
HAYąHblE TPYJ].bl BblCWHX yąEiiHblX 3ABE,ll.EHHA JIHTOBCKOA CCP. 
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HECKOJlhKO 3AMEąAHHA K 3AJ1.AŲE O «MEPTBOA TIETJlE» 

JI. KYJlbBEUAC 

B ::>JieMeHTapHoii MexaHHKe urnpoKo .H3BecTHbI 3a,uaųn o «MepTBOH neT
Jie>> -- o ,uBmKeHHH nDKeJIOM TOŲKH HJIH o,uHopo,uHoro rnapHKa no OKPYMHOCTH 
B BepTHKaJibHOH IlJIOCKOCTH. 3a,uaųH 3TOro THIIa pernalOTCH KaK B cpe,!I.HeH, TaK 
H B BbICUleH UlKOJie IIPH npoxoM,uemrn o6w.ero Kypca cpH3HKH H Teopern:ųecKOH 
MexaHHKH. 0,uHaKO ąacTO B yųe6HHKax H 3a,UaŲHHKax IIO MexaHHKe paccMo
TpeHHe 3THX 3a,uaų H .!I,aMe caMa HX cpopMyJIHpOBKa conpHMeHbI e 66JibU1HMH 
HJIH MeHbillHMH He.!I,OCTaTKaMH MaTeMaTHŲeCKOro HJIH JIOrHŲeCKoro xapaKTepa. 

E,uHHCTBeHHa5I pa6orn, Koropa5I cneuHaJihHO nocBHW.eHa H3yųeHHIO sa,uaų 
o «MepTBoH neTJie»,- 3TO CTaTbH M. A. fpa6oBCKoro1• 0,uHaKo H B tteii, He
cMoTpH Ha HeKOTOpbie HHTepeCHbie coo6paMeHH5I ee aBTOpa (B ųacTHOCTH, sa
CJJYMHBalOT BHHM3HHH npeJJ,JIOMeHHble HM OilbITbl e CHCTeM3MH HeCKOJlbKHX 
ruapHKOB), HMeeTCH pH,u oum6oųHbIX paccyM.JJ.eHHH, npHBOJl.Hill.HX K Henpa
BHJihHhIM pesyJihTaraM H peKoMeH,uauHHM. ITocKOJibKY He,'lOCTaTKH yKasaHHOH 
CT3TbH HBJIHIOTCH B H3BeCTHOH Mepe THIIHŲHbIMH, B03HHKaeT He06XO,UHMOCTb 
rJiy6Me paso6paTb 3TOT Bonpoc. 

l. KocHeMCSI cnepBa caMoH: nocTaHOBKH sa,ua1m. 
Mb1 yMe HaCTOJibKO npHBbIKJiH K craBiueli KJiaccnųecKoii: cpopMyJiupoBKe 

ee, HanpHMep: «C KaKOH BbICOTbI H3Jl.O nycTHTb 6e3 TOJIŲKa rnapHK IIO )!{eJI06y, 
JJ.eJJa10rn.eMy KpyroBylO neTJIIO pa,uRyca r, ųrn6bl rnapHK He Bhlna,uaJI H3 neTJTH 
B ee BepxHeH: ToųKe K?»2 HJIH «Be,uepKo e Bo,uoii BpaW.alOT B BepTHKaJibHOli 
IIJIOCKOCTH Ha BepėBKe Jl.JIHHOH 0,5 .M. C KaKOH HaHMeHbUleH CKOpOCTblO HyMHO 
ero Bparn.aTh, ŲT06bl npH npoxmKlI,eHHH Be,uepKa ųepes BbICUlYIO TO'IKY ,ll.HOM 
BBepx BOJl.3 H3 Hero He BbIJTHBaJiaCb?»3, ŲTO He 33MeųaeM '3,ll.eCb HHKaKOH OU1H6-
KH, .ueJia10rn.e:H sauaųy Heonpe.ueJieHHoli. He saMeąaeM MhI 3Toli orntt6KH 
rro,uo6Ho roMy, KaK He saMeųaJI ee eme ApucroTeJih, Kor.ua IIHCaJI, ųTo 
«Bo,n:a He BbIJIHBaeTCH H3 cocy,ua, KOTOpbIH BpamaeTCH, He BbIJI11'Bae11c5I ,uaMe 
ror,ua, Kor,ua cocyJJ, nepeBepHyT ,ZJ.HOM BBepx»4. 

ITpaBHJ!bHbIH OTBeT Ha BbIUleIIpHBe,ZJ.eHHbie H IIOJJ,06Hbie HM sa.rr.aųH 3BYŲHT 
OŲeHb napa,uoKCaJibHO: ]lJIH TOfO, ŲT06bI wapHK He Bbina)J.aJI H3 neTJIH B ee 
sepxHeH TO'!Ke, ero MOMHO nycTHTb no Me.106y e Jll06oi't BbICOTbI; aHaJIOfHŲHO, 
ŲT06bI BO,Ua He BblJIHBaJiaCb H3 BeJJ,epKa npH npoxoM,ueHHH ero ųepe3 BblCllIYIO 
TOŲKy, se.uepKO MOMHO BpamaTb e ;uo6ou CKOpOCTblO H T. n • .ll.eJio B TOM, 

l M. A. r p a 6 o Be K H ii, <l>H3HKa B lllKOJle, 1959, N� 3, p. 93. 2 H. IT. T p e T b 51 K o  s, Kypc cjJH3HKH, M., 1952, p. 242. 
3 C6opHHK sonpocos H 3aJĮaų no cjJH3HKe, nou pell. IT. A. 3HaMeHcKoro, M., 1958, p. 60. 
4 5l. l1. IT e p e JJ b M a H, 3aHHMaTeJJbHa5! <\Jtt3HKa, KH. 2, M.-Jl., 1949, p. 54. 
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ŲTQ - npH .mo6oil CKOpOCTii - B BepxHeil TO'IKe neTJieo6pa3HOI! TpaeKTopm1 
HH mapHK He Bbma]leT H3 JI{eJl06a, HH BOJla He Bb!JibeTCH H3 Be]lpa, HH JieTŲHK 
He OTOpBeTCH OT CHJleHHH H T. n. Bbrpa1Ka5! 3TY MbICJib TOŲHO, MO)KHO CKa3aTb, 
11To T5!.>KeJia5! MaTepHaJibHa5! TOųKa, JlBH*YIUaHcH no oKpy:IB:nocTH B Bepn1-
KaJibHoit nJIOCKOCTH, HHKOrJLa He OTpbIBaeTCH OT Hee 8 eepntet1 TO'iKe B cJiyųae 
OJlHOCTOpOHHeil CB5!3H, He Jl03BOJIHIOW.eH nepeMeI.ŲeHHH BO BHeillHIO!O CTOpoHy 
OKpy:iKHOCTH (HHTb, )KCJI06, BeJLpo, CHJleHbe H T. Jl.). 

C .3TOT C nepBOfO B3rJIHJla CTpaH-

A 
P11c. 

HbIH cpaKT oųeHb JICrKO JlOKa3aTb. 
L(JI5! 3TOH UeJIH onpeJLeJIHM Be.JlHŲJ!
HY N peaKUHH cBH3IL 

DpH o6o3Hal.IeHHHX pHc. HMe-
eM: 

mv• 
R = N - mg cos ix. (l) 

-V flo 3aKoHy coxpaHeHH5! 3Hep-
rm1: 

mv1 mv92 ) 2 + mg R (1 - cos a) = 2- . (2 

floJLCT8BJI5!5I mv2 H3 (2) B (1)' 
noJ1yųaeM: 

N= mg (;0� - 2 +3 cos ix). (3) 

Dp11 H3MeHemm a OT 0° JlO 180° peaKUH5! N MOHOTOtIHO y6bmaeT OT 3Ha

ųeHH5! lv A =mg ( �0; + 1 ) 110 3HaųeHH5! Ne= mg ( ;0� - 5 ) , JLocrnra51 B 

TOtIKe e MHHHMyMa. N o6paw.aeTC5I B HYJib npH ()'. = ci1, onpeJLeJIHeMOM H3 
ypaBHeHHH 

0TClOJl3 

t' 2 
goR - 2 + 3 cos 0'1 = O. 

