JIABOPATOPHAS PABOTA Ne 1 4
MEXAHUYECKHUE KOJIEBAHUSA
10.B.Tuxomupos

O3HakoMbTeCh C Teopuel B koHcnekTe U yueOHuke (Casenwes, 1.1, § 49, 50, 53,
58). 3anycture nporpammy PHYSICS\BOOKS.exe. IllenkaiiTe MbIIIBIO HA KHOM-
Ke «l» cIpaBa BHHU3Y, IMOKa HE MOSIBUTCS KHOMKAa «CBOOOJIHBIC W BBIHYXJICHHBIC
kosnebanms». Haxmure ee u kaonky «®Pusukay. [IpounTtaiite Teopuio Ha SKpaHe.
[HEJIb PABOTbI:

* Bbe100op ¢pu3nuecKux MOJENEeH s aHaIu3a ABMKEHUS Tell.

* HMccnenoBanue IBUKEHUA TeJa MOJI ACHCTBUEM KBa3UYIPYTOM CHUIIBI.

* DKCHEPUMEHTAIBHOE ONpPEEIECHUE 3aBUCUMOCTH 4YaCTOThl KOJIEOAHUN OT
MapaMeTpPOB CUCTEMBI.
KPATKASA TEOPUS:
KOJIEBAHUE - nepuoandecku noropsitonieecs npuxenus: tena. [IEPUO/ T -
MUHUMAJILHOE BpPeMsi, 4epe3 KOTOPOe JBUKEHUE TTOJHOCTHIO TOBTOPSIETCS.
I'APMOHHNYECKOE KOJIEBAHUE - aBueHue, npy KOTOPOM KOOpAMHATA Teja
MEHSETCS CO BPEMEHEM M0 3aKOHY CUHYca WK KocuHyca: A = AgCos(W ott 0 ).
OCHOBHBIMH XapaKTEPUCTUKAMU TAPMOHUYECKUX KOJICOAHUN SBIISIOTCS:
AMIUINTY A A, — MakcuMaIbHOE 3HAaYEHHE TTapaMmeTpa A.
HMUKIIMYECKAS YACTOTA cobcTBeHHBIX KoJle0aHUW Gy - B 2TI pa3 Ooibias
OOBIYHOM WK JTMHEHHON YacToThl V = 1/T (V - 4KCI0 MOTHBIX KOJeOaHul 3a eu-
HUITY BPEMEHH ).
DA3A (ot + ¢) — 3HAUEHUE apTyMEHTa KOCHHYCA.
HAYAJIbBHAS ®A3A ¢, — 3HaueHne aprymeHnTa kocuayca mnpu t = 0.
JNODOEPEHIIMAJIBHOE YPABHEHUE cBOGOAHBIX TapMOHMYECKHUX KoJieOa-

HUW mapamerpa A: +WgA =0, CBOOONHBIX 3aTYXalOIMUX KOJIEOAHMIA:

d’A
dt?
MATEMATHUYECKUI MASTHUK (MM) u ITPYXKMHHBII MASTHUK (ITM)
sto MOJIEJIN 00BeKTOB, B KOTOPBIX MOTYT MPOUCXOAUTh FTAPMOHUYECKHE KOJIe-
OaHwusl.

MM »sT10 MarepuanbHas TOYKa, MOJABEIICHHAs HA UJIeaIbHOM (HEBECOMOM U Hepac-
TSYKUMOW ) HUTH.

[IM 310 MatepuanbHasi TOUKa, IPUKPEIJIEHHAS K U€aIbHON (HEBECOMOW U MOIUYU-
Hawonieics 3akony ['yka) npyxune. @opMymibl A1 () B 3TUX CUCTEMaX BBITTUIINTE
U3 KOHCIIEKTa WK y4eOHHUKa.

3AJJAHUE: BoiBegure popmy.ry A5l HUKIMYECKONH YaACTOTHI CBOOOAHBIX KO-
Je0aHuil KyOMKa HA NpPY/KMHeE, JIeXKAINEero HAa TOPU30HTAJIbHON a0COJI0THO
IJIAJIKOM MOBEPXHOCTH.

YKA3AHUWS: Bemummre dopmyny mmst Broporo 3akona Herotona. [loacraBere B
HEE BCE pealibHbIC CHUJIbI, JEHCTBYIOIIME Ha KyOUK. CIPOEKTUPYHTE MOTyYEHHOE

dA
+ 2B o + WA =0, e B - ko3 uIMeHT 3aTyXaHuS .



BEKTOPHOE YPAaBHEHHE HA BEPTUKAIBHYIO M FOPU30HTAIBHYIO ocu. IIpoBens Tox-
JICCTBEHHBIC MPEe0oOpa3oBaHus, MOJYyUYUTE ypaBHEHHUE, MOX0kee Ha auddepeHim-
QIbHOE ypaBHEHUE CBOOOIHBIX KoJjieOaHuU. KOHCTaHTy, SBIISIFOLIYIOCS MHOMXH-
TeNeM nepen A, NpUpaBHANTE K KBAAPaTy LMUKINYECKOW YaCTOTHI, OTKYAA MOJIy4H-
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METOJIUKA u IIOPAJIOK NI3MEPEHUI

Haxxmute mbiiibio KHONKY «CTapT» B BEpXHEH 4acTH SKpaHa MOHUTOPA.

