HeiHemHuii 3aK0H COXpaHEeHHUs JHEPIUU B MeXaHHKe — BeJinyaimasi omudka GpU3uKu
The current law of conservation of energy in mechanicsisthe greatest mistake of physics

1. Bseaenue.

[Toxkanyii, camMOii OCHOBHOM, CaMOW Ba)KHOW IIEHHOCTHOW YCTAHOBKOW B TMapajgurMe
COBPEMEHHOM TEOPETUICCKON (DU3HUKH, HAUMHASI C MEXAHUKH, SBIISICTCS 3aKOH COXPAHEHUS SHEPTHUU.
Tax, Hampumep, poccuiickas Buxuneaus cerogns 3asBiseT (UUTUPYIO): «3AKOH COXpAHeHus
IHepzuu — (pynHoamenmanvHulii 3aKOH  NPUPOObl, YCMAHOGIEHHBLIL IMRUPUUECKU U
3AKIOYAIOWULICS. 8 MOM, YMO Ol U30JIUPOBAHHOU (DUULECKOU CUCTeMbl MOdicem Oblmb 88e0eHd
CKANAPHAS PU3UYECKAas 8eNUYUHA, ABIAIOWAAC (YHKYUel Napamempos cucmemvl U HA3bleaemas
9Hepauell, KOMopas COXpausemcs ¢ meueHuem @pemeHu. I1ockonbKy 3aKOH COXpameHus SHepeuu
OMHOCUMCSL HEe K KOHKPEMHbIM GeIUYUHAM U AGNEHUAM, A OMPaddcaem 00wy, npUMeHUMyI0 ee3oe
u 6cec0a, 3aKOHOMEPHOCHIb, €20 MOJNCHO UMEHO8AMb He 3AKOHOM, d MPUHUUNOM COXPAHEHUs
IHepIUU.»

To ecTb yTBepkKIaETCS, YTO ATO YXKE HE MPOCTO PUINUYECKUI 3aKOH, a YK€ HEKUN HEe3bI0IeMbIi
dbunocodckuit mpuHIUN. U 370 MHEHUE, 3Ty BEPY, KaK sl MOHUMAF0, HBIHE Pa3JICIISIOT NECATKH THICTY
npodeccnoHanbHbIX (U3UKOB U COTHH MUJUIMOHOB OoJiee-MeHee 0Opa3oBaHHBIX OObIBaTenei Mo
BCEMY MUDY.

MHue Heyao0HO BceX MX Pa304yapoBbIBaTh, HO TOT 3aKOH COXPAaHEHHUS SHEPTUH, KOTOPBI MbI
BCE€ MPEKPACHO 3HAEM €III€ CO HIKOJIHHOM CKaMbU, HUKOTJA HE OBLJI YCTAHOBJIIEH AMIIUPUYECKHU, TO
€CTh OMNBITHBIM MyTEM. XOTS KOE€-KaKhe OMbIThl B 3TOM HAIPaBJIICHUU MPOBOAWIUCH (HAIpUMep,
onbITel JI>KOyJsl), WX HENb3d CUYUTATh PENPE3CHTATUBHBIMU, HHU, TeM 0OoJiee, TOJIHBIMU,
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BC€O6"I)CMJIIOHII/IMI/I. bonee TOTr0, TO YTO B MCXAHUKC IMPUHATO CHUTATH 3a KWHCTUYCCKYIO mV /2 n

MOTEHIMAIILHYI0 Mgh SHEpruu, Ha CaMOM JIeJie SHEPTHEH, KOTOpask «COXPaHICTCs», HE SBISTFOTCS.
Jla v BOOOIIIE 3TH BEJIMYMHBI BPSIJI JIM MOYKHO CUATATh SHEPTHEH, KOTOPasi O3BOJISIET COBEPIIUTH TY
WJTU UHYIO padoTy.
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2. ®usuyeckuii cMbIc] ypaBHenuss mgh + mV /2 = const

Kaxxnass HOBast ujesl B YEJIOBEUECKOM BOCIPHSITHU TOYTH HEU30EIKHO MPOXOTUT Yepe3 TPH
CTaIHH.

[epBasi: TO, 4TO BHI MpeIaracTe — MOJHBIN Open!

Bropas: 310 1 Tak BceM 0UYCBHIHO!

U TpeThsi: MBI caMU MTepBBIE 3TO CKa3aiu!

