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I's1aBa 1

Kuaemaruka

OcHoBHOI1 3aa4eil KHHEMATHKA SIBJISETCA OIMCaHUe JIBUXKEHUsT TBEPIOTO
Testa. B aToM pasziesne Jidg omucaHud UCHOJIb3YIOTCA yPABHEHUs KJIACCHYe-
CKOIl MEXaHUKHU, KOTOPasd MPU CKOPOCTIAX OJU3KUX K CKOPOCTH CBET PACIIH-
pseTcs ¢ TOMOIIBIO PEJIATUBACTCKON MEXaHUKH, & IIPHU MepPeMENEHNT MaJIbIX
YaCTHI] C TTOMOIIBIO0 KBAHTOBOM MeXaHUKH. Vcriosib3yeMble «KJacCUuIecKue»
ypaBHEHUS He SIBISIOTCS NCTUHON B IMOC/Ie/IHell MHCTAHITUN, TaK KaK BCE YPaB-
HEHUs SABJIAIOTCH TOJHKO MOJIETIBIO peajabHOro Mupa. JLjist moBce IHEBHOTO Ke
UCIIOJIb30BAHUS TOYHOCTHU TUX ypPaBHEHUI JIOCTATOYHO.

1.1 JIBu>KeHue c IMOCTOSSHHOI CKOPOCTbHIO
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Puc. 1.1.1.

[Toesn nBuzKeTCcss OT 2KEJIE3HOJIO-
POXKHOII CTAHIIMM B OJIHOM HaIpPaB-
JIEHUW W PACCTOsTHUE MEYKJIy CTaHIN-
eil W Toe370M 3a JII0DOW TTPOMENKY-
TOK BpeMeHu t yBeauduBaercd Ha V't,
riae V' — mocrogHHas BeanduHa. Pac-
CMOTPEHHBIN TPUMEpP — JIBUZKEHHE Te-
JIa, ¢ IOCTOSTHHOM CKOPOCTHIO V' 110 TIpsi-
moit uann. Ha puc. [LTl nzobpazke-
HO JiBUzKeHne camosiéra C' 1o mpsiMoii,
npoxojgmeit yepe3 Toukn 1 u 2. Kak
U B IIEPBOM IIPUMEPE PACCTOSHUIE MEK-
JIy Toukoit 1 m camosiérom 3a Bpems t



2 I'VIABA 1. KHHEMATHKA

U3MEHsIeTCA Ha BeJIMYUHY V1, KOrjla caMoJIET JBUMKETCS 110 9TOM MpAMOil ¢
mocTosTHHON ckopocThio V. Ha paccrostaun r mexy camosiérom C' 1 a’po-
JTPOMOM OEI y2Ke He MPOIOPIMOHAJILHO ¢, €Can adpo/IpOM He HaXOIUTCI Ha
myTn camosiéta. OJIHAKO PACCTOSTHUST CAMOJIETa JI0 BBIIEIEHHBIX IIJIOCKOCTe
JIMHEWHO 3aBUCAT OT BPEMEHMU:

T = Xo + th, Z“

Y =yo+ Vit, (t.r.y o ___

z =z + V.t, .7 AN .7
2o, Yo, 20 — PACCTOAHHUE JIO ILJIOCKO- p N
cTeil B HYJIEBOII MOMEHT BpeMeHH, V., B
Vy, V. — cocrapjsdioniyge BeKTopa CKO-
pocTu V 1o ocam X , Y. Z, KoTopble
CBSI3aHBI ¢ BeJIMIUHOIT ckopoctu V' dop-
MYJIOM:

V= VE+VE+ V2, (1.1.2) |

rie V, = Vcosa, V, = Vcosf3, V, =
V cosy. a, B my — yIiIbl MeXIy Bek- Puc. 1.1.2.
TOPOM CKOpPOCTH V U OCAMH KOOPIH-

Har X, Y u Z (cm. puc. [LT2).

ITpumep 1.1.1 3BykKoBas BoJHA
yJasnsgeTcs OT UCTOYHUKA 3BYKa C II0-
CTOSTHHOI CKOpPOCTBIO. B Bo3IyXe cKo-
pocth 3ByKa pasna 330 <. Jlokaxure, / / / / r
YTO I'POM, KOTOPbIi JjIuTCs OoJiee de- /ﬁ / / /
TBIPEX CEKYH/I POXKJIEH MOJIHUEH JITH-
Ha KOTOPOi OOJIbIlle KUJIOMEeTpA. HaGmonarens
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Zloxazameavcmeso: JInnTenbHOCTH Puc. 1.1.3.
rpomMa, YMHOXKeHHas Ha CKOPOCTDH 3BY-
Ka, paBHa 1o — 1 (puc. [[I3]) — pasHocru paccrosauii ot mnabmomarens H
JIO CaMOTO VIAJEHHOIO U CAMOro OJIM3KOTO ydacTKa MoOJIHUE. JlnHa MoaHum

OoJIbIIIe KUJIOMETpPa, TaK KaK OHa 3aBeIOMO OOJIbIIe 7'y — 11, KOTOpasi DOJIbIIIe
330 % -4c~1.32km.

!Touka O pacroioyKena Ha MepecedeHrn TPEX B3aMMHOIEPIEH MK YIS PHBIX IJIOCKOCTeit

ZOY, ZOX u XOY



1.1. JIBU>KEHUE C IIOCTOSIHHOU CKOPOCTBIO 3

3adavu x §1.1

1.1.1 IlyTe amuroro 120 kM aBTOOYC MpoxoauT 3a 2.5 yaca. Ha myTu Tpui-
IATh OJMHAKOBBIX OCTAHOBOK. MexKy ocTaHoBKaMu aBTOOYC JBUKETCS CO
ckopoctbio 60 2. Onpejieure MpOJIOJIZKATE/IBHOCTD KAz I0# OCTAaHOBKH.

1.1.2 U3 aByX HACEJIEHHBIX IIYHKTOB, PACIIOJOXKEHHBIX HA PACCTOSHUU [
JIPYT OT JApyTa, OJHOBPEMEHHO BBINLIN HABCTPEYY JPYT JPYTY JIBa Iy THUKA, —
OJINH CO CKOPOCTBIO v, Apyroit — u. Yepe3 Kakoe BpeMsi OHU BCTPETATCH !

1.1.3 Yepes Kakoe BpeMsi aBTOMOOU/Ib JIOTOHUT BETOCHUIIEIUCTA, €C/IA Be-
JIOCHIIEJIACT JIBUZKETCSE €O CKOPOCThIO 20 2, a aBTOMOOMJIb €O CKOPOCTDIO
100 5%, a paccrogHue MKy aBToMoOUIeM 1 BejocuneuctoM 40 km?

1.1.4 Ywucsio aBromrodbuTeseil, meperoHsionmx Ierexo/ia, B 1.2 pa3a MeHb-
I11e 9HCJIa BCTPEIHBIX aBTOMOOMIIEH, XOTsT aBTOMOOMIIN JIBUTAIOTCS 110 TPacce
OJIMHAKOBO B 06EUX HalpaBJIEHUAX CO CKOPOCThIO 65 ¢, C Kakoil CKOpOCThHIO
JIBUZKETCSI TIeIIeX01 !

1.1.5 KoJsionna mamms JBUTraeTcs mocjie IoBopoTa co CKOPocThio B K pas
MeHBIIell, YeM /10 MMOBOPOTa. BO CKOJIBKO pa3 M3MEHUIACh JIJINHA KOJIOHHBI
I1ocJjIe II0BOPOTa.

{1.1.6 Tpu mukpodona, pacroso- m
JKEHHBIX Ha OJHOU HPAMONA B TOYKAX T 5 @ o,

A, B, C. Paccrosune MexIy COCe/I-
unMu Mukpodonamu L. Mukpodonb
B Toukax A n B 3apernctpupoBaji B
MOMEHT BpeMeHH {4, tp U ¢ 3ByK OT B3PbIBA, KOTOPBII ITPOU3OIIE Ha ITOH
npsiMoit mexkay Toukamu B u C. Oupenennre CKOPOCTh B3PLIBHOW BOJIHBL,
MECTO U MOMEHT BPEeMEHU B3PhIBA.

Puc. 1.1.4. K zagaue N{LT0

ﬂ% $1.1.7 Hpa copra gactun, A u B mpoxogdar
/// yepes orseperue O B OAMH U TOT K€ MOMEHT

// Bpemenu. B nerekrop D wacTtuns! copra A mo-
\ /// nagaloT Ha 0t = 107%c mosmmee wem wacTm-
0 </ el copra B. Ckopocth gacTull copra A paBHa

vqa = 5-10° %. Hemy paBHa CKOPOCTH 9YacTHIL
copra B, eciin paccrosinie MexK 1y OTBEPCTUEM
O u nerexkropoMm D pasuao S = 10 M.

Puc. 1.1.5. K {7



4 I'VIABA 1. KHHEMATHKA

1.1.8 Cuérunku A u B, perucTpupyroIge mpoxXoJl Y-KBAHTa, PACIIOIOXKe-
HBI Ha PACCTOSHUM DM JIPYT OT Jpyra. MeTy caéTunKaMu IIPOM3OIIEST pac-
a1 m'-Me30Ha Ha, /1Ba y-KBanTa. Haifiure mooxkenne Me30Ha, eI CUeTInK
A zaperncrpuposast y-kBanT na 1078 ¢ mosamee, dem cuétunk B. CKopocThb
ceeta ¢ = 3 - 108 c.

$1.1.9 Crpesiok mbITaeTcs MonacThb B JINCK pa-

. _, | mmyca R, KOTOpBIil JBUXKETCA MEXKTy CTEHKaAMU

@ C TIOCTOSTHHON 10 BeJIMYMHE CKOPOCTHIO TaK, ITO

CTPEJIOK He B COCTOSHWM 3a HUM YCJIeINTh. Pac-

cTogHNe MexK Ty creHkamu L. BoicTpesnr mpons-

BOJATCA HA YPOBHE IEHTPa JIUCKA IEePIEHINKY-

JIIPHO ero TockKocTh. JIMCcK JIBUMKeTCcT Tak, Kak

nokazano na puc. [[T.0 B kakoil Touke mpuriemBanmsi BEpOSITHOCTH TOMA1a~
Hust Hanbosbmag! Yemy ona paBHa?!

Puc. 1.1.6. K NI

1.1.10 Koporkue 3ByKOBbIe MMITYJILCHI HA3EMHOTO JIOKATOpa, MCITyCKae-
MbI€ Y€pe3 BPeMs T, BO3BPAIIAIOTCA TOCJIE OTPAaXKEHUs OT CaMOJIETa, KOTO-
pBIil yasasgercs OT JIOKATopa, caeays JApYyT 3a JPYyroM depe3 BpeMs kT, Tie
k > 1. Bo ckoIbKO pa3 CKOPOCTh CaMOJIETa MEHbBIIIe CKOPOCTH 3ByKa?

1.1.11 Yacrora cienoBannsg KOPOTKUX 3BYKOBBIX UMITYIbCOB, MCITyCKae-
MBIX JIOKATOPOM CAMOJIETA, B k Pa3 MEHbIIE YaCTOTDI CJIC/IOBAHIS UMITY/IHCOB,
KOTOpbIE (DUKCUPYIOT JIATUYUKU CAMOJIETA Y 3BYKOBBIX UMIIYJILCOB, OTPAXKEH-
HBIX OT HENOJBUKHOTO Teja, HAXOAIIErocs Ha IIyTH caMoJIéTa. Bo cKOTbKO
pa3 CKOPOCTh CAMOJIETa, MEHBIIE CKOPOCTH 3BYKa?

1.1.12 a) /IBa 3ByKOBBIX JaTYKMKa PACIOJIOKEHBI Ha IIYTU JBUZKCHUS AB-
TOMOOWU/IsI, OJIUH — BIEPEIH, APyroit — mo3aju. [lepBoiit maTyuk perucrpu-
pOBaJI 3BYKOBOIT curHaj aBromobusis B Tedenun 0.9 ¢, BTopoii — B TedeHun
1.1c. Cropocrs 3ByKa 330 %. C Kakoii CKOPOCTBIO JIBUrA/ICS aBTOMOOUIIB?

6) 3BYKOBOIl CHIHAJI HA3eMHOIO JIOKATOPA, OTPAXKEHHBIH OT caMoJéra,
JIBUZKYIIETOCST OT JIOKATOpa, B YeThbIpe pas3a JJIMHHEe MTOCJTAHHOTO CHTHAJA.
OrnpejieiuTe CKOPOCTD CAMOJIETA.

1.1.13 [IBa desnoBeka crodT Ha paccroguuu hy u hg OT cTeHkKu u | —
Japyr ot japyra. OuH U3 HUX CKa3aJl CJI0BO, JIPYTOil yCJIbIIIaa KOHEI[ CI0BA,
COBIIABIIIEE C HAYAJIOM 3Xa 9TOro ke cjioBa. CkopocTh 3ByKa c. Omupeeaute
JUIATEILHOCTD 3BYyYaHUs CJIOBA.

1.1.14 Camouér JIeTuT rOpU30HTAIbHO Ha BBICOTE 4 KM OT ITOBEPXHOCTHU
3eMJId. 3BYK JOMIET 70 Hab/oaarens depe3 10 ¢ mocie Toro, Kak HaJl HUM



1.1. JIBU>KEHUE C IIOCTOSIHHOU CKOPOCTBIO 5

poJieTes caMosIeT. Bo cKOIBKO pa3 CKOPOCTh caMOJIETA IIPEBBIIIAET CKOPOCTh
M
syka. Cropoctb 3ByKa 300 7.

$1.1.15 @poHT BOJTHBI OT MOTOPHOI JIOJKU 00-
pa3yeT yroj « ¢ HalIpaBJeHUEM €€ JIBUKCHUS.
Vron ne Mensercs npu JBrKeHun Jojaku. Cko-
pocTh BostHBI U. OmUpeenTe CKOPOCTb JIOJIKH.

Puc. 1.1.7. K NICTTH 1.1.16 Hascrpedy apyr Apyry Mo ILIOCKOCTH
CO CKOPOCTBIO ¥ JIBUKYTCH JIBE JJIMHHBIE TTAJIKH,

PaCIIOIOKEeHHbIEe TaK, KaK u300pazkeno Ha puc. [LI8 C Kakoil cKOPOCTHIO
JIBUZKETCS TOYKA, UX MEPECeUeHns?

Puc. 1.1.8. K zagaue NL116] Puc. 1.1.9. K zanaue NILT17

< 1.1.17 YenoBek BbICOTHI h UIET OT (poHAPsI, TIOABEIIEHHOIO Ha BbicoTe H
co cKOPOCThIO u. C KaKOil CKOPOCTBIO JIBUKETCS KOHEIl TeHU YeJIOBeKa”!

\ P < 1.1.18 JIsa moprosbIx ropoga A u

- N B nmaxongrca na paccroguuu L Jipyr

- SN T ot npyra. [Tapoxo organiu ot ropo-

AN Ja A m IBU2KETCsT CO CKOPOCTBIO ¥ TIO/T

A S o YIJIOM (v K JIMHAW, COCIUHSIONEH STH

/ = U ropojia. Yepes Kakoe BpeMs JT0JIKEH

_ OTYAJINTH KaTep u3 ropojaa B, 9To0mI,

—\ o - - % JIBUTAsICh CO CKOPOCTBIO U KyPCOM, IIep-
» HEHUKY/ISIPHBIM KYPCY [AapOX0/Ia, BCTPe-

TUTHCA C HUM.

Prc. 1.1.10. K sanare NLTIY 1.1.19 Omeparop paanoI0KaInoOH-

HOI CTAHIMU OOHAPYKWUJI Ha PACCTO-
gunn 20 KM OT CTaHIIUKA CAMOJIET, JIETAIINI ¢ TOCTOSHHOI CKOpoCTh. Yepes



6 I'VIABA 1. KHHEMATHKA

20 MuH TI0CJIE OIIEPATOP MOBEPHYJI Jiyd JokaTopa Ha 90° 1 oOHAPYKUI 3TOT
JKe CaMOJIET Ha TOM K€ PACCTOSHUU, ITO U B NEPBBIH pa3. OmpeenTb CKo-
POCTH CaMOJIETA.

1.1.20 IlepBbiii jiyd JJ0OKaTOpa OOHAPY KU OOBEKT, JIBUKYIIUNACS C TOCTO-
SIHHOM CKOPOCTH. HA PACCTOAHHH 71, & 9epe3 BpeMs T — Ha PACCTOAHHH 7.
V1o, KOTOpbIii 00pa30BbIBaJ JIyd ¢ ocaMu X U Y, ObLJI COOTBETCTBEHHO pa-
BeH v 1 1, & BO BTOPOiil pa3 — ap 1 betay. C Kakoil BEpOSITHOCTD. JBUTAJICS
00beKT?

1.1.21 /IBe crenku obpas3yior yroJ «. [log KakuMm yriioMm K OJIHOI U3 cTe-
HOK JIOJI?KEH BJIETETH IapuK, YTOOBI BBLIETETH MO TPAEKTOPHUHU BJIETA TIOCTE
TPEX yIapoB O CTeHKHU! mocJe st yaapor?! mocie 2n + 1 ymapos? [IBu-
JKEeHUe MapuKa MPOUCXOJIUT B ILIOCKOCTH, IIEPIEHIUKY/ISIpHOi crerkam. [Ipn
YIIPYTOM yJape yroJl MaJieHus [apa PaBeH YIJIy OTParKeHUs.

&
(=
| Vv

Puc. 1.1.11. K 3ayaue N{LT.22 Puc. 1.1.12. K 3amage NMLT23

{1.1.22 a) Buyrpu cdepuueckoii mosoctu paguyca R jieraer MaJeHbKH
MMApUK, YIPYTO OTPaskasiCh OT MOBEPXHOCTH OJIOCTU. MUHIMAIBHOE PACCTO-
sIHUE IapuKa OT IeHTpa rnojoctu h. Yemy paBHa BEpOATHOCTH OOHAPYKUTH
[IAPUK Ha PACCTOSHUU, MEHBIIIEM, YeM 7', OT IEHTPa MOJ0CTU? OOIbIIEM YeM
r?

6) Yemy paBHa BEPOSITHOCTB, UTO IMIAPUK U3 3aJa9d &) HAXOIUTCA Ha
paccTosTHIM, OOJIBITEM YeM @, HO MEHBIIEM, 9eM I OT IeHTPa MOJIOCTH?

$1.1.23 Tlo busmmapaHoMy CTOTY ¢ HOpTaMu JJTHHBL ¢ U b IyCTHIN AP OT
cepeJInHbI OPTA JJIMHBL ¢ ¥ OH, YIIPYTO OTparKascCh OT OOPTOB, BEPHYJICS B TO



2 ABUZKEHUE C ITIOCTOAHHBIM YCKOPEHNEM 7

JKe MeCTO, U3 KOTOPOI'o OH HadaJsl CBOE JaBuzkeHue. [lepBoIil yaap 1map coBep-
1 0 60pT JUIMHBL . PaccTogHue oT MecTa IepBOTO yapa J0 OJIHMKaMIIero
yria a/n, ult n — mesnoe nosoxkuTesbHOe dnca0. CKOJIBKO BCETO yIapoB O
OOPTHI JTUHBI ¢ COBEPIUIT TIap?

{$1.1.24 Tpaekropust aroMa, yIpyro OTPaskEeHHOTO OT CTEHOK Kyba, pa3me-
PBI KOTOPOro a X a X a, — KBajpar. CKOpOCTb aroma v.
a) C Kakoil cpejiHeil CKOPOCTBIO CTAHET TEPEMEIAThCs [0 KayK 01 CTeHKe
MECTO yJapa, eCJIU CMEeCTUTh OJIHY CTEeHKY Ha A.
6) Yepes kakoe BpemMs B 3aJade a)
aTOM BEPDHETCd U3 KOTOPOI'O OH JIeTell, ZAN

a 4 N

ectt A = %, 1j1e N — HOJIOKUTEIbHOe L
[eJI0e YUCJIO, & aTOM JIETeJ B CTOPOHY i \

I

I

I

|

|

!

I
CMeIJ_LéHHOfI CTEHKU CpaSy ZKe I10CJI1€e ero e N )
a I

OTpa}KeHI/IH oT CTeHKI/I? quy paBHO paC— AN S
\\\ L, //“

I

|

T

I

I

I

I

|

CTOSTHUE MK/ Ty OJTMKANIITIMU TapaJLIeTb- . .
HBIMH y9IaCTKaAMU TPACKTOPUN AN

A

B) Pemmure 3amaay 6), ecmm A = ™, AN
T7Ie M U N TeJIble TOJIOKUTEeTbHbIE TUCTa
um<n, Puc. 1.1.13. K zagaae N{LT24]
r) [Touemy 06BIMHO CUUTAIOT, YTO PAC-
CTOSTHIE MEZK 1y OJIMKAfIMMU apaJ/uIe/IbHBIMU YIACTKAMU TPACKTOPUil B B)
CKOJIb YTOJIHO MAaJIbl?

1.1.25 Co cKOpoCThIO v HABCTpEUy APYT JAPYTY MOI3yT depenaxu. B mo-
MEHT, KOTJ[a PACCTOsTHAE MKy depernaxaMi ObLI0 L, ¢ OHON 3 HUX cleTesa
MyXa U CKOPOCTBIO U, U > v TI0JIeTeJla HAaBCTpedy BTOpOil depemnaxe. /loseren
JIO He€, pa3BepHYyJach, U C TON »Ke CKOPOCTBHIO ToJIeTesIa Ha3a/l K IEePBOil de-
perntaxe. loneres 710 HEE, pa3BepHyJIach, U MoJeTe/a KO BTOpoit u T. ;1. Kakoii
[poJieTesia MyXa, [MPEe¥XKJIe 9eM Ueperaxyu BCTPETUIUCD?!

1.2 IIpssmoauneiiHoe ABU>KeHNE C MOCTOSTHHbBIM
YCKOPEHUEM
Ecan IIPOMEZKYTOK BPEMEHU dt O4Y9€Hb MaJl, TO CKOPOCTb T€Jla HE yCIIEeBaeT

u3MeHuThCst. CJie/IoBaTe/IbHO, B T€UCHUH STOTO MPOMEXKYTKA BPEMEHH TEJIO
JIBUKETCs C MOCTOSTHHON cKopocThio. [losromy paccrosinue dS, mnpoiinennoe
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TeJIOM 3a BpeMs dt, onpejesgercs (popMyioi
dS ~vdt. (1.2.1)

Besmanna v, Ha3bIBaeTCst MTHOBEHHOM CKOPOCTHIO UJIU MTPOCTO — CKOPOCTHIO.
CxopocThb He 00s13aHa OBITH KOHCTAHTOI. K€ Bemmamia MosKeT MEHSAThCS C
TedenneM BpeMeHn. [IpecraBisger nnrepec cirydaii, Koriaa CKOPOCTh JIMHEHHO

3aBUCUT OT BPEMEHH.
v =y + at (1.2.2)

Besnauny a HasbiBalOT yCKOpEHUEM TeJIa.

B kagectBe mupumepa m0J00HOTO
[IOBEJICHNST CKOPOCTU MOZKHO IIPUBECTHU
CKOPOCTH IMaJAIONIET0 KaMHs: v = gt,
rae g = 9.8 23 — yckopenue CBOOOIHO-
ro najenns; CKOPOCTb CTAPTYIONIETO
ABTOMOOUJISI JIMHEITHO 3aBUCUT OT Bpe-
MeHU: v = at, TJie @ —yCKOPEHHE aBTO-
MobmiIs, a t — BpeMs OT HadaJja cTap-
ta; [loes, moaxoasa K KeJIe3H0I0POK-
HOI CTAHITII TOPMO3UT U €r0 CKOPOCTH
JINHEITHO yMeHbIaeTcs: v = vy — at,
rjie Up — CKOPOCTBb I0€3/la JI0 Havda-
Jla TOPMOXKEHWS, —a — OTpHUIATEehb-
HOe yCKOpeHne Toe3/1a, t — BpeMs TOp-
MOXKEHUSI.

Paccrosinue S, mpoiientnoe TejoMm,
KOTOPOE JIBUZKETCSI B TEUEHUU BPEMEHU
1 C OCTOSTHHBIM YCKOPEHUEM @, PABHO
cpefHeil CKopocTu Tesa, YMHOXKEHHON
na Bpemsd t. [ToaTomy

Puc. 1.2.1.

1 1
S = §(U0+Ut)-t = ’U0t+ §at2, (123)

I7le ¥g — CKOPOCTDH Tejla B HYJIeBO MOMEHT BpEMEHH f.

