МЕХАНИЧЕСКИЕ КОЛЕБАНИЯ. СВОБОДНЫЕ И ВЫНУЖДЕННЫЕ КОЛЕБАНИЯ. МАТЕМАТИЧЕСКИЙ МАЯТНИК.
Тип занятия: лекция.
Основные вопросы:
1. Что называется колебаниями? Параметры колебаний.
1. Скорость и ускорение при гармонических колебаниях.
1. Математический маятник.
1. Пружинный маятник.
1. Вынужденные колебания. Резонанс.
Литература:
Мякишев Г.Я., Буховцев Б.Б. «Физика. Учебник для 11 класса общеобразовательной средней школы», 2014.
Домашнее задание:
1. Изучить материал лекции, приведенный ниже.
1. Изучить §18-26 учебника. Составить по данным двум источникам конспект.
1. Ответить на контрольные вопросы к §23
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C16/10BATE.TbHO, IIKITIECKAs HACTOTA KOIeGANIIi MATEMATIECKOTO MASITHIIKA, PABHA:

Orciona epion KoeGamIi MATCMATIIECKOTO MAFTHIIKA:

1
T=2m |- 1.95
7 (1.95)

Obparure mumamme, 1o & popayay (1.95) ne BxoauT Macea rpysa. B ormie or npysamioro
MASITHIKA, NEPHO KOJIeBANNI MATEMATIMECKOrO MASTHIKA He 3ABHCHT OT €I MACCHL

1.18.5 CBoBOHEIE U BBIHY/ICHHbIE KOTeBaRMs

ToRopAT, "To CIHCTeMA CORCPIIACT Ca0600NME KOACHINUS, CCH OHA OAHOKPATHO BHIBECACH I3 00~
JKeHI pABHOBECHS 1 B AATbHeiiIleN NpeAoCTAReHa caa cefe. HIKAKI 1EDHOAIMECKIIX BHEMIIX
BOFIEHCTBI CHCTEMA TIDH STOM He HCHBITHIBACT, 1 HUKAKHX BHYTPEHHIX HCTOMHUKOB SHEPIHH, IO
CPARUBAIOIULX KO1CANIS, B CHCTEM HET.

PaccuoTpenibie Ble K07IEBANIS NPYAMURHONO I MATEMATH'IECKOTO MASTHIKOR SBIAIOTCS IDI-
Mepas croGoALIX KoeGamuil.

actora, ¢ KoTopoii COBEPIIAIOTES CROBOANNIE KOICGANIS, NATBACTCS cofemaenoil Macmomoii
xoaeGarexnnofi cnctess. Tax, dopsyst (1.91) u (1.94) aaior cobernenimie (K mrieckie) acTors
KorteBaunit MPYIHHHOTO I MATEMATHHECKOTO MasTHIKOB.

B Iiea IanpOBARKOfi CITYAIUI DI OTCYTCTBIN TPemis CROGOANNIC KO/IEBANIS ABIAIOTCS Heda-
MyTaOUAL, T. e. NMEIOT IOCTOANNYIO AMILIITYAY W /UIATCA HeOIPARINICHHO A0TT0. B peaihihix
KOICGATELHEIX CIHCTeMAX BCErAa IPHCYTCTEYET TPeHite, I03TOMY CEOBOAHLE KoTIeBaMIs HOCTeNeNHO
aaryxator (pic. 1.62).

Puc. 1.62. Baryxasomue xozeBaumns

Bunyorcdennne xonefanus — 310 KoneGains, coneplIACMbIe CHETeMOM H0X Bo3eiCTENeM Brem-
meii citer F(t), nepiojurieck isMensioneiica 5o Bpeseni (Tak nassisaeMoli evnyscdmoueil cuant).

TIpe ooz, 410 cobCTBeNAs HACTOTA Ko/eGaHI CHCTEMEI PABHA Wy, A BLIHYAAIONIAS CILTA
SABICHT OT BPEMEHH 10 TAPMOHITECKOMY JAKORY:

F(t) = Focosut.