2 ( t• ? ) 
cos 0'1 = 3 1- 2/ H . (4) 

2 
EcJIH 2gR<,.v02 <; 5gR, TO 90°<:a1�180°; ecJIH O<v02 < 2gR, TO are cos3 < 
<a1<90°. 

CKopoCTb v1 TOŲKH M B noJimICeHHH, r,II.e peaKUHH N o6paw.aeTcH B HYJib, 
paBHa 

V1= Vt'o' � 2 gR' (5) 
KaK 9TO CJI e.n.yeT H3 ( 2) H ( 4) . 

0TpbIB TOtIKH M 01 OKPY*HOCTH MO)KeT npOH30HTH TOJibKO TaM, rJI,e: 
a) N o6par.u.aeTcH B HYJib, 6) rrpH )l.aJibHefillieM )l.BH)KeHHH no OKPY*HOCTH N 
CJLeJiaJiacb 6h1 oTpHUaTeJlbHofi (Kopoųe, rJLe N MeirneT 3HaK). 5ICHo, tITO B BbIC
meH TOŲKe C OKp)')l<HOCTH ycJIOBl15! a) H 6) He MoryT 6b!Tb O)l.HOBpeMeHHO 
Y.ZI.OB/IeTBopeHbI, H6o N JLOCrnraeT 3JJ,.ecb MHHHMyMa. CJieJLOBaTeJibHo, oTpbIB 
OT OKPY*HOCTH B ee Bh1crne1'.l rnųKe rrpoH30HTH He MOl!<eT. I\aK BH.ZI.HO H3 (4) 
Ji (5), OTpb!B B JLeHCTBHTeJibHOCTH rrpoHCXO.ZI.HT, KOr,J.a '2gR<v2o<5gR, T. e. 
B ITOJIO)KeHHHX, xapaKTepH3yeMblX HepaBeHCTBOM 90°<a1<180° (Hanp„ npH 
v2o=4gR a1�132°). 
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B Bhlrnerrpirne)l.eHHOM .lI.OKa3aTeJibCTBe npirn.HTO, ųTo eiurncrneHHoii: aKTRB
HOH CHJIOH, .n:eikTByiomeii: Ha TOŲKY M, .HBJrneTC.H ee Bee. floJiyųeHHhiii: pe3yJih
r;n JierKO o6o6lll,HTb 11 Ha TOT C.'lyųaii:, Kor.n:a TOŲKa M )lBHMeTC.H rro OKpyM
HOCTH pasHo.Meprw, rro.n:BepraHcb .n:eii:cTBHIO .n:o6aBOŲHOH c11JibI T, HarrpaBJieH
HOH rro KacaTe.'lhHOH K TpaeKrnpmr (JieHHK, Haxo.n:SIIl1.HHC.H B caMOJieTe, 
OIIHChIBa!O IŲeM «MepTBYIO rreTJIIO» e ITOCTOSIHHOH CKOpOCThIO; Bo.n:a B Be.n:epKe, 
Koropoe paBHOMepHo BpamaroT B BepnIKaJihHOii: IlJIOCKOCTH lf T. rr.). YpaBHe
HHe (l) OCTaeTCSI B CHJ!e, a ypaBHemre 3HeprnH (2) Tenepb yMe He HMeeT 
Mecra. EcJI11 ųepe3 A (a) o6o3Haų11M pa6oTy, npo113BeJJ.eHHYIO CHJIOH T, TO 

mv• mv01 

2- -2- = -mgR (1 - cos a.)+ A (:x), (6) 

H BeJIHŲHHa peaKQHH B 3TOM cJiyųae Bbip33HTCSI cpopMyJioii 
[ t' 2 "2 A< ot)] N = mg goR - 2 t 3 cos et + mg H . 

ECJIH cKopocTh TOŲKif M nocTOSIHHa, v = v0, m, cornacHo (6), 
A (:x) = mg R(l- coset). 

Ilo.ncTaBJI.H.H 3TO B (7)' HMeeM: 

N = mg ( ;0� + cos a ) . 

(7) 

(8) 

I(aK BH.ll.HO, H B 3TOM CJiyųae peaKQH.H N B BhICWeH TOŲKe C rreTJIH JI.OCTHraeT 
MHHHMyMa H, CJie.n:osaTeJibHO, OTpbIB OT CB.H3H 3,[(eCb np01130HTH He MO)KeT. 

TaKHM o6pa30M, cpopMyJI11poBKa 3aJJ.aų r11rra «MepTBa.H rreTJISI», eCJIH s Hefl 
yrrOMHHaeTC.H o «BbI IIa,neHHH H3 rreTJIH B BepxHef! TOŲKe», - He COOTBeTCTByeT 
,[(eHCTBHTeJihHOCTH. K coMaJieHHIO, 3TY ornH6Ky MOMHo HaHTH noIJTH s K3MAOM 
IIIKOJibHOM 3aAaųHHKe IVIH yųe6HHKe5. B ynoMSIHYTOH CTaTbe M. A. fpa6os
cKoro TaKyio cpopMyJI11poBKY BCTpeųaeM .n:Ba)K.n:hr - Ha cTp. 93 H 94. B «Kyp
ce cĮllf3HKH» H. IT. TpeT.bSIKOBa np1rne.neH .lI.aMe pHcyHoK (pMc. 1186 Ha 
crp. 196)' H306pa)K3IOlll,HH npHB.H3aHHbIH Ha HHTH KaMeHb, KOTOphIH, OITHCaB 
,[(yry oKpy)KHOCTH s sepnrKaJibHoii: IlJIOCKOCTH, noKH.n:aeT 3TY OKPYMHOCTb 
B caMoii sepxaeii ee TO"'IKe H ,D,BH)KeTc.H ,naJihIJie no rrapa6nJre. 

B HeKOTOpbIX HHOCTpaHHhIX yųe6ttHKax H KHHrax no <Į>H3HKe noJioMeHHe 
roMe He Jiyųrne6• 

ITpaBHJihHYIO cpopMyJiuposKy 3aJI.aųH MOMHo HaHTH s c6opHHKax 3a.11:aų 
rro TeopeTnųecKoii MexaHHKe H. B. MemepcKoro, H. H. BeceJIOBCKOro H 
H. H. ByxroJihŲa. 

2. M. A. fpa6oscKHH npe.11:JiaraeT pernaTb 3a.n:aųy .lI.BHJKeHH.H no «MepTBoii 
nerJie» npH IlOMOlll,H T3K Ha3hIBaeMhIX ecTeCTBeHHhIX ypaBHeHHH ,IJ.BHLKeHH.H 
(ypasHeHIUI (l) H (2) B yKa3aHHOH CT3The; MeJKAY npO'IHM' ypaBHeHHe (2) 
noIJeMy-To 33IlHC3HO 6e3 Heo6xo.11:.11Moro 3HaKa MHHYC B JieBOH ųaCTH - Be,ll.b 
sina H j HMeIOT npornsorroJIO)KHhie 3HaKH!). E.LĮBa JIH ųeJiecoo6pa3HO pernaTh 
B IIIKOJie 3a.n:aųH no.n:o6Horo THila TaK, KaK OHH pernaroTCH B TeopeTHŲeCKOH 

5 H a rrp ., KpoMe BbTllleyKa3aHHbIX: C6opH IIK aorrpocoa u 3a.ll,aų rro <jJtt3tt Ke, no.ll, pe.ll,. 
fl. A. PblMKeBHŲa, JI., 1957, p. 72; B. rr . .ll e M Ko B H ų, C6opHIIK 3a.ll,aų rro <jJII31IKe, JI., 
1957, p. 66; CuopH HK 3a.ll,aŲ rro cjJH311Ke, IlO.ll, p e.ll,. H. H. D:e Mll.ll,OBa, M., 1948, p. 83; A. B. rr e
p bl lll K H H, Kypc cjJH311Ktt, ą. II, M., 1958, p. 22; <l> H3 H Ka, cocTaB. )l. )l. faJiaHttH, M., 
1953, p. 185; H. 11. e o Ko JI o B, Kypc cjlll 31IKll, L[. l, M., p. 246; 5I. 11. rr e p e JI b M a H, 3a
HllMaTeJibH8ll <jltt 3HKa, KH. l!, M.-JI., 1949, p. 54, 68. 

