
HAY'IHhlE TPY)lbl BblCWHX Y'IE6Hb1X 3ABE)lEHH0 JIHTOBCKOA CCP. 

IlE.U.ArorHKA H IlCHXOJJOrHSI 111, 1962 

O HEKOTOPhlX Ollll16KAX, llACTO ,ll.OilYCKAEMhlX 

IlPH PACCMOTPEHHH MEXAHHllECKHX SIBJIEHHJil 

B YCKOPEHHO JI.BIUKYIIJ.HXCSI CHCTEMAX OTCllETA 

JI.KYJihBEUAC 

B yųe6HHKax cpH3HKH .zvrn cpe,n.HHX 1:1 BbICIIIHX IIIKOJI, B MeTO.ll.H'lecKOH 
JIHTepaType .ll.Jl51 Y'IHTeJieH: cpH3HKH H a .n.pymx aHaJIOrHlJHhix HCTOlJHHKax 
MO:lKHO tt'aiiTH OilHCaHHe pa3JIHlJHbIX MexaHHlJeCKHX 51BJieHHH B ycKopeHHO 
,ll.BH:>KYIUHXC51 CHCTeMax OTClJeTa (ycKOp51eMhlH BafOH, B KOTOpOM IlOMemeH 
MaTeMaTHlJeCKHH Ma51THHK HJIH npHKpenJieH Ha npy:iKHHe IIIap; ycKopeHHO 
TI0)1,HHMaIOI.U.HHC51 HJIH onycKaIOI.U.HHCH JIH<Į>T e npy:lKHHHhlMH 'BecaMH, Ha KO
TOpbIX Il0)1,BeIIIe� rpy3; OilbITbl .mooJilMOBa H T. n.). 3a)1.alJJil Ha. 9TY TeMy 
otieHb paonpocTpaHeHbI KaK B npaKTHKe npeno,n.aBamrn MexaHHKlil, TaK H B 
c6opHHKax BOIIpOCOB H 3a,n.a11. l( COJKaJieHHIO, OlJeHb lJaCTO pa360p H peIIIeHJile 
TaKOfO po)1.a 3a,n.a11, paBHO KaK H OilHCaHJile HBJieHHH B ycKopeHHO .IIBHJKYIUHX
nl CHCTeMaX, CTpa,n.aIOT cyrnecTBeHJibIMH He-
tJ_OCTaTKaMH; rropoi.f OHH npocTO OUIHOOlJHbl. �����������12 

HHJKe paccMoTpeHbI THrtHlJHbie npHMepbI Ta
KHX OUIHOOK H yKa3aHbl rrpH1IHHbl ux B03HHK
HOBeHirn. 

l. B MeTO.Ll.HlJecKoM rroco6mr «YpoKH cpH3H
KH»1 npHBe)1,eH pHcyHOK npH6opa .TlIOOHMoBa 
(pHC. l) )1.JIH )1,eMOHCTpaUHH OTCYTCTBH51 B3aHMO-

.n.eiiCTBH51 Me:>K.rr.y rpy30M H Il0)1.CTaBKOH npH o,nHo
BpeMeHHOM HX na.rr.eHHH. Ilo.n; pHCYHKOM HanHCaHo: 

«TiaJI.aIOIUHH rpy3 He )1,eHCTByeT Ha TeJia, 
cB.H3hIBaIOI.U.He ero e orropor1. CToJio:>Ke�me rpy3a: 
A - JI.O naJI.eHHfi, I3 - rrpH na.n.emrn». 

Ho 9TO HeBepHo, 1160 e MOMeHTa nycKa npH-
6opa BHH3 rpy3 HalJHE'T coaeprnaTb KOJ1e6aHH5! 

. BoKpyr noJio>KeHH51 (5). Al\mJIHTY J{a KOJieoaHHii 
6y,u.eT paatta ,r.i:yre AB. cho .SIBCTByeT H3 TOro, 
lffQ B CHCTeMe OTClJeTa, .ll.BH>KymeiicH IIOCTyna
TeJibHO BMeCTe e _!l.OCKoii, Ha rpyg J{eikTByIOT TPH · 
CHJibl: ero Bee "!.g, CHJia 1rnepUHH nepeHOCHOfO 
){BH:>KeHHH - mg H CHJia ynpyrOCTH HO:>KO.BKH. 
TiocJie,n;HH51 H o6ycJIOBJIHBaeT KoJieoaHHH rpy3a, 
aMnJIHTy.n;a KOTophIX onpe.n;eJI51eTcH ero Ha11aJ1b-

g l CJ:::;;i�===� /6} 
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��hff, 
Pnc. l 

1 JI. e . .n M H T p H e B, IO. n. E 8 p o n 11 H 11 H. A. m e p 6 a Ko IJ, YpOKH cpH3HKll, M„ 
J 957, CTp. 50. 
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HbIM 'OTKJIIOŲeHHeM OT HOBOfO IIOJĮO:>KeHHH paBHOBec1rn (E) (BcJie,ll,CTB.He Ha
JIHŲHH TpeHHH B rrpu6ope H corrpOTHBJieHHH 803.Uyxa KOJie6aHHH rpy3a 
6y.n:yT nocTerreHHO 3aTyxaTh). 

AHaJiornųHhie 01m16KH a o6'hHCHeHHH orrhlTOB JlI06HMOBa scTpeųaIOTCSl 
oųeHh ųac-To. A. B. MJio.n:3eeBcKHH H P. B. TeJiecHHH2, orrHChIBaH .n:pyroH: rrpu-
6op, B KOTOPOM Ha rrpy:>KHHax, npHKperrJieHHblX K paMe, BHCHT TPH rnpH pa3-
HOll MacchI (cM. puc. 2), yTBep:>K;i:aiūT, ųTo «Bee TPH mpu, .no HaųaJia na.ne
HHH pacrnrHBaBIIIHe rrpy:>KHHbl Ha pa3HYIO .ll.JIHHy, BO speMH rra)I,eHHH 6yJI.yT 
ITO.UHHThl COKpaTHBIIIHMHCH rrpy:>KHH3MH )I,0 O.UHH3KOBOH Bh!COTh!», a B 3a

x 

PHc. 2 

JI.aųmrne B. f. 3y6oBa H B. TI. Illa.'lhHOBa3, 
rae H306pa:>KeH TaKOM :>Ke rrpH6op JlI06HMOBa, 
rrpocro CK338HO, ŲTO npH CB060.ll.HOM naJ(eHHif 
«JI.e<Į>opMaŲHH H narn:>KeHHH rrpy:mHH orcyT
CTBYIOT. Bee rrpyJKHHhl HaXO.ll.HTCH Ha o.n:HOM 
ypoBHe». e. IT. CTpeJIKOB4, paccMarpHBaH 
TOJlbKO O)I,HH rpy3 Ha npy:>KHHe, rro.n:aeIIIeHHOfl 
K paMe, yrsep:>KaaeT, ųro «Bo speMH rra.neHHH 
rrpy:>KHHa, pacrnHyraH paHbIIIe rpy3HKOM. 
CO:>KMeTCH raK, KaK eCJIH 6h! Ha Heli He 6h!JIO 
HHKaKoro rpy3a . .. fpy3 He MO:>KeT Terrepb ee 
paCTHHYTh, H60 CHJia HHepų1rn H CHJia THrore
HHH • . •  ypaBHOBeIIIHB3IOT .a.pyr .n:pyr a». 

HecocTOHTeJih Hocrh • TaKnx yraep:>KJI.eHHH 
oąeBHJI.Ha. YpasHeHHe .ll.BH:>KeHHH rpy3a orHo
cHreJibHO paMbI ecrh 

mx=-mg+c (J...-x) + mg, 

r,ll,e ni - Macca rpy3a, x - ero a6cųucca, orcųHThrnaeMaH oT rroJio:>KeHHH 
pasHosecHH npH HerrO,!!,BH:>KHoii: paMe (pHc. 2), '),, - craTHąecKoe y,!!,JIHHe
HHe rrpy:>KHHhI, g - ycKope1rne cso6oaHoro rra,ll,emrn, e - :mecrKOCTh rrpy
JK!1HhI. Pewen11e noro ypasttemrn, .Y.llOBJiersopHIOIII,ee ttaųaJibHbIM ycJIOBHHM 
x(O) = 0, x(O) = 0, ecTh 

x = /... (l - cos V � t) . 
OHO IIOKa3bIBaeT, ŲTO rpy3 coseprnaeT rapMOHHŲeCKHe KOJie6aHHH BOKpyr 
HOBOfO IIOJIO:>KeHH51 paBHOBecml X=A. e aMilJIHTY.llOH ')., H ųacroroif v e/ m. TaK 
KaK rro ycJIOBHIO 33,!!,3ŲH e O,!!,HH3KOBO ,!!,JIH scex rrpy:>KHH, TO speMeHa ITO.IJ.H5I-
TH5I rpy30B ,!!,O ypoBHH x = '),, OTHOC5ITC5I KaK v m1 : v m2: v ma, T. e. rpy3hl HH
KOr,!!,a He 6y.nyT HaXOJJ,HTbCH Ha O,ll,HOM ypOBHe. 