Celiuac uzes 0 TOM, UYTO 3aKOH COXPAHEHHUS SHEPrMH B €ro HBIHEIIHEM BUJAE — TJIYNOCTh
MPOXOJUT TEpPBYIO cTanuio. [loaToMy MHOTrHE rpaxiaHe, He pa300paBIIMCh B BOMPOCE TYT Ke
KI/IHYJ'H/ICI) OCKOp6J15[TI) MCHA, AC€CKAaTh, 1 HUYECTO HE IIOHUMAIO JaXXE B HIKOJ'II)HOﬁ (1)I/I3I/IKG, aa nu
BOOOIIIE. ..

[ToaTomy s pemnia B 3TOH cTaThe 3a0J1aroBPEMEHHO Pa3bsICHUTDH, YTO S BOBCE HE OTPHUIAI0

2 2
ypasnenue mgh + ™ /2 = const, WM, ero uacTHoro cimydas mgh =MV /2, KOIJa TeJjo

HaxOJUTCS B CBOOOJIHOM TAJCHUU C HYJIEBOW HAaYaJIbHOW CKOPOCTHIO. JlaBaiiTe pazdepémcs, B uem
COCTOHT (PU3UYECKHI CMBICT 3TOTO yPaBHEHHUSI.

Bcem oOpazoBaHHBIM JTIOM ¢ 7 WK 8-T0 Kjlacca CpeIHEeN MIKOJIbI M3BECTHO YPaBHEHUE:
at?

S =Vt +— (2.1
@Ou3ndyeckuii CMBICT STOTO YPaBHEHHS B TOM, YTO NyTh S TMPOWIEHHBIN TEJIOM MpHU
PaBHOYCKOPEHHOM JIBIKEHUHU 3a BpeMs ! paBeH cymMe IpOU3BEeHUs HadaJlbHOU ckopocTtu Vo Ha
BpeMms t ¥ MOJIOBHHE IPOU3BE/ICHUS] YCKOPEHHsI & Ha KBaJpaT BpeMeHH {.
B ciryuae cBobomHOTO0 magenus, mpu Vo = 0, momydaem:

h=9 2.2)

2



3TO0 ypaBHEHHE TOKE UMEET SICHBIN (PU3MUECKUIT CMBICT — IIPU CBOOOIHOM NaIEHUH C HYJIEBOU
HavyaJbHOW CKOPOCTBHIO 3a BpeMs ! majaromiee Telo MpoJieTaeT paccTosiHue N, paBHOE MOJIOBUHE
MPOU3BEACHNUS YCKOPEHHS CBOOOIHOTO MAaJIeHUs g Ha KBapaT BpeMeHH L.

W13 ypaBHeHus (2.2) MOXKHO BBIBECTH M YpaBHEHHE JJIs ONPEICICHHS BPEMEHH CBOOOIHOTO
naJIeHus Tea ¢ BHICOTHI N

t=./2h/g (2.3

OTO BBIpaXKEHUE TOXKE MMEET SICHbIM (pu3nueckuil cMmpica: BpeMs t majgeHus MaTepUalbHOTO
Tela C BBICOTBI N paBHO KBaJpaTHOMY KOPHIO YJIBOCHHOH BBICOTHI MAJCHHS Ha YCKOPEHHE
cBOOOJHOrO najieHus g.

CornacHo mpaBuJIaM MaTeMaTHKH, €CJIM YMHOXHUTh WM Pa3/ICIUTh U IPABYIO U JIEBYIO YaCTH
ypaBHEHMsI Ha KOHCTaHTY, ypaBHEHHUE U I1OCIIE 3TOTr0 ocTaHeTcs: ypaBHeHHeM. Ho, k coxkanenuto, npu
TOM MOXET MOTEPAThCS (PU3MUECKUH CMBICI 3TOrO BBIPAXKEHUS, O 4YeM (PU3MKO-MaTeMaTHKH,
(U3UKO-TEOPETUKH IIOCTOSTHHO 3a0bIBaIOT. Tak, HaIpUMep, Mbl MOXKEM PA3/IE€IUTh U IIPABYIO U JIEBYIO
yacTu ypaBHeHus (2.2) Ha Bo3pact [orTdpuna JleiiOHuia B MOMEHT HamMCcaHUsl UM paboThl «Acta
Eruditorum», Ha KOJIMYECTBO NMpPEIMETOB B CTOJIOBOM cepBu3e JIeiOHua mnm ke yMHOXKUTb Ha
KOJIMYECTBO SIUI], IPUHOCUMBIX JIOOMMOW KypHIeH-TiecTpylikoi JleiOHMIa B TedueHUe HeNeNH.
CoxpaHuTcs 11 npu 3ToM Guznueckuil cmbica ypaBHeHus (2.2)? [lo MoeMy MHEHHIO — BpSi JH.