6 A. R e e k na g e l ,  Physik, Mechanik, VEB Verlag Tech nik Berl in, 1955, p. 129, 
130; R. R o t h e. Hiih ere Mathernatik, Ill, B. G. Teubner Verlagsgesel l schaft, Leipzig, 
1956, p. 142; G. N i e s e, Wie kornrnt denn das? Der Kinderbuchverlag Berlin, 1958. 
p. 1 78. 
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MexaHHKe. Bo-nepBbIX, MeTOJI. ecrecrneHHhIX ypaBHem1li HenpHBb1ųeH JI.JUI yųe
HHKa IX KJiacca (H, Boo6me, IIOJI. CHJIY JIH OH eMy?). Bo-BTOpbIX, npH TaKOM 
peilleHHH 38Jl.8ŲH JiornqecKOH TOŲKOH OIIOpbl CTaHOBHTC5I yrnep)KJI.eHHe, ŲTO 
« ..• noKa c·HJia F ( cHJia peaKUH'H.- JI. K.) 6oJibrne Hym:1, re.lJe)KKa He 6yJI.er 
oTphIBaThCH OT peJibC. CHJia peaKUHH MO)KeT paBHHTbCH HyJIIo JIHillh s BepxHeH: 
TOŲKe neTJIH C». Ho BTopaH ųacTb :::noro yrnep)KJI.CHHH OTHIOJI.b He oųeBHJI.Ha. 
BJI.yMŲHBblH yųeHHK MO)KCT cnpoCHTb: EcJIH B TOŲKC e F=O, TO o6H3aTeJibHO 
JIH 6yJI.eT F> O B JI.pyrnx ToųKax oKpy)KHOCTH? EcJIH 6yJI.eT, To noąeMy? IToųe
MY CHJia peaKUHH He JI.OJI)KHa o6paruaThCH B HYJib s 6oJiee HH3KOH TOŲKe? 

naTb OTBCT Ha 3TH H IlOJI.06Hble BOIIpOCbl MO)KHO TOJ!bKO 3H8H 38KOH H3Me
HCHHH peaKUHH, 3HaH, no KpaiIHeH Mepe, cpaKT, ŲTO peaKUHH B BepxHeH TOŲKe 
HMeeT MHHHMyM. ITo3TOMY peKoMeHnyeMbIH M. A. fpa6oBCKHM cnoco6 perne
HHH 33JI.3ŲH, CBOJI.HIUHHCH K IIOJI.CTaHOBKe B ecTeCTBCHHbie ypaBHCHHH 3H8ŲCHHH 
a= 180° H F =O H ocraBJIHIO!llHH B crnpoHe ycraHOBJieHHe · cpaKTa, ųro 
F npH a= 180° ,11.0CTHraeT MHHHMyMa, npeJI.CTaBJIHeTCH HaM noBepxHoCTHbIM, 
epo p M aJibHbIM. 

HaJIHii:He MHHnMyMa peaKUHH B sepxHeli rnųKe oKpy)KHOCTH, KpoMe npH
MeHeHHoro HaMH cnoco6a, nocHJibHoro H JI.JIH yųeHHKa IX KJiacca [cM. ypasHe
HHH (l)' (2) H (3)], MO)KHO o6Hapy)KHTb CJICJI.Y!OlllHM npoCTb!M paccy)K,11.C
HHeM. UeHTpocrpeMHTeJibHOH CHJioii npH ,11.BH)KeHHH TeJia no oKpy)KHOCTH B 
sepTHKaJibHOH IlJIOCKOCTH HBJIHeTCH cyMMa )l,aBJICHHH Ha TeJio co CTOpOHbl 
oKpy)KHOCTH H cocTaBJIHIO!lleH Beca TeJia no HanpaBJieHHIO pa,11.Hyca. B BepxHefi 
TOŲKC CKOpOCTb TeJia, a, 3H8ŲHT, H ueHTpocrpeMHTeJibH85I CHJia, H8HMeHbill8H. 
fIOCKOJ!bKY B 3TOH TOŲKe COCTaBJIHIO!ll8H Beca no HanpaBJieHH!O pa,11.Hyca paB
Ha CaMOMY Becy H HanpaBJieHa, KaK H UCHTpOCTpeMHTeJibH351 CHJia, BHH3, TO 
HCHO, ąTo ,ZI.aB.'IeHHe OKPY)KHOCTH Ha TeJio 3JI.CCh HaHMeHbillee. 

ITpHcoe,ZI.HHHH K 3TOMY paccy)K,11.eHHIO cpopMyJiy 

HamrcaHHYIO ,ll.JIH BepxHeii TOŲKH e OKPY)KHOCTH, H Tpe6y51, ŲTOObl N =o (,11.JISI 
JI.pyrnx ToąeK Torna HenpeMeHHO N> O), no.1yųaeM npocToe H cTporoe peilleHHe 
3a.,z1.aąH. ITipH Ta1KOM cnoco6e pemeHHH, B cymHocr.n, ncnoJih3yercH TOJihKO 
qacTHblll CJiyųaH: nepBoro ecTeCTBeHHOfO ypaBHeHm:1; BTOpoe ecTeCTBeHHOe 
ypaBHeHHe JI.eJiaeTCH COBepilleHHO HeHy)KHbIM7• l 

I1TaK, nocJie,11.0BaTeJibHoe peilleHHe 3aJI.aųH o «Meprnoli neTJie» ,11.0JI)KHO 
BKJIJOŲ3Tb B ce6e 3 MOMCHTa: a) ycraHOBJ1CHHe YCJIOBH51 OTpbIBa OT KpHBOit 
CBH3H, 6) ycTaHOBJICHHe TOfO, ŲTO peaKUHH CBH3H B sepxHeH TOŲKe )l.OCTHraeT 
MHHHMyMa, B) Tpe6osaHHe, ŲT06bI MHHHMaJibHOe 3HaŲeHHe peaKUHH paBHHJIOCb 
HYJIIO (HJIH, B o6meM cJiyqae, He 6hrJio oTpHUaTeJihHbIM). 

B KHHrax no cpH3HKe n B npenoJI.aBaH1111 BeChMa pacnpocTpaHeH JI.pyroti 
nyTb peilleHHH, npHMepoM KOToporo MO)KeT c.1y)KHTb CJIC.11.Y!OlllHH OTpbIBOK H3 
«3aHHMaTeJihHOH cp113HKH» 5I. H. ITepe.'lhMaHa: « .. . .ll.JI51 Toro ŲT06b1 BeJIOCH· 
ne,11.HCT, ,ll.OCTHrHyB BbICillett TOŲKH Kp)rroBoro nyrH, He ynaJI BHH3, HY)KHO, ųTo-
6bI .•. IJ,eHTpOCTpe!\rnTeJibHOe ycKopeHHe 6bIJIO 60Jibille, He)KCJIH ycKOpeHHe 

v2 
TH)!{eCTH, T. e . . • .  r >g»8• 

7 <PaKTy, '!To s ropoe ecTecrneHHoe ypasHeHHe B TO'!Ke C rrp11mrnaeT s11.n; mj =O, 
M. A. fpa6oscKHM .n;aHo cTpaHHoe 11cToJJKOBaH11e: « ( . .. ) B 3TOT MOMeHT TeJJeMKa .n;s11MeTCll 
pasHOMepHO». TaHreHŲH3JlbHOe ycKopeHHe j =dV /dt paBHO HYJJiO B e rro TOH rrpOCTOH rrp11-
'!llHe, '!TO 3,n;ech v .n;ocnrraeT MHHHMyMa. H11KaKOH pasHoMepHocr;.i .n;BHMeHllSI 3,n;ecb HeT. 
f!OH51Tll2 MrHOBeHHOI'O paBHOMepHoro ,ll;BllMeHll!I B MexaHHKe OTCyTcrnyeT, T3K K3K co.n;ep
)!{3Hlle ero 6eccMhICJJeHHO. 

