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W3YUEHUE YIOPYIMX KOJEBAHUH C MOMOIIbBIO
HPYKUHHOI'O MASTHHUKA

KpaTkoe TeopeTHuecKoe BBeIeHHe™

1. HOHATHUE O KOJIEBAHUSAX

Kone0aHUMSAMM Ha3BIBAIOTCS MPOLECCH, TPH KOTOPBIX Kakas-inoo
¢usznyeckas BeTUYMHA MPUHUMAET MHOTOKpPATHO, Yepe3 paBHbIC (WM TOYTH
paBHBIE) TIOCJIEOBATENbHBIE MPOMEXKYTKM BpPEMEHHM, OOHU U Te XK€ (Wi
npUOIU3UTENBHO OJTHU U T€ ke) 3HaueHus. [Ipupoaa sTol Gpuuveckol BEININHbBI

AWAWA

AOAL

ATATAS
I

Puc. 1

MOXeT ObIThb caMoi paznuuHou. Hampumep, 310
MOXET OBIThb OTKJIOHEHHE IIApHKa, MOJBEIICHHOIO
Ha HUTH, OT IMIOJIO)KEHUSI PABHOBECHS, WM YTOI,
KOTOPBIM COCTaBIISIET 3Ta HUTh C BEPTUKAIbIO, WU
Cuja TOKAa B DIEKTPUYECKOM KOHTypeE, WU
TeMIIepaTypa BO3yXa, MOBBIIIAOLIASCA B CEPEIUHE
JTHSL 1 TIOHWKAIOIASICS. HOYBIO, WM JaBJICHUE KPOBU
B COCYJIax IPU COKpAIICHUAX cepAua 1 T...
HecmoTpss Ha  pa3imuHyr0  IpUPOLY,
KOJieOaHUsl caMbIX pPa3HOOOpa3HbIX (PU3MYECKHUX
BEIMYMH MMEIT MHOro obmero. Bce oHu

XapaKTEPU3YIOTCA N ePUO O OM — TPOMEKYTKOM
BpPEMEHH, Yepe3 KOTOPbIN 3HAYCHUS KOJICOTIOIIeICs
BEJIIMYMHBI ~ HAYMHAIOT  TMOBTOPATHCA, AMH -

AUMYOOU — HaubONBUIUM OTKJIOHEHHEM OT
HyJeBOro 3HaueHus. Yacto mnpu  KoJeGaHusax
M3MEHEHUE C TEYEHWEM BPEMEHM PA3MYHBIX 10
npupoe (GpU3HYECKUX BENMYMH HOCHUT OJMHAKOBBIM
XapakTep, T.€. OTH BEJIUYMHBI U3MEHSIOTCS IO
OIHOMY 3aKOHY C TEYEHHEM BPEMEHH. B 3TOM
ciiydae KoJeGaHus OMHMCHIBAIOTCS OJUHAKOBBIMU
marematnueckumu  Gopmynamu. Ha  puc. 1
MOKa3aHbl IPaQUKU 3aBUCUMOCTH OT BPEMEHHU [
HEKOTOPBIX ~ M3  OECYMCIEHHO  BO3MOMKHBIX
MEPUOJMYECKUX  TIPOLECCOB  JJI  PasHbIX

(GbU3MYECKUX BEJIMYMH: a) OTKJIOHEHMUs X OT TIOJIOKEHHMS paBHOBECHs TIpy3a,
MOJIBEIICHHOTO0 Ha TMpYyXXHHE, O) HANpsOKEHUs U, CO3[1aBAEMOr0 T'€HEpaTopoM
pPa3BEpTKU DJIEKTPOHHOTO oOcuuiuiorpada, B) HANPSOHKEHUS U, CO3/1aBa€MOTO

TeHEPAaTOPOM

TAKTOBOM

4acTOThl ~ KOMIbIOTEpA, T) HANPSXKEHHOCTH — FE

QJICKTPHUYICCKOT'O I10JIs1, MOAYJIMPOBAHHOI'O 3BYKOBOfI IIEICTOTOI\/'I, B PaJOBOJIHC,

*) Teopernueckoe BBEICHHE K 1abOpaTOpHOii pabote Hammcauo joi. [ycrosanosem I'.E.



1) CWJIbl [ BBIIPSIMIIEHHOTO TEPEMEHHOIO0 TOKA, €) 3BYKOBOI'O JABJIECHHUS p MNpHU
MIPOM3HECEHUH 3BYKa "yyy...".

OOmue ams Bcex KoJeOaHMH 3aKOHOMEPHOCTH MOXHO U3ydaTh Ha
npuMepe Kakou-mubo oOoaHOW (U3MYECKON BENWYHHBIL. 37eCh MbI  Oyaem
paccMaTrpuBaTh MexaHudeckue konebanms. MexanHuweckumu Koaieba-
HUAMU Ha3bIBAIOTCA TaKWe KOJEOaHMs, [JIs1 KOTOPBIX HM3MEHSIOLIECS
(bU3UYECKON BEIIMYUHON SIBISIETCS O M KJIOHEHU e MaTepualbHOW TOYKH (WU
CUCTEMBI MAaTEPUATIbHBIX TOUYEK) OT MOJIO)KEHHSI PAaBHOBECHS.

2.TAPMOHHUYECKHUE KOJIEBAHUA

I'apMOHMYEeCKUMHU KOJEeOAHMSAMM Ha3bIBAIOTCS KOJIECOAHUS,
IpU KOTOPBIX U3MEHEHUE (pU3NUecKoi BeIMYMHbI X C T€UEHUEM BPEMEHU (3aKOH
KoJIeOaHMil) BeIpaXkaeTcst POpMYIION:

X = Asin(at + @) 1)

3nech X sBrseTcs GpyHkuuei Bpemenn, T.e. X = X(¢). Muoxutens A4
MOKa3bIBACT HaNOOJIBIIIEE 3HAUCHUE, KOTOPOE MOXKET MPUHUMATH KOJEOTIOIascs
BenMuMHa X W Ha3bIBAETCA A MNJAUMY 00U KoJeOaHuH. AMIUIATYIa UMEET
Pa3MEPHOCTh BEUYMHBI X .

Bennurba o Has3bIBacTCst KP)Y20680U (WU YrIOBOH) YACMOMOU.
KpyroBas yactora ®» cBsi3aHa ¢ nepuoaoM kojebanuit 7 U ¢ OOBIYHOM YacTOTOU
v (4uciaoM KojieOaHuM B €AMHUILY BPEMEHH ) COOTHOIIEHUSIMU:

27
w=2nv = ( )

Yacrora v uzmepsiercs B repuax [1 ['m = 1 konebanuro B cekyHmy, 1 k[
(xumorepir) = 1000 'y, 1 MI'n
(merarepir) = 1 mun. ['m].

,,J . - Benuunna of+ @, crosmas
i %ﬂ\' o B e 38 MOJ 3HAKOM TpI/IFOHOMeTpI/ILIeCKOIfI

At 37 i3 (yskumm, HaseiBaetcs @ aszou
A SR A s koneOanuii. @Daza u3MepsAeTCS B
YIJIOBBIX EIAWHHMIIAX, T.C. B Ipamycax

wim  pamuaHax (momsax mw). C

Puc. 2 IIOMOILBIO dazb MO>KHO
XapaKTepU30BaTh OTKJIOHCHHUE

KOJICOITIOTIEHCSI BEITUYNHBI oT

HYJICBOT'O 3HAYCHUS B 33/IaHHBIA MOMEHT BpeMEHH ¢ . B yacTHOCTH, eclii 3HaUYCHUE
t TakoBO, 4TO (haza KpaTHa IEJIOMY YUCIy T, T.e. ®f+@=nn (n — menoe

yucio), To X =0; ecnu (ot+(p:(2n+1)rc/2, T0o X =14 (T.e. MaKCUMAJILHO);
ecmn of +@=2n+1)t/4, 10 X =+ A/2 utn

Bennuuba ¢ HaswbiBaeTcs HAYAJAbHOU a3o0ii. Beipakenue Asin@
MOKa3bIBAa€T 3HAUYCHHE BEIMYMHBI X B HadyaiabHbIM MOMEHT BpeMeHu f=0. B

X(t)
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yacTHOCTH, eciit @ =0, To X = Asin®f (B HayaJbHbII MOMEHT BPEMEHU INpU
t=0 X=0). Ectu ¢=7/2, 10 X = Acos®t¢ (B HAYAIbHBI MOMECHT BPEMCHU X

UMeeT MaKCUMaIIbHOE 3HAYCHUE, T.€. PABHO A ).

