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JlabopatopHas padora 1.1. Mamemamuueckuii maamuuk

Heas padoThl: u3yyeHue 2apMoHuyecKux KoleOaHuil, UCCcie008anue
3a8ucUMOCmu nepuooa KorebaHul Mamemamuieckoeo MasmHuka om e2o OIUHbl U
onpeoeneHue YCKOpeHus c80000H020 naodenus. Buiuucienue noepewnocmeti

usMepeHul U pac4émos.

Teopemuuecmm yacmo
FapMOHMLlQCKMMM Kolebanusamu ¢u3u'~l€CK01/7 6eJIUYUHRbL X HA3bIBAEMCA

npoyecc USMEHRERUA €e 60 6pEMEHU tno 3AKOHY

X= Asin(z_l_—”t +¢,),

rae A — ammunryaa kosiebanuii,; 7 — mepuoj kosieOanuii. Bennunna (2_r—ﬂt+(po)

Ha3bIBacTCs ¢haza xonebaHuil, a ¢, COOTBETCTBYET (paze

B HayalbHbII MOMEHT BpeMmeHu (t=0) u Ha3bIBaeTCs T
HavanpHOM  (dazoil. ['padux Takux  kosieOaHU

npeacraBieH Ha puc. 1. W3 omnpeneneHus |

FapMOHMYECKUX KOJICOaHUN CIIeIyeT, YTO nepuoo

KoJeOanull A61emcss HAUMEHbUIUM npomesNCYymKom T
6pEMEHRU, NO UCMEYEeHUU Komopozco osudicerue 8

mouHocmu nogmopsiemcsi. JIeiCTBUTENBHO, Puc. 1

X = Asin(zT—”t Lo, = Asin[ZT_”(t T+,

u 3a BpeMs t=T coBepIaercst 0HO MOJTHOE KoJeOaHue.

Amnaumyoa xonebanuii A paBHa MaKCUMaJIbHOMY 3HAYCHHIO X. BemnunHa

2z _ @ , HA3BIBACTCS KPY208olU (Yukiuueckou) yacmomoii. Ecny HayanbHas

T

T o
¢daza paBHa ¢, = - » TO YPaBHEHHE rapMOHHIECKHX KOJIeOaHUN MOYKHO 3arucaTh B

BUJIE
X = Acosat .



o) JInst  u3ydeHuss ~— TapMOHHYECKHUX
KOJICOaHMI MO>KHO BOCIIOJIb30BaThCS
MaTeMaTHYECKUM MasiTHUKOM.
Mamemamuueckuii. MAAMHUK — 3MO
(MoOenv)  udeanuzupoBaHHas — cucmemd,
cocmosiuas U3 MamepuaibHol — MOYKU
- Mmaccou M, HnoOGeweHHOU Ha OJUHHOU
Hepacmsicumon Humu |, u cosepuwarowas

KOJIeOAHUSL OKOJIO NOJIONCEHUS. paesHoeseCUAl.

Puc. 2

JlocTaToyHO XOpOIIMM MPUOIMKEHUEM K MAaTeMAaTHYeCKOMY MAasTHHKY

CIIY)KUT HEOOJBIION TSXKETBIM IMIAPUK TUAMETPOM, IMOJBCIICHHBIM HA IJIMHHOU
TOHKOM HEPACTSHKMMOM HUTH IPH BbIMojaHeHuH ycenoBus d<<l. J[nuna mastHuKa |
paBHA PACCTOSTHUIO OT TOYKHM IIOJIBECA JO ILEHTpa TSHKECTH Inapuka. MOXKHO

MOKa3aTh, YTO IMApPHK (pUC. 2), OTKIOHEHHBIH HAa yroJ ¢ OT IOJOXKCHUS

paBHOBecus, OyAeT coBeplIaTh rapMoHuU4eckue kojebanus. Ha Hero neilctByer

BO3Bpallaromias KBasuyIpyrada Cujad, COCTABJIANOIIAA CHIIbI TAXKCCTH. YpaBHeHHe

AUHAMHWKH BPaIIaTCIbHOI'O ABUXKCHUSA OJIA OTHUX YCJ]OBI/Iﬁ MOKHO 3aIIuCaThb B BUJC
mgsing | =—lg,

de

dt?

