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Bsoanble 3amMevyaHus

Cpeiy pas/JHuHEIX CHJ, KOTOPHE MOTYT JefCTBOBAThL Ha Marepit-
AJBHYI0 TOUKY, 0co6oe MeCTO 3aHHMAIOT BOCCMAHABAUBQIOULILE CUAYL,
T.e. CUJB, CTpPeMSAINHecs BEPHYTb TOUKY B TOJOXKEHHE pPaBHOBECHA.
Takue CHABI 3aBHCSIT OT OTKJOHEHUS TOUKHM OT MOJOMKERHS DaBHOBECHSA
W HanpaBJeHbl K [OJIOKEHHIO DaBHOBECHS,

Kak Mbl yBHAMM HHXKE, BOCCTAHABJAMBAIOIHE CHJBI NPHIAANOT JBH-
JKEHHIO MaTepHalbHOR TOURM KoaebamesbHbii  xapaxmep. Tlpupoaa
5THX CMJ BeckMa paswooGpasHa. Tpu cdyvas noxasaHsl Ha puc. 2.1,
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Puc. 2.1

B nepBoM cayuae (puc. 2.1, @) BoccranaBiIMBaiowas cuaa ofycio-
BJE€Ha VIOPYrUMH CBOHCTBAMHM NPYKHHEI H BO3HHKAaeT BCJEICTBHE jle-
dopmanun  npyxuuel. Bo sropom cayuae (puc. 2.1, 6) Ipu BepTHKA/bL-
HBIX OTKJOHEHMSIX MNJIABAIONEro [OHTOHA OT [OJOXKEHHS pPAaBHOBECHH
BO3HYKAeT [ONOJHHTEeJNbNAs (apXuMejOBa) Cua, TaK:ke HalpasjieHHas
ﬁp()'l‘HB OTKJ/JIOHEHHA H Hrparouas poJb BOCCTaHaBJ'IHBa}OHLGIjI CHJIBLI.
B tpetvem cayuae (puc. 2.1, ) umeercs B BHAY MaTepHaJbHasd TOUKA,
HaXONsAasacs B UPAMOJIUHEHHOM CKBO3HOM KaHaje, KOTOPBIH MPOXOANT
BUYTpH 3eman. Ecau Teso OTKAOHEHO OT TNOJAOXKEHHSA paBHOBeCHSA,
BO3HHKAET COCTABJAOIAS CHJABL NPUTSIKEHHSA, HANpaB/JAeHHAs K II0JO-
MEHUIO DABHOBECHS.

O,CLHaKO, KpOMe BOCCTaHaBJ/AMBAOUIHX Cua, B HOIIO6H})IX caydganx
OAHOBPEMEHHO IefiCTBYIOT, KaK [PABUJO, TaKXKE CUASL CORPOMUBAEHUSA
R (%), 3aBucsliiie OT CKOPOCTH ABHIKEHHH, TAKOBO B cxeme puc. 2.1, a
TpeHHEe MexIAy TeJaOM U FOp!ifSO}XTaJIbHOFI IOBEPXHOCTbIO, B CXeMe
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puc. 2.1, 6 — saBucsillee OT CKOPOCTH CONPOTHBJEHHE BOAH, B CXeMe
puc. 2.1, 6 — CONpOTHBJIEHHE BO31YXa H TpeHUE CKOJbKeHnd. Hakonen,
BO3MOXKHO, YTO K MarepHaJbHOH TOYKE MNPHJAOKEHa 603MYyujarouios
cusa, T, €. Cwja, ABJAIOLIAACH 3afaHHON (yHKUHell BpeMeHH.

Hacrosmas roaBa nocBsIeHa CHCTEMAaTHYECKOMY HCCAELOBaHHIO
BCEX BADHAHTOB COYETAHUS YKA3aHHHX CHJ B CJAyyae NPsIMOJHHEAHOTO
IBHIKEHUS MaTepHalbHON TOUkH. XOTH 3Ta 3ajaya NpPeACTaB/sAeT Npak-
THYECKMHA HHTepec W cama no cebe, HO euie GoJee BaxKHO, 4TO €€ penie-
HHE MOXHO INOYTH 6e3 BCSIKHX H3MEHEHHH HCNOAb30BaTh JAAS MHOTHX
ApYrHX cAydaeB KoJeGaHHH.

Jleo B TOM, UTO pasjuuHble MO CBOEMY (PU3HUECKOMY COAEPKaHHIO
xojeGatejibHble SIBJEHHS ONUCHIBAIOTCS OJMHAKOBEIMH JAH(Q(epeHuHaNs-
HEIMH YDaBHEHHMSIMH, NO3TOMY BBIBOABI, [OJYYEHHbLI€ TIPH H3YYEHHH
KonebaTeNIbHOrO IBHIKEHHA B KaKOH-MuGO oAHOH 06aacTH, MOryT ObITh
NCNOJAb30BaHLL H B llpyl"HX obaacTsax.

Ta6anua l

. Huddepenunanbice HanmeHoranne BHAA
HAedeTRyromme CHitni ypasHenue wosJeGanui
Boceranasaupaiomwas cuaIa mi+-ecx=10 CroGoasne Kohebanns
F (x):
Fyp= —cx
Boceranasansatonlas [WRE] mif i+ cx=0 Cpoboaubie koneGannn npu
F (%) + cuna conpoTuBneHns HaJU3MU BA3KOIO Tpenns
R {x):
Fy= —cx, Ry==-—bi
Boccranasanpaoilan CHJIa mi -+ cx = Qyx () Brinysiennpie KoaeGauuns
F (x) -+ Bosmywaomas cn-
aa @ ()
Fy= —cx, Q= Qx (¥
Boccranapausaiomas cuaa | mE -+ bx -+ cx = Qy (1) | Brinyxaennuie xoneGanua
F (x) 4 cuna CONpOTHBJIe- NPH HaJAHYHH BH3IKOTO Tpe-
uus R (&) + Boamymaiomas HHA
cuaa Q (f):
Fyx= —cx, Ry (8) = —b%,
Q= Qc (D)

HanGonee npocTel Ajs8 HCCJAENOBaHHA Te Cly4daH KosebaTe/bHbIX
JABUKEHHHA, KOTAa BOCCTaHaBJHMBalomlasi CHJIa NponopuroHadbHa OTKAO+
HEHUIO TOYKH OT NOJOXKEHHS paBHOBeCHA, a CHJA CONPOTHBACHUA NPO-
TOPUNOHANbHA CKOPOCTH TOYKH. CoOTBETCTBEHHO OpPOEKHHH BOCCTaHa-
BJAHBAIOLLEH CHUJBL N CHJDLI CONPOTHBJIEHHA Ha OCbh X HMEIT BHJ

Fy =—¢x, R, = —bx.



§ 2.2} CBOBOJAHBIE KOJEBAHUSA

B stux cayuamx nuddepeninaibHble YDPAaBHCHHS ABIIKEHHS AuHedHst;
COOTBETCTBEHHO Takue KOoJAeGaHWs TaKke HA3LIBAOTCH 2uHelinbimu *).

B 3aBHCHMOCTH OT TOro, Kakasfd KoOMOMHalUfA CUN JeficTBYeT Ha
MaTepHaNbHYIO TOYKY, KOJeOaTeJbHOE )IBH2KCHHE NPHOGPeTaeT Te WY
UHbie THNHYHBIE ocofeHHOCTH. B rtabsiuue 1 nasa cBoJIKa pas/HYHLIX
H3yYyaeMblX B JajbHeflueM THIIOB JMHEeHHBIX KoJaefaHui.

BoamoxHBI ¥ GOJlee ClOXKHBIE Ciy9aW, KOTAa CHJAA 3dBHCHT OJHO-
BpeMEHHO OT KOODJMHATHL X M BpPeMeHH [ u He MOXxeT ObTb npejcra-
BJieHa B BHAe cyMmmbl F, (x) v Q. ({), a TakKe KOrZa CH/I2a 3aBUCHT OT
KOODAWHATBL X M CKOPOCTH X, NPHUEM CHJIY HEAb3$ NPEICTABHTH KaK
cymmy F (x) u R (X). Dtn cnyuau 30ecb He PacCMaTpPHBAIOTCA.

§ 2.2. CsoGopnbie KoJNebaHus

Paccmatpusaemas 3ajaya  XapakTepusyercs TeM, 9YTO Ha Mare-
PHANBHYIO TOUKY JeHCTBYeT TOJBKO B0CCIAHAGAUBAIOW,AR CUAQ, B Jid-
HEeHHBIX 3ajayax €e MOIYJb MPONOPUHOHAJNEH OTKJOHEHHIO TOYKH OT
nojoxeHns pasHoBechd. [Ipoexlus BocCCTaHABAUBAIOMEH CHABL H4
OCb X paBHA

F, = —cx, 2.0
LAe ¢ — KO3(pHUHEHT mMpoNOopIUOHANBHOCTH, a LgupdepenlinanbHoe
ypaBHEHHE ABHKEHHA TOUKY HMeeT BUJ

mE = —cx.
IMonowus ¢o/m = K, nonyuum

4 Bx =0, (2.2)
Taxum oOpazom, ABHuXeHHe MATEPHANBHOH TOYKH Moj AeHCTBHEM BOC-
CTaHaBAUBAIOMEN CHJBL ONNCHLIBACTCHA JVHEHHLIM OZHOPOAHBIM AH(ie-
PEHUMANBHBIM YPAaBHEHHEM BTOPOTO NOPfAAKA € MOCTOSHHBIMH KO3(-
unueHTaMH.

XapakrepucTuieckoe ypaBHeHHe 3TOro [udpepeHHUMaNLHOTO ypas-
HEHUS NMeeT BHJ

o + & =0.
Tak Kak ero KOPHH — 4HCTO MHHMBIC 4MCAA: O == ki, O = —Fki,
T0 ofwum pemenuem anpdepenuuanbHoro ypastenua (2.2) Gyxer
x = C, cos kt 4 C, sin k4, 2.3

rie C, u C, — noCTOsIHHBIE HHTETPHPOBAHHS.
Huasa Goabiiero ypo6CTBa aHafiu3a STOrO PEIIEHUA BBEJEM HOBBIE
MOCTOSIHHbIE MHTErPUPOBAHUA a H &€, HOJONKHBE

C, =asine, C, =acose,
310 MOXKHO cAedaTh, TAK KAK H3 3THX COOTHOWUEHMHE MOCTOMHHBIE
o'y & onpeneasiorcs gepes C; n Cp ¢ NOMOUbIO POPMYA

a=VC+C, tge=C,C,

*) Tepmun ¢nuueitunie KoseGaHusy HHKAK HE CBA3AH C NMPAMOTHHCAHOCTHIO Tpaek-
TOPHH TOYKH M OMPEAENAETCA HCK/IOUHTELHO JIUHEHHOCTIO AM(XDEpeHIHANBHBIX YDPaB-
Heauft, i
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Torpa
X =acos e sin kf 4+ a sin & cos kf,
WU
x =@ sin (kt -+ &). (2.4)

. TlocTosinuble g ¥ & (uau nocrosHHsie C; n C,) onpexensiiores sajaH-
HBIMH{ HaYaJIbHBIMH YCAOBHSAMU — HauaJbHLEIM TOJOKEHHEM H Hadaslb-
HOIl CKOPOCTBbIO ABMKYINEHCH TOYKH.

Taxkum o6pasom, nop AefictBHeM BOCCTAHABJHBAWOHIEH CHJBI Mare-
pHasZpHasi TOMKa COBeplIaeT ABHIXKEHHE HO CHHYCOHJANbHOMY 32KOHY,
T. €. FapMoOHHYeckoe KoJebaTeqbHOe jBHmeHHe, Takme xonebannd
HAa3LIBAIOTCA CB0600HbIMIL KOACOAHUAMY. '

Ws ypaBhenus (2.4) euano, 4ro HauGosibliee OTKJIOHCHUE MaTe-
pPHAJBHON TOYKH OT HOJOXKEHHS paBHOBeCHs (amnaumyda rkoaebariil)
paBHoO a.

Apryment (k! + &) HasbiBaeTcst ¢pa3oli koseGanuil, a BeAUYHHA & —
nauarvrold azoll.

Benuunna k nasmiBaerca yeaoeod #acmomod Konebauuit u omnpeje-
JISIET YuC/O KoJeGanuil, coBepiiaeMbiXx TOUKOH 3a 2n cexyHA. B aanb-
HefiueM BeNMUMHY k I/ KpaTKOCTH OyJieM HasblBaTh NPOCTO Hachiomoll.
Uacrora KoneGaHuil £ He 3aBUCHT OT HauaJbHLIX YCJAOBHE M ompene-
JII€TCS TOJBKC mapaMerpamu cucTembl (Benuyunamu ¢ u m). [lo stomy
NPU3HAKY YaCcTOTy CBOGOIHBIX KOJEGaHHH Ha3LIBAIOT TaKXKe COOCMBEH-
roti wacmomoii.

