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1. CBoOOAHBIC KOJICOAHUSI MATEPHATBHON TOYKH.

[TycTh Ha MaTepHanbHYIO TOUKY AECUCTBYET CUia, IPSIMO MPONOPIHMOHATbHAS
OTKJIOHEHHUIO TOYKH OT IOJIO)KEHUS PABHOBECHS U HAIlpaBJI€HHAs B CTOPOHY, MPO-
THUBOITOJIOAKHYIO 3TOMY OTKJIOHEHHIO (puc.l).

Boccmanagnueatowieni HazpiBaeTcs cuia, CTpeMSIIAsACS BEPHYTh TOUKY B I10-
JIOKEHUE PAaBHOBECHS:

H om
rae ¢ — Kod((HUIUEHT MPONOPIHOHATBHOCTH.

HamnpaBum oCb x 10 TUHUM ACUCTBUS CUJIbI, BEIOpAB HayajI0 OTCYETA B IO-
JIO’KEHUU PaBHOBECHS TOUKH. [[poeKIMs BOCCTaHABIMBAOIIEH CUIIbI HA OCh X

paBHa Fy =—cx.
B HavyanbHBII MOMEHT mnpu ¢ =0, KOOpAMHATA TOYKH X = X), HadajbHas
CKOPOCTh X = X,.
JuddepenunanbHoe ypaBHEHNUE JBUKCHUS

0 F M MaTepUaIbHOW TOYKH O] JEHCTBUEM BOCCTAHABIIH-
¥ BaloIIe CUJIbI UMEET BUJL
< e 2
d x
m—-=—Cx,
Puc.1 dt

Paznenum 06€ yacTu 3TOro ypaBHEHUS Ha m,
0003HaYUM % =k’ B pesynprate mnonyduM AuddepeHnrnaibHoe ypaBHEHNE
JBUXCHUA TOYKU IO HeﬁCTBHeM BOCCTaHaBHI/IBaIOH_[eﬁ CUJIBI.

d*x
b

+k2x=0, (1)

VYpaBuenue (1) — olHOpOHOE JIMHEMHOE ypaBHEHUE BTOpPOro mnopsiaka. Jlis
€ro PpEHIeHUs 3alulIEM COOTBETCTBYIOIIEE XapaKTEPUCTUUYECKOE YpaBHEHUE

r’—k* =0, KopHH KOTOPOro 7, =1 ki.. Tak Kak KODHM XapakTepPHCTUYECKOTO

YpaBHEHUS ¥; U 1, SBISIOTCA MHUMBIMU, TO pelieHue ypaBHenus (3.1) 3anucwiBa-
eTcsl B BUJIE

x =C, coskt + C, sinkt. (2)
OTO peleHre MOKHO TPEACTaBUTh B BUJIE:
x =asin(kt + ). 3)
Pacnumem cuHyc CyMMBI IBYX YIJIOB B ypaBHEHUH (3) U MOJIy4uM

X =acosasinkt +asinacoskt ,



3amenum asina,=C, acosa.=C,, IOJIy4YHM ypaBHeHHEe B popme (2).

Takum oOpazoM, Mmoj JeHCTBUEM BOCCTaHABIMBAIOLIEH CHIIbI MaTepuajbHas
TOYKa COBEPIIAET ABHKECHUE 110 CUHYCOHUIAJIbHOMY 3aKOHY:

x = asin(kt + «).

Takoe nBu:keHHe Ha3bIBaeTCs CBOOOJIHBIMH TapMOHHYECKHMH KoJeda-
HUSIMH MaTePHAJIbHON TOYKH.

['pacdux rapmoHnvecKkux KoyieOaHui MOKa3aH Ha puc. 2.

Amnaumyooii KoneGaHU HA3BIBAETCS MAaKCUMAIbHOE OTKIIOHEHHE TOYKU OT
IIOJIO’KEHUS! paBHOBECHS, paBHOE d.

@daszoi Konedanuil Ha3bIBACTCS ApTyMEHT (kt+ ), TIe @ - HayanvHaa ¢hasza.

¢
Yacrora rapMOHUYECKHUX KojleOanuii k= ,[— . (4)
m

OnpenenuM aMIIMTYAy W HadalbHYO (azy kojedanuil. CkopocTh koneba-
HU paBHA

X = ak cos(kt + ) . (5)

o] | [5X 71\ :

Puc. 3.2

[ToncTaBum B ypaBHeHust (3) u (5) HauaabHbBIE YCIOBUS:
t=0, x=x,, X=X, HOIyYUM:

X, =asinea,

X, =akcosa.

Orcrona

kx
die= s b go =
0 = (6)

Takum O6p330M, aMIIINTya U HaYaJIbHaA (1)2133, OIIPCACIAOTCA HAaYaJIbHBIMU
YCIOBUAMU IBUKCHUA TOYKH

Ilepuooom Konedanuii Ha3bIBACTCS HAUMEHBIINN MPOMEXYTOK BpeMeHU 7,
10 UCTEYEHUIO KOTOPOTO IBUKEHUE TOUKHU MOJTHOCTHIO MOBTOPSAETCS, T.€. TOUKA



mpoxoaruT OJHO U TO KC ITOJIOKCHUC B OJJTHOM U TOM JKC HAIIpABJICHHUH, CJIC10BA-
TCJIbHO, KOOPJAUWHATBI TOYCK 11O UCTCUCHNIO BPCMCHU T COBIIAOAKOT:

x=asin(kt+a)=asin(kt+T+a).

DTO paBEHCTBO CIPABEJINBO, ECIU kt+T+a =kt+a+2r.
CrnenoBartenbHO, IEPHO]] KOJIEOAHUN paBeH

2r
T=—
. 7)
iz
Otkyna i — = (8)

Yacmoma k onpedensem uucino noanslx Konedanuii mMoYKu 3a epems,

pasHnoe 27 ceKyHOam.
YacroTa k He 3aBUCUT OT HAYAJIbHBIX YCIOBHIA JBUKCHHSI, TO3TOMY €€ Ha3bl-
BAIOT COOCHBEHHOU YACMOMOU 2APMOHUUECKUX KOleOaHull

1.1. Koneoanusa zpy3a, no08euieHHO20 HA NPYIHCUHE

% PaccmoTpum IBIKEHUE TPY3a, MOABEIICHHOTO HA TIPYXKHUHE,
KOA((PUIMEHT >KeCTKOCTU KOTOPOU paBeH C (puc.3).
Ha rpy3, mojBelIeHHbBIN Ha IPYXUHE, TEUCTBYIOT CHJIA TSXKe-
CTH M CWJIa YIIPYTOCTH MIPYKUHBI. BenranHa CHUiTbl yIpyrocTH, BO3-
HUKaIoIIeH pu AegopMariu Mpy>KUHBI, TPOMOPIIMOHATIFHA €€ Y/I-
JIMHEHUIO A

Puc.3. F =cA.

Cmamuueckum A, Ha3bIBAETC YUIMHEHUE MPYXXUHBL, TIPH KOTOPOM TIDPY3
HAXOJUTCS B PABHOBECHM. B JaHHOM cllydae cuna ynpyroctu, pasHas I, =cA,,,

B ITOJIOKCHHUU PABHOBCCHS YPAaBHOBCUINBACTCA CHJION TSKECTH: mg = Cﬂ,cm .

m
e ©)
c
PaccMmoTpum aBrkeHUE rpy3a Mocie TOro, Kak OH ObLJI CMEIIEH U3 MOJI0XKe-
s HUSl PAaBHOBECHS U OTIIYLIEH C HAYaJIbHOM CKOPOCTHIO.
[Tpumem rpy3 3a MaTepUaIbHYIO TOUKY, HallpaBUM
OCb X BEpPTUKaJIbHO BHH3, NPHUHSIB 3a Hayallo OTCYETA
MOJIO’KEHUE CTATUYECKOTO PaBHOBECHSI.