Jl71st ManbIX yIjioB OTKI0HeHHs SIN@ ~@. C y4eToM TOro, 4TO AJs IIapuKa

TIe &=

— YIJIOBOE YCKOPEHHUE; J — YCKOPEHHE CBOOOJHOTO MaJCHUS.

Ha HATH MOKHO TIPUHSATE | =m-1%, ypaBHEHHUE IBIKCHUS PUOOpETacT BUL:

d’¢ g
—+—9=0, 1
az 17 @)
VYpaBuenue (1) ananoruyHo o01IeMy ypaBHEHUIO TAPMOHUYECKUX
Kosie0aHui
d’e
e + w® =0,

P YCJIOBHUH, UTO COOCTBEHHAS YAaCTOTa KOJIEOAHUN CUCTEMBI @ = g/ .

MosxHO M0Ka3aTh, 4TO YaCTHBIM penieHnemM MOCJIETHETO
muddepeHnanbHOTO ypaBHEHUs! sBIeTCS ypaBHeHHe X = AcOoSat. Ortcrona

MOJXHO 3aKJIIOYUTb, 4YTO MaTeMaTUUYECKUN MasITHUK ITpHU MAJIbIX yIJIaX OTKIIOHCHUA



COBCpIIACT TapMOHHUYECCKHUE KOJICOAHMS C LUKJINYECKOM YaCTOTOM @ = g/ )41

EPUOJIOM

T=2n ! , (2)

g
Ilepuoo konebanuii maamuuka — >mMo0 6pems, 6 meyeHue KOmopo20
MAsAMHUK cogepuiaem 00HO NoJIHOe Koebanue u 8036pauiaemcsi 8 UCXOOHYIO MOYKY.
Jiis onipenieseHust yCKOpEHHs CBOOOAHOIO MaIEHUSI MO>KHO BOCIIOJIb30BAThCS

BBIPOKEHHEM (2), €CIIM PELIUTH €M0 OTHOCUTENLHO J:
|
_ 2
g=4r Tz (3)

JIelCTBUTEIBHO, JOCTATOYHO W3MEPUTHh Mepuoj] Kosnedanud 7 U JIIuHY
MasTHHKA |, 9T0OBI paccunTath o popmysie (3) yCKOpeHHe CBOOOIHOTO A ICHHUS.

Tak kak § — BeJIMYMHA NOCTOSIHHAS JIJISl TaHHOM reorpaduueckoid TOYKH, TO
BUJIHO, YTO NPH 3aJaHHOW JUIMHE MasTHUKa | mepuon koneOaHwii masTHuka 1’
OpEJCTaBIsIeT COOOM MOCTOSHHYIO BeNMUuHY. [l03TOMY MpU HEOIHOKpPaTHOM
U3MEpPEHUH BpeMeHH t 0iHOro U Toro ke koiaudectBa N konedaHuid, ka3anoch Obl,
JIOJKEH TOJIy4YaTbCsl HEM3MEHHbIN pe3ysbrar. OQHAaKO Jake IPHU MCIIOJIb30BaHUN
CPAaBHUTEIBHO TOYHOTO MpUbopa (Hampumep, SJIEKTPOHHOIO CEKYHIOMEPa) MOKHO
yOeIuThCS B TOM, YTO OT OIIbITA K OMBITY 3HaUeHHE t u3MEHseTCs TO B OOJIBIIYIO, TO
B MCHBIIYIO CTOpOHY. Pa3znuuusa B pe3ylbraTax U3MEPEHUs OJIHOM W TOU Ke
BEJIMUMHBI OOBACHAIOTCS CIyYailHIMU NOTPEIIHOCTSAMHU.

H3yuenue nocpewinocmeti uzmepeHuli. U pacyémos sAensemcsi OOHOU U3

2/IABHBIX Yellell OaAHHOU 1ab0pamopHoU padbomul.



Onucanue IKcnepumenmanbHol YCMaHo8Ku
CxeMa dKCTIepUMEHTaIbHON YCTAaHOBKH U BXOJSIINE B HEE PUOOPHI U

NMPpUHAAJIC)KKHOCTH IIPUBCACHBI HA pI/IC3

VA

/AN

Puc. 3. IkcniepuMeHTAIbHASA YCTAHOBKA:
1 — mrratuB; 2 — mnHa Masitiuka |; 3 — mapuk; 4 — cekyHmomep; 5 — pyneTka

PaccmoTpum Tpu criocoda (METOIUMKHN) SKCIEPUMEHTAIBHOTO OIpeAeIeHuUs
YCKOPEHHSI CBOOOTHOTO TMaICHHUS.