Jas onpenpeneHds aMIVIMTYAB M HayaslbHOH ¢a3nl KonebaHHA Boc-
HOJIb3YEMCSl HQUAAbHbIMU YCAOBUAMY, KOTODLlE JOJKHBI OBITH 3alalinl
(B DNpoTHBHOM CNyuae KoJeGaTelbHBIH IPOHECC HE MNONHOCTBIO Onpe-
penen). Ilycte B HayalbHEIE MOMeHT { = ( H3BECTHHl HayaJbHOE 1N0J0-
JKEHHE MaTEepPHaJbHOH TOYKM X = X, M HaUajdbHas -CKOPOCTb ¥ = X,.
Torma, mopctaBuB B ypaBHenHe ABHKeHHS (2.4) M B Bhpameniue s
CKOPOCTH

X = ak cos (kt + &) (2.5)
t =0, x =x, u X=X, OONyYHM [1J15 ONpejec]eHHa @ U & JBa ypas-
HEeHUs:
X, =asine, X, = akcose.

Orcroga HaxoanM

a=V nit+ g, tge=te’ 2.6)

*) Ecan %,>0, 10 pn 20 0<e<—, a np SO
k7 2 Xy
Ecau xy << 0, 70 npu T’;"—>O ngag—‘;i, a npu%g—<0 -Jzissgﬁt.
o )



§ 2.2) CBOBOJIHBIE KOJNEBAHUYA

¥ TMOITOMY 3aKOH [BHIKEHHA TOUKH ONPENENAETCs CJELYIOUHM ypaB-

HeHHeM:
1 oo B )

k= w33 sin (Kt arctg ). @2.7)

T'padguk cBOGOIHBIX KOAeGAHHA MaTEPHANLHOW TOYKH NPEACTABJEH

Ha puC. 2.2; 3MeCh OTMeUeHM HayajJbHOe OTKIOHEHHE X,, aMIUIHTYAa

KojieGanufl @, a Takke NPOMEXKYTOK BpeMeHH T, B TeYEHHE KOTOPOro

NPOHCXOAHT OAHO TIOJHOE KOdeHaHue. IJTOT HAHMEHBIUMH NPOMEKYTOK

BpEMEHH, 1O HCTEYEHHH KOTOPOrO IBHIKEHHE TOUKH IOJIHOCTHIO NOBTO-

paercs, HasHBaercs nepuodom Koaebaruli. 3aBACUMOCTL MEXKAY TEpHO-

IOM KOJeGaHHi K YacTOTOH ONpeAenuTCs H3 YCJAOBHA MEPHOAHYHOCTH

JBYIKEHH! ,
E(t+ T)+ e =kt+ e+ 2m, A
orkyaa T = 2n/k, niu <§ o
< 3
T =2 V mje- (2.8 <;
7 e
z 0E> S
£ 3F s
?TN r_[=
5 M .
W \/ t
A\ mg
x
Puc. 2.2 Puc, 2.3

TakuMm of6pasoMm, MepuOi KoAeGaHUH, Tak ke Kak 1 4acrora, He
3aBHCUT OT HAUAAbHHIX YCAOBHH. 3TO CBOHCTBO KoJeGaHHil Ha3wIBaeTcs
usoxporHocmer. Kak BHAHO u3 (2.8), nepuoi u 4actora KoJeSanui onpe-
JEeNS0TCs BenuuYMHON Konebawoliefics maccsl m M Ko3QPUUHEHTOM HpO-
NOPUHOHAALHOCTH ¢, NPHUEM C YBEJIHYCHHEM MAcChl W yMeHbUIeHHeM
Ko3G:puuHeHTa ¢ TepUON KONeBaHuH YBejAyYuBaercs.

3apaya 2.1. I'pys macch! /m mogselled Ha NPYKUHE, Maccofi KOTOPOH MOXKHO npe
Hebpeus (puc, 2.3). Ha xosebmiownfics rpy3 AEHCTBYIOT NBE CHJbI: CHJIA TAXKECTH fmg
d cuna ynpyroctu F, cosjaBaemas npysusnoft, CocTaBHTb auddepeHlHaabHOe ypas-
HeHyue IBHKEHHA.

OrMernyM Ha puc. 2.3 Tpu nodomenun: ) — IONIOKEHHE HHKHEIO KOHIIA NPYKHHH
B ee HeledOPMUPOBAHHOM COCTONHUH (fy — AJAMHA DPYKHUHE -B HeZeOpMHPOBAHHOM
coctosuun), O — nosokenke paBHOBEeCHS Tpy3a, BHcAulero Ha npyxuue, M — Texy-
Hiee nosolKeHue Ipysa npu ero aBmenuu. O6o3maunM pacerosuue 0,0 depes 8y (cTar
THYECKAA gedopMallus IPYKUHB) H HAPABHM OCb X BEPTHKAJLHO BHUS, BuOpaB nauaso
oTCUeTa B NOJOXEHHH paBHoBecusi rpysa (rouka 0O).

Mo aakony I'yka npu oTnocHTenbHO HEGONBIINX NepeMelleHHAX MOAYb CHJB YHPY-
rocTH nponopuxoHated RedopManuy npyxkunel B namem cayuae fedopMaiug npy-
HWHHb paBHa | O¢y -+ x|, nostomy F = ¢|8.7 -+ x|, rae ¢ — xosdpuunent nponopiwo-
HATBLHOCTH, HASLIBACMbIN Kosghuyuenmon mecmrocmy npyxunsl, OUeBHIHO, 4TO KO3dr
(UIMERT KECTKOCTH WICAGHHO PABEH CHJle, KOTOPYI0 HYMRKHO MPHIONKHTE K KOHIY
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DPYXUNE, 4T06H [eQOPMHPOBaTL €€ Ha efuHuuy AAnHE. [lpoexuns cuam F na ock x
paBna—c (8cr -+ x). JludpepenunanbHoe ypaBHEHMe ABHXEHHR TPy3a MMeeT BHK

mE = mg — ¢ §¢r + x).

Ecau rpys HaXoAMTCS B PABHOBECHH, TO CUJIA TSXKECTH g YPAaBHOBELWINBAETCA CHal Ol
YNpYrocTH, KOTopas B NOJAOKEHHN PaBHOBECHS paBha ¢0gy (TaK Kak B sToM Ciiyuae x = 0},
CaepoBarenbHo,

mg == ¢8g.. 2.9)

Tpunuman 5To Bo BHHManne, npubejieM An(depeHiinanbioe ypaBHeHle ABHMEHRS Ipysa
K BURY

miE = —cx, uwan E-kx=0,

rpe k% = ¢/m.

. Monyuennoe nuddepennuansnoe ypaBHenue coBnajaerT ¢ ypasnenmem (2.2). Tlo-
STOMY [PySs, NOJBEIIEHKLE K NPYXHHE, COBepIaeT rapMOHHYecKHe KONeBannus ¢ 5acTo-
TOlt k.

Ecai Hauan0 KOOPANHAT B3ATh B Touke O WK B BEPXHEM HENOABIKHOM Konue A
NPYXKUHE, To Au(pdepeHunanbHOe ypaBHeHHe ABIKENNs yeaoxnnTcs, Tak, ecan navano
KoopAHHAT BHOPano B Touke Oy, TO Fy = —cx, ¥ ypaBHeHHe ABHKEHUs IPY3a NPHMET BUA

mE=mg —cx, wm F-FBx=g

Ecaun navano xoopAunat BuGPaTh B HENOJBIXHOM Kolille A DPYXKMEH, To Fy =
= ¢ (x — {y), TAe Iy — DIMHA DPYXXUHH B HeleOPMUPOBaHHOM cocTosHun, Hdnpdepen-
A2ALHOe YpaBHEHHE NBUXKEHHS [py3a

mE = mg — ¢ (x — Iy
nOCA€ YNpOMEHUA NPHBOANTCA K (opme
i Py = g+ k¥,

Taxum 06pa3oM, pauHOHaJLHEIM BHIGOPOM Hayaja OTCYETA MOXNIO YNPOCTRTL ¢iOpMY

AndepeHnuaabHOTO yPABHEHUS JBMKCHUS M, CH€A0BATENBHO, €0 peleHne.
3apava 2.2. Ha nouton (pu¢. 2.1, 6) neficteyeT ero cuna Taxects G » apxumenosa

BHTaJKuBaowas cuna F. lccnenosaTs BePTHKanbBYK K&Ky NOHTOHA.

B cocrosuny paBnOBecHs CHJIa TAMECTH NMOHTOH3 G ypaBHOBENIMBAETCA apXime-
noBoit cunoit F. Ecau 310 cocTosRHe nO KaKofi-nu6o NpuuxHe napyllaercs B NOHTOH
NONONHKTEJLHO NOTPY3UTCS B BOJY, TO COIVIACHO SAKOHY ApXyMela BHITAJKuBaoUan
cuna BO3pAcTeT, T. €, NOJAYYHT npHpaulenne, HanpasiaenHoe BeepX. [lonsThO, 470 upn
n106HIX OTKJIOHEHMSIX MOHTOHAZ OT NOJOXKEHHS DABHOBECHs npupamenve cuak F Oyner
HANPABNEHO NPOTHUB OTKAOHeHus. Ecau nonTom upamocTennbiit (B nepsBom opubnpxe-
HEH 3TO MOKHO NPHHSTD), TO NPUpALEHNe apXHMeNOBOH CIJIB NPONOPUNCHANLHO OTKAO-
HEHIIO X W ONpeJieNfercs COOTHOMEHHEM

AF = —ySxi,

rlie ¥ — YACKbHBA Bec BOAw, S — Maoltajb, OTpPaHwuennas  BaTepannuell (nacwaie
ceyenns NOHTOHA TOPH3OHTaJALHON NAOCKOCTLIO HA ypOBHE NOBEPXHOCTH BOAH). Jleii
CTBHTEABHO, NPOH3Befenue Sx onpenesnsieT IONOJHWTEALHO BHITECHEHHNH 00LeM BOAbI,
FAK YTO NPOM3BeNeHRE YSx PaBHO «NOTEpe Beca» Mo 3aKOHy Apxumena, T. €. Npupame
B0 MOAyas cuan F.

Honyctum, uTo nocae sapyiienus COCTORHHS paBHOBecHs NoOHTOH Gyaer mpenocta:
Bnen camoMy cebe, B nioGOR MOMENT NOCHEAYIOILETO ABRKEHHA Ha MOHTOH AEeACTBYIOT
BBE CHAM: CHAA TAKecTH G = mg (uanpabjennas BRR3) ¥ apiumenosa cmaa F -+ AF
(nenpasaennasn spepx). Jduddepennnasbnoe ypapHenne RBHAKEHBE B DPOEKUMH Ba 0Cbh X
nMeeT BHJA

m% = mg — F — ySx,
yauTniBas, uro mg = F, nafizem
mi 4 ySx=0, 7 e i- —v’g—x=0.



§ 2.2] CBOBOJAHBIE KOJELAHUSA

TMoayyennoe pudbepennuansioe ypasuenue cosnataer ¢ noapobuo necretonantmm
ypasuchuew (2.2). [105ToMy, HE3ABUCHMO OT HAYAALUBIX YCAOBMA, MOKHO Cpasy Haiid
nepuoy (2.8) BepTHKAILHONH KAUKHU NOHTOHA:

T=2ny m/(yS}.
MycTs, HanpuMep, MJIOMA b, OT paHKYeHHAa BaTePJAHHHell ToHTOHA, paBHa 20 M? & ero

- 30 )
cuaa Taxmeern coctasaser 30 tc. Toraa maxomum [ p==1 1e/M3, M= -— TC-CYM

9,8
30 000 .
T =231 Vgs 100020 — 20 ¢

Ipusegennoe peurenue rpy6o NpUGTIKEHHO®, TAK KaK BLITAJKHBAOIAS CHAZ
OMpefeAssiaCh N0 3aKOHY Apxumeja, CIPaseAJHBOMY JHIUb LIS yCaAOBLi oKos. B gaw
HOM Caydae C/eJOoBasio Obl pacCMOTPeTh §OJIee CAOMHBIE SABJIEHHA THAPOAHHAMHUECKOLO
XapaKTepa, CBA3AHHLIE C ABMKEHHEM BOMB Npu Kauke, Kax rmokaswmpator Gosee noipod-
HBIE UCC/IEI0BaHUsA, 5TH JONONHHTENbHbIE
O6CTOATENHCTBA MOKHO YURCTb, YCJIOBHO Mg
noBaBAfs  HEKOTOPYIO Maccy  ROAb Na
(«1IPHCORUHBHHYIO MACCY») K MACCe NOH-
TOHA.

B saxnaiodeuywe  paccmoTpum  eine
OJHY 3alauy.