3aMeTHM, ŲTO OlIIH60l.JHOCTh yTBep:>K,ll.eHHH scex BhIIIIeyrIOMHHYThIX asro
pos BbJTeKaer H3 O.UHOro H TOfO :>Ke OOCT05ITeJihCTBa: OHH He yųHThIBaIOT 
,ll,eHCTBirn CHJlhl yrrpyroCTH rrpy:>KHHhl. 3To npas,ll,a, ŲTQ - KaK rro.nųepKHBaeT 
IT. e. CTpeJIKOB - CHJia HHepųHH H CHJia T5IfOTeHHH ypaBHOBeIIIHBaIOT ,!!,pyr 
.npyra; HO fle,!!,b ocraeTCH em.e ,ll,eHCTBHe CHJlbl yrrpyroCTH npy:>KHHbI, Bhl3bI
BaIOIŲeli, K3K rrpaBHJIO, KOJie6aTeJibHOe ,!!,BH)l{eHHe! 

B CBH3H e H3JIO:>KeHHbIM, OTMeTHM em.e CJie;i:yIOIII.YIO HHTepecHyIO 3a,ll,a
ųy 5: TPH IIIapHKa paaHhIX Mace rro;i:BellleHbl Ha rrpy:>KHHax e O,!!,HHaKoBoH: 

2 A. B. M JI o .D; 3 e e a e K H ii H P. B. T e JI e e H H H, JleKl:�HOHHble ,ZJ;eMoHcTpanHH n°' 
IĮ>H3HKe, OtSxuas MexaHHKa, M„ 1954, cTp. 53, 54. 

3 B. r. 3 y 6 o B H B. rr. llI a JI b H o B, 3a.ZJ;a•rn no lj>H3HKe, M., 1959, CTp . 23, 160. 
4 e. rr. CT p eJIKO B, Mexa1rnKa, M„ 1956, CTp. 139-140. 
5 M. IT. llI a e K o  JI be K a s H 11. A. 3 JI b n H H, Coop HHK Ha6paHHbIX 3a,ZJ;aą no IĮ>H· 

3HKe, M., 1959, .cTp. 26, 122. 
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ynpyrOCTbIO T8K, ŲTO paCCTOHHHH MeR<:JJ.y HHMH OJJ.HHaKOBbl (pHC. 3a). Tiono
MY 1.1.eHTP THm:ecTH cHcTeMbl cos11aJJ.aeT e 1.1.eHTpoM BToporo rnapa. EcJIH o6-
pe3aTb HHTb, yJJ.epm:Hsa1011.1.y10 11epBblH (sepXHHH) rnap, TO CHCTeMa 6yJJ.eT 
na.n.aTh, 11pHąeM ycKopeHHe 1.1.eHTpa rnm:ecrn: JJ.OJim:Ho OhITh 3mg: 3m=g. Ho 
sepxHHH 11pyiKHHa THHeT BTOP<?H rnap ssepx cHJibHee, ąeM HH')KHHH 11pyiKHHa 
THHeT ero BHH3 H, CJieJJ.OBaTeJihHO, B H.atiaJibHhlH MOMeHT 1.1.ėHTp BTOporo rnapa 
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PHc. 3 

6y.u.eT rIMeTb ycKopeHHe MeHbrne g. TioJ1y11aeTcH KaK Obl 11pornsopeąHe. 
B ąeM .11.eJio? 

B orneTe yKa3hrnaeTcH, tITO JJ.JIHHa 11pym:HH B HeJJ.ecpopMHpoHaHHOM co
CTOHHHH .n.oJI:>KHa OhlTh pa3JIHtIHa. «TipH cso6o.n.HoM 11a.n.emrn :arn o6e npy:arn
Hhl ,ll.OJI)KHbl 6b!Tb He pacTHHYTblMH, T. e. OHH COJKMYTCH ,ll.O HOpMaJibHOfJ 
,ll.JIHHbl (Hx .n.eq>0pM8ll.HH HCŲe3HYT) » H, 3H81IHT, paCCTOHHHH Mem,'ly 1.1.eHTpa
MH rnapHKOB He 6y.n.yT o.n.HHaKOBbI. TaKHM o6pa3oM, 1.1.eHTP BToporo rnapa 
11ocJie HaąaJJa na.n.emrn nepecTaHeT ObITh 1.1.eHTpOM THiKeCTH CHCTeMbI. 

YrnepJKJI.eHHe, tITO npH na,IleHHH o6e npyiKHHbI 6y.n.yr He pacTSIHYThI. 
coJKMYTCH .n.o HopMaJibHOi'1 JI.JIHHhl - Hesepno. B cHcTeMe oTcąeTa, cso6o.n.Ho 
na.n.a10meii: e ycKopeHHeM g, rnapHKH coseprna10T cJJoJKHble KOJie6aHHH 110.n. 
.n.eflcrnHeM CHJI ynpyrocTH npyJKHH. [CoorneTCTBYIOUJ.HH pac11eT l10K83hIBaeT, 
ŲTO OTHOCHTeJibHOe ,ll.BHJKeHHe CHCTeMbl rna pHKOB - CHCTeMbI e. TpeMH CTe
neHHMH cso60.11.h1 - .9TO HaJIOJKeHHe Tpex rapMoH11ąecK11x KOJie6aHHH (Hop-

MaJihHhIX KOJie6aHHH) e tiaCTOTaMH "ffit=O, <D2= -V�· (J)g= v:' r)J.e m
Macca o.n.Horo rnapHKa, e - :JKeCTKOCTh npyiKHH. KoHę_tIHbie ypasHeHHH JI.BH
meHHH CHCTeMhI CJieJJ.ylOIIĮHe: 

5mg. 3mg t mg t x1 = 3C-2c cos ro2 -6ccos ro3 

5mg Xa=ac mg + 3c COS ro3t 

5mg 3mg mg Xa = 3c + 2c-cos w2 t -6ccos w3t, 



r.u:e Xi, X2, X3 (CM. pHC. 36) OTCŲHTbIBaIOTC.SI OT IlOJIOJ!\.eHHH rnapHKOB npH Ha
TypaJibHOH ,UJIHHe npyJ!{HH ( o6o6rųeHHbie KOOp,UHHaTbl CHCTeMbl). <I>opMbl 
maBHh!X KOJie6aHHH ITOKa3aHbI Ha pHC. 3B]. Tio3TOMY Jiyųrne npH 3JieMeHTap
HOM pernemm ,n:aHHOH 3a,n.aųH cKa3aTh, ŲTO ycKopeHHe rnapHKa M2 «He HB-

-cf'A+xj.-�; m 
' t ' l . r ; ..,...l·�· 

1 ...,TJ r 
l ' 

-ma mg 
PHc. 4 

JI.SieTc.SI ycKopeHHeM ueHTpa T.SI:>KeCTH CHCTeMbl, 
T3K KaK npH .lI.BIDKeHHH paceTO.SIHHe MeJ!{.n.y rnapH
KaMH Mem1eTC.SI no.n. .n.eliCTBHeM npy.>KHHOK»6, xo
T.SI H 3TOT OTBeT OCHOB3H TOJihKO Ha HHTYHUHH, 
H6o 6e3 perneHH51 3a,n.aųH TPY.ll.HO CKOJlhKO-HH6y.n.h 
TOŲHee rrpeJJ.BH,lI.eTb xapaKTep H3MeHeHH.SI B3aHM
Hh!X paecTOSIHHH rnapHKOB (KpoMe, pa3yMeeTe.SI, 
MoMeHTa t=O). Bp.si:.u JIH ueJieeoo6pa3HO npe.n.Jia
raTh 3TY 3a.n.aųy yųarųeMye.si: epe.n.Heli l llKOJihI. 