[Ipu wu300paskeHMM TapMOHHUYECKHX KoyeOaHUl Ha Tpaduke Mo ocu
abcmuce OTKIAABIBAIOT BpeMs (B CEKyHAAX WIM JOJAX mepuoaa) wiau ¢asy (B
yIraoBeIX eauHunax). [lo coum opavHAT OTKIAABIBAIO0 3HAYECHHS KOJIEOIHOLIEHCS
Ben4uHBL. [Ipy 3TOM monyyaercs KpuBas, UMEIOLIas BUJI CHHYCOUBI, CIIBUHYTOU
BJIEBO 0 OCH a0CIMCC HA BEJIMYMHY, PaBHYIO HauyanbHOU (haze. Ha puc. 2 Han
OChbI0 a0CIICC HAaHECEH MacluTad B YIVIOBBIX €AMHMIAX (JOJIAX T), a MOJA OChIO
abcuucc — B e€QUHMIIAX BpeMeHM (noisix mnepuoaa) Ecium mnpu u3yueHuu
KoJie0aHUI Hac MHTEPECyeT HE 3HAUYECHUE KOJIECOJIOLICICS BEIMYMHBI B JIAHHBIN
MOMEHT BpPEMEHH, a IPU3HAKH, XapPAKTEPU3YIOLIUE IOBTOPSIEMOCTb JIBUKCHUS:
4acToTa, MEpUoi, XapakTep HW3MEHEHHs B TEYEHHEe Nepuoja U T.JO., — TO
HaYyaJIbHBII MOMEHT BPEMEHH MOXET OBbITh BBIOpaH MPOU3BOJBHO. B 3TOM cityyae
IIPU U3YYEHUH OTIEIbHOW KOJIEOIIOIEHCsl BEIMYMHbBI HayallbHas (ha3a HE UTpaeT
HUKAaKoOW pOJNM (€€ MOMHO IIOJIOKHTH PAaBHOW HYJIIO WIH 70/2 Ui MPOCTOTHI

dopmy:n). B gacTHOCTH, rapMOHHYECKUE KOJCOAHUS MOXHO 3alTUCHIBATh TAKXKE B
BUJIC
X = Acos(at + @) (3)

Ota ¢dopmyna paBHocwibHa (Gopmyne (1). OHa momydaercss 3aMeHON B
dopmysne (1) ¢ Ha @+7m/2 (3TO 3HAYUT, YTO HAYAJBHBIA MOMEHT BPEMCHH

BBIOpaH 1/4 mepuoza mosxe).
Onnako HawanpHas (¢aza

V\ /\ /\ k‘\ /\ CYILIECTBEHHA, €CJIH €CTh JBe (WU

e 0oJiee) BETUYUHBI, KOJICOTIOMIHECs
\/ \/ M0 TapMOHHYECKOMY 3aKOHY C

OJIMHAKOBOH JacTOTOM

b X
21/\ /\ 2L /\ /\ (mepuo1oM), 1 HEOOXOIMMO 3HATh,
0

F\/ v ' N \/ \UJt Ha Kakyl0 JOMO TlepHoAa TO3xke

2) 6) (umu paHblle) OAHA M3 BEJIUYUH
Puc. 3 JOCTUTaeT MaKCHUMaJIbHOT'O
3Ha4Y€HUs (WM MIPOXOAMT HYJIEBOE

3HAUEHUE), YeM Jpyras. ITo

MOXKET OBITh OXapakTEpU30BaHO pa3Hocmbio (cosucom) ¢as orux
Benu4MH. B 1110001 MOMEHT BpeMEHHM 3Ta Pa3HOCTh (a3 OCTAETCS MOCTOSHHOW U
paBHOI pa3HOCTH HadalbHBIX (Da3. Bcerma mMokHO BRIOpaTh HAdadbHBII MOMEHT
BPEMEHHU TakK, YTOObI HaudajgbHas (ha3a OJHOW M3 KOJICOTIONIUXCS BEIMYUH ObLia
paBHa Hymt0. Torma pazHoct (a3 3Toi U BCEX OCTAIBHBIX BEIMYUH OyayT PaBHBI
WX Ha4aJIbHBIM (azam.

[Ipo BenmuuuHbBI, KOJEOTIOMIMECS C OJJMHAKOBOW YaCTOTOM, OJJHOBPEMEHHO
JIOCTUTAIONINE HauOONBIINX 3HAYCHUH, OJHOBPEMEHHO MPOXOAAIIUE HYJIEBbIC
3HAYCHUSI U U3MEHSIOIIMECS B JIIOOOM MOMEHT BPEMEHH B OJIHY U Ty K€ CTOPOHY,




TOBOPAT, YTO OHM KOJEOTIOTCA B 0O UHAKO0B8bIX a3zax (puc.3,a). Eciu xe
BEJTUYMHBI OJTHOBPEMEHHO JIOCTUTAIOT MaKCUMAJbHBIX 3HAYCHUM, OJTHOBPEMEHHO
MPOXOMST HYJIEBbIC 3HAYCHUS, HO HM3MCHSIOTCS B JII0OOOH MOMEHT BpPEMEHU B
MIPOTHUBOIIOJIOXKHBIE CTOPOHBI, TO TPO HUX TOBOPSAT, YTO OHHU KOJIECOTIOTCS B

NPOMUBONONONCHBIX (aszax (wmm B nporuBodaszax) (puc. 3,6). Dasbl
BEJIMYMH, KOJIEOTIONMXCS B OJIMHAKOBBIX (pa3ax, MOTYT ObITh U HEPABHBIMU JIPYT
JpyTy, HO OTJIMYATHCS MEXAy coOOi Ha BeNWUYMHY, KpaTHyl 27 (T.e. Ha 27n).
®a3pl BENUYMH, KOJEOMIOMMXCS B MPOTUBO(A3aX, MOTYT OTIMYATHCA MEXIY
co00ii Ha BeTMUMHY, KPaTHYIO HedeTHOMY unciy 7t [Ha (21 +1)n].

Yacto nans cpaBHeHust (a3 ABYX WIM OOJBIIEr0 4YWCIa BEJIUYUH,
KOJICOJIOIMIUXCSA MO0 TapMOHMYECKOMY 3aKOHY C OJMHAKOBOM YacTOTOM, HX
U300paKalOT HAa OJAHOM TIpaduke. OTH BETUYUHBI MOTYT HMMETh Pa3HYIO
busnueckyro npupoay. i kaxaod u3 3TUX BETUYUH HA OCH OPJMUHAT JOJIKEH
OBITh HAHECEH CBOM MaciITad.

3. CKOPOCTb U YCKOPEHME IIPU ' NPMOHHMUYECKHX
KOJIEBAHUAX

CkopocTh JIFOOOTO TPSMOJUHEWHOTO JIBUXKEHUSI OMNpENeNsaeTcsl Kak

IIPpOU3BOAHAs IICPCMCIICHUA L I10 BpCMCHU:
dL

v 4

o (4)

(JacTto TepBYIO MPOM3BOJHYIO MO BPEMEHH O0003HAYaIOT TOYKOW Haa OYKBOIA:

V=dL/dt=L). Ecmu xoneOmomencs BEINYUHON SBJIAETCS OTKJIOHEHHUE

MaTepHaTbHOW TOYKH OT TIOJIOKEHHS PAaBHOBECHS, TO 3TO OTKJIOHEHHE X | Oyner

MEepEeMEIICHIEM TOYKH, KOTOPOE OHAa COBEPIIMT K MOMEHTY BpeMeHH . B cimydae
rapMOHUYECKUX KoJieOaHuii, korga X = Asin((ot + (p), CKOpOCTb OyJIeT:

dX d .