Ho ecnu MBI YMHOXXUM TIPaBYIO U JICBYIO YaCTH YpaBHEHHUs (2.2) Ha BEJIMYUHY CHIIbI TSDKECTH
G = mg, neicTBylOmeld Ha HEKOE MaTepHAbHOE TeNo Maccoi M. UTo MHTEpPECHO, MPH ATOM
COXpaHseTCs HeKast BUIMMOCTh COXPaHEHUs (PU3MIECKOTO CMBICTIA BBIPAKEHUS, TaK KaK UCIIOJIb3YeM
MBI YUCTO (PU3UYECKHE BETUYUHBI — Maccy Tejla U YCKOPEHHeE.

£2
h = gT | X mg
Torna nomyuum:
mgt?
mgh =
=73
1, Tak xak gt = V, B pe3ysbTare Moay4nuM:
my?

mgh = = (2.9

D710 BeIpaXkeHHE MaTeMaTniecku BepHo. Ho umeer nu ypaBHenue (2.4) kakoil-to ¢puznveckuit
cMbici? YpaBHenue (2.2), U3 KOTOPOTO MbI TIOJIYYHIH 3TO ypaBHeHue (2.4) — umeet. Ho neno B Tom,
91O BRIpaKeHHEe mgh = Gh, KaK s TOKaxy B AaJbHEWUIIeM, HE IMEET OIpeIeIeHHOTO (PU3MIecKoro
CMbICJIa U HE MOXET PacCMaTpUBATHCA B KaueCTBE «CKAJSPHOM (PU3MUECKOW BEJIMYUHBI, KOTOpas
ABIseTCs (PYHKIMEH mapaMeTpoB CUCTEMBI U ... COXpPaHIETCs C TeueHHEeM BpeMeHn». [1oaTomy TouHO
C TaKMM € YCIIEXOM MOKHO HCKaTh (DU3MYECKUI CMBIC]I B ypaBHeHMH nh = ngt?/2, rae N — 310
KOJIMYECTBO SUII OT YIIOMSIHYTOH BBIIIE KYPUIBI-TIECTPYIIKH.

3. B ueM uMeHHO 3akiwuaercsi ommoOka kapre3manueB u [orrdpuna JleiiOHuna
(uacth 1 — He Bce Mgh oqMHAKOBO MOJIE3HBI).

Kak-ro MHe mnomanmack B pyku cTarbd lorrdpuna Bumbrensma Jleii6nuna «[Ipotus
KapTe3WaHIeB, O 3aKOHAX MPHUPOAbl U MUCTHMHHON OIEHKE IBMKYIIUX CUI» (NIEPEBOJ C JIATHIHU
S1.M. BopoBckoro), B KOTOpO# 5 Mpo4uTai cleayromiee:

«Mnozue uzmepsaom cuny npouzgedenuem Maccvl Ha CKOPOCMb, M. €. KOIUYeCMBEOM O8UNHCEHUS,
omcro0a u Kapme3uanysvl 8bl8OOAM, UMO 8 NPUPOoOe COXPAHAEMCA OOHO U MO dce KOIUYEeCmEo
osudicenus. Bospaoicas npomue smoeo, s noxkazan («Acta Eruditorumy, mapm 1686 2., c. 161), umo
eciiuy KaK 3mo 00bI4HO 00NYCKAIOm, U npeicoe 6ce2o, Camu Kapme3uanybl, 00HA U ma JHce IHEPUsL
nompeoHa 011 NOOHAMUA 00H020 hynma Ha uemoipe hyma u uemoipex hynmos Ha ooun gym,
MO HeNb3sl USMEPAMb CUNY KOIUYECMBOM OBUNCEHUS U Melo 8 yemvlpe YHMAa cO CKOpOCmbIo,
usmepsemoul eOunuyell, He pagHOCUIbHO MelLy 8 00UH PYHM CO CKOPOCMbIO, USMEPAEMOLL YemblpbMS
eOUHUYamu, ubo eciu nepeoe Moxicem NOOHAMb 0OUH YYHM HA Yembipe hyma, mo 6mopoe MoA*cem
noOHAMb e20 Ha wecmuaoyamv ¢Gymos. Ilvimasace eo3parxcamv npomue 3mMo20 Moezo



paccyrycoenusn, HeKOmopvle yueHvle MAK 3ANYMAAUCh, YMO HPUXOOUMCA NPeONnoN0NHCUMb
He0OCmamoyHoe NOHUMAHUEe 80NpPOCd, K020d OHU OONYCKAIOM OYEHKY dHepeuu NPONnOPYUOHATbHO
macce u 8vicome, HA KOMOPYIO MAcCca, UlU Maxcecmv, Modxcem Ovimv nooHama.» (3ameuy, 4to B
OpHUTHHAJIE CTaThH BMECTO TEPMUHA «IHEPTHs» JICHOHHUI] UCTIONB3YETCS TEPMUH OKUBAsI CHIIAY).