3agaua 2.3. [Las onpenenenna Koad-
tuumenta CyXoro TpeHHst MOMKeT OblTh
ACMONL3OBAHA YCTAHODKA, H300PANKeH-
Han Ha pHC. 2.4. Oua COCTOUT H3 ABVX |
Ba/f0B, BPAMAWILKUXCA C OJUHAKOBBIMH Puc. 2.4
YTJAOBLIMH CKOPOCTAMH B pa3smie CTo-
pouu Ha KoTOpwie Knajeres maacTuua. Tlpu COBNAJEHHN HEHTPA TsKecTH miactansl C

C Cepe/WHON DACCTORHHA MeXay ocumu (Tourkofi () MAaCTHHA HAXOAMICH B PaBHOBR-
cuil IO NeNCTBHEM PaBibiX H IPOTHBONOJOKHO Hanpasaexnbx cmil TpeHus.F 4 u Fg.
HeenenoBar xBiesHe MIACTHHBL, €CAH B HAYAALILIT MOMEHT ee paBHOBeECHEe OLIAQ
Hapyueno,

Ecry xakum-1ubo crniocofoM HapylWHTs COCTOAHHE PABHOBECHS HAACTHHEI, TO OMA
npujeT B JBHKEHHe B OPH3OHTAIBHON NJOCKOCTH. BeieicTBue cmemenus ueuTpa Ts-
keety C gaBAeHMA Ha JUCKH OKAXYTCA HeoAuHAKOBRIMM. COOTBETCTBEHHO HAPYILHUTCA
PABEHCTBO CUJI TPEHHs, IPHYEM PABHOAGHCTBYIOMAN CIJ TPEHHS OKAMKETCH Hanpaenex
uoit K Touke O, T. e. B CTOPOHY HOJOMEHHS PABHOBECHT, W OYIeT BOCCTaHaBJHBAICIWERH
cuiiof. Bnaroaapﬂ ZeliCTBiio 9ToH CH/ILI BOJHHKAET (pOUECC CBOGOAHLIX KOMeGaund,
REepHO/| KOTOPLIX 3aBHCHT OT CBOHCTB TPEHHUS MexIY MIACTUHON ¥ Bantamu. DTo no3soaneT
N0 OMBITHLIM 3HAYEHHAM [EPHOIA KoJebaHult OnpelennTs Kospduuuent Tpenus f.

Jas BuBoga coorsercrsyiomefl GopMyant cocTaBuM Audipepeuninanbnoe ypasHenue
TOPUSOHTANBHBIX KojebaHuil miactuasl. BAosn ocu & nelcTBYIOT cusa TPeHuHA, npiwio-
WeuHas B Touke A, paBuas fN 4 M HanpaBienHas BOPABO, ¥ CxAA TPEHAA, UPHAOKEH-
Had B Touke B, pasHan fNpg u manpapiennas Baeso. Ecnu UeHTp THxkeCTH naacTuutt
CMellleH OT MOIOMEHHA PABHOBECHS HA BeJUUHHY X, TO

! — {
NA=——2[—x~Q. Ng= +t

—5— @

rae @ — cuma TamecTH maacTaupl, 2/ — paccrosHme MexAy ocamu BaaoB *).
Hupdepeduunarnaoe ypasHenue ASMKEHMA LAACTUHBL UMEET BUA

. I —x {4 x
=l 57— e

*) 3fech Mbl, B CYmHOCTH, HCIIONB30OBANH YPABHEHHE CTATHKH, Y PABHOBEILEHHOCTS
CHJ, HaMPaBJAEHHbIX (ePNEHAHKYAsPHO K ocH OX, CiAenyeT u3 TOro, 4r0 ycKopeHue naa-
CTHHBI B 3TOM HANPAaB/ICHHH PABHO HY/IO.



l'[PHMO_JH/IHEPleIE KOJEBAHHSA MATEPHMAJIbHOFI TOUYKH kra, 11

Tonoxus fg/l = k2, noayuum
i kx = 0;
OTCIOfid Cpasy C/IeRyer, 4TO MepUox KonebaHuli paBeH
T =25 v'I/(fg).

Paspemas nocnesnee ypaBHEeHHE OTHOCHTeNbHO [, HOAYMEM OKOHYaTENbHYIO dopMyay
4m2l

=?T-‘2—.

Onpenenyp U3 o0biTa NepHOR KoneGanuit T u 3Had paccTosiHye MEXAY OCAMH Kojec 2,
nafiieM oTCIoAa KOY(PPUIHEHT TPEHHS CKOMBLKEHHA.

§ 2.3. CeoGopaHble KoJeGaHus
NPH JHHEHHO-BA3KOM CONPOTHUBJACHUH

PaccMoTpum npaMoJinHefiHOe JBHXKEHHEe MarTepHaJbHOH TOYKH MOJ
JeHCTBHEM JIMHEHHOM BOCCTAHABJMBAIOEH CUJLI U JIMHEHHOH CHIBI
conpotupiaennsi. COBMECTHM Havyallo KOODIHHAT C HOJOXKEHHEM paBHO-
Becusi TO4KH. Tlpoekmusi BoccraHaBiuBaiowed cunsl F Ha och X paBha
—cx. Tak xak cuna conporusiendsi R Bcerja manpaBieHa B CTOPOHY,
HPOTHBONOJIOKHYIO HANDPABIEHHIO CKOPOCTH TOYKH, TO MPOEKIHA CHJIBL
COTIPOTHBJIEHHS Ha OCb X paBHa — bX, rae b — xosdduuuesrt npo-
NOPUHOHAJLHOCTH, XapaKTePH3YIOLIHi CONPOTHRICHHe cpeinl (puc. 2.5).

Taknm obpasoM, AnepeHnHanTbHOE YpaBHEHHE ABHKEHHS TOUKH

3anuuiercs CJAeAYIOmMM 06pasom:

g RF v mE = —cx — bx. (2.10)
z Beons oBosnaueHus c¢/m = k%, b/lm =

= 2h, noJyuuMm
Puc. 2.5 £+ 2n% + k% =0. @2.11)

310 — nuHeitHoe ofHopoiHoe audpepeHHUaNbHOE YpaBHEHHE BTOPOrO
nopsjka € NOCTOSIHHBIME KOod(duiHeHTaMi. XapaKTepHCTHYECKOe ypaB-
Henue uMeer BhA af - 2ha + k® =0, H ero KOPHH PaBHH

oy=—h+ VEEZR, ay=—h—VE=F.

XapaKTep ABHAKEHHA TOYKHU CYIIECTBEHHO 3aBHCHT OT COOTHOIUIEHHS

BEeJHYHH A H k.

Eean h < k (cayuall MaJoro CONPOTHBJEHHS), TO KOPHH Xapak-
TEPHCTHYECKOTO YPaBHEHHA KOMIVIEKCHO COlpsiKeHHble. Ecau h = &
(cnyuaft 6GOABLIIOrO CONPOTHBJAEHHSN), TO KOPHH BelilecTBeHHbie. Pac-
CMOTPHM NOLPOOHO KaXKIbIH M3 3THX CJyuaeBn.

1. Cayuaii manoro conpotusaedus (# < k). Kopun xapakrtepucrh-
YEeCKOrOo ypapHeHus OyayT

=—h- I VE—1, ay=—h— i VE— K



§ 2.31 CBOBOAHBIE KOJEBAHHS TIPH BSI3KOM COINPOTHBJEHHU

Obuiee pewenne npudepeHnnalbHOrO YpaBHEHHS HMEET BHA
X == e (C, sin k*t 4 C, cos k*{), (2.12)
rae k* = V& — k¥, C, u C, — NOoCTOAHHbIE HHTETPHPOBAHHA.

Jaa Goabiedl HAPJsiAHOCTH BBEJEM HOBBIE MOCTOSHHbIE @, & TIPH
nomomu gopmyn C; =acose, C, =asine. Toraa noayyum

x = qe-ht sin (k*f + ¢). 2.13)

M3 storo ypaeHeHus BHJHO, uT0 ¥ — 0 1ipu f — oo (Tak Kak et — (),
T. €. JBHXKEHHE SBJ/ISIETCH 3Qmyxaroujurm. D10 3aTyXaloliee JBHIKEHHE

z *
TN i
\\f\ %
] . - S \.\ } o
\\ =, \/} wr
£ I\ 2 ymor
Sy foll ot o/ NG =
G

i ET¥ W TN
-l
) -

Puc. 2.6

HOCHT KoJieDaTeslbHBIA XapakTep, Tak Kak, NpHOMHxKaAch (npu § — oo)
X COCTOSTHHIO PABHOBECHS, CHCTeMa OYJeT NPOXOAHTh 4epe3 3TO COCTOosA-
HHe GeCKOHEUHOE 4MC/IO Pa3 B MOMCHTHL BPCMEHH, paBHbie
nm — &
by = TEE

rie n =1, 2, ... (puc. 2.6). ,

Jevxenne, onucbiBaemoe Qopmynofi (2.13), He sBAsETCA NEPHOIM-
YeCKHM, TaK KaK ¢ TeYeHHeM BpeMeHH MOC/eJoBaTe/bHble MAaKCHMadb-
HbIe OTKJIOHEHHS TOYKH OT TOJIOKEHHSI DABHOBECHS YMEHbIUATCH,
Baxno, 4To MaKCHMa/IbHBlE OTKJIOHEHHS TOUKH OT NOMOKEHUH PaBHO-
BECHH XOTf H YMCHBLIAIOTCA C TRUEHHEM BPEMEHH, HO NPOMEKYTOK
BpeMeHH MeAY /ABYMA JIOOHMH TOCAEAYIOUMMH OTKJAOHEHHSAMH (Lia-
NpHMEP, B CTOPOHY NOJOXKHTEILHOTO HANPABJIEHHS OCH X) CTh HOCTOSH-
Haa BeAWduHA, paBHas 2n/k*. 3Ty BeAMYHHY YCJOBHO HASHIBAKT ne-
puodom 3amyxouux Koaebanuil.

Pacemorpum nozpobuee rpaguk Asmxkedus (cm. puc. 2.6). Ha stom
PUCYHKE KpHBBHE X = ae ™ H X = —qe ™ gBASIOTCA TPaHHUAMH
ofnacTH, BHYTPH KOTOPOH pacnosaraercsl rpaQuk IBHKCHHS.



NMPAMOJUHENHDBIE KOJEBAHUS MATEPHAJILHOHA TOYKH ra. u

Boiuncanm MOMEHTH! BpEeMEHH, COOTBETCTBYOUIHE MAKCHMAJIbHbIM
OTKJOHEHHAM TOUYKH OT IIOJIOKEHHA PABHOBECHUS. C 310t Lenbio Hafilem
CKOpOCTh TOUYKH

£ = —hae-* sin (k*{ + e) + ak*e "t cos (k*t + &) 2.14)
¥ upupasHsieM ee Hy/w. Bygem umerb
tg (k%1 + &) = k*/h.

Otciona caepyer, 4ro ecad ! (HAUMEHbIIHA KOpeHb MOJAYYEHHOTO
ypaBHEHHS) COOTBETCTBYET [EPBOMY MAKCHUMAa/JbHOMY OTKJIOHEHHUIO B [O-
JOKHUTETBHOM HANPABJAEHUH OCH X, TO IMOC/AEAYIOUHE MAKCHMAJbHBE
OTK/IOHEHHS B MOJOMNHTEILHOM HANPABAEHHH OCH X OYAYT MOCTHLATHCA
B CJAefyioulHe MOMEHTH BpemeHu: fy =¢ -+ (n — 1) T*, e n =1,
2, ..., a

w2 2n =
T - ¥ —V/e"’-—w’t"' (210)

H3 s710# dhopMyabl BUAHO, 4TO NPH BA3KOM TPEHUU NEPHOA 3aTyXaiOLMX
KoaeGanuii  GoJiblie MEPHOZA He3aTyXaINX KoJeDaHui, DaBHOrO
2n/k. MakCHMAJTbHBIE OTKJIOHEHUS 4y, .Gy, ..., COOTBETCTBYIOHIHE MOMEH-
Tav Bpemenu f', ¢ 4+ T*, ¢ 4 2T*, ..., ' + nT*, paBum

ay = ae " sin (B*t" -+ £), a; = ae”" AT sin (k¥ - e), ..,

a, = aqe-" &+nT*) sin (k*t" + &), ...;

Upu STOM YYTeHO, YTO
sin [B* (¢’ - mT*) - 8] =
= sin {k* (t' -+ m—%—) +- e],: sia (k*' L e -+ 2nm) == sin (k*' + ¢),

rmem =1, 2,3, ...