8 P. H. f1 e p e JJ b M a H, 3aH11MaTeJJhHaSI cp113MKa, KH. JI, M.-JI., 1949, p. 68. 
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Ka2KeTCH, ųTo tta.miuo KpaTKOe, HCHoe pememi:e. 0,1J,HaKo 3To pewemi:e 
HeJib351 CŲHTaTh KoppeKTHhIM, TaK KaK 113 ITpime.rr.eHHoro paccy:lK.II.eHHH CJie.rr.yeT 

v• 
HeJieIThll! BbIBO.II. o TOM, ŲTO, B CJiyqae HeBh!IlOJIHemrn ycJIOBHH - >g, ae;wcu-r 
neaucT, aocTUi!lilj6 6blCU/,e(i TOŲf(,U nyru, ynaaeT 61iU3. Boo6Ill,e, pemeHHSI rro
.rr.o6Horo nma BHyllla!OT yųam.HMCH JIORrnyro MbICJib o TOM, 6yATO caMhIM OITaC
HhIM MeCTOM Ha «MepTBOH rreTJie» 51BJISieTC51 Bh!C11Ia51 TOŲKa ( 3TY MbICJib eme 
6oJiee no.rr.ųepKHBatoT HenpaBHJibHhie cpopMyJIHpOBKH ycJIOBlIH 3a.rr.aų, yrroMH
HaIOill,He o «Bhrna,n:eHHH H3 ITeTJIH B BepxHeii: ToųKe»). HecocTOSITeJihHOCTh 
3TOro B3fJISI,ll.a ITOCJie Toro, ŲTO cKa3aHo B IT. l, oąeBll,lI.Ha. 

3. DoIThITKa corrocTaBJieHHH .II.BH:lKeHHH ITo «MepTBOH ITeT.ne» H .II.BH:lKemrn 
rro ITapa6o.'le rrnKJIOHHO 6porneHHoro rn:lKeJioro TeJia c.rr.eJiaHa M. A. fpa6os
CKHM e ueJibIO .rr.aTb HHTYHTHBHOe o6n51CHeHHe Toro o6CT051TeJibCTBa, ŲTQ TeJlO 
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B HaHBhICIIIeH TOŲKe ITeTJIH He rra.rr.aeT BHH3. 3Ta ITOITbITKa HBJIHeTCH Heo60CHO
BaHHOH H BMeCTO Toro, ŲT06br ITOHCHHTb, MO:lKeT TOJibKO 3arryTaTb HBJieHHe. 
M. A. fpa6oBCKHH ITHIIIeT: «JlBH:lKeHHe TeJie:lKKH ITO «MepTBof1 ITeTJie» MO:lKHO 
paccMaTpHBaTb KaK CJiyųaH: ,ll.BH:lKeHHH TeJia, 6poIIIeHHoro e HaŲaJlhHOH CKO
poCTbIO ITO.II. yr.7JOM K ropH30HTy, ycJIO:lKHeHHbIH HeITpepbIBHhIM .11.eHCTBHeM Ha 
reJie:lKKY AecĮJopMHpyeMhIX eto peJibC, T. e. KaK .11.BH:lKeHHe TeJia ITO sa.11.aHHOMY 
rryTH. DpH corrocTaBJieHHH 3THX .u.syx .lJ.BH:lKeHHH y yųallJ,HXCH He .U.OJI:lKeH B03-
HHKaTh BOITpoc: ITOŲeMy Te.7le:lKKa B HaHBbICIIIeH TOŲKe ITeTJIH He ITa.u.aer BHH3? 
Be.rr.h KaMeHh, 6pomeHHhIH rro.rr. yrnoM K ropH30HTy, TO:lKe He cpa3y na.rr.aeT 
BHH3 • . .  » 

. Bo-rrepBbIX, KaK ITOKa3aHo B IT. l, TeJie:lKKa B HaHBbICIIIeii TQŲKe ITeTJIH 
HHKor.n:a He rra.n:aeT BHH3. Bo-BTOpbIX, TOT cpaKT, ŲTO TeJie:lKKa He rra.rr.aeT, MO:lKHO 
6bIJIO 6bI o6n51CHHTb ITPH IIOMOill,H COITOCTaBJieHHH YITOMHHaeMbIX .UBYX ,n:BH:lKe
HHH TOJibKO rrpH YCJIOBHH, ŲTQ BhICIIIYIO TOŲKY C ITeTJIH TeJie:lKKa ,n:OCTHraeT 
scer;J,a, T. e. ITPH Jito6oM yrne 6pocaHHH a (puc. 2), paHbIIIe ųeM oHa ITO,n:HH
Jiacb 6bI B BepIIIHHy B COOTBeTCTBYIOill,eH ITapa60JibI (TaK KaK B TOT MOMeHT, 
KOr,n:a TeJie:lKKa HaXO,ll.HTCH B C, ITpH ,UBH:lKeHHH ITO ITapa6oJie OHa elll,e ITO,ll.HH
MaJiaCb 6bI BBepx). 0.n:HaKO 3TO ycJIOBHe BbII10JIHHerc5I .n:aJieKo He BCer.rr.a. 
PacųeT, KoToporo MhI s.uecb He ITp1mo.n:HM, ITOKashmaeT, ŲTO .n:mi: a, MeHhIIIHX a2, 
yJJ.OBJiernop5Irolll,ero ypastteHHIO 

2;� [ K(2VgR ) - p(2 ViR ,  a2)] = sin cx2, (9) o v0 , Vo 2 
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r)le F (k, qi) H K (k) =F ( k, ; ) - 3JIJIHnrHąecKHe HHrerpaJibI rrepBoro po;1,a, 

speMH t', 3a KOropoe reJie.tKKa M rrpHXO)lHT B BepXH!OIO TOŲKY rreT.ilH e, 60Jib
we speMeHH t, B reąeHHe Koroporo TeJie:>KKa IlO)lHHJiaCb 6bI )lO BbICIIIeH TOŲKH 
B coorseTCTBYIOW.eii: rrapa6oJihI (Harrp., ec.rn Vo2=5gR, TO a2=51°). CT03TOMY 
rrpH yrnax a<a2 corrocrasJieHHe JJ.BlDKemrn: TeJie:>KKH no nerne H ee soo6pa
iKaeMoro ;J.BH:>Kemrn no napa6oJie, Koropoe npo11cxo,11.HJI0 6b1 rrp11 orcyrcrs:irn 
cs5I3H, HHųero He rroHCHHer: rroųeMy B TOŲKe C nerJI.H reJie:>KKa He rra.n.aer, ecml 
npH )l.BH:>KeHHH rro napa60J1e OHa B 3TOT :>Ke MOMeHT t' y:>Ke «Tia,'.1.aJia 6br Ha 
3eMJIIO»? t Bornpoc ew.e 6oJiee yCJIO:>KHHeTCH, eCJIH saMerHM, ąro ,11.JIH a, MeHb
urnx a3, onipeJJ.eJIHeMoro H3 ypaBHeHHH 

(10) 