Harnsanyio kKapTuny JIBUXKEHUS TeJia JaioT rpadudecKue n300parKeHus
3aBUCHMOCTEH YCKOPEHHsI, CKOPOCTU U PAcCTOsiHUsA OoT Bpemenu. Tpu rpadu-
Ka Ha puc. [L2Z]] qajor 3HaveHns yCKOPeHusl, CKOPOCTU U PaCCTOSHUSI, IIPOii-
JIEHHOE aBTOMOOMIEM B JII0OOI MOMEHT BpeMeHH. ABTOMOOWIIL ABUTAJICA II0
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HpsMOMY ydacTKy jgoporu. Hakyion rpaduka cKOpocTu B KazKJIbIE MOMEHT
BPEMEHH PaBEH YCKOPEHWIO B 9TOT K€ MOMEHT BpeMeHu. AHAJOrHIHO, Ha-
KJIOH rpaduKa PacCTOAHU, MPOIJIEHHOTO aBTOMOOWIEM, paBEH €ro CKOpPO-
ctu. CieJICTBUEM 3TOTO SABJIAETCSA, UTO PACCTOSIHUE, MPONIECHHOE TEJIOM Ha,
MOMEHT 47 paBHO «3aKpalleHHOi» 1tomaau 1moj rpacdukom ckopoctu. [lo-
JipobHee 3TO 0OCYKIAeTCs B pas3/iesiax u

IIpumep 1.2.1 Iloe3n asurascs
PaBHOYCKODPEHO OT CTAHINH B T€IEHUN
BPEMEHN T; C YCKOPEHUEM a, a 3aTeM
paBHO3aMe/JIEHHO B Te€U€HNN BpEMEHN

Ty BILIOTHL JIO IIOJIHOM ocTaHoBKH. Ha 0 T ™
KAaKOM PAaCCTOSTHHH OT CTAHIIUU OCTa-
HOBUJICS T10€3]17 Puc. 1.2.9

Pewenue: Ha puc. [L2.2] n306pakén rpaduk 3aBUCHUMOCTH CKOPOCTH II0-
e31a oT BpeMenn. VlcKkomoe paccTosiHue — TJIOIIAIb TPEyroJIbHIKA:

1
S = 507 (11 + 72).

3adavu x §1.2

1.2.1 a) Kamenp 6pocmin BepTHKAILHO BBEPX €O CKOpocThio 9.8 2. Yepes
KaKoe BpeMsi KAMEHDb BEPHETCs?

6) IlepByto mosoBuny myTH cocyibka Jerena 1c. CKOIbKO BpemeHu eif
OCTaJIOCh JIETETH JI0 3€MJIN !

Yckopenue cBoboiHOrO najenus g = 9.8 5.

1.2.2 JIBurasich C MOCTOSHHBIM YCKOPEHHEM, aBTOMOOWIb Ha YIACTKE JIJIU-
ubt 50 M yBeauit cBoio ckopocth ¢ 20 o 25 7. Onpese/uTh ycKopenue as-
TOMOOUJIS.

1.2.3 Tloe3n maumHaeT TOPMO3UTHCS Ha paccTosHuu ell oT Kejae3Homo-
POYKHOM CTAHINH, UMesi CKOPOCTh v. C KaKUM OTPHUIATEIbHBIM YCKOPEHUEM
OH JIOJIZKEH JIBUTATHCS, 9TOOBI OCTAHOBUTHLCA HA CTAHIHH! UeMy paBHO BpeMst
TOPMOKEHUSI !

1.2.4 Ha HenmoaBmKHbIN KOCMIYECKN KOPadJIb CO CKOPOCTHIO U JIETHUT I10-
TOK MeTeopuToB. JIBuraresib Kopabjst MOXKeT Pas3BUTh ycKopeHue a. Ha ka-
KOM PaCCTOSHUHU OT KOpabJis HY>KHO OOHAPY?KUTh 9TOT ITOTOK, YTOOBI BKJIIO-
YUB JIBUTATE/b, N30€KATh CTOJTKHOBEHUSI?
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1.2.5 Ilpennociennuii Baron MpoIIé MUMO TacCaXKupa 3a BpeMs ti, Io-
ceHMIT — 3a ty, ty < t1. DJIEKTPUIKa C BOK3aJ1a JBUTAJIACh PABHOYCKOPEHHO.
Ha kakoe Bpems omnozmai maccaxkup?

1.2.6 Cropremen MOXKeT poOeKaTh MEPBYIO MTOJIOBUHY JTUCTAHITN C YCKO-
pPEHHEM @, a BTOPYIO — € 2a. DTO K€ OH MOXKET CJIe/IaTh HA0OOPOT: IEPBYIO
[IOJIOBUHY JIUCTAHIINU TPOOE)KATH C yCKOPEHUEM 2a, & BTOPYIo — ¢ a. B Kakom
caydae OH MPODEXKUT JUCTAHIIUIO ObIcTpee?

1.2.7 Teno B Te4eHnn BpeMEHU T JBHUIAJIOCH C YCKOPEHUEM @1, a 3aTEM
paBHO3aMEJIEHHO C YCKOPEHHEM (9 BILIOTH JI0 OCTAHOBKU. Kakoe paccro-
sTHUE TIPOIIJIO TEJIO, €CJIM B Hadaje OHO a) ObLIO HEHOJBUMKHO? 0) MMeJo
CKOpPOCTDH ¥

1.2.8 a) Iloesn, mBurasicb oT CTaHIUKM PABHOYCKOPEHHO, Yepe3 BpeMs T
IIocJjIe OTIPABJICHNsT U3MEHIT BEJIMYUHY W HaIlpaBJICHUE YCKOPEHUs, a depes
BpeMs T IIOCJIE€ 9TOr0 IpoexaJl MUMO CTaHIUM cO CKOpocThio v. Ha kakoe
MaKCHMAaJIbHOE PACCTOSHUE T0e3/1 YIAJSIICA OT CTAHIUN

6) Pemure 3amady a), eciu 1moe3 | mpoexas MUMO CTAHIUH Y€pe3 BpeMsl
T moce n3MeHeHUsT YCKOPEeHWs !

1.2.9 a) U3 oxnoit u TOi Ke TOYKM BEPTUKAILHO BBEPX C HHTEPBAJIOM
BpeMeHU T BBIOPOIIIEHBI JIBa, MIAPUKa CKOPOCTHIO v. Hepe3 Kakoe BpeMs T0C/e
BaJieTa, BTOPOI'O IapUKa OHU CTOJKHYTHCS !

6) C Kakoii CKOPOCTBIO HYZKHO BBIOPOCHTH BTODOI IIApUK B 3ajade a),
9TOOBI CTOJIKHOBEHUSI HE MTPOM3O0IILIO?

B) C Beprosiéra, MOJIHIMAIOIIEr0CsS BEPTUKAJIBLHO BBEPX CO CKOPOCTBIO U C
BBICOTBI h HaJ 3eMJIEH OTIIyCKAIOT I'py3. depe3 Kakoe BpeMs I'Py3 yHAIET Ha
zemitto? C Kakoil CKOPOCTBIO yHAJIET IPy3? YCKOpeHue cBOOOIHOIO A eHUs (.

{»1.2.10 Boccranosure, ecam 3TO BO3MOXKHO, HejOCTaionme rpaduku Ha
pucyHnkax, n3obpaxeéunbix nHa Puc. [L2Z3]

1.2.11 Hapucyiite rpahuk 3aBUCUMOCTH OT BPEMEHH CKOPOCTU TEHHUCHO-
r'o MapuKa, MOJIMPHITMBAIONIETO B MOJIE TAKECTH HAJl YIPYTOi TOPU30HTAIb-
Hoit 1mockocTbio. [Ilapuk oTmyckaior 6e3 HavaIbHONI CKOPOCTH C BBICOTHI 1 M.

1.2.12 Tejo B Tedennn BpeMeHU T JIBUTAETCS C IIOCTOSHHOM CKOPOCTBIO V.
3areM CKOPOCTh JINHEHHO BO3PACTAET BO BPEMEHH TaK, UTO B MOMEHT BPEMEHU
37 ona pasHa 3vy. CoXpaHUB JIOCTUTHYTYIO CKOPOCTb B TE€UCHHE BPEMEHH T,
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Puc. 1.2.3. K zagaue N{LZTU



12 I'VIABA 1. KHHEMATHKA

TeJIo 3aTeM HAaYMHAET TOPMO3UTDH TaK, YTO K MOMEHTY BpeMeH! 67 OHO MMeeT
CKOPOCTb 3Vg, HO B IIPOTUBOIOJIOXKHOM Hampasyennu. [locrpouts rpaduk
3aBUCUMOCTHU CKOPOCTH, YCKODEHUS U IEPEMEIEHUs] OT BpEMEHM.

a $1.2.13 Tlo rpacduky 3aBECHMOCTH
yckoperust ot Bpemenn (Puc. [C2Z4]) mo-
CTPOUTH I'PadUK 3aBUCHMOCTH CKOPO-
ctu ot Bpemenu. CKOPOCTh B HYJI€BOit
MOMEHT BpeMeHu paBHa HYJ0. Otpe-
JIEJINTE CKOPOCTH B MOMEHT BpPEMEHU
27T 1 B MOMEHT BpeMeHU 4T.

Puc. 1.2.4. K zagaue NILZT3 1.2.14 Kakoe makcuMmajbHOE pac-
CTOSIHUE MOZKET ITPODEKATH CIIOPTCMEH OT OCTAHOBKU JI0 OCTAHOBKU 33 BpEMs

T, ecii OH MOXKET Pa3rOHATHCS ¢ YCKOPEHUEM @, 8 TOPMO3UTDH C YCKOPEHUEM
2a?

1.2.15 a) Omnpesesinre MUHIMAJILHOE BPEeMsl JIBUYKEHUsI aBTOOYCA OT OJI-
HOW OCTAHOBKHU JIO JIPYTOM, ecjm paccrodnne Mexry octanoBkamu f. [Ipn
JIBUKEHNN aBTOOyca OT OCTAHOBKHM OH MOKET pPa3BUBATh YCKODEHHWE a1, &
IIPU TIO/IXO0JIe K OCTAHOBKE TOPMO3HUTHCS C YCKOPEHUEM Qg.

6) Pemurs 3ama1y a) npu ycjaoBum, 9T0 CKOPOCTh aBTOOYyCa Ha Tpacce He
boJibIIe 0.

1.3 DBaJjgaucruka

Ha Puc. [L3J] usobpaxkena
TPAEKTOPUsS TeJa, OPOIIEHHOTO ds
II0JT YTJIOM (¢ K TOPU30HTY CO CKO-
pocThio 7). Ecam mpomexkyTox L & X:'Uo sina — gt
BpeMeHN dt TpesleTbHO MaJj, TO v= '

TEJIO B TE€UCHUU STOI'O BPEMEHU Vo
JIBUKETCSI 10 KACATEILHOM ¢ TI0-
CTOSTHHOI CKOPOCTBIO M PAaCCTOsI-
HUE, TIPONJIECHHOE TEJIOM 34 Bpe-
M dt, orpejiesigeTcsa pOpMYJIOii:
dS = vdt, tne v — BEKTOP CKO-
pOCTH, HAIIPABJIEHHBIH 0 Kaca-
TEJILHOW K TpaeKTopuu Teja. B MOMEHT OpocKa BepTHKAbHAs COCTABJISIO-

Q

Puc. 1.3.1. /IBmKenue B mojie TSKEeCTH
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mas CKOPOCTU paBHA Vg SiN v, a TOPU30HTAJIbHAS COCTABJIAIONIAs CKOPOCTH
paBHa Vg COS . YCKOpEHUe CBOOOIHOTO IMaJIeHUs] ¢ HAIPABJIEHO BEPTHKAJIHHO
BHU3. [losTomy dYepes Bpems ¢ rmocjie OPOCKA BEpTUKAJIbHAS COCTABJISIONIA
CKOPOCTHU yMEHBIIUTCA Ha gt U OyJieT paBHA Vg Sin o — gt, & TOPU30OHTAIbHA
COCTaBJIATONTAs HEe MEHSIETCS.

IIpumep 1.3.1 Kamenb OpocaioT co CKOPOCTHIO
¥ TIOJT, yIJIOM (¢ K TOPU3OHTY. Uepe3 Kakoe BpeMsl YroJl

HAKJIOHA CKOPOCTHU K TOPU30HTY YMEHBITUTCH B 2 pa3a’ gt
v
Pewenue: BeprukaabHas cocTaBIAIONIAS CKOPOCTH !
B MOMEHT OPOCKa paBHA v Sin <, a depe3 BpeMs ¢ paBHA /2
veosatg(a/2) (Cm. Puc. [[32). Suauur, Bpems 04/2 I
: e o cosa
t =wvsina—vcosa-tg(a/2) = vsin — | 2cos — — ~ ). veosa
2 2 cosg
Puc. 1.3.2.

Ha Puc. n300parKeHbl BEKTOP CKOPOCTH -
U 1 BEeKTOp yckopenus veca. LIITpuxoBanHoii ju-
Hueil n300parkeHa TPaeKTOpHUs Tejla. 3a BpeMs
dt cocrapigIomas yCKOpeHus @, Iapasile/buas
CKOPOCTH M3MEHHUT BEJIMYHIY CKOPOCTH Ha aydt,

R

a COCTaBJIAIONIAA YCKOPEHNUS @ | , TEPIEHIUKYJIAP-
Hasd BEKTOPY CKOPOCTH,I3MEHAT HaIIPaBJICHUE CKO-
pocru Tena Ha yroa dp = aydt/v u Teno Gyuer
JIBUTATbCA 10 Jyre OKPYKHOCTH pajauyca [ = Puc. 1.3.3.
v?/a, . Bemmuuna R nasbiBaeTcs pajumycoM KPUBH3HBI TPACKTOPUH.

U ITpumep 1.3.2 Onpenennre MaKCUMAJIbHBINA 1
a MHUHHAMAJBHBIN PaJyCc KPUBU3HBI TPAEKTOPUU CHA-
i psa, BBIMYIIEHHOTO MO, YIVIOM ¢ K TOPH30HTY CO

g a, = gcosa  CKOPOCTBIO . YCKOpeHHe CBOOOIHOTO TAJICHUS ¢/
- Pewenue: MakcumabHbBIN PaJIIyC KPUBU3HBI OY-
Puc. 1.3.4. JIeT B HadaJje MOJIETa CHAPs/Ia, KOT/Ia @ | MUHUMAJIb-

HO (Cwm. Puc. [C3F), a ckopocTh cHapsijia MaKCH-
2

MaJibHa U paBHA V: Rpu. = g;’)w. MunumaJibHBIN pajuyc KPUBU3HBI Tpa-

CKTOpHUU 6y,ZLeT Ha MaKCHUMAaJIbHOI BbICOTE, KOI'ZJa CKOPOCTb CHapsdAJda MWHU-

v COS2 «

g

MaJIbHa U PaBHA U COS Q, 4] = ¢ — MAKCUMAJILHO: R, =
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3adavu x §1.3

1.3.1 a) Kamenb 6pocatorT co CKOPOCTBIO ¥ MO YIVIOM (¢ K TOPU3OHTY.
Ornpejieture BpeMs MOJIETA KAMHS.
6) Pemure 3aja41y a) B ciiydae, Korjia KaMeHb OPOCAIOT € BBICOTHI A.

1.3.2 Ilymxka crpenser moa yrioM « K ropu3oHTy. CKOpOCTH CHapsiia
B MOMEHT BBICTpEJIa vy. KaK 3aBUCAT OT BPEMEHH CKOPOCTH U PACCTOSIHUE
CHapsIIa OT ITYIITKHA?!

1.3.3 Backerbommct 6pocaer Ma4 B Kosblo. CkopocTh 6pocka 8 ¥, u Ha-
npasyeHa 1oj; yriom 60° k ropuzonty. C Kakoil CKOPOCTbIO MY BJIETEN B
KOJIBIIO, €CJIU OH JI0JIeTesI JI0 Hero 3a 1c¢?

1.3.4 C BoicoTBI h OpocaroT KaMeHb 10 yIJIoM K ropu3oHTy. [locte mpo-
XOKJIeHNsl TOYKN HAWBBICIIETO TOIbEMA, HaXodlelics Ha BbicoTe H OT 10-
BEPXHOCTHU 3€MJIM, 3& OCTaBllleecd BpeMd ITaJIeHUs OH IIePEeMECTHICA IO Io-
pusonTasu na paccroguaue S. HaiiTu Besmanny HadaJbHON CKOPOCTU KAMHSI.

1.3.5 CroprcMen ToJIKAeT si/Ipo 1o, yriioMm 45° K ropu3on-
Ty co cKopocThio 20 . Jepes Kakoe Bpems MOoc/Ie TOTIKa yTOJT
HAKJIOHA CKOPOCTU K TOPU30HTY yMeHbInuTcs 10 30°7

Q

1.3.6 Kamenb Opocuin cKpyToro 6epera BBEpX IOJ YIJIOM
30° x ropusonTy co ckopocrbio 10 7. C Kakoil cKOpoCTb. OH
yHaJI B BOJY, €CJIM BpeMsl 10JIéTa KaMHs 2 7

$1.3.7 C bankona, Haxoggmerocs Ha Bbicore 20 M, 6poca-
M

10T Ms9 co ckopoctbio 20 7. Maw ynpyro ygapsiercsa o cremy

COCETHETO JIOMa W MaJaeT Ha 3eMJIio 1of OajakonoMm. Ormpe-

JIeJINTEe PACCTOSHEE JI0 COCEJIHEr0 JIOMa, €CJIU BpeMsi IOJIETa

Puc. 1.3.5. K
NL37

Mma4da 1.4 c.

1.3.8 a) 3eHurHBIi CHAPsJ], B3JIETAIONINIT BEPTUKAJIBHO, Yepe3 BpeMsl T
JIOCTHTAeT MAKCUMAaJIbHON BBICOT U B3pbiBaeTcsi. CKOPOCTH OCKOJIKOB B MO-
MEHT B3pbiBa paBHa v. Kakoil yIacTOK 3eMJI 3CHIIAT OCKOJIKU 9epPe3 BpeMst
T TOCJIe B3phIBA?

6) Ha xakoMm ydacTke OKazKyTCsi OCKOJIKHI 3aJIa91 a), KOrja BCe OHU yIia-
JIyT Ha 3eMJII07

$1.3.9 a) Co ckyiOHA € YyIJIOM (v K TOPU30HTY OGpPOCAIOT KAMEHb B TOPU30H-
TaJbHOM HaIIPABJIEHUN CO CKOPOCTHIO v. Hepe3 Kakoe BpeMs KaMeHb yHaIET



1.3. BAJIJINCTUKA 15

L Q

Puc. 1.3.6. K NILI A6 Puc. 1.3.7. K N3 T2 Puc. 1.3.8. K N3 T3

nac ckaon? Ha kakoMm paccrosauu nocie 6pocka OyaeT MeCcTo NaJIeHusT KaM-
He?!

6) U3 MunOMETA, PACIOJIOKEHHOTO HA CKJIOHE TOPBI, BEJYT CTPEIL0Y BHUS
0 CKJIOHY, obpasyoremy yrou (3 ¢ ropuzorTom (Cwm. Puc. [L36). Ha kakom
PACCTOSTHUM OT MUHOMETa Oy/IyT HaaTh MUHBI, €CJIM UX HAYaIbHast CKOPOCTD
¥ HaIIPaBJIEHA TIOJ YIJIOM (v K TOPU30HTY?

1.3.10 Kora camoJiéT mipojieTaeT HaJ | 3¢HUTHON IYIIKO# Ha BbIcoTe h, OH
JIETUT CKOPOCTBIO ¥, KOTOpas HallpaBjeHa ropu30HTaIbHO. [[o1 KaKuM yTiiom
K TOPU30HTY JIOJIZKHA B 9TOT MOMEHT BBICTPEIUTH IYIIKA U KAKOBa, JOJI2KHA
OBITH CKOPOCTH CHapsijia, ITOOBI IIOPA3UTH CAMOJIET?!

1.3.11 C xakoit CKOPOCTHIO B MOMEHT CTapTa PaKeThl JOJI’KeH BbLIETEThH
U3 IMYIIKA CHApsJ, YTOOBI MOPAa3UTh PAaKETy, CTAPTYIONLYI0 BEPTHKAJIBLHO C
YCKOPEHUEM @, €CJIN PACCTOSHUE OT IYIIKH JI0 MeCTa cTapTa pakeTbl paBHO
U IIyIIKa CTPEJIeT MO YIJIOM (v K TOPU30HTY !

{1.3.12 Ha paccrostnun L Jpyr oT Jpyra HaXOJATCS JiBE OJMHAKOBBIE
IYIIKK, HAIPABJIEHHbIE B OJHY CTOPOHY TOJ yIJIoM « K Topu3oHTy (Cwm.
Puc. [L31). Hauanbhas ckopocThb cHapsja v. Ha Kakoil BeICOTE MOYXKHO IO-
pPa3uTh CHApPSIJ OIHOM IYIIKK CHAPAIOM JIPYTOii?

{1.3.13 B npssMOyro/ibHOI KOpOOKe, YIpPyro yIapsisiChb O JHO U IIPaBYIO
CTEHKY, 110 OJIHO# TpaekTopuK Tyaa 1 obpaTHo npbiraet mapuk (Cum. Puc. [L3F).
[TpomekyTOK BpeMeHU MeK]Iy yJlapaM# O JIHO W cTeHKu paBeH 1. /IHO KO-
pobKku obpazyer yroJt o ¢ ropu3oaToM. OnpeaenTh MUHIMAJIBHYIO CKOPOCTD
IapuKa.

1.3.14 B cdepuieckoit yHke pajuyca R, yIpyro oTpaxascb OT CTEHOK
JIYHKH TI0 OJIHO¥l TpaeKTOPHUH Tyja U 00paTHO JBUKeTcsd mapuk. Mecra yia-
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POB HaXOJIATCs Ha OJIHON ropu3onTaau. Bpems or ynapa go yaapa 1. Omnpe-
JICJIUTH CKOPOCTD IIapuKa B MOMEHT yJapa.

1.3.15 U3 munOMETa BBICTPEJUBAIOT MOAY yIVIOM < K ropu3onTy. CKo-
pOCThb BBLIeTaromeil MUHBI v. depe3s Kakoe BpeMs MuHA Oy/neT Ha MaKCH-
MaJILHOM PAaCCTOAHUU OT MUHOMETA?

h

h

vy { -

\\
Puc. 1.3.9. K zanaue NI3.10] a

Puc. 1.3.10. K zagaue N{L.3.T6l 6
{1.3.16 a) [Tocse B3pbIBa CHApS/IA, JIEZKAIIETO B [IEHTPE JIHA TPOTHOTO CTa-
kata (Cwm. Puc. [[3), ockoiku cHapsijia BBLIETEBINNE U3 CTAKAHA, YCESLIH

obJtacTh BOKpYT Hero B pajmyce R. Bpicota crakana h, pajuyc r. OCKOJ-
KU pa3jeTench B MOMEHT B3PhIBa BO BCE CTOPOHBI C OJMHAKOBOI CKOPOCTH.
Ornpenenre 3Ty CKOPOCTb.

6) Ilocsie B3pbIBa CHapsiJIA, JIEKAIIETO B IEHTPE JIHA [UIHHIPUIECKOTO
kostozna (Cm. Puc. [C3IW) rnybunsl h u pajmyca r, OCKOJKH CHAPs/A, BbI-

OHpe,ZLeJH/ITe 9Ty CKOPOCTDb.

JIETEBIIIHE U3 KOJIOJIA, ycedan 0bJiacTh BOKPYT Hero B pajuyce R. Ockokn
B MOMEHT B3DPbIBa Pa3JIeTEJUCh BO BCE CTOPOHBI C OJIMHAKOBOI CKOPOCTBIO.

1.3.17 C kakoif MUHHMAaJIBHON CKOPOCTBIO MOXKHO I€peOPOCUTH KaMeHb
yepes 3jaHne BbICOTHI H ¢ KyIo0006pa3Hoil Kphlieir pajanyca [R7

1.3.18 a) C kakoii CKOPOCTHIO JIOJIZKEH CKOJIB3UTh IMIAPUK Pajlyca I 1o
TOPHU30HTAIBHON JIOCKE, YTOOBI, JOCTUTHYB Kpas JOCKH, OTOPBATHCS OT Heé?

6)lopuzonTaibHasi J0CKa MMeeT Ha KOHIE 3akpyrieHue pasuyca R. C

KaKOl CKOPOCTBIO JIOJIZKEH CKOJIB3UTH 10 JOCKE IMapUK pajauyca 7, ITOOLI
JIOCTUTHYB Hada/ia CKPYTJIEHUSI JTOCKH, OTOPBATHCS OT Heé?

$1.3.19 Kakoe J1omotHATE/IbHOE YCKOPEHHE JIOJI?KEH Pa3BUTh PEAKTUBHBIN
caapsan (Cum. Puc. [C3T]]), BbICTpe/nBaeMblii TOPH3OHTAIBHO C BBICOTHI h,
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/ Puc. 1.3.12. K 3aymaue NL32T]

Puc. 1.3.11. K zamaue N{L3TY

9TOOBI YJIBOUTH JIAJBHOCTD IOJIETa B CPaBHEHUHU C JAJBHOCTBIO £, KOTOpas
OblIa TIPU BBIKJIIOYEHHOM JIBUTATE/IE.

1.3.20 Pakera na crapTe pasBUBaeT JIONOJHHUTE/ILHOE YCKOPEHUE @ TIOJT
YIJIOM (¢ K TOPU3OHTY, @ > ¢sina. depe3 BpeMs T IOCE cTapTa TATa BbI-
kJogaercs. Oupeaeanre IJIMTEIbHOCTh U JAJIbLHOCTD IIOJIETa PAKETHI.