OTCIOI[a CTAaTHUYCCKOC YIJIMHCHUC ﬂ’cm

A Eﬂ o
<o [lycTh B HaYadbHBIH MOMEHT BpeMeHH ¢ = ()
~ s TOYKA CMEIIEHAa M3 IIOJIOXKCHUS CTaTHYCCKOTO
= . paBHOBECHS Ha BEIMYMHY X,, a HadaJlbHas CKO-
v Y, POCTb paBHa X, (puc.4).
mg

Puc.4



IIpn oTkiIOHEHMM Tpy3a M OT HOJIOKEHUs CTAaTUYECKOTO PaBHOBECHUS HA Be-
nmnury OM = x, nonHas aedopMarys NPy KUHBI paBHa A = (A, T X), TPOCKIIMS
CWJIBI YIIPYTOCTH Ha OCh X paBHA

F =-c(, +x)

I[BI/I}KGHI/IC TOYKH IIPOHUCXOIUT IIOO ,Z[€I>'ICTBI/ICM ABYX CWII. CHJIBI TAXKCCTU U
BOCCTaHaBHI/IBa}OIueﬁ CHJIBI. 3amuIieM I[I/I(I)(i)epeHHI/IaJII)HOG YPaBHCHUC OJIA 3TOI'O
JABHKCHUS

d’x
m =mg—c(A, +x).
7o (A +X)
[ToncrtaBuM B 3TO ypaBHEHHE 3HAYCHUE =" noJiydeHHOe U3 (HOPMYJIbI
9):
mdzx —mg—E(ﬂ +x)—mg—mg—%x
dt’ A " Aoy
15810
2
d ;C +£ x=0
dt= 4

g
Samenum k° = o> honydnM muddepeHnnanbHoe ypaBHEHUE CBOOOIHBIX

cm
FapMOHUYECKHUX KOJIEOAHMIA:
o

o +k*x=0.

Pemenne 3Toro ypaBHeHus:
x =asin(kt + ).

CrnenoBarenbHO, ABUKEHUE TPY3a, MOJBEIICHHOTO Ha MPYKUHE, NPEICTaBII-
eT co0o0il cCBOOOHBIE TAPMOHMUYECKHE KOJIEOAHUS OTHOCUTENIBHO IMOJIOKEHUS CTa-
TUYECKOTO paBHOBecHs. YacToTa u mepuoj cBOOOJHBIX KoJieOaHUM rpy3a ornpee-

mg
asitotest o popmydiam (5) u (6), mocne mMoACTAaHOBKM B HUX 3HAUEHUS ¢ = u3

cm

dbopmyiisl (9) momyunm

PR 7 o |l

AMIUTUTY1a a ¥ HadainbHas (a3a a 3aBUCST OT HAYAJIbHBIX YCJIOBHM U OMpe-
nensiroTest o Gopmynam (6):

4 kx
a= x§+k—°2, tga:?j,



1.2. IlIpumepuot na c60600HbBlE KO1IeDanUA

Ilpumep 1. T'py3 maccol m TOJABEIIEH HA JBYX ITOCJIEN0BA-
TEIbHO COCIMHEHUHA MPYXKUHAX C Pa3IMYHBIMU KO3 puuueHTamu ¢
KECTKOCTHU ¢; U ¢, (puc.4). OnpenenuTs 4acToTy KosieOaHUM. I1o-
CJIEIOBATEIIbHO COCAVMHEHHBIX NPYXKUHAX ITOJIHOE CTATHYECKOE Y-
JIMHEHUE PAaBHO CyMME YJUIMHEHUN JBYX NPYKHH:

2

A=A, +4

lem 2cm " Puc.4

Cratnyeckoe yJUTMHEHUE KaXKI0M NMPY>KUHBI onpeiensieTcs: Gopmy-

m m
ol (8): Aem = e Aoy = ns

G ¢,

I[lonHOE cTaTMueckoe YIJIMHCHUC BBIPAXKACTCA YCPC3 SKBUBAJICHTHBIN KOB(I)(bI/I-

m
IIUCHT KECTKOCTH JIBYX IPYXUH ¢, 3HAYUT, A = s
c
mg mg mg 1 1 1 _ 464
Torma =—=+ Wi —=—+—,orkyna €=
¢ 6 G c G G ¢ +6

a6

c
Yacmoma konebanuii. ~ k=—=——"——
m  m(c,+c,)

Ilpumep 2. OnpenenuTs SKBUBATICHTHBINA KO3PPUIIMEHT KECTKOCTH JBYX Mapa-
JIeNIbHO COSAMHEHHBIX MPYXKUH C pa3InuHbIMHU KO3 (PUIIMeHTaMu )KECTKOCTH ¢; U

s Co.

€2 L o1 ¢l ITpu napaiiiebHOM COEAUHEHUH MIPYXKUH (puc.3.5) B
II0JIO’KEHUU CTATUYECKOTO PABHOBECUS PE3YIbTHPYIOIIAS

cuna ynpyroctu  F'=F +F,,

Puc.5 Torxa:

C/lcm =C; j~Icm +CZ /120m-

PesynbTupyroniee yIJMHEHUE U YIJIMHEHUST 00€UX MPY>KUH JOJIKHBI OBITh
OIMHAKOBEL: Auw = Arem = Aoem
CnenoBatenpHo, c=c; tc;.



Kpome Toro, Touka, K KOTOPOU NMPUKPEIUIAETCS TPY3, JOJDKHA yAOBIECTBOPATH YCIOBHUIO
paBHOBECHSA, T.€. CYMMa MOMEHTOB CUJI YIIPYTOCTU OTHOCUTEIIBHO TOYKHU 3aKPEIICHUS
rpy3a JoJikHa ObITh paBHA HyMtO: Fl, — F,[, =0.

Ortcrona cnenyer,

/ c

1—2 =—L, T.¢. TOYKA 3aKpEIUICHUS IPy3a JCITUT PACCTOSIHHE MEKIY MPY-
c
1 2

YKUHAMU 00paTHO MPONOPLHOHATBHO KO3 (PHUIIMEHTaM HX KECTKOCTH.

OKoHYaTEIbHO,

IMpumep 3. OnpenenuTs 4acToTy KoneOaHui rpysa, MoABEIIEHHOrO 3a-
KPEIUIEHHOTO Ha JBYX IPYKHHAX ¢ KO3()(OHUIIMEHTaAMH KECTKOCTH C| H Cy,
cl Kak IOKa3aHo Ha puc. 6.
B sToM ciydae ctaTudeckue yIIMHEHHS 00eHuX MPY>KUH OJIH-
HakoBbl. CHJia TSHKECTH TPpy3a YPAaBHOBEITUBACTCS CHIIAMHU YIIPYTO-
e cTh o0eux npyxuH F; =c;Aey 1 Fr= ¢ Acp, 3HAUNT

mﬂ mg =Cy Acm + C j~cm = (CI + CZ) icm-

Puc.6 o _
Otcroaa >KBUBAJICHTHBIN KOA(PHUIIMEHT )KECTKOCTU ¢ = ¢; + C).

YacToTta konebaHuit rpys3a B ’TOM Cilyyae paBHa

o[- e
m m

Ilpumep 4. Ha xoHel npyXUHbBI, 3aKPETVIEHHON Ha IIaJJKON HAKJIIOHHOW MJIOCKOCTH, 0€3
HaYaJIbHOM CKOPOCTH MPUKPEIUIIIOT TIpy3 Maccoi m. KoadduimeHt xecTkocTu mpyKu-
HBI PaBEH C, yroji HakioHa — 3. Omnpenenuts KosiedaHus rpy3a Ha npyxuHe (puc.7).