HaH60JibIIIa5I Bb!COTa TIO)l.'beMa no rrapa6oJie h MeHbIIIe BbICOTbI 2R-d sepxHeH 
fOŲKH e rreTmi (Hanp., eCJIH Vo2=5gR, TO a3=60°). TaKHM o6pa30M, eCJIH a 
0,11.HOBpeMeHHO MeHbIIIe a2 H a3 (Hanp., npH Vo2=5gR a<5 1°), TO TeJie:>KKa 
)l.OCTHraer TOŲKH C, H3XOJl.5IW.eHCH 6blUle BepIIIHHbI B COOTBeTCTBYIOW.eii: rrapa-
60JibI, B TaKoii: MOMeHT, Kor.na rrpH .n.smKemm no 3TOH napa6oJie oHa yaJCe onyc-
1wAacb 6bt 6HU3. CToųeMy OHa Tor.n.a He rra)l.aeT B BepxHeii TOŲKe? vlHTyHTHB
Hoe corrocTaBJieHHe .n.syx y1rnsaHHhIX JJ.BH:>KeHHii: B 3TOM CJiyųae HHųero He no
HCHHeT; Hao6opoT, OHO sanyThrnaeT. Oco6eHHO HpKO 3TO BH,AHO B ųaCTHOM 
cJiyųae a= O, KOrJJ.a Te.rre:>KKa, Jl.BHraHCb rro rrapa6oJie, Bee 6peMR na)laJia 
6bi BHH3. 

Me:>Kny ,n;smKeHHeM TeJie)f{KH no napa6oJie H ;J.BmKeHHeM ee rro nerJie 
HMeeTC5I TOJlbKO TO o6rn.ee, ŲTO CKOpOCTb v Ha 0,11.HOM H TOM )f{e ypoBHe z 0,11.H
IIaKOBa B o6oHX .nsmKemrnx ( v2 = u2-2gz). 0)1.HaKo B ynOMHHYTblX ,ABH:>Ke
HHHX pa3JlHŲHbI KaK ypoBHH, TaK H MOMeHTbl npOXO:>KJI.eHHH ųepe3 3TH ypOBHH. 
OrcIOna HCHO, noųeMy corrocrasJieHHe 3THX ,n;BH:>Kem1ii: B o6rn.eM cJiyųae HenpH
MeHHMO. 

EcJIH Y* rpe6yeTCH cpaBHHTb JlBH:>KeHHe TeJie:>KKH no nerne e ųeM-HH6yJJ.h, 
TO MO)f{HO 3aMeTHTb, ŲTO 3TO )lBIUKeHHe eCTb He Ų'fO HHOe, KaK Kpyrospaw.a
TeJibHOe JlBH:>KeHHe MaTeMaTHŲeCKoro MaHTHHKa ,11.JIHHOH l=R, ocyw.ecTBJIH!O
w.eeCH npH Vo2?;;5gR. 9To o6cTOHTeJib'CTBo JJerKo BbrnBHTb KOHCTPYKUHeii npH-
6opa «MepTBaH neTJI5I»: BMeCTO 0)1.HOH MO:>KHO c;a:eJiaTb HeCKOJibKO paBHblX 
neTeJib H pacnOJIO)!(HTb HX PHJlOM TaK, ŲT06bl TeJie:>KKa, OTIHcaB nepsyIO H3 
HHX, nonaJia 6b1 so BTopyIO H r. ,ll.. 

4. 0TMeTHM ew.e JI.Ba MoMeHTa B crarhe M. A. fpa6oscKoro, KOTOpbie MO
ryT npHBeCTH K O IIIH6oųHblM npeJJ.CT3BJieHH5IM. 

Ha cTp. 95 aBTop yTsep:>KJJ.aeT: « . .. B cJiyųae, ecJIH IIIapHK 6yJI.er cKaThI
BaTbC5I no )f{eJio6y, Kor.n.a pa.n.Hyc oKpy:>KHOCTH ero KaųeHHH 6y.neT paseH pa
J.Hycy IIIapHKa, noTpe6HaH BbICOTa cocTaB.'!HeT 2,7R (R - pa.ll.Hyc neTJIH -
JI. K:.) ». 

Cos)J.aeTC5I BneąaTJlemie, ųTo BhICOTa H He saBHCHT oT pa.11.Hyca IIIapHKa a. 
B JI.eii:cTBHTeJibHOCTH H = 2,7 (R-a), npHųeM cJieJI.yeT saMeTHTh, ųro 3TOT 
pesyJihTaT HMeeT ŲHCTO TeopeTHųecKoe sHaąeHHe, TaK KaK npH ero BbIBOJJ.e 
)J.eJiaeTCH npe.rr.noJIO:>KeHHe o TOM, ŲTO rrosepXHOCTb )f{eJio6a a6cOJI!OTHO IIIepo
xosara (Ko3cpqmum�HT TpeHHH paseH 6ecKOHeŲHOCTH). B caMoM .rr.eJle, H3 ypas
HeHHH ŲlICTOro KaųeHHH wapHKa no :>KeJio6y He11py,nHo TIOJIY4HTb, ŲTQ HOpMaJib
!JaH peaKUHH 

10 (H ) N = 7 P T - l + l, 7 cos a ( 11) 

PO 



11 llTO yc.rIOBHe OTCYTCTBIUI CKOJib)KeHHSI Bbipa:H<:aeTCH HepaseHCTBOM 

l sln a 

f > -5- H - l + 1,7 cos a 
t 

( 12) 

,$JĮech P - sec wap11Ka, H - pa3HOCTb HaH60JibWei1: 11 HaHMeHbllleH: BhICOT 
ero ueHTpa, l=R-a, a - yroJI Me*..U.Y pa,a.HycoM-seKTOpOM u;eHTpa mapHKa 
,H HaIIĮpaBJieHHOH BHl13 seprnKaJiblO, f - K03cpqmuHeHT TpeHHH ITOKOSI. 

ECJIH H =2,7l, TO (12) rrpHo6perneT CJie,a.yIDIUHH BH,ll.: 

l (l 
f> 8,5 tg i . ( 13) 

Opasasi ųacTb 3TOf0 HepaseHCTBa B liHTepsaJie (O, Jt) MOHOTOHHO B03pacTaeT 
or HYJIH ,a.o 6ecKoHeųHocTH. EcJI11 K03cpcpHUHeHT TpeHHH Mem..a.y rrosepxHocrn
MH )KeJ106a H lllapHKa �t, TO rrpli a1=2arctg8,5µ<Jt mapHK Haų1maeT CKOJib-
3HTb 110 )KeJio6y. l.JaCTb KliHeTHŲeCKOH 3Hepnm map11Ka TIOfJIOIUaeTCSI TpeHHeM, 

rv8 11 peaKLlHSI CBH3l1 N.= -gr +P cos a, BMecTO TOro, ųT06b1 rrpH orcyrcrnHH CKOJib-

JKeHHH HCŲe3HYTb B sepxHeH TOŲKe, o6pamaeTCH B HYJib paHbWe; B sepxHeH 
roųKe oHa crnHOBHTCH orpm.1.aTeJibHOH. TaKHM o6pa30M, npH H = 2,7 l H rrpli 
KOHeŲHOM K03cpcpHLllieHTe TpeHHH µ mapHK .He MO)KeT C,ll.eJiaTb «MepTBOH rreT
,ilH»: OH OTpb!saeTCSI OT )KeJio6a, He ,ll.OXO,ll.SI ,ll.O ero sepxHeH TOŲKH. l.JT06bl 
ruapnK He CKOJib3HJI, Ha,ll.o ysem1ų11Tb BhICOTY H; Harrp11Mep, rrpli H =2,972l 
ycJIOBHeM ŲHCTOfO KaŲeHHSI SIBJIHeTCH HepaBeHCTBO µ>0.2. 