Vs ¢opmyn pas a,, a,, ... BUAHO, YTO OTHOLUEHHE MOC/EYIOLLETO
MaKCHMA/BHOTO OTK/JOHEHHS BAO/b [OJNOKHUTENLHOTO HAMpaBJeHHA
OCH X K OpelbliyIieMy MOCTOAHHO K PABHO

e _Om_ __ ,—hT*

n= = . (2.16})
Takum ofpa3som, aMIIHTYAB 3aTyXalouUXx KoAeGauufl TpH BAIKOM
CONpPOTHBJEHUH YOLIBAIOT B ceomempuyeckodi nporpeccuu. Beauuuna o
(3HaMeHaTe/ib FEOMETPHUYECKOH [POrPECCHH) HA3bIBACTCA JeKpeMenmost
Koaebarull (nnu gakmopom 3amyxanuit), a MOLYAb HATYPadbHOro Jora-

pudma 3TO# BEAHUUHDBE :
A =hT* 2.17

HA3bIBALTCH 102aPUPMULECKUM OeKpemenmon KoseGanud *).

*) Huoraa sBoast v = ehT* 2 y A= hT*/2, 1, e, CONOCTaBASIOT fBa ROCAENO-
BatelbHbX HAKGOMLUIKX 10 MOAYJI0 OTKAOHEHHS B PasHble CTOPOHBL.



§ 2.31 CBOBOJHBIE KOJIEBAHHUST MPH BSI3KOM CONPOTHBJIEBHWH

3ameTyM, uYTo echan [ = 1" SABJISACTCA TNOJOKHTCALHHIM  KOPHEM YPIBHEHWR
sin (k*# + €) = 1, TO MOMEHTH BPEMEHH, B KOTOpbie TPAGHK JABHKEHHS KacaeTCa Ky

poit ae~ ™, Gyayr: £, "+ T*, £+ 277,

Jlexpemem Kox€GaNni MOKHO onpenenmb KaK OTHOGHWE OTKJIONCHMS npy =
= "4 nT* K OTKAOHeHHI0 TpH (= "+ (n — 1) T*

ﬂ.’lﬂ onpeieJeH s MNOCTOSHHBIX UHTErPUPOBAHHA HCNOAb3YEM Ha-
yaJlbHbE VCIOBHA: X = Xy, £ = %o npH { = 0.

[oxctaBasa »tu yenosua B paeencTBa (2.13) u (2.14), noayumum
ypaBHeHI/IH Aas onpeneﬂemm NOCTOAHHBIX 4 H &

Xo =asineg, X%, == -—hasine - ak* cose,
OTKYAA
1 5o Gt hx)T k.
a~1 x5+ el tge = o

2. Tpannusmit cayuail (b = k). Kopau XapakTepyucTHIeCKOTO ypaB-
HEHMsl B 5TOM cJyyae GYAyT BEIECTBEHHBIMH H KPATHBIMH: O; = O, =
='—Ah, ¥, cJepoBaTesbHO, OOUiCe pellleHne ypaBHenus ABH:keHnsa (2.11)
wMeeT BHA

x = e (C; + C,f), (2.18)
rae C; u C, — nocrosuunie unrerpuposanus. [Ipunumas Bo BHUMa-
Bue, 410 X = —het (C, + Cuf) -+ Coe™™, noayusM 0OpH HavyalbHEHX

VCNOBHAX: X =X;, % =X, NpH ¢ =0 clegywouye ypaBHEHUs AAA
onpejesenNs NOCTOSAHHWX WHTerpuposanua Cp n Cu %9 =Cy, %y =
= —hC, -+ C,. Orciona C; =1x, Cp = %, + hxo.

Tang 06pa3oM, AAA 3aJaHHBIX HAYaJbHHIX .YCJAOBHI ypaBHeHne
ABHIKCHUS TOUKH 3aMHILETCA B BHJE

X =M lxg + (X + Axy) 7). ' (2.19)

VI3 stofi 32BMCHMOCTH caefyer, 4TO B paccmMaTpuBaeMOM CJyyae
JABHXKEHHE TOYKH YyXe Heé HOCHT KoJeGaTeqbiOF0’ XapakTepa, HO OCTa-
€TCA 3aTyXaloliuM ABUIKEHHeM, Tak Kak x — 0 npu f - oo *),

Taxoe aBMXKEHHE HASHIBACTCH ANepuoOUHECKUM.

Il noctpoerns rpaguKoB 3TOro ABMIKEHHS HaHJeM MOMEHT Bpe-
MEHH, COOTBETCTBYIOLIMH MAaKCHMAJLHOMY OTKJOHEHMIO TOYKH OT TONO-
MEHUA DABHOBECUS, W MOMEHT BpEMEHH TNPOXOKAEHHA TOYKH uYepes
NONOMEeHHe PaBHOBECHS.

FlpupaBnuBasn NpPOH3BOAHYIO NO BpeMellH OT X HYJO

—h IXO + (Jl'o —*}— hJCo) t; _]‘ X.«'Q + hx.) = 0,
umeeMm '

P T
9 B (Xg+ hxg) "

*) Ipn 1— co muomutens e ! erpemuten X Hya10, a MHOKHTENb, CTOMMRA B KBa-

APaTHEIN CKOOKAX, CTpeMuTCH K GecKoneunocTH, PaCKphiBas HeonpenenenHocTs (Hanpu-
Mep, no. npasuay Jlonutass), nafinem, yro x— 0 npy f— co.
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Ha ycaoBus x =0 noayuum
Xp

A= EE R

Hasa x, >0, £, >0 umeem £, >0, ¢, <0 u rpadur ABHKEHUA
HMeeT BM, NOKasaHHBH Ha puc. 2.7, a.

Ecnu x, >0, To npu £, < 0 u | %,| < hx, Oyrer £, <0, t, <O,
T. €, 3KCTPEMAJIbHBIX TOYEK HET u rpaHK JBUKEHHS UMEeT BHJ, NOKa-
sauuHil Ha puc. 2.7, 6; npu %, <30 u | %,| > hy, nonyyaem, uro £, >0,
t, > 0. D10 3HAYUT, YTO TOUKA, MOJYUYHB HAYAJIbHYIO CKOPOCTb, NPORAET
B JafbHEHIEM ABHXKEHUH IOJIOXKeHHe paBHOBecHs (IpU ¢ = f;) U HpH
{ = {, HNOCTHTHET TMOJIOKCHHA, COOTBETCT-

£ BYIOUIETO MaKCHMaJAbHOMY OTKJIOHEHHIO

TOYKM OT TMOJIOKeHHs] paBHOBecusi. [lanee

'Z’p/']\ ) TOYKA OYLET aCHMITOTHYECKH MpUOIHIKATBCS

0 . K TIONIOXEHHIO paBHoBecus. I'padux nBu-

Ts ¢ KEHHs1 U 3TOro cJjydas [okaszaH Ha
z a) puc. 2.7, 8.

OtMmeTHM, 4TO npH X, < 0 xapakrep rpa-

.ra\ $UKOB HE H3MEHHTCH.

0 7 3. Cayvait Goawwore conporusnenust (k> R).
x £) B sTom ciaydae KOpHH ~XapaKTepHCTHYECKOTO ypas-
’ HeHua C
&, R P
o7 Lo =t V= ag=—h— V=R
7 ; zf ABASOTCA  ACHCTBUTENALHLIMA N OTPHLATEILHBIMH,
Z O6uiee peienue ypaBaedus aBuxkennsa (2.1) umeer
é) BUA :
Puc. 2.7 1= Gyt o Cy ™t (2.20)
Tag Kak # = o,C;e*? - asCoe™, To MpH . HAUATLHEIX YCJAOBHAX: X = Xo, X = X,

npu f==( ypaBuewus IS ONPEJENeNHs TOCTOSHHBEIX MHTETPHPOBAHH OYAYT X, ==
= Cy+ Cy, %5 = a,Cy -+ @yCy. Hafins oTciopa

Cr=

ClaXg — %y u Co = Ry = Xy
Uy — Oy - Oy — Oy

u nojfcragns sty Cy u Cy 8 Bepaxkenue (2.20), nonyvum

OlpXy — X Xy = Oy X,
¥ = 24q nea.t+0(: loeazt_ (2_21)

Qg — Gy 2 @

10 ypaBHesye ONUCHIBAPT anepHolNYecKoe 3aTyXawllee nBHxeswe (x-—» 0 mpu
t— 00, TaK KaK 2y i Oy OTPHLATENBHE).

[poauddepennuposas Buipaxenne (2.21) no BpeMenu M NPUPABHAB MO0JYYEHHBIA
pesyabTaT Hyd0, NOJYUHMM SHAueHue f== f,, COOTBETCTBYIOMieE MAKCHMANLHOMY OT-
KAOHEHHIO TOUKU OT MOJOMKEHUS PAaBHOBECHA:

P 1 in %2 (% — 01%p)
Py —a, oy (Fp — Cly¥p)

IMpunuMas BO BHUMAHUE, UTO O 0Ly == k? 0 Qg — Qf = 2 /' h? ~ k2, 970 BHIpaweHue
122 2 i

MOXHO TiepenuCaTs B BHIE
2V RS B | oy | scn]
.

1
{ -
? £2 (&g - laa | %)

= 21//22—-/3"’

m[1+



§ 23] CBOBOJHBIE KOJIEBAHMS TIPU BA3KOM CONPOTHUBJIEHHH

OueBngno, 9T0 #, Gyzer Gouabile Ny AAR TeX SHAUEHHE X, ¥ Xy, AAS KOTOPHIX
)
s o
£y A fag | %
MowmenT ppemenn f;, B KOTOpHI KOOpAHHATa x, onpejensemast dopmyiaoit (2,21),
ofpamiaercs B Hyab, HalizeM ro dopmyae
! By — oty i [1 2V RE = k%xo]

ty = In = = e — e
1= =y % — aax, 2V — B Zy o] %

Orciona caenyer, 4To 4 Gyser Gojslie HYJIA NpH
Xg
—rrr <<0.
Xy ~F o | %
Buap rpadHKOBR ABHkEHHA 4AR PaccMaTpuBaeMoro cayuas (A>> k) npeactapnend
COOTBETCTBEHHO
s x> 0, %> 0 na puc. 2.7, a;
s x> 0, 2,0, v [ %] < |2g) %, B2 puc, 2.7, 6;
g x5 > 0, &, <0, no {%£,]> {as|x ua puc. 2.7, 6

3apaua 2.4. Tlpu naSmogennH goneGauuil rpysa MaccH 3 P no BHOpOrpamme *)
OBIIO YCTAHOBJEHO, 4TO «oruGaiomian» rpaduka satTyxawmux KoneGanull uMeer BUJ rpa-
(uxa nokasdaTeqbHOR GYHKIHR (SKCIIOHEHTHI), NPHUEM 83 OXHH NEPHOJ aMIANTYAA KoJe-
Ganuht ymenpmaerca sipoe. [o Tofl e BuGpOrpaMme ONpeAeseno, YTo NePHOA Kogebannit
pasen 0,3 ¢. OnpesennTs KOIPOULHEHT KECTKOCTH NPYKHHBI H KOMXPULUERT A CHAb
BA3KOIO CONPOTUBJEHHA.

[as pemienns 8aayl HCOOMB3YEM CHCAYIOIHE COOTHOLWIEHHS:

T* 2n Any MT* b= V Z
ViE—h' am ! m’
[Toacraeus B 3Tu GopMysn uECAOBLIE NAHHBE, NOJYTHM
2n A
=03, OMe2 b= '!/_”_ .
V B2 —h2 3

Peman sTn ypaBsenus OTHOCWTENAsRO ¢, /i u k, nHaxoauMm A= 2,31 ¢}, #=211 ¢
¢= 13,36 Hfcm.

3anaua 2.5. [loabsysnch AanubIME Opebinymell 3ajaun, ONPEAENUTE, BO CKOABKO pas
CHeRyeT yMeHLIHTh MAcCy [pysa, 9TOsl CBOGOJHOS LBHIKEHHE CHCTEMH CTAJ0 anepn-
OLIHUECK M.

flycts m; — nosas wacca, Toria, BBORg ofosHadenue A= m/mj, GyAeM HMeTb

b bA V i V'c?(

=g =gy v b=V =V o

Yenounn sapaus CyAyT YRORJCTBODEHB, eCaH Aj== ky, T, e,
T)%’ = V—%—, ann kA =YX,

Henoansyn nanusie npeamayinesi 3aauu, n0Ly4aM, 9T0 MACCY CABAYET YMEHBIHT B

k\? 21,1 \*
A=(~h—> = 2—31—> ~ 83 pasa,

*) Bu6porpamMolf (1H OCUMANGCPAMMON) Ha3LIBACTCA HOMYyYeHHBIE B SKCnepHMeHTe
rpapur KoaeSanufl.