HaxxaB MbllIbl0, BBIOEPUTE IKCIEPUMEHT C MAaTeMaTHYECKUM (FapMOHUYECKHM)
MasTHUKOM. 3apUCYHUTE C SKpaHa MOHHMTOpPA MOJI€ JBUKEHHUSA TeJla C PEryIsiTopaMu
COOTBETCTBYIOIIUX MapaMeTpPoB (YKaKUTE, UTO OHU PETrYyJIMPYIOT). 3aTeM, HaXU-
Mas nocienoBareabHo KHOonkH «Coaepkanue», «CBOOOIHbIE U BBIHYK/IEHHbIE KO-
nebanus», «[IpyXKUHHBIA MaITHUK» BBIOEPUTE IKCIIEPUMEHT C MPYKUHHBIM MasT-
HUKOM M CHIEJIANTE TO K€ CaMOe.

JKCHEPUMEHT 1.

Haxwumaiite mocnenoBarensHo kHonku «Copepxkanue», «CBOOOJHBIE U BBIHY-
KICHHBIE KoJieOaHMs», «['apMOHMUYECKUN MAasTHHK». Y CTAaHOBUTE C ITOMOIIBIO
JIBUKKOB PETYJIATOPOB MAaKCHUMAJIbHYIO JJIMHY HUTU L u 3HaueHust kosdduimenta
3aTyXaHus ¥ HA4aJIbHOTO yTJia, yKa3aHHbIe B Ta0M. 1 jyuist Bamieit Opurassbl.
Haxwumas mpiubio Ha KHONKY «CTAPT) BHH3Y Ha 3KpaHe MOHUTOPA, CIEINUTE 32
MOCTPOCHUEM T'Ppa(UKOB yTiia U CKOPOCTH (CIpaBa BBEPXY) U 3a MOBEJCHUEM MasiT-
Huka. [loTpeHupyiTecs, OCTaHaBIMBas ABMKEHHE KHONKOM «Pause» Ha kinaBuary-
pe (BepXHUl psij, clipaBa), U 3aIlycKas Jajnee KiaBuuleil mpooen (camas JUIMHHAs
BHU3Y KJIaBHATyphbl). M3MepsiiTe Bpems (0Tpe30K JnHelKkoi no ocu OX ¢ yuetom
MacuTadba) v MoJACYUTHIBAUTE YMCIIO TOJTHBIX KOJIECOAHUI.

IHonyuure y npenogaBareisi A0NMYCK ISl BHINOJHEHUS U3MEPEHUIl.
[Ipucrynaiite Kk u3MepeHusIM JUTeIbHOCTH t st N (3-5) monaHbIX KosieOaHMi, Ha-
YuHasA ¢ MaKCUMalbHOM JIUHBI (150 cM) HUTH MasiTHUKA U YMEHbIIAS €€ KaX bl
pa3 Ha 10 cM (g0 MunumanbHOM mnuHbl 80 cMm). JInuny HUTH L 1 pe3ynbTaThl U3-



MEpPEHHH JUTUTEILHOCTH t 3alMChIBaiiTe B TaOMUIy 2, 00pa3ell KOTOPOM MpHBEICH
HUKE.

IKCIIEPUMEHT 2

Haxwmute kHonku «Coaepxanue», «CBOOOJHBIE U BBIHYKJIEHHbBIE KOJIEOAHUS» H
«I'py3 Ha npyxuHe». YCTaHOBUTE MAKCUMAJIBHYIO MacCy Ipy3a, a TaKXKe 3Hade-
HUE K03 PUIMEHTa 3aTyXaHusd U HayalbHOE CMEICHUE, yKa3aHHble B Ta0d. 1 s
Baied Opurajel. [IpoBeauTe M3MepeHus, aHAIOTUYHbIE YKCIIEPUMEHTY 1, yMEHb-
masi KO3 UIHUEHT XKecTKOCTH K Kax bl pa3 Ha 1 H/m.

Taoauna 1. 3navenus kodpPuunenrTa 3aryxanus (BI3KOro TpeHusi), HAYAIb-
HOI'0 YIJIa OTKJIOHEHHUs (A5 IePBOro IKCIEPMMEHTa) U HAYaJIbHOI'0 OTKJIOHE-
HHs (1JI BTOPOIO).