Ha 3TOH :li{e cTp. 95, rrocJie om1camrn KOHCTPYKUHH TeJie}KK!i ,ll.JlH OITbIT.oB 
e Tpe�rn wapHKaMH, O,ll.HH H3 KOTOpb!X BJIO)KeH B CTOHKY e KOJibUOM (plic. 4 Ha 
3TOH CTpaHHUe), fOBOp!iTCSI, ŲTO «I1pH ,ll.BliMeHlili TaKOH CHCTeMbl TpernH: ma
PHK ne spamaercSI, a o6Jia,a.aeT TOJ1bKO rroCTynareJihHhIM ,ll.BH)l(eHiieM ... » 3To 
HesepHo, T.aK KaK 3TOT rnapHK coseprnaeT KaK pa3 spamaTeJibHOe ,ll.BHJKeHHe. 
Ocb ero spameHHSI nepneH,a.HKYJISipHa K 11J10CKOCTH neTJIH H npoxo,ll.HT ąepe3 
ee uenTp, a yrnosasi CKopocTb il spameHHSI pasHa yrnoso.fi cKopocrn u;eHTpa 

· Mace sceH: ,ll.BHmyme:Hcsi cncTeMhl. I1pene6peraSI Macco:H nposoJ10K11 H cųH:TaSI, 
'!TO ueHTpbI rnapHKOB HaXO,ll.SITCH B sepwvrnax rrpasli<JJbHOfO rpeyrOJlbHl1Ka co 
cropoHoli 2a, Herpy,a.Ho noKa3aTb, ųro 

, 1 _ H - l ( 1- cos a) 
Cl - 3o g 5111 1- 2a" + 14 (R - a)1' ( 14) 

r.u.e g - ycKopeHHe cso6o,a.Horo na,a.eHHSI, H - pa3HOCTb HaH60JibllleH H HaH
MeHhme:H BbICOT ueHTpa Mace CHCTeMbl, l - paCCTOSIHHe u;eHTpa Mace ,ll.O u;eH-

rpa rreTJIH, 11 = Y R (R - 2a) - a V 3. 
·:11 3,ll.eCb CJie,a.yer 3aMeTliTb, ŲTO 3a,ll.aųa o «MepTBOH rrerJie» ,ll.JISI CHCTeM 

wapHKOB, 011HCaHHbIX M. A. rpa6oBCKHM, rrpHBOJlHT -K HHOMY ornery, ąeM 
B cJiyąae o.rtHoro rnapHKa. HarrpHMep, rrpH TOJibKO ąTO ynoMSIHyro:H crpyKrype 
cHcTeMbI rpex rnapHKOB HaHMeHb IIIaH Bbicora H, e Koropoii Ha.rto rrycTHTb 
CliCTeMy JlJIH TOfO, ŲT06bI OHa OIIHCaJia rreTJIIO, orrpe,ll.eJISieTCSI, KaK 110Ka3bIBalOT 
pacųerbr, cpopMy.rroH:: 

H = 79 (R - a)1 - 2Ra1-50a ir 3R (l< - 2ai
_ 30 V R ( R - :2 a ) - 10 �1 Ja 

( 15) 

ToJihKo rrpu ; �o.15 ::irn Bbicorn pasHa 2,7/. Ecm1 � <0,15, TO H<2,7l; ec.rrH 
a a 
R >O; 15, ro H> 2, 7 l. Kor.LI.a R �o.464 ( HaH60.JibIIIee B03MOJKHoe 3HaąeHHe 
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oTHOIIIeHMSI � ),TO H� oo. Bo3MOMHoe CKOJihMem1e orropHbIX mapHKOB B Bepx

tteii: qacTM rreTJIM Tpe6yeT COOTBeTCTBYIOlllgro yBeJrn'leHHSI H. 
5 . .Ll.JIH paBHOMepttoro .ll.BMMeHHSI TSIMeJIOH T00'IKH IIO OKpyMHOCTH B Bep

THKaJibHOH IlJIOCKOCTH Heo6XO.ll.HMO, 'IT06bI Ha Hee ĮI,eil:CTBOBaJia .n.o6aBO'IH3H 
CMJia, HanpaBJieHHaH rro KacaTeJibHOH K TpaeKTop1rn (rr. l). Ecmr B yCJJomrn 
COOTBe'I'CTBYIOIII.eH 33J!.3ŲH o TaKOM .ll.BH)KeHHM He yKa3aH HCTOŲHHK yrroMHHYTOH 
CHJibI HJIH soo6me yMaJI'IHBaeTcH cpa1n TaHreHUHaJibHoro B03.ll.eHcTBHH Ha 
.ll.BHMYIII.eecH TeJIO, TO 33.llaųa rrpHo6peTaeT .ll.BYCMbICJieHHbIH xapaKTep M M02KeT 
rrpHBeCTH K HeBepHbIM pe3yJibTaTaM MJIH COBCeM TIOTepHTb cpH3MŲeCKHH CMbICJI. 
HarrpHMep, B yųe6HHKe cp113HKH IlO.ll. pe.LI.aKŲHeH aKa.LI.. r. e. JlaH.n.c6epra H 
B 33.ll.aųHHKe B. TI . .LI.eMKOBH'la HaXO.ll.HM cJie.ll.yIOIII.YIO 33.ll.aųy9: «f py3HK, Mac
ca Koroporo paBHa 20 Z, rrprrKperrJieH K HHTKe .ll.•1HHOH 30 C.M H .ll.BH)KeTCH no 
oKpy)KHOCTH B BepTHKaJibHOH TIJIOCKOCTH, .LI.eJiaSI l o6opoT B ceKyH.lly. I\aKoBo 
HaTSI:>KeHHe HHTH B BepxHeH TOl!Ke OKpyMHOCTH H B HHMHeH?» 

ECJIH rpy3HK cų11TaTb MaTepHa.1IbHoii TO'IKOil:, TO I:i3 nepaoro rrpe.llJIOMemur 
3Toro yCJioBHSI cJie,'l.yeT, 'ITO peųb M.LI.eT o KpyroBpaIII.aTeJibHOM .LI.BHMeHHM Ma
TeMaTH'lecKoro MaSITHMKa. TiepMO.ll. KpyroBpaIII.aTeJibHOfO Įl.BHMeHHSI MaSITHMKa 
.II.aeTCH cpopMyJioii:10 

( 16) 

r.LI.e K(k) - rroJIHhiii 3JIJIMIITHIJecKHii HHTerpaJI rrepBoro poJI.a, 2l0 -yrJIOBaH 
CKOpOCTb MaHTHHKa B H3HHH3IIIeM IIOJIOJKeHHH . .Ll.JISI l= 30 C.M Ha1160JibIIIee B03-

MO:>KHOe 3Ha'leHHe rrepHo.LI.a ( KOr .LI.a Cto= V5f) - paBHO 0,71 CeK. CJie.LI.OBa

TeJibHO, yTaepM.lleHtte ycJIOBHSI 3a,a:atIH o TOM, 'ITO rpy3HK )I.BHMeTCH «.a:eJiaH 
l o6opoT B CeKytt.a:y»,- HepeaJibHO. flo3TOMY ycJIOBHe 3aJ].aŲH Heo6XO.LI.HMO 
BM.LI.OH3MeHHTb, HarrpHMep„ TaK: zpy3utC, Macca KOTOpow 20 Z, paBHO.Mepno 
Bpaw.mor 8 BepruKaAbHOU nAOCKOCTU Ha HUTKe OAUHOU 30 CM, oeAaJl 1 o6opor 
8 ceKyHoy, H T. J(. 3rn cpopMyJIHpOBKa yKa3bIBaeT, xorn H He COBCeM orrpe.n.e
JieHHO, Ha cpaKT TaHreHUHaJibHOfO B03,ll.eHCTBHSI Ha rpy3HK H yCTpam1eT BCHKYJO 
ABYCMhICJieHHOCTh. 

