BBEJIEHUE

Teopemuueckas mexanuka — 3TO HayKa, U3ydaroias 0OIIMe 3aKOHbI MEXaHU-
YECKOTO ABMKEHUS U MEXAaHUYECKOTO B3aMMOJICHCTBHS MaTePUATBHBIX TEI.

Mexanuyeckum 0sudicenuem Ha3bIBACTCS U3MEHEHHUE C TEYCHUEM BPEMEHHU B3a-
UMHOTO TIOJIOKEHUS MAaTEPUATBHBIX TEJI B TPOCTPAHCTBE.

Mexanuyeckum 83aumooelicmsauem Ha3bIBACTCS TAKOE B3aMMO/ICHCTBUE MaTe-
pPHUATBHBIX TEJ, KOTOPOE H3MEHSET (WJIM CTPEMUTCS U3MEHUTH ) XapakTep MeXaHude-
CKOTO JBMIKEHUS ITUX TEIl.

Kypc Teopernueckoii MEXaHUKH COCTOWUT M3 TPEX OCHOBHBIX pa3zenos: «Cra-
THKa» (B JAHHOM Kypce He paccMmarpuBaercs), «Kunematunka»y u «J/lmHammukay.
[{ens maHHOTO Kypca — aTh CTYJEHTaM 3HAaHWE OCHOBHBIX 3aKOHOB MEXaHUYIECKOTO
JBVOKEHUS 1 MEXaHUYECKOTO B3aUMOJICHCTBHUS MaTepUATIbHBIX TE B TPOCTPAHCTBE
MOJT ACMCTBUEM MPUIIOKEHHBIX K HUM CHJI, & TAKXKE MMPUBUTH HABBIKHA K MCIIOJB30-
BAaHMIO JJAHHBIX 3aKOHOB MPHU PEHICHUU TEOPETHUYECKUX M MPAKTUYECKHUX 3a7ad B
pa3IUYHBIX 00JacTIX U3UKU U TEXHUKH.

B nmoco6uu npuBeieHBI BapHAHTHI U PACCMOTPEHBI PUMEPHI BHITIOTHEHUS TPEX
WHIUBUATYAJBHBIX 3aJJaHUH, [IETTBI0 KOTOPBIX SBISICTCS] TPAKTUIECKOE TPUMEHEHNE
3aKOHOB KHHEMATHUKH W JTUHAMUKH TIPY aHATN3Ee JBUKEHUS TOUYKH M MEXaHHIECKOU
CUCTEMBI.

[Ipy BBIMOMHEHWW CTYACHTAMH WHAWNBUAYATbHBIX JOMAIIHUX 3aJaHHH
JIOJKHBI OBITH COOJIIO/ICHBI CIEAYIONE TPEOOBaHUS.

1. Paboty nHeoOxomumo odopmuth B cooTBeTcTBUU C TpedoBanusmu ['OCT
7.32-2001. Ha TuTy1bHOM JUCTE CIEAYET yKa3aTh Ha3BaHUSI yU4EOHOTO 3aBeie-
HUA ¥ PaKyJIbTeTa, TOJHOE HAMMEHOBAaHME 3a/1aun, HoMep Bapuanta, @O cry-
JI€HTa U IPYIIILY, B KOTOPOH OH 00y4aeTcs.

2. TekcT 3amaHus MEPEMUCHIBACTCS MOJHOCTHIO WJIM BKJIAIBIBACTCS B MEYATHOM
BUJIC Ha OTHEIbHOM JucTe. VICXOmHBIE MaHHBIE Ha BBIMOJTHEHHUE 3aJaHUMN
JIOJIKHBI OBITH MPUBEICHBI B BUJE TAaOTHUIIHI.

3. PemeHne kaxxaoro 3aaHus COMPOBOXKIACTCS KPATKUMU MOSCHEHUSIMU. Takxke
HEOOXOMMO JaTh Ha3BaHUSI OYKBEHHBIM 0003HAYEHUSM M TPUBECTH €IUHUIIHI
WX U3MEPEHUSL.

4. Bce BBIYHCIICHHS CIICTYET BBHIMOTHATH B OOIIEM BUJE, IPUBOIS MPOU3BOIUMBIC
MIPOMEKYTOUHBIE TTpeoOpa3zoBanus. YNCIeHHBIC 3HAYCHUS BEIMIUH TPUBOISTCSI
C TOYHOCTBIO JI0 IBYX BEPHBIX 3HAKOB.



