBI €€ OCHOBaHMH Ha BwIcoTy. M3 pucyuka 20, 6
BUIHO, 4YTO ocHOBaHumAMHK Tpamenuu OACB aBisa-
orca orpesku OA = v, u BC = v,, a BBICOTOH —
orpe3oxk OB = t. CienoBaTeJibHO,

S _ Vox =+ v,

“fs
2



Sy = ngt +

@

@ YNPA

2 IMockoapky v, = vy, + a,t, a S = s,, TO MOXXHO

=2 3aIMUCaTh:

L = Uﬂx+vﬂx+axt.t
* 2 2

_ 2vp,t +a,t? a,.t#

a,t?
2

HIA 8, = Ug,l +

Taxum oOpazoM, MBI TONYYIUIH HOPMYIIY IJIs
pacdyéra IIPOEKIIMH BEKTOpa IepeMeIlNeHUu:A IIpH
MIPAMOJHMHEMHOM PABHOYCKOPEHHOM JBUKEHNH.

IIo aToit ke GopMyJie PACCYUTHIBAIOT IIPOEK-
IINI0 BEKTOPa IepeMelleHnusa U IIPU IBUIKEeHNH Te-
Ja ¢ YMEHBIIAKINeMca II0 MOAYJI CKOPOCTBIO.
B sTOoM cnyuae BEeKTOPBI CKOPOCTH U YCKOPEHUA
OyayT HanpaBJeHBI B IPOTHBOIIOJOMKHBIE CTOPO-
HBI, II03TOMY HUX IIPOEKIINH OYyIyT UMETH pa3HbIe
3HAKH.

3anuineM 3aKOH ABIDKEHHA X = X, + S, A
TeJa, ABHIKYINErocA IIPAMOJHHEHHO PaBHOYCKO-
PEHHO:

a,t?
2

Ilma Toro 4TOOBI ONpPENeNnUuTE IOJOMKeHne TeJa
B J000H MOMEHT BpPeMeHH, Heo0XOIWMO 3HATh
HAYaJIbHBIE YCJIOBUA (HAYAJBHYI KOODAWHATY
A HAYAJIbHYIO CKOPOCTE) M YCKOPEHHe Tela.

X =Xgt+ Ug,t T

1. lMoneaysces pucyrarom 20, a, JOKaKUTe, YTO MPOEKINA BEKTOpA mepe-
MEeIeHU A OPH MPAMOIHHEHHOM PABHOYCKOPEHHOM JABHIKCHUHA THCICHHO
paBua naomangn durypel OACB. 2. 3anuinmuTe YpaBHeHHUA IJIA OIpeeie-
HUA IPOEKI[MH BEKTOPA MepeMeIeHns U KOOPAHHATEI TeJIa MIPH ero mpsa-
MOJIHHEHHOM PABHOYCKOPEHHOM [BUIKEHWH.

MHEHUE 7

Benocuneaucr cpeXai ¢ TOPKH 3a 5 ¢, IBUTasAach C HOCTOAHHLIM YCKOPEeHH-
em 0,5 m/c?. Onpegenure ATHHY FOPKH, €CJIH B HAYajle CIYCKa CKOPOCTE
BeJlocHIIenHcTa Op1Ta pagHa 18 KM/4.

Iloezn, maymumii co ckopocThio 15 M/c, ocranoemaca gepes 20 ¢ mocie Ha-
yana TopMo:KeHHA. CUnTasd, 94TO TOPMOMKEHHE IPOMCXOMHJI0 C MOCTOMH-
HEIM YCKOpPeHHeM, OmpelelInTe HepeMellenne moesma 3a 20 c.

33
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2 2
Uy — Ujy

Doy ¥05 K BHIY Sx:Tax—“.HpHHeoﬁ-

3%, llpusenure popmyay S = 5
XOOUMOCTH BOCIONB3VHTECh VRABAHUAMH B OTBETaX.

4. Ilocrpoiitre rpadpuk sasucumocTtH v, (f) A1a Tena, ABUAKYINETOCH PaBHO-
VCKOPEHHO B MOJIONKHTEJILHOM HampaBleHHH ocu X ¢ BO3pacTaomeil mo

MO Y0 CKOpoCcThI0. HauanbHAad CKOPOCTH ABUIKEHHA paBHa 1 M/c | yce-
kopeane — 0,5 m/c?. Kakoii nyTs mponwio Teno 3a 4 ¢?