['py3 coBepiiaeT rapMOHUYECKHE
Kose0aHusl, ypaBHEHUE KOTOPBIX UMEET BUI:

x=asin(kt+a),

re a — aMIUIUTyaa, o — HadanbHas (asa,

C o
k = 1/— — YyacToTa KoJicOaHuH.
m

I'py3 moaBemIMBarOT K KOHILY
HeZiehOpMHUPOBAHHOM NIPYKUHBI, @ HAYAJIO OTCUETa KOOPIMHATHI X BHIOUpAeTCs B
MTOJIOKEHUH CTaTUYECKOr0 PAaBHOBECHSI, CIIEAOBATEIIBHO, HAYAIbHAS KOOPAUHATA
paBHA CTATUYECKOMY YNIMHEHHUIO MIPYKUHBI, B3ITOMY CO 3HAKOM MU-
HyC: X, =—A,, . HaganpHas ckopocth x =0.



OmnpenenuM 3HAYCHUE A, COCTABUB YPABHCHUS pAaBHOBECHsI TPYy3 Ha Ha-

KJIOHHOM IIJIOCKOCTH:
ZFkx =mgsinff-F =0,

[TopcTaBuM B 3TO ypaBHEHUE 3HAYEHUE CUIIbI YIIPYTOCTH B MOJIOKEHUHU CTa-

TUYECKOTO paBHOBecus F, = cl,, , TMOIy4duM
_ mgsin
mgsin f—cA, =0, orciona A, =——.
c
mgsin

.

Jliist onipeiesieHnst aMIUIMTYAbl ¥ Ha4allbHOM (ha3bl MOJCTABUM B BBIPAKECHUS
(3.6) HayaJIbHBIC YCIIOBUS, IOAYYUM d = Aoy, IEX =0, o = 1/2.

OxoHYaTeNIbHO, YPaBHEHHE JIBFDKCHHSI TPy3a 3aIUIIETCS B BUJIE:

: c mg sin [ c
x=-A,sin(,|[—t+7%, )=—-——>——cos,|—t.
en S0y~ A ) . "

CrnenoBarenbHO, HaYaIbHAA KOOpJMHATA X, =

2. Kone0anusi marepuajJbHOM TOYKH NP HAJIHYUM CHJI
CONPOTHUBJICHUA

Ilycth Ha MarepuanbHYIO TOYKY JAEHCTBYIOT BOCCTaHABIIMBAIOIIAs CHJIA
F =-cOM w cuna conpoTuBIEHHS, IIPONOPIHOHAIBHAS CKOPOCTH, R =—fV
(puc.8). Onpenenum IBUKEHUE TOYKHU JJIA CIydasi, KOTJla B HayaJdbHbIA MOMEHT
mpu t=0 x9 =0, x,=V,.
CocraBuM nuddepeHInaIbHOE ypaBHEHHUE JBU-
g E R M - KEHUS TOUKH MOJ] ICUCTBUEM YKA3aHHBIX CHIL:

<
<

2
Prc3.8 d’x :
m—-=-cx— fx.
dt
[IpeoOpasyem 3TO ypaBHEHWE, pa3lenuB HAa m W 0003HAYMB
c
2n=£, k*=—:

m m

¥tonk+k x=0, (10)

VYpasuenue (10) — ogHOponHOe nuHEHOE nuddepeHInaibHOe YpaBHEHHE
BTOPOTO TIOPSJIKA, XapaKTEPUCTHUECKOE ypaBHEHHUE KOTOPOTO WMEET BH/I

2 2
r”+2nr+k” =0. KopHu XapakTepuCTUICCKOTO YPAaBHCHHUS PABHBI

h,=-ntn’—k’. (11)



XapakTep JABMKEHUSI CYHIECTBEHHO 3aBUCUT OT COOTHOIIEHHUS MEXIY BEIH-
yuHaMHu # W k. Paznuuaiorcst Tpu BUIA IBHXKEHUS:
a) n< k— ciaydail MaJgoro COnpoTHBIICHHUS;
0) n = k— npenenpHbIN ClIy4aii;
B) n>k— ciydail 60JIBIIOTO CONPOTUBICHUS/

2.1. 3amyxawuue Koneoanusn
PaccMoTpuM ABMKEHHE MaTEpHAIbHONW TOYKH MPU MaJOM CONPOTHUBIICHUU,

JUIs1 KOToporo n<k.
B sToM ciyuyae kopHHM XapakTepucthuyeckoro ypaBHeHus (11) Oyayt xowm-

IJICKCHBIMU, T.€.
. 2 2
1, =—nxivNk”—n".

CJ'ICI[OBaTeJ'IBHO, YPaBHCHHUC IBHIKCHHA TOUYKH MMCCT BU/J

x=e"(C, cosvVk? —n’t+C,sinVk* —n’1). (12)

I[JI}I OIIPCACICHUA ITOCTOAHHBIX HHTCI'PUPOBAHUA C], C2 BbIYUCIIMM

i=e " (~C VK> —n* sinVk> —n’t + CVk> —n’ cosVk> —n’t) -

(13)
—ne ™ (C, cosvk> —n’t+C,sinVk> —n’t).

[Moxcrasum B (12) u (13) Havanbuble ycnoBus: t = 0, xg = 0, x, =V, .
[Tonyuum
0=C,, V,=C,Nk*—-n’>-nC
VO

orkyna C; =0, C, :ﬁ'

Torma ypaBHeHue NBUKeHUS TOUYKH (12) 3anuiercs B BUe

xze’”Lzsin\/k2 —n’t (14)

1>

k*—n
VO 2 2
OGo3naunm A= pE k,=vk™—n
—n
Torna
= Ae ok (15)

JIBmxeHue rpysa, onuchkiBaeMoe ypaBHeHHeM (15), mpencraBiser coboit 3a-
TyXarolyue KojieOaHusl, TaK Kak npu t— oo x— 0 (puc.9).



Puc.9

9 2 2
YacroTa 3aTyxaroimux Koiebanuii pasaa k, =vk~—n" |

Ilepuooom 3amyxarouwux konevanuii Tc nazvieaemcsa npomexcymox epe-
MEHU MeHcOy 08YMA NOCAE006AMETbHBIMU MAKCUMATbHBIMU OMKIOHEHUAMU
MOYKU 6 00OHOM HANDPAGIEHUU.

PaccmoTrpum aBa mocienoBaTENbHBIX MAaKCUMAaIbHBIX OTKJIOHEHHUS B OJHOM
HaITpaBJICHUU B MOMEHTHI BpeMEHU ¢ U t+1¢ .

B MOMEHTBI MakCUMaJbHBIX OTKJIIOHEHHW CKOPOCTh TOYKHM PaBHA HYIIIO, I10O-
5TOMY B MOMCHT BPEMCHH [

%

x1

k
= —nde ™ coskt +kAe ™ sinkt =0, orkyna gkt =—,

n
B momeHT Bpemenu ¢ +7¢

k
V., =-nde™ cos(kt+T.)+k Ae " sin(k,t+T.)=0, orkyna Igkit=—
n

R

CremoBaTesbHO, tghkt =1g(kit+T,).

PaBHbIE 3HAUEHNUs] TAHTEHCOB TIOBTOPATCS IPU MUHUMAJIBHOW PA3HOCTH 3HAYEHUH
WX apTyMEHTOB, paBHoli 2n: kit + T, — kit =27
27 Wy

3HauurT, T, = —

N3 3T0i (OpMYJIBI CIETYET, YTO NPU HAIMYUU CHIIBI COPOTUBIICHUS nEpuoo
samyxarwwux  Konebanuil 0oabuie nepuooa He3aAmyxXarouwjux Koaeoanui:
. ~-T.