5. UepTexu crneAyeT BHIIOIHATH HA MHJLTUMETpOBOU Oymare dopmarta A4 (v
A3) ¢ cobmoaenreM BRIOpaHHOTO MaciiTaba, 3HaUYeHHE KOTOPOTro HE0OXO0IUMO
yKa3aTh B HUKHEW 4aCTU YepTeka JJIs KaXXIO0W BEIIMYMHBI OTHAeNbHO. Ha uep-
TEXKE JOJKHBI ObITh 0003HAYEHBI BCE BEIUYUHBI, UCIIOJIb3YEMBbIE /IS PEIICHUs
3a/1aHusl, a TAK)KE BCE HalICHHBIC IO XOJly pelleHus BeauduHsbl. [Ipu 3ToMm mo-
CJIeIHUE BBIACISIIOTCS 00JIee JKUPHBIMU JIMHUSIMU WU JIMHUSIMU JPYTOTO I[BETA.

6. B koHIle kaxx10oro 3ajlanusi HEOOXOIUMO 3alKMcaTh OTBET U BBIBOJ MO (opme,
MPENCTAaBICHHON B IPUMEPAX PELICHUS 3aJaHUM.

1. KHHEMATHKA TOYKH

Kunemamuxa — 310 pa3zen TeOpETUUECKON MEXAHUKHU, B KOTOPOM H3y4aeTCs
JIBUKEHUE MATePUAIIbHBIX OOBEKTOB U CUCTEM B MPOCTPAHCTBE O€3 yueTa MpUUKH,
BBI3BIBAIOIINX 3TO JBUKEHHUE.

Mamepuanvnas mouka — 3TO MaTEPUAIBHOE TEJIO, pa3Mepamu KOTOPOIro
MOXHO NpeHeOpeUb B YCIOBUSIX IAaHHOW 3a7a4H.

JIBHKy11asicsl TOYKA OMUCHIBAET B MPOCTPAHCTBE HEKOTOPYIO JIMHUIO. JTa JIH-
HUSI, IPEJICTABIISIIONIAsE COOOM reOMETPUUYECKOE MECTO MOCIIEA0BATEIbHBIX MOJI0XKE-
HUM JBUXKYIIEHUCSA TOYKU B PACCMATPUBAEMOM CUCTEME OTCYETA, HA3BIBAETCA mpa-
ekmopueu mouKu.

ITo 6uody mpaexmopuu nBUA EHUE TOUKH JCIUTCS HA MPIMOJIIMHEHNHOE U KPUBO-
JINHEWHOE.

N3yuyenue 1BUKEHUS TOUKH 3aKI0YACTCS B ONPEAECICHUH TTOJ0KEHUS TOYKHU B
BBIOPAHHOM CHCTEME OTCUYETAa M OCHOBHBIX XapaKTEPHUCTHUK ITOTO ABMKCHUS (KuHe-
MAMU4ecKux XapaKmepucmuk):

CKOPOCTH TOYKH B JIFOOON MOMEHT BPEMEHH;

YCKOPEHHUSI TOUKH B 11000 MOMEHT BPEMEHHU.

Jlist onpeienneHus MoJIOKEHU TOUYKH M €€ KMHEMATUYECKUX XapaKTEPUCTUK
HEO0OXO0IMMO 3a1aTh ABUKEHUE TOUKH B pocTpancTBe. CyIeCTBYIOT mpu cnocoba
3A0aHUsL OBUNHCEHUSI MOUKU:

BEKTOPHBIN;

KOOPJIMHATHBIW;

€CTECTBEHHBIMN.



Bexkmopmubwtii cnocoo 3a0anusa osuxcenuna mouku. Ilonoxenne 000 TOUKH
B MMPOCTPAHCTBE OJHO3HAYHO OMPEACIIACTCS 3aJaHIEeM paJnyca-BeKTopa 7 , IpoBe-
JIEHHOT'O U3 HEKOTOPOro HEMOIBUAKHOTO IieHTpa O B
naHHyio Touky M (puc. 1.1).

,HJ'IH OIPCACIACHUA ABHMIXCHUA TOYKH HE0OXO0-

JIAMO 3HATh, KAK M3MCHSACTCS C TCUCHHEM BpeMEHH | 3
paanyc-BeKTOp 7 , T. €. JOJDKHA ObITh 3a/1aHa (DyHK-
s
F=7(0). 0
Puc. 1.1

Tpaexmopusi NBWKEHUSI TOYKU B TAHHOM CITy-
Jae MpeAcTaBisieT cobo rogorpad paauyca-Bekropa 7 (romorpad BekTopa — Ju-
HUSI, COEIUHSIONAss KOHIBI MEPEMEHHOTO BEKTOpa, MOCTPOCHHOTO U3 OJIHOTO
Havasa)

Ckopocmb mouku Vv — 3TO BEKTOpPHAs BEJIMUMHA, XapaKTepU3yloliasi u3MeHe-
HUE paJiyca-BeKTopa 7 IO BEIWYMHE U HAMPaBJICHUIO C TCUCHWEM BpeMeHH. Bek-
TOP CKOPOCTH TOUYKH OMpENEIIeTcsl KaK MepBasi MPOU3BOJHAS OT €€ pajauyca-Bek-
TOpa MO BPEMEHHU:

L . dr
V=r=—,
dt

OH HaIpaBJIeH 0 KacaTeIhbHOU K TPACKTOPUHU B CTOPOHY JTBUKECHUS TOYKH.

