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MexaHun4veckune konedbaHusa n BOMHbI —

pasgern MexaHukn, n3yyarumm ocodbin B1a
OBWMXEHUA — KonebaHus, a Tak Xe
pacnpocTpaHeHne KonedaHuin B NPOCTpaHCTBE

1. KonebaHuns

KonebaHunsa — 3aTo ABMXKEHUSA UK
NPOoLECChl, KOTOPbIE TOYHO UMK
NPUON3NTENBHO MOBTOPSIOTCS Yepes
onpeaerexHHble NHTEpPBarbl BDEMEHMW.



MexaHn4yeckue konebaHuns

0 KonebaHua mexaHU4eckmnx BEMUYUH (CMELLIEHUS,
CKOPOCTW, YCKOPEHUSA, SIHEPTUN U T. I.)

Buabl konedbaHuu

 CBOOOOHLIE
* BbIHY>XOEHHbIE
* ABTOKOIEDAHUS

KonebaTtenbHasa cuctema —
9TO cucTema Ten, coBepLlaloLLmnx KonebaHme.



0 CBoboaHble

KonebaHunsa, Bo3HUKatoLme
NP OgHOKPaTHOM
BO3,EI,eI7ICTBI/II/I BHeLUHen YcnoBusa BO3HUKHOBEHUS CBODOAHbBIX

Garm
CUnbl (MepBoHa4YansHOM KOMEDaRMN
coobLleHnn aHeprum) u 1. Kone6aTtenbHas cuctema OomkHa

MNP OTCYTCTBUM BHELLUHUX  VYMETb Nomnoxerne YCTOMYMBOIO
paBHOBECHS.

BO3AenCTBUA Ha 2. lpn BbIBEOEHUN CUCTEMbBI U3

Kone6aTeanyro CNCTEMY. nonoxeHus paBHOBeCUs JOIMKHa
BO3HMKaTb paBHOAENCTBYHOLLAsA CUna,
BO3BpaLlLlaoLlasa CUCTEMY B UICXOOHOE
NOSIOXXEHNE
3. NHepTHOCTL cuUCTEMBI
4. Cvnbl TpeHns (CONPOTUBIEHNSA) OYEHD
Marbl.



Mamemamu4yecKuu MmasimHUK

0  9TO mMaTepuarnbHas ToYKa, NOABELUEHHas Ha
HEBECOMOW U HEPACTSXKUMON HUTW. PearibHbIl
MasimHUK MOXHO c4Yumamb MamemMamu4ecKkuM, ecriu
OnuHa Humu MHoz20 bornbuwe pasmepos
rnodeeweHHO20 Ha Hel mera, Mmacca Humu
HUYMOXHa Mara o cpasHeHuUr ¢ Maccol merna, a
oehopmayuu HUMU HacmosibKo mMaribl, 4mo umu
8006WEe MOXHO rpeHebpeyb.

0  KonebaTtenbHyto cUCTEMY B AAHHOM Criyvae
00pasyloT HUTb, NPUCOEANHEHHOE K HEW TENO U
3emns, 6e3 KOTOpon aTa cMcTema He morna Obl
CNYXXNTb MasiTHUKOM.

0  lMpuunHamm cBoGOAHbLIX KOonebaHumn
MaTeMaTU4YeCKoro MasiTHMKa ABMSIOTCS:

1. [lenctBmne Ha MasdgTHUK CUSIbl HAaTSXKEHUSA U CUNbI
TSXKECTU, NPENATCTBYIOLLEN €r0 CMELLIEHUIO U3
NOJSIOXKEHNS paBHOBECUS N 3aCTaBMSAOLLEN ero CHoBa
ornyckaTbCA.

2. NHepTHOCTb MaaTHMKa, Bnarogapsi KOTOPOK OH,
COXpaHsisi CBOK CKOPOCTb, HE OCTaHaBNMBAETCS B
NOSIOXKEHUN paBHOBECUS, a MPOXOAUT Yepes Hero
panbLue.