Amnaumyooil 3amyxarowux KojeOanuili Ha3bIBAlOT HAWOOJBIIEE OTKIOHE-
HUE TOYKH OT MOJIOKEHHSI PABHOBECHSL:



o
a=Ade™™

OrnpenenyM OTHOUIEHUE JIBYX CJIEIYIOIIUX OJHA 3a JIPYyrod amIUIMTY] 3ary-

o _ A —nt
xarouux konedanuid. Ilyctb B MOMEHT BpeMeHU t amiutyna 4, = A€ | yepes

IIPOMEKYTOK BPEMEHH, PaBHBIN MOJIOBUHE nepuoaa 1¢/2, aMIUIUTyJa CTAHOBUTCS
paBHOU

—n(t+T—C)
at+T = Ae 2
Torma
TC
e—n(t'f’?) _ni
. i 2
i = yemyE ] (16)

Takum 00pa3oM, OTHOUIEHUE KaXJOW MOCIEIYIONIEH aMIUIUTYAbl 3aTyXaro-
IUX KoJICOAaHWM K MpPEabIaylIed MOCTOSHHO, T.€. MOCeN0BaTelIbHbIC 3HAYCHUS
aMIUTUTY]] COCTABJISIIOT T€OMETPUUYECKYIO MPOTPECCUI0 CO 3HaMeHaTeneM D, Ha3bl-
BACMbIM OCKPEMEHMOM Koaebdanuil U ornpeaensieMbM 1o hopmyse (16).

JIBrxenue, onuchiBaeMoe ypaBHeHuUeM (15), He sBiseTCS MEPUOIUYECKUM,
TaK KakK MOCJIEeI0BATEIbHbIE MAKCUMAJIbHBIE OTKJIOHEHHS TOYKH OT IMOJIOKEHUS
paBHOBECHS YMEHBINAIOTCS.

Takum o00pa3om, BIUSHUE CONPOMUBIEHUA HA C60000HblE KOJ1eOaHUA Ma-
mepuaIbHOll MOYKU BbIPAICACHICA 8 YMEHbUICHUU AMAIIUMYObl NO 3AKOHY 2€0-
MempuuecKkoil npozpeccuu.

2.2. Anepuoouueckoe osurcernue

1. PaccmoTpum moJipoOHO JBMKEHHE MaTEpUAIbHOM TOUYKH MOJ JACHCTBHEM
BOCCTaHABJIMBAIOIIEH CHJIBI U CHJIbI CONTPOTUBIICHUS], TApAMETPhI KOTOPBIX Xapak-
TEepPU3yIOTCs paBeHCTBOM 1 = k. JluddepeHnnanbuoe ypaBHEHHUE 3TOTO JBUKEHUS
npenacrasiieHo ypaBHeHueM (10). KopHu cooTBETCTBYIOMIETO XapaKTEPUCTUUECKO-
ro ypaBHeHus (11) OyayT neliCTBUTEILHBIMHU B PABHBIMU: 7; = ') = N.

CnenoBatenbHo, perienue nuddepennnansuoro ypasuenus (10) 3anumiem B
BUJIC

x=e "(C,+Cy). (17)

CKOpOCTh TOUKH

x=-ne "(C, +C,0)+Cre™ (18)

IMoacrasum B (17) u (.18) HayanbHbIe ycaoBus ¢ = 0, x = x; X =X, | MOIy-
4yuM ypaBHeHHs Jtst onpeaenenus C; u C;.



xg =Cj, Xo=-Cin + C,,
OTKyZa
Ci=xg, C,= X,+ nx.

Takum oOpazoMm, I 3aJaHHBIX HAYaJbHBIX YCIOBUM YpaBHEHUE JABUKEHHS

TOYKH 3aIITMIICTCA B BUAC

x=e ™ (x, +(x, +1x,) 1)

(19)

N3 ypaBuenus (19) cnemyer, 4To ABM>KEHHE TOYKH HE HOCHUT KojieOaTeIbHO-

IO XapakTepa, HO OCTAETCS 3aTyXarolIuM, TaK KaK
npu t— o x—0.

Takoe IBWKEHUE HA3BIBACTCI anepuoouye-
CKUM.

Ha puc. 10 moka3ansl Tpu rpaduka amnepuo-
JUYECKOTO JIBUKEHUSI, COOTBETCTBYIOIIUE Pa3JINY-
HbIM HaYaJbHBIM yCJIOBUSIM.

Ha Bcex Tpex rpadukax HauyalbHOE OTKIIOHE-
HUE TOYKHM OT TOJIOXKEHHUsS paBHOBecus x; > 0.
['paduk a) npencrapisieT coO0M ABUKEHUE TOUKHU

C HaYaJbHOM CKOPOCThIO X, > (). barogapst atoii

CKOPOCTH TOYKa CHadala yJausercs OT IOJO0XKe-
HUSl PaBHOBECHS, a 3aT€M IOJ JEHCTBUEM BOCCTa-
HABJIMBAWOIIEH CWIbl  NPUONMKAECTCA K HEMY.
I'padux b) COOTBETCTBYET ABUKEHUIO TOYKH C
JOCTAaTOYHO OOJIBLION M0 BeIMYME HadaJlbHOU
CKOPOCTBIO X, HANpPaBICHHON MPOTHBOIOIOXHO
Ha4aJIbHOMY OTKJIOHEHHUIO Xy. B 3TOM ciydae To4-
Ka MOXXET COBEPIINUTH OJMH IEPEXOJ Yepe3 IOJIo-
YKEHUE PABHOBECHS, a 3aT€M NMPHUOJIU3UTHCS K ITO-
My moJiokeHuto. I'paduk ¢) cOOTBETCTBYET ABH-

X0

X0

Xo

Puc.10

KCHUIO, ITPU KOTOPOM CKOPOCTH X, IIPOTHBOIIOJIOXKHA 110 HAIIPABJICHUIO X), HO HEC-

BCJIMKA I10 BCJIMYHNHC.

2. Cnyuait 601v11020 conpomuenenusn (n> k). B atom ciryqae 00a KopHs Xa-

pakTepucTuyeckoro ypaBHeHus (11) OyayT oTpuIiaTeIbHBIMU:

v, =-ntn’ —k>.

Pemenue quddepennmansaoro ypaBuenus (3.10) 3anmuchiBacTCsl B BUJIE

t t
x=ce' +ce”
niimn



2 2 2 2
xze_m(Cle n" -k Z+C2e_ —kt

).

[Tocrosinuble nHTErpUpoBanus C; u C, ONpEeAeNsoTCs MO HayalbHBIM YCIIO-
BUSIM.

JIBrKE€HUE TOYKHM B 3TOM CIIy4yae TaKXke SIBJISETCS allepUOJUYECKUM, TaK Kak
npu t— oo, x—0.

['paduk Takoro MABMXKEHHS B 3aBUCHMOCTU OT HayajbHBIX YCIOBUH MOXKET
MMETh OJIMH W3 TPEX BUJOB, PEICTABIECHHBIX HA puc.3.10.

3. BoIHY:K/IeHHbIe KOJIeOaHusl

PaccmoTpum nBU>KEHUE MaTEepUaIbHONM TOYKM B TOM Clly4yae, KOTJla Ha Hee,
KPOME BOCCTAHABJIUBAIOLIEN CUIIbl F =—-cOM , JeHCTBYyeT BO3MYILAMONIAs CHiIa
P, IEPUOIUYECKH M3MEHSIOIIAACSA C TEYCHHEM BpeMEHM. IIyCTh MPOEKIUS ITOM
CHUJIBI Ha OCh X, BJIOJIb KOTOPOM COBEpIIACTCS JBMKCHHUE MaTEpPHATbHON TOYKH,
M3MEHSETCS IO TApMOHUYECKOMY 3aKkoHy (puc.11).