2. B nepBoli ųaeTH eTa6HJihHoro yųe6HHKa 
cĮ>H3HKH JI.JI.SI cpe.n.Heli lllKOJihI A. B. TiephilllKHHa 
H B. B. K:payKJIHea rroMerųeHa 3a.u.aųa (3a.n.. 16 
ynp. 32, eTp. 107): «Ha npy:>KHHHhIX Becax no.n.
BerneH rpy3 B 14 KI'. K:aKOH Bee IlOKa.lKyT OHH, ec-

x JIH .lI.BHraTh HX aepTHKaJihHO BBepx e ycKopeHHeM 
B 28 cM/ceK2? EcJIH JJ.BHraTh BHH3 e TeM :H<:e ycKo
peHHeM? Ecmr .D.BHraTb BBepx H BHH3 e ycKopeHH
eM B 490 CM/CeK2? K:aKOH Bee ITOKa:H<:yT BeebI, eeJiiH 
OHH BMecTe e no.n.BerneHHb!M rpy30M 6y.n.yT CB0-
60,ll.HO rra.n.aTb?» 

OTBeT Ha rrepBhIH sorrpoe .n.aH TaKoli: 14,4 KI' 
H 13,6 KI'; Ha BTOpoH: - 21 KI' H 7 KI', Ha TpeTHH - o KI'. 

Tio.n.cų1naeM ITOKa3aHH.SI BeCOB, rrpHH.SIB, ŲTO OHH .D.BH:H<:yTe.SI BBepx e YCKO
peHHeM a. YpaBHem1e ,nBH.>Kemrn rpyaa (pHc. 4) 

mx=mg-c('A.+x) +ma =-cx+ma, (l) 
r.n.e ').. - cTaTHųecKoe YJJ.JIHHeHHe rrpy:H<:HHhI. PerneHHe. ero, y.n.osJieTBopmomee 
ycJIOBHHM x(O) =0, �(O) =0, HMeeT BH,n: 

x = ';1 (l - cos �t) . (2) 

3To - ypaBHeHHe rapMOHHŲeCKHX KOJie6aHHH rpy3a e aMITJIHTYJJ.OH �a OKO
m a 

JIO IlOJIO.>KeHH.SI paBHOBeCH.SI X=Xp= C . 0603HaŲHB IlOK333HHe BeCOB qepe3 
n, HMeeM: 

n=c ('A.+x) =mg+cx, 
T. e. 

n = mg + ma (l - cos y� t) . 
TaKHM o6pa3oM, noKa3aHHe BecoB nepHO.lI.HtieeKH MeH.SieTc.SI B rpaHHI.{ax 

llmin-< n-< llmax• 
r,rr.e 

llmin = mg, llmax = mg + 2 ma. 

TioKa3aHHe BeCOB B paBHOBeeHOM IlOJIOJKeHim rpy3a X=Xp 
nP = mg + cxP = mg + ma. 

(3) 

(4) 

(5) 
6 e. IT. e T p e JI Ko B, 11. A. 3 JI bu: H H, 11. A. 5I Ko B JI e B, C6opHHK aa,naą no o6meMy 

Kypcy <ĮiH3HKH, T. I, M., 1960, C Tp. 186. 



3aMeHirn a Ha -a, f!OJIYŲHM IlOKa3aHHe BeCOB rrpH onycKamrn HX BHH3 e 
ycKopemieM a: 

n' = mg -ma (l - cos V : t) . 
Teuepb 

n�in = mg-2ma; nmax = mg; np = mg- ma. 

B J.J.aHHOH 3aJ.J.aųe aeJIHŲHHa ma npH a= 28 cM/cel\.2 paaHa 0,4 KŠ, a npH 
a=490 CM/CeK2 - 7 KI'. TaKHM o6pa30M, B OTBeTe yKa3aHbl IlOKa3aHHSI ae
COB B paBHOBeCHblX TIOJIO:lKeHHSIX rpy3a Xp H x l p • Ho IlOKa3aHHe BeCOB B CJiy
qae a=28 c.M/ceK2 Memi:eTCH B HHTepaaJie 

14 KI' < n < 14,8 KI' (npH J.J.BH}!{eH!rn BBepx), 

13,2 KI' < n' < 14 KŠ ( npH J.J.BH:lKeHHH BHH3). 

B CJiyųae }!{e a=490 cM/ceK2 

14 KI' <;:n-<.28 KT (npH J.1.BH}!{eHHH BBepx). 

o KI' <;:n'-< 14 KI' (npH J.1.BH}!{eHHH BHH3). 

B nocJie,n:HeM cJiyųae oco6eHHO HpKo 06Hapy}!{1rnaeTcsi: HecocTOsi:TeJJhHOCTh 
orneTa - «noKa3aHHe aecoa 21 KŠ H 7 KI'». Pa3yMeeTcSI, npncyTCTBHe Tpe
HHSI }.l.eJiaeT KOJie6aHHSI rpy3a 3aTyxa10m:HMH, H nepBbIH pa3Max 6y,n:eT He-

" ma H 6 <' CKOJibKO MeHbllle BbllJHCJieHHOH rpaHHII,bI - . o KOJJe aTeJibHblH xapaKTep e 
J.l.BH}!{eHHH rpysa H, cJie,n:oBaTeJibHO, IlOKa3aHHH BeCOB - no KpaiiHeii: Mepe B 
HaŲaJihHOM 3Tane .IJ:BH:lKeHHH - He Il03BOJI51eT ,n:aTh 0}.l.H03HaŲHOro OTBeTa Ha 
Būnpoc sa,n:aųn. I1o3TOMY BO acex IlOJ.l.OOHbIX CJiyIJaHX B ycJIOBim 3a,n:aIJH 
00513aTeJibHO B KaKOH-TO cpopMe yKa3aTb, ŲTO peųb H,n:eT o IlOKa3aHH51X aecoa, 
paCTSI}!{eHHHX npy>KHH, OTKJIOHemrnx MaHTHHKOB H T. n. nocAe TOZO, KaK 3a
ryxnyr KOAe6aliUJ1. 3THX BeCOB, npy}!{HH, MaHTHHKOB H T. II. l( CO}!{aJieHHIO, 
3TO Tpe6oBaHHe IIOIJTH HHKeM He COOJIIO}.l.aeTCH; Hao6opoT, ųacTO }.l.eJiaJOT oro
BOpKH B npOTHBOIIOJIO}!{HOM HanpaBJieHHH - OTBJieKaIOTCH OT .neii:cTBHH CHJI 
rpeHHH. Hanp., B U.HTHpoaaHHoii: BhIIIIe KHHre C. IT. CTpeJIKOBa «MexaHHKa» 
Ha cTp. 140, nocJie onncamrn onhITOB H. A. JI106HM0Ba, ųnTaeM: «Bee 3Ttt 
HBJieHHH JJerKo o6bHCHHTb yųHThJBaH .neiicrnne CHJI HHepųHH H npene6pezaH. 
cuAa.Mu rpenuR» (nonųepKHyTo MHOIO. - JI. K). Ho rrpn TaKoii nocTaHOBKe 
BOnpoca KOJie6aHHH B HeHHepuHaJibHOH CHCTeMe OTCŲeTa rpy30B, MaSITHHKOB 
H T. n. 6y,n:yT He3aTyxaIOIII,HMH (3aKOH coxpaHemrn 3HeprHHI), H BCHKHe 
yrnep:iK,ll.eHHH 06 HCŲe3HOBeHHH .necpopMaII,HH rrpy}!{I-IH, HO}!{OBOK H T. rr. -
OIIIHOOŲHbl, K3K 3TO IlOKa3aHO Ha npHMepax B n. l. 

BoT em:e npHMep, noHCHHIOlUHH BhJIIIec.Ka3aHHoe. Bonpoc7: «C KaKHM 
ycKopeHHeM no,n:HHMaeTCH JIHcpT, ecJIH npy:iKHHHbJe aecbr e mpeii: a l KT B MO
MeHT aaųaJia TIOJ.J.beMa noKa3bIBaJOT 1,2 KT?» OrneT - 1,96 .M/CeK2. 