Ycrkopenue mouku d xapakTepu3yeT U3MEHEHUE BEKTOPA CKOPOCTH TOYKH V
M0 BEJIMYMHE W HANPABJIICHUIO C TEYCHHUEM BpPEeMEHU. BEKTOp YCKOpEHHsS TOYKH
ompeJeNsaeTcsl Kak nepBasi IPOU3BOIHASL OT €€ CKOPOCTU WJIM BTOpas MpOU3BOIHAs
OT €€ paJinyca-BeKTOpa M0 BPEMEHH:

.. Ay dF
a=vV=r=—=—7¢-.

dt dt2

BekTop yckopeHus HampaBJieH M0 KacaTeldbHOU K rogorpady BeKTopa CKOpo-
CTH.

Koopounammnwtit cnocoo 3a0anus 0euxcenus mouku. PaccMoTpuM IBUKEHUE

touku M (x;y;z) B AekapToBod cucteMe koopauHat Oxyz . IlonoxkeHne TOYKHU B
MPOCTPAHCTBE OYAET ONMPENEeNAThCsl TpeMsi KoopAuHaTaMu (X;);z), 3HAYCHUS KO-

TOPBIX IIPU IBMKCHHUH TOYKH 6YIIYT MCHATLCA C TCHCHUECM BPEMCHU, T. €. YPABHCHUA
JABUXXCHHA TOUYKH 6YIIYT MNpCACTaBJICHEI B BUC!



x=f1);
y=/f2();
z= f3().
3aBUCUMOCTH KOOPJIMHAT TOYKH OT BPEMEHM SIBJISIOTCS MapaMeTpUYeCKUMU
YpaBHEHUSIMU €€ TPACKTOPUHU. DTO 3HAYUT, YTO MPH JIBHKEHUU TOUYKU B MPOCTPaH-
CTBE, UCKJIOUMUB TMapaMeTp ! U3 ITUX ypaBHE-
HUM, MOTy4YUM YpaBHEHUS mMPAaeKmopuu TOYKH
B BHIOpAHHOW CHCTEME OTCUETA.
CnpoennpyeM Touky M Ha MIOCKOCTH Je-

KapTOBOM CHUCTEMBI KoopauHaT (puc. 1.2):
s e

| . OM=AB+BM+OA,um ¥ = xi +yj +zk

X
rjae i, j,k — OpThl KOOPAUHATHBIX OCEH.
Ckopocms mouku V— TIepBasi POU3BOJ-
Has OT ee paauyca-BeKTopa Mo BpEeMeHH, CIIe0-
BaTEIBHO,
. dx- dy- dz: e S e - "N
V=—1I +—y] +—k =Xi +)j +zk =vyi +vy,j+vsk,
dt  dt
dx dy dz
rae vV, =—; Vv, =——; V, = — — IPOEKIUU CKOPOCTH TOUKH M Ha IEKAPTOBBI OCH.
Yoda Y dtT 7 a

Moxyinb ckopocTH |V = \/xz + 32 +22

YCKOp€HM€ Mmouxku a — nepBasd MPou3BOAHAA OT €€ CKOPOCTH U BTOpAAd IIPOU3-
BOJIHAA OT €€ paanyCa-BCKTOpPaA 10 BPEMCHHU, CJICA0BATCIbHO!

L odve. dvy o, - d%x. dPy. dPz- . . -
i=—2i+—2L74+ Y24y yj+ Zkzaxi+ayj+azk,
dt dt dt dt2 dt2 dt2

d’x d’y d’z
TAe dy =——>d) =—75"}d; = — NPOCKLUN yCKOPCHHS TOUKM M Ha nexap-
dt? dt? dt?

TOBBI OCH.

Moynb yckopeHus |d| = \/3'52 +y2 422,

Ecmecmeennntit cnocoo 3aoanusn osuxcenus mouku. EcTecTBEHHBINA CIIOCO0
HCIOJIB3YETCSl, KOTJa MOJTHOCTHIO N3BECTHA TPACKTOPHUSI IBUKEHUS TOUKHU.