NEPEMELUEHMUWE TEJIA NPHU
PABHOYCKOPEHHOM ABWXEHUH
BE3 HAHYAJ/IbLHOU CKOPOCTH

PaccmoTpumM, Kak pacCUUThIBAeTCA IPOEKIIHSA

BeKTOpa IlepeMeleHUus TeJia, IBUIKYIIErocsa paB-

5

HOYCKOPEHHO, €CJHM ero HadajlbHad CKOPOCTBL Uy

pasua myai. Takoe geu:kenne 06a3aTeILHO IPA-
MoJHuHelHoe. B aToM ciyuae ypaBHeHHTe

a,t?
2

By = ont +

OyaeT BRIIVIAJNETD TaK:

Ilepenuimem aTo ypaBHeHHe, IIOJCTABUB B HETO
BMECTO MPOeKINHA S, U a, MOAYJIHN S U & BEKTOPOB
nepeMeIrneHusa u YCEO]_JBHHH IlockoabKy B maH-

HOM CJIy4ae BEKTOPBI S U @ HAIPABJIEHBI B OIHY
CTOPOHY, UX IIPOEKIINH MMEIT OJUHAKOBEIE 3HA-
Ku. IlosToMy ypaBHeHHe O1a MOAYJIeil BEeKTOPOB
MOJKHO 3alIHCATD:

at?

2

W3 sroii chopMmyasl cienyer, 9TO HNPH PaBHO-
YCKOPEeHHOM JBIKeHNH 0e3 HaYaJIbHOW CKOPOCTH
MOJAYJIb BEKTOpa HepeMelleHus HOPAMO IIPOIIop-
IAOHAJIEH KBaJApaTy IPOMeKyTKa BpeMeHHU, B Te-
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YyeHHEe KOTOPOT'O 3TO IIepeMellleHrne ObLIO coBep-
IIIeHO. JTO 0O3HAYAET, UTO IIPU YBeINUYeHUN B 11 pas
BpeMeHH JABMKeHUA (OTCUUTHEIBAeMOr'0 OT MOMEH-
TAa HaYaJa ABMXKeHU) IepeMellleHUe YBeJIUdUBa-
eTca B n? pas.

Hanpumep, ec/ii 3a IIPOU3BOJILHEIN IIPOMEKY-
TOK BpPeMeHH t, OT HAa4YaJia ABUYKEeHUs TeJI0 COBepP-
a
2
Bpemenu t, = 2¢, (OTCYUTHLIBAEMBIA OT TOrO e
MOMEHTA, 4YTO W t;) OHO COBEPIIUT IepeMelle-

IITAJIO TTIepeMellleHne §; = —1Z, TO 3a IPOMEeXKYTOK

HHE Sy = %- 4t? = 4s;; 3a IPOMEKYTOK BpeMeHH
t; = 3t; — mnepemelneHue Sz = % -9t =9s;, 3a
IIPOMEXKYTOK BpeMeHHU ¢, = nt, — IepeMelleHHne

s, = n?s; (roe n — HATYpaJbHOE YUCJIO).

JTa 3aBHUCHMOCTL MOAYJIA BEKTOpa IIepeMere-
HHUs OT BpeMeHH IIPH PaBHOYCKOPEHHOM JIBHIKe-
HIU 0e3 HaYaJIbHOM CKOPOCTH HAIVIAAHO OTpa’yke-
Ha Ha pucyuke 21, rme orpesku OA, OB, OC, OD
1 OFE npenctraBaanoT cob60il MOLYJIH BEKTOPOB IIe-
peMellleHui (8;, Sy, S, §4 M S;), COBEPIIEHHLIX Te-
JIOM COOTBETCTBEHHO 33 IIPOMEXYTKHU BpeMeHH t,
G0t b= By, £ = b= Bty

Ha pucyske 21 nokasano, 4To

OA:OB:0C:0D:0OE=1:4:9:16:25, (1)

T. €. NPU YBENUYCHUU NPOMENCYMKOE BPeMEHU,
OMCYUMBLEACMBLY O HAUALA OBUNCEHUS, 8 Ye0e
YUCA0 PA3 NO CPABHEHUIO ¢ ty, MOdyau coomeent-
CMBYIWUX 8eKMOPO8 nepemeuweHuil o3pacma-
om Kax pad keadpanos nocaedosamenbHblx Ha-
MypaibHblX YUCel.