$1.3.21 U3 opymust 1oy yrjoM « K TOPU30HTY IPOM3BEIEH BBICTPET Pe-
aktuBHbIM cHapsyioM (Cum. Puc. [[3T2). Hauanpaas ckopocTh cHapsia v, u
OH Cpa3y Ke II0CJIe BBICTPeJIa PAa3BUBAET IOCTOSHHOE JIOTIOJTHUTEIHHOE YCKO-
peHre a B HAIpaBjeHun BuIcTpeaa. Oupenennre BpeMs IMOJETa, JAJIbHOCTH
IIOJIETa ¥ MAKCUMaJIbHYIO BBICOTY TIO/bEMa, CHAPSIIA.

1.4 /IBmxKeHue c nmepeMeHHBLIM YCKOpPEHHeM

Testo TOIbKO B peJIKUX CIydasdX B T€UEHUE JITUTETbHOIO BPEMEHU JIBUKET-
s C TIOCTOSTHHBIM YCKOPEHHEM. eM MeHbIIe paccMaTPUBaEeMbIil TIPOMEXKYTOK
BPEMEHH, TeM MEHbIIIe MEHsIeTCs YCKopeHue. B mpeiesibHO MaJjioM TPOMEXKYT-
Ke BpeMeHU di yCKOpEeHHe MOCTOAHHO U M3MEHEHHEe CKOPOCTU B 9TOT IIPOME-
JKYTOK BPEMEHU OIlpe/iesigeTcs (hopMyJIoii:

dv = ddt. (1.4.1)

BeKTOp @ Ha3LIBACTCA M2HOGEHHBLM YCKOPEHUEM WNJIN YCKOPEHUEM.

IIpumep 1.4.1 Ilo npsamoit unum ABUKYTCd JBa Tesa. Paccrosmnue,
KOTOpoe IIPOXOJUT 3a BpeMd t meppoe Teso, pasao Ct?, a sropoe Ct?. Kak
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MEHAETCA CO BpEMEHEM CKOPOCTDL U YCKOPEHHUE 3THUX Tes?

Pewenue: CKOpoCTb U yCKOPEHUE TIEPBOTO TeJia B MOMEHT BPEMEHU ¢ OTIpe-
JIeeTCd paBeHCTBAMU:

2 42
B e el P YO A Y
dt dt—0
2C(t 4 dt) — 20t
. C( +dt) C _o0,

a CKOPOCTb U YCKOpE€HHE BTOPOI'O TeJjia — paBE€HCTBaMU:

(t+dt)> — Ct?

v = = 30t + 3Ctdt + C(dt)* = 30t
dt dt—0
3C(t +dt)* — 3Ct?
o = 30U+ d) —6Ct+3Cdt = 6Ct,
dt dt—0
Tak Kak dt crpemurcs K 0.
I a v | ¢ |
Cctn Cnt"™t | Cn(n — 1)t"2 ctr | Ct"/(n+1)+ D
Csinwt | Cwcoswt | —Cw?sinwt Csinwt | —(C/w) coswt + D
Ccoswt | —Cwsinwt | —Cw?coswt || Ccoswt | (C/w)sinwt + D
Ce* Cae™ Ca?e Ce™ (C/a)e +D
Tabmuna 1.4.1. Tabmmna 1.4.2.

B rabmmne [LAT npuBoasTes 3aBUCHMOCTH OT BPEMEHH: IIyTH, CKOPOCTH 1
yckopenust, a B Tabsuie [LA2 npuBosTcs 3aBUCUMOCTH OT BPEMEHHU CKOPOCTH
u ytu. Bennaunsr C' u D B Tabauiax — MoCTOAHHBIE.

Basucumocts C'e™ | npuBeéHHAas B TAO/I1-
1aX, HA3BIBACTCA IKCNOHEHUUAALNOT 346UCU-
MOCTDBI0, & €' — SKCIOHEHTOIH ¢ TTOKa3aTeIeM \ /
«. Yepes npomexkyTok Bpemenu T = 1/|a| 4
9KCIIOHEHTA C MOJIOXKUTETbHBIM [T0Ka3aTe/IeM \6% et/
o yBeqmauTes B e = 2.718281828459045 . . . pa3, 2 N /
a C OTPHUIATEIbHBIM — BO CTOJILKO K€ pa3 _/> <&
YMEHBINUTCS. DKCIOHEHITNATHLHOE BO3PACTAHIE 0 I R E— 1 5

1 3aTyXaHue mMeeT MeCTO TOor'la, KorJa CKO-

POCTb HM3MEHEHU:A BEJIMYIUHBLI T IIPOIIOPIUO-
Ldr
HajabHa r: % = ax. [TokasaTesib SKCIOHEHTHl paBeH KO3 UIMeHTy I1ponop-

INOHAJIbHOCTH . HOSTOMy, KOorJa & IIOJIO2KUTEJIbHO M CKOPOCTH M3MEHCHUA

Puc. 1.4.1. DxcnonenTa
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BEJIMINHBI TeM GoJIbIne, deM GOJIbINe 9Ta BEJMIHHA, MMEET MECTO SKCIOHEH-
[AAIBHOE BO3PACTAHNE STON BEJINYNHDL, & KOIJa (v OTPHIATEILHO U CKOPOCTh
YMEHBIICHNST BEJIMUUHBI T€M MEHBIIE, 9eM MEHDIIE BEININHA, IMEET MECTO
SKCIIOHeHIaIbHOe 3aTyxanue 3toit Benmuanubl. Ha Puc. [LZ]] u3o6parkena
BO3PACTAIONIAs U 3aTyXalolas IKcIonenTa ¢ 1/|a| = 1c.

IIpumep 1.4.2 Yem meHbIlle CKOPOCTH JIOJKHA U, T€M cjabee OHa TOP-
mosurcsa: a = dv/dt = —av. Kakoe paccrosinune TpoiéT Jiojika, KOTOPOIi
COOOIIUIN CKOPOCTH Vg, 10 €€ ocraHoBKM! Kaxk 3aBUCUT IIyTh, PO IeHHbBIN
JIOMKOIT OT BpeMeHn?!

Pewenue: Ymenblenne ckopoctu (—dv) =

avdt = adl — TpomopPIMOHAILHO IIPOIIEH- E(M)/

nomy mytu df. IlosTomy nckomoe paccrosiuue 19

¢ = vy/a, TaK KaK CKOPOCTH JIOJKHU YMEHbIITH- ) /

nack Ha vy. CKOpOCTb M3MEHEHUsI CKOPOCTHU /
nponopnuonaiabia ckopocrn, Koaddummenr 05
IIPOIIOPIMOHAIBHOCTH paBeH —a. [TosTomy cko- t(c)

POCTB YOBIBAET SKCIIOHEHIINAIBHO: ¥ = vge~ .

Cortacuo Tabsmie [L4.2

0 2 4 6 8

Puc. 1.4.2. [IBuxkeHume JIOOKU
a=1lc, v=2%.

(= —(vo/a)e™™ +D = (vo/a)(1 —e™),

TaK Kak B MOMeHT Bpemenn t = (), BequunHa { J07KHA OBITH paBHA HYJIIO.
3aBUCHMOCTD pacCcTOSTHUSI OT BpemeHn n3obpazkena Ha Puc. [[42 B ciyuae,
Korma v =l mo =24,

goooobobbbbbooooogoobooao

Ecan 9yTb OTKJIOHUTH MadTHUK, a 3aT€M OTIIyCTUTH €10, TO OH 6y,ZL€T JBU-
TaTbCd K IIOJIOZKEHUIO PaBHOBECHA C YCKOPEHHUEM TEM 6OJI]';>LHI/IM, qeM OOJIbIIe
€ro OTKJIOHEeHHEe I:

a = —wir, (1.4.2)

w% — IIOJIOZKUTEJIbHA IIOCTOAHHaA BECJINYINHa, Ppa3Had Y PAaSHbIX MadTHUKOB.
HO,ILO6HELH 3aBUCHUMOCTDb YCKOPEHHSA TEJI IIPU MaJIbIX OTKJIOHEHHUA OT I1O0JIO2KE-
HHA yCTOﬁ‘iHBOI‘O PaBHOBECHUA YHUBEPCAJIbHA U IIO3TOMY BOIU3HU paBHOBeCHA
BCe TeJla ABUXKYTCA CUHYCOUdaJIbHO:

™

x = Acos(wot + ) = Asin(wpt + ¢ + 5

). (1.4.3)
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[Ipu masbix Kosiebanusx Tejga BOJIM3U PABHOBECHS aMILIATYIa KOJIeOaHUit
A n daza ¢ MoryT MMerh JIOObIEe 3HAYEHUS, HO Wy — Y2A06aA4 YaACMOMG
Koaebaruti — JJI STOTO Tesla CBOsSI HEM3MEHHAas BeJIMYNHA.

VYV YV Y Y
IIpumep 1.4.3 Ha Puc. H300pazKeHO VY VYV YOV OY

HeDOJIBITIOE TEJI0, KOTOPOE JBUKETCS CO CKOPOCTHIO

woA 1o okpyxkuocTu pajguyca A. B HymeBoit mo- _ - —wWwoA
MEHT BPEMEHH PaJINyC, COCIUHSIONINN TEJIO C 1EH- , -
TPOM OKPY2KHOCTH, 0Opa3yer ¢ ocbio X yrou . Ha A \\
och X Tajiaer MepleHJuKyIsipPHO CBETOBOI MOTOK. ' 2 \
Kak 3aBucuT oT BpeMeHn paccTosHIe TEHN Tesla JI0 : ) ]
[IEHTPa OKPYKHOCTHU, & TAKXKe CKOPOCTb U yCKOpe-  \ /
Hue reya’ ' N Acosp~ /
Pewenue: Paccrosaue TeHN 710 TIEHTPA OKPY K- S~ - g
Hoctn O B MOMEHT BpeMenu t onpefengercd Gop- Puc. 1.4.3. IsmkeHne 1o
MYJIOM: OKPY2KHOCTH.

x = Acoswyt + .

[Tonbsysicy Tabmumeit [CAT], HaxXoauM CKOPOCTH M YCKOPEHKE TEHH:
v = —Awpsin(wot + ¢), a= —Aw] cos(wot + @) = —wi.

DTOT Ke pe3yabTaT MOYKHO MOJIYINTh, €CJIU CIIPOEKTUPOBATH CKOPOCTH 1
yckopenue Ha och X . Takum oOpa3zoM, TeHb Teja, JIBUKYIIETrocsd 110 OKPYKHO-
cru paguyc A co ckopocrbio Awy MOBTOpsieT KojiebaTe/bHOE IBUKEHHE TeJIa
¢ amiuTya0i A u daszoit ¢ B ciaydae, ecau yIJioBas YacToTa KoJeOaHuit
paBHA Wy.

IIpumep 1.4.4 B nysneBoit MOMEHT BpeMEHHU TEJIO, KOTOPOE HaXOIUI0Ch
Ha PACCTOSIHUU X OT IOJIOYKEHWsT PaBHOBECHUSI, MMEJIO CKOpPOCTh vg. Orpe-
JIeJINTe, Ha KaKOM PACCTOSHHHU OT IOJIOYKEHHSI PABHOBECHUs OyIeT HAXOIUTCH
TeJI0 B MOMEHT BPEMEHH t, eCJIi yIJIoBasl 9acToTa KojieOaHus Tejia paBHa wWy.

Pewenue: Tlonoxkenue Tesa u €ro CKOPOCTh OIpeIie/AeTcsa (hOpMyIaMu:

xr = Acos(wot + ), v = —Awgsin(wot + ¢).

Hy»xk#o BoIOparsh ammutyy A u dasdy ¢ Tak, 91odbl npu t = (0 Tej10 Haxo-
JINJIOCHh HA PACCTOSIHUU T( OT IOJIOXKEHUS PABHOBECHS M UMEJIO CKOPOCTH Ug.
DTO 3HAYUT, UTO:

Acosp = Ay, —Awpsing = vy.
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N3 stux 1ByX ypaBHEHUN HAXOIUM, YTO

2
A= :c%—i—(ﬂ), @z—arctg(vo).
Wo ToWo

[IperokeHHbII TPUEM pellleHns 3a/1a9u Ha3bIBACTCA OIPEJICTICHUEM JIBHKE-
HUS TeJla 110 HAaYaJIbHBIM YCJIOBHUIM.

goooobobbbbbooooogooooao

Korma ckopocTh u yckopenue CjoxK-

HBIM 00pa30M 3aBUCSIT OT BPeMEHU, Ha- 4
[pUMep TaK, KaK 3TO M300pazKeHo Ha

Puc. [LZ4] ucniosib3yercst rpadudecKuii
meron. B mepsom ciyudae paccrognue, gy
OPOiiJIEHHOE TeJOM 3a BpeMs to—tq, paB- S, t
HO ILJTIOIIA/TA 3aKPaIeHHOi (DUryphl, cHa- fy - - >
JaJia JeJIEHHON Ha IIoma b Sy, a 3aTeM a
YMHO2KEHHON Ha vgTp. Bo BTOpOM City-

Jae U3MEHEHUEe CKOPOCTH 3a BpeMst ta—t1 0
PaBHO 3aIITPUXOBAHHON ILIOMIAJIH, Je- So ¢

JEHHOM Ha Sy, a 3aTEeM yMHOKEHHON Ha T ; ~
0
apTo- 1 2

v

ITpumep 1.4.5 ['paduk 3aBucumo-
CTU CKOPOCTH Tejia OT BPEMEHHN HMEEeT Puc. 1.4.4. T'paduaeckuii meroz,
BUJI MTOJTIYOKPY2KHOCTU. MakcmmasibHast
CKOPOCTB TeJja vy, BpeMs JABUKeHus taug. Oupenesure myTb, TPORICHHBII
TEJIOM.

v Pewenue: TLmomaas 3amTpuxoBaH-
Yot - woro kBagpara (Cm. Puc. [[ZH) pasna
R?, ecn R — pajmyc HOIyOKPY»KHOCTH.
Ona COOTBETCTBYET IIyTH %UOTO. [IyTn
{, IPOIJIEHHBII TEJIOM BO CTOJIBKO Pa3
0 %TO 70 boJIbIIIe %1)07'0, BO CKOJILKO Pa3 ILJIOMIA/Ib
MTOJIyOKPYZKHOCTH OOJIBIITE TLIOIIA/IN KBa/I-

pata. [Tostomy:

v

Puc. 1.4.5.

1 1 1
(= V0T <§7TR2/R2) = oo,
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3adavu % §1.4

1.4.1 Craprys, TOHIUK JTUHEHHO HapaIuBaeT YCKOPEHUe CBOET0 aBTOMO-
OuJsIsd, Yepe3 BpeMs T I0C/Ie CTapTa UMeJI CKOpOCTh v. Ha KakoM paccrogHun
OT cTapTa OH HAXOMIUJICA B 3TO BpeMsi’

1.4.2 Vckopenme Tesia cHadaja B T€YEHUU BPEMEHU T JIMHEHHO yBeJIU-
YUJIOCH JIO U, & 3aTeM C TaKOil »Ke CKOPOCTBIO yMEHBIMUIOCH. Oupeae/mThb
MaKCHMAJIbHYIO CKOPOCTb TeJIa.

< 1.4.3 BaBUCUMOCTDH YCKOPEHUE PAKETHI H300-
paxkena Ha Puc. Ompejieture CKOPOCTH
U PacCTOSHUE PAKEThl OT MECTa CTapTa B MO-
MEHT BpeMeHu ¢ > to.

|
|
|
I t
. :

1.4.4 MaJibauK Hada I pasyBaTh BO3LYIII- 0 ty b2
HBII IMApUK 1 gepe3 BpeMs t ero pajuyc crag — Puc. 1.4.6. K sanaue NLL3
R. C xakoif CKOPOCTBIO B 3TOT MOMEHT BpeMe-

HU JIBUTAJIACH TIOBEPXHOCTD MIAPUKA, €CJU CIUTATDH, YTO MIAPUK PAa3ILyBasCs
paBHOMEpHO?

v

1.4.5 Yepe3 kakoe BpeMd HUCUE3HET KaIlId pajuyca R, ecam ¢ eIuHUIbI
[IOBEPXHOCTHU B €JIMHUILY BPEMEHU UCIAPUJICH 00bEM YKUJIKOCTH q7f

$1.4.6 13 KoHUYIECKON BOPOHKHU C yT-
aom « (Cwm. Puc. [[Z1) upu Bepimmne
KOHyca 1uepe3 TpyOKy paJimyca r co CKO-
POCTBIO ¥y BBITEKAECT KUJIKOCTH. B Hy-
JIEBOII MOMEHT BPEMEHH yPOBEHb KUJI-
KOCTH B BOPOHKE HAXOJIUTCS HA PACCTO-
auun h OT BepIIMHBI KoHyca. Kak 3a- Puc. 1.4.7. K sanaue NLZH
BHUCUT OT BPEMEHU CKOPOCTD JIBUKEHUSI
YPOBHS >KUJIKOCTH !

1.4.7 Hed b, paBHOMEPHO BBITEKAIOIASI U3 TaHKEPa, IIOTEPIIEBIIEr0 aBa-
puio, Yepes BpeMs tj pacTeKJach 110 BoJie BOKPYT Hero B paanyce R. Tommuna
cnos vedpru h. Kakoit 00béM HedTU B €IMHUIY BPEMEHU BBITEKACT U3 TAHKE-
pa? C Kakoil CKOPOCTBIO YBEJIUUUBACTCH PAJINYC MATHA Yepe3 BpeMs ¢ 1moce
aBapun’
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1.4.8 Yepes 2 c nocjte TOTIKA CKOPOCTH JIOJKA YMEHBITIIACH B JBa pa3a.
Bo cko/bKO pa3 yMeHBIUTCS CKOPOCTD JIOKH Yepe3 10 ¢ mociie TordKa, ecin
TOPMOYKEHUH JIOJAKH ITPOIOPIINOHAIBHO €€ CKOPOCTH !

X

- 1.4.9 Ckoub3411asi ¢ IMOCTOSIHHON CKO-

. POCTBIO IIaiiba momaIaeT Ha BA3KYIO J10-

! POXKKY IUPHUHBI h, HA KOTOPO YCKO-
| peHue Imaiidbbl OTpUIaTeIbHO W JIUHElH-

g | HO 3aBHUCHT OT CKOPOCTH: @ = —av. Ha

Puc. 1.48. K sanate NLZTI CKOJIbKO YMEHBIITUTCS CKOPOCTH ITaiiObI
1ocJIe JTOPOXKKM!

$1.4.10 a) Ecim mapuk ckareiBaercs ¢ ropku (Cwm. Puc. [LLH), To ero
YCKOpeHHe MPONOPIUOHAILHO PACCTOSHUIO T JI0 BEPIIMHBI TOPKH: @ = (T,
Hoxaxkure, mosb3ysacek Tadbuneit [LL]] na crpanure [[8, uto yckopenue 3aBu-
CHT OT PACCTOSAHUS & JIO BEPIIUHBI TOPKH, KOTJIA PACCTOSHHE X CJIC/LYIONHAM
06pa30M 3aBHCHT OT BPEMEHU:

T = Cleat + 026_at,

rae C1 u C'y — IpOU3BOJIbHBIE ITOCTOSTHHBIE.

6) B 3azmade a) Ha BepiIiHe TOPKU MIAPUK MMEET CKOPOCTh Ug. Ha KakoMm
PACCTOSIHUK OT BEPIINHBLI OY/IeT HAXOJUTHCH IMIAPUK U KaKyl CKOPOCTH OH
OyIeT UMeThb CIycTs Bpems t7

1.4.11 Koutebmoteecs: BOm3u paBHoBecus: Tesio 3a BpeMs 0.01 ¢ cmectu-
Jloch Ha paccrosuue (.5 ¢M OT MMOJIOYKEeHUs] PABHOBECHS JI0 HANOOJIBIIErO, PAB-
noro 1 cm. KakoB nepuos kostebanust Tesa?

1.4.12 Teno cosepmraer kKojebaHusa BOJIM3U PaBHOBECHS C YIaCTOTON w.
B momenT Bpemennu t, paccrosiHMe Tejia JI0 TOJIOYKeHWs PaBHOBECHS PABHO
Zp, & CKOPOCTD Vg. JloKaxKuTe, 9T0 3aBUCUMOCTD PACCTOSTHUS JI0 TIOJTOKEHHST
paBHOBECHsI OT BPEMEHH t MOYKHO IIPEJICTABUTL B BUJIE

x = xgcosw(t —to) + (vo/w)sinw(t — tp).

1.4.13 3aBucmMOCTbH CKOPOCTH IIEHTPA MeYa IPHU yJape ero O CTEHKY —
HOJIYIEPUOJT KOCHHYCOUBL: v = vg cos(wt, 0 < t < m/w, ecim Bpems 0TCUH-
TBIBAETCsI OT Hada/a KOHTAKTa Msida co crenkoii, [lonb3ysich Tabmmneit [L47]
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na crpanute [8 ompegenure myTh, MPOWJIEHHBIA MIIOM B HAIPABJIECHUH K
CTEHKE, BO BpeMs KOHTaKTa C Helo.

1.4.14 TopuzonTaabHasg MeMOpaHa COBEPIIAET TapMOHIYIECKIE KOJIeOAHMS
10 BEPTHKAJIM C 9acTOTOl w 1 aMiinTyaoi A. Ha MeMmOpane JIeKUT I'Py3HK.
[Ipn kakux amimrygax A on Oymer KojebaTbcsa BMeCTe ¢ MEMOPaHOii, a IIpu
KaKUX HAIHET IOJICKAKUBAThL! YCKOPEHHe CBOOOIHOIO MaJdeHUs PABHO (.

v {1.4.15 a) 3aBHCHMOCTH CKOPOCTH TeJIa OT
| Bpemenn n3obpaxkena Ha Puc. [[L9 Kpuas

| ¢ JINHUS HA 9TOM PUCYHKE — YeTBEPTH OKPYIK-
! s noctu. Havywmnas ¢ MoMeHnTa BpeMeHH T, TEJIO
0 T t JIBUZKETCS C TIOCTOSTHHOM CKOPOCTBIO V. Otrpe-
Puc. 1.4.9. K NLZTH a JIeJINTE TyTh, TPOIJIEHHBIN TeJIOM 3a BpeMd T,
ecaa t > T.

v

6) 3aBUCHMOCTb YCKOPEHHsI TeJla OT Bpe-
menn nzobpazkena wa Puc. [[4T0 Kpusas -
HUsI HA rpaduKe COCTOUT U3 JIBYX UeTBepTeil
OKpy2KHOCTH. HaunHasi ¢ MOMEHTa BpeMeHU
T, TEJIO JIBUYKETCS C TTOCTOSHHBIM YCKOPEHU-
eM ag. Otpejieiure CKOPOCTb TEJIa B MOMEHT
BpeMeHu ¢, ecam t > T.

v

t
Puc. 1.4.10. K NM{LZTA6

1.4.16 MoTomuk/MCT, JABUKYIIUNECST CO CKOPO-
CTBIO 72 7, Ha noBopore pajuyca 200 M TOpMO3UT
n depe3 20 ¢ ocranaBmBaercsa. CKOPOCTh Ha TOBO-
pOTe BIJIOTH JI0 OCTAHOBKHW MOTOIUKJIICTA yMEHb-
maJjach JIMHEHHO OT BpeMeHu. demy paBHO HOP-
MaJIbHOE U TOJIHOE YCKOpeHUe B HadaJjie IoBopoTa?
[TokazkuTe 3TO yCKOpeHUe Ha PUCYHKE.

1.4.17 a) Teno aBuKeTCs 1O OKPYKHOCTU Pa-
nuyca R co CKOPOCTBIO, KOTOpas JTUHEHHO 3aBUCHT
oT BpeMeHHM: v = apt. Kak 3aBucuT OoT BpemeHun
Puc. 1.4.11. K NLLTS  posmoe yCKOpeHue Tesa’

6) Pemure 3amady a) B cirydae, eClim CKOPOCTh
KBaIPATHYIHO 3aBUCHT OT BpeMEHH: v = ait?,

< 1.4.18 Ilo okpyxuocTu pajguyca R auzxkercs reno (Cm. Puc. [LZTTI), cko-
POCTH KOTOPOT'O IIPOIIOPIIMOHAJIBHA BpEMEeH! v = agt. B HyeBoit MoMeHT Bpe-
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MEHH TEJIO HAaXO/IMJI0Ch Ha OCH CIIpaBa OT IIEHTPa OKpy2KHOCTH. Tejo ocBera-
€TCsl CBETOM, TJIAIONINM TEPHEHIUKYIAPHO K ocu x. demMy paBHa CKOPOCTD
U YCKOpEeHHUe TeHH TeJjla Ha OCh & B MOMEHT BpeMeHH t7

1.4.19 Yacruma jaBukercsd 1o crnupajm pajguyca R u ¢ marom h. Hemy
PaBHO YCKOpPEHNE YaCTHIIhI, €CTIN OHA JABUKETCH 10 CIIUPAJIH C TIOCTOSHHON 110
BEJIMIUHE CKOPOCTBIO Ug? €CJTH €€ CKOPOCTh JIMHEHHO YBeJIMInBaeTcs: v = agt.