B Tesenite HEKOTOPOrO BPEMCHI NPONCKOTIT YCTAHORICHIIE BIHYAICHHEX KoaeGammii: cnctexa
COBEPIIACT CII0AHOC ABIKEHIE, KOTOPOS SKTACTCS! HAOPKEHIOM BHIYIK ICHHBLX 1 CBOGOIHALX Koea-

srit, CBOGOLLE KO1CBANIIR TIOCTEIEHHO JATYXAIOT, 1 B YCTANOBIIBIICACS PEAIME CCTEMA COBEPIIACT
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BLIHYTeHIbIe KOTeGANII, KOTOPHIe TAKIKe OKAIHBAIOTCH TapMomirieckiL. Jacmoma yemanosus-
wuzcs aunyorcdennvi woacbanuii cosnadaem ¢ wacmomoil w ewnycdmouyei cuant (suemsa cita
KAK 61l HARTIBIBEACT CHCTEME CROIO HACTOTY).

AMIUINTYZ YCTAHOBMBINNXCH BUIYAICHHBX KOTGOAHMIl JABUCHT OT YACTOTH By AAIONLCH
. Tpacpik Tofi 3asmemsoern nokazan na pc. 1.63.

A

Puc. 1.63. Pesonanc

Mt B, 9TO BN MACTOTH & = W, HACTYIIACT PEJOMANC — ABICHUC BOIPACTANIS ANILTIL-
Ty BBy RACHEBIX KO7IeGAMMiL, Pesonatcias HacToTa NPHGIGASHIO pania cobcTReRHOf HACTOTe
KoteGammil CHCTEMBL: Wy A% Wo, W 9TO PABCHCTEO BRIIOJHSICTCS TeM TO'Hee, feM MeHbille TPeHie B
cucrene. TIpi OTCYTCTEIN TpeHis Pe3OHARCHAS YACTOTA COBIANACT ¢ COGCTBEHNOI 4ACTOTOI Kolle-
Gamuii, w, = wo, & AMILTNTYAA KO7IEBANNIT BOIPACTACT 10 GeCKORCHHOCTIE IIDI W — L.
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1.18 Mexanuyeckue Kojiebanus

Koaefanus — 3T0 MOBTOpSIONIeCs! Bo BPeMEHH IraMeHeHNS cocTomms cnctest. Tlonsne KkoaeGanmii
OXBATHIBAET OUEHb MHPOKHI KPYT sBTeHHit.

Ko/1eBANIS MEXAHIECKIIX CHCTOM, LTI METANUNCCRUC KoACGINUS — 3TO MEXAHIIIECKO® JBIIKEHIe
“Te/ta I CHCTEAEI Te, KOTOpO® 061 4ACT NOBTOPAICNOCTIO 5O BPEMCHIL 1 IPOHCXOAIT B OKPECTHOCTH
nozomenist pannonecust. [ToA0NCCNUEN PAGHOGECUS HATHIBACTCS TAKOS IOIOACHIE CHCTME, B KOTO-
DOM OHAL MOPKET OCTABATECH €O YTOAHO A0Ar0 (6™l NOMEIEHA B ITO NOJOACHIE B COCTOMIN
noKos)

Hanpinsiep, ecau MaATHIK OTK/IOHHTS 1 OTIYCTHTS, TO HAtHyTes Koeamns. Tlooene pas-
HOBCCHS — 5T0 NO0ACHIE MASITHIKA IPH OTCYTCTRINI OTKIONCRISE. B STOM NOZ0AeHIN MAATHIIK,
G €10 HE TPOFaTh, MOAKET IpeHIEATE CKOTh YroaHo A0ro. TIpi KOIEBAMIAX MASTHIK MHOTO DAz
HPOXOAUT NoMOKeHIe ABHORCCHS.

Cpasy noczie TOro, KaK OTK/IOHGHHEI MASITHIK OTIYCTIIN, OH HAMAJ ABHIATECS, IPOMEN 00~
JKeHHe PABHOBECHS!, JIOCTHT IPOTHEONOI0ZKHOTO KPAIHEro MOJIOACHIs, Ha MIHOBEHIe OCTAHOBILICS B
HEM, ABURYICA B OGPATHOM HANDABIICHILH, CHORA NPOLIE HO/IOPKEHIE PABHOBCCH 1 BOPHYIICS HAZAL.
Conepimitocs 010 naanoe xoacfanue. JJathine STOT Hponeee GYCT MEPHOAIMECKI IORTOPATEC,

Amnaumyda woaeBanuil Texa — 3T0 BTN €0 HANGOILIETO OTKIOHEHIIS OT HIOOAKCHIIA PAR-
nomecis.

epuod woacGanuii T — 510 Bpess omoro nomnoro koneSanms. Moo cKazaTs, To 3a nepioa
Te10 IPOXOUIT IYTh B “eTHpE AMILTHTYS.