Heo6pam:a51 BHHMamrn Ha Hey,n:aųHoe ccpopMyJJnpoaaHHe ycJIOBHH 
(B .MO.MeHT naųa/lll nod'Oe.Ma, T. e. npH t= o BeCbI He MOfJIH IlOKa3bIBaTb HH

ųero ,n:pyroro, KpOMe l KT!)' OTBeT HeJib351 npH3HaTb npaBHJlhHbIM, TaK KaK OH 
}.l.aeT IlOKa3aHHe BeCOB npH paBHOBeCHOM IlOJIO}!{eHHH rHpH (OTHOCHTeJibHO 
.IJ:BH}!{ym:erocH JIHcprn). EcJIH }!{e noKa3aHne aecoa 1,2 KI' coorneTcrnyeT 
paBHOBecHOMY IIOJIOiKemno rnpH, TO B «MOMeHT HaIJaJla IIOJJ.'heMa» BeChI 

7 n. A. p bl M K e B 11 q 11 .np., C6opH11K BO!lpOCOB 11 3aJĮaq rro «jlll31!Ke, JI„ 1957, 
38Jl. 319, CTp. 47. 
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JI.OJDKHbI 6wrn noKa3bIBaTb 1,4 KI'l (cM. (4)). Hao6opoT, ec.rrn nmax=l,2KT, 
TO np =l, 1 K.I', H ycKopeHHe .nHq>Ta .no.n>KHO no.nyųHThCH B ,n:Ba pa3a MeHbIIIe, 
ųeM B OTBeTe, - 0,98 JH/CeK.2! 3HaŲHT, H.ITH OTBeT ,n:aHHOH 33JJ:3ŲH HenpaBH
JieH, HJIH ,n:aHHbie He COOTBeTCTBYIOT OTBeTy. AHa.TJOfHŲHOe MOIKHO CK333Th no 
OTHOllleHHIO K aa.uaųe 319 B 3TOM 1Ke c6opHHKe, B KOTopoif, B cyrn:HOCTH, 33-
MeHeHbl TOJlbKO ŲlfcJieHHble 3H3ŲeHH51 cjmanųecKHX BeJIUŲHH. 

0TMeTHM, ŲTO own6KH, no.uo6Hb!e paccMOTpeHHhIM, HMeIOTCH H B o6me
npH3H3HHhIX 3arpaHHŲHhIX yųe6HHKax cpH3HKH. HanpHMep, B yqe6HHKe fpHM
aemi:8 ecTh TaKoe paccy)l{,n:eHHe: «llycTh Macca m BHCHT Ha npy)l{HHHhIX Be
cax, H3XO.UHIUHXC51 B JIHqJTe. B TOT C3Mb!H MOMeHT, Kor.ua JIHcpT H3ŲHHaeT 
paBHOMepHO ycKopeHHO IIOJJ:HHM3TbC5I BBepx, CTpeJIKa BeCOB OTK.ITOHHeTCH 
BHH3, KaK 6y.nrn Bee MaCCbI m cTaJI 60.nhwe. DpHųnHoif noro HBJIHeTCH naep
rurn MacchI m. CHaųa.na Macca He yųacTByeT B .UBHIKeHHH BBepx JIHqna, H6o 
OHa CTapaeTCH' no,n:,n:ėp)K3Th CBOe COCTOHlIHe IIOK05I OTHOCHTeJibHO 3eM.nH. 
Bc.ne.ucrntte HaTH)l{eHHH npy)l{HHhI no.nm1MaeMbIX Becos Macce coo6maeTCH 
HeKoTopoe ycKopemie. Kor.na e yBem1ųem1eM pacTH)l{eHHH npy:m:HHhI 3TO 
ycKopeHHe CT3HOBHTCH paBHhIM ycKopeHHIO IlO)LbeMa JIH!pTa BMecTe e secaMH, 
npy:m:HHa 60JihIIIe He pacTHrHBaeTCH. 0Ha OcTaeTCH B 11.0CTHrHyTOM OTKJIO
HeHHOM IlOJIO>KeHHH .no Tex nop, IlOKa .wcpT IlO.UHHMaeTCH BBepx e TeM :>Ke 
ycKopeHHeM». 

B 3TOM paccy:m:,n:eHHH COBCeM ynylll.eHo H3 BH.UY TO o6cTmne.nbCTBO, qTO· 
Macca (.nyųIIIe 6hJ.nO 6b! CK333Tb TeAo), JJ.OCTHfHYB HOBOro IIOJIO>KeHHH paBHO
BeCHH B JJ:BH>Kyr.u;eMC5I JIHcpTe e onpe.ueJieHHOH CKOpOCTbl09, He MO>KeT MrHO
BeHHO TepHTb 3TY CKOpOCTh ll OCTaHOBHTbCH B 3TOM IIOJIOMeHHH; OHa no HHep-
1.(HH npoXOJJ.HT 3TO IlOJIO)l{eHHe H ·- BCJie,n:CTBHe CHMMeTpHH IlOJIH CHJI - OT
KJIOHHeTCH B npoTHBOIIOJIO)KHYIO CTOpOHY Ha TaKoe paccTOHHHe, Ha KOTOpOM. 

OHa Haxo,n:HJI3Cb OT Hero B HaŲ3JlbHblll MOMeHT BpeMeHH ( paccTOHHHe :a). 
TaKHM o6paaoM, B UHTnpoBaHHOM paccy}K,n:eHHH npocMoTpeH cpaKT KOJie6a
TeJibHoro JJ:BH}KeHHH M3CCbI m. 

AHaJIOfHŲHYIO oum6Ky HaXO;J.HM T3K}Ke y P. B. CTOJIH10 H B. Illa.11b
peii:Tepa11. 

- 3. 06paTHMCH Tenepb K yųe6HHKY o6r.u;e:ii cpH3UKH e. 3. <l>pHma H 
A. B. THMopeBoii:12. B HeM c.ne.n.y10r.u;HM o6pa3oM o6bHCHHeTCH B03HHKHOBe
HHe CHJI HHepl.(HH B ycKopeHHO .!I.BIDKyr.u;e:ikH CHCTeMe OTClJeTa (BaroHe): 
«CTpe.!I.IIOJIO}KllM, lJTO rnap, Jie}K31ŲHH Ha TIOJIKe, CKpen.neH co CTeHKOH BaroHa 
npyMHHOH C . .. IlOAKY 6yiJe.M CŲ,UTaTb a6COA10Tfl0 CK.0Ab3K.OU, TaK ŲTO .M.eiJIC
iJy H.eu u w.apuKo.M H.e B03H.UK.aer HUK.aK.UX CUA rpeHu.fl . . •  TorJĮa npH ycKO
peHHH BaroHa (pHC. 5} rnap 6yJJ.eT OTCT3B3Tb OT saroHa AUUlb .ao Tex nop, 
IIOKa npy}KHHa He paCTHHeTC5I HaCTOJibKO, ŲTO IlOHBHBIIIaHCH, 6.naro.uapH pac
TH}l{eHHIO npy}l{HHhl, CHJia He OKa>KeTC5I )LOCT3TQŲH0lf, ŲT06bI coo6I.ŲHTb IIIapy -
yCKopemie w, paBHOe ycKopeHHIO BaroHa» (no.uųepKHYTO MHOIO. - JI. K.). 

8 G rims e h l, Lehrbuch der Physik, l, B. G. Teubner Verlagsgesellschaft, Leipzig, 
1957, CTp. 44 . 

• ::hy CKOpOCTb v HeTPYAHO noJJ;CŲllTaTb flOJlb3YHCb llHTerpa.10M 3Heprn11: COrJl8CH(} (l). 

flOTeHI�ll8JibH8H 3Hepr11H v (x) = c�S - max; TOrAa � mv2 + v ( 7) = o, OTKyJJ;a ff = 

=a Y�· 3TOT pe3yJihTaT cJieJJ;yeT T3K)Ke 11 113 (2). 

!O P. B. n o JI b, MexaHHKa, aKyCTHKa 11 yųeH11e o TenJiore, M., 1957, CTp. 129. 11 W. S e h a 11 r e u t e r, EinfŪhr ung in die Physik, l, VEB Wilhelm K.napp 
Verlag, Halle, 1958, cTp. 138, 139. 12 e. a. <l> p 11 UI 11 A. B. T 11 M o p e B a, l(ypc o6meii cp11311Kll, T. l, M., 1958, CTp. 67, 68. 
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TaKHM o6pa30M, 3JJ.ech yTBepJK.n.aerrn, ųro JI.BHLKemre rnapa (orHocH

TeJihHO saroHa) npeKpaTHTC.SI, KaK TOJihKO OH OTKJIOHHTCH Ha paccTO.SIHHe 
mw 

(n. 2). 0,lI.HaKO 3TOfO tte MOJKeT 6bITh, TaK KaK rnap B TOT MOMeHT OOJia
c 

naeT OTJIHŲHOH OT RYJI.SI CKOpOCTblO a-. l� (CM. CHOCKY Ha CTp. 66); CKOpOCTh JI e . 
2mv 

rnapa oopaTHTCH B HYJih JIHllih Ha paCCTOSlHHH -e-, OT!(yJJ.a OH 6y.n.er ,lI.BH-

raThCSl Ha3a.n:, n T. JI.. Cne,IT,osareJihHO, B Bh1rnenp11se.n:ettHOM paccyJK.n:eHHH 

c.n:enaHa Ta )!(e OlllH6Ka, ŲTO H y fpHM3eJISJ. 
11Hor.n:a HeyŲHThIBaHHe .n.eHCTBirn CHJI ynpyrocTH B ycKopeHHO JJ:BHJKY

IIJ.HXCSl CHCTeMaX orcųera npHBOJJ:HT K 6onee CKph!ThlM OllIH6KaM. PaccMOT

pHM, ttanp11Mep, cne.n:y10my10 3a.n:aųy13: «Ha reJieJKKe yKpenJieH ropH30HTaJih

HhlH crepJKeHh, no KOTOpOMY MOIB:eT CKOJih3HTh 6e3 rpeHUJl Myqna MaCChl 

A' A .... -...... ,Į' ' l �/\ l J \ \ l 
' / ' .... 