= E[Asm(a)t + )] = wAcos(at + @), (5)

HNJIN

V =wAsin(ot+ ¢+ %)

Mpbl BUIUM, YTO CKOpPOCTh V' TpU TapMOHUYECKHX KOJEOAHUSAX TaKkKe
MU3MEHSAETCS C TEUYEHUEM BPEMEHHM II0 TapMOHMYECKOM 3aKOHY, TOJBKO, KaK
TOBOPSAT, Olepekaet mo ¢ase oTkIoHeHne X Ha 7/2, T.e. B TOT MOMEHT, KOTJIa

OTKJIOHCHHUC HaI/I6OJ'II>IHee, CKOpPOCTh paBHA HYJIIO, a4 KOI'/la TOYKa IPOXOAMUT

IMOJIOKCHHC PAaBHOBCCHA, CKOPOCTb AOCTUTACT MAKCUMAJIbHOI'O 3HAYCHMA.
YCKOPGHI/IG JIIA HpHMOHHHeﬁHOFO JABUXKXCHMUS OonmpeACLICTCA  KakK

MMpou3BoaAHasA CKOpPOCTHU IO BPpEMCHHU (I/IJ'H/I BTOpas IMpon3BoaAHasA ICPECMCIICHUS 10

BpeMeHH). B cilydae rapMoHMYecKUX KojiebaHHuit
a= c;_\t/ = %[a)ACOS(a)t +9)] = -’ Asin(at + @) (6)



Ortcrona crneayeT, YTo YCKOPEHUE MPU FapMOHUYECKUX KOJEOaHUAX TOXKE
U3MEHSETCS 10 TapMOHHUYECKOMY 3aKOHYy, HO TIpH O3TOM KOJeOJeTcss B
MPOTUBOIIOIOXKHON (pa3ze ¢ OTKIIOHEHUEM, T.€. BCErJa MUMEET MPOTUBOIOJIOKHBIH
3HAK.

N3yuenue rapMOHUYECKUX KOJI€OaHUN BaXKHO TIO PSIY MPUYHH.

1. B npuposie 1 TEXHUKE YacTO BO3HUKAIOT KOJICOaHUs!, KOTOPhIE B TEUCHUE
JUIUTENIbHBIX TPOMEXYTKOB BpPEMEHHM Majo OTJIMYAIOTCI OT TapMOHHYECKHX
(cTporo rapMOHUYECKUX KOJIEOaHUMN HE CYIIECTBYET).

2. BonbmmHCTBO (pU3NYECKUX 3aKOHOB COACPKUT (DU3NICCKHEC BETUINHBI B
BUjae (GYHKIMA W WX TPOU3BOAHBIX. [lodTOMy, HCHONB3ys TapMOHHYECKHE
GyHKIIMA, MBI BCE BpeMs OCTaeMCsi B KPYry TapMOHUYECKHX BEIMYHMH (€CIH
(bOopMyIIBI TUHEHHBI OTHOCUTEIPHO TAPMOHUYECKUX (DYHKIIMHA U UX MIPOU3BOTHBIX).

3. [epuoamdeckuii mportecc 000 3aBUCUMOCTH OT BPEMEHH MOKET OBIThH
MPEACTABICH B BHUJIE€ CyMMBI, CllaraémMble KOTOPOW SIBIISIIOTCS TapMOHHYECKUMU
GYHKUUSIME C 4acTOTaMHU, KPAaTHBIMH YacTOTE JTOTO Ipoliecca, T.e. B BHJE TakK
Ha3zbiBaeMoro psiga dypre. AMIUIMTYIBI CIAraéMbIX BBIYHCIAIOTCS JOCTATOYHO
IIPOCTO.

4. YIIPYT'UE KOJIEBAHUSA

Boo061ie koe6anust MOTYT MPOUCXOAUTH B KaKON-IU00 CUCTEME, €CIIH TIPH
OTKJIOHEHUH €€ OT IIOJIOKCHUS PABHOBECHUS BO3HUKAIOT CHJIbI, CTPEMSIIUECS
BEPHYTb CUCTEMY B IpekHee mojioxkenne. Konebanus, KOTOpble IPOUCXOIAT IO
JICICTBMEM  BO3BpAILAIONIEH CHJIBI, BO3HHUKAIOLIEW  BCJIEICTBUE  YIIPYrou
nedopMaIu Kakoro-iubo Teia, Ha3blBATCI VAP Y UMU KOLEeOAHUAMU .

Ecimu rpy3, moaBelIeHHbIA HAa TPYXWUHE, OTTAHYTh BHHU3 Ha HEKOTOPOE
paccTosiHWE, a 3aTeéM OTMYCTHTh, TO OH NPHACT B KojeOaTeabHOE JBH)KCHUE.
Bo3BpaiieHue rpyza B MOJIO)KEHHUE PABHOBECHS MPOUCXOIHUT MOJ JICHCTBHEM
ne(opMHUpPOBaHHON TIPYKHUHBI, T.€. MO ICHCTBUEM
yinpyro cuibl. Ilo 3akony I'yka, sra cwuia,
JICUCTByIONIAad HA  TpPy3, IMPONOPIUOHAIbHA
pPaCTSOKEHUIO (MM CHKATHIO) TIPYKUHBI (KOHEYHO,
ecntu gaedopMallid HE CIUIIKOM BEJIUKH), a,
CJIEOBATENBHO, MPOMOPIUUOHAIBHA PACCTOSHUIO
rpy3a OT TIOJOXEHUS pABHOBECUS B JIaHHBIU
MOMEHT:

Y
i!

f =—kX (7)

3necb X — paccTosiHHE OT TMOJOKEHUS
paBHOBecus (BEIMYMHA  OTKJIOHEHHUS  Ipy3a)
Puc. 4 (puc. 4), f — BenuuMHA CUJIBI, ICHCTBYIOMICH Ha

Ipy3 CO CTOPOHBI TPYXHUHBI B JTaHHBIH MOMECHT
BpEMEHU ¢ . 3HaK MUHYC MMOCTaBJICH, YTOOBI MOKA3aTh, YTO CUJIA HA TPY3 JIEHCTBYET
BCErJa B HANpPABJICHUH, TMPOTHUBOIOJOXHOM OTKJIOHEHHIO. kK — KOI(PPUIIUEHT
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IPOMOPIUOHAIBHOCTH, HAa3bIBAEMbI KOA(P(UIIMEHTOM JKECTKOCTH MPYXKHUHBI,
MMEIOIMIA pa3sMepHOCTs H/m ¥ TMOKa3bpIBAMOIINK, Kakas cuia TpeOyercs s

pacTsHKEHUS JAHHOW MPYKUHBI HA €IMHUILY JJIHHBI.

CormacHo BTOpoMy 3akOoHY HbIOTOHA, IBH)KEHHE MOJ JIEWCTBHEM CHJIBI
IPOUCXOJUT YCKOPEHHO. YCKOpEHHE B JIt0OOH MOMEHT BPEMEHHU ONPENEISIeTCs
BBIPAKEHUEM

ma=f, (8)

raie m — wMacca rpysa, a — yckopenue. IloacrtaBmsas B 3akoH HbroTtoHa
BbIpaKeHHe Juisi ynpyrol cuibel (7) (Mbl HE TPUHUMAeM BO BHUMAaHUE CHILY
TSUKECTH, ACHUCTBYIOIIYIO HA TPy3, TaK KaK OHA YPAaBHOBEIIMBAETCS HA4YaJbHBIM
pacTSHKEHUEM TPYXKUHBI) U 3aMEHssl YCKOPEHHE BTOPOW  IMPOM3BOAHOMU
NepEMENICHHS TI0 BPEMEHH, MTOITYYUM

2
md fz—kX,
dt
WA
d2X k
———X. 9
dt? m 9)

HpI/IMeHHH COKpalICHHBIC O603Ha‘-ICHI/IH, HaIIICM 3TO BBIPAXKCHHUC B BUC:

X+£X=O.
m

3akoH HproToHa, TakuM 00pa3oM, BBIPAKEH B BUAE YPABHEHUS, B KOTOPOE
BXOJIUT HEU3BECTHas (YyHKUHUS BpeMeHU X (t) U €€ BTOpas NPOU3BOJHAs. OTO

ypaBHEHHE HA3bIBAeTCSI YPABHEHUEM 08UICEeH U . Tak Kak Mbl 3HAEM, YTO

3aKOH HbIOTOHa B MEXaHWKE JIOJDKEH BBINOJHATBCA 6Ce20d, TO B JIHOOOM
MOMEHT BpEMEHH JieBasg 4acTb ypaBHeHMs (9) noikHa OBITh paBHA IPaBOM.
CrnenoBatenbHO, YTOOBI HAUTH 3aKOH KOJI€OaHU Tpy3a (3aBUCUMOCTh OT BPEMEHH
BEJIMYMHBI €r0 OTKJIOHEHHS OT TMOJIOKEHHUS PABHOBECHS), HAI0 HAUTH TaKylo

(YHKIHIO BpeMeHr X , IIst KOTOPOil BTOpast IPOM3BOHAS 110 BpeMeHn d > X / dt?
OTIIMYaeTCss OT camMoi (YHKIMM TOCTOSIHHBIM, HE 3aBHUCSIIUM OT BpPEMEHH
MHOXHTEJIEM k/m ¥ 3HAKOM, T.€. HAWTH TaKOW 3aKOH JBHKEHHUS, TIPH KOTOPOM