Yacmoma woac6anuii v — 1o exruma, oSpatiaz nepnoay: v = 1/T. Uactora wiepserca B
repiax (I') 1 HOKAZMIBACT, CKOTLKO MOTHAIX KOCGANIIi COREPIIACTCA 3A QWY COKYHAY.

1.18.1 Tapmonmeckue KoreSanms

ByJieM CHITATB, 4TO OI0XKeHIe KoJeGIOMerocs: TeJta ONpe/ie/IseTcs: OHO-e/IHCTBeHHO KOOp/it-
narofi z. Tlonowenio pastosecus: oTsetaer maserne 7 = 0. OCHOBHAS 321aA MEXAHUKI B AAHHOM
catysae cocTonT B Haxoxenim by z(t), Aaomeli KOOPARHATY Telia B OGO MOMCHT BpeMeHIL.

L5t MATEMATHYECKOTO OUNCAHNS KoTeGaRI CCTECTRNHO HCNO/TL30BATE TIePHOZIICCKIe pyHK-
1. Taxinx hyHKINt MHOTO, HO /B 163 HIX — CHHYC i KOCHHYC — SIBISOTCS CAMBIMI Bk, Y
HIX MHOFO XOPOIINX CBOMCTE, I OHI TECHO CBSI3AHBI € MINPOKIM KPYTOM (DUBHUECKIX ABIeHil.

Tlockomsky pyHKIUII CHiTYC H KOCHIYC IOy SAIOTCS APYT 113 APYFa CABHIOM AIMeHTa Ha /2,
MOJKHO OFPAHITMHTECS TOTBKO 0RO 113 HirX. Mit /U1st OIe/@/IEHHOCTI Gy/1eM HCHOME30BATE KOCHIYC.

Tapmonusieckue xoaelanus — 310 KoneGans, M KOTOPLIX KOOD/MHATA JABHCHT OT BPEMCHI 10
capaonueckomy saxony:

= Acos(wt +a). (1.83)

BUsCHI CABIC B0 B 9Ty BOPMYITY BeI.

Tonomurensas pemmmma A SBIFETCH HANGOLINIM 10 MOZYIO FHATCHIEM KOODAUHATE (Tax
KAK MAKCHMATBHO® SHA'ICHIE MOAYIS KOCHHYCA PABHO CAMHHI), T. €. HANGOTLIINM OTKIOHCHIM 0T
nonosenns pasnosecnsi, Tlostosy A — asmmrysa koneGamuit.

Aprysent Kocunyca wt +a nassmaercs daaoil KoneGamuit, Bemrimna a, pasnas snatenio dazt
npu ¢ = 0, nassisaetcs nauarvnoil dasoil. Havamuan dasa otsedaer Hauatbuoii KoopuHATe TEA:
2= Acosa.

Bemruuna w nasmpaetcss yuxauseckoii wacmomoi. Haiizén eé ceasn ¢ nepuogon xoneammit T
1 sacroroli v. OaHoMy nomHOMy KoreGamio oTBetaeT Hpupameie ashi, papHoe 27 pajuai:
wT =2, orkyza

(1.84)
(1.85)
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ManepsieTcst UKIIIeCKas MaCTOTa B pai/c (pajan B ceKymHy).
B coosercram ¢ pupaenus (1.81) n (1.85) nosyvaes em@ Ase opsst amicn rapomiie-
cxoro aaxona (1.83):

Acos (% + n) . z= Acos(2nvt +a).