Puc. 1.4.12. K NCLZ20 Puc. 1.4.13. K N{LZ2T] Puc. 1.4.14. K NLZ27

$1.4.20 OnpenennTh CKOPOCTh JIMHUN MEPECEYEHUs] JIBYX JIydel MpOyKeK-
topos (Cwm. Puc. [[AT2), KoTopble BpaIaoTcst B IPOTUBOMOIOKHBIX HAIIPAB-
JIEHUSIX C YTJIOBOIl CKOPOCTBHIO W B MOMEHT, KOI/Ia YIOJl K TOPU30HTY ODOMX
IIPOZKEKTOPOB paBeH . Paccrosinne Mexk 1y mpoxKekTopamu paBHo 2/.

$1.4.21 AToMOOMIbL € BKJIIOYEHHBI-
MU bapaMu IBUZKETCs CO CKOPOCTBIO TIep-
nexuKy/aspao crene (Cm. Puc. [CATH)).
Ha paccrosiumm L OoT CTEHBI OH JiejlaeT i
noBopoT pajuyca R. Kak 3aBucur cko- h —
POCTB CBETOBBIX IISITEH OT JIyueit hap oT O Q
yIJIa TIOBOPOTA aBTOMOOUISA! OT BpeMe-
HU JBUKEHUS Ha 11oBopore? CKOpPOCTh Puc. 1.4.15. K sanage N{LLZJ]

aBTOMOOMJIS IIOCTOAHHA, U paBHa V.

Q

$1.4.22 Tlo nayouke, Koropast Bpalaercs BOKpyr Touku () Tak, Kak Io-
kazano #Ha Puc. [LLT4, mon3ér »Kyk. YIjIoBas CKOPOCTH Majodkn w. 2KykK
yaassiercst oT meaTpa O co cKopocTbio vy. Ompeaennre CKOpoCTb U yCKOPe-
HUe Kyka Ha paccrogauu £ ot Touku O.
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<> 1.4.23 BpesHo, ynupasch HUKHAM KOHIIOM B yT'OJI MEKJLy CTCHKOIl 1 3eM-
76, KauaeTcs JHa rpy3oBuKa Ha Bbicore h or 3emsn (Cwm. Puc. [CATH). Tou-
Ha 6pesna {. Onpeneaure CKOPOCTh U YCKOPEHHE BEPXHEro KOHIA OPEeBHA B
3aBUCUMOCTH OT yTJIa (v MeXKJy HAMHU U FOPU30HTAJBIO, €CJIU IPY30BUK OTh-
€32KaeT OT CTEHBI CO CKOPOCTBIO 1U.

Puc. 1.4.16. K N{dLZZ4  Puc. 1.4.17. K N{LZ27 6 Puc. 1.4.18. K N{CZ2¥

{1.4.24 BycuHKa MOXKeT IBUTaThCA II0 KOJbIY pajuyca R, IMoATaJKuBae-
Masl CHUIEl, KOTopas PaBHOMEPHO BPAIAeTCs ¢ YIJIOBOH CKOPOCTBIO 0Mmega
B wiockocTu Kosbia (Cum. Puc. [CZTH). Ock BpaineHus Criuibl HAXOIUTCS HA
koJibIle. Ompeienre MakCUMaJIbHOE YCKOpeHre OYCHHKM.

1.4.25 CkopoCTb TPOTSKKKA MAarHUTO(MOHHO# TIEHKHU V. HavuabHbIi pa-
myc 606mmbl (¢ wiénkoit) R, a koneuansiii (6e3 wiénkn) r. Tommuna miéHku
h, h < r. Kak 3aBucut ot Bpemenu pajuyc 606mabr! C Kakoil CKOPOCTHIO OH
yMEHbBIaeTCs ?

1.4.26 3a smcoit, Gerymieit TPSMOJUHERHO C MOCTOSHHONW CKOPOCTBIO v,
TOHUTCS cobaKa CO CKOPOCTBIO U, KOTOpas BCerja HallpaBieHa Ha Jucy. B
MOMEHT, KOT/Ia BEKTOPBI CKOPOCTeil COOAKW W JINCHI MEePIEHUKYISPHBI, Pac-
crosinue Mexk Ty HuMu . C KaKUM yCKOPEHUEM JIBUTAJIACh B 3TOT BPEMs CO-
baka?

{$1.4.27 a) Yerslpe depenaxu HaxXOATCs B HYJIEBO MOMEHT BPEMEHU B
BepInHAX KBaJpaTa co cTopoHoit £. OHU IBUTAIOTCS € MOCTOSTHHON TI0 BEJIU-
YUHE CKOPOCThIO v. KaK ias depernaxa JIBUXKETCS 110 HAIIPABJIEHUIO K CBOE
cocesike 10 9acoBoil crpesikn. C KaKuM YCKOPEHHEM JIBHUTAIOTCs Ueperaxy B
HYJIEBOII MOMEHT BpeMeHHu? B MOMEHT BpeMeHHu t?!
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6) Tpu uepernaxu HaXOASITCS B HYJIE€BOW MOMEHT BPEMEHU B BEpIIMHAX
IPABUIBHOIO TpeyroibHuKa co croponoii ell (Cm. Puc. [[ZT7). Onu japura-
IOTCSI C TIOCTOSTHHOM CKOPOCTBIO v, KazKJast 10 HAIIPABJIEHUIO K CBOE coceIKe.
VX nBuzKeHHe MPOUCXOIUT 10 YaCOBOM cTpesku. 1Jie BCTpersaTcs depenaxu
U B KaKO# MOMEHT BpeMeHH’! ¢ KaKMM YCKOPEHHMEM JIBUTaJIiCh dYepelaxu B
HyJIeBOII MOMeHT Bpemenu?! B mMomenT Bpemennu t7

$1.4.28 Tlo maJiouke, KOTOpasi BPAIIAeTCss BOKPYD CBOErO KOHIIA C yTJIO-
BOIf CKOPOCTBIO W, JBUKETCs OYCUHKA, YAAJAACH OT IEHTPa CO CKOPOCTHIO U
(Cum. Puc. [LATY). Kak 3aBucuT pajimyc KpUBU3HBI TPACKTOPUU OYCHHKHU OT
PACCTOSTHUSA JI0 IEHTPa BPAIEHUS !

1.5 KuaHemarnka TBEPJOI'O TeJja

[Tpu mocTynareabLHOM JBMXKCHUU TBEPAOIO Tejia CKOPOCTH BCEX €ro TO-
ek opmuakoBbl (Puc. [LH]]). Tlpu Bpamare bHOM JBUKEHUN CKOPOCTD JTHO-
60it TOUKH TBEPIOTrO TeJla MeplHeHIuKyIgapHa PAJIUyCy T, KOTOPBI COeIMHAeT
5Ty TOUKy ¢ ocbio Bpaienus O (Puc. [[2). Bermauna ckopoctu mpu Bpa-

— /N
I_ | P / R
| ! = )
— | r / /
| I / /
| I / /
— | I / /

| | 0] \\\ //
L1 ~v @,

Puc. 1.5.1. Puc. 1.5.2. Puc. 1.5.3.

MIATEJILHOM JIBHKCHIN [IPOIOPITHOHAIBHA 7'
v =wr, (1.5.1)

Ijie w — yIJIoBad CKOPOCTBb Tejla. B TeyeHnn MaJsioro IpoMexKyTKa BpPeMeHI
dt moboe ABMZKeHME TBEPJOrO Tejla MOXKHO PAcCCMaTPUBATH KaK MTHOBEHHOE
BpallleHe BOKPYT TOYKH, KOTOpas B 9TOT MOMEHT BPEMEHH HEIIO/BIZKHA. DTa
TOYKA HA3BIBACTCA MI'HOBEHHOI ocbio Bparenns (Puc. [CD3]).
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JIBmzKeHus TBEPIOTO TeJIa, UMEIOIIEro OCh CHM- 2wR
METPHUHU, Yalle BCEro pacCMAaTPUBACTCHA, KaK Ha-
JIO?KEHUE BPAIaTeIbHOIO JIBUZKEHUST BOKPYT OCHU
CUMMETPUN ¥ TOCTYIIATeJIbHOrO JBu:keHus. Ko-
jmeco pajgmyca R, mzobpaxkénnoe na Puc. [LHA
KaQTHUTCSI 10 ILJIOCKOCTHU CO CKOPOCTHIO v. B 10001k
MOMEHT BPEMEHU 3TO JIBUKEHUE MOXKHO ITPEJICTa~
BUTH KaK MI'HOBEHHOE BpAaIlleHUe C YIJIOBOM CKO-
pocThio w = v/R 10 4YacoBON CTPEJIKU BOKPYT
TOUKM KacaHUsl KOJieca ¢ IIOCKOCThIo. Ho MoxK- Puc. 1.5.4.

HO IPEJCTABUTH 3TO JIBHUXKEHUE KaK HaJIOKEHUE
[TOCTYTIATETLHOTO JBUXKEHUs KOJIeca CO CKOPOCTh ¥ U €TI0 BPaIleHus BOKPYT
[EHTPa KoJieca ¢ YIJIOBOI CKOPOCTBIO w = v/ R 110 9acoBoii cTpesku.

ITpumep 1.5.1 Omupesesiure CKOpocTbh Ha 000je JAuCKa pajuyca R B
BepxHeil JacTr 000/1a ¥ Ha yPOBHE IEHTPA JINCKa, KOTOPBII KATUTCS 10 TI0C-
KOCTHU CO CKOPOCTBIO V.

Pewenue: /Imkenune auckKa JT0JIKHO OBITH Ta-
KUM, 9TOOBI HUZKHHII Y9aCTOK JIUCKa OBLT HEIo-
JIBUZKEH, TaK KaK JUCK KATUTCH, & He CKOJIL3UT.
DTO MPOUCXOAUT MPHU HAJOKEHUU MOCTYIATE b
HOTO JIBUZKEHHST CO CKOPOCTBIO ¥ ¥ TAKOT'O Bpallle-
HHUSI 110 9aCOBOH CTpEJIKe BOKPYT IEHTpa JIUCKA,
KOIJIa CKOPOCTH y9aCTKOB JINCKA Ha 000J1¢ PaBHBI
v (Cwm. Puc. [[EH). Hanoxenune stux aByX JIBU-

JKeHMI J1aéT HA 0007e HYJIEBYIO CKOPOCTb BHU3Y, Puc. 1.5.5.
CKOPOCTBb 2U HaBEPXY U CKOPOCTh V2v Ha ypoBHE S
IIEHTPA. oR

DTO Ke JBUKEHHE MOXKHO PACCMATPHUBATDL U AL .
KaK MI'HOBCHHOE BpallleHUe JUCKa BOKPYI HUZK- VBR|VAR vv2
Hell TOUKU C YIJIOBON CKOPOCTBIO w = v/ R 1o 1a-
COBO#1 CTpeJIKe, KOrJa MIHOBEHHBIN [IEHTDP Bpallie- ‘y
HUdA JBUZKETCA BMECTE C JUCKOM CO CKOPOCTBIO U

Puc. 1.5.6.

(Cum. Puc.[CR). B srom cirydae Bepxuuii y4actok
00018 IBUZKETCSI CO CKOPOCTBIO Uy = w - 2R = 20,
a yJacTKH 000/a Ha yPOBHE IEHTPA — CO CKOPOCTBIO Uy = W - RV2 = vV/2.
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3adavu x §1.5

1.5.1 CropocTh Ha Kpaio HaxKIadHOTO TUCKa U, = 10 +. Paqmyc nmcka
R = 20 cm. CkobKo 000pOTOB OH JestaeT B ceKyHIy! KakoBa ero yrimoBas
ckopocTh? C Kakoifl CKOPOCTBIO JBHZKYTCA YUACTKU JINCKA HA PACCTOSHUN
r = 10 cMm oT ocu BparteHus?

$ 1.5.2 HumnapuaecKuil cHApsI, JTeTAIITAN
B HaIIPaBJEHUHU CBOEl OCH CO CKOPOCTBHIO v, __} el o
OJTHOBPEMEHHO BpalllaeTcss BOKPYT 3TOH ocu W _T
L

1 yry10Boii ckopoctbio w (Cwm. Puc. [L57]). Ompe-
JIeJTATE MUHUMAJIBHYIO U MAKCUMAJILHYIO CKO-
POCTD Ha MOBEPXHOCTH CHAPSJIA, €CJIA PAIIUYC

Puc. 1.5.7. K zamage N{LA
cHapsijia R.

1.5.3 Ompenenure CKOPOCTh 3eMJIH, CBA3AHHYIO C €€ BpallleHneM BOKPYT
Comana. Hackobko MeHsIeTCsl BEIUYUHA 3TOW CKOPOCTH U3-3a JIBUKCHUS
Bemsu BokpyT csoeit ocu? Paccrognue o Conna 1.5-10° kum, paguyc 3emn
6.3 - 103 kM.

1.5.4 Jlyna obparmmena k 3emte oiHO# cToponoit. Paccrosaue ot 3emin 10
JIynwt 3.8-10% km, pagmyc JIymsr 1.7-10% kv, Ha cKOIbKO OTIMYaeTcs CKOPOCTh
noBepxuoctu JIyubr Hanbosiee 6/IM3KOM K 3emMiie U HanOoJee yIaaEHHONR OT
Hei?

1.5.5 a) ABromobusb IBUZKeTCsT 63 MPOCKAIb3BIBAHMS KOJEC CO CKOPO-
cThio vg. Onpeennre MaKCIMAJIBHYIO CKOPOCTH Ha 000e KoJieca.

6) YeMy paBHBI CKOPOCTH HUZKHUX U BEPXHHUX yUaCTKOB I'YCEHHIIbI TPAK-
TOpa, KOTOPBIH JABUXKETCsI CO CKOPOCThIO Uy? Kak MeHsieTcss CKOpocTh Tpak-
TOpa, KOTOPBIIl ABUXKETCsI CO CKOPOCTbIO vy? Kak MeHsiercsi CKOpOCTb 9THX
YYIaCTKOB B 3aBUCHMOCTHU OT UX PACCTOSTHUSI JI0 3eMJIH i, eCJIi pajinyc Kojeca
TpakTopa R?

1.5.6 Juck pajgmyca R KaTUTCS 10 IJIOCKOCTH CO CKOPOCTBIO V.

a) Oupesesnure CKOPOCTH TOYEK Ha 000 IUcKa Ha yposHe s R u SR or
[IOBEPXHOCTH.

6) Oupezesnre MEHIMAIBHYIO H MAKCHMAJIBLHYIO CKOPOCTD TOYKHU, KOTO-
past HAXOJUTCsl Ha PACCTOSHUE I OT IIEHTpa JucKa, 1 < R.

B) YeMy paBHO yCKOpeHHe TOUYEK Ha 000Ji¢ JUCKa! Ha PACCTOSHHUU I OT
nentTpa fucka (r<R)?
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1.5.7 Kax 3aBucut yckopenme Todek Ha 000jie Kojeca pajnyca R B Bepx-
Hell yacT 000J1a U Ha YPOBHE IIEHTPA O €ro CKOPOCTH, €CJTH KOJIECO KATUTCS
C YCKOpEeHmeM ag?!

- < N < N
- = N~ T -~ Y\,\,f——_z PN
,4,4,;,@@2 3\7 7/:52@ iy \\ii;f’/7<£\\\\\\ .
\\ 4 4 N NV
\
/ / /
Puc. 1.5.8. K 3zamaue N{LO.J Puc. 1.5.9. K zanage N{LH.O

{1.5.8 a) Ha KakoM paccTosiHiU HAXOJSITCSI COCETHIE BEPIIUHBI TPACKTO-
pun Toukn 000a AUCKa pajamyca [, KOTOpBIit KaTuTcd 1o mmockoctn! Kak
3aBUCHUT PAJINYC KPUBU3HBI TPAEKTOPUU OT PACCTOSHUS JI0 TIJIOCKOCTH !

DTa TpaeKTOPHUsA Ha3BIBAETCS IUKJIOUION OT TPEUECKOro »UxN0eLd( —
Kpyroobpasubiii Kpyribiil. [Ipumep mukmonasl mpejacrasien Ha Puc.

6) Pemmre 3amauy a) jjis TPaeKTOPHU TOYKH, KOTOpas HAXOIUTCS HA
PacCTOsTHUM 7 OT NEHTPa Jucka, r < R.

$1.5.9 Koseco paguyca R KaTuTCst 110 TOPU3OHTAJIBHON TLIIOCKOCTH G€3 po-
ckasb3biBanus (Cum. Puc. [ Ot 3ajmeit Toukn Kojieca, HaXOJSIIEHCs Ha
YPOBHE OCH OTPbIBaeTCs KOMOUEK I'psi3u. C KaKoit CKOPOCTBIO JIBUKETCS KO-
JIECO, €CJIN KOMOYEK OIYCTHJICS Ha TO YK€ MECTO ¢ KOTOPOro OH OTOPBAJICH?

. U;
—_—
(e= L 2
O~/

Puc. 1.5.10. K NCA10 Puc. 1.5.11. K N{LETT Puc. 1.5.12. K N{CA.T2

$1.5.10 Yenmoek Jep:KUT OAMH Kpail JJIMHHON 1OCKH. BTopoil eé Kpaii
nexxut Ha kpyrioit 6ouke (Cum. Puc. [CI0). YenoBek, Tosikast TOCKY, HIET
K 60uke. Kakoe paccrosinue oH TPOHIAET, IpexK/Ie YeM MPUOTU3UTCS K Hei?
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Jlocka nmapaJutesibaa mosty. IIpockasib3biBanme MeLy J0CKOH 1 O0UKOit, H0UKOit
U TIOJIOM OTCYTCTBYIOT. [lmaa mocku L.

$1.5.11 a) [lapuk pammyca R HaXOAUTCS MEXKJLy JIBYMsl ITapaJiie/bHbI-
mu wrockocTsivu (Cm. Puc. [CRTTl), ofiHa M3 KOTOPBIX JBUKETCS BIIPABO CO
CKOPOCTH U, & BTOpas — BJIEBO CO CKOPOCTBIO u. [IpocKab3bIBAHIS MEXK Ty
IUIOCKOCTAMU U MIapukoM HeT.C KaKoil CKOPOCTBIO JIBUYKETCS TIEHTP mapuka’
C Kakoil yI/IOBOIf CKOPOCTBIO BPAIACTCA IMAPUK OTHOCUTEIBHO OCH, IIPOXO-
Jidmeit 1epe3 ero neHTp?
6) Pemmre 3amady a) B cirydae, eCau IJIOCKOCTH JBUMKYTCS BIPABO CO
CKOPOCTSIMU U U U.

1.5.12 Tlo BHyTpeHHell TOBEPXHOCTU 3a-
KPEIIEHHOr0 IMJINHIpa pajuyca 2R karur-
cs1 6e3 IpocKaJIb3bIBaHUs KoJieco pajuyca R
(Cum. Puc. [[TY). Kak 3aBucur oT Bpeme-
HI CKOPOCTh W YCKOPeHHe TO4YKH 000a’ 3a
HaJaJ0 OTCUYETa BPEMEHH BO3BMEM MOMEHT,
KOI'JIa TOYKA COIPHUKACACTCS € OBEPXHOCTHIO
[UTHHIPA.

< 1.5.13 BuyTpeHHUI pajnyc MOIITUITHIKA
R, suemmanit — (R+2r (Cm. Puc. [ T3 Ompe-
JIEJIATE CKOPOCTh MIAPUKOB, Korfa BHemmss Puc. 1.5.13. K saxaue NLATI
4acTh TIOINIUITHAKA, KOTOpasi OIMUPAETCS Ha
HIAPUKH JIBUTAETCS € YIJIOBOW CKOPOCTBIO W, & BHYTPEHHSSI YaCTh HEIIO/[BUK-
Ha. [Ipocka/b3biBaHUs MAPUKOB C TIOBEPXHOCTSIMU, ¢ KOTOPBIMUA OHU MMEIOT
KOHTAKT, HET.

v < 1.5.14 CkopocTu KOHIIOB HaJIKK JJIUHBI £, paBHbBI

b v U 20, NepHEHIUKYJ/ISPHBI MTaJIKe U HallpaBJICHbI B

2% pasubie croponbl (Cum. Puc. [LT4)). Ha kakom pac-
CTOSIHAM OT OJIMKAMIIero HaXoUTCsl HeIOIBUZKHBIIT
Y9IaCTOK TTaJIKu?

v

Puc. 1.5.14. K N{5T4
$1.5.15 Crep:keHb JJIMHBI { YIUPAeTCs CBOUMUI

KOHIIaMU B cTOPOHBI ipsimoro yriaa (Cwm. Puc [CETH Huxkauit KoHer cTep:kHst
JIBUKETCsI €O CKOPOCThIO v. C KaKOfl CKOPOCTBIO JIBU2KETCS BEPXHUI KOHEIT
CTEP2KHS U ero IEHTP, KOIJla CTePyKeHb 00pa3yer yroj v ¢ HUKHell CTOPOHO
yria?
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»‘ \~
v

Puc. 1.5.15. K N{[3.10 Puc. 1.5.16. K N{L2.T0 Puc. 1.5.17. K NML5T17

$1.5.16 Cropocthb ToukM A TBEPIOTO Tesa 0bpasyer yroJ « ¢ upsiMoit AB,
a touku B — yron § (Cwm. Puc. [CRT0). Ckopocts Touku A pasra v. Hemy
paBHa CKOPOCTb TOYKM B, eciim 0b6e CKOPOCTH JieyKaT B IJIOCKOCTH depTrezka’
Yemy paBHa CKOPOCTH B IleHTpe Tpsamoit AB?

$1.5.17 Kume ¢ yriioMm «, IBUXKYIIHUIACS €O CKOPOCTHIO ¥ TI0 BEPTUKAJIBHOMN
CTEHKe, 3aCTABJISET 110 TOPU30HTATBHOMN IIIOCKOCTH IMUIHHID pajanyca R (Cwm.
Puc. [CRTT). C kakoit ckopocThio JaBrzkercsd nuanuiap? Yemy pasHa yriioBast
CKOPOCTDb ITUJIMH/IPa OTHOCUTEJIBHO €TI0 IEHTPA, €CJIM HeT IMPOCKAIb3bIBAHUS
MEXKIy HMUJIUHIPOM U FOPU30HTAJIBHON IJIOCKOCTBIO? €CJIH HET MPOCKAJIb3bI-
BaHUs MEXKJTy ITUJINHIPOM U KJITHOM !

1.6 IIpeobpazoBanme I'ajmies

Korya CKOpoCTH TeJl MHOTO MeHbIIe CKOPOCTH cBeTa ¢ = 3 - 10% S, 3
OJTHOTO COCTOSTHUSI JIBUKEHUST MOYKHO TTOJIYIUTD JPYTOE, €CJIN CKOPOCTSIIM BCEX
TeJI B IEPBOM COCTOSIHUU TIOCTOSTHHYIO CKOPOCTD ¥

ITpumep 1.6.1 Bol maxomurech Ha NPUCTAHH, OT KOTOPOIl CO CKOPO-
CTBIO U OTILIBIBAET Hapoxoj. JlaHHoe coObITHE CXeMATHIHO M300parKeHo Ha,
Puc. [LEJl C kakoit ¢cKOPOCTh. ymaisdioTca oT Bac mpeaMers! Ha mMapoxo/ie,
BbIJIeJIEHHbIE Ha PHCYHKe KpyKKamu! CKOpOCTH 9THX IIPEJIMETOB OTHOCH-
TeJILHO IapOX0/a YKa3aHbl Ha PUCYHKE.

Pewenue: Ha mamybe oTHOCHTETHHO TPUCTAHU BCE TPEIMETHI IIPUOOPE-
TAIOT JIONOJIHUTETHHYIO cKopocTh U (cMm. Puc. [LG.T]). ITaccaxkup umeer cko-
poCTh %v. Kot, 6erymuii 1o majybe, JBUKETCS CO CKOPOCTBIO 20U, a KOHEI]

CTPEJIKHA 9acoOB — CO CKOPOCTBIO V02 + u?.

IIpumep 1.6.2 [Ipu HOpMAJILHOM YIIPYTOM yape Tesa O HETOIBUKHYIO
CTEHKY €ro CKOpPOCTb U MEHSIeTCs JIUINb 10 HampaseHuto. Oupejgenure, Ha
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—7/2 U
L e — >
v/2 20
ImaccazkKup CTpeJIKa 9aCcOB KOT

Puc. 1.6.1. Ilpucrans n mapoxomn

KaKyI0 BeJIMUMHY H3MEHITCS IIOC/IE yIapa CKOPOCTh ITOTO TeJa, CJIH CTEHKA
JIBIZKETCS CO CKOPOCTBIO —U HascTpedy Terny (em. Puc. [LE2 (a)).

[
[

(a) i (6) o (8) B
CJ U CJ vt u CJ U
AR PN

Puc. 1.6.2. Yupyruit ynap o IBUXKYIIYIOCT CTEHKY

Pewenue: Ha Puc. (6) m300pazkeHO OTpayKeHWe MAapUKa, UMEOIIe-
IO CKOPOCThb U + U, OT HENOJBUKHOW CTEHKHU, (B) — COCTOSIHHE JIBUKEHUS,
MIOJTy9€HHOE U3 MEePBOTO COCTOsIHUS, KOTJIa CKOPOCTSIM BCEX TeJl MPUOaBUThH
CKOPOCTh (—1). B HOBOM COCTOSIHUY CTEHKa JIBUKETCS CO CKOPOCTBIO —1U Ha-
BCTpEUy MIAPUKY, JETAIEMY Ha CTEHKY CO CKOPOCTBIO U. OTpaKEHHbIH Tma-
PUK B 9TOM COCTOSHUU JIETUT OT CTEHKHU C aOCOIIOTHON CKOPOCTBHIO U + 2.
SHAYUT IMAPUK [IPU OTPAXKEHUU OT CTEHKHU YBEJIUIUJI CBOIO aDCOTIOTHYIO CKO-
pocThb Ha 2u.