B c6opHHKe rro.LI. peJ(. TI. A. 3HaMeHcKoro11 HMeeTCH 3a,naųa: «fMpSI BecoM 
200 I' BpamaeTCSI Ha HHTH B BepTHKaJibHOH IIJIOCKOCTH. Ha CKOJibKO CHJia Ha
TSI>KeHMR HHTH oyJ(eT QOJlbIIIe r:1PH rrpOXO)K)J,eHMM rHpH ųepe3 HHMHIOIO TO'IKY. 
ųeM ųepe3 aepxHIOIO?» · · 

H 3.LI.ech, rro yCJioBHJO, rnpsi coaepIIIaeT KpyroBpamaTeJibHOe .LI.BM)KeHJ1e 
MaSITHMKa. Tio cpopMyJie (3) (rr. l) pa3HOCTb HaTmKeHHH HMTH B HM)KHeH M 
sepxHeii TO'IKax 6y.LI.eT 6mg= 1200I', B TO speMSI, KaK OTBeT ,l(aeT B TPM pasa 
MeHhlliYIO BeJIHŲHHY - 400 r. ToJibKO no pacxmK.n.eHMIO 3THX OTBeTOB MO)KHO 
,!J.Ora)l.aTbCSI, 'ITO aBTOp sa,l(a'IH IIO.LI. Bb!paMeHHeM «rHpSI spamaeTCSI . . •  » IIOJJ.
pasyMesaeT cpaĮCT, 'ITO «rnp10 paBHOMepHo Bpaw.mor ... » 

nPHJIO)l(EHHE 
K cTaTbe «HecKOJibKO 3aMeųam1ii K 3a.ll.a'le o «Meprnoii neTJie». 
l BhIB0.11. ypasHeum1 (9). 
JI,smKeHne TeJielKKH M no neT.ne (pHc. 2) npoHcxo.11.HT TaK, KaK KpyrospamaTeJJb-

HOe .11.BHlKeHHe MaTeMan1ųeciwro MallTHHKa .11.JIHHOii l =R. Tio:noMy BpeMll t', 3a KOTOpoe 

9 3JieMeHTapHblH yųe6HHK cjJH3HKH, no.11. pe.11.. arrn.11.. r. e. Jlau.11.c6epra, l, M., 1958, 
p. 220, B. n. JI. e M K o  B H 'l, C6opHHK 3a.11.aų no ŲlH3HKe, J1„ 1957, p. 66, 67. . 10 A. r. J1 o j.i l{ H a H e K H ii, A. H. J1 y p b e, Kypc TeopernųecKOH MexaHftKH, 11, M„ 
1954, p. 450. 

11 C6opHHK sonpocos M 3a.11.aų no cjJM3HKe, no.11. pe.11.. n. A. 3 H a M e H e K o r o, M„ 
1958, p. 58. 
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re.nelKKa no.IJ,HllMaeTcl! no Ayre MC paBHo f- i:, r)l.e T - nep�OA Kpyrospam.aTeJibHoro 

;\Bl!lKeH11l! TeJie)l{Kll, 't - speMH, 3a KOTopoe OHa npoxo)lllT JJ:yry AM. Bb1ų11cJ111M -r: 

"" s d 0 Rd 
i: = s df = .ft,: = s V'f 'f. 

o o o 

CKopocTb Te.�e)l<Kll MeHHeTCH c BbICOTOii no 38KOHY [CM. (2)): 

v1 = v•" - 2 gR (l - cos 'f) = v0t - 4 gR stn• � . 

Tiep110.IJ, T Bb1pa)l{aeTCH cjlopMyJJoii [cM. (16)] 

flo9TOMy 

4K (2 y·gR) 

T
= � = 4R K(2Y gR)

. cxo t•o Vo 

t'= 2 R [K (2 y gR
}
\ _ F (2 y gR, �)] . 

Vo \ v0 v0 2 

C .D,pyroii CTOpOHbJ, BpeMH t, 38 KOTOpoe TeJielKKa TIOAHHJl8Cb 6hi AO Bepllll!Hbl B 1111-
p.aCfoJibl, paBHO: 

llJIB 

t=..!:!.. sin a = v' Vos - 2 g R (l - cos cx) sln a 
g g 

1 l v02 -4 gR sln2 � v . 2 t = sln "· 
g 

HepaseHcTso t'>t 6yAeT yAOsJ1eTaope110, ecJ111 

--� [K (2YgR) -f ( 2VgR, :x )J >vosin a, 
v0 v0 , v0 2 g 

2 gR [K(2YiR) -F (2VgR , �)] > sln a: 
v0• \ t•0 v0 2 

Jlesall CTOpOHa 9T0f0 nepaBeHCTBa B llHTepBaJie [O. 11] y6bJB8eT OT 3H8ŲeHllll 
2g� K (2 JfiR) Ao HYJIH. TaK KaK np11 v01 > 5 gR (ycJ1os11e KpyrospamareJibHOro .D"'•· 
v, t·0 } 
)!(eH11.11 MaHTHHKa B cnyųae OAHOcTopoHHeii CBH311) aeJ111ų11Ha 2 g� K (2 V gR) < J TO sir." >. 

t'o Vo 
'!TO KopeHb a2 ypas11eH11H 2 g� [ K (2 11 gR)-F (2 V gR, a2 ) J = sln cx1 38KJ1Ioųe11 s 

� \ � \ � 2 
HHTepsaJie ( O, ; ) 11 .IJ,Jlll a<� 6y.IJ,er t'>t. Tip116J111)1{eHHOe 3HaųeH11e a2""51° Kopm1 ypas -

HeHHll [9] (Kor)la Vo2=5g R) HeTPYAHO noJJyų11Tb nOJ1b3YHCh ra6JJHJ.\aM11 3JJJJllnT11ųecKllX 
HHTerpaJIOB 11 rpacjl11KOB cjlyHKUllH F (k, qi) np11 nocTOllHHOM k (cM. E. 5I H K e 11 P. 3 M A e, 
Ta6Jillllbl cjlyHKUllii e cjJOpMyJJaM'll 11 KPllBbIMll, rocTeXll3)\8T, M.--Jl„ 1949, p. 160, 180). 

.ll.3 



l l. Bb!BOA ypaaHeHHSI (JO). 
Bb1c0Ta h (cM. pHc. 2) oTipe)leJJsieTCSI <PopMyJJoli: 

f101 - 4 gR sin1 -; 
h = u• sin• a - --- ---------- sin• a 

2 g  - 1.g 
HepaBeHCTBO 2R-d>h TlOCJie HeCJIO:lKHblX npeo6pa30Balllli\ MOMl!O npHsecrn K BHJJ.Y 

4 gR sin' � - f101 sln1_c:_ + gR > O. 2 2 

Pa3.'!0/l<HB Ha MHO:lKHTeJIH JieBylO ąaCTb, HMeeM: 

4 R ( . • � - flo' + V Vo' - 16 g• R') (s1n• � g sm 2 8gR 2 

EcJIH t 5 R Vo2 + V t•,• - 16 g• R•? 1 flo ;;;,. g , TO 8 gR 
. 

no9TOMY JlJISI BblTlOJIHeHHSI HepaaeHCTBa h<2R-d He06XO.!lHMO H 11.0CTaTOąHo, ąTOOhl 

sin• � < flo• - Y !•o• . lb k2 k.2 
2 BgR 

0TClO,'l.a npHXOJJ.HM K ypaBH�HHIO ( 10). 
111. BblBO.!l coorno!lleHHii (JI), (12) R (13). 

PHc. 3 

YpairneHHSI ąHcToro KaąeHHll lllapHKa cJJe
.nyronrne: 

mf' = m g + N -;- F r• 

11· = - Fra, 

S=a(ri:+1). 