YCKOpEeHHe B JII0OOH MOMEHT BPEMEHHM MPOMOPIUOHAIBHO OTKIOHEHHUIO 10
BEJIMYMHE U MPOTUBOIOJIOXKHO MO 3HaKy. Takod (yHKiueill sBiasercs QyHKIus,
OIKCHIBAIONIasi TapMOHUYECKUE KoseOaHus. B camom gene, ecnu moacTaBUTH B
JIEBYI0 4YacTh ypaBHEHHs (9) BbIpakeHHE MJII YCKOPEHHUSI MPU TapMOHUYECKHX
KOJIe0aHUsX
d*X
2
dt

= —o” Asin(of + ),



a B TpaByIo "acTh X = Asin(wt + @), To Jerko HaiiTH, 4TO JeBas 4acTh GyjeT B
M000M MOMEHT BPEMEHH PaBHA NPABOM IIPH YCIIOBUH, YTO

o’ =—. (10)

Orcroma MBI fJenaeM  BBIBOJ, YTO  yIOPYrHe  KoJieDaHUs  SIBJISIOTCS
caApMOHUYeCKUMU KoneOaHUsAMH, IPUYEM UX KPYrOBasi 4aCTOTa

w=|— (11)

3aBUCUT M OJbKO OT MEXaHWYECKHX CBOMCTB (TIapaMeTpOB) KOJICOIOMIEHCS
CUCTEMBI: MAacChl Tpy3a U YNPYTOCTU (3KECTKOCTH) MPYKUHBI, HO HE 3aBUCUT OT
aMIUTUTYJbl U BpEeMEHU. AMIUTUTY/Ia U HaudajdbHas (a3a KojieOaHUM 3aBUCAT OT
MOJIOKEHUS Tpy3a B HAYAJIbHBIA MOMEHT BPEMEHH M HAYAJIbHOT'O TOJTYKA, KOTOPHIi
MOJIYYHJI TPy3 (€ro HadaJbHOM CKOpPOCTH). AMIUIMTY/Ja HE 3aBUCUT OT BPEMEHH,
€CJIM, KOHEYHO, HE YUUTHIBATh TPEHUs (CM. HIDKE §5).

Konebanusi, KoTopble MPOUCXOJAT B CHUCTEME, BBIBEACHHOW KaKUM-THOO
CIIOCOOOM M3 TOJIOKEHUSI PAaBHOBECHUS W TIPEIOCTaBICHHOW 3aTeM camoil cele,

Ha3bIBAIOTCS COOCMBEHHBIMU WIM C6000O0HbLIMU KOACOAHUAMU
CHUCTEMBI, a4 4acToTa COOCTBEHHBIX KoJeOaHUii — COOCMBEeHHOl

yacmomou.

'apMoHnyeckue KoneOaHWs MOTYT MPOHUCXOAWTh HE TOJBKO IMOA
NEHUCTBUEM YyHOpPYrod Cuibl, HO TakXke TOJ JAEHCTBUEM CHIIBI JIF0OOTO
MIPOUCXO0XKICHHUS, UL Obl OHA ObLIa MPONOPLMOHATIFHA OTKIOHEHHUIO CUCTEMBI OT
IIOJIOKEHHUsT paBHOBeCUsA. Takue Cuibl Ha3blBAOTCA KGBA3UYNPYSUMU
cuiramu.

Ecnu ypaBuenue aBuxeHus: (BTopoil 3akoH Hpl0TOHA) MOKHO MPUBECTH K
TaKOMy BHUJy, YTO CJIEBa CTOUT BTOpas MPOU3BOAHAS KAKOW-TO (PYHKIIUU TIO
BpPEMEHH, a ClipaBa — cama (PyHKIMS C MOCTOSTHHBIM MHOXHUTEJIEM U C 0OpaTHBIM
3HAKOM, TO JIBI)KCHHE 0053aTelbHO OyIEeT MpEeJCTaBsATh COO0N TapMOHUYECKUE
KoJieOaHus, I HAXOXKJICHHUS COOCTBEHHOW 4YacCTOTHl KOTOPBIX HAJ0 W3BJIEYD
KBaJpaTHBIN KOPEHb U3 3TOIO0 MHOKUTEJIS.

5. 3ATYXAIOIIUE KOJIEBAHUS

Ecnu He yuuThIBaTh CUIIBI TPEHHUS, TO COTJIACHO (pOpMysIaM, MOTYICHHBIM B
§4, ynpyrue u KBazuynpyrue kojebanust 0yyT rapMOHUYECKUMH. DTO O3HAYaeT,
YTO WX aMIUIMTyJa HE 3aBHCUT OT BPEMEHH, U CHUCTEMa, pa3 BBIBEJCHHAs W3
MOJIO’KEHUSI paBHOBecus, Oyner KosiebaTbesi OeckoHeuHo nonro. Ha camom xe
Jiene, Kak M3BECTHO U3 OMbITa, KoJieOaHus JIFo00i CUCTEMBI, €CJTM OHA HE MOJIy4aeT
U3BHE JIOMOJHUTEIBLHON 3HEPTUH, B KOHIIE KOHLIOB MPEKPAIAOTCs, KaK TOBOPAT,
3aTyXaloT. JTO MPOUCXOIUT MOTOMY, YTO B pEabHBIX CIydasX BCETJa B CUCTEME
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HMCHOTCsI CHJIBI TPCHUA, 6J1ar0nap;1 KOTOPBIM OBHEPIruss CHCTEMbI ITOCTCIICHHO
NEPEXOJUT B TCIIJIIOBYIO OHCPI'HIO.

Ecan CKOPOCTb ABHUKCHUA HCBCIIMKA, TO B PAAC CIIYHACB (TpCHI/Ie B XOpOomo
CMAa3aHHBIX ITOANIMITHHUKAX, COIIPOTHBJICHHC BO3I[YX3.) TPCHUC MOKHO CUHTATbh
KUIKUM, T.C. CUJIbI TPCHUA IIPOIIOPIHHOHAIIBHBIMHU HepBOﬁ CTCIICHU CKOPOCTH:

dX
f =—hbV=-b—!

3nece b — K03(PUIHEHT MTPOMOPLUUOHATEHOCTH (KOAIPDUIIUEHT TPEHHUS).
3HaK MUHYC MOKa3bIBAa€T, YTO CWJIA TPEHUS HANpaBJICHA MPOTHB JBWKCHHS (B
CTOpPOHY, TPOTHUBOIIOJIOKHYIO CKOPOCTH).

JUiss  u3ydyeHus: KoieOaTeNbHOrO JBWKEHHS NpPH HAIWYUU  TPEHUS
oOpatuMcs CHOBa K JABW)KEHHIO Tpy3a, IMOJABEIICHHOTO Ha MpyxkuHe. B sTom
ciiydae BO BTOpoii 3akoH HbioToHa (8) kpome ynpyro# cuisl (7) BOWIET elie cuia
Tpenus (12):

ma="f+f . (13)
Otkyna
2
md i_(:—kX—bd—X wm X +2 X X x 0. (14)
dt dt m m

Pemienne »TOro ypaBHEHHs] MBUXKEHUS, T.€. HaXOXJeHUE (DYHKIUU
BpeMeHn X =X (t), yAOBJIETBOPsIOMMIA 3akoHy HploToHa B 11000 MOMEHT

BpPEMCHH, JOBOJIbHO CJIOJKHO. HpI/IBeI[eM 3ACCHh CPa3y OKOHYATCIbHOC BBIPAKCHHC!

b

X (t) = Ae ™ sin(at +¢). (15)

3nech  ®  ompenenseTrcs  MEXaHWYEeCKUMHM  CBOMCTBAMHU  CHCTEMBI  (ee
napameTpamMu — YIPYyTrOCThIO MPYXKUHBI k , Maccoit Tpy3a m u KodhuimeHToM
TpeHus b):

(16)

B cmpaBemmBOCTH A3TOrO pemieHUsT MOXKHO YOeauThcsi, moicTaBuB B (14)
BbIpaxkeHue (15) u npunsB Bo BHuManue (16). [Ipu 3ToM neBasg yacTb ypaBHEHUS
(14) oxaxkeTcst TOKIECTBEHHO paBHA MTPABOM.