0  lNepuoa cBoboaHbIX KonedbaHun mateMmaTu4eckoro
MasiTHUKa He 3aBUCUT OT €ro Macchl, a onpeaensaeTcs
NUWb AAMHOW HUTU U YCKOPEHMEM cBO6OgHOro
nageHusi B TOM MecTe, rae HaxoguTca MasiTHUK.

*[lepnog cBob6OAHbIX KONEDAHMN MaTeEMATNYECKOrO MadTHUKA



[TPYXMHHBIW MAaATHUK

YpaBHEHHE JEHXEeHHA MaATHHKA
ma = —-m®3x = —kx

rme k=ma®?* - Ko3h PHIHEHT “KECTKOCTH .

0 MartepumanbHaga Touka,
3aKkpenfeHHaa Ha
abCONOTHO ynpyrou
Npy>XnHe




[[apMoHn4yeckme konebaHust — aTo KonedbaHusd, Npu KOTopbIX Koneobsowancs

BEJIMNYNHA USMEHAETCA CO BpEMEHEM N0 3aKOHY CMHYCa TN KOCUHYCa

OCHOBHbIE XAPAKTEPUCTUKU KOSIEBAHWUM

AMNauTyaa — MOAYNb MEKCUMANLHOro OTKIOHEHWA OU3N4eCKONn BenuuuHbl OT ee cpeanerc
(PaBHOBECHOrD) 3HaveHua. AMnNanTyaa 06oanayaeTca obbIMHO NATUHCKON GYKBOW C MHAGKCOM

“M", Hanpumep, Xy, Iy v T.0.

YacTora V- Y44cno xonebaHwii B eauHuuy Bpemenu, [Vl =My =c.

Nepwoa T — Bpems OAHOrO NONHOro Konebanus, T.e. MUHUMANBHBIR NPOMEXYTOK BEPEMEHM,
4apes XOTOPLIA NPONCXOAUT NOBTOPeHHWe npouecca, [epuof ¥ 4acToTa CBA3aHbI COOTHOWEHWEM

V=m—.
T

*ypaBHEHNA TAPMOHUYECKNX FAPMOHWUYECKME KONEBAHUS
Kone6a HUU (3a KOHbI AB NXEeHUA Taxk Ha3LIBAIOT KONEBAHWUA, NDOUCXOARLLME NO 3AKOHY CHHYCA MMM KOCUHYCA.
TOYe K) MMET BUL YpaBHeHwe rapMoHnueckux konebanwi

x = xXpcos(ot + 0g),
| |#=*ucosot \ /\
(o]

q = qy cos Of

rae
X — BENMYMHE CMEUIeHna OT NONOXEHWUA
pasHOBeCHS,

xl
Xy — aMNIUTYAR,
> 0 — UMKNKUHECKaA 4yacToTa, CeA3anHan C
\/ t

£.q

x'=v = —x,0 sin ot

q' = i = —gq,0 sin ot (4] .;E —aaz 1\541‘

YACTOTON v COOTHOWIEHMEM O = 2RV,

T 0 =0t + Qg — $asa xonebanus,

1
Mpadhuk rapMoHnyeckux xonesanui

0y — Ha4ansHan $asa xonebaHus,

t — spema.

ECNK NPOLIECC ONUCLIBAGTCR ypasHeHueM X' = - ®% X , TO OM NpeacTasnaeT coboin
rapMOHNMECKOe Konebaxue C UMKNMHECKOod YacToToH .

x" = a = ~x0? cos ot
q" = —g»? cos ot




[lpeBpallieHne aHeprn

-

0 rpaduKk 3aBMCUMOCTH
NnoTEeHLUnanbHON U
KWHETUYECKOWU SHEPrum
NPY>XMHHOIO MasdATHUKA OT
KoopAauHaThbl X.