IIpumep 1.6.3 /IBe ommHaKOBbIE KOCMUYECKHE CTAHIIMM JIBUXKYTCS Ha-
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BCTPEdy JPYT JPYry co ckopoctsaMu v u 3v. Onpeiesnre CKOPOCTH CTAHITAN
II0CJIe UX CTBIKOBKHU.

Pewenue: JIpe onuHAKOBBIE CTAHIINM, JIETAIINE HA BCTPEUY JAPYT JAPYTY
C OJIMHAKOBBIMU CKOPOCTSIMU 20, TIOCJIe CTBIKOBKH OCTaHaBauBaioTcs. Cuty-
arusi abCOJIIOTHO cUMMeTpudHad. Ecim Ko BceM CKOpOCTsIM T00aBUTh CKO-
POCTB ¥ B HAIIPABJIEHUN IBUKEHNS KAKOH-THOO U3 CTAHIUN, TO MBI ITOJIY IAM
KapTUHY JABUXKEHUsI, IPUBEJICHHYIO B YCJIOBHUH 3aa4i. VI3 onncaHHOro BhIIIe
CJIeIyeT, 9TO IOC/Ie CTHIKOBKU CTAHIIUU OYIAYT ABUTATHCSI CO CKOPOCTHIO V.

IIpumep 1.6.4 Ha Puc. n300paKeHbl CKOPOCTH MIECTU 3aNIIEB, BbI-
MyIIEHHbIX cTapbiM MazaeM B cucreme KoopawHat, B KoTopoit Mazait nero-
nBmkeH. Hapucyiite BekTop ckopocTn Maszas n BEKTOPBI CKOPOCTell 0CTaIhb-
HBIX 3aWlIleB B CACTEME KOOPAWHAT, B KOTOPOI OWH M3 3alIEeB HENOIBUZKCH.

Pewernue: CoriacHo TPUHIUILY OT-

1 . HOCHTE/ILHOCTHU [asinies, B cucTeme Ko-

6 26 2 OpJAMHAT, B KOTOPOI OJINH U3 3ai11eB, HA-

npumep, 3asiy Nel, HeroIBUzKeH, MUP BbI-

g = DJIAJIAT TAKUM K€, KAK U B HEIOJBUK-

5 35 3 HOIT cucTeMe KoopauHat. B aToit cucre-
4 4

Me OTCYETa KO BCEM CKOPOCTAM 3allleB

Puc. 1.6.3. Puc. 1.6.4. n Mazasg Hy»KHO NPHUOABUTDL CKOPOCTb,
KOTOpasi PaBHA I10 BEJIMIUHE CKOPOCTHU

zaiiria N°l, HO HampaBjieHa MIPOTUBOIIOIOXKHO. DTa CUTYAIUS IIPEICTaBIeHA

Ha Puc. [LGA

3adavu % §1.6

{1.6.1 Tlapoxox or4ajuBaeT OT IPUCTAHU CO CKOPOCTHIO U. C Kakoil cKo-
POCTBIO YIAJSIOTCS OT MPUCTAaHN 00beKTHI, Bblaeaennble Ha Puc. [LEA Cko-
pocTi 3TUX 00BEKTOB yKa3aHbI Ha PUCYHKE.

$1.6.2 a) lIpu HOpMATBHOM YIIPYTOM yiaape IapuKa O HEMOBIKHYIO T10-
BEPXHOCTb €r0 CKOPOCTb MEHsIeT HAIIpaBJIeHUEe, HO BEJIUYNHA CKOPOCTH He
mensiercs. OmpeiesinTe, BO CKOJIBKO pa3 M3MEHUTCS CKOPOCTH IMapuKa IPH
HOPMAaJIbHOM YIIPYTOM yJlape O CTEHKY, KOTOpas JIBUKETCS CO CKOPOCTBIO B
TPU pa3a MEHbINEH, YeM CKOPOCTb IapuKa, B TOM K€ HallpaBJICHUM, YTO U

mapuk (Cwm. Puc. [LE.0).
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Puc. 1.6.5. K 3amaae NG

O—Fll_/ O

Puc. 1.6.6. K LG (a) Puc. 1.6.7. K NLE2 (6 Puc. 1.6.8. K NG

6) Testo aBrzKercs o1 yriiom 45° K IJIOCKOCTH CTEHKH, KaK 9TO H306pazke-
no Ha Puc. [[G7] Crenka JBUXKETCsI CO CKOPOCTHIO U, KOTOpast MePIEHINKY-
JgpHa 10ckKocTu creakn. CKOpoCTh Tesa /1o yaapa o crenky v. Onpejgennre
BEJIMYNHY CKOPOCTH TeJIa IOCJIe YIPYToro yaapa O CTEHKY.

B) Benocuneauct ezer co ckopocrsio 20 2. Ha Berpeuy emy exer « KAMAS»
co ckopocteio 40 2. Cunraa coynapenne senocunemicta 1 «KAMA3a» ab-
COJIIOTHO YIPYTUM U HPUHUMAS, UTO MACCA BEJIOCHUIIEINCTa MHOT'O MEHbIIIE
Macchl « KAMASay, HaliTH CKOPOCTH BEJIOCHUIIEINCTA TTOC/IE aBAPUN.

1.6.3 /IBe oimHAKOBBIE KOCMUYECKHE CTAHIIAN JIETAT HABCTPEUY JIPYT JIPY-
ry co ckopoctsamu v u bv. Onpeesure CKOPOCTH 3TUX JIBYX CTAHIWIA TTOCTe
UX CTBHIKOBKU.

{1.6.4 Kpeiicep ABUIKETCA CO CKOPOCTBLIO U, a MUHOHOCEIL CO CKOPOCTBIO
u. Korma kopabim ObLin Ha paccrossHun L, UX CKOPOCTH OOPa30BLIBAIN C
JINHKUEH, COeInHAoNel Kopaban, yriabl « u (3, coorBercTBeHHO. Ha Kakom
MUHAMAaJIBHOM PACCTOSTHUU TIPOIIYyT KOPab/Iu ApyT OT JpyTra’

{1.6.5 Ha Puc. [L63 n306pazkeHbl CKOPOCTH YETHLIPEX 3aiilleB, BBLIIYIIEH-
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Puc. 1.6.9. K zamage NILG.H — rd v NN T~

Puc. 1.6.11. K zamage NILG.Al

Puc. 1.6.10. K 3amaue NMLG.1

vbix Mazaem. Cucrema KoopauHAT BbIOpaHa Takoii, B KOTopoit Ma3zaii Hero-
nBuzkeH. HapucyiiTe BeKTOpBI CKOpocTeil ocTa/IbHBIX 3aiineB u Ma3zas B cu-
CTeME KOOPJAWHAT, B KOTOPOA OJIMH M3 3alIleB HENOIBUZKCH.

$1.6.6 Omna w3 yacTuil nbLUIEBOro obyaka (dacTuiia A) IIOKOUTCS, a BCE
OCTaJIbHBbIE pPa3jeTaloTcd OT He€ B pa3/IMdHble CTOPOHBI CO CKOPOCTSMHU IIPO-
HOPIMOHATIBLHBIME paccTostanio oT dacturbl A (em. Puc. [LETT]). Kakyro kap-
THHY JIBUKeHUsT OOHADYZKUT HAOIIOIATENb, MBUKYIINNICT BMECTe ¢ YaCTHUIlei

B?

{1.6.7 Hurb, npuBsizanHasi KOHIAMU K MTOTOJIKY ¥ TIOJIY, IIPOXOJIUT Yepes3
TOHKYIO HPAMYIO TpyOy, KakK 9TO IoKa3zaHO Ha Puc. B nekoTopsbrit
MOMEHT BpPEMEHH TPyDa COCTABJISET Yo (v ¢ BEPTUKAJBIO U JIBUKETCHA CO
CKOPOCTBIO ¥/, KOTOpas HalpaB/eHa BHU3. YYaCTKU HUTU BHE TPYOBI Bep-
TuKaJbHBI. C KaKOH CKOPOCTBIO JBUKETCS B 9TOT MOMEHT BPEMEHH HUTDH B
Tpybe?

< 1.6.8 a) B U-o6pasHoii Torkoii Tpy6e cKob3uT yrpyras HuTh (cM. Puc. [CET2).
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Puc. 1.6.12. K 3azate NILG.H a) Puc. 1.6.13. K zazase NILG.H 6)

CKOpOCTb BXOJISIIEr0 B TPyOy KOHIA paBHa v, Bbixogdamero — u. C Kakoit
CKOPOCTBIO JBUKeTCs Tpyoa’

6) Toukasi Tpyba M30rHyTa B BUJE MOYTH 3aMKHYTONH OKPYKHOCTH (CM.
Puc. [L6T3)). B sroit Tpybe ckosb3ut yupyras HuTh. CKOPOCTh y4acTKa HUTH,
BXOJISIIEro B TPyOy v, cKOpocTh TpyObI 2v. Obe CKOPOCTH OIMHAKOBO HAIIPAB-
jerbl. C Kakoif MaKCHUMaJbHOW CKOPOCTBIO JBUKETCS KAKOW-THOO yIacTOK
HUTH B TPyOe?

1.6.9 a) B morok kocMmudeckoit mbuin Biaeraer map pajuyca R. CkopocThb
IBIJTHHOK ¥, CKOPOCTh IIapa MePIeHINKY/IsIPHA CKOPOCTU MBIINHOK U paBHA
u. KosmmaecTBO NBLUIMHOK B eauHUIE 00bEMa 1, BpeMs IIpeObIBaHus Iapa B
noroke 1'. OupemenTe 9UC/IO TBIIMHOK, MOMABIINX Ha ITOBEPXHOCTD IIapa.

6) Pemus 3a71a1y a), eciu B IOTOK BJIeTe]I MUJIUHAD pajuyca R u JnHbL
L. Ocb mummHaIpa OpHEeHTUPOBAHA BJOJb €ro cKopocTn. Kak Hy»KHO m3Me-
HUTH OPUEHTAIINIO MUINHIPA, ITOOBI KOJTUIECTBO MBIINHOK, OCEBIINX HA €ro
MMOBEPXHOCTH, OBLJIO ONTHMAJIHBHBIM !

1.6.10 C yria KBaJIpaTHOTO IJIOTA CIHPBITHYJI IIEC U IUIBIBET BOKPYT I1JI0TA,
JIBUTASICH BJIOJIb €r0 cTOpoH. HapucyliTe TpaeKTOPHUIO JBMZKEHNUS TICa OTHOCH-
TeJIbHO Oepera, ec/ii CKOPOCTH TICa OTHOCUTETBHO BOJIBI COCTABJISET TOJIOBUHY
CKOPOCTU TE€YEHMUS.

1.6.11 Ilpu mopbiBax BeTpa KallIk Jd0KJIsI, paHee IaJaBIlre M3-3a BeTpa
IO/ YIJIOM (v K TOPU30HTY, A aioT 1Mo 6osiee ocTpbiM yriioMm (3. Bo ckosbko
pa3 yBeJIUInBaeTCs CKOPOCTh BeTpa MPU MOPHIBAX !

1.6.12 CkopocThb camoJiéTa OTHOCHUTEJILHO BO3/yXa u. BO CKOJIBKO pa3
U3MEHUTCS JITINTEHLHOCTH pefica caMoJiéTa Ty1a U 00paTHO, IIPOXOISIIEro 0
IIPSMOIi, €CJIN B T€UEHNH BCETO MOJIETA MIOJT YIVIOM (v K TPAEKTOPHUH JTyeT BETEP
CO CKOPOCTBIO .

1.6.13 a) [IpiM U3 BBIXJIOMHOMN TPYObI aBTOMOOUIIs, KOTOPBI JBUZKETCS CO
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CKOPOCTBIO ¥ II0 IPOCEI0YHOI I0pore, CTeIeTcs MOJ YIVIOM ¢ K Heil, a JIbIM
oT KocTpa — mog, yrioMm (3. Omnpemenre CKOPOCTH BETPA.

6) JBa KopabJist WIyT BCTPEUHBIM KyPCOM C OJUHAKOBOI CKOPOCTBIO 0.
JpIM 0T 01HOrO KOpabJis OCTAETCs MOJ, yIJIOM (v, & OT APYIOro — IOJ, YIJIOM
[ K ux obmeit Tpacce. Oupeneaure CKOPOCTL BETpa Hal, MOPEM.

B) Pemmre 3amaqy 6) B cirydae, ecam CKOpOCTh MEPBOro Kopabis vy, a
BTOPOI'O V3.

1.6.14 Ha 6picTpune ckopocTh Tevenus peku 10 7, a Ha pasiuBe peKu —
5 %. Paccroanune mexk ity 6eperamu Ha 6picTpune 40 M, Ha pasiuse 100 m. I1o-
BeIl IIBIBET IPsIMO Ha Oeper. e orHecéT ero 6oJibIle, — Ha paBHUHE WJIN HA
onIcTpuHE?

< 1.6.15 Testo oTIyCKalOT B TOJIE TSIXKECTU Ha BbI-
core h OT TOPU30HTAIBHO PACIIOJIOKEHHON IIJINTHI,
KOTOpas JIBUKETCS CO CKOPOCTBIO V. OIPEJIE/IUTE
BpeMsl MEXKJIY TOC/IEI0BATE/ILHBIMU yIapaMu TeJia
0 TWUTy. Yaapbl aOCOJIOTHO YIpyTHe. YCKOpEHHUe
CBODOJTHOTO TIAJICHUA (.

Q)
>

]

< 1.6.16 Ipuraschb B [10JIe TI?KECTH, TEJIO BICTACT
€O CKOPOCTBIO Uy TOJ, YIVIOM (v K TOPU3OHTY B IIPO-
Puc. 1.6.14. K NITE IS  CTPAHCTBO MEXKJYy JABYMS BEPTUKAJIHLHBIMU TIJIACTHU-
HaMM, KOTOPbIE JIBUXKYTCS C TOCTOSHHON CKOPOCTBHIO

- = i, Kak nokaszano Ha Puc. [L6.T0 Onpenenure cko-

. Q pPOCTDb TeJja, Mocje nN-ro yaapa. Paccrogiue Mexy

To CTeHKaMU MHOTO OOJIBbITIE pa3MepOB Tejia 1 PaBHO /.

= Z Vinapbl abCcoOTIOTHO yIpyrue. YCKOpeHue ¢BOOOTHO-
S by 1O IIaJ€HUA g.

/ 1.6.17 fnpa, amKymuecd B IIyYKe CO CKOPO-

CTBIO U, PACIAIAIOTCS HA OCKOJKU. JKCIEePUMEH-

Puc. 1.6.15. K MGG  T&TOP M3MEPACT CKOPOCTH OCKOJIKOB, BBIICTAIONIHX

B HAIIPABJIEHUU, MEPIEHIUKYIIPHOM MydKy. CKo-
POCTH OCKOJIKOB B 9TOM HaIIPaBJICHUN OKa3aJjach paBHoil w. HyxkHo ompee-
JINTH HAIIPABJIEHUU B KOTOPOM JIETSIT CaMble OBICTPBIE OCKOJIKH U UX CKOPOCTh.

1.6.18 npo, neTsiee co CKOPOCTHIO U, PACIaIaeTCs Ha JIBa OJJMHAKOBBIX
ockojika. Omnpegennre MaKCUMAJIbHO BO3MOXKHBIN YIOJ MEXKIY CKOPOCTHIO
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OJHOI'O U3 OCKOJIKOB U1 HepBOHa‘{aﬂbHOﬁ CKOPOCTBIO dpa, €CJIN IIPpU paclia/jie
IIOKOSIIIETOCsI d/Ipa OCKOJIKM pal3JieTaloTcd OC CKOPOCTBIO U U U < U.

1.6.19 Nmeercd myvoK OJMHAKOBBIX SJIEP, JBUKYIIUXCS TapaslIebHO CO
CKOPOCTBIO 1. fljapa B IydKe CaMOIPOU3BOJILHO JICJIATCS Ha JBa OJUHAKO-
BBIX OCKOJIKa. CKOPOCTH OCKOJIKOB, JBUKYIIUXCsI B HAIpABJICHUH IIyYKa, B
k pa3 6osbie ckopocTu saep. Haiianre cKopocTh OCKOJIKOB, JBHKYIIUXCA B
HaIPaBJICHUN, TEPIICHTUKY/ISIPHOM IYUKY.

7 « 0%
T ) )
e
Puc. 1.6.16. K zazate NLG20 a) Puc. 1.6.17. K 3azate NILG.2016)

{1.6.20 CkopoCTh HEBAZKOM >KUIKOCTH, TAIAOMIEH O YIJIOM (v Ha JKECT-
KYIO ILJIOCKOCTB, BJIaJIM OT MeCTa MaJCHUS UMEET OJIHY U Ty KE BEeJIUIUHY,
€CJIN CKOPOCTH B IaJIAIoNIeil YKUJIKOCTU HallpaBJIeHa BJOJIbL CTPYH, KaK Ha
Puc. OnpeneuTh MUHIMAJIBHYIO B MAKCUMAJIBHYIO CKOPOCTH KH KO-
CTH, €CJIN CKOPOCTDb T IAIoNIell KUJIKOCTH HallpaBJIeHa MONEPEK CTPYH, Kak

na Puc. [LET7 n paBna 4.

1.6.21 /IBe jymMHHBIC W MUPOKUE ILJIACTUHBI, PACIOJIOKEHHBIE TIOJT YTJIOM
2a0 IpYT K JIPYTY, ABUKYTCS CO CKOPOCTBIO U 110 HOPMAaJIM K CBOMM ITOBEPXHO-
ctaM. Haitiure ckopocTh cTPyil, BOSHUKAIONINX IIPU CTOJIKHOBEHUN TLTACTHH,
eCcJIi JIBUZKEHHME MaTepuaJia IJIaCTUH pacCMaTpPUBATh KaK JIBUKCHUE UJ1ea b
HOM KMJIKOCTH.

$1.6.22 Akamemuk M.A.JlaBpenTheB pacckasbiBas: «...B 1941 romy Hem-
bl IPUIYMAJIA KYyMYJISTUBHBIA IIPOTHBOTAHKOBLIN cHapsia. Ha komyce cha-
psana — 3anaJ. llpu ygape oH BbI3bIBaeT JIETOHAIMIO U BOCILIAMEHSIET BECh
cuapsizt. Caapsi npobusaer 6ponio (Puc. [LETIY). B 1944 romy takue cHapsiibl
IOTIaJIN B HAIM PYKW U PYKHU COIO3HUKOB. Havasics mmpoKuilt SKCIIepuMeHT.
[Ipu 3TOM OOHAPYKUIN MHOTO JIOMOJHUTEIBHBIX 3(PEHEKTOB U Mapa0KCOB.
Cran BBISICHATH — 9TO 2Ke JIeTuT, 4To npobuBaer? CrepBa JIyMaJid, ITO
9TOT CHapsJ OPOHEIPOKHUIAIOMINA, YTO OPOHIO IIPOH3AeT CTPYS TOPSIIEro
raza. Her, okazajaoch, 9TO JIETUT MeTa/UI, IPUYEM CaMbIM HEOODbICHUMBIM
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o6pazoM: HepeJ| IINTOH CKOPOCTh 0KOJIo 8 ¥, BHyTpu mmrThl 4 %, 3a mm-
Toit — crosa 8 (Puc. [LGTY). Kax sro moxer 6piTn? Hu mexanmka, mm
razoBasl JIMHAMUKA HE MOIVIA JIaTh OTBeTa. A pellleHne OKa3aJ0Ch IPe3Bbl-
vaitno npocreiv! Jlaxke MaTemarnueckuii anmapar yxke Obul: 3a 15 jer 10
5TOrO B TUJIPOJIMHAMUKH y2Ke ObLIa TeOpus — TeopHsl KUJIKUX cTpyil. 1 ona
EJIMKOM TOJIONIIA K 9TOM 3a1a4e.

Jles10 B TOM, 9TO IPH JABJIEHUH B THICSIH aTMOCGhep IPOIHOCTh MeTaJlIa
yKe He BaxkHa. V] Kak 9T0 HU HapaJIOKCAJIbHO — ZKeJie30 MOKHO CUHTATh
JKUJKOCTBIO. . . » OObsiCHUTE 3TO sIBJICHHE.

KymynaruBnbiit cnapsn

l

/2 7
—_— —_—

Puc. 1.6.18. K zaynage NILG.22 Puc. 1.6.19. K zanage N{LE2
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JlmnamMuka

OcHoBHoIl 3a1aueit ,ZLI/IHaMI/IKI/]E SIBJISIETCSI M3YUEHHE JIBUXKEHUsT MaTepH-
AJIbHBIX TeJI MO/ JeHCTBUEM MPUIOKEHHBIX K HIM CHJI.

JlmHAMWKY MOYKHO PasOUTh Ha MOpas3/Iesibl. ITO pa3dneHne yCcJIOBHO, HO
MTO3BOJINT ODOJIEMIUTH BOCIPUATHE Marepraja. K 3TuMm mojpasienaM OTHO-
CATCSI:

® JIMHAMUKA MaTepHaJbHOIl TOYKH,

e JMHaMUKa abCOJIIOTHO TBEPIOTO Tea,
® JIMHAMUKa yIPYTOTro TBEPJIOTO TeNa,
® JIMHAMUKA YKUJIKOCTU U Ia3a.

[Tocegauit pasmen TpaJauIinOHHO pa30MBaeTCsl Ha JBa W BBIHOCUTCS 3a
MIPUJIEJIbl CTAHJIAPTHOIO Kypca JIMHAMUKNA B CUJIy CBOEl Ba KHOCTH.

Kak u B ciiydae KMHEMATUKN «KJIACCUYECKUE» YpaBHEHUS JTUHAMUKH He
SABJIIOTCS UCTUHOW B TIOCJIE/THE MHCTAHIUU. /IBUKEHUs TeJl CO CKOPOCTSAMMU,
OJM3KUME K CKOPOCTH CBETa PACCMATPUBAIOTCS B TEOPUU OTHOCUTE/IHLHOCTH,
a JIBUZKEeHHsSI MUKPOYACTHUIl — B KBAHTOBOW MeXaHUKH. I IMOBCeIHEBHOTO
JKe UCII0JIb30BaHusI 3aKOHOB HbI0TOHA 1 3aKOHOB COXPAaHEHUsT SHEPIUN 1 UM-
IIyJIbCa — OCHOBHBIX 3aKOHOB JIMHAMUKH, KaK IIPABUJIO, JOCTATOTHO.

1Ot rpeveckoro dynamis — cuia.

41
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2.1 3axkonbl HbroToHa

®usuk Nl Vcaak Hoioton (1641-1727) o6obmast sKCIepUMEHTATBHBIE
JIaHHBIE IPHUIIET K BBIBOIY, YTO YCKOPEHHs, ¢ KOTOPBLIM Teja JIBUIaiOTCH,
00yCJIOBJICHBI BJIMSHUEM Ha HUX JAPYIUX TEJL.

Ecinu Teo He B3amMoIeiicTBYeT ¢ JAPYIUMHU TeJIaMHU, TO OHO COXPaHSIET
WA COCTOSTHUE TIOKOSI, T COCTOSTHUE TPSIMOJIMTHEHOTO PABHOMEDHOTO JIBU-
JKeHHd. DTO YTBEPXKJIeHNEe HOCUT Ha3BaHUe nepeozo 3akona Hvromona.

Cucrembl 0TCYETA, OTHOCUTEILHO KOTOPBIX BCE TeJja, He B3auMOIeiicTBY-
IOIIUE C APYTUMHU TeJIaMU, JIBUXKYTCS IPIMOJIMHERHO U PABHOMEPHO WJIM, KaK
YACTHBINA CJIy4Yail TAKOIrO JIBUKEHUsI, IOKOSTCH, HA3BIBAIOTCA UHEPUUAALHDL-
Mu. B ocHOBHOM MBI Oyj1eM paboTaTh ¢ MHEPIUAJILHBIMUA CUCTEMAMU OTCUYETA.

B npuposie cymectByer 6€CKOHETHOE MHOXKECTBO PA3TUIHBIX B3ANMOJIEl-
crBuit. KommuecrBenno ouu onpeenaorcs cuaamu. Cuna aeicTByoas Ha
TesIo Macchl M paBHA IIPOM3BEICHNUIO MacChl Ha YCKOPEHHUE TeJIa;

F = Ma. (2.1.1)

[IpuBeénnas dpopmyaa HOCUT HA3BAHUE 8Mopoz0 3akona Hviomona. Eannn-
na cuisl — 1 H (Hetoron). U3 ypasnenus (E2170]) cuna B 1 H coobmaer ey
B 1 kr yckopenue B 1 5.