Konebanus, 3akoH KOTOPBIX BhIpaxkaercs dopmynoit (15), yxe He OyayT
rapmonnyeckumu. B dopmyny (15) BXomsST JBa MHOXHUTENS, 3aBUCSIIMX OT
BpeMmeHu. OIMH W3 HUX — sin(cot+(p) — SIBIIACTCS TIEPUOIUYECKON (PyHKIMEH

10



b

BPEMEHH, a JpPyroi — e 2™ — ¢ TeyeHHEM BpeMeHU YyObiBaeT. Ecam

b
—t

2
KOA(PGUIIUEHT TpeHHs] Mal, T.e. — >(2—j , TO Beluuuny A, = Ae 2™ MOKHO
m m

CUMTATh AaMIUIMTYAOW, KOTOpass yMEHBIIAETCS C TEYEHHUEM BPEMEHHU 110
ITOKA3aTEIbHOMY (3KCITOHEHIIMATTBHOMY) 3aKOHY. OTtHomieHue IBYX
MOCJIEIOBATENbHBIX aMIUTUTYA (T.€. aMIUIATY[A, B3ATBIX 4Yepe3 IPOMEKYTOK
BpPEMEHHU, paBHbBIN iepuoay 1)

A=—h o —en' (17)

HE 3aBUCUT OT BpPEMEHH, a
3aBUCHUT TOJIBKO oT
MEXaHUYECKUX CBOWCTB CHCTEMBI
u MOXKET CIIY’KUTb
XapaKTEPUCTUKOU 3aTyXaHUs
KoJie0aHu. ITO  OTHOIIEHUE

Ha3bIBAETCA O E€KPeMeHmMOoM

3aTyXaHHs. Uem OoJbIie
JEKPEMEHT  3aTyXxaHus, TeM
CKopee YMEHBIIIACTCS

amumtyaa. Yacto 3aTyxaHue
XapaKTEePU3yIOT  HATYPAIbHBIM
Jorapu(mom 3TOro OTHOIICHUS:

s=lnA D1 (18)

+1

Bennunna 8 HasweiBaeTcs 102aApUPMUUECKUM OeKpeMeHmoM

3amyxanus.

[Ipu Mamom 3aryxaHuu JOrapu(PMUUYECKUNA EKPEMEHT O HWMEeT OYEeHb
npoctoit ¢u3udeckuit cMpicii. OH MOKa3bIBACT, HA KaKyIO JOJII0 CBOCH BEITHMUUHBI
aMIUTUTYJla YMEHbIaeTcs 3a nepuoid. B camom nene, u3 popmynsr (17) ciaemyer,

qTo

L

_ 2m — =
g=4,e “" =4e

A

n
Otcrona

A, — Ay =A4,(1-e70).
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Ecnu Bocmons3oBatbes popmyioi
e ~1-8,
TO TOJIYYUTCS

A-Au s 19
A (19)

[lpu ouenb Oomabmux ko3 ¢uIMeHTax TpeHuss b [koraa k/m<(b/2m)2],

HCCMOTPA HAa HAJIMYHUC CHUJI, BO3BpaAalldOIINX CHUCTCMY B IIOJIOKCHHC PABHOBCCH,
KoyicOaHus He BO3HHMKalT. Cucrema BO3BpaAIaCTCsA B IIOJIOKCHHUC PABHOBCCHUSA
ACHUMIITOTHYCCKHA (He Mepexoaa IIOJIOKCHUA paBHOBCCI/I}I). Takoe JABHXKCHHC

HasplBaeTCA anepuoouyeckum. Ha puc. 5 nmokasan xapakrep KoiaeOaHHi
IIPU Pa3IMYHBIX JEKPEMEHTAX 3aTyXaHHUs.

3aryxaHue KoieOaHull MO MMOKa3aTeIbHOMY 3aKOHY IMPOMCXOJUT TOJBKO B
TOM Clly4ae, KOIJa CHJla TPEHHs MpONOpUMOHANIbHA cKopocTH. [Ipm 3TOM
OTHOILIEHUE JIBYX MOCJIEI0BATENIbHBIX aMIUTUTY/ (A€KPEMEHT 3aTyXaHHs) OCTAeTCsI
NOCTOSAHHBIM. [Ipy Apyrux THUmax cui TPEHUS M 3aKOH 3aTyXaHUs IOJIy4aeTcs
apyruM. MoryT ObITh KOeOaTeNbHBIE CHCTEMbI, B KOTOPBIX MXHJKOE TpPEHUE
IIPOIIOPLIMOHAIIBHO KBAJPATy CKOPOCTH; B UHBIX CHCTEMAX UMEETCS CyX0O€ TPEHUSI.
Ecnu Ha ombITe MOJIy4aeTcs, YTO OTHOLIEHUE JABYX MOCIEIOBATEIbHBIX AMILUIUTY/L
HE SBJIAETCS MOCTOSHHBIM, TO 3TO O3HAYaeT, YTO TPEHHE B ITOW CHCTEME HE
IIPONOPLHOHAIBHO CKOPOCTH.
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OIIMCAHUE YCTAHOBKH

IIpuHaJIeKHOCTH: MaCCHBHOE OCHOBAaHHE CO CTOWKOM, OJIOK ¢
(OTOIaTINKOM U OCBETUTEIIEM, JIBE MPYKUHBI, TUCK, YETHIPE TUIOCKUX Tpy3a, OJUH
BCIIOMOTATEJIbHBIN TPY3 B BUJIE COTHYTOTO Ha KOHIIE CTEPKHSA, TaTdopma Juis
pa3MelieHus rpy30B, IB€ BCIIOMOTaTeNIbHbIE MIIACTUHKU U3 OPICTEKIIa,
ANIEKTPOHHBIN CEKYHJIOMEp CO CUETUMKOM YHCia KojaeOaHui, Bechl (Bce
B3BEIIUBAHUS MTPOBOISATCS HA AIEKTPOHHBIX BECAX).

IHean padoThl. B paGoTe m3yuyarorcst CBOMCTBA COOCTBEHHBIX
KOJICOAHU CHCTEMBI, MPEICTABIISIONIEH cO00il MOIBEICHHBIN Ha MPYKUHE TPy3:
HAXOAMUTCS 3aBUCUMOCTB YaCTOTHI KOJIEOAHHH OT KECTKOCTH MPYKUHBI U MacChl
rpy3a. [l u3yueHus 3aTyxaonmx KoiaeO0aHui UCTONb3yeTcs AUCK OONBIIOTO
MaMeTpa, KOTOPbIN KoJiebsieTcs BMecTe ¢ rpy3oM. B aTom ciydae ompenensiercs
JIEKPEMEHT 3aTyXaHus U KOOPPUIIMEHT CUIIBI TPEHUS, ACUCTBYIOIIEH Ha TUCK CO
CTOPOHBI cpejibl (BO3IyXa).

YceTpoiicTBO YCTAHOBKM. O0m1uii BU YCTAHOBKH MPEICTABICH HA
pucyHke 6. B BepxHeii uacti CMOUKU HAXOAUTCS Oeparcameitb npyricursl. K
HEMY LEIUISIETCs OIMH U3 KOHLOB NpYyKuHbI. [10 Bcell JrHe cTOMKY HaHeceHa
wikaa. Bo Bpemst u3MepeHnuid BO BTOPOM U TPEThEM YIPAKHEHUU K CBOOOTHOMY
KOHILY TIPY>KMHBI OABEMINBAETCA OUCK. B0 BTOPOM yHPaKHEHUH JTUCK CITYXKUT
yKazaTeJeM MpH ONpeAeTICHUH YATUHEHUS MPYKUHBI, & B TPEThEM yIPAKHECHUH
IIPU M3YYCHHUH 3aTyXaIOIMUX KOoJeOaHuid - JUIs cO37aHusl cuiibl TpeHus. CHU3Y K
JIUCKY TOABENINBAETCS NAAMPOPMA ¢ HUMBIO, Ha KOTOPYIO B IIPOLIECCE
BBINIOJHEHMSI paOOThI YKIIAIbIBAETCS TO HJIM MHOE KOJIMYECTBO IPY30B.