0 Ka4yeCTBeHHble rpauku
3aBMCUMOCTEMN
KWHETUYECKOU U
noTeHUnanbLHOU 3Heprmu
OT BPEMEHMN.

JHEPTMA KOJNEBATENIBHOIO ABUMXEHMS
MpsAMOo NponopyroHansHa KBaaPaTy amnanTyas.

2
Hanpumep, 3Heprus Konebanui NPYXMUHHOrO MasiTHuka W = k—;&

Mpw konebarnax NPOUCXOAAT NPEBPALLEHHS KWHETUYECKOI IHepPrun Wy
8 notenumansiyio W, u o6parmo.

2 2
kx), _ muy
2

B otcyrcTeue cun Tpenua W, + W), = const. CneposarensHo,




0 BbIHYy>XO€eHHbIe

KonebaHus, BO3HUKaLWme noa AeUCTBUEM
BHELLHUX, MEPNOANYECKN U3MEHSIIOLLIMXCHA CUJST
(Npy Nneprnoanyeckom NOCTYNNIEHNN SHEPTUN
N3BHE K KonebartenbHoM cucTtemMe)

0 YacTtoTa BbIHYXOEHHbIX KonebaHnn
paBHa 4YaCToTe M3MEHEHUA BHELLHEN
CUnbl

0 Ecnu Fbc nameHserca no 3akoHy
CUHYCa Ui KOCUHYCa, TO
BbIHY>KeHHble KofiebaHna oyayT
rapMOHNYECKUMMU




0 Pe3oHaHC — 3TO ABNeHne, Npu KOTOPOM pe3Ko Bo3pacTaeT
aMmnnnTyaa BblHYXOEHHbIX KoriebaHun (npoucxoguT
Hanbonee nonHasa nepegava dHeprum OT OHOM
konebaTenbHOM CUCTEMbI K APYron )

T

Mpadux 3aBUCHMOCTH AMNAUTYALI X, BbIHYXKABHHBIX KONGBGAMUA OT YACTOTbI V BHELUHER CHMlbI,
: puc. 2 CeacsaHHBIe MAATHHEH

1 — manas cuna Tpenna; 2 — Bonbluas cuna Tpe

0 Yem meHblUe TpeHne, TeM bonbLle BOo3pacTaeT amnnurtyaa
PEe30HaHCHbLIX kKonebaHuu

0 PesoHaHc HabnopaeTcs, Korga Yactota CoOCTBEHHbIX
konebaHnn coBnagaet ¢ BbiHYyXaeHHon YactoTton V = Vo



ABTOKOJIEBAHMUA

Taxk HaawiBawTcs konebaHwus, NOANePXMBAEMBIE 33 CHET BHYTPEHHUX MCTONHUKOB IHEPIruM

CHUCTEME! NPU OTCYTCTBMW BHELUHEA NePeMEHHOR CHnbl,
MNpumep aBTOKONE6ATENLHOR CUCTEMB! — MEXAHUYECKUE YAChi.

ABTOKONEOATENbHAR CMCTEMA COCTOUT U3 CAGAYIOLMX OCHOBMLIX 3/IEMEHTOB!

Ycrpoiacreo,
UCTONHMK perynupylowee

Stk NocTynnexHne
aHepruu

Konebarene-
Han cucrema

oBparuas

0 lNpwn aBTOKONEDBAHUAX HEODXOOAMMO NEPNOONYECKOE
NOCTYNNEHNN SHEPTUN OT COOCTBEHHOIO NCTOYHMKA
BHYTPU KOfiebaTeribHOW CUCTEMBI