BriOepeM Ha U3BECTHOM TPAGKTOPUU HEMOJABUKHYIO TOUKY (O, KOTOPYIO Ha30-
BEM HA4YaJIOM OTCUYETa AyrOBOUW KOOpAHUHATHI. [lonoxenune Touku M Ha TpaeKTOpUHU
ompeAensaeTcs 1yroBoi KOOpAUHATON 6, KOTopas

60=0)
YHCJIEHO paBHA JJIMHE AYTH OT TOYKH O 0 TOYKd ¢ =0 c=0 \_—
— -+ M
M (puc. 1.3). PaccTOSHUS, OTIOKEHHBIE B OMHY  —mmemee N\, 2
%) M,

CTOPOHY, Oy/IeM CUHUTATh MOJOKUTEIbHBIMU (),
B JIPYTYIO — OTPUIIATEIbHBIMU (—). Puc. 1.3

IIpn pgBuxeHun TOYKU M MO TPAECKTOPUHU
paccTosiHhe OT 3TOM TOYKHU JI0 Hayana oTcuera OyJeT MEHSThCS C TEYECHUEM Bpe-
MEHH, T. €.6 = f(¢). YpaBHEeHUE, ONMUCHIBAIOIIEE 3aBUCUMOCTh JYTOBOM KOOPIH-

HAThl OT BPEMEHHU, HA3bIBACTCSI YPABHCHHUEM JBM)KCHUSI TOUKH TPU €CTECTBEHHOM
crioco0e ero 3aj1aHusl.
Monynb cxopocmu mouxu \\7 \ IIPH €CTECTBEHHOM CITOCO0C 3aJIaHUs €€ IBHIKE-

HHA OINpCACIACTCA KaK IICpBas IIPOU3BOAHAA OT I[erBOﬁ KOOPpAWHATBI TOYKH II0

BPEMEHU:

a HampaBJICHHE OINPEAEIISIETCS KacaTeIbHBIM OPTOM T, KOTOPBIN BCEraa HalpaBlieH
B CTOPOHY YBEJIMYEHHMS AYTOBOM KOOPAUHATHI:
V=0T.
Ycxopenue mouku a omnpenensercs Kak mepBasi IPOM3BOAHAS IO BPEMEHU OT
€€ CKOpOCTHU:

_odv L
a=—=0T+0T,
dt
e o dv_.
rage ot = ‘V‘ T= d_ T= CZT — KacameilbHoe yCKopeHue TOUYKHU, XapaKTCPpU3yronec n3-
t
MCHCHUC BCKTOpa CKOpPOCTH 110 BCJIINYHUHC C TCUCHUEM BpCMCHH, nu
N .21_, V2_. -
61 =6(6—1)=G6"—n=—n =d, — HopMalbHOe YCKopeHue TOUKHU, XapaKTEePHU3YIo-
P P P

meC NBMCHCHUEC BCKTOPa CKOPOCTH I10 HAIIPABJIICHHUIO C TCHCHUCM BPCMCHHU (SHGCB

p — paauyc KpUBU3HBI TPACKTOPUH B TAHHBI MOMEHT BPEMEHU, /i — HOPMAJIbHBIN
opT).

IIpu oToMm, ecinu a, T™ ¥, ABWXKEHHE TOYKH YCKOPEHHOE, €CIIH d Ny —3a-
memieHHoe. HopmanbHoe yckopeHue a, L a.,V M BCerja HalpaBiI€HO B CTOPOHY

BOTHYTOCTH KPUBOM.



Takum o0pa3omM, yCKOpEHHUE TOUKU OMPEACIISIETCS KaK TEOMETPUYECKasi CymMma

€€ KacaTeJIbHOTO U HOPMaJIbHOTO YCKOPEHHUM, a ero MOyib OyJIeT paBeH:

ja| = \/a% + a,% :

3apava 1. UCCUIIEJOBAHHUE ABUKEHUSA TOYKHU
IHPU KOOPANMHATHOM CIIOCOBE 3AIAHUA EE IBUKEHUA

1.1. YciaoBue 3agaun

[To taHHBIM KUHEMATHUYECKUM YPaBHEHUSIM JIBUKEHUS ToukH (Tadm. 1.1) omnpe-

JEJHUTh CIEAYIOIIEE.

1.
2.
3.

. Onpenenuts ¥ IOCTPOUTS 110 COCTABIIAIOIIUM V) U V

TpaexkTopuro TOUKH.
[TosiokeHHE TOYKHU HA TPACKTOPUH €€ IBUKEHUS B HAYAJIbHBI MOMEHT BPEMEHHU.

[TonoxxeHue TOYKHM Ha TPACKTOPUU €€ IBUKEHHSI B MOMEHT BPEMEHU 1] = () + AT,
rae ty >0 ompenensercs 1o yKazaHHOMY B cronoue 4 tabm. 1.1 ycnosuio, a Be-

JUYUHA AT 3a0aemcs npenooasamenem.