Baok ¢ ¢poToxaTYMKOM Hcnons3yercs s MoJcUeTa Yrcia
kosieOannii 1 BpeMeHH. C oMOIIbI0 Ka0ens 00K CBsA3aH ¢ AJIEKTPOHHBIM
CEKYHJIOMEPOM (puc. 7). DICKTPOHHBIN CEKYHIOMED YIPABISICTCS IBYyMsI
kHonkamu. Knonka «//YCK» nepeBoauT NpudOp B peKUM U3MEPEHHS] BPEMEHU U
yhcsia Kojiebanuil. B 3TOM peXxuMe CUETUUK YIPABISETCs NAAM@POPMOl ¢
rpy3aMu, COBEPIIAIINMU KosebaTenbHoe aBmkeHune. [lepuoandeckuii 3amyck
CUETYHMKA MPOUCXOANUT TIPH JBUKECHHUH IIATPOPMBI C TPy3aMH BHU3 B MOMEHT
NEPEKPHITHS MIATPOPMOI Tyda cBeTa OT OcBeTuTeNs K potomatunky. Kaomka
«CTOID» octraHaBIMBaET, Kak MPOLECC U3MEPEHUS BPEMEHH, TaK U MPOLECC
nojcyeTa unciia koyrebannii. K HikHe# yactu 6710ka ¢ POTOIaTINKOM
NpUKpeTTIeHa NAACMUHKA ¢ HEOOIBIIIUM OTBEPCTHEM, Ha KOTOPYIO Tepe
HAYaJiOM U3MEpPEHUH yCTaHaBIMBaeTCs miargopma ¢ rpy3aMu. Y CTaHOBKA
1atopmbl, BUCSIICH Ha TPYKUHE, HA TUIACTUHKY MMPOU3BOIUTCS C TIOMOIIBIO
HUMuU, TIPOIYIICHHOHN Yepe3 Majoe OTBEPCTHE B IIACTUHKE. BIoK ¢
oTomaTunKkoM GPUKCHPYETCS Ha CTOMKE C IOMOIIBIO CMONOPHO20 6uHma 1

(puc. 8). Bryinka co cmonopHbiM 6UHMOM 2 TIO3BOJISAET MIPU OTITYIEHHOM
CTOTOpHOM BUHTE | BpamaTh 070K ¢ GOTOJATIYMKOM BOKPYT CTOMKH, HE U3MEHSIS
IIpHU 5TOM €T0 IIOJIOKCHHUS 110 BBICOTC.
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Hepocamens
RPYHCUHDI

Cmonka \

Hpyscuna

Hikaaa

Huck

I'pyssi

/— ITaam¢popma

baok ¢ homooamuurom
ity

Bcnomozameabsnsie naacmunku

I < Cmonopnbuiit

Bmyaka eunmNe 2

Ocnoeanu

Puc. 6 OGummit Bun yeranoskm.
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HJucno keebanun

Bpema

Cmon

Hycex

Puc. 7

/ Cmoiika

bnok ¢ homodamuurom

Cmonopuutii
aunm Ne 1

Cmonopnoii
aunm No 2

Bmyaka /

Puc. 8
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BenomorareabHBINA TPY3, NPOACTHIN B ETEIbKY HA KOHIE HUTH,
HATATUBAET HUTH U MO3BOJIICT YCTAHOBUTH OJIOK C (DOTOJATIMKOM TaK, 4TOOBI HUTh
IPOXOMIIa yepe3 neHTp orBepetus (puc. 9). Takoe Mog0KeHHE HUTH JTOCTUTACTCSI
IyTeM BpaIICHUs 0JI0OKa BOKPYT CTOMKH M 00€CIIEYMBACT BEPTUKAIBHOE JIBHKCHHE
1aThOPMBI BO BpeMsI KOJIeOaHUH.

/ Ipyz-naamgpopma
baok ¢ homorremenmom

0 Oceemumenem Cwmenvie RAACMUHKN

\ / U3 opecmeria

N
Ao “—

- Benosvozamensunii
zm*am:

— Hume

Puc. 9

HauvanpHas ammuintyna koneOaHuil A, yCTaHABIMBAETCS C TTOMOIIBIO

8Ccnomo2amesibHulx niacmuHokK u3 oprerekia (Ne 1 tommmaON 14 MM. 1 Ne 2
tonmuuHon 10 mm.). Ilpu ncnonb30BaHuy ABYX MJIACTUHOK HaYaIbHASI aMILTUTYa
Ay CTAaHOBUTCS PABHOM CYMMAapHOM TOJIIMHE IUIACTUHOK. ABTOMaTHYECKas
OCTaHOBKa IMOJICYETA YKCIIa KOJeOaHUI U BpEMEHH NPU U3yUYEHUH 3aTyXaloIINX
KOJIeOaHUM BCEr/1a MPOUCXOAUT MPU YMEHBIIICHUU aMIUTATYbI KoJeOaHu Ha
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OJIHY U Ty K€ BEIIMYNHY AA=135mm, a UMEHHO, TOTJa, KOTJAa KOJIEOJTIOIIasACs
maTdopMa ¢ Tpy3aMu MepecTaHeT MepeceKaTh JIyd cBeTa (poTogaTInKa.

M3YYEHUE COBCTBEHHBIX HE3ATYXAIOHIHUX
KOJIEBAHHUUM (3kcniepuMeHT)

Yunpaxxkuenue 1.
U3MEPEHUE YACTOT KOJIEBAHUM T'PY30B

IoaroroBka Kk M3MepeHUAM

N3mepenue nepruoja COOCTBEHHBIX KOJI€OaHUM Ipy30B MPOU3BOIUTCS O€3
mucka. [Inatdopma ¢ rpy30M MoABEMIMBACTCS K HUKHEMY KOHITY TIPYKHUHBI,
BEPXHMI KOHEI| KOTOPOH 3aKpeIusieTcs B depaicamerie npysicunsvl (puc. 6) B
Ka4yeCTBE TPY30B HUCIOJIB3YIOTCS CTAIBHBIE TUCKH C KPYTJIBIM OTBEPCTHEM B
neHTpe. Ha kaxxmom nucke umeeTcst HoMep, MPHOIMKEHHO YKa3bIBAIOIIUNA MacCy
nucka. 3mepeHus 4acToThl KoJieOaHUi POU3BOJIAT CO CIEAYIOUMMU HabopaMu
CTaNbHBIX AUCKOB: Tpy3 1 — auck Ne 50+20+20, rpy3 2 — aucku Ne 50 + Ne 20 + Ne
20 + Ne 10. Amnuutyna konebanuii yctaHaBiuBaetcs paBHod 14 mm. Jliig sToro B
OJIOK ¢ oTomaTInKOM BKIaAbIBAETCA ITacTuHKa Ne 1 u3 oprerekna (puc. 9).

Cronopusiii 6unm 1 (puc.8) ormyckaercs u nepeMerieHueM 0J10Ka BBEPX WM
BHH3 T10 CTOMKE IOOMBAIOTCS KacaHUsI TUIAT(GOPMBI € INIACTUHKON 13 OPrCTEKIIA.

Eciu nepemMenieHuo 6J10Ka MeaeT BTYJIKa, TO OTIYCKAIOT CTOMOPHBIN GUHM 2
(puc. 8) u caBuratot ee BHU3. JJoOUBIIMCH KacaHUs, GUKCUPYIOT OJIOK C TOMOIIBIO
BUHTA | U yaansior mwiacturky Ne 1. TTociie 3TOro momKkuMarT 010K CHU3Y
BTYJIKOM ¥ PUKCHUPYIOT €€ B 3TOM IOJIOKEHUU BUHTOM 2. 3aTEM B NIETEIbKY Ha

KOHIIE HUTH BCTABJISIOT 6CHOMO2AMENIbHBIU 2PY3UK, OTITyCKArOT BUHT 1 U,
NIOBOpaurBast OJI0K B Ty WM UHYIO CTOPOHY, YCTaHABJIMBAIOT €70 B TAKOE
II0JIO’KEHUE, YTOOBI HATSAHYTAasl HUTh NPOXOAWIIA YEPE3 LIEHTP OTBEPCTHUS B

naacmunke (puc. 9). Buatom 1 pUKCHPYIOT OJIOK B 3TOM HOJOKECHHUU H CHUMAIOT
BCIIOMOT'aTEJIbHBIN TPY3HK.

Hanee. BKIo4arOT 3JIEKTPOHHBIA CEKyHAOMED. BhIKITIOUaTenb HAXOAUTCS Ha
3aJIHEW MaHemu cieBa, cBepxy. /{1 yCTaHOBKM CEKyHAOMEpa B UCXOJHOE
COCTOsIHUE HaXXUMaroT KHONKY « CTOI». IIpubop rotoB K U3MEPEHUSIM.