P.= Hsin pt (20)
rae H — MakcuManabHOE 3HAYEHUE MPOCKIUU CUJIbI P,; p —4YacToTa BO3MYIIAIOMIEH
CHJIBI.

CocraBum quddepeHnuanbHoe ypaBHEHHE TOUKH, HAXOISAIIEHCs 0T IEHCTBUEM
YKa3aHHBIX CHUJI:
2

x .
0 r M__ P m——-=—cx— H sin pt
I x | g dt
Puc.3. 11

[Tocne nmpeoOpazoBaHuii:

¥+k*x = hsin pt (21)
c H
B sTOoM ypaBHEHUMU: k*=—, h=—
m m

OObmiee penieHre HEOTHOPOAHOTO ypaBHEeHUs (21) paBHO X = X; + X,
/i€ X; — 001Iee PeNIeHe COOTBETCTBYIONIETO OJTHOPOIHOTO A depeHITNaTLHOTO

. 2
ypaBueHusi X+k“x =0, a x,—gactHoe pemenune ypaBuerus (21).
.. 2
Perenre oqHOPOIHOrO ypaBHeHus X +k°x =0 3anuimem B Buze

x, =C,sinkt+ C, coskt (22)



YacTHoe pellieHre X, ONMPEAENSIETCS B 3aBUCUMOCTH OT COOTHOUIEHHUS YaCTOThI
BO3MYIIAIOUIEH CUJIBI p U YACTOThI COOCTBEHHBIX KOJIeOaHUH £.

[TycTh yacToTa BO3MYIIAIONIEH CHIIBI HE paBHA YaCTOTE COOCTBEHHBIX KOJIEOaHUM.

Jlns 3Hauennit p # k  4dactHoe penienue nuddepeHunanbHoro ypasaenus (21) B
COOTBETCTBHH C BUJIOM (DYHKIIHH, CTOSIIIICH B MPaBOii €ro YaCTH ypaBHEHUS, Clie-
JyeT UcKaTh B hopme

X, = Asin(pt+y). (23)

VYpaBHenue (23) onucbiBaeT rapMOHUYECKHE KOJIEOAaHUsl C 4acTOTOM, paBHOM Yac-
TOTE BO3MYILIAIOIIEH CUIIBI.

Konebanus mamepuanvhoii mouxku, npoucxooaujue ¢ 4acmomaoi 603my-
wiarouieil cuibl, Ha3bl8AIONCA BLIHYHCOCHHBIMU.

A — aMIIIUTy1a BEIHYKICHHBIX KOJieOaHuil; Y - HauanbHas (asa.
Onpenenum nocrosiHabie A U y. Hailnem BTOpYyr0 MPOU3BOIHYIO IO BPEMEHU
OT X!

¥, =—p’Asin(pt+y),
[ToncraBum 3HaueHus x, U X, B ypaBHeHue (21):

— p*Asin(pt + y)+ k> Asin( pt + y) = hsin pt
17001
A(k* — p*)sin ptcosy + A(k* — p*)cos ptsin y = hsin pt (24)

Ilonyuennoe pagencmeo cnpagediugo npu awoom t, Umo 603MONHCHO npu
DAGHBIX KOIPPuuyuenmax, cmoawux npu 0OUHAKOBHIX MPULOHOMEMPUYECKUX
dynKkyuax e npaeoil u 1e60i €20 Yacmsax:

A(k* = p*)cosy =h, (25)
A(k* — p*)siny =0, (26)

U3 ypaBuenus (26) cnemyert, uro sin y = 0, 3TOMy paBEHCTBY YJOBIIETBOPS-
IOT /IBa 3Ha4eHus HadanbHOM Qase: ¥ =0, ¥ =7 . VYuureBas paBeHCTBO
(25), 3axmouaem, uro Y =0 mpu ycnoBuu, 4to p <k . B 3TOM crmydae BeIHYXk-
JIEHHBIE KoJIeOaHUs COBNAJAIOT 1O (haze ¢ BO3MYIIAOINIeH cuinoit. [ komebanuid,
IMPOUCXOSIINX C YaCTOTOM p > K, (a3za BBIHYKIECHHBIX KOJIeOaHUN OTINYAETCA OT
(a3bl BO3MYIIAIOICH CHIIBI HA BEJIMYUHY T.

Takum oOpa3om, B ciiyyae BBIHYXKICHHBIX KOJICOAHUI Majoil 4acTOThl TOYKA
BCETJla OTKJIOHEHA OT Hayaja KOOPAUHAT B Ty K€ CTOPOHY, KyZia B JJAaHHBI MOMEHT



HampaBiieHa BO3MYyIIAtonas cuia. B ciydae BBIHYKICHHBIX KOJIeOaHHM OONbIION
4acTOThI B JIFOOOW MOMEHT BPEMEHU OTKJIOHEHHWE TOYKH Om Hauala omcuema
IIPOTUBOIIOJIOKHO HAIIPABIICHUIO BO3MYIIAIOIIEH CHJIBI.

W3 ypaBHeHus (25) noaydaeM 3HaYEHUE NIl aMIUIATYAbl BBIHYXICHHBIX KO-
ne0aHui

h

e @

CnepnoBarenbHO, YpaBHEHHE BBIHYKICHHBIX KOeOaHu st p < k u s p > k,
MOKET OBITh 3aIIMCaHO B BUJE

x2=

h .
—k2 ~ p2 sin pt. (28)

[ToacraBum 3HaueHus x, =C sinkt+C,coskt u X, = kz—zsin pt. B 00-
4
miee pemeHue x = x; + x, ypasHenus (3.21):

x =C,sinkt+ Czcoskt+rhpzsin pt (29)

Onpenenum B ypaBHeHuu (3.29) nocrosuusie uaterpupoBanus C; u C,. Jns
HTOTO BBIYUCIUM MTPOU3BOJIHYIO

X= Clkcoskt—Czksinkt+%cos pt (30)
¥ ToZICTaBUM B BhIpaxkenus (3.29) u (3.30) nauansnbie yenosus ¢ = 0, x = X,
X=X,:
Xg=Cy. %o =Cik+—"2—
X, p h

OTKYyJla CIZT_;W’ C, = xp.

VYpaBHeHue OBWKEHUS TOUKH (29) mpuHUMAaET BU]T

X=1x, coskt+x70sinkt—£L2sinkt+kzh—2sinpt. (31)

k*—p -p
ﬂeu;)lcenue MOUYKU AeJiAemcA pe3lebmam0M mpex deu.)fcenuﬁ:

1) cBOOOIHBIX KOJIEOaHUH, BO3HUKAIOIIUX IO IEWCTBHEM Ha TOYKY BOCCTa-
HAaBJIMBAIOILIECH CUJIbI IPU HAYAIBHBIX YCIOBUSX X = X, X = X; U HE 3aBUCSIIUX
OT BO3MYUIAOIIEH CHJIBIL:



X, .
X, =x, coskt+—-Lsinkt
11 0 k 2

2) KonebaHuil, UMEIOIINX COOCTBEHHYIO YaCTOTY K, aMIUIMTYJa KOTOPBIX
OTIpeIeTISIeTCS BO3ACMCTBUEM BO3MYIIAIOIIEH CHIIBI M HE 3aBHCHUT OT Ha4aJlbHBIX
YCIIOBUU:

h :
X, = —Bﬁsm kt
b
kk —p
3) BBIHYKJIEHHBIX KOJIEOaHUH, MPOUCXOSIINX C YACTOTON BO3MYIIIAIOIIEH
CWJIBI U HE 3aBUCSIIIIUX OT HAYaJbHbBIX YCIIOBHI:

h )
mSln pt

Xy, =

3.1. Buenus

PaccmoTpuM ABM>KEHME TOYKH MO IEMCTBUEM BOCCTAHABJIMBAIOIIECH U BO3-
MYIIAIOMIEH CUJT TPU YaCTOTE BO3MYIIAIOIICH CUITBI p, OJIM3KOH K YacToTe coOCT-
BEHHBIX KOJICOaHUH k.