0 tl tz e 2t1 t3 = Btl tf-l i 4t1 t5 = 5t1
0l1A 3 B D C 7 D 9 E
g ;g o >, o
0 s 48, 9s, 16s; 258, s

Pue. 21. 3aK0oHOMEPHOCTH PABHOYCKODEHHOTO IBHKeHHA De3 HaualbHONH CKOPOCTH:
OA:OB:OC:0OD:0OE=1:4:9:16:25; OA:AB:BC:CD:DE=1:3:5:7:9
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Pucynok 21 nanroocTpupyer eIle ogHy 3aK0HO-
MEepHOCTb:

OA:AB:BC:CD:DE=1:3:5:7:9, (2)

T. €. MOOYJU 66KMOPO8 nepemeuLeHuil, cogepuiae-
MbLX MenoM 3a nocjedosamenbivle paéHbLe NPO-
mexcymiu epemeru (Kaxcovlii U3 KOmMOpPbvLX pa-
6en t;), omHocamca KaK pad nocaedosamenlbHblLX
HEeUEMHbLX YUCeL.

3axounomepuoctu (1) u (2) asagroTesa ciaencTBH-
eM TOro (pakKTa, 4YTO MOAYJIb IIepeMelleHuA IPAMO
NpomopIiluoHasieH Keaapaty Bpemenu. Ilostomy
OHHM 0043aTeNBHO BBLIIOJHAITCA, €CIH TEJ0 ABH-
JKeTcAd paBHOYCKOpPeHHO 06e3 HadYaJbHOI CHKOpPO-
CTH.

Brnepsbie paBHOYCKOpeHHOE [ABHIKEHHE ObLIO
HCCAeAOBAHO HTANbAHCKHM yuéHbiM lanuneo
I'anuneem (1564—1642). IN'aamneir ycTaHOBHJII
sakoHoMepHOCcTH (1) u (2) H sKCcIIepUMEHTAJILHO
IoKasaJj, 4TO ABUXKeHHEe IapHuKa II0 IJIaJKoMy
HAKJIOHHOMY »K€100y sABJAeTCA PABHOYCKOPEH-
HEIM.

@ 1. ITo xaxum (hopMyIaM pPaCCUHTHIBAIOTCSA HIPOEKINA ¥ MOIYJIEL BEKTOPA
mepeMenieHUs Tena NP ero paBHOYCKOPEHHOM JIBHIKEHUH H3 COCTOAHHA

moxoa? 2. Bo cKoIbKO pas YBeIHYHUTCH MOAYJIbL BEKTOPA HEepPEMEeIneHHd
Tela OPH YBEIHYEeHWH BPEMEHH ero JBHIKEeHHdA W3 COCTOAHUA IMOKOA
B 2 paa? 3. 3anumuTre, KAK OTHOCATCA APYT K APYTY MOAYJIH BEKTOPOB
mepeMenieHnil Texa, ABHIKYINErocs PABHOYCKODEHHO W3 COCTOSHUSHA II0-
KOs, IPH YBeJIWYeHUM BPEeMEeHH ero ABMIKEHHA B IIejioe YHCJI0 pas Io
CpaBHEHHMIO C t,. 4. 3aIUIINTe, KAK OTHOCATCA APYT K APYTY MOAYJIH BeK-
TOPOB IIepeMeleHHH, COBEpPIIaeMBIX TEeJIOM 3a HOocIeJOoBaTelIbHBIe pDaB-
HBIE IIPOMEKYTKH BpeMeHH, eCJIH 9TO TeJI0 ABHKeTCA PABHOYCKOPEHHO U3

cocTosEUA OKOA. 5. C Kaxko#l IeIsI0 MOYKHO HCIIONIB30BATE 3aKOHOMED-
wocrH (1) u (2)?

@ YIPAKHEHME 8
T

OTxogammrii OT CTAHIIAH 0e3]] B TeueHHe mepBhix 20 ¢ ABHKeTCS paBHO-
vcropenHo. U3BecTHO, 9TO 3a TPETHIO CEKVHIY OT HAUYAJIA ABUXEHHUA 10~
e3q mpomén 2 M. OopemennTe MOLYIE BEKTOPA OepeMelleHn s, COBePINeH-
HOT'O TI0E340M 3a IePBEYIO CEKVHIY, U MOAYJIL BEKTOPa YCKOPEeHHI, C KOTO-
PBIM OH ABHTAJICSH.