Homep | B | ap | Xo | Homep B |ao| Xo
Opurajibl (cm) | Opurabl (cm
1 0.081 20| 10 5 0.08 | 14 7
2 0.07]1 18| 9 6 0.07 | 16 8
3 0.06] 16 | 8 7 0.06 | 18 9
4 0.05] 14| 7 8 0.05 [ 20] 10
Taoauna 2. Pe3yabTarhbl H3MepeHni (KOJINYeCTBO H3MEPEHUI M CTPOK = 8)
Howmep N=
mmepenns | L(m) | t(c) | T(c) T*(c?)
1 1.5
2 1.4
g(m/c?)
Taoauuna 3. Pe3yabrarbl H13MepeHH (KOJINYeCTBO U3MEPEHU U CTPOK = 6)
Howmep N=
m3mepenns | k(H/m) | t(c) | T(c) | w(l/c) | w(1/c?)
1 5
2 6

OBPABOTKA PE3YJbBTATOB U OPOPMJIEHUE OTYETA:

1. Borunciure TpedyeMble BEIUYUHBI U 3aII0JHUTh TaOIUIBI 2 U 3.

2. [TocTpoiiTe rpaduku 3aBUCUMOCTH

* KBaJipaTa nepuoja KojaebdaHui oT JJIMHBI HUTU MM,

* KBaJipaTa MUKINICCKON YaCTOTHI KOJICOAHUI OT )KECTKOCTH MPYKUHBI [TM.

3. ITo nakony rpaduka T = f(L) onpenenure 3Ha4eHUE g, UCIIOB3Ys POPMY -

B AL
ny g —.4T[2A(T2)

4. [Ipoananu3upyiTe OTBET U rpaPUKH.

. Ouenure abCOMIIOTHYIO OLIMOKY OIpeAesIeHUs g.



Bonpoch! 1 3a1aHus 1)1 CAMOKOHTPOJIsSI 10 padote 1 4

Yro Takoe konedanue?

JlaliTe onpesiesieHre neprojia KojieOaHui.

JaiiTe ornpeaeneHrne 4acToThl KOJeOaHUM.

JlaliTe onpeiesieHre TApPMOHUYECKUX KOJIeOaHUH.

3anuiuTe 3aKOH 3aBUCUMOCTH OT BPEMEHH XapaKTePUCTUKU A, cOBepllIarolen

rapMOHUYECKOE KosiebaTeIbHOe U3MEHEHHE.

3anumure 3aKoH ABwkeHuss M T, coBepiiaronieit rapMoOHUYECKUE KOoJIeOaHus.

JlaiiTe ornpeaeneHre aMIUTUTY Ibl TApMOHUYECKUX KOJIeOaHUH.

Haiite onpenenenue (ha3pl rapMOHUUECKUX KOJIECOAHUIA.

9. [aiiTe onpenenenre HaYaIbHOUW (a3bl TApMOHUYECKUX KOJICOaHUH.

10.Hanummre ypaBHEHUE CBS3U YaCTOTHI U MIEPUO/Ia TAPMOHUUYECKUX KOJICOaHUH.

l1.Hanumure ypaBHEHME CBS3M YaCTOTHl M LMKIMYECKOW YaCTOTHI FapMOHWYE-
CKUX KOJIEOaHUN.

12.Hanumure Gopmyity 3aBucuMocTtd ckopoctd MT ot BpeMeHu Ipu rapMOHUYE-
CKHMX KOJIeOaHUSIX.

13.Hanumure ypaBHEHHs CBSI3UM aAMIUIUTYAbl CKOPOCTH M aMIUIUTYJIbI CMEIEHUS
pu rapMoHrueckux kojedbanusx MT.

14.Hanumure dhopmyiny 3aBUCUMOCTH yckopeHuss MT oT BpeMeHH Mpu TapMOHU-
YECKUX KOJICOAHHUSX.

15.Hanumnre ypaBHEHUSI CBA3M AMIUIMTY]IbI CKOPOCTU M aMILIUTY]Ibl YCKOPEHUS
pu rapMoHnYeckux kojedanusx MT.

16.Hanumute ypaBHEHUS CBSI3M aMIUIMTY]Ibl CMENIEHUS U aMIUTUTYAbl YCKOPEHUS
pu rapMoHNYecKuX kojieoanusx MT.

17.Hanumnre auddepeHunanbHoe ypaBHEHHE CBOOOIHBIX TAPMOHUYECKHX KOJIE-
O0anuit MT.

18.Hanumure nuddepeHuranibHoe ypaBHEHHE CBOOOAHBIX 3aTyXaroIIUX KoJjieba-
Huii MT.

19.Yto onpenensier koahHUIMEHT 3aTyXaHus?

20.1aiiTe onpeaeneHne MaTeEMaTHYECKOTO MasiTHUKA.

21.3anumute Gpopmyily HUKINYECKONH YaCTOTHl CBOOOAHBIX KOJIEOaHUI MaTeMaTu-
YECKOr0 MasiTHHKA.

22.JlaitTe onpeneneHne NpyKUHHOTO MasiTHUKA.

23.3anumute GopMyITy IUKIUYECKON YacTOThl CBOOOJHBIX KOJ€OaHUN MPY>KUH-
HOTO MasITHUKA.

24 Kakwue mporiecchl MPOUCXOAST MPU BBIHYKICHHBIX KOJICOaHUIX?

25.49t1o Takoe pe3oHaHC?

26.1Tpu KakoM 3aTyxaHUU PE30HAHC OyJeT Ooiee pe3KUM?
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