. KunemaTtuueckue XxapakTepuCTUKU TOYKH (BEKTOP JIUHEHHON CKOPOCTH, BEKTOPbI

HOJIHOTO, KACATEIbHOTO U HOPMAJIBHOTO YCKOPEHUI) B MOMEHT BPEMEHU 1 .

. PaI[I/ch KPHUBHU3HBI TPACKTOPHUHU ABHMXKCHUA TOYKHM B MOMCHT BPEMCHHU tl .

1.2. Ilopsinok penieHust 3a1a4u

. HOCTpOI/ITB TPACKTOPHUIO TOYKH, UCCIICAYA €C YPABHCHHC CPCACTBAMHU MATCMaA-

THYCCKOI'O aHaJIi3a.

Omnpenenur MOMEHT BPEMEHH ] = + AT B COOTBETCTBHM C 3aJaHHBIMU B

Tadi. 1.1 (¢)) u npenogasarenem (At ) yCIOBHIMH.

. HaliTi 1 yKka3artsp I0JIO)KEHME TOYKHU HA TPAEKTOPUHU €€ IBUKEHUS B HAYaJIbHBIN

MOMEHT BpeMeHH (f = 0) 1 B MOMEHT BPEMEHU 1] .

y BEKTOp V JUHEHHOM CKO-

POCTH TOYKH B paC‘IeTHBIﬁ MOMCHT BpECMCHHU.



5. OnpenenuTs U MOCTPOUTH MO COCTABISIOIUM 4, U d y BEKTOp d JIMHEHHOTO

YCKOPEHUS TOUKH B PACYETHBI MOMEHT BPEMEHHU.

6. Onpenenurs U NOCTPOUTH BEKTOPHI KACATEIBHOIO d; M HOPMAJIBHOIO d, YCKO-

PEHU B PACUETHBIM MOMEHT BPEMEHH.
7. BBIYMCIIATD PaiuyC KPUBU3HBI P TPACKTOPHUHU B PACYECTHBI MOMEHT BPEMEHH.
8. Bce rpaduueckue nocTpoeHus MPOU3BECTH B COOTBETCTBYIOIIMX MacIiTabax.

9. PacueTHble 3HAUCHHS OMPENEIIEMBbIX BEIMYUH TPEICTABUTh B CIECAYIOMIEH
dbopme (Tabdm. 1.2).

Tabauya 1.2
Bpewms Koopaunatsi, M Ckopoctb, M/C VcKopenue, wc? Pannyc
KPUBU3HBI
i, ¢ X0 Yo X Y Vx Vy v ay | 4y | a¢ | ay a p,M

10. B xoHI1ie paOOThI MPEICTABUTh BBIBOJI O XapaKTepe ABUKECHUS TOUKHU.

1.3. [Ipumep pemienus 3agauu

Ycnosue 3a0auu. 110 3a1aHHBIM KMHEMATHYECKUM YPABHEHUSIM JBHIKCHUS
TOYKHU (X U y — B METpax, { — B CEKyH/Iax)
x(t)= 2% —1;

1.1
y(t):%t4+1 (-1

OMPENIeNIUTh: TPAEKTOPHUIO TOUKU; KHHEMATUUECKUE XaPAKTEPUCTUKHU TOUKHU (BEKTOP
JIMHEUHON CKOPOCTH, BEKTOPHI ITOJHOI'0, KACATEIBHOTO U HOPMAJIBHOTO YCKOPEHUN
COOTBETCTBEHHO); a TAaKXK€ pajJuyC KPUBU3HBI TPACKTOPUM B MOMEHT BpPEMEHU
1| =tp + At, rae fy — MOMEHT BPEMEHH, KOrJa TpacKTopus mnepecekaer ocb Oy, a
At =0,29c.

Pewenue.

1. Onpenenum TpaeKTOPHUIO ABHKEHUSI TOUKH.

Jlns onpenenieHus] TPAGKTOPUHU JBUXKEHUSI TOUKHU, 3aJaHHOTO KOOPAUHATHBIM
crocoOOM, UCKITIOYUM U3 CUCTEMBI ypaBHeHU (1.1) Bpems ¢. [l 3TOTr0 U3 epBoro

ypaBHeHHs cuctemsl (1.1) Beipazum £



U MOAICTaBUM BO BTOpoe ypaBHenue (1.1):

2
I({x+1
y(x)—E(T] +1.

Tem cambpiM HOquHM ypaBHeHI/IC TPACKTOPHUU IBUKCHHA TOUYKU:
1
y(x):§(x+1)2 +1. (1.2)