IIpu HyneBbIX HayaldbHEIX ycnousax X, =0, X, =0 ypasnenue (31) npu-
HUMAaET BUJT

x———Lsinkt—i—Lsin t 32
k k2 _p2 k2 _p2 p : ( )

N3 ypasHeHus (32) caeayer, 4TO M MIPHU HYJIEBBIX HAYAIBHBIX YCIOBUSX JIBH-
KEHUE TOUYKH SIBJIICTCSI PE3YyJIbTATOM CIIOKCHHS JBYX KoieOanui. IlepBoe cia-
racMoe 3TOr0 YpaBHECHHS OMHUCHIBACT KOJICOAHMS, IPOUCXOSIINE ¢ COOCTBCHHOU
4acTOTOH k:

h .
X, = —£—2s1nkt_

kk*—p

AMIUTMTY1a 9TUX KOJieOaHWM HE 3aBUCUT OT HaYaJIbHBIX YCJIOBHIA.
Btopoe cnaraemMoe onuchIBacT BBIHYKICHHBIC KOJICOAHUS, MPOUCXOISAIINE C
4aCTOTOM BO3MYIIAIOIIEH CHUJIBL:
—h sin pt
pt.
kZ _pZ
[TycTh yacToTa BO3MYIIAIONICH CUJIBI OJIM3Ka K 4acCTOT€ COOCTBEHHBIX KOJie-

X, =

OaHUM TOYKH, T.€. IPUMEM % ~1 U ¢ ydeTom 3Toro npeodpazyem ypaBHeHue (32)

X = —ka—pZSil’l kt-i‘kzl_/l—pZSil’l pl = Hf—z(Sil’l pt—Sil’l kt) =
h . p—k p+k . p—k
=2 sin t)cos )=2 sin t)cos pt.
Ry ( 5 )cos( 5 ) R ( 5 )Cos p



\4

A

Puc.12

I/ITaK, YPaBHCHUC ABUKCHUA TOYKH IPUHHUMACT BUA

h : -k
X=2—— sm(p t)cos pt.
k>—p 2
JIBI>KeHME, COOTBETCTBYIOIIEE 3TOMY YPaBHEHUIO, IIPEACTABISAET COOOM KO-
nebaHus, MPOUCXOIAIINE C YaCTOTON BO3MYyIIarolel cuiibl p. Ilepuos aTux Koie-

-P
HACTCA IO IICPUOJUICCKOMY 3aKOHY, 4aCTOTA USMCHCHUSA aMIIMTYAbl paBHA

o 2 o : —
OaHUll paBeH 7 = ?ﬁ, aMIUIMTyJa KOJIeOaHuii, paBHas 2 PERp. s1n(p 5 ), Me-

p—k 4 -

5 »@ TIEPHOJL €€ H3MEHEHN T, = ot Taxum oOpaszom, 11t p =k 1nepuos
p —

N3MCHCHHUA aMl'IJ'II/ITy,Z[BI TA 3HAUYUTCIIBHO HpCBBIIIIaeT HepI/IO,Z[ KOHC6aHI/Iﬁ T. TaKOG

JBNXCHHUEC HA3BIBACTCA 6ueﬂuﬂmu, l"pa(bI/IK 9TOr'o IABHMXCHUIA IIOKA3aH Ha pI/IC. 12

3.2. BvinyscoenHnuvle Konebanus: Koyghpguyuenm ouHamuyHocmu

[TonpoOHO ncciaeayeM BBIHYKIEHHBIE KOJICOAHNUsI, OTTMChIBACMbIC YPABHEHU-
em (28):

mSin pt

x2=

h
2 2

e
BO3MYIIAOIIEH CHJIBI p U YaCTOThI COOCTBEHHBIX KoyeOanuit k. O003HAYNM z =
p/k, BennunHa z Ha3bIBaeTCs KOAGOUIIMEHTOM PaCCTPONKH.

UccnenyeMm 3asucumocmo amniaumyost 6bIHYHCOCHHBIX KOJI€OAHUIL OM KO-
appuyuenma paccmpoiiku z = p/k.

[IpeoOpazyem BeIpakeHUE, TTOTYICHHOE TSI aMIUTATYIbI:

AMIUIUTY1a BBIHYKJIEHHBIX KOJIeOaHu! A= 3aBUCHUT OT YaCTOTEI



A h H X,

‘kz—pz‘zc 1_pf2 B ‘l—z2

k2

b

rae X, = H/c - Benuunna cmamuueckozo omknonenus TOUKU TOJ AeHCTBUEM

MTOCTOSTHHOM CHJIBI .
OnpenenuM OTHOIICHHE aMIUTUTYIbl BBIHYXJACHHBIX KOJIEOAHUN K BEJIMYMHE

CTATUHECKOTO OTKIOHEHHS TOYKH, HA3hIBAEMOE

KoI(hpuyuenmom ounamuynocmu:

A 1

‘L[:—:—
2
xcm ‘I_Z‘

Koaddumuent nuHaMUYIHOCTH TTOKa3bIBa-
€T, BO CKOJIbKO pa3 aMIUIUTYJa BbIHYXJICHHBIX
KOJ€OaHU MPEBBIIIAET CTATUYECKOE OTKJIOHE-
Hue Touku. [loctpoum rpaduk 3aBUCUMOCTU KO- 7
s duienTa TUHAMUYHOCTH OT Kod(dduimeHta
pacctpoiiku z=p/k. W3 rpaduka (puc.13) ciue-
IyeT, 4To TIpu  p—> k Kod(pPUIIMEHT AUHAMUY-
HOCTH PE3KO BO3pACTaET, CJIeI0BATEIbLHO, BO3pAcTaeT aMIUIUTYa Koiebanuii. [Ipu
p<<k aMIIUTyZa HE3HAYNUTEIBHO OTINYAETCS OT X, , IPU p>>k aMIIUTYya CTa-
HOBUTCS OYEHb MaJIOH.

Puc. 13

3.3. Pe3onanc

PaccMoTpuM IBM)KEHHME TOYKHA B TOM CiIydae, KOTJIa 9YacTOTa BO3MYIIAOIICH
CUJIbI paBHA YaCTOTE COOCTBEHHBIX KoJieOaHuil, T.€. nipu p = k.

Aesnenue cognadenus uacmom 603mymatomeit CUbl U COOCMBEHHBIX KO-
Jlebanuil Ha3zvléaemcs PE3OHAHCOM.

Huddepennmansuoe ypaBuenue (21) ABUKEHUS TOUKH MO IEUCTBUEM BOC-
CTaHABJIMBAIOLIECH U BO3MYILAOLIECH CUII UMEET BUJL

¥+k*x = hsin pt (21)
YacTHOe pellieHe 3TOT0 YpaBHEHUs TPHU pe30HaHce (kK = p) cleayeT UCKaTh
B BUJIC:

X, = Atsin(pt +y).

J{ns onpeneneHnss NOCTOSIHHBIX A M 7 BBIYKCIMM CHA4daljla BTOPYIO MPOU3BOJ-
HYIO X, .