NPAMOMHHEHHBIE KOJEBAHUS MATEPHAJIBHON TOYKHY [ra

3agaua 2.6. MarepuaZoHad TOYKA COBepIMAET SaTyXaloOliHe KONeOCAHUS (0L felHCTBHEM
NNHEHHON BOCCTAHAB/AMBAIOWECH CH/IB H CH/Ibl CONPOTUB/AEHHUSA, TPONOPHHOHANBHOR nep-
BOH CTeneHH CKOPOCTH, OpHYeM nocrosnuaa A == b/(2m) cocTaBisieT OAHY AECATYIO OT
wacToTel b HesaTyxamowux Koaebaruit (h/k = 0,1). Onpenenuts passocTs MeXIy ne-
puofiamu 3aryxaiomux 7% u HesaTyxaiomux T KomeGauuil, a Takxke BO CKOAbLKO pa3s
YMEHBIIWTCA aMIAMTYAQ SaTYXaloWHX KoseGandil 4epe3 BOCeMb MMOAHHIX KoaeOaHHMH.
CocraBuM OTHOIEHHE MePHONOB KoJeGaHuii

T /YRR e )—1/?
— BT e 2T — .
T 2n/k k?
Tak KaK N0 yeioBHIO 3afaud 4uCA0 A/k Majno, TO, NOMBL3YSICH XOPOWO H3BECTHOI
npubamxennoi dopmynoir (1 4 x)* = 1 - ax, cupaBefauBOli NPH MaJgBIX SHAYEHARX
{¥] # no6wX &, MOJNYYUM C HOCTATOUHO XOpomell TOUHOCTBLIO

T 2 R OTKyAA =y

CnenosatensHo, HepHox 3atyxaiwux KoseGauuii T* npesbiiaeT nepuoi Hes3aTy-
xaomux KoieGauuft T Beero Ha 0,005 == 0,5 % (no ycnoBmo sagaun hfk = 0,1).

PaccmoTpaM Temeph PAA MOCAeNOBATE/bHLIX AMIMTY 3aTYXAIIUAK KoaeGauui:
a,, ay, ..., Ap. Tak Kak 5TH aMOAUTYAs! YOLBAIOT MO 3AKOHY FEOMETPHUECKOR nporpec
cHHt, TO

an = aonn’
rae 1 — pekpeMment koneGanult, onpepeasemuilt Gopmyaoirt (2.16). Ortciona
cplan =T
3amenus meprox saryxawomux konebaunit TF ua ero npuOAMmeHHOE 3HAYEHHE
T = 2n/k, noay4um
o ”
ayfan = &R,
Bueca ciona n= 8 u Ak = 0,1, naiinem
aylay, =~ 152.

Takum 06pasoMm, [PH OTHOCHTEJALHO HEGO/IBINOM BHAYLHWH CHJI COMPOTHBCHMA
(h/k = 0,1) nepuon satyxawomux Koaebauuii Mato OTJIHYACTCH OT UEPHOA4 HE3aTyXa-
OHIUX KOJeOaHHH, HO KOJe6auns racaTcsi BeCbMa HHTCHCHBHO -— 4Yepe3 BOCeMb KoJ/eba-
aufl amnauTyaa ymenbwaeres B 152 pasa, T. e. gkonefanua npaKTHUCCKH APEKPAIMAIOTCH,

§ 2.4. CpoGoanbie KONEGAHMA NPH TPEHHU CKOJIbKEHHUA

Jas upocToTH pacCyASHH PaccMOTPUM JBHMKEHde UPHKPEILIEHHOrO K MPYXuHe
TeJa MacChl m 10 LIEPOX0BaTOf ropusoHTansHofl naockocTd, COBMECTUM HAYANO KOOD-
JMHAT G TOYKOM, COOTBEeTCTBYlOIel HONOKEHUIO Tea NPH HeACHOPMHPOBAHHOM COCTON-
Hun npyxusb (puc, 2.8).

HNuddepennnaiotoe ypasHesue ABMKEHHS TeNa dUMeeT BHA

mE = Fy+4 Ty,

rae Fy = —Cx -—- NPOEKUMA HA OCH X CHJIBI, NeACTBYIOUleA HA TOUKY CO CTOPOHH npy-
KHHBE (¢ — KO3DhUUHMEHT XKECTKOCTH NPYKUHbY), Ty — APOEKN¥s HA OCb X CHJIH CYXOro
tpenus. CHA2 CYXOro TPeHHs HalpaB/eHa B CTOPOHY, NPOTHBONOAOKHYO HANPABIEH MO
ckopocTH Tena, H N0 MoAymo pasna fN == fmg, rae [ — xosdpuument Tperns.

~ TaxuMm 06pa3oM, OKOHYATETLHO HADDEpeHMabHOe YDAaBHEHHE ABHKEHUA Teja pac
HAfACTCA HA JBA SHAKOMbIX HaM JIKHEHHBIX ypaBHEHuA:

mE = —cx+ fmg ~ (£ <0),
mi = —cx — fmg (x> 0),



§ 2.4) CBCEOAHKE KOJEBAHWSA TPH TPEHMH CKOJIBXEHHSA

nan .
B4 kx =g <0, {2.22)

i+ Bx=—fg (1>0), 2.23)

rae no-npexnemy k®= ¢/m.

HonycTHy, yTO FPys CMeIeH OT HCXOAHOTO NOJIOKEHHS BIIPABO Ha PACCTOSHHE Xg = dy
H 3aTeM cBoOOIHO, €3 HauaabHOH CKOpOCTH, oTmymleH. Torla ABHXKEHHE HaYHETCH NpH
CAERYIOUIHX YCAOBUAX: X = @3> 0, £ == ( npn { = 0. [Ipeanoaaraercs, Y10 B YKaszn-
HOM CMEUleHHOM NONOMKEHKHM BOCCTaHaBJAMBAIOMAA CHNA GOJble CHIB TPeHHs, T. e.
€ag > fmg, waun ay> fg/k?. Tlpy napymeHun STOr0O yCIOBHA JBHMKEHNE HE HAYHEICH,
HBas unterpupoBanua ypaBHedus (2.22) epesem Bosyio nepeMmennyiw [ = x — fg/ii.
Torpa

[+ k=0 . ) N
Otfmee pemenue STOrO ypapuenns umeer a—\/\/\/\/\f AR Aur“}
BUA T e L, z
L = a sin kt 4 ), x T -
g
T, €,
x= asin (ki 3 &)+ fg/k2, (2.29) Puc, 2.8

Fhe d ¥ & — NOCTORRNWE MMTerpupoBannd. Ilas uX OnpeleneHus BOCNONLSYeMCH Ha
YaILHBIMY YCAOBUAMHA, NOAYUYHM 8 = a¢ — [g/k%, e = n/2. Crenopatenvno, rpys Gyaer
JABUTATbCA OO 3aKOHY .

/ .
x= ( - —kﬁ’—)cos Kt - %—. (2.25)
OﬂliaKO T0 CHPABENJIABC NELE A0 TeX nop,' noKa CKOpoOCTb
= (a,, - -;i;) k sin kt L (2.96)

OCTIeTCA OTPUNATENBHON, T. €. A0 MOMEHTa f; = s/k.
[Ipn 3ToM 3Hauenne X, COOTBETCTBYIOHIEE KpallHEMY JIEBOMY [10N0KEHHIO, PABHO

mnm i () == (o= )

AMDIUTYAS 07 == —xy NEPBOTO OTKIOHEHHA BJEBO ONPEAE/]NETCS PABEHCTEOM 8f = (g ~—
— 2[g/k*. B paccMOTPEHHOM WHTEPBaje BPeMesd TeJO COBEPUIHT NONOBYHY KonefaTens-
HOTO (4KA3 OTHOCHTEALHO Cpeanero nonoxenns fg/k.

Jansueiwee (06paTroe) gBiKeHUe BOIMOXKRO, ecad af > fg/k?. Honycram, uro sTo
ycaoBue CoGIOAAETCA; TOTEE BAUHETCH ABMMENHE BNPABO NPH HOBHX HAYANBHBIX YCAO-
BHAX £ = gy = —a,, £=0 npy {= 0. [{nddepennunasLuoe ypapueHue ABIKECHHS HA
3TOM y43CTKe uMeeT BUA

P Ex= —fg 2.27)

Pemenye andpepennnancnoro ypasnenus (2.27) npu yxasanspix RAuaabibX yeao:
BHAX SaNHWIETCS CJAERYIomUM 06pasoM:

x=~(a1~——;;g; coskl——-—fg- .é::(al——%)ksinkt (£>0). (2.28

B koune sToporo yuactea apmmkenua £ = 0, OTKyfia CHAEflyeT, 9TO NPOMEKYTOK Bpe-
MeNY, B TeueHHe KOTOPOTO MPOWCXOLHT ABHMEHHe BO BTOPOM sTane, papen f, = sfk,
T.e 3= I

Toncrapass sHavesne /= {4 B ypasuenue (2.28), noayuum HaubOnbINEE GTKACHEKME
B KOHUE BTOpOro stana: dg = aj — 2fg/k%. Ecau npu stom dy > fg/k?, To BHOBb Baw-
RETCA NBHMEHHE B1eB0. 3Aech HYMHO CHOBa O0PaTHTLCA K AudpepennnanbyoMy yparne
Buio (2.22) B pewatp ero NP CAEAYIOIAX HAYATLHBX YCIOBHAX: X == a5, % = 0 npu
t=q,



NPSIMOJIMHENHBIE KOJIEBAHUS MATEPHAJBHOW TOUKH fra. u

[MousATHO, YTC NPH STOM BHOBb IPHXOLKM K ypaBHEHHAM (2.24)—(2.26), B KOTOPHI%
a, CaelyeT 3aMENHTh HA (g, JIETKO 3aMeTHTh, YTO HA KAXKIAN{ NOAYNEPHO] MAKCHMANBLHOS
. OTKJIOHCHHWe Tea OT HAYa/la KOOPAMHAT yMEHLLIAeTCs Ha BEJAHYHHY, paBHywo 2fg/k?,
NpHYEM JUIHTEABHOCTh KAXAOTO MOJYNEpUOAa paBHa m/k.
ViMes B BHJY CKa3aHHOE, MOXHO 32MHCaTh CAEAYIOHLYIO HOCHEZ0BaTeIbHOCTh MaKCH:
MaJbHBIX OTKJOHEHHH Uepe3 KaxAblM IOJynepnoi:
2/g - 2/g - e

1 == Qg — —75» 2= = T 3= Ay g Gn = Gn.1 — 33+

CkianslBasi MOMAENHO BCE PABEHCTBA, HaljeM
an = ay — 2fgn/k%

Takum ofpa3oMm, NPpH CYXOM TPEHHH MOCJeA0BATe/IbHEE AMILIUTYAB KoJde6aHui y6ul-
BAIOT MO 3AKOHY apHpsemuteckod NPOTPeCccHy, pa3uocTs KOTopofi paBHa 2fg/k?; mepuon
8aTyxaloux KoJjebaHuil npu CyXom Tpe-

&z HUE PAaBEH NMEPHOLY HE3aTYXAIOWHX Kojeba-
uuf 2mn/k, HanoMHuM, uTo npu BA3KOM Tpe-

2 HUM aMIIETYAsl  KogeGanuii yGmBalT no
. FeOMeTPUUECKON NMPOIPECCHH, a NepHojl 8a-
a, ! Tyxaioutnx KoJsefannit 6o/ablue NePUOAA He-

\ . satyxaoumux koseGanuf, -
b TTA7X P IZT KoneGanusa OyAyT npOHCXOANTH N0 TeX
-p Y. 0. I BV 7 10D, DOKa CHId YNPYTOCTH Clp B ONHOM H3
Jf\ y KpaWHuX TI0J0XEeHHA He CHEeNaeTCa MeHh-
K _ me cuiw Tpenus fmg: can < fmg, wn
. an < fg/k?. Tlonw3ysnce BHpaxKeHHeM MJIA

Z Qp, MOAYUUM

P
By = Xo << (2n 4 1) fg/k®.
DTo HePaBEHCTBO MOXKET CJIYXKHTb AJs onpe-
lejleHus  4HCAa noaykoseBanuil 1o 0OCTa-
HOBKY TPY3a, WK HAYAABHOTO OTKAOHEHHT X
MO W3BeCTHOMY 4HCAY noaykoaebanuft z.
Ha puc, 2.9 noctpoen rpadux koaebanuit, [lapannenbHo ocH BpeMEHM NPOBEJCHDL!
npe npamwe: x = fg/k? = b u x = —fg/k? = —b. Oxono Bepxuel npsMofi pacnoya-
FRI0TCA KOCHHYCOMAL!, COOTBETCTBYIONIUE ABHIKEHHIO BAEBO (HEUETHHIE NOJAYHEPHOJIN),
a OKOJIO HIMHEH NPSIMON ~— KOCHHYCOMJBI, COOTBETCTBYIOUIHE ABHIKEHWIO BIPABO (yet-
Hule noaynepuoasl). ECau xaroi-aufo noaynepuo] 3aKaHUHBACTCS B HOJIOCe, PACTONO-
HEHION MEeKAY ABYMA NMPSMbIMH, TO ABHXXKEHHE NPEKPAILAeTCA: 5Ta 110/10Ca Ha3bIBAETCH
sorol 3acmos. «Qrubaouidey rpagnka IBHKCHHSI HMEIOT BHI HAK/JOHHHX NPAMBIX.
3apava 2.7. B cucreve, usofpaxennofi Ha puc. 2.8, KoapPHLUHEHT KECTKOCTH [PY-
skuubl ¢ = 1962 H/M, macca rpysa 3 Kr 4 Ko3gduuuent cyxoro tpenus f = 0,1. Kakomy
YCJOBHIO OJKHO YAOBJETBOPATh HauaJsHOE OTKJOHEHHe X, [py3a, 4To6Hl A0 MOJHOM
OCTaHOBKE OH COBepwHA He Gogee 10 nOAHBIX KosgebGanni?
[To yesnosuio 3ajaun JOKHO BBIIOJIHATLCA HEPaBEHCTBO

Xy < 2n-+ 1) fg/k?,

rie n — aucao moaynepuonos. [lojcrasass cioga n= 20, k%= c/m= 1962/3 =
== 654 0”2, noayuaem

Puc. 2.9

+0,1-981
o Mg _ 4101981

e 651 = 6,15 cm.