BOJIHbI

0 PacnpoctpaHeHne KorebaHmm oT TOYKN K TOYKE (OT YacTuLbl
K YacTuLE) B MPOCTPAHCTBE C TEYEHNEM BPEMEHM.

OCHOBHbIE XAPAKTEPUCTUKW BOJH

YacToTa V- onpexendeTca KOMHYECTBOM
MEPHOJO0B B CEKYH Y
Iepxox T-3T0 Bpema, 3a KOTOpoe
COBEPIIAETCA OJHO NOTHOE
xonebaHHe -
CKROpPOCTH BOTHH V - CKOPOCTH Nepememe HH A
TOUKH, B KOTOPOK XonefaHHe
HMEeeT onpe TeTeHHYI0 hasy Annta BoNKe A — PaccTonaHue mexay
{(HanNpHMepP, CKOPOCTH Nepereme HH A BAMXEAWUMK TONKAMK HA OAHOM nyye,
"TpeOHA" HIK "B THH A"} KOnebarnA B KOTOPLIX NPOUCXOANT B
0AYHaxK080N dase (Hanpumep, PaccToRHue
Mexay COCeiHMMN MaKCHUMyMamu)

YpaBHEHWE BOMHbLI

\\

Y=Y, Sino(t-% ) h-gi=S



rlpl/l‘-II/IHbI BO3HNKHOBEHUA ME€XaHNYECKNX BOJIH

1. Ynpyras cpega (4actuubl cpeabl B3aMMOOENCTBYIOT 3a
CUYET CUN ynpyrocTu)
2. IHEpPTHOCTbL YacTuL,

BornHbl 1 aHeprmsa

1. BwmecTe c konebaHnAMM BONMHON NEPEHOCUTCHA SHEPTUSA
KonedaHumn, XxoTs caMu HOCUTENN 3TOW SHEPrnmn, KoneodntoLmnecs
YacTULbl, C BOSTHON HE NEPEHOCATCS

2.  BonHa siBNsieTcs NnepeHoCYNKOM 3HEeprum

y A~
L N 7 N\@
e ./ [
x .

Nonepeynbie BONHLI MpogonbHLIe BONHLE

0 MonepeyHble -3TO BOSHbI, B 0 [NpononbHble — 3TO BOSHbI, B
KOTOPbIX YacTuLbI cpebl KOTOPbIX YacCTULIbI Cpe/bl
KoneobnoTcs neprneHanKynspHo KONeBMIOTCS BAOMb

HanpaslieHnto BOJHbI,
0 [Oedopmauus cosura B TBEpAbIX TeENax, Ha HarnpasneHnA
NOBEPXHOCTMU XXNOKOCTU pacnpoCcTpaHeHUnA BOJHbI.
0 Jedopmauuns cxatmns B rasax,
XNOKOCTAX, TBEPAbIX Tenax



BonHbl B cpefe.

BornHoBasi NOBEPXHOCTb — FrEOMETPUYECKOE MECTO TOYEK,
KoneonoLwmnxcs B ognHakoBomn dase

BornHoBou QOPOHT — reoMeTpuyeckoe MecTo TOYEK, A0
KOTOPbIX 4OXOOAT KonebaHna K MOMEHTY BpeEMEHMU t

Jlyd — nuHMSA nepneHauKynapHasi BOSTHOBOW MOBEPXHOCTH
(3Ta NMMHMA NoKa3blBaEeT HarpaBrieHne pacnpocTpaHeH
BOJTHbI)

—
==

Buabl BOMH

1.ChepHyeckHe BOTHH 2. IITockHe BOMHH 3. Konpuepaqa BOIHA -
BOXHOBEE IIOBEPXHOCTH MMeKT dopMy  BOXHOBRIE NOBEPXHOCTH MMEHT
KOHLEHIpINeCcKe: chep. Taxxe BONHEI  HOPMY NEpANNeTEHED
PACIHOCTNAHTIONC T B OFHOPOJHOM Cpefle  ILIOCKOCTER (FUTH IR AMEDS, ECIH
OT TOYEVHOM MCTOERHA. Ha BOJHA PACIHOCTPAHIETC I10
TIOBERXHOCTH FHFIKOCTH BOIHMKAKT TIOIIOBERY HOCTEL)
¥PFTOBEIE BOJHEL

i S

Mpn AOCTaTOYHO BONBWOM YAANEHUM OT UCTOYHKUKA MOGYIO BONHY B OFPAHUYEHHOM OBbEMe
NPOCTPAHCTBE MOXHO NPUBNNXEHHO PACCMATPMBATE KaK N/IGCKYIO.