X, = Asin(pt +y)+ Atpcos(pt+y),
¥, =2Apcos(pt+y)— Atp> sin(pt + ).
[ToxcTaBuM 3HaueHus x U X B ypaBHeHue (3.21):
2Ap cos( pt + ) — Atp* sin( pt + ) + Atk * sin( pt + ) = hsin pt .
3neck p = k, 3HAUUT
2Apcos(pt+y)=hsin pt,

7
7
WU 2N ﬂ

2Apcos ptcosy —2Apsin ptsiny = hsin pt . A/ﬁ

7
//
3 A\
TO PaBEHCTBO YAOBJIETBOPSIETCS TO- ~\U
KICCTBEHHO, €CITU PaBHBI KOA(PPUITUEHTHI, > d

CTOSIIME TIEPE]] OJMHAKOBBIMU TPUTOHO- ~o
METPHYECKUMH (DYHKIMSAMH B JICBOM H \\& o 2p
IPaBoii €ro 4acTsX: ~el

—2A4psiny =h, 2Apcosy =0, Puc.14

h
Orcrozia, npuanmas, uto A > 0, monyyaem A= Eys =- 2.

p
OKOHYATeIbHO YPABHEHUE BBIHYKICHHBIX KOJIECOAHUH NIPU PE30HAHCE IPUHUMAET
BUJ

X —itsin( t—z)——itcos t
2 2p p 5 2p pt.

Kak ciemyeT u3 3TOro ypaBHEHUS aMIUTATY1a BBIHYKICHHBIX KOJICOAHUH, C
TEUEHUEM BPEMEHU HEOTPAHUUYEHHO BO3PACTAET, MPUUYEM POCT aMILIUTYIbI IPO-
nopuroHaieH BpeMeHu (puc.14). YacTora u mepruoa BBIHYKIEHHBIX KoJIeOaHUI
IPU PE30HAHCE PABHBI YACTOTE MEPUOAa CBOOOIHBIX TAPMOHUUECKUX KOJIeOaHul, a
¢aza konebaHu MO OTHOIICHHIO K (pa3e BO3MYIIAIOIICH CHIIbI OTCTAET Ha 71/2.



3.4. Boinyscoennsle Konedbanus ¢ yuemom cuiibl CONpoOmueieHus

PaccMoTpumM npsSMOJIMHENHOE IBUKEHHE MAaTEpUATbHONM TOYKH, HA KOTOPYIO
HeﬁCTBYIOT TpI/I CHJIBI. BOCCTaHaBJIMBAaromias Cujiia, Cujia COHpOTI/IBJ'ICHI/IH, HpOCK-
dx
ITUY KOTOPBIX HAa OCh X paBHBl Fy =—cx, R, =—uV, =- ,u? , U BO3MYILArOIIAs
t

CHJIa, M3MEHSIONIAsCS [0 TapMOHUUECKOMY 3akoHy P, = H sin pt . Jludpdepenim-
aIbHOE YpaBHEHUE JBIKCHUSI TOUKA HUMEET BUJL

mdzx——cx— @+Hsin t
ar Har P
d*x . dx . H
3aMeHUM —— =X, —— =X, 0003Ha4YUM 2n = ﬁ, k* = £, h =—, momy4aum
dt dt m m m
¥ +2nx% + k*x = hsin pt (33)

VYpaBuenue (33) sBAsieTCS HEOAHOPOIHBIM JIMHEUHBIM YpaBHEHUEM, €TO pe-
nieHue naercs Gopmyson x =x; +x,, BKOTOpOH Xx; — oOIiee perieHue o-

HOPOXHOTO AU(EePeHINATBHOT0 ypaBHeHns X + 2nx +k°x =0, x,— gacTHoe
peuienue ypaBuenus (33).
Ipu k >n oOluiee pemieHne 0JHOPOTHOTO YPABHEHHUS

x, =e " (C, cosVk® —n® t+C,sinVk* —n* 1) (34)

IpeaCTaBiIsIeT cO00H ypaBHEHHE 3aTyXarOMIMX KOoJIeOaHHil.
Yactroe pemenne ypaBHeHus (33) Haxoaum B (hopMe MpaBoOi YacTH:

X, =Asin(pt+y) (35)
VYpaBuenue (35) sBisieTcsi ypaBHEHHEM BBIHYXACHHBIX KOJeOaHU MaTepu-
aJIbHOM TOYKH, MPOUCXOIALINX C YaCTOTOM BO3MYIIAOLIEH cuiibl p. Onpeaenum
aMILUIUTYly A 1 HauyalbHYIO (Da3y Y BHIHYKJIECHHBIX KOJICOaHUMH, JI 4Yero HaleM

MIEPBYIO U BTOPYIO MPOU3BOIHBIC OT X, IO BPEMEHH | MOJICTABUM UX 3HAYCHUS B
ypaBHenue (33):

X, = pAcos(pt+y), ¥, =—p’Asin(pt+7y).
— p*Asin(pt + y) +2n pAcos(pt + y) + k> Asin(pt + y) = hsin pt . (36)
[Tonoxum pt+y =@, Torna pt=@—y , cleIoBaTelIbHO,
sin pt =sin(@ — ) =sin ¢ cos ¥ —cos @ sin y .

[ToncraBuM HOBBIE NTepeMeHHbIE B ypaBHEeHHE (36):



— p*Asing+2n pAcosp + k> Asing = hsingcosy —hcos@sin y
170107
A(k* — p*)sing +2n pAcose = hsingcosy —hcosgsiny .

[TpupaBHsieM K03(h(UIMEHTHI, CTOALIME B JIEBOM U MPAaBOX YacTIX ypaBHE-
Hus (36), Ipy OAMHAKOBBIX TPUTOHOMETPUUYECKUX (DYHKIIMSIX:

A(k* = p*)=hcosy,
2Anp = —hsiny .

BO3B€I[GM B KBaJpaT KaxKa0€ U3 3TUX ypaBHCHI/Iﬁ H CJI0XHM HX:

A* (K> = p*) +44°p*n° =h .

Orcrona
A= h . (37)
\/(kz _pz)z —4n2p2
Pa3znenuB BTOpO€ ypaBHEHUE HA MIEPBOEC, MOTYIUM
2np
gy = m (38)
Torna
h .
sin(pt +7) (39)

X, =
2 \/(kz—p2)2+4n2p2

Tenepp ob1Iee penienne x =x;+x; nudpdepeHnuanpHoro ypasaenus (3.33)
MO>KHO 3amucaTh B BUJE

_ , h .
xX= e m(Cl cosVk? —n’t+C,sinVk> —n’t) + sin(pt+y)

\/(kz _pz)z +4n2p2

(40)

Takum 00pa3oM, IBUKEHNE MAaTEPUATIbHON TOUKH, KaK CIEyEeT U3 ypPaBHEHUS

(40), ckmamplBaeTCA M3 3aTyXAlOIMUX KojIeOaHuWii ¢ 4acTotoil k. =Vk*—n’ wu
BBIHY’KJIEHHBIX KOJIEOAHUN C 4acTOTOM Bo3MyIIaromieit cuisl p. [lepBoe nBukeHue

CO BPpCMCHCM 3aTyXacT, U OCHOBHBLIM JIBHMKCHHCM OCTAIOTCA BBIHYKIACHHBLIC KOJIC-

OaHus ¢ YaCTOTOU p U HaualbHOU (pa3oi 7.