(a) 
(b) 

3.nech r' -ycKopeHHe ueHTpa Mace S, m -
2 ' 

Macca !llapHKa, l = - ma2 - MOMeHT HHep-
5 ' 

Ul!H ero OTHOCl!TeJlbHO .1ll!aMeTpa, v - yroJI no· 
eopoTa lllapHKa (J1.pyr11e ooo3HaąeHl!lI )laHbl 
Ha. pHc. 3). CnpoeKrnpyeM ypaeHeHHe (a) Ha 
HanpaeJieH11e KacaTeJihHoii H r„1aeHoii Hopwa.im 
K TpaeKTOpHH ueHTpa Mace: 

m·�= -mg sln a+ FT' (e) 
a• m - = - mg cos a + N. 

l 
(d) 

CKopocTb ueHTpa Mace a =l�. ITo9TOMY ·a= l�. e .llpyroii CTOpOHbl, 00 =a:,, TaK K3K 

wapl!K KaTl!TClI oe3 CKOJ!b:lKeHl!SI. 3HaąuT, ·a=a1. no.1lrTaBJllllI :3HaąeHHll � H 1 B (e) 11 
\b), HaXO.!lHM: .„ 

ml �· = - mg sln a + F T' 
l .. 1-"-=-Fra. 

a 

l1cKJUOąasi 113 3THX ilBYX ypaaHeHl!H �' noJiyąHM: 
Į.l ' 2 F T = mg - -- sln a = - mg sin a, 

a1 + k1 7 
r11.e k =a -v;- - pa)l11yc l!HepUHI! lllapHKa OTHOCHTeJibHO ero )ll-laMeTpa. 

TaK KaK CBlT3b CTaUl!OHapHa H e)llfHCTBeHHOii coaeprnarorueii pa601 y Cl!Jloli SIBJIS!eTCSI 
eec mg, TO 9Hepnrn rnap!!Ka coxpaHHeT noCTOlTHHoe 3HaąeHHe, pas11oe mgH, rJ1.e H -
BbIC6Ta, e KOTopoii lllapHK nyc1rneTCS1 no :lKeJiooy (oe3 ToJiąKa) : 

84 

. l . 2 m; + 1� + mgl(l - cos a) = mgH. 



Onpe.IĮeJJlrn orcj().11.a rn:."2, noncrasJJH�M ilTO B (d) H, FIOCJJe HeCJJO){{HblX npeo6paaosaHHfi. 
ripHXOĮillM K ( 11). 

ECJJll f - K03qHjmuHeHT rpeHllH Me>KJĮY nosepXHOCTHMH rnapnKa H iKeJJooa. TO 

Fr .,,.fN. 
no.n.craBJJHll CIO)la Hai1.n.eHHhie 3Haąemrn f T H N, noJJyqaeM HepaseHCTBO (12). 

B cJJyąae Hl = 2,7 H3 (12), Ha OCHOBaHHH H3BeCTHOro COOTHOllleHHll sin 11 --- tg IJ '  
J + COS11 - 2 

ttenocpe.n.crseaHo noJ1y11aeTc11 HepaseHCTBO (13). 
EcJJH npH a = 180° N = O, To H3 ( 11) cJJe.n.yeT: H = 2,7 l= 2,7 (R - a). 06 3TOM ro

aopHTCll B CT8Tbe (B HaųaJJe n. 4). 
IV. BhJBO� coorHoll!eHnii: (14) n (15). 
Ypa'attettne .ll.BH:a<eHHll ueHTpa Mace cncreMbl raKoe: 

MR =Mg + el>. 
3,necb M = 3 m - Macca aceii: CHCTeMbl, 

ii :...::. ycKopeHH� uettTpa Mace, cl> - paatto· 
)leii:cray10mall peaKilHif CBll3H, .neii:cTay10m11x 
Ha onopuhle mapnKH. 

DpoeKrnpoBaHHe 3Toro ypasueHHll Ha 
HanpasJieHHe rJJaBHOH HOpMaJIH·K TpaeKTOpHH 
ueHTpa Mace .nacT (cM. pHc. 4): 

Ma1 
-,- = - Mg cos '.t+ <fJR. 

0TCJO,na Be JJHŲHHa 1-IOpMaJlbHOii: COCTSllJllllO
IOilleA peaKUHH paatta: 

(f) 

no 3aKoHy coxpaueHHll 3HeprnH 

T1 + T1 ·+ T3 + V = const. (g) PHc. 4 

r)le T1, T2, T3 - KHHe·rnąecKHe 3HeprnH mapHKOB, V - noTeHUll3JJbHall 3HeprHH CHcreMbl, 
panttasi Mg/(1- cos 11). TaK KaK yrnonal! cKopocTb nepaoro ll!apHKa pantta :i, ro 

Attanorlflmo: 

r1 = ';;- 111;1 + � �· = m/ ( 111 + ; a2 ) • 

m · l· T2 = T3 = - (R - a)1 n2 + _ 71 2 2 
(T= ,Y1 , taK KaK mrneii11b1e cKopocTn l!CHrpoa 02 H Oa O.llHHaKOBbl H paBHbI (R-a) d). 

no.ncTaBJllHI 3TH 311aąe11m1 B (g) H 3aMeąaa. '!TO a1 = ( R-a) � H '!TO const = 3 mgH, 
noc�e npOCTblX npeo6pa30B8Hl-IH TIOJJYŲHM COOTHOll!eHlle (14). 

Ha (f), 3aMeąaH, ąro ; = l; H nOJJb3YHCb ( 14), HaXOĮI.HM: 

<P 
[ 

H - l (l - cos 11) 
] 

R = Mg cos IJ + 30 l 511' + 2a3 + 14 (R - a)• . 
4T06bl CllCTeM;i OllHCaJJa neTJllO, 11eo6XO.ll.liMO ll AOCT8TO'IHO BblTIOJJHeirne VCJIOBl!H: 

cl>R= o .11.JIH a =  180°. OHO Ji npHBOĮlHT K COOTHOllleH!llO (15)„ eC.'lll BMCCTO l1 ll
0

l IlO.l{· 

CT3Bl1Tb COOTBeTCTBe1rno Be.'lll'lllHbl 

V<R-iz)il-a2-aJF3 ll V<R-a)2--.:_ai1_Y3 a, 
3 

KOTOphle noJJyqaJOrrn H3 ·:iJieMeHrapHblX reoMerpJ.1ąecK11x coo6pame1mif. 

srnH 
Ka<jle�pa TeopeTH'leCKOH 

<jJ!l3HKH 

Ilpe.ncra1rne1m 
1961 r .• MapT 



l(ELETAS PASTABŲ APIE „MIRTIES l(ILPOS" UZDAVINĮ 

L. KUL VIECAS 

Rezi u me 

Straipsnyje išnagrinėtas žinomas mechanikos uždavinys apie svaraus 
taško judėjimą vettikaliu apskritimu, išaiškinta, kad vienpusio ryšio atveju 
(net ir tuomet, kai nagrinėjamąjį tašką veikia papildoma tangentinė jėga, 
sąlygojanti jo tolyginį judėjimą apskritimu) materialus taškas niekada 
negali atitrūkti nuo ryšių kreivės aukščiausiame jos taške. Analogiškai taip 
pat negali atsiskirti nuo ryšių aukščiausiame vertikalios trajektorijos taške: 
l) homogeniškas rutulys, riedąs šiurkštaus apskrito cilindro, kurio ašis 
horizontali, vidumi taip, kad rutulio masių centras išlieka vienoje vertikaliv
je plokštumoje, 2) trijų vienodų homogeniškų rutulių sistema sudaryta taip. 
kad jų centrai, likdami vertikalioje plokštumoje, sutampa su viršūnėmis ·ly
giakraščio trikampio, kurio kraštinė lygi rutuliukų ske.rsmeniui ·(du �tJ;ami
niai rutuliukai rieda minėto šiurkštaus cilindro vidumi, o visa sistema .su
daro tartum vežimėlį, judantį ;,mirties kilpa"). 

Iš gautųjų rezultatų nustatyta, jog elementariosios mechanikos už· 
davinių apie „mirties kilpą" formulavime ir sprendime ·yra kai kurių ne
tikslumų; be to, .pareikšta kritinės pastabos apie darbą, kuriame specialiai 
nagrinėjam'i tokio tipo uždaviniai. 
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