Cuibl, KOTOpBIE COOTBETCTBYIOT OCHOB-
HBIM THIIaM (HU3TIECKIX BSaHMozLeI‘/’ICTBI/H‘/’IE,
KaK IIPABUJIO OIIPEJIEISITIUCE 1T0 YCKOPEHUAM
TeJ.

googooaoobao

Ecnu Ha Teno meiicTByeT HECKOIBKO CHUI,
TO PEe3YJIBTUPYIOIAs CUIA HAXOAUTCS 6EK-
mophoim ciioxkennem cuit. Ha Puc. ZZTT] neii-
CTBYIOIIHE HA TeJIO CHJIbI N300PayKeHbI CILIOII-
HBIMU CTPEJIKAMHE, & PEe3YIBTUPYIOIIAsT CAIA
pecTaBieHa CTPEJIKON KOHTYPHOM.

Puc. 2.1.1. Cioxxenue cui

IIpumep 2.1.1 Hayio naiitu Heperpy3Kyﬁ raccazkupa IpH B3JIETEe caMo-
. . .. M
JIéTa, KOTOPbIl PABHOMEPHO HabUpaeT B3JIETHYIO CKOpocTh B 60 T Ha 1myTH B
1 kM.

2I'paBHUTAIHOHHOE, 3JIEKTPOMAIHUTHO®, CJIa60€e U CHILHOE.
3Ecim F — cuia, jeiicTByIomas CoO CTOPOHBI CHIEHHS, Mg — CHJIa MPUTSAKEHN 11acca-
JKHpa K 3eMJie, TO Ieperpy3Koii HaspiBaercs Besmanna F/mg.
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Pewenue: Camosiér yckopsieTcss paBHOMEPHO, 9TO O3HAa- s
JaeT, UTO €ro JBIXKEHNE PABHOYCKOPEHHOe. YCKODEHWe Ca-
MOJIETA @ OIIPeJeIdeTcsd U3 COOTHOIICHUS

.

2 602 (M)2 M
v ) M ’
=59 T 2.1000u 2 >

T §
Tak Kak maccazup, ToKe JJBUraeTcsi pABHOYCKOPEHHO, BTO- & +
S

PU30HTAJIBHON IJIOCKOCTU Ha HEro JIEefHCTBYET CO CTOPOHBI !
CUJIEHNsS B 9TOM HAIIPABJIEHUU CUJIa Md, & B BEPTUKAIHHOM S
HarpaBjenun cuia mg, kKak #Ha Puc. B2 Tlostomy pe-
syabrupylomag cuia F = /(mg)? + (ma)? = my/g? + a2,
a Ieperpyska

oo obouoobogogbodd
B mexanmke JOBOJIBHO 9acTO BCTPEYAIOTCA 3aJa9l, B KOTOPBIX HYXKHO
OIIPEJICTINTD JBUZKEHUE Tesla 0] JIefiCTBUEeM CUJIBL.

IIpumep 2.1.2 Ha Puc. T3 napucosan rpacduk 3aBUCUMOCTH CHUJIBI,
JIeiCTBYIONIEH Ha TEJI0 Macchl 2 KT, OT BpeMeHU. B HavabHBI MOMEHT TeJIO
ITOKOMJIOCH. UeMy paBHa CKOPOCTb TeJja IOCJe JIeHCTBUS CUJIbI!

—T—
I
l—
I
I
Ule
(@)

Puc. 2.1.3.

Pewenue: Yckopenune Tesia B IpOMeEXKyTKe BpeMeHH OT 1c¢ 70 2 ¢ paBHO

_ 4H __ M
a, = 2xr 2 ?H yCKOpleHI/Ie Te/Jla B IIPOMEXKYTKE BpeMcHu OT 2¢c 10 4c
_ _ M
PaBHO ag = T9xr — 22" yCKOpeHI/Ie TeJla B IIPOMEXKYTKe BpeMcHu OT
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4c o 6¢ paBHO a3 = % gg—g [Tocie mepBoro MpOMEXKYTKa BpeMeHU
M S M
CKOPOCTB TeJla paBHa 2 75 - }c = 2%, 10CJIe BTOPOrO MPOMEXKYTKa BPEMeHU
CKOPOCTb yMEHBINWIACh Ha 5 =3 - 2¢ = 1 %, a 1mocsie TpeTbero npoMexKyTka —
C C

M

yBeMUUIach Ha 5 % - 2¢ = 3,
2 c2

C
M

Uroro: koneunag ckopocth pagua 25 — 15 +3 7 =47,

3adavu x § 2.1

2.1.1 Ilpu HavaabHO CKOPOCTH 72 7>, TOPMO3HOI 11y Th aBTOMOOUIIST OKa-
zasicg pasen 20 M. Ormpejiesiure mmeperpy3ky BOJUTES IIPU TAKOM TOPMOZKe-

HHUUN.

2.1.2 Ompenenure CUIy COMPOTHBJIEHUS BO3J/yXa, JHCTBYIONIYIO HE Ia-
PAIITIOT, €CJIU MTOCJCTHUI OIyCKaeTCs ¢ IIOCTOSHHOM cKOpocThio. Macca mapa-
mrroTrcTa ¢ mapantorom 90 Kr.

AU, MM/C \ y

AU, MM/C |
StTaTiTrTaTITr
+

[V

R
—

N[ =

Puc. 2.1.4. K NZT3 Puc. 2.1.5. K NZT3 Puc. 2.1.6. K NZT3

{2.1.3 Habmronast 3a JBUKEHHEM MYypaBbsl, SKCIEPUMEHTATOD 3apPUCOBAJ
rpaduK 3aBUCAMOCTH CKOPOCTH MypPaBbsl HA PA3JUIHBIX YIACTKAX IIyTH OT
Bpemenu. ['padukn npejcrasiensr Ha Puc. EETA-ZT0 Macca mypasbs 0.1 1.
Hapucyiite rpadukn cuibl, ¢ KOTOpOil MypaBeil OTTAJKUBAJICS OT 3€MJIH.

2.1.4 Ilpm ynpyrom yjiape 0 CTEHKY CKOPOCTbH IIapuKa MEHsieT CBOC Ha-

-2 M

npagyenue. Jlpurensaocts yaapa mapuka 107 ¢, ckopocth mapuka 10 %

Yemy paBHa cuiia, fAeiicTByfomas Ha mapuk ! Cury B mporecce yaapa MOKHO
CYNTATDH IIOCTOAHHOWM.

< 2.1.5 Ha Puc. ET nokaszan rpaduk 3aBUCUMOCTH BLICOTI II0HLEMa TEH-
HUCHOT'O MapUKa, MOIPLITUBAIONIEr0 HaJT YIIPYToil IInTOoi, oT BpeMenu. [lo-
poOy#iTe BOCIIPOU3BECTU XapaKTep 3aBUCUMOCTU OT BPEMEHHM CKOPOCTH IIfa-
pUKa 1 AeiiCTBYIOIEd Ha HEero CUJIbIL.
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2.1.6 Ompemenure: a) cuity, JeiicTByontyto Ha JIyHy co cropoHbl 3emim
(paccrosiame 710 JTyner 384000 km); 6) cuity, JeiicTByortyto co croporbl CoJtH-
na #a 3emtio (paccrosinme ot 3emun, 10 CosHIa CBET TPOXOJUT 3a 8 MUH, a
ckopocTh csera papna 300 Toic. £¥). Macca JIymbr 7.3 - 1022 kr, Mmacca 3eMtn
6 - 10?4 kr.

of 0.1 0.2 03 04 05 06 0.7

Puc. 2.1.7. K zanage NEZTT Puc. 2.1.8. K zagaue NEZT.9

2.1.7 Kocmuuecknit kopabib Macchl M, JeTdamuii co CKOpOCThIO 4 00Ha-
PY:KII Ha pacCTOAHUM £ 110 KypCy POl METEOPUTOB, JIETSIIIIIX eMy HABCTPEIy
€O CKOpOCThIO v. Kakyro «IpoTHUBOTSITrY» JIOJ:KEH pa3BUThb KOpabJib, ITOOBI
«ybexKaTh» OT METEOPHUTOB.

2.1.8 Pakera maccer M, crapryomast ¢ majayObl, pAKeTOHOCHA JIBUKET-
cs1 TIOJT, YIJIOM (v K TOPHU30HTY 10 TpsaMoit jmann. OupeesnTe yCKOpeHne u
CUJTy TATH 9TOW PAKETBI, €CJIM CTPYsd Tra3a OTOPACHIBAETC TOJ YyIJIOM 2 K
TOPU30HTY.

$2.1.9 [pa mapuka macchl M, cBA3aHHbIE HUTLIO JUIMHHBI { CKOJIL3SAT

10 TJIAJIKONl TOPU30HTAJILHOMN IIJIOCKOCTH CO CKOPOCTBIO ¥, KaK IOKa3aHO Ha

Puc. [Ipn mx JBUXKEHWW HUTH, CBA3BIBAIONIAsl IMAPUKH, HAJETACT HA

cTOJIONK KBaJIpaTHOIO CEYEHHS X a TaK, KaK 9To n3obpaxkeno na Puc. T8
a

Kakaa cuma Oyzer faeficTBoBaTh Ha ITapUKH depes3 BPeMs 5- U 9epe3 BpeMs
frac2av mocte KoHTaKTa, HUTH CO cTOIONKOM? £ > 2a.

2.1.10 Teno mgBuzKeTCs 1O OKPYXKHOCTH pajinyca R co CKOPOCTBIO, KOTO-
pas JIMHEHHO YBeJIMIMBaeTCst BO BpeMenn v = kt. Kak 3aBucuT oT BpemeHH
cuja, JIeicTByIomast Ha TeJio?

{»2.1.11 Pakera maccol M ABUZKETCS B FOPU30HTAILHON IIJIOCKOCTU CO CKO-
POCTBIO v TI0 OKpy2KHOCTH pajinyca R Kak nzobpazkeno na Puc. EE.T.9 Ompe-
JIEJINTH CHJIY TATH 9TON paKeThl. YCKOpeHUe CBOOOHOTO MAJCHUS (.

$2.1.12 Majpunk Ha caHKaX CKaThIBAETCS C TOPKHU U €JIEeT 110 TOPU30HTAb-
HOMY YYaCTKY JIbJla. 3aBUCUMOCTDb CHJIBI, JICHCTBYIOIICH Ha JIeficTByIONEell Ha
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f P 100
SO gt 50
\\%__#,,g 0 4 5 6 7 8 9 10 11 tc
o7 s0p - 4o -2 3 |
Puc. 2.1.9. K zagage NEZTTT] Puc. 2.1.10. K zagage NEZTTI

MaJIbauKa oT BpeMenu mpescTtasiena Ha Puc. EET.TO IToctpouTs rpaduk cko-
pOCTH OT BPEMEHU.

2.1.13 llpexcraBbre, yTO BBl cujure B maccakupckKoM Kpecse caMOoJIETa,
roToBOro K B3J1ETY. [lonpobyiiTe CKOHCTPYHUPOBATH MTPUOOP, KOTOPBI MOXKHO
M3TOTOBUTH N3 MOJIPYYHBIX MaTEPUAJIOB 38 HECKOJIBKO MUHYT, OCTABIIIXCS 10
crapta camosiéra. OneHnTe TOYHOCTD U3MEpeHus ycKopenus: Barmmm mpubo-
poM.

AP 10°H . . < 2.1.14 Xoxkenct coobImaeT maiibe ycKopeHue, jeii-

) . o .
It 7 y CTBy# Ha He€ KJIIONIKOI C CHUJION, 3aBUCUMOCTbL KO-
TOpOIt OT BpeMenu nokazana na Puc. T T u Puc. ET.T2

T

05k L Macca maitosr 0.2 kr. Hapucyiite rpaduk ckopocTn
A
i

U IIyTHU, TPOIIEHHOTO IMaiiboit 3a Bpems eiicTBus
o ; KJIIOIIKY Ha Maii0y. OneHnre myTh, PO IEHHbI maii-
04 - s 6oit 3a 0.3 c.
0.1 02 03

2.1.15 Ha nepBonavaIbHO HEIIOJBUKHOE TEJI0 Mac-
col M ¢ moMmenTa Bpemenu t = ( JeiicTByeT 11oCcTO-
AP 10°H sAHHag cuia F, KoTopas KasKIble T CeKyHJ, MeHseT
12': I ] ::: K g cBoé Hanpasenne. Kakoe paccroguue mpoiaéT tesio

3a 2nT CeKyH]I, TJe N — IeJIoe TNCJIO.

Puc. 2.1.11. K N&ZT1A

0.8

2.1.16 Craprys ¢ camoJiéTa, JIETSIIErO TOPU30H-
TAJBHO CO CKOPOCTBIO ¥ Ha BbicoTe H, peakTHUBHDINI
cuapsa Maccel M pasBuBaer Tary [ mop yriom o
0.1 02 03  kropusonry. IIpu stom F'sin o < Mg. Oupenenure

Puc. 2.1.12. K N 114 JaJIbHOCTD ITOJIETA, cHapdaa.

0.4

2.1.17 Paketa maccer M crapTyer OJ yIJIOM (¢ K TOPU30HTY CO CKOPO-
cTbio v. PeakTuBnas cTpyst oOpasyer yros beta ¢ HalpaBjeHueM e€ B3JETA.
Ycekopenune cBobojHoro majieHus g. Kakyro Tary jgo/KHa pasBUTh PAKeETa,
9TOObI Yepe3 BpeMs 1’ BBIUTH Ha MOPU30HTAJILHBIN yIACTOK TOJIETA.
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2.1.18 Cwta, gelicTByfolas Ha TeJIO, JIUHEHHO 3aBUCUT OT Bpemenu: F' = at.
Kak menstercst cKopocTh Teja o, JaeiicrBreM 3Toii cuibl! Macca Tea m.

2.2 3akoH I'yka, peakiiusi OIIOpPbI, HATsSXKEHUIE
HUTH.

['pys, mom0KeHHBII HA TPYKIHHBIE BECHI, TIOJT TEUCTBUEM CHJIBI TSKECTH
JBUZKETCS BHU3 U C2KUMaeT MPYXKUHY JI0 TeX 0P, II0Ka Cujia YIPYTOCTU IIPY-
JKUHBI €r0 He OCTAHOBUT. ['py3, TOJIBEIIeHHBI Ha MPYKUHE JIUHAMOMETPA,
JBUTAETCS BHU3 JI0 TeX IOpP, IMOKa CUJIa YIPYTOCTH PACTAHYTOI NPYKUHBI
€ro He OCTAHOBHUT. B obomx ciydasgx NMpHU OCTAHOBKHU TPy3a CHJIA TAKECTH
paBHa II0 BEJIMYMHE U IIPOTUBOIOJIOKHA 110 HAIIPABJICHUIO CHJIC YIPYTOCTH
[PYKUHBI, KOTOpast ompejiesisieTcs (hopMyJioit

F,=—kx (2.2.1)

rje k — »KECTKOCTD IIPY?KUHBL, & — €6 pacTszKeHue. 3HaK MUHYC B 9Toit ¢pop-
MyJle O3HA4YaeT, 4TO CHJIa HAIpaBJeHa B CTOPOHY OOPATHYIO PACTSZKCHUIO
npyzKuabl. [1o3ToMy Ha OPYKMHHBIX Becax M Ha JUHAMOMETPE IepeMelleHne
rpy3a nponopuuonasvho ero secy (cuie tskecrn). Qopmyna (Z2Z7]) Hasbl-
Baercs saxonom Lyka.

IIpumep 2.2.1 Bajka JIeKUT Ha TPEX [
HpY>KUHAX OJMHAKOBON JJIMHBI KAK 3TO I10- k %
kazano Ha Puc. BE2Z0l Oupenenure cuibl,
JieiicTByIOMKe Ha 6aJIKy €O CTOPOHBI KaK-
qoit pyxkunbl. Macca 6anku — M, xéct-
KOCTb IIPY?KUHBI B IIEHTPE B JIBa pas3a 00JIbIle KECTKOCTU KPAWHUX Py KUH.

Qy

E |

Puc. 2.2.1.

Pewenue: Bee npyKuHbl c:KuMaroTcst OAJIKOM OMHAKOBO, MIOITOMY CHJIa
YIPYIOCTH KaxKJIO0U KpaiHell IpyzKUHBI B ABa pa3a MeEHbIIe CUJIbl YIPYILo-
CTU IEHTPAJbHON IPYKWHBL. Dajika HENMOBUKHA, TO3TOMY CyMMapHas CUJIa
YIOPYroCTH, JefCTByIOIad CO CTOPOHBI IIPYKUH paBHA [0 BeJUYUHE U IIPO-
THBOIIOJIOYKHA 110 HAIIPABJICHUIO CcuJjie TszkecTu Oasiku pasuoit Mg. Chenosa-
TenbHO '+ 2F + F = 4F = Mg, tne F' — BenuduHa CUJIBI, JICHCTBYIONIEH
CO CTOPOHBI KaXKJI0# KpaliHeil PYKUHBI, a 2F — €O CTOPOHBI MEHTPAJIbHOIA.
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BuaunT Kaxkjas KpailHsd npy:KuHa jeiicTsyer Ha Gasky ¢ cunoii —iMg, a
HEHTpaJbHasd — € CUJION —%M g

googoobobbobbbbooooooooooao

Byayun mosnoxkeno na 1oJ1, JII060€ TEIO TOJ JEHCTBUEM CUJIBI TAXKECTH
OyJIeT ABUTATHCS BHU3 JIO TEX IIOP, IMOKa U3-3a, JeOpMaIlii 11018 He BO3SHUK-
HET ymupyras CHUja, OCTAHAB/JIMBAIONIAS TEJIO. DTa CUJIA MEPICHIUKY/IsIPHAs
[I0JTy ¥ HAIIPABJIEHHAS B CTOPOHY, OOPATHYIO 3TOM jiehOpMAIii, HA3BIBACTCS
peaxyuet onopu. Temo Toxe nedopMupyeTcd U JABUT Ha TOJI B ITPOTUBOIIO-
JIO?KHOM HAaIIPpABJICHUH OT PEAKIIUU OIOPbLI C TaKoil Ke cujoil. Bpems nBu-
JKEHUs TeJla U BeJIMYUHA TaKoro pojia jiebopMaruii HACTOJIBKO MAaJIbl, UTO
TaKoe JIBUKEHNE MOYKHO HaOJIIOIaTh JIMIIh C IIOMOIIBIO CIEIUAIbHBIX IIPHOO-
poB. Ho, KaxK/plii U3 HaC BUJUT KOHEYHBIN PE3yJIbTAT TAKOI'O JIBUXKEHHUS —
MHOYKECTBO HETOJIBUKHBIX MTPEIMETOB PSIJIOM C HAMU.

ITpumep 2.2.2 Oupenenure pe-

N,  AKIIMIO OO y TOHKOM MaJOYKH Mac-

30° col M n el R, jexareit ropu-

15 Mg 30HTAJILHO B JIYHKE pajmyca R Kak
Ha Puc.

N Pewerue: Ha Puc. n3obpa-
\ \ JKEHBI CUJIBI, JIEHICTBYIOINE Ha MTAJI0Y-
Puc.2.2.3. Ky: Mg — cuna Taxecrn, Nyu N, —

PeaKIuu OIop C JIEBOI U MPABOIL CTO-
POHBI TAJIOYKU COOTBETCTBEHHO. TakK KaK MaJI0YKa HEMOJBUKHA, TO CyMMa
BCEX 3TUX CUJ paBHa HyJo. U3-3a cummerpun ciemyer, uto Ny = Ny = N.

Ho rorma 2N cos30° = Nv/3 = Mg. Ilostomy N = Mg/+/3.
oo oooouoooogbodd

Ecmn a auTn nmomsecuTh Tesio Macchl M, TO TeIO TOJ AeWCTBUEM CHJIBI
TaKecTH OyJ/ieT IBUTAThbCA BHU3 IO TeX IOp, MOKa B PE3YJIbTaTe pPaCTIzKe-
HUsI HUTU HE BOBHUKHET YIIpyras CHJia, HallPpABJICHHAS B CTOPOHY OOpPATHYIO
PACTSIZKEHUIO, OCTAHABJIMBAIONIASA ITO TEJIO. DTa CHUJia, KOTOPYIO HA3BIBAIOT
HAMANCEHUEM, CYTIIECTBYET Ha JIOOOM ydacTKe HUTH.

Puc. 2.2.2.

ITpumep 2.2.3 Ha 6pycok maccol M, Haxoadiuiicss Ha abCcoTI0THO TUIa/I-
KOil TOPU3OHTAJIBHOM IOBEPXHOCTH, JeficTByeT cuia I (Cwm. Puc. ZZ7)). Ha
OpycKe YKpPeIUIEH HEeBeCOMbIi OJI0K, depes OJIOK IePeKUHYTa HepaCTIzKUMast
HUTH, K KOHIIAM KOTOPOI IPUKPEILIEHBI IPY3bl My U My. OIpenennThb YCKO-
penue Opycka.
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Puc. 2.2.4. Puc. 2.2.5.

Pewenue: Pacemorpum Teto maceot my. Ha Hero Beprukaabuo BHU3 Jeii-
CTBYET CHJIA TSXKECTHU 1M1¢, BBEPX peakims 6pycka N'. DT cujibl paBHBI 110
BEJIMYUHE W ITPOTUBOIIOJIOYKHBI HAIIPABJICHDI, UX PE3Y/ILTUPYIOIIAs PaBHA HY-
0. B ropuzonTasbHOM HAIpAB/IEHUU HA TEJIO0 MACChI My JEHCTBYET CHJIa
naTskenun uutu 1. [To Bropomy 3akony Hbiorona

T= miaq. (222)

Ha I'py3 mgo B BEPTUKAJIbHOM HallpaBJICHUN ,ZLGfICTByeT CHJIa TAXKEeCTU "
cuita, HaTskenusa outu 1. Cuita HaTS>KEeHUs HUTH Be3e odna u ma oHce,
TaK KaK HHUTbH HeBeCOMad. HO,ZL ,ZLefICTBI/IGIVI 9TUX CHUJI I'Py3a Mg ABUT'ACTCA C
YCKOpE€HUEM a9 B BEPTHUKAJILHOM HallpaBJICHUU

T— Meog = MaQ2. (223)

B ropusonTasibHOM HAmpaBIeHUM Ha TEJIO Mo JACHCTBYET peakiius Opycka.
Omna coobmaer Teay rOpu30HTAILHOE YCKOPEHUE a3:

N = maoaQs. (224)
[Ton neiictBuem cymmbl cut F'—T'— N Opycok JIBUTAeTCs C YCKOPEHUEM

Ma=F-T-N (2.2.5)

Nroro mur noryunmm 4 ypaBuenus: u 6 memsBecTHBIX. [lg permenus 3a-
Jlady He XBaTaeT eIlé JBYX yPaBHEHU. DTU yPABHEHUS MOYKHO TOJIYIUTH U3
KMHEMaTUYeCKUX YCJIOBUIl 3a/1a4n:
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e bpycok M u rpy3 my B TOPU30HTATLHOM HAIIPABJIEHUN JIBUTAIOTCS BMe-
CTe, a 3TO 3HAYUT, YTO TOPU3OHTATIBLHOE YCKOPEHUe Ipy3a OyJIeT paBHO

YCKOPEHUIO OpyCKa, T.e.:
as = a. (2.2.6)

e HepacTsa:KnMOCTh HUTH HaKJIa/IbIBAET YCJIOBHE Ha YCKOPEHUS BCEX TeJl.
N3 Puc. BHU/JIHO, YTO S = S — S1, [JIe S3 U S1 — IIYTHU, IIPOXO/IUMbIE
TeJaMU My U My 3a OJIMHAKOBOE BpeMs 110 TOPU30HTAIN U BEPTUKAJIU
COOTBETCTBEHHO, & § — IIyTh, HPOIJICHHBINN OPYCKOM. YCKOpEHUs I0-
CTOAHHBI BO BpEMEHH, CJIC0OBATE/ILHO, COOTHOIIECHUE I IIyTeil MOXKHO
3aMEHHUTH Ha COOTHOIICHU JIJIs YCKOPCHUIA:

Ao = a4 — aq (227)

Pemue cucremy ypasuennii (ZZ2Z2HZ2T) mosyaum, ato

_ F(my+my) — mimag
a= :
mime + (M + mg)(ml + mg)
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Maremaruka

OCHOBBIBasICh Ha CBOEM OITBITE OOIIEHNUST CO mKOJIOI‘/’IE s1 chOPMYJTHPYIO JTBA
YTBEPKIEHUST:

e MaTeMaTHKa, KOTOPYIO N3yvaloT B IKOJIe, KaK IPaBUIO0, He JIOCTATOYHA
JUI u3ydenus: (hU3nKH,

e QusUKy B MIKOJIE HE U3y9aroT (3TO CJIJCTBUAE MPEIBIIYIIEro MyHKTA ).

[Ipusnaroch, 9TO s HEMHOTO YTPUPYIO CUTYaIUIO, caMu 1o cebe, yued-
HUKU 110 (PU3UKE OYEHDb JIaXKe HEIJIOXHe, Ha YPOKaX PACCKa3bIBAIOT O BEJIHU-
KUX OTKPBITHSIX U JAaXKe JIAI0T periarh 3a/a4qu. EcTh 01HO HO: MPAKTUIECKH
BCe ITKOJIbHBIE 33/a9M, 9TO 33/[a9l Ha IMOJICTAHOBKY (bOPMYJIbl. BBl BbIyUn-
7 HOPMYyITy U TYT Ke B 9Ty (POPMYJTy CIEAYeT MOJACTaBATH UNUCIA U TOJIY-
YUTH HOBYIO IM(MPY B KAUeCTBe OTBETa, TP STOM COBEPIIIEHHO BBIITYCKAETCS
dusnueckuit cmbics 3agaau. PopMyJibl He BBIBOJATCH, a JIAIOTCS, TaK Kak
IIKOJIbHUKY HE BJIJICIOT aJICKBATHBIM MATEMATHICCKUM AIapaTOM.