YCTaHOBUM 3aBUCHMOCThH aMILIUTYIBI BBIHYKIIEHHBIX KOJI€OAHUU OT KOd(-
. V4 2
duMenHTa paccTpoku z = T Paznenum Ha k° yucnuTenb U 3HaMeHATeNnb GopMy-

7wl (3.37), onpenensroniei 3HaYeHUE aMIUTATYIbI:

h
_ k’
L ENTE (41)
) e
H 5 c
h=—, k" =—, toraga unciaurenas BeIpaxkeHus (41) MpUBOAUTCS K BUIY:
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OHpeI[eJII/IM OTHOHMICHUC aMINUIUTYAbl BBIHYKACHHBIX KOJIEOAHHMI K BEIUYHMHE
CTATUYCCKOIo ICPEMCIICHUA, KOTOPOC HA3bIBACTCA OUHAMUYECKUM K09d)¢uuu-

eHmom L.

uo A 1 ~ 1
X,, (I_£)2+4££ Ja=22)? +4p7 22
= Kk

(42)

Hccnenyem xapakTep U3MEHEHHS ( B 3aBUCUMOCTH OT z NMPU KOHKPETHOM
3HaYeHUU [, W MOCTPOUM COOTBeTCTBYMOIME rpaduku (puc.15). Kak cnexyer u3
rpaduka Mpu MaJibIX 3HaYeHUsAX z ( p>> k) BenmuunHa g =1, ¥ aMIUTUTY1a BEIHYX-
JEHHBIX KOJIeOaHM! MPAKTUUECKU PaBHA CTATUYECKOMY OTKIOHEHHI0O A= X,,.
IIpn z =1 (p = k) BenuunHA 1 UMEET MAKCUMYM, IPU STOM YEM MEHbILIE COMPO-
TUBJIEHUE, TEM CHJIbHEE BO3PACTAET aMILIUTYAA.

Urak, nBr>keHrE MaTepHUaib-
I HOW TOYKH, HA KOTOPYIO JEUCTBY-
10T BOCCTAaHABIIMBAOIIAS CHIIA,
CHJIa COPOTUBIICHUS, TIPOTIOP-
MOHAJIbHASI CKOPOCTH, U BO3MY-
Haronias CUiIa, MpeaCcTaBIIsIeT CO-
00l HaAJOXEHUE BBIHYKICHHBIX
KoJeOaHMi Ha 3aTyxarolue. 3ary-
Xaroume KouedaHus ¢ TeYeHUEM
BpeMeHU npekpainarorcs. [lpu yc-
TaHOBUBILIEMCS PEXKUME Yepe3
JIOCTATOYHO OOJIBIION TIPOMEXKY-
TOK BPEMEHHU OCTaHYTCS TOJIBKO

Jlunus MAKCUMYMOEB

Puc. 15



BBIHYKJICHHBIC KOHe6aHI/I$I, ONnpcCACIIKICMbIC YPABHCHHUCM
h

2 \/(kz _p?) +dntp?
YpaBHEHNE MOKA3BIBAET, YTO BHIHYKICHHBIC KOJICOAHMSI MaTePUATBPHOU TOY-
KW TIPU HAJIMYUHU CHJIBI CONTPOTUBIICHHUS, TTPOIIOPIIMOHATIEHON CKOPOCTH, SIBIISIFOTCS
TrapMOHUYECKUMH, TaK KaK aMIUIMTYJa X C TCUYEHHWEM BPEMEHU HE M3MEHSCTCH,
T.€. BBIHY)KJICHHBIE KOJICOAHUS HE 3aTyXarT. DTHM BBIHYKJICHHBIE KOJICOAHUS CY-
IICCTBEHHO OTJIMYAIOTCS OT CBOOOJHBIX KOJICOAHUM, KOTOPBIC 3aTyXaloT Jake Mpu
HE3HAYNTEILHOM CONPOTUBIICHNU. YacToTa M Meprol BRIHYKIACHHBIX KOJICOaHUH
IPY HAJIMYUU COMPOTHBJICHUS PaBHBI YacTOTE W TICPHOIY HM3MEHEHHUS BO3MY-
IIAIOIICH CUJIBI, T.C. CHJIa CONPOTHUBIICHHUS HE BIIMSICT HA YAaCTOTY M IEPHUO/] BHIHY-
JKIEHHBIX KOJIEOaHMIA.

sin(pt+7).

KOHTpOJILHLIe BOIIPOCHI 110 TEME

«Kose0anusa MaTepuajJbHOH TOUKID)

Kakast cuna Ha3pIBaeTCs BOCCTaHABJIMBAIOIIEH ?

3anucaTh AU PepeHnanbHoe ypaBHEHUE IBUKEHUE TOUKH MO 1EHCTBU-

€M BOCCTaHaBJIMBAIOLIEH CHJIBI.

3. Kakoe nBmkeHHe COBEpIIaeT TOUKA MO JSHCTBUEM BOCCTaHABIMBAIOIICH
CUJIBI?

4. 3amnucarh ypaBHEHUE CBOOOIHBIX TAPMOHUYECKUX KOJICOAHMIA.

5. Haueptuth rpaduk cBOOOJHBIX TAPMOHHUECKUX KOJICOAHHIA.

6. UTo Ha3bIBAETCS AMILUIUTYAOW CBOOOJIHBIX TAPMOHMYECKUX KOJIeOaHUI?

7. Urto Ha3bIBaeTCs HA4aIbHOU (Da30li TapMOHHUYECKUX KOJIeOaHMit?

8

9.

1

N —

. Uemy paBHa 4acTOTa TApMOHUYECKUX KOJeOaHUN?
UTto Ha3bIBaETCS MEPUOJIOM FAPMOHUYECKUX KOJIEOaHUM?
0.Kakue 13 nepeyrcieHHbIX BEJIMYUH 3aBUCAT OT HAYaJIbHBIX YCIOBUM: aM-
IUIMTYJa, HadyajbHas (a3a, 4yacTtoTa, Nepruoj rapMOHUYECKUX KoJieOaHuM ?
11.ITox neiicTBUEM KaKUX CHUJI TOYKA COBEpIIACT 3aTyXarollue KojeoaHus?
12.HauepTtuTte rpaduk 3aTyXarmmux KojaeOaHuii.
13.3anucate quddepeHnranbHoe YpaBHEHHE 3aTyXaOMUX KOJIEOaHUH.
14.3anucath ypaBHEHUE ABMKCHUS TOUKH MPHU 3aTyXAONINX KOJICOaHUSX.
15.Yt0 Ha3bIBaETCS aMIUIUTYIO0M 3aTyXaIOMIUX KOJeOaHui?
16.Uemy paBeH nepuo/1 3aTyXaromux KoieOanui?
17.CpaBHUTE TIEPHO]] TAPMOHUIECKUX KOJICOAHUH C TIEPHOIOM 3aTyXarOIINX
KOJICOaHMIA.
18.Yto Ha3pIBaeTCs JEKPEMEHTOM KOJICOaHH?



19.Kak nBmxercs ToYKa Mo AEMCTBUEM BOCCTAHABIMBAIOLIEH CUJIBI B CIIy-
yae O0JIBIIOrO CONPOTUBIICHUA?

20.Kakoe nBukeHHE HA3bIBAECTCS allEPUOUIECKUM?

21.1lox neicTBUEM KaKUX CHJI TOYKA COBEPIIAET BHIHYK/ICHHBIC KOJICOaHM?

22.4YT10 Ha3bIBAETCS BOCCTAHABIMBAOLIEH CHIION?

23.3anucars quddepeHIraIbHbIe YpaBHEHNS BBIHYKICHHBIX KoJeOaHui 6e3
ydeTa CUJI COIIPOTUBIICHUS.

24. 3anucaTh ypaBHEHUE BBIHYKJIEHHBIX KOJICOaHUH.

25.C KaKoil 4aCTOTOM MPOUCXOIAT BBIHYK/IECHHbIE KOJIECOaHNs TOUKH?

26.Yt0 Ha3bIBaETCS pE30HAHCOM ?

27.Haueprtute rpaduk M3MEHEHUS aMIUIUTYAbI 17151 BRIHYK/IEHHBIX KosieOa-
HUU IIPU OTCYTCTBUM CUJI COIPOTUBIICHUS.

28.Kak BiIMsIeT Ha PE30HAHC CUJIa CONTPOTHUBIICHUSA?

29.Yt0 Ha3bIBaeTCsI OUEHUSIMU?

30.ITox mericTBMEM KakMX CHJI M ITPU KAKHUX HAYaJIbHBIX YCIOBUAX BO3HUKAIOT
ouenus?

31. Hapucyiite rpapuk OueHui.
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