Tpadux by (1.83), BHpazKaoIeli 3ABNCHMOCTS KOODUHATEL OT BPeMEHI IDH TAPMOHITIe-
cxirx KoeanmsIx, npuBeadn na puc. 157,

AAD
VU

Puc. 1.57. Tpachu rapyomrieckirx koneSanuii

Tapyomieckuit saxon sita (1.83) HocH caviit o6uutii xapaxTep. O OTBeYACT, HANDIMEP, Ci-
TyaI, KODAA € MASTHUKOM COBEPIILIN OZHOBPEMCHHO ABA HAMATBHEIX ACHCTBIS: OTKJIOHIIN Ha
BOUNY To I NPHJATH €Y HEKOTODYIO HANATHHYIO CKOPOCTh. VIMEIOTCH ABA BAHBIX MACTHBIX
Clly%as, KO OAHO I3 ITHX JefiCTBIi He COBEPIIAIOCH.

TIycTs MASITHIK OTKOHILII, HO HAYATBHOF CKOPOCTIL He coobmamn (oTnyeTim Ge3 natAThHOl
cxopoctn). Slcio, uT0 B 10N CayuAe To = A, nosToMy MoAHO nozoxiTh o = 0. Mt noyuaes
aaron wocunyca

z= Acoswt.

Tpacpuk rapsomiecKix Ko7eBamIii B 3ToM cay'ae NpeCTARIen Ha pic. 138,

AA
U

Puc. 1.58. 3axon xocmiyea

5§
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JIONyCTI Tereph, 10 MASTHIK He OTKIOHSIN, HO Y{APOM COOGUILIH eMy HATATHHYIO CKOPOCTS
113 o oemst pagHoRecis. B 31ou eayae o = 0, Tax 10 MOAHO noz0AuTE @ = —7/2. Hoxysacs
aaron cunyca:

z= Asinwt.

Tpacuk KoneBamnii npeactarien ua puc. 1.50.

et

Puc. 1.

. Baxon cunyea

1.18.2 VpaBHeHHe rapMOHNYECKNX KoJIeGanuit

Bepniates k obmeny raponimieckonty axony (1.83). Jndibepenmupyest 510 pasercrso:
v =& = = Awsin(wt +a). (1.86)
Teneps ancbcepermupyest noaysenmoe pagencrso (1.56):

= Aw? cos

(wt +a) (187)

Jagaiire conoctanmy pupasenne (1.83) 413 Koopumars u swpaeme (1.87) A1% npoexim
yexopenms. Mt BIUIM, STO IPOEKIIS YCKODOHIIS OTIMMACTCS OT KOOPAUNATH! Il MHOAITeICM
2

. (1.88)

9o cooTHOmenIe NATMEACTCS YpaGNeNUEM zapsoniecKuT Koaeanuil. EXo MoxHo nepenncats
1 B Takos Bie:

a,

4wtz =0. (1.89)

C mateyaTieckoil Tosxn apemns ypasnenie (1.80) smasiercs dudifepenyuanvinst ypacnenu-
e, Pemensm udpepeniuatbubx ypasuenii cayxar by (a ne wucia, Kax » oSurmoi
aureBpe). Tax BOT, MOKHO AOKAIATE, *IT0;

o pemenex ypansenia (1.80) annaercs esxas dynkus pia (1.83) ¢ npomanomsmmi A 1 a;
o HiKaKaz APyTas hYHKIUS PelIeHIIeM AANHOrO YABHCHII He SRIACTCA.

ukasn caonas, coornomenms (1.88), (1.80) omicsmaior rapomieckiie KoeSamist ¢ WIKTe-
cKoii MacToTOl W I ToMBKO MX. JlBe KOHCTARTE! A I 0 ONPEACISIOTCS 113 HAMATBLHELX YCIOBI — 10
HAMATLHBI JHACHIAN KOOD/UIHATEL I CKOPOCTIL
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1.18.3 TIpyummbtii MasTHUK

Mpyorcunnmii masmmuux — 510 3aKPeILIEHHLI HA NPYKUHE TPY3, CHOCOGHBIl coBEPIMATH KoTeGanus
B TODIONTAILHOM I BEPTHKATEHOM HANDABICHIIL

Haii 63 11ePHOA MATHIX FOPIIONTATEREX KoeGamii npysmimoro MasTma (pic. 1.60). Koze-
Gasm GyayT Maua, eciin emmia epOPMAIII IPYIHLL MHOTO Membie o6 pasepos. IIpi
MATEIX ACHOPMAIIISX Mbi MOAeM IOTH30BATECS FaKoon Lyka. ITo IPHEEACT K ToMY, TO Ko7eba-
HIST OKAZKYTCS FAPMONITECKIINIL.