§ 2.5. BoiHyKpgeHHble KoJeGaHHA

PaccmoTpuM NpPAMOJHHEHHOE ABHMKEHHE MATEPHANBHOH TOYKM MOA
JleficTBHEM BOCCTAHABJAHBAIOWMEH CHJIBI H BHEWIHEH BO3MYIAIOWEH CHJIBL,
Bosmywmiaiomas cnia MoxeT GHITh NPOH3BOMLHOH (PYHKIHeH BpeMmenH,



§ 2,51 BhIHYJAEHHBIE KOMEBAHUS

OJAHAKO Mbl OTPAHHUMMCR TPOCTEHINMM, HO TNPAKTHYECKH BECbM3 BaK-
HBIM C/IyuaeM, KOrZa CH/la H3MEHACTCA NO FaDMOHHUECKOMY 3aKOHY,
Mycts npoexkuns BO3MyILAIOWEN CuJbl Ha och x pagua H sin (pf -+ 9),
rie H — aMnanTyaa u p — 4actora BosMmyllatomesl cuisl, 8 — Havano-
nas ¢asa. Torma auddepeHunanpHoe ypaBHeHHEe ABHMKEHHS MaTepu-
aNbHOH TOYKH BAOMbL OCH ¥ HMeeT BUJ

m% = —cx + H sin (pt 4 0),

Wiy
i 4 Rx = H, sin (pt + 0), (2.29)

rae
k> :C/’m, []0 = H/m.

PeminB aucddepennnanpaoe ypaepHenue (2.29), bl onpeiesiuM 3aKoH
IBYOKEHHA MaTepuajbHON Toukn. OOllee pelueHHe HEOLHOPOAHOrO JiH-
nefigoro nudpdepenuaibHoro ypasienus (2.29) paBHO cymme peinenni:
YaCTHOTO pelleHns ypapHehus (2.29) u obuwero pemiends OJHOPOAHOro
ypaBHeHus

54 + kzx = 0.
Oburee pelireHue MOCJAENHErO YPaBHEHHS Mbl yXKe 3HaeM:
X = asin (b -+ ),

rae a u & — nocToAHHule uHTerpuposanusi. Ecau p #%= k, TO uacTHOe
pelenue ypapuenus (2.29) GyzeMm uCKaTh B BHIE

X, = A* sia (pf + 9),
rae A* — neussectuast mocrosHuasi. [lasa ee onpenefeHna OOACTABUM
BbIPAXKEHHS Xy U £, == —A*p® sin (pt 4 8) B ypasHenue (2.29):

—A*p?sin (pt - 8) + A*E*sin (pt - 8) = H, sin (pt + 9),
HAK :
A* (B* — p?) sin (pt + 8) = H, sin (pt + §).

llﬂﬂ TOXKACCTBEHHOTO BBINOJHEHHA 3TOrO paBeHCTBA A0AXKHO ObITh

H,

L
A = e

YHacrHoe pewenue umeer BUA
i .
Xo = -Ei:”—pT sin (pl —§— 6). (230)
Cnenosarenbro, ofiiee pelienne ypabhenus (2.29) 3anumercs
B (opme

— asin (b 4 ¢) 4- k—fép— sin (pf 4 6). (2.31)
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TlocTosfiHHEIE @ M & 3aBHCAT OT HauaJbHBX yaoull, Takum obpa-
30M, HCKOMOE ABM:KE€HHE MATepHalbHOH TOUKH SsIBJAETCS CYMMOH rap-
MOHHYECKHMX KOJeOaHHH, NPOHCXOASIHX C COOCTBEHHOH 4YacTOTOH &
M TapMOHHMYECKHX KoJe€OaHu#, mpoHCXOAAIIHX C YacTOTOH BO3MYIIaro-
meil cuan p. [NoapoGBO Heeoeayem BTOpoe caaraeMoe B (2.31), omu-
CHIBAIOIIEE YHCTO BLIHYKIEHHBIE KOJieGaHUsl M He 3aBHCALLEE OT Hayajb-
HBEIX YCJOBHH,

AMIJIHTY@ YHCTO BHIHYXKIEHHBIX KOJeGaHHH paBHa

AN
[#—p]"

Tlepenuiem pemenue (2.30), uenoassys dopmyay (2.32):
X, = A sin (pt + ) (k> p),
Xy = —A sin (pt -+ 8) = A sin (pt + & — 7)) (k < p).

M3 nonyueHHEIX COOTHOILEHHH CJlexyer, 4To NpH p < k dasza BhH-
HYXKJIeHHBIX KoseOaHull coBnanaer ¢ (as3oll BO3MyILAOWER CUIBL NpH
p > k BhIHYKJeHHBIe KOJeOanua CABHHYTH MO (ase OT BO3MyIialomel
CHJIBI Ha T,

Ipocaeanm 3aBHCHMOCTb aMILIMTYAB BHIHYKACHHBIX KoaebGaHuil OT
orHowenus uacror p/k. Ias storo mnpeobpasyeM BHIpameHwWe aMIVIH-
TYAH BHIHYXKIEHHHX KoJeOaHHH

A= Hy — H - Xo1
= c| T— p2/k?] [ T— p¥i2]?’
The Xop = /¢ — BeJHUNHAE CTATHUECKOTO OTKJIOHEHHS TOYKH OT nHOJOo-
JKEHHSl PABHOBECHS OpH AEHACTBHH CHJBI, PaBHOH MaKCHMaJbHOMY 3Ha-
yeHuo BoaMymatomei cuibl. O603HauuM
A 1
m= Xor J1— p¥k? |
Beauuuna p npencrabsaser coboil Koagguyuenm Ouramusnocmy; CH no-
KasbiBaeT, BO CKOJBKO a3 aMIINTYJa KoJeOGaHUP NPEBOCXOLMT CTaTd-
weckoe oTkaonenne. Ms rpaduka (puc. 2.10) Buaso, uro npu p/k — 1
KO3pdHINEHT IMHAMHYHOCTH PE3KO BO3PACTeT.
BepneMcs Tenepb k ofuiemy pemeHmo (2 31). 3anucas ero B BHEE

x = C, cos kt + C, sin bt + —— k2 - sin (pf -+ §), (2.34)

onpeleaHM IMOCTOSIHHBIE HHTerHpOBaHHﬂ, ecan ¥ =%, % = X, npu
1t =0.

TlozcTaBuB Hauadbuble YCJAOBHS B ypaBHeHHe (2.34) M B BLIparKeHHe
Jas cxopocm JBHXKEeHNS

—kC, sin kf - kCy cOs kt 4+ — k - cos (pt 4 6),

(2.32)

(2.33)

.

NONYyYHM

H
smG Cg————————”——ﬁ?cos&

Ci=x— EE

k



§ 2.51 BBIHY)XAEHHBIE KOJEBAHUY

Ioxcrasasst C; u C, B coorHomenue (2.34), Gylem umersb

x-—-—xgcoskt-}-ﬁ’-sin Rt —

-~k—H—(smﬁcoskt—{———(:osésm)‘et)—{—k2 2sm(pt—l—é) (2.35)

Takasi 3anucb pelUeHHst MO3BOJAET YCTAHOBHTH, UYTO Jame HPH
HYJNeBLIX HAYAJbHBIX YCIOBUAX (% =0, %, = 0) Touka Oyaer coBep-
piath KoseGaHusl, OPOUCXOAsILHE C COOCTBEHHOW 4acToTOH; OHHU Ompe-

Jensiorcs  wnewom — M, (B2 — p?)~! (sin 8 cos kbt + —Z— cos 8 sin kt) ,
HpHYeM aMITMTYJA 3THX KOJeGaHWH He 3aBUCUT OT HAYAMbHBIX YCJIOBHI,

ft

Yl /WW\ Ao '/\"/\\h\\i(
diiaiaiiie

=

|
|
|
|
I
}
[
1
|
1
|
7

P&
Puc. 2.10 Puc. 2 11

Paccmotpum cayuail, Korga 4acrota p BHINYXKACUHBIX KOJeGaHHE

6auska K cobcrBenHoll wactore k (p~k), Toraa solpamenue (2 33)

mpu xy =0 u %, =0 npumer Big (IpuGIHKEHHO mosnaraeM p/k = 1,
HO A% — p? =4 ()

> sin (pf + 8) — sin (& + 8)],

X2 Lp; sin 2% ¢ cos (pt - 6). (2.36)

X~

HJIH

ke

Takoe aBikenne HaseiBaeTcs Guexuem (puc. 2.11).

Hoxazauusie 3pecs OneHHA OpPEACTABJIAT cOOOH KoJeGaHusi, Hpo-
HCXOAfILIHE ¢ YacTOTOfl p BO3MYyIIAOWIEH CHJIBL, MPHYEM AaMIIHTYJAA
3TUX KOJMCGAHUH MENJEHHO MEHsIeTCs, CHeLys TAKKe MePUOAHYECKOMY
3aKOHY .

Paccmorpum Temepb cayuaft, KOrja cOGCTBEHHAS! 4ACTOTA COBIAJAeT
€ 4acTorofl BO3MyLAlOWeH CUJb, T. €. p = k. YacTHoe petneHHe ypae-
HeHun (2.29) B 37OM Cy4ae HYKHO HCKaTh B BHAE

Xy = At sin (pt 4+ y). 2.37)
[Moxcrasus Beipamenue (2.37) B auddepenuuanstoe ypasuenue (2.29),
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O YUHM
24p cos (pt + y) = H, sin (pt -+ d).

Brenn oGosHauenue ¢ = pf -~ y, NEpenHileM 3TO COOTHOIIEHHE B BHIE
2Ap cos ¢ = Hy sin @ cos (§ — y) -+ H, cos ¢ sin {8 — 7).
3710 paBeHCTBO GYJAET TOXK/IECTBEHHO YJIOBJETBOPEHO, €C/H
Hycos (6 —y) =0, Hysin (6 — y) = 24p.
Orciona A = Hy/(2p), v = 8 — n/2 u, caegoBarenbHo,

k14

Hyl Hyt
Xy =S sin (pt 48 — —2—> = — 5, cos(pf+3).

O6uiee peleHHe HMeeT BHIL

x==a sin (pf }-€) — ot

5y COS (pt - 8).
Ipu HaualbHBIX YCAOBUAX X == Xg, ¥ = ¥ HMEEM *)
X ==xyc0s pt -+ —’;‘—’ sin pt - 2[;2 [cos &-sin pt — pt cos (pl -+ 8)].  (2.38)
Ha puc. 2.12 nokasau rpadux ¢YHKIHH X.. ‘Kak BHAHO, NpH & = p
NPOUCXOAHT HEOFPAHHUEHHO® BO3DACTaHHe aMILIMTY/bl KOJeOaHHH, npu-

yeM pOCT AaMIIHTyAbl JIHHEEH BO Bpe-

MeHW., 2TO SABJEHHE HOCHT Ha3BaHHE pe30- ﬂf—"‘ .
Hawuca. v |asinpt

A ..

aw

Z
Puc. 2.12 . Pue, 2,13

3apasa 2.8. Tpys M maccml m npukpemvien K HiKHeMy Kouny B BepTuramnno
PaCIOJIOKEHHOH NPYKIHE), KECTKOCTh KOTOPOH paBHA ¢, & AJUHZ B HEHANpPSKEHHOM
cocrosuun l,. Bepxuuii Komen npyxmuum A nepememaloT 0o 3aKony a sin pf B Bepra
KalbHOM HanpaBsnenun (puc. 2.13).