Koneano 99.99% »xureseil mianeTbl 3emMiisi COBEPIIEHHO 3aMedaTebHO
MOT'YT IPOXKHTH 0e3 3rux 3uHanuii, Ho ToT 0.01%, KOTOpPHBI cBA3a1 MIn ILI1a-
HUPYeT CBA3aTh CBOIO YKU3Hb € KAKON-II00 HAYKON PAHO WJIH ITO3THO OOHAPY-
JKIBAET, UTO IMKOJIHHBIX 3HAHUI eMy He JJ0CTaTOYHO. HeBO3MOKHO 3aHNMATH-
cs xumueit uau ouoJsiorueit He 3Hast (131/131/1KI/JE Bangrue Gpu3nKoit HEBOZMOKHO
6e3 oBJIaJIeHUsT OIPEICICHHBIMUA MATEMATHICCKIMU IIPUEMAaMU.

B KadecTBe yueHHKa s IPOBEI B IIKose 10 J1leT — Tak 4To s 3HAI0, UTO OBOPIO.
2J1.10. Jlanmay mpunucsBaior hpasy: «Bcé HayuHOro B XMMHHI 3TO (DU3UKA, OCTAJIBHOE —
KyXHS»

o1
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Mo2KHO, KOHEUHO, BCTaTh B 03y U CKa3aTh: A 3adeM nM3ydaTb BCEM STU
crpannble Bermu paau kakoro-to 0.01%. Oreer Ha 5TOT BOIpOC CyIeCTByeT
TOJIBKO OJInH: «Bcé uTo BbI mMeeTe ceifuac, BCE 4TO Ha Bac HAJIETO U 00YTO, BCE
Ha 9IEM BBI €3/1Te BO3HUKIIO Oarogaps umeHuo sromy 0.01%». YyTs Gosbine
100 et HA3AL 3JIEKTPUIECTBO OBLIO PYHIAMEHTAIBHON HAYKON 1 3aHUMAJICS
sroit Haykoit Tor ke 0.01%. Kaxkiplii HOBBIN 4YeI0BEK, KOTOPBIA Moocem
3aHUMATLCA (DUBUKON BOUCTUHY OECIICHEH U HEJIb3sd yIyCKaTh HUKOro. Ecinm
TBI YTO-TO MIOHUMAEITb, TO Tl 00A3aH ITO JIeJATh, IOTOMY UTO HHAYE HEAL3A.

B sToM TekcTe BBOIATCS HEKOTOPBIE MMOHATHS U MTOKA3aHBI ITPUEMBI, KOTO-
pble cuibHO obJierdaior nonnmanue dpusuku. [lomauTe, 9TO IOHATHSA «HHTE-
rpupoBanuey, «auddepeHImpoBaHney u Jip. BBOJATC JIJisi O0JIEIIeHUs] 110~
HUMAaHUS U YIPOIIEHUs aHan3a (pU3nIecKoil KapTUHBI MUPa, & BOBCE HE IS
ycaoxkuenus: Ku3nu. OCBOUB 9TU NMPUEMBI, B JAJLHEHIIIEM BBl CMOXKETE U3y-
JaTh 60JIee U30MPEHHBIE U 3D HEKTUBHBIE METO/IBI U J1azKe (Iero B KuU3He He
ObIBaET) IPUIYMBIBATH CBOU.

YuraTh TOIBKO J0OPOBOJILIIAM.

Bam He creyer 604ThCsI HOBBIX CJIOB M BBIPAXKEHUI — 9TO HE Pas3BJie-
KaTeJbHas JIMTEPATypa, IMOITOMY €CJIM KaKoi-To ab3all BaM He HOHATEH, TO
repednTaiite ero emgé pa3. «I[loBroperune — maTh yqefmﬂ»ﬁ.

Eciin 110 9TOMY TEKCTY y BAC BOSHUKJIU BOIPOCHL U/ UJIH PEJJIOKEHMUSI, TO
CBSI>KUTECh cO MHOI 110 areKTponHoil moare E.M.Baldin@inp.nsk.su.

3.1 YwmciaeHHble IPUMEPHI

Ecnn genoBek mpocTo JIeXKWUT Ha JWBAHE W HUYErO HE JeJIaeT, TO JlarKe
B 9TOM ciydae ero mosr morpebsaser 10% or obmiell sHeprum denoBeka, a
€CJIN Ye/I0BEK HaYMHAET XOTh YTO-TO JieJIaTh, HAIIPUMED, PeliaTh 3a1a9H 110
dusuKe, TO HEpPromoTpedIeHne Bo3pacTaeT Oojee UeM B JBa pasa. 1loaTo-
My, OOBITHO, y UeJI0BeKa BbhIpabDaTbiBaeTCs pedJieKC Ha yMCTBEHHYIO pabo-
Ty, TAK KaK BCE CTPEMUTCS K MUHUME3AIUU 1moTpedennst sueprun. OmHum
U3 CJeACTBUAN TAKOH MIHIMU3AINN CTAJI0 PACIIPOCTPAHEHNE KAJIBKY/ISITOPOB.
Kanbkynsitop — xopoliast Belllb, HO €CJIM Bbl HE yMeeTe CIUTaTh, TO OH BaM
He nomozkeT. [TosToMy ciremyronine 3a1a9u 1 IPpUMEPHI perraiiTe ¢ MOMOIIBIO
JINCTOYKA OyMaru, pydKH M Ballleif TOJIOBBI.

3FOTOB IIOAIINCATHCA 10 KazKJAbIM CJIOBOM.
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B dusuke ne O6biBaeT abCOMIOTHO TOYHBIX YHCJIEHHBIX OTBETOB. JI100yio
BEJIUYIUHY MOXKHO M3MEPHUTH TOJBKO C OIPEIETEHHON TOUYHOCTHIO. OOLITHO
9Ta TOYHOCTH HE HpeBbIH_Iae'IH 10%, 1mosTOMy NpH BBIYUC/IEHUN KaKOH-/T100
BEJIMIUHBI BOBCE He 00g3aTeIHbHO BLIMUCHIBATE 10 3HAKOB MOCTIE 3aHﬂToi’lﬁ,
JIOCTATOYHO TPABUJIBHO MMOCYUTATH 2 + 3 3HAYAIINX ITUQPHI.

B mporiecce dncsieHHBIX BBIYUC/IEHUIT JIydIlle BCEro CJIeIOBATH MPABIILY:
«CHavajia BBIYUC/IAEM TOPSAIOK, 3aTeM BCE ocTajibHOes. Pa3bepéMm cieryio-
it mpumep:

1200 + 2'°
8105 — 36002 + 15002 - 107
Boraucimm mopst gy, 9To0bI OIPEIETUTh, KAKIME BeJIMIUHAMA MOYKHO TIpe-
HeOpeUb.

1.2-10% + 1.024 - 10° (1.2 + 1.024) - 103
m =T .
8108 —3.62-10° + 1.52-10° (800 — 3.62 + 1.52 - 1000) - 106

Temepr HaunéM BCE ynpomaTLE: 1.024 ~ 1. Bemmuaunoit 3.6 ~ 10 < 800
MOZKHO mpenebpedn. 1.5%2 = 2.25, m ~ 3. WUroro:

T2.2

" . 10°Y ~22.1075.
0.842.25 0 0

Bce npomerkyTouHble BBIKIQJIKH JIYUIIE BCErO IPOJE/IbIBATH B yMe, I0-
cJIe HEKOTOPOI TPEHUPOBKH, BbI O€3 IIpob/ieM 00roHUTE JII000i KaabKYJ/IsITOP.
Ecyii BBIMuCINTD 9TOT MPUMEP TOYHO, TO mojyuntes 2.31965775434589182 -
1076 — mp1 ommbmces wa 5.5%, 9TO B MOJOGHBIX BBEIMHICICHIAX BIOJHE IIPH-
eMJIEMO.

Korma BbI BeIUmcasgeTe 9To-T0 00JIee OCMBICJIEHHOE, TO IbITAfiTech 3aIo-
MHUHATD IOJIYyYeHHbIE Pe3yJIbTaThl U 3aKoHOMepHocTr. Hampumep:

e 210~ 1000;

o 72~ g, rjle g — yCKOpeHUe CBOGOHOTO MaJeHUs — 3TO He 3aKOH IIPH-

POJIBI, IPOCTO TaK IOJIYyYUIOCH;

® YNC/IO CeKYHJ B IOy HpuMepHO pasho 7 X 107,

4910 HE OTHOCHTCH K TAKHM yHHKAJILHBIM SKCIHEPHMEHTAaM, KAK U3MEPeHHE CKOPOCTU
CBeTa, OIIpPe/Ie/IEHNE 3apsia JIEKTPOHA — 3/I€Ch TOYHOCTh HAMHOT'O IPEBBIIIAET JIOJIU IIPO-
[IEHTA.

5CTOJILKO, CKOJIBKO BJIE3aeT B OKOIIKO KaJIbKYJIATOPA.

SHam He Hy:kHA TOuHOCTB BbInIe 4eM 10%.
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Eciu BBI pemaere 3aj1ady B KOTOPOH HAJIO HMOJYYIUTH OTBET, TO CJIELyeT
9TOT OTBET noAyuums 6 oyxeax. I{ugpu caedyem nodcmasaamv 6 camom
KOHYe. DTO MPOCTOE TPABUJIO TIOIIAC CUIHLHO 00JIerdaeT KU3Hb

3.2 JInddepennupoBaHue

[Tonstue muddepeHnupoBanne Hepa3pPhIBHO CB3aHO ¢ nMeHeM HbroTo-
nall. Beegenne nongaruit nudppepeHImpoBanus 1 THTEIPUPOBAHKUS CTAJIO Ha~
JaJI0M (PUBUKNA KaK CAMOCTOATETHHOW HAYKN 1 06€3 9TUX MOHITHI M3ydeHrne
du3nKM HEe BO3MOXKHO.

OcHoBHOIT njeeit BOSHUKHOBeHUsT AudhepeHnnaabHOro NCIUCJICHUS B~
JISIETCsI YKeJIaHue U3YIUTh U3MeHeHne (bU3MIecKoii KapTUHbI ([OJI0KEHHe Te-
Jla, HAIIpUMED) B MaJible IPOMEXKYTKHU BpeMeHHu. Ec/in Mbl 3HaeM CKOPOCTH
9TUX M3MeHeHuil (CKOpOCTh Tesa) B JI00O MOMEHT BPEMEHH, TO Mbl 3Ha-
eM KakK Pas3BUBAeTCs CHCTeMa (MOYKeM BBIYHUC/IUTH MOJIOKEHNE Tesla B JTH060e
Bpewmsi). Vmest mpocrast, Kak BCE TeHuAIbLHOE.

HenTpaabHbiMu HOHATUIMI UM OEPEHINATBHOTO UCIUCCHUS STBJIAIOTCS
[IPOM3BO/IHAs U AU DEPEHITUuAT.

,Z[H(bd)epeﬂunaﬂﬁ PacemorpuMm cnadasia MaTeMaTHYeCKUil acIeKT ITOTO
nougTus. Nzyanm nosenenne dyuknun y = f(x). f ve 6yay KOHKpeTusupo-
BaTh BUJ (DYHKIMU JIO TEX IIOP, TIOKA MHE 9TO He IIOHa00UTCsI, IO9TOMY MBI
paccmarpuBaeM byHKIWIO f(x), KOTOpas MOMXKET OBITh YeM YrojHo. TO9YHO
TaK K€ [P PelIeHrN 33Ja9 He Hy»KHO MHATHCS 3a YaCTHOCTSMH, 33 Iud-
poii, KoTopast sIBJISETCsI OTBETOM — Ballleil HeJIbio JOKHA ObIThH (hu3rIecKast
U /WM MaTeMaTuIecKasi 3aBUCUMOCTb.

Ha puc. B2l uzobpakena nekast dyuknus f(x) (MyHKTHpHAs JIUHWSA).
B rouke xy sra dbyHKIiug uMeer 3uadenue yo = f(ro) (;KupHasg TOUKa Ha

rpadruke).

"Hoioron Ucaak (Newton Isaac) (04.01.1643-31.03.1727) — anrsmitckuii busnK u MaTe-
MaTHUK, CO3JABIIUI OCHOBBI MEXAHUKU M ACTPOHOMUM, OTKPBIBIIUN 3aKOH BCEMUPHOTO Tsi-
rorenus, paspaborasmuii (na pany ¢ [.JIeiibuunem) nuddepeniuanibaoe 1 nHTErPAIbHOE
UCYHC/IEHNE, N300peTaTe/ b 36PKAIBLHOI0 TEJIECKOIA 1 ABTOP BAYKHEHIIINX SKCIIEPUMEHTA b
HbIX pabotr mo onruke. CaMm ke HbloToH BakHeiilneil cBoeii pabOTONl CYMTAJ HAIUCAHUS
TPYJIOB 110 TEOJIOTHH — BEJIUKHE JIIOJU JIaXKe OIMUOAIOTCS 110 KPYITHOMY.

80t mar. differentia — pasmocTs, pazmmme.
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~_ 1 -7 | | | | |
—1.57 =0.79 0.00 0.79 1.57 236 3.14
€T

Puc. 3.2.1. Iuddepennman

OrcrynuB Brpaso Ha Az, B Touke Ty + Az 3uadenue GyHkimu OyaeT
paBHO Yo + Ay = f(zo + Ax) — 1mOKa BCE MPOCTO:

Ay = f(zo + Az) — f(z0). (3.2.1)

[Tposeném B Touke (g, (7)) KacaTeJbHYIO MPSIMYIO — 9TO MpsiMast JOJKHA
V/IOBJIETBOPSATH YPABHEHUIO

Ay = (y —y) = Alx — x9) = AAxz, (3.2.2)

rje A — Hekasi KOHCTaHTa (IIOKa MbI He 3HAEM YeMy OHa PaBHA).

Eciin npucmorperbess K ToMy, 9TO n3obpazkeno Ha puc. B2l To MOXKHO
3aMETUTh, 9TO B OKPECTHOCTH TOUKH (g, o), HoBegerne Gyukmun y = f(x)
U KacaTeIbHON MPSIMOTi CXOXKHU — deM OJIMKE K TOUKE KaCaHUsl, TeM CJIOKHEee
OTJIMYATE TIPAMYIO OT (QDYHKIMU. BBIpasuM 3Ty CX0KecThb B BUjE (OPMYIIBI

Ay = AAx 4+ pAx, (3.2.3)

e A — koaddurment u3 (BZ2), a ¢ — Hekuil mapamerp, KOTOPbIii cTpe-
mures K 0, mpu gocrarodno majiom Ax. Kakoe ObI MajleHbKOE YUCIO MBI He
Ha3BaJIM, yBesmunBasi MacimTab rpaduka u ymenbinag Az (mpsivas Oymer
cauBaThes ¢ QyHKIHed BCE GoJibie u OOJIbIIe), PAHO WM TIO3/HO (¢ CTaHeT
MEHBIIIE 9TOr0 Yucjaa. UTo ObI IMOKa3aTh, YTO MbI OEpEM OECKOHETHO MaJjoe
npupaienue r OyKBy A 3aMeHSIOT Ha d U IUIITYT:

dy = Adxz, (3.2.4)
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_ & _ Ae
dx Ay
_ ~_ L -7 I I I I I
—1.57 —=0.79 0.00 0.79 157 236 3.14

X

Puc. 3.2.2. IIpousBognas

rje dx u dy u ectb nuddepeHimalibl — OeCKOHeYHO MaJible m3Menenus. Moxk-
HO 3aIiCaTh, ITO

dy =d(f(x)) = Adx. (3.2.5)

[eperucas memuoro B2 mostyanm 6oJiee moJe3HYI0 (DOPMYITY:
flz+dz) = f(x) + Adx. (3.2.6)

[Tone3na sta popmysia TeM, 9TO (PAKTUIECKH JIIOOYIO 3aBUCUMOCTD MOYKHO
MIPEJICTABUTDH KaK MPAMYIO, €CTECTBEHHO 3TO BEPHO TOJBKO IIPU OY€HDb MAJIbIX

dz.

IIpousBoanasi IlonsaTre MpoOM3BOIHON BOSHHUKJIIO M3 OOJIBIIOIO YHUC/IA 3a-
Jlad eCTeCTBO3HAHUS W MaTeMATUKU. BaykHeiine n3 HIX — IIOCTPOEHNE Ka-
caTeJIbHON K KPUBOW U OIpejiesIeHne CKOPOCTH JIBUYKEHUST TOUKH.

Ha Puc. n3obpazkeHa mMpuMepHO To ke, uro u Ha Puc. B2l Baja-
JIIMCsT BOIIPOCOM Y€MYy paBeH yroJl HaKJIOHA KacaTelbHOH B Touke (g, Yo)-

dy  df(x)
R (3.2.7)

DyHKIUS «CAUBAETCA» C KPUBON TOJIBKO TOTJIAa, KOTJIa MBI BO3BMEM J10-
CTATOYHO OOJIBIION MacITab U OYeHb MaJIEHbKU AT — TO €CTb BO3BMEM
nuddepentmast. /{oBOIBHO YACTO TOBEJIEHNE PA3IUIHBIX 3aBUCUMOCTEH B

Ay
tala) = lim (X7
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YBEJIMYEHHOM MACIITabe OYeHb ¢j1ab0 OTIMYAeTCs OT IOBEJICHUs IIPIMOl —
MHOrue pU3NIECKHe 3aKOHbI B IEPBOM IIPUOJIMYKEHUN UMEIOT JIMHEHHYIO 3aBH-
cuMOoCTh. OOBITHO I YIIPOIIEHNsT 3aIICH % sanucbiBaioT Kak f’. Huraer
Kak «/Is D¢ mo s Ukey mmm «Dd mrpuxs.

Ecyin mocmorpers Ha ypasrenue (B2ZH), To Jlerko MOKHO 3aMETUTH, UTO
A= Z—:yc, rae A ecrb K03 DUIUEHT, ONUCHIBAIOMINN TOBEICHIE KacaTeIbHON

B Touke — ypasnenne (B22).
DTOT yroa HakIOHa min KO3hMUIMEHT TPONOPIMOHATIBHOCTH I yPaB-

HEHWM KacaTeIbHONW HA3BIBACTCS MPOM3BOJIHON U 10 CYTU SBJISETCS CKOPO-
cTbio pocta pyukiuu. g Havuaa paccCMOTPUM OCHOBHBIEC TIPABUIA 83 AMUA
npou3sodHod.

1. C" — mpousBogHast OT IMOCTOSTHHOI pasHa 0, U JeACTBUTEIHHO: % =
lima,—o(55E) = lima,—o(<) = 0, Tak Kak Az XOTb H OeHb MaJICHb-

Kas BeJimanHa, HO ona 6osbiie 0. Kpome Toro Tanrenc yriia HaK/JIOHA
KacaTebHol K pyukiun y = C' pasen 0.

2. (f(x)+g(z)) = f+ ¢ — upoussBosHasi CyMMBbI paBHa CyMMe IIPOU3-
BOJIHBIX, TaK TAHI'€HCHI YIJIOB HAKJIOHA CKJIAILIBAIOTCS

3. (f(z)g(x)) = f'g+ g'f — ar0 yxke HEeMHOrO mOCTOXKHEee: pu udde-
PEHIMPOBAHNY IPOU3BEICHNIsS COMHOKHTEN T DepeHIupyIoTcs 110
ouepean. JlokazkeM 3TO:

(o) = Jim (P9 -
e+ Aa)g(e+ M) — f(@)g()
- Alirilo( Ax )

Tentepsb BeomunM dbopmyity (BZH) u yarém, uro Az goctaTodno masia
u uro Ko3ddunuent nponopuuonagabuoctun A s f pasen f') a jaia g

paBeH ¢':
A 'Ag) —
(fg)'zgifﬁo((ﬂf w)(gA—;g x) f9y_
g (19 gf' Az + fg'Ax + f'g'(Az)* — 19y _
o Axz—0 Al’ a

= lim (f(2)g'(z) + g(z) f'(z) + f'(x)g (x)Aw) =
= f(@)g'(z) + g(x) f'(x)
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200 T T T T =T~ T
/// \\\
15()*5:50—%‘/0@—150) i
S=f(t)
100 L
S(t) AS ~ 80 kM

(@)
=)
T

Vo = tg(a) ~ 65

At ~ 1 gac 15 mun

960 ) 1600 1 iOO 1500 1500 1400 1500
t

Puc. 3.2.3. 'paduk mepemeriennst rpy30BUKa OT BpEeMeHHI

4. f'(g(x)) = f'g — nokaxkem u 310 coiicTsd] (YMHOXKHUM 9HCJIATENb U
3HaMeHaTes b Ha dg):

df (g(x)) _ df(g) dg(x)

flo(w) = TG = LETE

=fq.

Pdusuveckuii cMbIcyi. Bot, Teriepb MOXKHO ITOrOBOPUTH 1 O husnke: « /s
Tero BCE 9107»

VaKe yIIOMUHAJIOCH, YTO IPOU3BOIHAS, 9TO «CKOPOCTH PocTay (PYHKIIUNT —
CMBICJT TIPOU3BOIHON B TOM U €CTh, YTO OHA SABJISIETCS CKOPOCMBIO.

Hemuoro nsmennm Puc. TaK, 9To0bI mosryunscs Puc. u no0b6a-
BUM JiereHy: ['py30BUK BO3UT MPOJIYKTHI ¢ 0a3bl JIO CEJILCKOIO Mara3mwHa,
paccTosinne Mexk 1y 3TuMu ImyHKTamu 200 KM, OT OJHOTO JO JPyTroro IIyHKTa
OH Jlobmpaercs 3a 4 Jaca.

Ha Puc. n300parkeHa 3aBUCUMOCTH PACCTOAHHS OT I'PY30BHKA 10
6a3bl (ocb y) ot BpeMenu (0ochb x). CpejiHsisi CKOPOCTb IPY30BUKA HA YIACTKE
oT 6a3bl 0 Mara3wHa paBHA % = ioga‘jz‘f = 507, Ho BCerja JIM €ro JIBUKEHUE
651710 poBHBIM 1 TiaakuM? Kax Buano ns pucynka et Hampmep, B 1130 ero
CKOPOCTD IIPUMEPHO PaBHIACH 52 ~ 657, 4TO 3HAUYUTEILHO OTJIMIACTCSA OT

At —
cpeJiHeil CKOpOCTH I'PY30BHUKA.

9He coBceM KOPPEKTHO, HO HOKA3aTeIbHO.
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3Haga CpeJHIOI0 CKOPOCTHL I'DY30BHKa, MBI MO2KEM IIPDEJICKa3aThb TOJILKO
BpeMgd, KOorjga OH HpI/I6 €T B Mara3mH, HO €CJIM MbI XOTHUM HCCJIEJOBATL 3TO
ABJICHUE HOHOﬂpO6Heﬁ TO HaM HaJd0 3HaTb CKOPOCTL B K&)K,Z[blfl MOMEHT
BpeMeHHu, TO €CTb BbIYUC/IUTL IIPOU3BOJIHYIO.

3.3 UHTerpupoBaHue

Barmymika

Bompoc: A 3auem 3T0 HaIo? — IOKa OTIOXKIM Ha IMOTOM. A 3aX0TeI0Ch.
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OTBeThI

31ech cobpaHbl OTBETHI Ha 3aja4u. i OOIbITUHCTBA 38124 JAHBI TOJIb-
ko orBeThl. Ho J71 HEKOTODBIE 3aja4 JIaHbl TOAPOOHBIE pa3bscHeHus. Kak
IIPABUJIO, 3TU 3aJa4M ABJIAIOTCA KJIIOYEBBIMU JIJIS BOCHPUATUA U3JI02KCHHOTO
B 9TOM pa3z/iejle MaTepuaJia.

[Ipexie eM cMOTPETh B OTBET, MOIPOOYHTE peImTe 3a/1ady CaMOCTOsI-
TesibHO. BaxkHo He perenune 3ajiadm caMoil 1o cebe, a yMeHUe CJIe/IaTh 9TO
CaAMOCTOSTETHHO 0€3 CTOPOHHUX TOCKA30K.

Omeemui  3adavam uz §I]]

[CTT ¢ = 1 Mmun.
T t=1/(v+u).
T3 ¢t = 30 mun.
CTA v =6 =L

. T.0 Vmenbinurca B k pas.

[T6 ¢ = —L—. Ha paccrognuu L3A—2E=IC o1 rouxy A,
ta—tp 2(ta+ts)

T3 v=10"%

T8 Ha paccrosthuu 1w ot cuéranka B.

[.T9 Ilpu L > 4R na paccrogHum OT CT€HOK OoJibitiem 2R; P = Li};iR.
IIpu 4R > L > 2R na paccrostHuu oT cTeHOK Oosbinem L —2R; P = 1. [T
t = 1 vum.

T2 t=1/(v+u).

1.3 ¢t = 30 mun.