2. Ilapur, cxaTeBasCh II0 HAKJOHHOMY KEM00y paBHOYCKOpeHHO Oe3 Ha-
TaJIBHOI CKOPOCTH, 3a 5 ¢ mpomén 75 cm. Haligure ycKoOpeHHe IIapHKa.
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3.

Iloesq MeTpomonuTeHa pasrousaeTcda ¢ yekopenumem 1 m/c2. Yepes kakxoe
BpeMA IIOCTe OTXO0Ma OT CTAHIHU CKOPOCTH MOe3fa HOCTHTHET Hpeueiib-
HOM — 75 kM/u? Kakoii myTe IpoiigéT moes 3a 3To BpeMa?

4*, ABTOMOSHJIB, ABHTaACH PABHOYCKOPDEHHO M3 COCTOAHHUA NOKOA, 3a IIATYO

CeKyHIY pasroHa npoxoguT 6,3 m. Kakyo cKoOpocTs pa3BmiI aBTOMOOHIE
K KOHITY MATON CEKYHIBI OT HAYAJA ABUKEHUT?

@ 3A0AHMUE 3

l

JKcIepUMEeHTAIBHAA YCTAHOBKA, KOTOPOH moib3oBasicd ['amuneil, TakoBa.
Booas gepeBaHHON JOCKH TpOpe3aH OPpAMON KaHaJ, OKJIeeHHBIH H3HY TPH
MMOJIMPOBAHHEIM TepraMmeHToM. [1lo KaHaTy CKOMB3WI TagKWE 6pOH30BBIH
IMAPHK. YTOJ HAKJIOHA JOCKH MOMKHO OBLI0 MeHATE. 714 uaMepeHuda Bpe-
MeHHN 'annmeii HCIONBE30OBAT BeAPO ¢ BONOMH, B AHE KOTOPOro OELIO mpofe-
JaHO MaJIEHBKOE OTBepcTHe. Boma, BELIMBIIAACA H3 OTBEDPCTHUA 34 BPEMS
COCKATB3bIBAHU A MAPHKA, B3BEIINBAIACE HA TOYHBIX BECAX.

«IloBTOpSsiA ONBITE COTHH Pa3, MBI IOCTOAHHO HAXOAHJINA, YTO OTHOIIEHHE
MIPOUAEHHBIX IyTeH PaBHO OTHOIIEHHIO KBAJPATOB BPEMEHH HX HPOX0MK-
IeHHs» — TAK OMMchiBa ['anuieil BEIBOABI U3 DKCIIEPUMEHTOB.

CromanupyiiTe ¥ OPOBeJIHUTE ONBIT, AHAJOTHYHBIA onbiTy lamumes. [Ipo-
BepbTEe, BRITOTHAIOTCS JIK 3aKoHoMepHOCTH (1) u (2).

CKOPOCTb NMPU KPUBOJIMHEMHOM [ABUXKEHUM.
ABWXEHUE MO OKPY}XHOCTHU
C NOCTOAHHOMU NO MOAYJ1IO CKOPOCTLIO

B npupoje U TeXHHKe YacTO BCTPeYaeTcd JABH-
JKeHHe, TPaeKTOpHs KOTOPOIO MPEeACTABISAET CO-
00 KPUBYIO JIMHUIO, — KPUBOJIUHEILHOe 08udice-
Hue. KpUBOIMHEAHEIM ABJIAETCA NABHMKEHHE KOC-
Mudeckux rena, Connia, mauer, 3sésn. Ucnonbsysa
3aKOHOMEPHOCTH KPHUBOJUHEHHOr0 JIBHUIKEHHId,
ACTPOHOMBI PACCUYMUTHIBAIOT IIOJIOKEHUA ILIaHeT Ha
MHOTI'O JIeT BIIepEa 1 Hasall, a YIEHbIe U KOHCTPYK-
TOPBI IIPOEKTUPVIOT MAITHUHBI U TeXHUYECKHe CO-
OPYKeHHA.

I[Ipu npamMoauHeAHOM ABHKEHHUHM MIHOBEHHASA
CKOPOCTH TeJa BCerja HalpasBJieHa BAOJIL JUHUAHN
OBHKEHHA. A 4TO MOKHO CKAa3aTh O HAIIPABJIeHUH
MI'HOBEHHOMH CKOPOCTH, €CJIU ABAKEHHNE KPHUBOJIH-
HeliHOE?
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