N3mepenust

B3sB1IKCH 32 HUTh, HAUWHAIOT IUIABHO PACTATUBATh NpYyXUHY. [IpyxxunHy
pPacCTATUBAIOT JI0 T€X MOpP, MOKA HUKHUM Kpal T1aT@opMbl HE KOCHETCS TUIACTUHKHU
c orBepctueM. Ocoboe BHUMaHUE CeAyeT oopamiaTh Ha TO, YTOOBI B MOMEHT
KacaHHUs HUTh HaX0IujIach Obl B ieHTpe oTBepctus (puc. 9). ITocie atoro
CBOOOHOM pyKOH HaXXKUMatoT KHOMKY «//YCK) Ha 3lIeKTPOHHOM CEKyHIOMEpE U
OJIHOBPEMEHHO OTITyCKalOT HUTh. Korja uncno kojiebaHui Ha CUETUYMKE TIOCTUTHET
50-u, kHonko#t «CTOI» ocTaHAaBIMBAIOT CEKYHIOMEP, HO HE MPEPHIBAIOT
KoJjieOanuii rpy3a. Pe3ynbrarsl 3TUX U3MEPEHUI He 3anuchiBatoT. Tak qoOuBaroTcs
OombImel cTabunu3anuu KojiebaHui B Tipoliecce JanbHenmumx namepenuit. [loce
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OCTAHOBA CEKYHJIOMEpPA BHOBB 3aITyCKAIOT €ro KHONKOM «//YCK» n u3MepsroT
BpeMs 20-u konebanuil. OCTaHOBUB CEKYHAOMEp, 3aIMMCHIBAIOT YUCIIO KOJeOaHUI
N uBpems 1 B tabuuiy 1. He npepbiBast koseOaHMii, CHOBa HAKUMAIOT KHOIIKY
«l1YCK» n uamepsroT BpeMs cienyromux 20-u konebanuit. Takue namMepeHus
MPOBOJIAT AT pa3 i Kaxka0M MpYyKUHbI ¢ rpy3amu | u 2. Ecnu ¢ mepBoro
3aImycKa He YCIIEBaIOT MPOBECTH MSATh U3MEPEHUI, 3alMyCK MOBTOPsitoT. Ha Bpems
BBITIOJIHEHUS Pa0OTHI 11eJ1ec000pa3HO MPUCBOUTH MpykuHaM Homepa — Ne 1 u No 2.
Homepa mnpucBauBaroTcs Mpy>KUHAM MPOU3BOJILHO. [IpucBOEHHBIE pyXHUHAM

HOMEpa COXPAHSIOTCS JI0 KOHIa pabOTHI.

[Ipyxuna Ne 1

Tabmauna 1

[Tpyxuna Ne 2

I'py3 1 ['py3 2
50+20+20 | 50+20+20+10

I'py3 1 I'py3 2
50+20+20 | 50+20+20+10

t,c| At, | t,cC
C

At,
C

t,c | At, t,C At,
C C

[Ipu 06paboTKe pe3yabTaToOB H3MEPEHUH HaXOIAT cpeqHee Bpems 1 n

TOJIHYIO TIOTPEUIHOCT n3Mepenus Bpemenn Al. 3arem, pasnenus t,, Ha uncino

Kojebanuii N, HaxoAsaT mepuo Koyiebanud T u 1o dhopmyrie

(20)
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BBIUUCIISIIOT YaCTOTY KosiebaHuil v . Pe3ynbTaThl BHIYMCICHUI 3aHOCAT B
Tabuiy 1.

Yupaxuenue 2
a) ABMEPEHUE KO2OPUIIUMEHTOB KECTKOCTH
MHPY/KHUH

Koaddurment xecTkocTr Npy>KUHBI — 3TO BEIMYUHA, XapaKTEPU3yIOIIas
yrapyrue cBocTBa npy’uHbl. OH paBeH OTHOILEHUIO CUJIbI, PACTATUBAIOIIEH

[IpyxuHa Ne Tabnuua 2

X=(X1- X),
MM

NPYKUHY, K U3MEHEHHIO €€ JUTMHBI NpU pacTsukeHur. KoapduuueHt xecTkocTu
3aBUCHUT OT MaTepuaia v TOJIIUHBI IPOBOJIOKH, U3 KOTOPOW HABUTA NPYKUHA, OT
JaMeTpa BUTKOB IIPYKUHBI U UX KOJIMYECTBA.

Ecnu nop neiictBueM rpysa maccel M, BUCAILETO HA NPYXKUHE, YJIMHEHUE
TIPYXKMHBI PaBHO X, TO KO3((QULHEHT skecTKOCTH K BbMuUcHsgeTcs no Gpopmysie

K="9 (21)
X

rie g=9,81 M/c® - YCKOpPEHHE CBOGOLHOTO MaICHNS.

B pabote uzmepstorcs kKodppuiiueHTs! sKecTKoCTH py>KUuH Ne 1 u Ne 2 ¢
rpy3amu 1 u 2 kaxnaad. ['py3bl 1 1 2 cocTOSAT U3 TaKOro ke Habopa AUCKOB, KaK U B
ynpaxkHeHud 1. J{ns HaxoXaeHusl yaIuHeHus X MpYKUHY MOABEIINBAIOT K
neprkatelnto (puc. 6), a Kk CB0OOHOMY KOHITY HEIUISIOT auck. K qucky
NO/IBEIIMBAIOT IyCTYIO IIaT(GOpPMy M 3aMEYaroT JIeJICHUE MKanbl X, ,

OKazaBIlleecsl HAaPOTUB AMCKA. /{7151 MOBBIIEHUSI TOYHOCTH U3MEPEHUI TJ1a3
pacriojararoT Tak, 4ToObl PU OTCUYETE MJIOCKOCTh IUCKA MPEBPATUIIACH B MIPSIMYIO
JUHUIO. 3aTteM 1aThopMy CHUMAIOT, MOMEIIAOT Ha Hee rpy3 1 win 2 1 BHOBB

HCTUIAIOT K ITPYKUHC. ITocne aToro oTME4ar0OT HOBOE MOJI0KCHHUE Xl JHUCKa Ha

nikasue. Pe3ynbrarsl u3aMepeHuii 3aMchIBalOT B TaOIUILy 2.
Y nuHeHue npyXuHbsl X BBIUUCISIOT 110 GopMyIie

X=(%—X) . (22)
Koo¢urment sxectkoctn K Boraucnsror o ¢opmyne (21) . Pesynbrats
BBIYHCIICHU 3aITUCHIBAIOT B TaOMIly 2. Ha 9JIeKTpOHHBIX BeCax B3BEIIMBAIOT
nuck, aTdopmy U ctanbabie JUckd Ne 10, No 20, No 50. Tabnuity 2 3amoaHsoT
JUTSL KQXKIO0U TIPY>KUHBI OTJEIBHO.
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6) BBIUUCJEHUE YACTOT KOJIEBAHUM I'PY30B

YacroTa konebaHuit rpy3a, MOABEIICHHOTO HA MPYKUHE, BHIYUCISETCS 110
dbopmyie
o 1 |k

VZEZE M (23)

3nech @ Kpyromas yacToTa KojeOaHui, M cyMMmapHas Macca rpys3a u
m1aTdopMel, K K03 (HULIHEHTHI )KeCTKOCTH, B3AThIE M3 TabIHIBI 2 VIS IEPBOii 1
BTOPOU MPY)KUHBI. 3HAYEHUS YaCTOT KOJICOAHHMI HYKHO BBIYUCIIHUTH JIJIST KaXKIOM
U3 MPYKUH C KOKIBIM TPy30M. Pe3ynbTaThl BEIYHCICHNN 3anUcaTh B TaOIUIy 3 U
MOCJIETHIOIO CTPOKY TaOIuIIbI 1.