JIs1 mOCTpOEHMSI TPACKTOPUU JBUKEHUSI TOUYKHM HEOOXOAMMO HCCIEA0BATH
¢dbynkiuto (1.2). {151 3TOro BHIIOIHUM CIAEAYIONTUE JEHCTBUS:
Omnpenenum obactu 3HaYeHUN GyHKIm x(¢) u y(¢) mpu ¢ >0. 13 cuctemsl

ypaBuenuii (1.1) cnenyer, uro

{—1Sx(t)<+oo; (13)

1< y(t) < 00,
OnpenenuM TOYKU mepecedeHus: ¢ ocsiMu koopauHat. Oyukius (1.2) umeer
TOYKY nepecedeHusi ¢ ocbto Oy . CnenoBarenbHO, B ypaBHeHue (1.2) HeoOxoaumo

noACTaBUTh X = (0 U BBIUUCIUTE: Y(X) = ; 0+ 1)2 +1=1,13. Takum 06pa3om, ToUKa

M ;) OyIer uMeTb KOOpIUMHATHI M(0; 1,13).

Haiinem skctpeMyMbl U uccieayem ypaBHeHue (1.2) Ha MOHOTOHHOCTb. Bbi-
YUCIIUM NIEPBYIO MPOU3BOJIHYIO OT hyHKIMU (1.2) 1 HallieM KpUTUYECKUE TOUKHU U3
ycnoBus, 4to »'(x) =0:

y'(x)z(é(x+l)2+lj :i(x+1)=0. (1.4)

N3 Beipakenus (1.4) cnenyet, uto Touka s3kcTpemyma (ynkuuu (1.2) umeer
KOOPIMHATEI M ,(Xy; Vy) =M 4(=1; 1).
Brruucnum BTOpyIo npou3BoaHy0 OT GyHKIuu (1.2):
" 1 2 1
v (x):(g(xH) +1j :Z'
[Tockoneky y"(x) >0, T0 TOuka M ,(—1; 1) — MuHEMYM (yHKIMH (1.2).
Kpome Toro, u3 ycnosusa y'(x) >0 mpu x > x, ciuenyer, uro pynkuus (1.2)

BO3pacraromiasd.
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J171s1 yTOuHEeHUs BUia KpUBOM OIpeIenM o BeipaxkeHuto (1.2) ¢ yueTom ycio-
B (1.3) HECKOIBKO MPOMEKYTOUHBIX TOUEK.

Tabauya 1.3
JlanHbIe, HEOOXOIUMBIE TS TIOCTPOCHUS
TPAaEeKTOPHH JIBHKEHUS TOYKH, MPHUBEIEHBI B x y(x)= %(x +1)7 +1
Tabn. 1.3, a cama TpaekTopus M300pakeHa Ha 1 15
puc. 1.4. 3 3
2. Onpenenm MOMEHT BPEMEHU 1 . 5 5,5

OmnpenenyM MOMEHT BPEMEHH f(j, KOTJa TpaekTopus nepecexaer ocbk Oy,

T. €. KOIJla BBINOJHAETCS YCIoBUE x(f()) = 2t§ —1=0. IIpu yciosuu, uro ¢; >0,
noy4um to = 0,71 c.

Torna
=ty +At=0,71+0,29 =1 c.

3. Hampgem ©n ykaxem Ha
puc. 1.4 mosoxeHue TOYKU Ha Tpa-

CKTOPHH €C IBUKCHUA B Ha4vaJlbHbIN

MOMEHT BpeMeHH (f =0) 1 B MOMEHT

BPEMEHH 1] .
Touka Mgy(xg;yg) Xapakre- | | | I | |
-1 0O 1 2 3 4 s5x
PU3YCT MMOJOKCHHUC TOYKH HA TPACK-
TOpHUH €C IOBHMIXCHHUSA B Ha4vaJIbHBIN Puc. 1.4

MOMEHT BpeMmeHu. OmnpenenuMm Ko-
OpJIMHATHI 3TOM TOUKH, 1Jig yero B BeipaxkeHue (1.1) moacraBum ¢ =0 :

x(O)zZ-O2 —1=-1m;
y(O):%-O4 +1=1m.

Touka M| (x1;y1) XapakTepHU3yeT IOJIOKEHUE TOUKU Ha TPACKTOPUU €€ JIBU-
KCHUSA B MOMEHT BpeMeHu ¢ . OmpenenuM KOOpAUHATBHI 3TOM TOYKH, IJIS YEro B

BeIpaxkeHue (1.1) moacraBumM HalileHHOE paHee 3Ha4YeHue ) =1 c:
x)=2-1 —-1=1m;
y(1)=%-14 +1=15m.

VYkaxeM Ha puc. 1.4 naiinennsie Touku My(—=1;1) u M (1; L5).
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4. OnpenenviM ¥ MOCTPOUM IO COCTABIAIOIIUM V, M V, BEKTOp V JIUHEHHOU

y
CKOPOCTH TOYKH M.