Ilepewiit cnoco6. Eciiu u3MepuTh pacCTOSHUE OT TOUKH IOJBECA 10 LIEHTpa
TSOKSCTH IIapuKa |, BEIBECTH M3 IMOJIOKEHUS PABHOBECHUS IAPHUK, OTKJIOHSS €ro Ha
yroj 5—7°, mpu MOMOIIM CEKyHJ0MEepa OMpeAeuTh BpeMs I HEeKOTOporo 4yucia n
MOJIHBIX KoJieOaHuil, 3aTeM HaiTh mepwon 7= t / N, To yckopeHue CBOOOIHOTO
najicHusl MOXHO ompeaesiuts mo dopmyne (3). Ilpu pabote ¢ MaTeMaTHYECKUM
MasSITHUKOM UMEETCS BO3MOYKHOCTh M3MEHSTh IJIUHY HUTH | 1 unciio KonebaHuii N.
CrnemyeT UMETh B BUJY: MPU YBEIUYCHUU JJIMHBI MAATHUKA W 4YWclia KojgeOaHui
YMEHBIIIACTCS AKCIIEPUMEHTANIbHAS TTOTPEUTHOCTb.

Bmopoii cnoco6: vzmMepuTh pacCcTOSHHE OT TOUYKH TOABECa JI0 ILIEHTpa
TsoKecTH mapuka |y, nepuos kojaeOanust T1, COOTBETCTBYIOIINI 3TOU JJIMHE, KaK B

IIEPBOM CI10C00€, U MoACTaBUTh B hopmyiy (2). [Tomyunm:

T —22 ﬁ . (4)
g

3aTeM, YBCIIMYMBAA WJIW YMCHbIIIAA JUIMHY MasdTHUKA, ITIOBTOPUTH U3MCPCHUA

s |o:

T,=27_|*%. (5)
g



[Tpeobpasyem paBenctsa (4) u (5). st aToro BozBeaém 00e 4acTu B KBaapaT

) . o 4r°(1,-1)
M BO3bMEM HX Pa3HOCTh, MOJIYYHM BhIpaxkeHue T —T,” = , U3 KOTOPOTO
9
pacueTHas GopMyiia MPUMET OKOHYATEIBHBIN BHI:
L2 (L—h)

B a1ty dopmyny BXOAAT He JUIMHBI MAasSTHUKOB, a Pa3HOCTh JTHX JUIHH,
KOTOPYIO B HEKOTOPBIX CIy4asix MOKHO OIpeAeNIUTh 6oJiee TouHo. CrieroBaTeNbHO,
NPy BBIYMCIICHUM YCKOpEHHUs CBOOOMHOTO majaeHuss mno Qopmyne (6) Her
HEOOXOMMOCTH OTIPEACTATH IICHTP TSHKECTH IIapuKa.

Tpemuit cnoco6. llepuon koneOaHUN MasTHUKA YBEIMYUBACTCS C
YBEJIIMYEHUEM €ro JUIMHBL. Ecnu u3mepuths nepuoa xonebanuit 7' uist pa3inyHbIX

JJINH HUTHU I, a 3aTCM IIOCTPOUTH 3Ty 3aBHCUMOCTHL B IICPCMCHHBIX T2 u |, TO

T2 4r?
MOJYYUTCS TpsMass JUHUSA ¢ KOd(PPUIIMEHTOM HakjIoHa & =I—=T. Ecnn

2
OTNIPENCTUTh HAKIOH « U3 3KcnepuMeHTanbHOTO Tpaduka T (1), To MOXHO
paccuuTaTh BEJIMYMHY YCKOPEHHS CBOOOHOTO NajeHus g 1o dhopmyiie:

4r°
a

(7)

PaboTy MOXHO BBITIOTHUTH KaK Ha 1a00paTOPHOM yCTAaHOBKE, CXeMa KOTOPOM

IpuUBeeHa Ha pHC. 3, TaK U Ha BUPTyaJbHOU J1abopaTopHOi ycTaHOBKe. Kpome
TOTO, CTYACHTHI 3a04HOW (POpMBI 0OYYEHHUS MOTYT M3TOTOBUTH CAMOCTOSTEIHHO
MaTeMaTHYECKUH MAasTHHK, B3SIB B Ka4eCTBE Tpy3a TEJIO HEOOJBIIOTO pa3mepa,
Harnpumep raiiky M10-M16.
IHopaook evinoanenusn padomeol