Tabmauma 3

Yacrora xoineOanuii v, ¢t
[Tpyxuna Ne 1 [Ipy>xxuna No 2

Ynpaxnenue 3
N3YUEHUE 3ATYXAIOIIUX KOJEBAHUI

Ecnu Ha koneOuromieecs Tejo, TOMUMO YIPYTOW CUJIbI, JEHCTBYET
JOCTaTOYHO OOJIbLIAs CUJIA TPEHUS, TO IPOMCXOANUT 3aMETHOE 3aTyXaHHE
KOJIe0aHUI: aMIUIUTY1a KaXKA0r0 MOCIEAYIOLEro KoeOaHusl CTAHOBUTCSI MEHBILIE
aMILTUTYABI IPEAbIAYIIEro. B ciaydae )KuIKoro TpeHus, Ipu KOTOPOM CHJIa
IIPONIOPLIMOHAIBHA CKOPOCTH TEJIA, BEIMUNHA 3aTyXaHUS XapaKTepU3yeTcs

O0eKPeMEeHMOM 3amyXaHusl . JIeKpEMEHT 3aTyXaHusi A TOKa3bIBaeT, BO

CKOJIbKO pa3 Mpeablaylasi aMIUIUTyAa 4, OoJblie nociaeayrmnen 4., , TO eCTh
A=h (24)
An+1
YacTo TakKe ynoTpeonsercs J102apu@dmuueckull. 0eKxpemerm
3amyxaHus.
5= InA. (25)
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Ha npaktuke yacto ynoO6HO ObIBaeT U3MEPSTh HE JBE MOCIEI0BATEIbHbIC
aMIUTUTYAbl A, U A, a HAYaJIbHYIO aMIUIUTYy A, U KOHEYHYIO aMIUIUTYLy

n+l 2

A, 4Yepe3 HEeKOTOPOE YMCIIO KojiebaHuil n. B 3ToM citydae, Tak Kak OTHOIIIEHUE
KQKJIOU MPEAbIAYIIEH aMIUIUTY/bI K TOCIEAYIOIIEN B IPOMEKYTKE OT A, 10 A,
PaBHO, UMEEM

i:A, ﬁ:A, ,A“'le,
4 4, An

NJIn
b A A sy
An 1 AZ An-l An

31ech BCE MPOMEKYTOUHbBIE 3HAUEHUS AMIUIUTY/l, HAYMHAS C A U KOHYas
A, , cokpamarorcsa. CienoBaTenbHO,

InizlnA":nlnA

Orcrona, mpuHUMAasi Bo BHUMaHue Gopmynsl (24,25), Halinem

S=iha=1nt (26)
n A

IHoaroroBka k M3MepeHNAM

N3mepennst npoBOIATCS TOJBKO C OJHOM MPYKUHOU. 3 NByX npyKuH
BBIOMPAIOT MPYKUHY ¢ HAUMEHBIIUM Kod(ppurmenTom xxectkoctu. K HIKHEMY
KOHILY NIPYXHUHBI HEIUIAIOT JucK. K HeMy moABemnBaoT miatgopmy ¢ rpy3om 1
(muckm Ne50 + No20 + Ne20).

Y cTaHaBIMBAaIOT HAYAJBHYIO aMIUTUTYly KoieOanuii 4g paBHYIO 24 MM.
Jliis 3Toro B 6110k (poTOIATUMKA TOMEIIAIOT BHAYaE IJIACTUHKY U3 OPICTEKIIa
Ne 2, a cBepxy Hee utactuaky Ne 1 (puc. 9). OTnyctuB cronopHsiii BUHT 1 (puc.
8), mepemeniaroT 010K ¢ (OTOAATIMKOM TIO CTOMKE JI0 TE€X MOP MOKa HIKHHUIA Kpai
1aT(OpPMbI HE KOCHETCS TUIACTUHKYU M3 OPTCTEKJIIA, MIOCIE Yero BUHT | 3aKUMaroT.
[TomxumaroT CHU3Y OJIOK BTYJIKOM M (PUKCUPYIOT €€ CTONOPHBIM BUHTOM 2. 3aTeM
YAAISAIOT IJIACTUHKH, a K HIPKHEMY KOHILY HUTH MOJIBEIIMBAIOT BCIIOMOTaTEIbHBIM
rpy3uk. OTnycKaroT BUHT | ¥ myTeM BpauieHust 6J10Ka BOKPYT CTOMKH
yCTaHaBJIMBAIOT HUTh B LICHTPE MAJIOTO OTBEPCTHUS B OCHOBaHUU OJioka. [Tocie
ATOTO BUHT | 38KUMAarOT ¥ CHUMAIOT BCIIOMOTaTeNbHbIN rpy3uk. [Ipubop rotos
WU3MEPEHUSM.

N3mepenus

B3sBumce 3a HUTh, HAUMHAIOT [IABHO PACTATUBATH NPYKUHY. [Ipyxuny
PacTArUBAIOT JI0 T€X MOp, MOKAa HUKHUM Kpal T1aT@opMbl He
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KOCHETCS TJIaCTUHKH ¢ oTBepcTreM. Oco0oe BHUMaHue 00paIiaroT Ha TO, YTOOKI B
MOMEHT KacaHUsl HUTh HaxoAuJach Obl B IeHTpe oTBepcTus. [locie atoro
CBOOOTHOM pyKOM HOXKMMAIOT KHOIIKY ITyCK Ha 3JIEKTPOHHOM CEKYHIOMEpE U
OTITyCKarOT HUTh. [locne ocTaHOBKYU CEeKyHAOMEpa 3aliChIBAOT B Tabiuily 4
yrciio kojaebanuid N u Bpems . [Iporecc nuamepeHwuii MOBTOPSIOT IATh pas. [Ipu
KOJIEOaHMSIX IPy3a Ha TUCK JIEUCTBYET CUJla CONMPOTHUBIICHHS CO CTOPOHBI BO3AyXa
(cuna xuaxoro Tpenus). Cuer BpeMeHH MPEKpaIiaeTcss B TOT MOMEHT, KOT/Ia
aMIUTUTY/a KOJeOaHu YMEHBIIAETCSl HACTOJBKO, YTO TIaTdhopMa MPU CBOEM
JBH>KCHUU BHU3 TIEPECTAET MEPEKPHIBATH JIyd CBETA OT UCTOYHUKA K (DOTOAATUHKY.
B naHHOW yCTaHOBKE 3TO MPOUCXOAUT TP YMEHBIICHUHU aMILUIUTYIbI A, Ha

BEIIMYUHY AA=13,5um.
Cornacuo dopmyiie (26) &= A ,rae N—4ucno kojebaHui, KOTOpoe

n A-AA
COBEPILUJ IPY3 32 BpeMs , B TEUEHHE KOTOPOr0 aMILUIUTYAa YMEHbIINUIIACh Ha
BeMMunHY AA. Mcnonb3ys pe3ynbTaTel u3MepeHuid N u {  BeIMHCISIOT cpeiHee
3Ha4YeHHe nepuoja T U CpelHee 3HaYeHHE JOrapu(MUUECKOro JeKpeMeHTa
3aTyXaHul J,, M 3aHOCAT PE3yJIbTAaThl BHIYMCICHUI B TaOIMILy 4.

Tabauia 4

T,C—cpeonee

O — cpedHull

b, xr/c

JlorapuMUYECKHil IEKPEMEHT 3aTyXaHus O , BOOOLIE rOBOPS, CBA3aH C
ko3 unmeHToM TpeHus D cootHomenneM
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_2M§
T H

b 27)

raie M — Macca koneburonierocs Tena, T — mepuoj kKojaebanwii. B Hamem ciydae
Macca Kojeosomerocs tena M ckiaabiBaeTcs U3 Macchl JUCKA, MACCh
wiatdopmbl ¥ Macchl Tpy3a 1 (cTambHbIX quckoB Ne 50 + Ne 20 + Ne 20), a mepro
KoJieOaHM paBeH cpeaHemMy 3HaueHuto T u3 Tabnauubl 4. [IpuHsAB 3TO BO
BHHUMAaHHE, BBIYUCIISIOT KOADPUIIMEHT TpeHus 1o ¢popmyie.

_2M§
-

cp

b (28)

PGBYJ'IBTaT BBIYMCJICHHS 3aIIMCBIBAIOT B Ta6HI/II_[y 4,

[Ipu oTueTe pe3ynbTaThl K3MEPEHHI NPEICTABISIOTCS IPENOAABATEIIO C
yKa3aHUEM aOCOJIFOTHON M OTHOCUTEIIBHOU OIITHOOK.

Bonpocsl a1 camonpoBepKu

=

Kaxkoe nBmkeHre B MEXaHHUKE Ha3bIBACTCS KOJEOATCIIEHBIM?

KakuMu nmapameTpamu XxapakTepusyeTcsi KojedaTrenbHoe ABUKEHUE?

3. Kaxkue xonebanusi Ha3bIBalOTCs CBOOOAHBIMU? 3aNUIIIUTE YpaBHEHUE
CBOOOJHBIX KoJeOanuii B tuddepeHiunaibion hopme.

4. KakoBa 3aBUCHMOCTH COOCTBEHHOW YaCTOTHI KOJI€OaHU MaTeMaTUYECKOTO
MasiTHUKA OT MapaMeTPOB KOJeOATeIbHONU CUCTEMBI?

5. 3aryxaromue konebanus. Kakoi BeTMYMHON XapaKTepU3yIOTCs
3aTyxarolue Kojaebanus?

6. Kakoii puszuuecknii CMbICT UMeET Jorapu(pMUIECKUil JEKPEMEHT

3aTyXaHus?

no
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