[Ipoexuu BEKTOpa JIMHEMHONW CKOPOCTH HAa KOOPAUHATHBIE OCH U €r0 MOAYJIb
onpenenum no Gopmynam:

vt =k vy ()= 3lek )= () + (0P

Jl1s1 3a1aHHBIX KHHEMaTuueckux ypaBHeHu (1.1) momyunm:

v (6) =x(t) = (22 = 1) =4¢;

!

W(z):y(z):@z“ +1j =263 (1.5)

v(t) =J(40)2 +(23)% =204+ 1* |

Ucnonb3yst Beipaxkenus (1.5), onpenenuM NpoeKIMyd BEKTOpa JTUHEHHON CKO-

pPOCTU Ha KOOPAMHATHBIE OCH U €70 MOAYJIb B MOMEHT BpeMeHH ¢ =1 ¢ (T. e. 1A

TOYKH M q):

ve)=4-1=4m/c; v,(N=2-1"=2m/c; v()=2-1W4+1* =25 ~447wc.

IToctpoum B Mmacmrabe (puc. 1.5) cocraBnstomue v, 1 v,, BEKTOpPA TMHEHHOU

y
CKOPOCTH U BEKTOpP V TIOJHOW CKOPOCTH, SIBJSIOIMIUNCS TEOMETPHUECKOU CyMMOM

BEKTOPOB V1 V!

V=Vy+V,.
HampaBnenue BeKTOpa TUHEHHON CKOPOCTH V IO KacaTeIbHOU K TPACKTOPHH
CBUETEIBCTBYET O KOPPEKTHOCTH MPOU3BEICHHBIX AHATUTUYECKUX BBIYUCICHUN.

5. OmnpeneniM B MOCTPOMM I10 COCTABIAIOMUM d, U d y BEKTOp d JTUHEWHOTO

YCKOpEHHs TOUYKH M.

[Ipoekuun BeKTOpa JTMHEWHOTO YCKOPEHUS Ha KOOPAMHATHBIE OCU U €r0 MO-
IyJib ONpeeanuM 1o hopmyiam:

4y (O =V () =50); ay(O)=v, (=50 a)=ED)* +(HO) .

Jl1s1 3a1aHHBIX KHHEMaTuueckux ypaBHeHu (1.1) momyunm:
a,(t)=v,(t)=(4t) =4;
(3 2.
ay(t)—vy(t)—(Zt )—6t : (1.6)

a(t) = 4% +(6t%)% =244+ 9% .




Ucnons3ys (1.6), ompeneam mpoeKITUN BEKTOpa THHEHHOTO YCKOPEHUS Ha KO-
OpAMHATHBIE OCH U €0 MOJYJIb B MOMEHT BpeMeHHU ¢; =1 ¢ (T. €. Ul TOUKu M q):

a.(1)=4wm/c?;
a,(1)=6-1% =6 m/c*;
a()=2-4+9-1* =213 ~ 7,21 w/c%.
IToctpoum B Macmitabe (cM. puc. 1.5) cocrapusiomue d, 1 d y BEKTOpa Ju-

HEWHOT0 YCKOPEHMUS, a TAK:KEe BEKTOP MOJHOTO YCKOPEHUS ¢ , PaBHBIN reoMeTpHUUe-

CKOH CyMMe€ BEKTOPOB Gy U d )

| | L | | CKOPOCTEff, M/C  YCKOpEHHiH, M/c?

-1 O ] ) 3 4 5 X 0 1 2 0 2 4
L | I

Puc. 1.5

6. OnpeznenuM U IOCTPOUM BEKTOPHI KACATEIBHOIO d; W HOPMAIILHOIO d,,
YCKOPEHHM TOYKHU M.

KacaTtenbHoe u HOpMaIbHOE YCKOPEHUS ONPEASTNM 10 GOopMyJiaM:

dv(t

arl) =20
(1.7)

a, = a’ —a%
B cootBetrcTBuu ¢ (1.5) u (1.7) noxyuum:
3
r(t)—dv(t) d (2t\/4+t4j:2 44 ¢4 +2t-L:
dt dt ,4+l‘4
4

4t 8+6t (1.8)

4414
\/4+t Va+ 1t
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Korna ¢pynkuus nuHeHONW CKOPOCTH OT BpEeMEHU v(t) SIBJIICTCS CJIOKHBIM JIJIS
nudpepeHIMpOBaHUs BBIPAXKEHUEM, ISl OMPEIENICHHs] KacaTeIbHOTO YCKOPEHUs
ya00Hee paccMaTpUBaTh BEKTOP KACATEIBHOIO YCKOPEHHUSA d, KaK NPOEKIHUIO MOJI-
HOT'O YCKOPEHHUSI d Ha HampaBjieHue JBUKeHus (puc. 1.6).