Pazobparecsi ¢ Tpems cmocobaMu  OompeneneHus ¢ npu  nomowu
mamemamuyeckozo maamuuxa. [1omyduTs CBOW BapuaHT 3aJlaHUS HA BBHITIOJHEHHUE
JabopatopHOl paboOThl y TMpernojaBaTesisi, B KOTOPOM YKa3bIBaIOTCS CIOCO0
OIpEICIICHUsT YCKOPEHUSI CBOOOIHOIO MajacHHs (, JUIMHA MasTHUKa | ¥ gucio
KoJebanHwmii N.

3ameuanue: ]Jlns omnpeneneHWs] BPEMEHH CEKyHIOMEpP BKIIOYAIOT B TOT
MOMEHT, KOT/Ia IIapUK HAXOJIUTCS B MOJIOKCHUH MAKCHUMAJIbHOTO OTKIOHCHHS OT
MOJIOKEHUSI PABHOBECHUSI U OTCUMTHIBAIOT BpeMsl {, B Te€ueHHE KOTOPOTro MAasTHHUK

COBEpIIMT N TMOJHBIX KojeOaHui. Pacy€r morpemHocTeil, AOmycKaemblx Mpu



OTIPEJICTICHUH YCKOPEHMSI CUJIBI TSHKECTH, BBITIOJHSIOT B COOTBETCTBUH C METOIUKON
00pabOTKH MPSMBIX Ja00PATOPHBIX U3MepeHHit (cM. ¢. 14-17).
Ilepewiit cnocoo:
1. YcraHOBUTH 3aJIaHHYIO JUIMHY MasTHUKA |, u3Mepss paccTOsSHUE OT TOUYKH
MOJIBECA JI0 TIEHTPA MACC MapuKa MPH MOMOIIH PYJIETKH.
2. OTKJIOHUTbH IIAPUK HA Yrojl 5—7° OT MOJOKEeHHs paBHOBecus. M3meputhb
CEKyHJOMEpPOM BpeMmsi t HEKOTOPOro yuciia N KoJieOaHuii.
3. IloBTOpuTh H3MeEpeHUsI HE MeHee NATU pa3. Pe3ynbrarbl U3MEpeHuil u
MOTPEITHOCTH U3MEPHUTEILHBIX IPUOOPOB 3aHECTH B MPOTOKOI (Tadi. 1).
4. Haiitn neproa KosjaeOaHuH I Kaxaoro uaMepeHus 7= t/n.

5. OHpCIIeJII/ITB YCKOPCHUC CBO6OI[HOFO naacHus g AJis1 KaXXa0ro U3MEpEeHHUs 110

dbopmye
I
g = 472'2 T_2 .

6. Beruuciauth cpeaHee apudMeTHYECKOE YCKOpPEHHE CBOOOJHOIO MaJieHHUs,

_ , |
nojcrapiss cpepaue 3Hadenus | u T : 0 =4r —.ITZ .

7. Haiitn abCOMIOTHYIO MOTPEmHOCTh AQ=7 /&’ +4&f, rne &,&;
OTHOCHUTENIbHBIC TMOTPEITHOCTH H3MEPECHHS UIMHBI U Tepuoja KojeOaHui
MasTHUKA. [lorpenrHoCTs n3MEpEHUs UTMHBI MasITHUKA OTIPECIISIOT 10 TICHE

JEJIEHUS PYJETKH, KOTOPOU U3MEPSIOT, a MOTPEIIHOCTh U3MEPEHUS NIEPUOA

KoJIeOaH — 10 MEeToly 00pabOTKH pe3yIbTaTOB MPSIMBIX U3MEPEHUN (CM.

c. 16).
Tabauua 1
i I, cm Al um n, ti, ¢ At,c |t,c|T c M | _ M
9,— |9 —
C C

1

2

3

Bmopoit cnocoob:
1. YcTaHOBUTH 3a/IaHHYIO JUIMHY MasTHHUKA |1, U3Mepsis paccTOSIHUE OT TOYKH

nojABeca JI0 IIEHTpa Macc MapuKa MNPy MOMOIUIU PYJIETKH.