PHc. 5 

....... 
w 

PHC. 6 

m= l Kz (p11c. 6). K My<fJre npHKpenJieHhl .n:ae npyJKHHhI, 06m11H: K03<Į>qrn
u11eHT JKeCTKOCTH KOTOPblX k=O,l KI'. C.A-C1. KaK oy,n:eT )l;BHraTbCSI rpy3 OTHO
CHTeJibHO CHCTeMbl orcųera, CBSI3aHHOH e re.neJKKOH, B CJie,n;yIOI.ŲHX cJiyųaSix: 
l) reJie:>KKa rronyųaer ycKopett11e, oųeHb Me.n.JiettHo ttapacra10mee ·or HYJISI .n.o 
3HaųeHHSI a; 2) TeJie)l{Ka B MOMeHT i= o BHe3aIIHO noJJy11aeT ycKopeHHe 
a=0,98 M/ceK2, ocraromeecSI 3aTeM HeH3MeHHhIM. Tpe1lUe cųurarb oųeflb Ma
/lbtM» (no.n.ųepKHYTO MHOIO.- JI. K., cp. II. 2). 

B OTBeTe yKa3aHO, ŲTO B CJJyųae 1) Mycj>Ta oy.n.er IIOCTeIIeHHO (no Mepe 
pOCTa YCKOpemrn) CMeI.ŲaTbC.SI B HanpaBJieHHH, oopaTHOM ycKopeHHIO; 

ma 
MaKCHMaJibttoe cMemett11e �= T. B cnyųae 2) My<Įlra ttaųHer coBeprnaTh 

ma 
KOJieoamrn no 3aKoHy x = T(l-cosrot), r .n:e x - Koop.n:11Hara My<Į>ThI orHo-

c11reJibHo TeJie)KKH, OTCŲHTbIBaeMa.SI OT HaųaJibHOro IIOJIQ)KeHHSI My<Į>ThI. 
l( COJKaJJeHHIO, OTBer· Ha nepBhIH sonpoc He COOTBeTCTByer .n.eHCTBHTeJih

HOCTH. DycTh, HanpHMep, 3aKOH HapacTaHHSI YCKOpeHHSI - JIHHeHHbIH, 
w=bt, r.n.e b - Mana.SI BeJIHŲHHa. Tor.n:a ypaBHeHHe JI.BH:>Kemrn My<Į>rhl 
(pHC. 6) 

mx=-kx+mbt. 
Pernett11e 3Toro ypasHeHH.SI, y.zr:osnersopmomee ttaųalrhHbIM ycnoBH.SIM · 

x(O) =Ū, x(O) =0, ecrb 

13 e. n. e T p e JI Ko B H .l{p., C6opHHK 3a.l{aŲ no 061.QeMy Kypcy .PmHKIJ. r. M„ 1960. 
3a.l{. 341, CTp. 63. 
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0TCIOJJ.a BHJJ.HO, lJTO ,!1,BH:iKeHHe rpy3a ecTb HaJIOJKeHHe paBHOMepHoro ,!1,BHJKe
HIHI co CKOpOCTblO b/w2 H rapMOHHlJeCKHX KOJie6aHHH e lJaCTOTOH 

Vk l a 
m= m � 10 CeiC . B MOMeHT speMeHH f1 = 7i ' KOr)J.a ycKopemie TeJJeJKKH 

CTaHOBHTC51 paBHbIM a, CMern:eHHe rpy3a paBHO 

ma b . a ma 
� = k - ws sm m b <T· 

L(aJibHeiirnee )1.BmKeHHe rpy3a orrpe.n:em1eTC5I ypaBHeHHeM mx1 =-kX1 +ma 
n HaIJaJihHbIMH ycJIOBH5IMH X1 (O) =š, X1 (O) =X ( f 1); KaK 51BcTByeT H3 II. 2 
(cM. (l) H (2)), 3TO )1.BJDKeHHe 6y)J.eT rapMOHHlJeCKHMH KOJie6aHH5IMH e 

• u vk 
ųacTOTOH ffi = m ,  

K aHaJiorHIJHOMY BbIBOJJ.Y rrpHJJ.eM, npHHHMa51 H .n:pyroii 3aKOH H3MeHemrn 
ycKopeHH51 TeJie:iKKH, Hanp., 

w = a (1- e-"t) (et >O). 

B 3TOM cJiyųae 3aKOH JJ.BH)KeHH51 MycĮ>TbI npH Tex JKe HaIJaJibHhlx ycJIOBH5IX 
6y,u.eT: 

a a -at aa ( t 
x = 2 - 2 + 2 e - 2( 2 2) et cos m + OJ sin OJ t). co a; co co a; +co 

KaK BHJJ.HO, H 3)1.ech Ha acnMIITOTHIJecKoe JJ.BHJKeHHe B OJJ.HOM HanpaBJiemrn 

. 1/k HaJiaraIOTC51 rapMOHHlJeCKHe KOJie6aHH51 C lJaCTOTOH ffi = JI m , lJ. H T. JJ.. 
TaKHM o6pa3oM, aBTOpbr .n:aHHOH 3aJJ.atJn ornH6oIJHO rroJiaraIOT, IJTO KO

.'le6aHH51 rpy3a B03HHKaIOT JIHIIIb B cJiyųae BHe3arrHoro coo6rn:emrn ycKope
HH51 TeJieJKKe H lJTO Me,tJ)ICHHbIH TeMrr HapaCTamrn ycKopeHHH Te.'Ie:>KKH MO>KeT 
o6ycJIOBHTb IIJiaBHbIH xapaKTep 
JJ.BH>KCHH51 MycĮ>TbI B)J.OJlb CTep>KH51. 

4. HeT ocHoBaHH51 .n:yMaTb, IJTO 
KOJie6aTeJibHOe JJ.BH)KeHHe TCJI B He
irneprr.HaJibHbIX CHCTCMax OTClJeTa 
o6ycJIOBJIHBaeTC51 HCKJlIOlJHTeJibHO 
KBa3HyrrpyrHMH CHJiaMH JIHHeiiHoro 
xapaKTepa (Hanp . .n:eiicTBH5IMH npy
iKHH). KoJie6aHH51 B 3THX, KaK H B 

a} 

PRc. 7 
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HHepUll:aJibHbIX CHCTeMaX, MOfYT B03HHKHYTb H npH HeJIHHeHHOM 3aKOHe 
aoccrnHaBJIHBa10rn.Hx CHJI. CTpeHeopeJKeHHe 3THM oocTOHTeJibCTBOM TO)l{e 
ųacTo npHBO.D.HT K rpyohIM OIIIHOKaM. BoT .n.sa npHMepa. 

B BbIIIIeynoMHHYTOM 3a,D,aŲHHKe B. r. 3y6oaa ll B. n. lllaJibHOBa noMe
IUeHa 3a.n.aųa (3a,D,. 80): «MaJieHhKaH TeJie)l{Ka e TIO)l,BeIIIeHHb!M Ha HI1TH IIIa
PHKOM (prrc. 7a) no.n.ne3*aeT co CKopocTbIO v0 K HaKJIOHHo!'i: IIJIOCKOCTH. B 
KaKyIO CTopoHy OT BepnmaJIH OTKJIOHHTCH HHTb, y.n.ep)l{IIBa10rn.asi IIIapHK, 
Kor.n.a TeJieR{Ka HaųHeT Bbe3JKaTb Ha HaKJIOHHYIO II.J10CKOCTb?» 