W TyT 5 BHE3amHO MOHSUI, YTO MMEHHO 3TOT KOPOTCHBKHI a03all M SIBUICS TEM CaMbIM
(byHIaMEHTOM, Ha KOTOPOM M OBLI TIOCTPOCH CIIEPBa 3aKOH COXPaHEHHS MEXaHHMYECKOW YHEPIHH,
KOTOPBIN MMOTOM PACIpPOCTPAHIIH Ha BCIO TEOPETUIECKYIO (pr3uKy. I HHUKOMY HE MIPHIILIO B TOJIOBY
y3HATh, IOUEMY KE «MAK 3aNyManuct HeKOmopbvie Y4éHvle) W HACKOIBKO JOCTOBEPHO JIOMYIICHUE,
4TO «OOHA U MaA JHce IHepeUs NOMpeoOHa 0151 NOOHAMUS 00HO20 PyHmMa Ha Yembipe hyma u yemolpex
¢dynmos na ooun ghymy.

CrtpaHHO, MOAYMAIOCh MHE TIPH TIEPBOM MPOYTEHUU ITOTO OTPHIBKA — HAJ YEM XKE MyTAIUCh

mV?

yuéHble, KOTJa B IIIKOJIE MIePeX0/] NOTESHIIMAIbHOM YHEPTUU Mmygh B KUHETHUECKYIO / o M3J1arajucs

IIPEACIIBHO SICHO, ITPO3PAaYHO U NOHATHO. HO BHE3aIHO 51 0co3HAaI, B 4eM Jei10. Benp Tena pa3nnyHon
Macchbl, 11aJ1ast Ha 3eMJII0 € Pa3HbIX BBICOT, HO IEPBOHAYAILHO UMES OJHY U Ty XK€ «IOTEHIHAIbHYIO
SHEpruo» mgh, K MOMEHTY yAapa 0 3eMJII0 IpUOOPETAIOT pa3HOE KOJIMYECTBO JBMXKEHUS MV,

W nelicTBUTENBHO, KOJMYECTBO ABMXKEHUS, KOTOPOE MpUoOpeTeT Teso Maccor 1 GpyHT, ynas ¢
BBICOTHI B 4 (yTa, HEe OyJeT paBHO UMIIYIIBCY, KOTOpOEe MPHOOpETeT Teno Maccoi 4 ¢yHTa, ynas ¢
BBICOTHI 1 ¢yT.

[TponemoncTpupyem 310. Tak Kak BeTHUYNHA «AMIIOPTHOTO» YCKOPEHHS CBOOOIHOTO TTaICHHSI
g = 32,17 dyt/c?, o ectb 32,17 (yTa B ceKyHLy 3a CEKYHY, B IEPBOM CIydae HMEEM:

T
p1 = myV; = myy/2gh; = 1 dyHT X |2 X 32,17(1)CL2 X 4 ¢pyta = 16,04 pyTodyHTa B CEKYHAY

Bo Bropom:

p2 = myV, = my\/2gh, = 4 dyHTa X \/2 X 32,17% X 1 ¢yt = 32,08 pyTodyHTa B CEKYHAY

Kak mnpekpacHO BHJIHO, KOJWYECTBO JABWXEHUSA P, = m,V, = 32,08 dpyTodyHTa B CEKYHAY,

KOTOPOE, B COOTBETCTBHHM CO BTOPBIM 3aKOHOM HbI0TOHA MOKET OBITh IPEBPALLEHO B UMITYJIBC CHJIIbI
Ft , momyumsnoce poBHO B 2 pa3a Oonblie KOJUYECTBA JABIDKEHHS P = myV; =
= 16,04 pyTodyHTa B cekyHay. To ecTh, pu paBHOI HauambHOW MQN BO BTOPOM ciydae Mpu
BYETBEPO MEHbIIEH BBICOTE MOABEMA, HO BUETBEpO OOJbIIEH Macce MaJarollero Tejla MOKHO
MOJyYUTh B JiBa pa3a OoibLIMM ummynbc cuibl Ft, yem B mepBoM ciydae. UTo, Hal0 OTMETHTb,
MHOTHX TPUBOJUT B HEKOTOPOE CMYIIEHHE, TaK KaK OObIYHO OHHU OXHJAIOT IMOJIYYUTh MHPSIMO
MPOTUBOIIOJIOKHBIN PE3YIIbTAT.