Tpemmest npencGperacat. pya mieet Maccy m, #ScTxoeTs npysuin pazsa k.

Koopauuate z = () 0TEYACT NO0AeHIe PARRORCCI, B KOTOPOM IPYHA He AeopmpoBaa.
CiteaomaTesio, Bemriuma echOpMAIII IPYAHHb PABNA MOAVIO KOODMHATEL FPY3a.

Puc. 1.60. Tpysxmmmsii sasring

B rOpI3IONTAILNOM HAIpARCRII A TPY3 AelicTBYeT ToabKo citta ynpyroctit F o cropoms: npy-
sxanst. Bropoii aaxon Heiotona 415 rpy3a & npoexiuni ua ock X meer pit:

ma, = F, (1.90)

Ecamn x> 0 (rpy3 cMem@n Bupaso, Kax HA PHCYHKE), TO CIUIA YIDYTOCT HAUPABICHA B PO~
‘mBonosomyio cropony, n F, < 0. Haobopor, ecun z < 0, 10 F, > 0. 3uaxi x n F, neb zpess
npoTuRONO0AKHL, n0ITOMY 3axon [YKa MOAKHO JamNCATE Tax:

Fo=—kz.
Torza coornomene (1.90) npunmaet sua;
ma, = —kz

o
k
-
m

a

Mt nozyman ypasnene rapuoniieckinx xoneGammii suza (1.88), B KoTopost

Iukmreckas =acToTa KoeGaMIl IPYAUNHONO MAATHIKA, TAKITM OOPA30M, paBNA:

k
w=ym (1.91)

Orciona 1 12 cooruomentts T = 217/ HAXOUIM ICPHOL FOPIFIONTATHHEX KOTIEBAMII IPYAHHHOTD

T 27[\/% . (1.92)

Ec/m nozsecits rpya na IpyKItie, TO NOAYSITCS NPYAUHHEL MASTHI, COBEPIIAIONULI Ko7eBa-

MasTHIKA:

st B BepTIKATEHOM Hanpanemn. Mosio HOKA3ATS, “ITO 1 B STOM CIy“iae A1 IeHOAA KoeGamit
cnpagezma opatyaa (1.92).
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1.18.4 MaremaTu4ecKuii MagTHUK

Mamesamuseckuil sasmuux — 310 1eGOTLIIOE TeI0, NOBCIIEHNOE KA HEBECOMOH HEPACTKIMOH
wirm (pic. 1.61). MatemaTieckinit MASITHIK MOJKET COBEpHIATS KOeGAMINA B BePTHKATLHOM MT0C-

KOCTH B 1I0J1€ CILIHL TAJKECTIL

Puc. 1.61. Maresarieckuii MasiTuk.

Haiizé nepuoa amix xozeSamuii Matesatieckoro Masrruka. Jmua nurn passa L. Conpo-

THBJIeHIEM BO3AYXA HpeneGperaet
Bammmen a1 vasiTHuKa. BTOpoii 3axon Heiotoma:

mi =mg+T,

1 cnpoexTupyex ero ma oci X
ma, =T,

Ecm MasTHIK 3aIMACT NoM0AenIe KaK Ha preynke (T.e. z > 0), To
. z
T,=-Tsing=-T+
[
Ec/m ke MARTHIK HAXOMITCH 10 APYTYIO CTOORY 0T HOMIoKeHIts pagnoecust (T.e. = < 0), To:
. z
T.=Tsing=-T7
1
T, pi 0G0M H010ACHI MASITHIIKA HateeM:

ma, = —T%. (1.93)

KKOra MASITHIK NOKOITCS B 1I010KCHI PABNORCCHS:, BhinoHexo pagerictso T = mg. TTpm Matsx

KOICBANIIIX, KOTAR OTKIOHEHIIS! MASITHIKA OT [I0/107KCHILS PARHOBECHS MATH (110 CPARHERIO C Ao
sTi), BBOMHeRO NpHGMAKEIHOe panenctro T & mg. Bocnomsayeses mat & doparye (1.93):

ma, mg <
e T

o
9