UCTOYHWUKMK 3BYKA

MCNONb30BAHUE 3BYKOBbLIX BOJTH

10000
YacToTHbIM Cne

3BYK — NpoAosibHas
MexXaHn4yecKkas BosiHa
onpenesieHHoOW 4YacToThl

3BYKOBbI€ BOSTHbI C YacToTamu OT
16 0o 2104 'y BO3OeNCTBYHOT Ha
opraHbl Criyxa 4YenoBeka,
BbI3bIBAOT CIyX0Bble OLLYLLEHNS
N Ha3bIBaAlOTCS CrbIWLNMbIMU
3BYKaMW. 3BYKOBbIE BOJSIHbI C
yactotamum meHee 16 L
Ha3blBalOTCS MH(ppa3BYyKaMu, a C
yacTtotamu bonee 2104 'y —
yrnbTpa3ByKaMu.

BocnpusaTtue 3Byka opraHamu
cnyxa 3aBuUCUT OT TOrO, Kakue
4acTOTbl BXOOAT B COCTaB
3BYKOBOW BOJIHbI.

CKopocCTb 3ByKa B BO3[yxe
npnbnuantensHo 330 m/c

BbicoTa TOHa 3aBUCUT OT
yacToTbl: YeM DOonblLUe YacToTa,
TeM BblLLE TOH.

NpOMKOCTb 3BYyKa 3aBUCUT OT
MHTEHCMBHOCTW 3BYKa, T.e.
onpegensercs amnaMTygoun
KonebaHuin B 3ByKOBOW BOJSIHE.
HanbonbLuen 4yBCTBUTENBHOCTBIO
opraHbl crnyxa obnagaroT K 3Bykam
¢ yactotamu ot 700 go 6000 Iy,



CBoucTBa BOJIH

0 [MpuHumn MNounreHca

Kaxxgasi Bo30yxaeHHasa BOSTHOW TouYKa
cama CTaHOBUTCH MCTOYHUKOM
anemMeHTapHbIX BorH. OrnbatoLas
9fIeMEHTapHbIX BOSH Ja€eT HOBOE
NoroXeHne BONTHOBOIo (PpoHTa

0 [NpuHUKMN cynepno3uLmmn BOSH

[1pn pacnpocTpaHeHun B cpeae
HECKOJIbKMX BOJTH Ka)kaas s
HUX PacrpoCTPaHSETCS Tak,
Kak 6yaTo apyrve BOSHbI
OTCYTCTBYIOT




3aKOHbI MPEenoMeHuns

1. MNagarowmnm nyy,
NPENOMJSIEHHbLIN NyY K
nepneHanKyndap B ToUke
nageHuna nexart B oaHou
MNOCKOCTU

Orpaxesnsin

Mpenomnennun
Jy4

2. OTHOLWEHME CMHYCOB yrna
nageHnsa n yrrna npenomMseHns
eCTb BENMYMHA NOCTOAHHAs n
paBHa OTHOLLUEHMIO CKOPOCTEWN
BOJTHbI B 3TUX cpedax



3aKOHbI OTpaXeHUs

1. Magarowmm nyv,
OTPaXeHHbLIN NyY U
neprneHanKynsp B TOYKe
nageHusa nexart B OOHOU
NNOCKOCTU

2. Yron nageHus paBeH
yrny oTpaxeHus

o=



Orpaxenue csera

a =y

OTpaxeHue CBETa OT NNOCKOO 3epKana MonyueHue HI0GPAKEHHA B NNOCKOM 3epKane

MNpenomnexnue ceera

OTpaxesne CBETa NPU NBPEXDAE W3 ONTHUECKH GONBE NNOTHOR CPE/L B MEHEE NNOTHYIO




MHTepdepeHLmns BOSH

Yctonumeas KapTuHa YepegoBaHuUA

MakcnmymoB U MUHUMYMOB konebaHnm Tovek
cpenbl Npn HanoxeHnn KorepeHTHbIX BOJIH

KorepeHTHble BOMHbI — 3TO BOJTHbI OANHAKOBOW
4acTOoTbl C MOCTOSAHHOW pa3HOCTbIO ha3

Ycnoeue uHTepdepeHUMoOHHOro
MaKCuMyma 007 BOMH OT A8YX TOMEYHBIX
MCTOYHWKOB, Pa3HoCTs a3 xOTOPbIX pasHa
HYMO!