_ KM
CTH v=06".
. TH Ymenbimurcs B k pas.
L 3ta—2tp—t
A — A B—lC
T8 ¢ = ;= Ha paccrosmmn L STati) OT TOUKM A.
_ 7™M
I3 v =107,

[.T.8 Ha paccrogamu 1M oT cuétunka B.

61
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[Ipu L > 4R ma paccrosgHuu OT CT€HOK OoJibiieMm 2R; P = Li};iR.
[Ipu 4R > L > 2R na paccTtogHuu oT cTeHOK OosibinieM L — 2R; P = 1.
[CTI0 n = £ Ilycrs ¢ — ckopocTh 3ByKa, a v — CKOpOCThb Tea. Korna

OT TeJla OTPa3u/Icd 3BYKOBOI MMITYJIbC, CJIEIYIONUI 3a HUM HUMILYJILC HAXO-
JIAJICS OT TeJIa HA PACCTOsTHUU ¢T. 3a BpeMst 71 = ct/(¢ — v) OH JIOTOHUT TeJI0
U TOYXKE OTPa3UTCd OT Hero. B 3TOT MOMEHT NepBbLINl OTparKaTeb UMITYIbC
OyIeT HaXOMUTHCA OT Tejla Ha PACCTOTHUAN

c+v
c—v

l=m-(c+v)=crp-

[TosToMy Ha JIOKATOP BO3BPAINAETCS HMITYJILCHI, PA3J/ICJICHHBIN BPEMEHHBIM

HUHTEPBAJIOM
c+v
T=l/c=T =
c—v

™

T.

W3 mocseinero paBeHCTBa CJIE/LyeT, 9YTO CKOPOCTb U B % pa3 MeHbIIIe CKO-

POCTH 3BYKA.

t CTTA a) v ~ 60 =, 6)v~200%.
- 7= (VI +4hihy —1)/c.
L CTTA n~1.8
n AS v =u/cosa.
"L v, CTI6 u=vy/1+4ctg?a
61\\ T2 [CTTA v = u%
o BT Y ro (22 o)
o - v=170%
e%) OQILTI20 3a Bpems (ty — t1) KOOPIH-
X HATDHI TeJIa U3MEHUINChL Ha
Puc. 0.1.1.1. K zamage N{LT20 Az = 1308 Q3 — 11 COS
Ay = rycos By — 11 cos By
Az =1T9c087yy — T1COSY,

[TosToMy cKOpoOCTb Tesa ompeaeasdeTcsd (popMyJIoii:

CAS (Ar)?+ (Ay)? + (Az)?

At ty —t

B /(rocos ag — i cosay)? + (ra cos By — 11 cos B1)% + (ra cosyg — 71 cos 1)

a ty —t

Y
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COS7y M COS7Yy B 3TOI (bopMyJIe olpeessseTcs U3 PaBEeHCTBA!
cos? o 4 cos” + cos® v = 1.

OTser.

B \/7“% + 73 — 27179(Ccos @y cos Qg + €08 By cos By + €OS Y1 COSY2)
to —t ’

rje cosy; = \/1 — cos? ay — cos? By, cosyg = \/1 — cos2 aig — cos? (3.
CIZ2N g3 =% —a,ecm o < §; o5 =5 —2a, e o < 53 o5 = § — na,

OILT2A a) P = w/%,npmr > h,
u P =0mupur<h.

Ha puc. [O.TTuso6pazkena gactsb
TPaeKTOPUH Iapuka. IIpu yrnpyrom or-
PaXKEeHUU yToJI IIaJIEHUsI PABEH YIJIy
OTpasKeHHsl U TI0ITOMY IIAPUK IOCJIE
0YEpEJIHOrO OTPAYKEHUsI OIATD [IPOJIe-
TUT H& PACCTOAHUM h OT IEHTpa I0-
nocti. BepogTHOCTh 06HAPYZKUTD 1A~
PHK H& PACCTOAHUU MEHBIIEM 7 OIIpe-
Jlesisiercs JloJieli BpeMeHu, Korja Iia-
PHUK HAXOJMUTCA BHYTPU OKPYKHOCTH
paguyca r. Ilostomy npum r > h Be-

POSATHOCTD P paBHA Puc. 0.1.1.2. K zajaue NILT.22
V12 — h2/y/R? — h? — oTHOIIeHHe JJIMHBI XOPAbl OKPY’KHOCTH Dajiyca T
K JIJINHE XOPJIbl, OKPYZKHOCTH pajinyca .

6) P = V’nz_j;;_vgz_hz) upu a > h; P = % mpu a < h <r; P=20

pu r < h.

GMCT23 n pas. Ha puc. JIBUYKEHHUE 110 TPACKTOPUH Pa3BEPHYTO
3ePKAJILHBIMU OTOOPAXKCHUSIMU U3 JIBUKCHIE MEXKJLY JIBYM apa/LIC/IbHBIME
upstMbiMi. COOTBETCTBYIOMIME TOYKHM TPACKTOPUHE OTMEUYEHLI OJMHAKOBBIMU
oykBamu. I3 puc. CJIeJTyeT, UTO Tap BEPHETCH Ha TpeXKHEe MeCTO
oCJIe N YIapoB O GOPTHI, JIMHA KOTOPBIX PaBHA @.

T2 a) u = 5.

6) T =22 h=AV2,
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e bxn N
b2 4 |
TR a/n E
Dl . ‘D
el a
A ¢ A l T
- 5

Puc. 0.1.1.3. K zaymaue NLT 23

B) T =2 | h=5Y2

r) Ilycre a/A = k/n, time k u n — 1esible MOJOKUTE/IbHBIE YUCIA B
unrepsaJsie ot () 10 N 1 BepOATHOCTD MOSIBJICHUS KaKJI0M aphl uucesa k un —
onnaakoBa. Torma ipu N — 00, BEPOITHOCTH COOBITHSI, JIJIT KOTOPOI'O THCJIO
k < K, tiie K — cKOJIb yroIHO OOJIBITIOE, HO OIPAHMYCHHOE YHUCJIO, CTPEMUTCS
K ny/mo. Ho 910 o3Hauaer Hy/IeByio BEPOATHOCTL Toro, uto h > A2/ K, rie
K — cKo/tb yrojHo 00JIbINoe, HO OIPAHMICHHOE YUC/IO.

S = (u/2v)L.

Omeemui % 3adavam us §[1.2

[CZT a) t =2c,6) t=(vV2—1)c.
a=>5%.
a=v?/20,t=20/v.

CZA ¢ > v?/2a. Iy
T20 7 = [tits — 2(¢ — 13)]/(t1 — t2).
Bo Bropowm ciyaae.

27 S, = a1(81+a2)7_2;

2a2
_ 1. .2 | 1(votair)?
52 = VT + 2&17’ + 2 @

OILZY a) ¢ = %UT. [Lromaau Tpeyroib-
HUKOB S; u Sy Ha rpaduke 3aBUCUMO-
CTH CKOPOCTH I10€3]1a 0T BpeMenu Puc.
OJMHAKOBBI. [l03TOMY BpeMsi JIBUYKEHMS

110€3/1a 110 HAIIPaBJIEHUIO K CTAHIIMU PaB- —U ¢
HO %7‘, a IO Th HUXKHETO TPEeyroJib-

HUKa&, KOTOpas OIpPeJIedeT MaKCUMaJIb- Puc. 0.1.2.1. K zaaue NZR
HOe yJjlaJieHne Mmoe3/a OT CTAaHIUU PaBHO

1 — 1

5TV = 3UT.

_ _ 14T
6) € = sra7y - VT
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20 a)t = % — %7‘, ecu T < %”, u He OyJIeT CTaJKUBATLCs, €Clu T > 2?”.
1
6) v < 59T.

B) S \/112-;25]h+v’ °— /71)2 T 2gh
SMCZIA Cm. Puc. [O122

4 a;é% A a,é% A a,é\%
2t - 24 - 24 -
! t ! t ! t
0 3 4°7 o 3 407 o 3
1 2 1 2 1 2 4
1 ~1 ~1
A U,% 4 Ua% L U’%
v
t,c
4 >
4.5
4 A~ ‘
3 ]
N 5 o
| |
| w0
t,C | | t,C
> . . >
o 1 2 3 4

Puc. 0.1.2.2. K zaymage NLZT0

Omvmam: 25977-:1/%,F,ZLGS:1M7929.8;\—;.CM.PI/IC.

SMCZTA Cwm. Puc. [OT2H
SICZIA Cum. Puc. OIT24
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A Qa

vl | | | |
L 1 47 5 60!
T \g T T ke

T 3r | |

| | | |

3ug | | | |

B ] |

AU | | [ [

3vVgt — 44— — — — \ |

| | | | |

| | | | |
Yo | | | 57 | t;
T 3 4r '\GT ]

| | | | |

| | | | |

L) G Rty B e R

| | | | |

9.5UOTFS*‘*****‘**‘**‘ |

Sirt =N

| | | | |

| | | | |

SvgTe — 4 — — — — | | |

| | | | |

T 27 317 4t \ R

| | | | |

; | | | | |
Puc. 0.1.2.4. K 3amage N{LZTJ vt - ‘ ‘ ot
. . . . JU

3t 4t 5T

Puc. 0.1.2.5. K 3zamage NLZTI

[CZTA ¢ = zar?

2) T=f20(2+2),

6)T = 2€(%+£),€CJH/IU> 20/ (i+é)

ul =*Lt-1v (i—l—i),ecm/w </2¢/ (i+i>.
v ai az a1 a2

Omeemut ® 3adavam u3 §IL3

3T a) T =2vsina/g, 6) T = (\/vzsin2a+2gh—l—vsina> /9.

32 v =+/v2 + (gt)2 — 2upgtsina, r = t\/vg + 1(gt)? — vogt sina.
o0 v~ 57%
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34 v = +/29(H — h + S2/4H).
t~0.61c.
v 17,
37 S ~13wm.
O3 a) Kpyr paanyca vr.
6) B momenr Bpemenu t mocie

B3pbIBa OCKOJIKI HAXOATCA Ha Cepu- - T T =< -
YeCKOi IMOBEpXHOCTU pajmyca R = vt, P - O roN
IEHTP KOTOPOl HAXOJNTCSI Ha BBICOTE
t2 2
— %, tme h = %- — BrIcOTa, Ha Qa

KOTOPOI TPOU3OIIET B3PbIB CHaps/IA.
Ha Puc. y4acToK 3T0il chepu-
YeCKOW TTOBEPXHOCTU M300PaKEH B MO-
MEHT BpEeMeHH, Korjia h — % < 0. Pa-
Jnyc 00JIACTH, TOKPLITON OCKOJIKaMU
r. ['parurnia 9Toit 00J1aCTH ABUXKETCS CO Puc. 0.1.3.1. K zamaue NIL3J 6
CKOpOCTBIO U4 = —— — gt tga. [lepsoe

cJaraeMoe CBS3aHO C YBEJTMYECHUEM paJinyca cepbl, BTOPOe — € OIIyCKAHHEM
€€ TIEeHTpa TAKECTU CO CKOPOCThIO gt. IIycTh B MOMEHT BpeMeHH tj CKOPOCTD
u obpamaercs B 0. [lput < tou >0, anput >ty u < 0, caegoBaTeIbHO IpH
t =ty OCKOJIKM TaJIAI0T Ha 3eMJII0 Ha MAaKCUMAaJbHOM PACCTOSHUM OT IEHTPA
O. Ucnomnbzys Puc. (O3] nonyaaewm:

gt _ gr*
2 2 vt

v 1g(t? — 12
tp=———, sina= _g( )
gsin « 2 vt
U3 mocieHux paBeHCTB cieyet, uato tg = /72 + 2(v/g)?, mosromy pasmyc

KpyTa, MOKPBITOIO MOKPBITOI'O0 OCKOJIKAMHE, OIPEJIEIsieTcst (hOPMYIIOii:

o= [ ) = o T

a)t = (2v/g)tga, £ = (2v*/g)sina/ cos® .

6) ¢ = (2v*/g) sin(a + 3) cos a/ cos? 3.

cosa = v/u, rje u — CKOPOCTh CHAPZAJA JOJKHA OBITH GOJIbIITE
V2 + 2gh.

310 v = \/2(g + a){/sin 2a.

b — (vsizr;oz)2 _ gL?

8(vcosa)?”
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v = 1¢T sin 2.
314 v =2R/T.

t—(——\/isin2a—2cosza) cecantg o > 2v/2,t = 2usina/g,
ecm tga < < 2V/2.

[3T6 a) v = VgR, ecm gy < 1lnov = \/%gR (r(}gz_zr) n r(ls}—%r)>’

ecJm (R o) > 1.
6) v \/(\/R2+h2+h)g,eCﬂH iy <1 Hv—\/[lR <T(2RT)+ (hR )—|—2h]g
ecm (R o) > 1.

3170 v =+/(R+2H)g.

v=+/(R+r)g.

a=gl/h.

Yepes BpeMst T pakeTa MOJHAMETCs Ha BhIcoTy y = (asin o — g)72/2
1 [IePeMeCTUTCsl B TOPU30HTAILHOM HAIpaB/IeHIN Ha paccTognue x = (a cos a)72/2.
B 5T0T MOMEHT BpeMeHN BepTHKAIbHAS COCTABIISIIONIAs CKOPOCTH Uy = (a sin a—
g)T, a TOpU3OHTAJIbHAA U, = (@ cosaT. B MOMEHT Ipu3eM/IeHUs] BePTUKAIb-
Hasl COCTABJISIONIAS CKOPOCTH

v; - _ v§+2gy = —T\/(asina—g)2 + (asina — g)g,

[IO3TOMY BpeMsI CBOOOJHOTO IOJIETa,

v — vy a . a . a .
t=-"Y =|-sina—1+ —sina—1) —sina | 7,
g g g g

a JaJIbHOCTD OJIETA,

1
{=x+4v,t =ar <t—|—§7') CoSs «v.

m t = 2usina (= ngSi.n2a

g—asina’ (g—asina)?”

Omeemui x 3adavam u3 §[1.4

[CZT ¢ = %m‘.
L4 v=ar.
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T3 v =ao(tz — 5t1), £ = ao [5t] + Stito — 363 + t(t2 — 1t1)].
24 v = R/3t.

t=R/q.

28 v = vor?/(h® — r?vt/sina)?/3,

[CET g = nR*h/ty, v = R/2\/tty.

B 32 pa3za.

23 |Av| = ah.

[T 6) ¢ = (vo/2a)(e* — e7), v = Jup(e™ + e™).

[CZTT T = 0.06 c.
213 T = vo/w.
CZT4 A > g/w.

a) { = vgt — 1mugT, 6) v = ag(t — %7‘)

(116 a, =2%, a=V5%, a1 =V23%

[CZIT] a) a = ap\/1 + (apt?/R)?, 6) a = at\/4 + (at?/R)2.

AR v = agtcos ¢, a = ap(cos ¢ — wt?sin g, rae ¢ = Lagt?/R.

2T a, = vo/(R + H/AT?R), ay = ag\/1 + [agt?/(R + h2/Am2R)]2.

220 v = wl/ cos? .

[CZ2T v = vo(L/R — sinp), ruep = (vg/R)t.

122 v = \/v} + w2, a = w\/40} + w22

223 v = (4¢/h) sin® a, a = (fu?/h?) sin® av/1 + 3 cos? .

TA2 a = 4w’R.

xr =/ R?— hvot /7, v = hvy/27\/ R? — hugt /.

220 a = uv /L.

a) ap = v?/l, a = v?/({ — vt). 6) B menrpe TpeyroibHuK depes
t=2(0/v). ap = v*V/3/2(, a1 = v®V/3/(20 — 3ut).

r = (0 + w2022 (202 + w??),

Omeemut x 3adavam us §I.7

[ED N =v/2rR=81, w=501 v=>5
Vmin = U, Upmaz = /02 + (WR)2.

] v =30, Vypee = v(1 +7/R).

ﬂ:ﬂ AUN31 —

a) v = 2wy, 6) v =1v9y/2h/R.

a) vy = v, Vg = VV3, 6) Upin = V(1 — 1/R), Vmax = v(1 +7/R), B)
f=v*/R, a, = (v/R)*r.

570 a = +/a3 + (v2/R)2.
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= 27R, r = R\/8R/h, 6) L = 2R, 1y = (%) L2 RA2R02

8693
Sz
S
[\
3
S
Q

)

S~—
[

=

=l(v—u),w=(v+u)/2R,6) v; = :(v+u),w = (v—u)/2R.
v = 2rwsinwt, a = 2rw? cos wt.

v=1w(R+2r).

m x =3l

v = 2uctga, vy = v/2sina.

up = vcosa/cos 3, us = vsin(a + 3)/2cos .

C5T7 v =vctga, w) = fctga, wy = £ seca.

Omeemui % 3adavam us §I.10
6T vy = 20, vo = Vo2 + 142 — vu, v3 = 30.

Il‘w a) yMeHleI/ITCﬂ B Tpu paza. 6) vy = V2 + sv20u + 4u2. B E 100 ==,
u = 20.
m h = |(vsina — usin 3)/(vcos a 4+ u cos 3)| L.
OICEA Ha Puc. 300paskeHbl CKOPOCTH
I Maszas u saitnes Ne2-Ned B cucTeme KOOpJAUHAT, B
2

—_

KOTOpOit 3as1 Nel HenojBuzKeH.
Takyio xe.
[CE7 u = 2vsin §.
638 a) v =5(v—u). 6u=3v.
3 T6d a) N = nrR*TVv? + u?.

Puc. 0.1.6.1. K NITTH 6) N = n(2RLu + 7 R*v)T. Tanrenc yria

MeXKAYy OCBhbIO NUJIMH/IPa W HallpaBJIECHUEM €I'0 JIBU-

JKennd papen v/u, ecm L > TR, m %, ecrm L = TR,
GIEETA Ilyers @ — jyimHA TJI0Ta, TOTA TPAEKTOPHUsl ILIBIBYINEH cobaku
n3obpazkena Ha Puc. [0.1.6.2)

B)

[CEIT B tga/tg S pas.
Vpemmanres p LYV v s a pas.

w2 _u2

(613 a) u =vsina/sin(f — a).
6) u = v\/2(sin’ a + sin? 3)/sin(a + ) — 1.

o 1 N 2 25111 a-i—sm 8| vl sm,@coscy—l—v2 sin accos 3
U= 2 |:(,U1 U2) (Ul + U2) sin?(a+03) 2 sin(a+p3)

[CETA Ha pasnuse.

'He crnemyer KaTaThcs Ha BeJIOCHIIENE Ha IPOe3Kel TacTH.
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Py l Py Py l Py »
@ @ @ A " Ad >

la 2a 3a 4a bda 6a Ta 8a

Puc. 0.1.6.2. K zamage NILGET0

6. T8 Tak kak BpeMsi MKy yJapaMy IapuKka O IJINTY He 3aBUCHT OT
npeobpazoBanus lanmes, TO Jydie pemaTh 3Ty 3ajady Jjisd TAaKOro JIBH-
JKYIIErocsi COCTOSTHUS, TJIe TLINTA HEMOIBUKHA, a IapyuK OyIeT B HAYaJIbHBII
MOMEHT MMEeThb CKOPOCTH U BBepx. llocje ympapa CKOpOCThb IIapuKa B 9TOM
cocrosianm OyzeT paBHa v = /u? + 2gh. [losromy Bpemst MexK 1ty JByMSs TO-
clleloBaTeIbHBIME yiaapamu Oyier pasuo T = 2v/g = 24/u?/g? + 2h/g.

[Ipoekiust Ha roOpu3OHTANIDL V,; = Uy COS ¢ — 2u; TPOEKINs Ha, BEP-
THKAJIb U, = Vg sina + (2n — 1)0g/(vg cos o« — u).

[6I7 v = u+ Vu? — w?

O$ILETY Ha Puc. [IPEJICTABJICHO pellie-
uue. OKpyKHOCTD MIPEJICTABIIAET U3 ceOsT BO3MOK-

<y

Xaz| U

HbIE BADUAHTHI JIJIs1 BEKTOPOB CKOPOCTEH pacmaia.
MaxkcuMaIbHBIIA yroJ it BEKTOPa CKOPOCTH CO-
OTBETCTBYeT YIVIy /I KaCaTeIbHOIO BEKTOpa K
9TOI OKPY?KHOCTH U PABEH (pqp = arcsin(u/v). Puc. 0.1.6.3. K N[GIR
T6TY u=vy/k(k—2). Ilpu k < 2 TaKuX OCKOJIKOB HET.
GICB20 Ilepeitném B cocrosHume,

<

B KOTOPOM »KIJIKOCTH HAIIpaBJIeHA BI0JIb < =

. U U
najarorei crpyu, kak na Puc. [0.1.6.4
st 3TOrO HEOOXOAUMO IEpEeiTH B @
CUCTEMY OTCUYETa, ABUTAIOIILYIOCS CO 7 \ «

- . Gr—

CKOpOCTBIO —W, Tie w = u/sina. §f —
[Ipu mepexoe B mepBoOHAYAILHOE CO-
CTOAHUE HAJIO OyJieT MpUObABUTH KO Puc. 0.1.6.4. K zanaue NILE20

BceM cKopocTsM —w. Kak ciescrBue:

Upin =V =0 —w = uctga —u/sina = u(l — cosa)/sina = utg

Ea

: , a
Umaz =V =V +w =uctga+u/sina = u(l + cosa)/sina = uctg 5
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[CE2T] Permerwe Jiy1st 9T0# 381891 MOYTHU TOJTHOCTHIO SKBUBAJICHTHO PeIlie-
auto 3aaan N{LO.20. B cuty cumMerpun CpesHion JTHHIIO MOXKHO TIPeICTa-
BHUTH KaK TOPU3OHTATLHYIO ILTATY, HIYETO IIPH 9TOM He U3MEHUB. Vpin = Ut 5,
Umaz = U CHE 5.

QB2 Kak dopmupyercst ¢Tpysi MeTalia, KOTopas MpoOHBaeT OPOHIO
Kparko onmcano B pertennsx 3agad NILO20 u NILE 2T /lasee obeymum 1mo-
YeMy CKOPOCTh CTPYHU MeTaJjijia BHYTpU OpDOHH B JIBA pa3 MEHbBIIe, YeM BHE
eé.

U
—
—
— —
v v
— G—
Y —_—
v
G—

Puc. 0.1.6.6. K 3amage N{CE 22

Puc. 0.1.6.5. K 3amaue NILG2A |

Puc. O0.1.6.7. K 3amaue NMLG. 22

Pacemorpum siBe Jtersiinue ¢ OJMHAKOBOW CKOPOCTBIO JPYT HA BCTPEdy
napyry crpyu Nel u Ne2 mzobpazkénubie Ha Puc. [To amasnoruu ¢ pe-
menneM 3aa9u N{LO.2T] MOYKHO 3aK/TIOUUTD, YTO PE3YIBTATOM BCTPEUIN ITUX
JIBYX CTPYyit Oy/er KoHndecKuii «30HTUK» Ne3. «30HTHK» Oy/IeT UMMEeTh Ty 7Ke
CKOPOCTB, 9TO M BCTPEUAIONTUECS CTPYH.

[Ipu yBenmuenun pasuyca ctpyn Ne2 yroj KOHyca «30HTHKA» YMEHBIIa-
ercs. B mpenenbHoM ciydae, Korjga ctpyst N2 odeHb TOJICTasi MbI IIOJIyda-
eM cnryanuio, n3obpazkénnyto, Ha Puc. [OLT.6.60 B srom ciayuae crpys Ne2
MOJIeTUpyeT OPOHEBYIO TUIHTY, a cTpyd Nel KyMyJsiTUBHYIO CTPYIO, KOTOpast
[IPOXKUTAET B OPOHE «HOPY» C PaJlmycoM OJTU3KUM K pajguychl ctpyu Nel.

Tereps nepeitjieM B CUCTEMY OTCUETA, TJIe TLINTAa CTAHOBUTCS HETIO/IBUXK-
woii (em. Puc. [O.T.67). B s1oM citydae CKOpPOCTH CTPYH CTAHOBUTCS PABHOMN
2v, a MECTO BCTPEYHU CTPYU OYJIeT JIBUTAThCs B IJIUTE CO CKOPOCTBHIO U. DTO
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O3HAYAET, YTO HaJIeTAollas Ha HEIOJABUKHYIO ILIUTY CTPYS JBIPSIBUT €€ CO
CKOPOCTBIO B JIBa pa3a MEHbIIel CKOPOCTH KUJIKOCTU B cTpye. Takmm obpa-
30M, YTBEPXKJICHHUE «...JIETUT METAJJI, TPUIEM CaMbIM HEOObSICHUMBIM 00-
pasoM: Hepejl IUTOH 0KoJIo 8 %%, BHYTpHU IJIMTHI 4 =%, & 3a MInTol 8 - »
pacmudpoBbiBaeTca Tak: MeTaln U3 cHaps/ia BbLIETaeT CO CKOPOCTBIO 8
3aTeM JBIPSABUT ILIUTY CO CKOPOCTBIO 4 %7 a NpoJie/iaB JIbIPY , JIETUT 4epes3
HeE OIATH CO CKOPOCTBIO 8 <.



74

OTBETHI



Jluteparypa
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M. Tpybaués, B. I Xapumonros 3amaum mo pu3uke: ydaeOHOE ITOCO-
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