OTKJIOHUTH IIAPUK HA yroia 5—7° OT MOJOKeHus paBHOBecus. M3MepuTh
CEKYHJIoMepoM BpeMs 1y, to, t3 111 Ny, N2, 1 N3 KoeOaHMIA.

YCTaHOBUTh HOBYIO JUIMHY MasTHHKa |, W TOBTOPUTH WU3MEpeHHS
aHAJIOTWYHO M.2. Pe3ynbpTaThl N3MEpPEHNN U MOTPEIIHOCTH U3MEPUTEIBHBIX

prOOPOB 3aHECTH B IPOTOKOII (TadII. 2).

Taonuuya 2
n. liym (t,e | Tue |bwm |to,e | Toc |-, | At e| Al, |G g,
M wm | m/c? jyz
c
ni
n2
n3

Haiitu nmepuos xosebaHuit st Kaxkaoro 3Hauenus N (( 7=t/ n).
OnpenenuTs YCKOpeHHe CBOOOIHOTO MaJAeHUs Ji 11 KaKI0M mapbl 3HaYCHUM
(I, T) u Tpéx pa3nmu4HBIX 3HAUCHUH N 10 hopmyIie
_ 2 (Iz — I1)
9=4r" 5—5.
Tz _Tl

Paccunrath cpenaee apudMeTHIECKOE YCKOPEHUS CBOOOHOTO TMa/ICHHS:

1 n
g= _Zgi :
Nz
Haiitn a0GCcoyOTHYIO TOTPENIHOCTh TaK e, KaKk B IMEPBOM CIocobe, 1o

opmyiie AQ =3 -+/2&f +8-&7, tne &,,E; — OTHOCUTEIBHBIE MTOIPEIIHOCTH
pMy 11¢7 p

HU3MCPCHHA JJIMHBI U IICPHUOJa KoJIcOaHUI MasATHUKA.

Tpemuii cnocoo:

Y CTaHOBUTH 3aJIlaHHYIO JJIMHY MasTHHKA |1, H3Mepsisi pacCTOSHUE OT TOYKH
MOoABECA JI0 LIEHTPA MAcC MApUKaA MPU MOMOLIU PYJIETKH.

OTKJIOHUTH IIAPUK HA yroia 5—7° oT MmojokeHusi paBHOBecus. M3Meputh
CEKyHJIOMEpOM BpeMs {; HEKOTOpOro yucia N KoieGaHui.

IIoBTOpPUTH U3MEPEHUSA HE MEHEE IIATH Pa3, YBEIMUNBas KAKIbIM pa3 JUIMHY
masTHuKa |1 mpumepHo Ha 11/5. Pe3ynbrarel M3MepeHH W TOTPENIHOCTH
HU3MEPUTEIBHBIX MPUOOPOB 3aHECTH B MTPOTOKOJI (cM. Tad. 1).

Haiitu nepuon konebaHuil Iuist KaKA0To u3MepeHust Kak 7=t/ n.

OnpenenuTh yCKOPEHHE CBOOOHOTO MACHUS ( IS KaXKI0TO U3MEPEHUS



o ok~ W

|
g:47l'2_|_—2.

Brerancnuth cpemHee apudmeTnyeckoe YCKOpPEHHsI CBOOOJHOTO MaJCHUSA:

13
g—négi.

[To moaydYeHHBIM AaHHBIM NOCTpouTh rpaduk ¢Gyuxkiun T2(l). Haittu us

rpaduka 3Ha4YeHUE §, CPABHUTH C .

Konmponwvnwie éonpocot
Kakue konebanust Ha3pIBalOTCS TAPMOHUYECKUMU?
3anummre qudpepeHnnanbHoe ypaBHEHUE TapMOHUYECKUX KOJIeOaHHi, ero
peuieHue.
YT0 Takoe MaTeMaTUYECKU MASITHUK?
3anumute GopMyiy neproa KojedaHuii MaTeMaTHUYEeCKOI0 MasiTHUKA.
Y10 noHMMAaETCs MO CUIOM TATOTEHUS, CUION TSHKECTH U Maccou Tena’?
OOBsICHUTE 3aBUCUMOCTb YCKOPEHHUSI CBOOOIHOTO MaICHUs TEJ OT

reorpauyecKkoi MMUPOThl MECTHOCTH.