OrneT oųeHb xapaKTepeH: «lliapnK OTKJIOHHTC5I Bnepe.rr. 11 6y.n.eT BHCeTb 
11epneH,ll,HKYJIHpHO K HaK.'!OHHOH TIJIOCKOCTH». 3TO COBCeM HeBepHOI 

OopaTHM BHHMaHHe Ha peIIIeHHe 3a)I,aųH: «CTpH Bbe3)1.e Ha HaKJIOHHYIO 
11JIOCKOCTb TeJie)l{Ka npHoopeTaeT ycKopeHHe a, HanpaBJieHHOe B CTOpoHy, 
11poTHB0110Jim1rny10 ee ,D,BH)l{eHHIO. ToųKa 110.n.seca, ,ll,BHra5ICb 33Me,D,JieHirn. 
OTCTaHeT OT rnapnKa. YcKopeHHe IIIapnKa CTaHeT paBHbIM ycKopeHHIO TeJieJK
KH B TOT MOMeHT, KOr,D,a HHTb, y.n.epiKHBaIOJUaH IIIapHK, oy,D,eT Ha11paBJieHa 
IIO BepTHKaJIH K HaKJIOHHOH 11JIOCKOCTH». 

B 11pHHUime 3.uecb c.n.eJiaHa Ta *e OIIIHOKa, KOTopy10 Mhl OTMeTHJIH Bhime, 
paCCMaTpHBaH IIpHMepbl .B yųeoHHKaX fpHM3MH H C. 3. cPpmua. ,UeiiCTBH
TeJihHOe )I,BHJKemre WapHKa 110 OTHOllleHHIO K TeJie)l{Ke oy)I,eT CJie)l.yIOlll.HM: 
Kor.n.a TeJieR<Ka H3ŲHeT Bbe3JKaTb Ha HaKJIOHHYIO II.J10CKOCTb, wapHK - KaK 
oohIKHOBeHHhIH MaTeMan1ųecKnii MaHTHHK - HaųHeT coBeprnaTb KoJie6aHHH 
BOKpyr HanpaBJieHHH nep11eH,D,HKYJIHpa K HaKJIOHHOii IIJIOCKOCTH. AMIIJIHTy.n.a 
KOJieoaHHH 6y.n.eT paBHa yrny HaKJIOHa 11JIOCKOCTH a (pHc. 76)' nepHO)I, KOJie-

oaHHH - npn He60JibllIOH BeJIHŲHHe 3T0f0 yrna - 2:t -. f l (KOJie6aHH51 V gcos � 
wapHKa 6y.n.yT IIOCTeIIeHHO 3aTyXaTb 110)1, BJIHHHHeM TpeHH5I ll co11pOTHBJie
HH5I B03JI.yxa; 06bJŲHO B CJiyųae Ma5ITHHKOB 3TH )l,llCCHIIaTHBHhie CHJibl 6hI
B3lOT He3H3ŲHTeJibHb!MH, H B nepBOM npH6JIH2KeHHH HMH MOJKHO npeHe6peųh; 
B ycJIOBHH 3a.n.aųH OHH BOBce H He y110MHHa10TCH). YcKopeHHe wapHKa .n.eiiCT.
BMTeJihHO CTaHeT paBHb!M ycKopeHHIO TeJie2KKH B MOMeHT, KOr,Ua HHTb 6y.n.eT 
HanpaBJieHa 110 nepneH,UI-IKYJI51PY K H3KJIOHHOII IIJIOCKOCTH, 0)1,HaKO, npn,UH B 
IIOJI02KeHHe C, mapHK He 6y.n:eT «BHCeTh nepneH)lHKYJI.HpHO K HaKJIOHHOft 
IIJIOCKOCTH», n6o B 3TOT MOMeHT OH o6Jia,UaeT CKOpOCTb!O, paBHOH 

Sin ; V2gl cos a (l - )l,JIHHa HHTH). 

Bee 3TO HBCTByeT H3 Toro npocToro cpaKTa, ŲTO B CHCTeMe OTCŲeTa, CB5I-
33HHOH e no,D,HHMa101uei'IcH TeJie)l{KOH, Ha IIIa pHK ,Ue:HcrnyeT e.n.HHCTBeHHaH 
aKTHBHaH c1ma - cocTaBJI5IIOlll.35I Beca mgcosa, 11epneH)l,HKy.11HpHaH K 
HaKJIOHHOH IIJIOCKOCTH: BTOpaH COCTaBJIHIOlll.aH Beca mgsina, HanpaBJieHH35! 
B.IJ;OJib HaKJIOHHOH IIJIOCKOCTH, ypaBHOBellIHBaeTC5I CHJIOH HHepunH nepeHOCHO
ro ,UBH2KeHHH. YpaBHeHHe KOJie6aHnii wap11Ka 

� = - f cos a· sin cp 
(cp - yro.n, oTcųnTbmaeMhiii oT HanpaB.neHHH OC) oT.nnųaeTcH .nmiib MHO
:amTe.neM cosa OT ypaBHeHHH .IJ;BH2KeHmr MaTeMaTHŲeCKOro MaHTHHKa, KoJie6-
.n10rn.erocH B na.ne CH.nbI T5I2KeCTH mg. CT03TOMY B OTHOllieHHH )l,BH2KeHH5I IIIa
puKa M MOJKHo IIOBTOPHTb Bee, ųTo HMeer MecTo .n:Jrn o6bIKHOBeHHoro 
MaTeMaTHŲeCKoro Ma5ITHHKa, 3aMeHHH Jllllllb g Ha gcosa H yųHTblB35I, ŲTO 
HaųaJihHhie ycJIOBHH cyTh 

�(O) =-a, �(O) =0. 
5ICHO, ŲTO npaBHJlbHblH OTBeT Ha BOIIpoc 3a)I,3Ųlf M02KeT 6hITb )I,3H ll npH 

IIOMOlll.H IIOH5ITHH 3.neMeHTapHoii MexaHHKH, T. e. He npH6era5I K CHJiaM HHep-
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UHH; ){OCT8TOŲHO JIHIIIb 38MeTHTb, ŲTO COCTaB.JIHIOlll.aH Beca IIIapHKa mgsina, 
ecJIH DbI oHa JJ.eHCTBOBaJia JIHIIIh onHa, o6ecneųHBaJia 6b1 HeITOJJ.BIDKHOCTh 
IIIapHKa OTHOCHTeJibHO TeJie2KKH. OcTaJibHbie JJ:Be CHJ!bl - COCT8BJIHIOI.l.(8SJ 
Beca mgcosa J:I H8T.H2KeHHe HHTH - npespal.l.(8IOT rnapHK B MaTeMaTHlJeCKJ:lil 
Ma.HTHJ:IK. 

Ilepeii:JJ.eM KO BTOpoMy np1rnepy. 
IlpH H3JI02KeHHJ:I Jl.HH8MJ:IKJ:I lJ8CTO IlOJib3YIOTCH neMOHCTpau.HeŪ OTBeca 

Ha TeJie2KKe (pHC. Sa). IlpH 3TOM, BOnpeKH HenocpeJJ.CTBeHHO HaOJIIO,ll.aeMbIM 

a --

a) 

N 
/ 

"'< \ ' 
-nia 

6) mg 
Pnc. 8 

tjJaKTaM, YTBep2K.n.a10T, tJTO npH ycKopemrn TeJJe)f(KH rnapHK M nocreneHHO 
OTKJIOHHeTCH B cropoHy, npoTHBOIJOJJ02KHYIO ,ll.BH)f(eHHIO Te.'IeJKKH, H, Korna 

a 
yroJI OTKJJOHeHJrn CTaHOBHTC.H paBHbIM a= arctg g (a - yCKopeHHe Te.Jle.>K-

1\H), .n.aJJbHeii:rnee .ll.BHJKemw m a pirna OTHOCHTeJibHO TeJJeJKKH n peKpa 1.1.(aeT
CSJ ,- ornec H TeJJe:IB:Ka, K8K OJJ.HO ųe.'loe, Jl.BR>KYTCH paBHoycKopeHHh!M JJ.BH
:tKeHHeM14. 