M3 nanneix puc. 1.6 BUIHO, UTO a; = acosa, IJ€ 0. — Yrold MEXKIY BEKTOPOM

CKOPOCTH M BEKTOPOM YCKOPEHUS. Y MHOXKHUB U pa3/€InB 3TO BRIPAKEHHE HA V , TIO-

JTyduM
avcoso

h% ar = . (1.9)

5
Yucnurens  BeIpakeHus (1.9)
4 MPEJCTaBIsACT COOOM CKaIsIpHOE MPO-
U3BEJICHUE BEKTOPOB ¢ U V, KOTOPOE
3 MOXKET OBITh 3aITCAaHO B MTPOCKITUAX HA
) KOOPIMHATHBIE ocH B BUJIE
V-a=vyay +vya,. Takum obpasom,

1
3HAsI MPOEKIINH CKOPOCTH M YCKOPEHUS
| | | | | | Ha KOOPJHWHATHBIE OCH, JJI HaXOXK]Ie-

-1 0 1 2 3 4 5 X

HHUA KaCaTCJIbHOI'O YCKOPCHHUS MOKHO
HCIIOJBb30BATh BBIPAXKCHUC

Puc. 1.6
a (t) = Pt Zvyay (1.10)
B cootBercTBuu ¢ (1.5), (1.6) u (1.10), nomyunm:
o ()= 2% tVydy 44420 607
v Zt\/m
_ 16t +126 Culsrert) g6t w10

2t\/4+t4 . 2t\/4+t4 . \/4+t4 |

Ucnonwzys (1.8) umu (1.11), onpeaenum kacaTeabHOE YCKOPEHHE B MOMEHT
BpeMeHH ¢ =1 ¢ (T. e. 11 Touku My):

8+6-1

V14

N3 Boipaxenus (1.7) onpenenuM HOpMaJIbHOE YCKOPEHUE B MOMEHT BPEMEHU

a.(l)= = 6,26 m/c>.

t; =1 ¢ (1. e. nid ToUku M ):
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a, () =(a®)? = (a, (M) =7.212 —6,26% =3,58 m/c2.

IToctpoum B macmrade (cM. puc. 1.5) cocraBisomue da, 4 d, BEKTOpa Ju-
HEMHOT0 yCKOpeHus. I 'eoMeTpryeckas CyMMa BEKTOPOB d; U d,, NOJKHA ObITh paB-
HOM BEKTOPY JUHEHHOI'O YCKOPEHUS d , T. €. BBINOJIHAETCS PABEHCTBO

a=a;+a,.

7. Beruncnum paanyc KpUBU3HBL p TPAEKTOPUU IBUXKEHHS TOUKU M| :
() _ 4477

a, (1) 3,58

8. HOJ'Iy‘—IeHHBIG 3HAYCHHUA KHMHCMATHYCCKHX BCIIMYMH JJI1 PACUCTHOIO MO-

=558 m.

MEHTa BPEMEHU #| 3aHeceM B Ta0m. 1.4.

Tabauya 1.4
Bpems | Koopaunatsi, M CkopocTh, M/c Yckopenue, m/c’ Panmuyc
KPUBH3HBI
h,c X0 Yo X y Ve | Yy Vv a, | ay a, a, a o.M
1 -1 1 1 1,5 4 2 447 4 6 |6,26]|3,58 7,21 5,58

PaBeHCTBO reOMETPUYCCKUX CYMM BEKTOPOB dy U d ), @ TAKXKE BEKTOPOB d

U d, , OIHOMY U TOMY € BEKTOpY d (IIpU IOCTPOEHUHU B OJHOM Maciitade) cBuje-

TCJIBCTBYCT O KOPPCKTHOCTHU IMPOBCACHHBIX aHAJIMTHYCCKUX BBIYMCJICHUI.

9. Onuiiem xapakTep ABUKECHUS TOYKH.
1
Touka M mnepemerniaercs 1Mo Tpaekropun y(x) = g(x+1)2 +1 BOpaBo OT

TOYKH M ((—1; 1). B MOMEHT BpeMeHH ¢; TOYKA HAa TPAEKTOPHUHU 3aiMET IOJI0KCHHUE

My (1; 1,5) . JInneliHast CKOPOCTb TOYKH B paCYETHBIA MOMEHT BPEMEHHU MEHSETCS 110
3akoHy V(1) =2tV4 + 4 , a4 €€ JIMHEHHOE YCKOPEHHWE — TII0 3aKOHY

a(t) = 2'\/4+9t4. XapakTep ABMXXEHHS TOYKH — JABUKEHHE KPUBOJIMHEHHOE W

YCKOpeHHoe, Tak Kak a, =0 u v ™1 a_.
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