OnpezeauTs BHHYMX/eHBbIE KOseOanns rpysa M, npunsas m = 0,4 kr, ¢ = 39,2 H/m,
h=380cm, p=T7c"l a= 2cm.

BuGepem nauasio Koopanaat B Toure O # nposesieM OCs x BEPTUKANLHO BHu3. Ecau
ly — NIMHA UPYXKUHB B HEHANPKEHHOM COCTOAHUM, TO YIIUHEHHE MPYXUHB PABHO

*) D10 pemenue MOKHO NOAYUNTh 13 (2,35), pacKphiBan HEONPEAEIEHHOCTh, KOTOpas
BO3HHKaeT npu p— k,




§ 2.6] BBIHYXXIAEHHDIE KOJMEBAHHS TIPH BSI3KOM CONPOTHBJIEHHM

x — asin pt — I, 4, CACTOBATENLHO, CHAA, AeficTBYIOWLAs HA TPY3 CO CTOPOHBI NPYKHHLL,
parua

Fyp = —c (x — asin pt — ly).
Judepenyanbioe ypaBHenye ABIKEHHA HMEET BHJI
mi = —c (x — a sin pt — L) -+ mg,
uny
# 4 Rx= g-+ Hysin pt+ cly/m,
rae k2= ¢/m, Hy= ca/m.
BpejieM HOBYIO NMEPEMEHHYIO Z COTAACHO DPABEHCTBY
2= x — (mglc-+ L);
Torfa AuddepeHuuanbHOe ypaBHenne JABHMEHUs npeobpasyercs K caenywowied gopue:
2 - k%2 = Hysin pt.

Bpesenne HOBOH nepeMeHHOH 2 PABHOCHJIBLHO TMePEHOCY HAauajaa KOOP/IHHAT B MOJ0-
JKeHHe paBHOBecds rpy3a. Bemysaennble KoneGanus rpysa onpelensiores opMyaoi
(2.30):

2 == 5 sin pt.

o
Rt — p
{loxcTaBians CIOXA YAC/IOBble 3HAUEHHST [1apaMeTPOB, MOJY4HM
z= 4 sin T om.
Tak kaxk x = z-- mgic-+ I, 10
x == (4sin 7/ -+ 40) cm.

B stom ciyyae amMmiHTyaa RoaeGanuii rpysa (4 cM) BpBOoe GOsbLIC aMIIHTYAL Koje-
GaHui TOUKH MOABECA MPYMKHHEL 3aMeTuM, YTO TPY3 KojeOseTCsi OKOAO CPeinero 1noso-
JKEeHWSA, YAANEHROTO OT BEPXHEro KOHUA NMPYXuHL Ha 40 CM; STOMY T0JI0KEHHIO COOTBET-
CTBYeT COCTOfIHME PABHOBECUN TPY3a MpH OTCYTCTBHM KoJaeGanuil TOUKH MoIBeca.

§ 2.6. BoiHykpaeHHble KOJeGaHusA
NPH HAJHYUN BA3KOTO COMPOTURJCHHSA

Paccmorpum ARuKeHHe MaTephasnbHON TOYKH BAOJNb OCH X MOX AeH-
CTBUEM JIHHEHHOH BOCCTAHABJMBAIONIEH CHJBI, BA3IKOH CHMB! COMPOTHB-
JeHUs M BO3MYILAOWEH CHJABI, [POeKUH® KOTOpofi Ha OCh X paBHA
H sin (pt + 9).

JubpepesunanpHoe ypaBHeHHe ABHIKEHHA HMeET BHJ,

mi& = —cx — bx -+ H sin (pt + 9).
[osoxus c/m = k%, b/m =2k, H/m = H,, nonyuum
% -4 2h% + Rx = H, sin (pt -+ 6). (2.39}

Pemenne nuddepentmansuoro ypasuenus (2.39) ckaagnBaeTcss 3
ABYX peineHuii: OOIEro pemeHHs X; COOTBETCTBYIOLUIErO OJHOPOAHOTQ
YPaBHEHHS] H 4YaCTHOTO pelleHus x, ypasHeHus (2.39).

Kak nokasamo B § 2.3, npu £ 7> h peiuenne OAHOPOAHOrC ypaBHe-
HUSl 3aUHCHIBAETCS B BHAE .

X, = et (C, sin k*¢ + C, cos k*2),

rae C;, C, — NOCTOAHHLIE HHTErpHpOBauus, a k* = J E2 —Jit,
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Yacthoe pewenue ypasuenns (2.39) Gyaem uckarh B Buzae
= A sin (pt -+ ), (2.40)
rae A Uy — HeonpeAeNeHHLE MOCTOAHHBIE BesHynHL, Takum o6pasom,
MBl NPEANOJaraeM, YTO YacTHOe pelleHHe OnuchiBaeT Kojdebanus no-
CTOAHHOH aMIVIUTYALI, NPOHCXOASAILHE C YACTOTON BO3MYUIAIOWEH CHJIHL,
Haxons %, == pA cos (pt + y), £; == —p?A sin (pf + ) u noacras-
Jisig RHAYEHMSA X,, X,, X, B ypaBHeHue (2.39), nonyuum

— p?A sin (pt 4+ v) + 2hpA cos (pt + ) +
+ k*A sin (pt + v) = H, sin (pt + §).
TIonOMMUB pf - § = ¢ M BOCHONb30BABLIHCH COOTHOLIEHHEM
sin (pt + 8) =sin (¢ + 8 —¢) =sin @ cos (8 — y) +
-+ cos ¢ sin (§ — ),
aast onpenenenyiss 4 u y OyleM HMETh CJeLYIOIHE YDaBHEHHS:
A (K — p?) = Hecos (6 —v), 2phA = H,sin (6 — ¥),

OTKyJa
Hy
N , 4
V (kz_p2)2+4h2p2 (2 l)
2h
g0 — 1) = (2.42)

IMoacTaBuB HaliaeHHble 3HaueHnA A K Y B YaCTHOE peltieHHe, BOJYYHM

Ho . q ’
SR E— + 6
Ve on (pt+6+7),

Xg =

rae v =y — &
Taknm o6pazoM, ofuiee pelieHue ,nm})d)é:penunaubﬂoro ypaBHeHHd
(2.39) umeer caepylomui BUA:

x =" (C, sin k*{ -- C,cos k') +
H,q
Y YEvrrow

sin(pt + 6+ 9). (2.43)

JAs onperesenns 3aKOHA ABWMEHUS MATePUATLHON TOYKH HYHKHO
naiith nocrosHubie Cy, C,. [lonb3ysach HAYANbHBIMH YCAOBHAMY: X = Xg,
= Xy npH ¢ = 0, nOAYYHM 3HAYEHHH NOCTOFHHBIX

C, = kL [0 - hxo — hA sin (8 v') — Ap cos (8 + ),

C: =% — Asin (8 + ),
rie A — amnaumyoa GuHYMOeHNbX KOACOAHUL.
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IMoncrapus anausenus C; u C, B ypasueune (2.43), nafizem sakou
HBHMKEHHST MATePHANBHOH TOUKH B PACCMATPHBACMOM CAyYae:

X == g—ht [.ﬁ@%ﬂi‘.& sin B -+ X, COS k*t} -
— e (L Yhsin (8 - ¥') + p cos (5 4 v')) sin £

- A sin (8 - y') cos k*t} - Asin (pt -8 4 y').

CrnepoBaTeNbHO, ABHXKEHHE MaTepHaJbHON TOYKH CKJIAABIBAGTCH: M3
CBOOOAHBIX 3aTyXAWHX Kosaebauuit (neppoe cjgaraemoe), oOYCIOBJEH-
HplX HAYaJAbHBLIMH YC/AOBHSAMH; M3 3aTyXxawwux xoJyedanuit (sropoe ciaa-
raemoe), HMeOMUX COOCTBEHHYIO 4aCTOTy, HO BBLI3BAHHBIX JefICTBHEM
Bh{HY KAAOWEH CHJIbI, H YUCTO BBIHYKIEHHBIX KoJeGaHuil (Tperbe -cjia-
raemoe). Tak Kak mepBple [Ba ABHKEHHS C TEYEHIEM BPEMEHH 3aTyXaioT,
TO OCHOBHBIM KOJeOGaHueM, ONpeiesOUIHM XapakTep [BUKEHHS Ma-
TepHAALHOH TOUKH, AB/ASETCA YUCTO BHIHYIKAEHHOe KosebaHie ¢ aMiau-
TyA0it A u qactoroit p. CliefyeT 3aMeTHTb, YTO [IPH HAJHYUH COMPOTHUB-
JieHus BBHIHYKIEHHBIE KOJeOaHHs CABHHYTHL N0 (ase OTHOCHTENbHO BO3-
Mytaomel CHbl Ha Y.

Beoas ofosHauenus z = p/k, P = h/k, nepenuwem dopmyay (2.41)
B Buie

A== For et , (2.44)
72 \? A p2 V(l — 25T [ 4B%z?
V("TS) T

TAR X = Hy/R* = H/e npencrasisier coGofl craruueckoe nepeMelenne,
BLI3LIBAEMOE {IOCTOAHHOH cuniofi f.
Bsesier B paccMOTPeHHe KOdGihuyuerm GUHAMUAHOCATY
A 1
Ho== T' = e,

or Y {T—2) +
KOTOPHIf Xapakrepusyer IMHAMHIECKU A s3¢dext, BLISHIBACMBIH BB
Hyxjamei cHIod,

HMcenenyem 3aBHCHMOCTD Koacpqmuuema JUHAMHYHOCTH OT 2 — OT-
HOLIEHHs YACTOT BRIHYKAAOWEH CHAbl 0 coGCTBEHHBIX Koe0aHuil B cpete
Ge3 compoTHBJEHUS, a TakXKe OT Kodbpuuuenta P, xapakrepu3yiomero
conpoTusienue cpeanl. OueBHAHO, UTO, Ha#Ast 3aBUCHMOCTb KOI(du-
HHEHTA JUHAMUYHOCTH OT 2 H P, Mbl TeM caMbIM ONPENEIHM U 3aBUCHMOCTS
OT HHX, aMIVIHTYJABI BHIHYKACHHBIX KoJieGauui.

Halizgem skerpemym yHKiMH

= (I — %)% + 4p%2. ‘ . (2.46)
Has storo HpHpaBHﬂeM HYJAI0 TPOM3BOAHYIO

H=2(1—2)(—2) + 8%z = (2.47)

(2.45)
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Kopusamu aroro ypaBHenus 6yayr
7 =0, z,=V1=0p, z,=— V11— 9p (2.48)
Tax kax 2z = 0, T0 xopenb 2, AoJaxkeH OwmTh OrGpouten. Hakgem BTO-
PYI0 IPOU3BOAHYIO OT Y
d?y

L =192 — 4 (1—2).

Ias 2z, =0 npu 1 — 2B <0, 1. e. mpu B> V972,

a2y 2
=42 —1)>0
r4

M, CNEeJOBATENbHO, (DYHKUHUA y HMEET MHHHMYM, a KO3(QHIMEHT auHa-
MHYHOCTH W — MakcuMyM. Jpyrux JefACTBHTENbHBIX KODHEH NpH 3THX
spavenuax B ypasuenue (2.47) He HMeer.

e
s y
4 b——
J SIUHUS MAKCUMYMOS
?
i é’
e
g 03 70 75 2,0 F;

Puc. 2.14

Ecan B <9/ 2/2, 10 as 2, = 0 d2y/dz? <5 0. D10 3HAYUT, YTO | 1pH
5TOM MMeeT MHHuMYM, JIisi KOpHA xe 2z, = /1 — 2p2

T —8(1—26%>0,

T. €. IPH Z = 2, KO3(OUIHEHT AHHAMHYHOCTH HMEET MAKCUMYM,



§ 2.6] BBIHY)XJAEHHBIE KOJEBAHHUS TMPH BfI3KOM CONPOTHBJAEHHH

3aMeTuM, 4YTO BCErja z; < 1 u, Toapko koraa f§ =0 (cpeaa Gea
CONPOTHBJIECHHR), 2, = |. Panee Gb1o nokasauo, uro npu P =0 u
2 = | pemenne (2.40) He uMeeT CMbIC/Ia M €r0 HYXKHO HCKaTb B Buje
(2.37).

MaxkcuManbHoe 3HadeHue Ko3ppHilHenTa AHHaMHYHOCTH HaHAeM, [10A-
craBuB 2, = V' 1 — 2B% B Qopmyay (2.45):

1
Gy =TT .49
u'mdx 26 V]"Bz (2 )

Ha puc. 2.14 nokasannl KpHUBLIE, ONPEAC/IAIOLIHE 3aBHCHMOCTb KO-
spuIyenTa JUHAMUYHOCTH OT 2 = p/k. Kamaofl u3 KpHBHIX COOTBET-
CTBYeT onpeieneHHoe sHaueHue P = A/k. [IyHKTHpHAS JMHHUS NPOXORUT
yepes TOUYKH MaKCHMyMa.