B neii:cTBHTe.'lhHOCTH neJJo o6cTOHT cosceM He TaK. B Hal!aJJhH01'f cpaae 
Jl.BH2KeHHH - .naJKe ecJJH ytJHThIB8Tb )1.eiicrnHe )1.Hcc11rraTHBHhIX cnJI - rnapHK 
6yJJ.eT COBeprnaTb KOJJe6aHH5I BOKpyr IIpHMOH, H8KJIOHeHHOH ITOJJ. yrnoM 

a a= arctg g K BepTHKaJIH, OTKJJOHHHCh TO B OJl.HY, TO B .n.pyryIO cTOpOHy OT 

Hee. EcJIH pacceHHHe :=meprn11 rnap11Ka npo11cxo.n.11T MeJJ:JJeHHO - B cJryl!ae 
OTBeca 3TO ITOlJTH BcerJJ.a HMeeT MeCTO, - TO B nepBOM npH6JJHiKeHHH KOJie-
6aHHH IllapHKa M02KHO CLfHTaTb HeaaTyxaIOI.l.(HMH. AMnJIHTYJJ.a 3THX KOJie6a
HHH paBHa yrny a, a nepno.n. nx orrpe,n:eJIHeTcH cpopMyJJoii: 

_ "l J l [ (l )2 2 a. (1 · 3)2 . 4 a ] T- 27t 
V 

-,,rgii + a2 l + 2 sin 2 + 2.4 sm 2 + ... , 

r.n.e l - .ll.JIHH8 HHTH orneca. IlpH M8.'lh!X a, T. e. M8Jlh!X a, 

14 JleKUHOHHhle .neMoHCTpaų1rn no cĮlH3HKe, no.n pe.n. A.. fi. M JI o ll 3 e e a e K o r o, 06-
maH MeXaHHKa, M., 1954, CTp. 52; M. n. lll a e K o JI b e K a SI H H. A. a JI b u H H, C6opHHK 
1136paHHblX 38Jl2'f no <f>n3HKe, M., 1959, sa.n. 38, CTp. 14. 
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OpaBHJibHOCTh 3THX yTBep)K.neHHii BhITeKaeT 113 rnro, ųTo ypaBHeHHe 
Jl.BH)KeHHSl mapHKa, KaK JierKO ycTaHOBHTh15, eCTb 

• y ga + a2 
qi = - / sin qi. 

3)l.eCb cp - yroJI OTKJIOHeHHH mapHKa OT f IOJIO:iKeRJUl paBHOBeCHSI, xapaKTe-
a 

pH3yeMoro ycJIOBHeM tga= g . HarrHcaHHoe ypaBHeHHe oT.irnųaeTcH or 

ypaBHeHHSl KOJieoaHHH MaTeMaTHŲeCKOro Ma5lTHHKa B IlOJie CHJlbl TH:>KeCTH 
TOJibKO TeM, lJTO BMeCTO g B HeM fIOHBJI5IeTCH v g 2+ a•. 

TaKHM o6pa30M, H B .naHHOM CJiyųae HeJIHHefrnoii BOCCTaHaBmrna10IU.eli 
CHJlbl OTHOCHTeJlbHOe ,ll.BH)Kemre mapHKa HOCHT KO.TieoaTeJlhHblH xapaKrep. 
lllapHK H3 HaqaJlbHOro IlOJIO)KeHHH <p=-a B reųe1rne rrpoMe>KyTKa BpeMeHH 
T/4 npHXO,ll.HT B IlOJIO)KeHHe OTHOCHTe.TibHOro paBHOBeCHH cp=O, o.zrnaKo B TOT 

MOMeHT OH OOJia.naeT CKOpOCTJ:-.10 2 sin ; v l v g B + a2,BCJie,UCTBHe ųero OT

K.JIOH5leTCH B npOTHBOilOJIQ)KHYIO CTOpOHY Ha yroJI cp =a, H T. ,ll.. 
5. OrMeTHM eIU.e, ųTo Heyų11TbIBaHHe )l.eiicTBH5l ynpyrnx CHJI Mo>KeT npa

aecTH K O lllHOOŲHbIM yrnep:>K,ll.eHH5lM TaK)Ke npa 113yųemrn 5lBJieHHH ,ll.BIUKeHH5l 
B UHepųuaAbftblX CHCTeMaX OTCŲeTa. PaCCMOTPHM CJie,ll.ylOIU.YIO 3a.naųy:16 
«,ll.1rnaMOMeTp (pHC. 9) npH
KpenJieH K ,ll.BYM rpy3aM e MaC
caMH M=lO Kc 11 m=lO z. K 
rpysaM npHJIO)KeHbl CHJlbl 
F=2 KI' 11 f= l KI'. 4TO 6yAeT 

'l 
f u ,/\/\ _D. F ---§}-A/V\/V' v v �--· 

PHc. 9 

npOHCXO,ll.HTb e rpy3aMH H ŲTO . 
noKa)KeT AHHaMoMerp, ecJ111: l) c11J1a F rrp11J10)KeHa K oOJibllleMy rpy3y, a 
CHJia f - K MeHhllleMy; 2) CHJia F npnJ102KeHa K MaJi oMy rpy3y, a [ - K oOJib
meMy; 3) ŲTO noKa:laJI 6b! ;:I.HH3MOMeTp, eCJIH 6b! MaCCbl rpy30B 6hIJIH O,ll.H
HaKOBb! n paBHhI M= m= 5 11,2?» 

B ornere yKa3aHo, ųTo «)l11HaM0MeTp 6y.n.er noKa3hmarh cH.JJy: 
· . F+f l} fn�f = lkI'; 2) fn�F = 2kI' H 3) fn = -2- -= 1,5 kI'. 

P e Ill e H II e: Bo scex Tpex cnyųaHx rncreMa 6y,!leT ,ll.BTffaThCH e HeKoTO
pb1M ycKopeHHeM a B cropoHy .neikTBH51 60Jibllieif CliJlhl II Jl_HH3MOMerp 6y
,ll.eT IlOKa3hIBaTh CHJ IY CB513H f n, ,ll.eHCTBYIDlll.YIO Me/K.!!.Y rpy3aMM . )lm1 OThICKa
HHH BeJIMŲHHhl fn Heo6xo,ll.IIMo HarrwcaTb ypaaHeHIIe BToporo 3aKoHa HhIOTO

o . . 

t..1„1 x, 

fn „ 

PHC. 10 

f n 

F 

-�„ 

Ha ,ll.J15i KaJK.uoro rpy3a B 
OTJ]_eJihHOCTH. )lJIH nepsoro 
cr1yųa51 (pwc. 10). 

F-fn=Ma, fn-f=m(l. 
0TCJO,ll.a 

H 

F-f a= M+m 

M fn = F- M+ m (F-f). 

15 .UocTaTOŲHO BocnoJ1h30BaThCH ypaBHeHHeMml� = Ft. r.ne Ft = cyMMa npoeKuHii 

seca mg H CHJlhI HHepU:HH - m� Ha HanpaBJleHHe KacaTeJlbHOii: MN (pHc. 85). Cp. TaK>Ke 
E. JI. H H K o  JI a ii, TeopernųecKaH MexaHHKa, T. 11, M.-JI„ 1952, cTp. 116, 117. 

l& B. r. 3 y 6 o 8 li B. TI. 111 a JI b H o B, 3a,naųn no cp113HKe, M., 1959, 33JĮ. 70, CTp. 25. 
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B CHJIY TOfO, ŲTO m � M . . „ MOiKHO CŲJ1TaTh, ŲTO f n ;� f. AHaJIOfHŲHO ... 
MOMHO paccMOTpeTb H OCTaJibHbie cJiyųam>. 