Al = kA,

TO €CTh PAa3HOCTL X0Aa BonH Al

PagHa Lenomy YHCy ANMH BONH
(WNK, HTO TO Xe CaMoe, YeTHOMY Yuchny
NONYBONH).

Ycnosue uHTephepeHLMOHHOro MHHUMYMa!

Pa3HoCcTeio XOAa BONH HA3LIBAGTCH BeNUYMHA

Az=(2k+1)-75,
AI=|11—12| 2

TO €CTb Pa3HOCTL X013 BONH PasHa
HEYETHOMY YUCAY NONYBONH.




UHTepdepeHumn UnTepdeperunn
BONH Ha BOAe

Nepabin MNepawin
HHTepepPeHUMOHHLIA MHTePPOPEHUNOHHBIW WHTEPPEePOHUMOHHBIA
MaKCHMyM MUHUMYM MaKCHMyM

UuTepdepeHuma B TOHKUX NNeHKax

Hurepdepenunn ceeta

Ha NNeMHxe macna n
Cxema xona nyvei POCBETNEHME ONTHKK

npH nuTepdepeHLMM B TOHKOW NNoHKe




Lndppakumns BomnH

0 OTKINOHEeHune

HanpaBneHns ‘
pacnpocTpaHeHus )
BOJTH OT :
o Andpaxumn BONM Audpakuyus ceeta
rl pﬂ M On I/I H e I/I H 0 ro y unr;n:%msu?‘:u ne AR OTmRET. Au¢patmnpomm

yepea orsepcrue

rpaHuuUbl nperpagsl
(ormbaHme BonHamu
NpenaTCTBUN)

0 Ycnosue: pasmepbl
NpPenaATCTBUS
NOMKHbI ObITb
CpaBHWMbI C ONTMHOM
BOJHbI




MONAPU3ALIA CBETA

E‘ E- MNOCKOC T
MONARA AU

Ecrecromonii Io I" NNocxononARUIORIMIaE
cuer i cBar
|
I==5 1, corst

" Nonapasarop

CXEMA [IEACTBMA NONAPUIATOPA M AHANM3ATOPA  NPOXOXAEHHE CBETA

0 lNonapusayms — 310
BbloeneHune KonebaHumn
nonepeYyHoun BOJSIHbI
CTPOro 04HOro
HanpaBneHna (npu
nomMoLUn nonsipusartopa)




TecT no Teme
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1. Kakoe n3obpaxeHune He oTpaxaer =2 -:5\
SABIIEHNE WHTEPMEPEHLIMN BOTNIH? 7/~ 5 2
A1 B)2 B)3 B\ T )

- TT]
e 3
k-

| -

2. «Bnarogapsa» kakomy siBNeHuUo B HaWMX Aomax gpebesxart cTekna, koraa

BO6NM3Kn nponetaeT camoneT?
A) pe3oHaHCc b) gudpakuma B) npenomneHune

3. BbicoTa 3ByKa onpenensercs
A) yactoton b)amnnutygon B) AnvHOW BOSTHbI

4. Cnblwatb Apyr Apyra B ryCToM Niecy Mbl MOXeM TONbKO bnarogaps

adpdpekTy
A) oTpaxeHusa b) andpakuymn

B) npenomnenus BOMH

5. KakoB nepuog Ha pucyHke 17?
A) 20cm bBb)8c B) 2m

Puc. 1



OT1BeTbl HA TecCT
01 B

02 A