2 D
J- ® ——
4 % 1’;-—,,,/-——-——
135° b

| pl—

w°
4%° /4 7
) 95 0 540 45z

Pune. 2.15

W3 paccMOTpeHHsl 3TOr0 pUCYHKaA CJAELYeT, UTO aMIIMTYJA BBIHY-
AJEHHBEIX KOJeOaHHH MpH 2, KOCTAaTOYHO GOJbLIOM H JOCTATOUHO MajoMm
N0 CPaBHEHHIO C Z = ], OYEHb MaJlO 3aBUCHT OT COIPOTHUBJCHHA CPEABI.
Ilpu 2z, G1u3KUX K 2 = 1, BAMSHUE CONPOTHB/ECHHA HA AMIUIUTYAY BhI-
HYXKJEHHBIX KoJe6aHHH BecbMa CYLIECTBEHHO.

IIpu z — co aMININTYAA BBIHYKAEHHBIX KoJeGaHUH aCHMITOTHUECKH
CTPEMHTCA K HYJIO, DTO 3HAYUT, YTO NPH OOJbINOH YacTOTe BO3MYINa-
Iollefl CHJbl [0 CPaBHEHHIO C COOCTBEHHOH 4AcTOTOH aMIJIMTYAA BbIHY-
JKIEHHLIX KosieGaHui BechbMa Mana. }

Ha puc. 2.15 mpencraeiena 3aBHCHMOCTD CABHTA (Da3bl BHIHYKJAEH-
HBIX KoJeGaHu# OTHOCHTEJbHO BO3MYILAiOWell CHJLI B 3aBHCHMOCTH
or z u B. OtmeruM, 9To NpH 2 = 1 cABUr aswl paBeH &/2 Opu JOOOM
sHaueHyH P. PesoHaHCOM mpH KoJeGaHHAX B CPeJe C CGIPOTHBJICHHEM
Ha3HIBAIOT BLIHYKAEHHBIE KoseGanusi MpH 2z = 1, T. €. 0pH p = k, 4rt0
OTBedaeT IPUMEPHO MaKCHMAJbHOMY 3HAUEHHIO aMIJIHTYJABl BHIHYXKAEH-
HEIX KoJeOGauuil.
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3aga4a 2.9. [lox psuratress B (puc. 2.16) Tpebyercss NOABECTH PyRAAMEHT.
HeofxoauM0 onpenenuTs TaKylo TONMHY KAANKK @, 94TOOH KOSMOUUHEHT AHHAMHYHOCTH
He MpPeBbilla] eJHHALb! A BCEX YaCTOT BLIHYXKICHHBIX KojJeOaHHuMH, rnepejaBaemblx OT
aAsaratesn pynaamenty. COnpoTHBIEHHE IPYHTA MOXKHO CXEMAaTH3HPOBATh KaK PeaKuUHto
yapyrux cua F u Baskax cun R, BbIBBaHHBIX BHYTPEHHHMH CHJIAMHM CONMPOTHBJICHHUA.
i Qrxecennble K eJEHHLE MIOWALH QyHIa-
MenTa, KOIDHUHEHTH! KeCTKOCTH , .
BA3KOCTH COOTBETCTBEHHO pAaBHH C =
== 19,6-10° H/m® n b= 588 kH-c/w?,
IlnoTHOCTL Marepuana  (pyHxamMeHTa
p = 24,5 kH.c¥/nt. .
Bseaem cucremy xoopaunat xOy,
7 BbiGpaB ee Hauaao O B NOJOXKEHHH paB-
HOBECHSI LEHTPA TSKecTH QyHAamenta,
O6o3Haunm yeped S IJOUMALL OCHO-
BaHHA H NPeNCTaBUM NMPOEKIIHIO BHIHYMK-
Jawoeli cuabl Q Ha och x B Bile Qp =
=H sin pt. Toraa ypaBHeHHe ABHKEHAR

- mw=F-+-R-+Q+mg
B MPOEKLUHA HA OCb X J4eT
aSp# = —c8 (x 4 A¢) — bS% -

Puc. 2.16 - aSpg -+ H sin pi.
3aece MHl BOCIO/ib30BAMUCE OUEBMAHLIMH paBeHCTBaMu m = aSp, Fy = —c§ (x - Ay),
Ry = —bBS%, rpe by — cratiueckas ocagka pyHaaMeHta,

[MpuBeneM ypasHeHHe UBHKEHUA K HOPMaiwHOMY Buay. [as 10ro pasaeaum ero
ua aSp M BOCHOJIB3YeMCH DABEHCTBOM aSpg == CAy:
b ¢

- s H
x-{-?‘?x—f—a}-x: aSp sin pf.

CpaBuusas c ypassenuem (2.39), waftzem h = b/(2ap), k? == c¢/(ap). Ciuenosatensio,

GespasmepHbiii Kosdruuent BaskocTn pasen B = h/k = b/(21 apc).
Kos(ppuuuesT AMHAMUYHOCTH | OPH BCEX HacTOTaX p He GyAeT npeBOCXOAUTHL elln-

HILB, €COH HOTPeBOoBaTh, uTolb KPHUBas M (2) HE HMena MAKCHMYMA NPH 2y == Vi—3p
CnegoBaTesHO, JO/KHO BHINONHATBCA HepaBeHCTBO f > V'Z/2, unu /(2 V ape)>
> |/ 2/2. Orciona noayqus ToMLKRY KAalkh a: @ < 0%/(2pc). [TogcTaBARs B 370 HepaBeu-
CTBO [aHHBIE THC/AOBLIE SHAUEHHA MapaMeTpoB, HOAYUHM

a<< 3,6 M

§ 2.7. JnexTposunamuyecke anajorun. Monarue
06 uCCNeA0BAHNM KOJIEOAHHH MATEPHA/BHBIX CHCTEM
€ MOMOItbI0 SAEKTPOHHBIX AHAJIOTOBLIX MALUKH

Kose6atesibHble NPOLECCH, MPOHCXOAAILHE B PABTHUHBIX PHUIHICCKUX
cucTeMaXx, OMNHCHIBAIOTCH 4YACTO OAMHAKOBBIMH MATEMATHUECKHMH YPaB-
HEHHAMH., FTO OOCTOATENLCTBO 44eT BO3MOXKHOCTH YCTAHOBHTb aHAJOMHiO
MeWAY CHCTEMaMH DasnuuHoil (usmyeckol npupoisl. HauGosee nosso
3Ta AHAAOTHA YCTAHOBJEHA MEXAY MEXaHWYECKHMH H 3JIEKTPUYECKUMHY
CHCTEMaMH,



§2.71 ‘ SAEKTPONIHHAMHYECKHUE AHAJOTHH

PaccMOTPUM MEXaHHUECKYIO CHCTEMY € OAHOH CTeneHbio ¢Boboawl,
DBYXKEHHE KOTOPOI#l ONUCHBAaETCA ClAeAyounM AuddepeHialbHLEIM ypaB-
HEHNEM:

mE -+ bx + cx = Q (2). (2.50)

3pech X — KoopjuHarta, m — Macca TOYKH, b — kosdduuuent conpo-
THBJEHHR Cpelbl, ¢ — KO>(MPHLHEHT KECTKOCTH MNpyKHHbBL, Q (f) —
po3Myllawas - cuna. CHMBOJMYECKH CHCTEMY, OTBe4alolylo ypaBHe-
nuo (2.50), uzobpaxkaloT 0ObUHO CXxeMOH, NokasasHo#l .Ha puc. 2.17.

PaccmoTpuM Tenepb SJEKTPHYECKHH KOHTYP, B KOTOPOM HMHIYKTHB-
HOCTb L, oMuueckoe cONpOTHBJAeHUE R, KOHJeHCAaTop eMKocTbio C o
BHEIIHWI MCTOUHHK SHEPTHH 3. A. C. L (f) coeannentl nocjaeloBaTelbHo

R
a®
L
If n F 4 @u == ;1, []n
3 b EE@)
77 ;
Puec, 2.17 Puc, 2.18 Puc. 2,19

(puc. 2.18). Cornacno Bropomy 3akony Knpxroda cymMma nageHu#i Ha-
npsixeHnH Ha OTAENBHLIX Y4acTKaXx Leny paBHa pasHOCTH MOTEHIIHANOB
Ha KOHLAX 32)KKMOB, T. €. 3. 1. C. ucroq}mxa sneprui. [lazenne Hanpsxe-

BHA OT HHAYKTHBHOCTH PaBHO L ——, rae i — cnaa TO0Ka, naneHue Hanps-

dt ’
HEHUsi OT OMHYECKOTO CONPOTHBJCHHS PaBHO Ri, a Najenue Hanpsxe-

1
HU8 B KOHAEHCATOpE onpeaesfercss pPaBeHCTBOM -+ ¢, TAe — 3apan
c 9

konpencaropa. CaeroBareibHo, no BTopomy 3akony Kupxroga 6yiem
NMeTh

+Rt+ g=E({),

WAM, YUHTHIBaA, 4TO i :dq/dt

SRS L y=Eq. (2.51)

Cpapunsag ¢ ypasHeHuem (2.50), BuAHM, uTO KoJebanHsi MexaHH-
ecKOH CHCTEMEI ¢ OJIHOM CTENeHbIo CBOGOAL M H3MeHeHHe 3apAja B SJeK-
TPHUECKOl LeNW ONUCHIBAIOTCS ¢ TOYHOCTbIO A0 O6O3HaueHW# cosep-
WEHHO OANHAKOBbIMH Ahddpepenunansubivy  ypasnenuami. Caeposa-
TENLHO, MEXAY 3THMM CHCTEMaMy MOMKHO TPOBECTH AaHAJNOTHIO, CEOMo-
CTABUB 3apfil ¢ € KOOpPAMHATON X, WHAYKTHBHOCTb L ¢ Maccoit m, omu-
yecKoe conpoTHBAenie R ¢ KO3(OHIMEHTOM CONPOTHBIEHHA Cpejhl,
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BEJIMUHHY, 06paTayio emkoctH 1/C, ¢ KO(pOHUIUEHTOM KECTKOCTH ¢ H
3JeKTPOABHKYWYIO cuity E (f) ¢ Boamymarwiue# cuiofl Q (2).

Jloa 37eKTpUYeCKOro KOHTYPa ¢ Napadsie/bHO COSIUHEHHEIMH 3Je-
meHTamu (puc. 2.19) na ocHoBanmu nepsoro sakoHa Kupxroda Gyxem
‘HMeTb (CKJalbIBAIOTCHA TOKH)

u

e+ fudi L =i,

Tle 4 — HanpsKeHue.
HuddepeHunpya no BpemeHH, MHONYyUUM

d?u 1 d

7] 1 di
Com+wmmtTu=

dr

3aeck Mbl MMeeM [JDYTyl0 CHCTeMY aHaloruil, B KOTOPOH KOOpIH-
HATE X COOTBETCTBYET HAlpsKeHHe u, Macce /i COOTBETCTBYET eMKOCTh C
KOHJleHcaTopa, KO3h(pHUHEHTY CONPOTHBJAEHHS CPelbl b OTBEuaeT npo-
BoAUMOCTb 1/R, Ko3pHUMEHTY »KecTKOCTH MNPYKHHBL ¢ -— BeAHYHHA,
o6paTHast HHAYKTHBHOCTH 1/L, ¥ BO3myuiawwed cune Q (£} — cKOpocThb
usMeHeHus Toka di/df.

Crenem pe3ynbTaTol B TaGiuiy 2 saekTpoAMHAMHYECKHX AHAJOTHH.

Ta6anuma 2

aﬂEKTqueCKUC BEeJTHUHH B!

MexaHu4yeckHe BEJHYHHb
l-5 anajorus: cHaa-—

- HaOpskKeHue

2-9 agalorus: CHJAA—TOK

1. Koopannara x 3apan g Hanpsiskenne u

2. Macca m MnayxtuBuocts L Emkocts C

3. Koappunment KecTko- | O6patHas seauuuna em- | O6paTtHas BelHUHHA HH-
CTH ¢ kocra 1/C ayktusnocru 1/L

4. Kosppuumeur conpotus- | Omnueckoe conpotusie- | [Iposogumoctn /R

Jrenusi cpexnl b uue R

5. Cuaa Q (¢) 3. nc EW CxopocTb Toxa di/dt

Jlas Toro 9To6Bl MEKTPOAHHAMUYECKMMH AHAJIOTHAMH MOXKHO OBLIO
nosib3oBatbcsl 6e3 ynoTpeG/eHHs NepexoiHbX Ko3(hdUIMEeHTOB, A0CTa-
TOYHO BHIPA3HTh BCE BEJHUYHHBI B MeXKIYHapOAHOH cucreme enuuun CH.