I(aK BH.UHO, B pernemm BOBCe He yųHTb1BaeTC5! TO, LITO rpy3hl coe,n:HHeHbl 
Me.tK,n:y co6oli npyiKHHoii:, .n:eii:cTBHe Ko1opoii: ne nocTORHHo, a nponopquonaAb
HO ee yiJ!lUfleHUIO. ABTOpbl sa.n:aLIH noJiaraJOT, ŲTO BCH CHCTeMa .UBHJKeTCH, 

KaK O.UHO TBep.n:oe TeJio, e ycKopeHHe:M a= M
F- t . <l>aKTHLieCKH me e TaKHM +m 

ycKopeHHeM ,ll.BHJKeTCH JIHUib ųeHTp Mace CHCTeMhl, a rpy3hl no.n: .n:eii:cTBHeM 

npyiKHHbl COBeprnaJOT KOJie6aHH5I OTHOCHTeJihHO ŲeHTpa Mace e ųacTOTOH 

Vc Mm cu = µ• r.n:e c--mecTKOCTh npymHHhI, µ= M+m -npHBe,n:eHHaH Macca 

rncTeMhI. ToLIHee, saKoH ,n:BHJKeHHH rpysoB -KaK HeTpy.n:Ho ycTaHOBHTh, Ha
npwMep, pewa5I CHCTeMy JiarpaHJKeBblX ypaBHeHHH .UBHMemrn - CJle,n:y10m:Hi1: 

. - l F -f t2 l M p Mf) t) X1 - 2 M + m - e (M+ m)2 (m + (l - cos m , 

- l l F-f t2 __!__ m (p Mf1(1- t) X2 - + 2 M + m + e (M + m)z m + ) cos m ' 

r.n:e X1, X2 - Koop,n:HHaTbl rpysoB, OTCLIHThIBaeMbie OT HaLiaJihHOro TIOJIO»<:emrn 
rpysa m, l - HaTypaJibHaH ,n:JIHHa npyiKHHhl. 0Tc10.n:a BhITeKaeT, ŲTO Harn·· 
JKeHHe npyiKHHbl 

He 5IBJIHeTC5I TIOCT05IHHbIM, 3 MeH5IeTC5I rro 33KOHy. 

f mF+Mf n = M + m ( l - COS m t} 

mF+Mf O < /n < 2 
M + m = f n max· 

B OTBeTe Me .l(JI5I Harn.tKeHirn rrpymHHbt yKa3hIBaCTC51 3Hat.IeHHe 

mF+Mf l f, 
M+ m 

= 2 nmax 
T 

21t - l ft d -cpe.n.Hee 3HaLieHHe f n 3a nepno.n: T= -;- ' /n =T. n t. 
o 

I(oHeLIHO, B peaJibHblX ycJIOBH5IX KOJie6aTeJibHbIH xapaKTep ,ll.BHiKeHHff 
rpysbB, a, cJie,ll.OBaTCJibHO, H ITOKa3aHHH .ll.HHaMOMeTpa, co speMeHeM HCLie
saeT, HO, no ycJJOBHJO sa.n.aLIH, TpeHH5I n conponrnJiemrn .ll.BIDKeHHIO yųHTbI
BaTb He Ha.n.o. Bo H36e.tKaHHe He.n.opa3yMeHHH H OUIH60K o65I3aTe.TJhHO B .n.aH· 
HOM CJiyųae yKa3aTh, LITO ,ll.BHiKeHHe rpysoB paccMaTpHsaeTCSf ITOCJie OKOHLia
HHSI npouecca saTyxamr.sr KOJie6aHHii: (cM. n. 2) 11. 

6. 110.ll.BO,ll.SI HTOr Bbillle H3JIOiKeHHOMy, MOiKHO CKa3aTh, LITO OllIHOKH, 
.n.eJJaeMhie npH paCCMOTpeHHH ,ll.BHiKeHH.Sf MaTepHa.JihHbIX TeJI B ycKopeHHO 
,ll.BH1KYIU'HXC.Sf CHCTe�rnx OTCLieTa, ųam:e BCero B03HHKaIOT no TOH rrpHŲHHe, 
ŲTO - He YLIHTbIBaSI .n.eii:CTBHSI BOCCTaHaBJIHBaIO IUHX CHJI -· o6h!LIHO o6pa-

17 B TpeTbe>.1 Borrpoce yKaaattHe, ąTo o6malI Macc·a rpy3oB paBHa 5 Ki!, ecT<> - - l 
JIHllIHee JJ.aHHoe, H6o fn = 2 (F + f) npH mo!Sblx paBHb!X M H m. 
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maIOT BHHMaHHe TOJJbKO Ha H3MeHeHHe 110JIO:>KeHH51 pmrnoBeCH51 TeJI, BbI3BaH
. HOe ycKopeHHeM OIICTeMbl OTCŲeTa, H IlOJiaraIOT, ŲTO TeJia, .LlBHra51Cb B Ha
rrpaBJieHHH 3TOfO HOBOfO noJIO:>KeHH51 paBHOBecirn, .LlOCTHralOT ero (e HyJieBOH 
CKOpOCTbIO) B caMOM HaŲaJie .LlBH:>Kemrn CHCTeMhL 

B .LleHCTBHTeJibHOCTH :lKe BOCCTaHaBmrnarowJie CUJJbI, KaK H B HHepuirnJih
Hb!X CHCTeMaX, o6ycJJOBJIHBaIOT KOJie6amrn TeJI BOKpyr ::noro lIOJIO)KeHJrn 
paBHOBecm1; aMIIJIHTY.Lla KOJie6aHHH 3aBHCHT OT H3Ų3JlbHhIX ycJIOBlIH H MO
)KeT 6b!Tb BeChMa 6oJihillOH. LJ)-rcc!fIIa1HBHbie CHJibI, pasyMeeTC5I, .LleJiaIOT 3TH 
KOJie6aHH51 3aTyxaIOIŲHMH, 0.LlHaKo arrepHO.LlHŲeCKHH CJiyųaii B rro.n:aBJI.HIOIUeM 
60JJbIIIHHCTBe sa.n;aų He BCTpeųaeTC5I (MaHTHHKH, npylKHHbl, HO:>KOBKII H T. rr.). 
Do3TOMY rrprr onHcamm no.n:o6HbIX 51B.TieHHH, cocTaBJiemm H pellleHHH sa.Llaų 
Ha 3TY TeMy MO:>KHO H36erHyTh HeBepHbIX yrnep:>K.LleHmi H OII1H60K TOJ!bKO B 
rrpe.n:rroJio:>KeHHH, ŲTO BCe MexaHHŲeCKHe rrpou.ecCbI B ycKopeHHb!X CHCTel\rnX 
paccMaTpHBaIOTCH noc,.ze 01wHųaflUR 3aTyxaHUR 1wJLe6aH.uu, Kor.n:a TeJia .n:eii
CTBHTeJibHO 3aHHMaIOT HOBbie rrOJIO:>Kemrn paBHOBeCH5118. ECJIH :>Ke - KaK 3TO 
6brnaeT ųame Bcero - CHJiaMH Tpemrn H corrpoTttBJieHH5IMH rrpeHe6peųb, TO 
KOJie6aHH5I TeJI, B036y)l{naeMbie BOCCTaHaBJIHBalOUJ;HMH CHJiaMH, - He3aTy
xa10mrre, H HeyųHTbIBaHHe 3TOfO o6CTOHTeJibCTBa rrpHBOJI:HT K He.LlOIIYCTHMb!M 
OII1H6KaM. 

BfITH Kacpe.n:pa Teopen1ųecKoil cpH3HKil. ITpe.n:CTaBJieHo n MapTe 1962 r. 

APIE KAI KURIAS KLAIDAS, DAžNAI PASITAIKANčlAS, 

NAGRINEJANT GREITEJANCIOSE ATSKAITYMO SISTEMOSE VYKSTANCIUS 

MECHANINIUS RElšKINIUS 

L. KUL VIECAS 

Reziumė 

Nagrinėjant greitėjančiose atskaitymo sistemose vykstantį judėjimą 
materialių kūnų, kurie yra pritvirtinti prie spyruoklių, viename ta$ke pa
kabintų siūlų ir pan., paprastai atsižvelgiama tik į kūnų pusiausvyros 
padėties pakitimą ir tvirtinama, kad pačioje greitėjimo pradžioje kūnai už
ima šią pakitusią pusiausvyros padėtį. Elastinių arba apskritai pozicinių 
jėgų, kurias sąlygoja spyruoklių, siūlų ir kitų ryšių veikimas, visiškai ne
pagrįstai nepaisoma, ir tuo daroma rimta klaida, nes pastarosios jėgos, 
pagreitindamos kūnus, nesustabdo jų naujojoje pusiausvyros padėtyje, bet 
verčia svyruoti aplink šią pusiausvyros padėtį; svyravimų amplitudė, pri
klausomai nuo pradinių sąlygtĮ, gali būti gana didelė. 

Dėl šios priežasties kai kurie tvirtinimai, liečiantys greitėjančiose sis
temose vykstančius reiškinius, ir daugelio atitinkamų uždavinių sprendi
mai yra neteisingi. Straipsnyje tai parodyta, išnagrinėjant konkrečias fi
zikos vadovėlių vietas bei kai kuriuos plačiai paplitusius uždavinius. 

18 B CJiyųae Bll3Koro TpeHHH; npH cyxoM Tpe!IHH TeJJa OCTaHaBJIHBa!OTCH B TaK H83bl· 
saeMoil noJioce 3acToH; cM„ aanp., 11. M. B a 6 a K o  B, TeopHH KoJJe6aHHH, M., 1958, 
CTp. 531, 532. 
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