OTMeuy, 4TO 5 CIIEUABHO pa3nyaro MOHATUS KOJIMYECTBO ABMKEHUS MV U UMIYJIbC CUIIBI
Ft, Tak kak, XOTb 3TH BETIMYMHBI U UMEIOT OJJUHAKOBYIO Pa3MEPHOCTh, U IEPEXOJIAT PU COYTapEHUN
MaTEpUaIbHBIX TEJI W3 OJHOTO B JIPYro€, B COOTBETCTBUU C 3aKOHOM COXPAHEHHUS KOJUYECTBa
JBUKEHMSI U TE€pPeXo/ia KOJMYECTBA JBMKEHUS B HUMITYJILC CHUJIbI (Ha30BEM ATOT NMPaBUJIBHBIIA,
HEOJIHOKPATHO IMPOBEPEHHBIM 3KCIEPUMEHTAIIBHO 3aKOH COXPAHEHUS HACTOSILIEH MEXaHMYECKON
SHEPTUH TAKKUM 00pa3oM), 3TH BEJIMYUHBI UMEIOT COBEPIICHHO Pa3INYHbIA (U3NUYECKUIN CMBICI.

MOHO IPOIEMOHCTPUPOBATH 3TOT APPEKT B 00JIee MOHATHBIX HaM €IMHUIIAX U3MEPEHHS — B
Kujiorpammax 1 B MeTpax. CpaBHUM BeIMUMHBI KOJIMYECTBA ABM)KEHUS, KOTOPbIE TPUOOPETYT TEJO
A maccoil 1 kr ¢ BeicoTsl nageHus 20 MeTpoB u Teno B Maccoii 20 Kr ¢ BBICOTHI nafeHus B 1 mMetp.
«ITorennmaneHas sueprusi» Ep = mgh oOoux Ten mepen HayalloM MMaJeHUs Obula OJUHAKOBA U
paBHs1achk 196,2 kr - M2 /c2. OqHako B MOMEHT y1apa o0 3eMJII0 Telo A U Tesio B mpuoOpenu pa3Hbie
KOJIMYECTBA JBMKEHHUS — OTJIMYAIOLIee 110 BEJIMYMHE MOYTH B 4,5 pasa:

pa = myVy =my./2ghy =1 KFJZ X 9,81;2 X 20m = 19,81 kr-m/c

M
pg = mgVp = mp./2ghg = 20 kr JZ X 9,81C—2 X 1M = 88,59 kr * M/c



Teneps BCTAET BOIPOC, KAK MOKHO PACIOPSIUTHCS ITUM KOJIMYECTBOM JBUKEHU. [[e10 B TOM,
4TO, KaK sl ¢ YAUBICHUEM OOHApYKWUJI, MHOTHE JIIOJIH, Bpoje Obl Jake HEIUIOXO pazOuparomuecs B
¢u3nke, He MOHUMAIOT (PU3NUECKOTO CMBICIIA UMITYJIbca CHITbL. Yem Oostbiie nMnysbe cuibl Ft, Tem
00sbIIyI0 padoTy (IpU OJHUX M TEX K€ YCIOBHUSAX) MOXHO COBEpPIIUTH, JIaXKe €CIU CUMUTaTh 3a
paborty, Kak 3To MpuHATO ceiuac, A = FScosa. Ecou, k npumepy, Fgtg = 4,5F,t,, T, IpH yCIIOBUH,
Fg = F,, BpeMs neicTBHs 3TOM CUiIbl B ciiydae «B» Oyner B 4,5 pa3a Oosblie, 4eM B cirydae «Ax:
tg = 4,5t,. Jlo MHOTHX 3TOT MPOCTOH (aKT MPOCTO HE JTOXOMIMT.

[TosToMy mpuBey IPOCTOI U MOHATHBIN puMep. JlomycTuM, BB e1eTe Ha CBOEM aBTOMOOMIIE
10 TOPU3OHTAJIBLHOM JI0pOTre ¢ OJHOU M TOH K€ CKOpPOCThio 60 KM/4ac, Ipu 3TOM JIBHraTess Bamero
aBTO CO3JAaET OAHY U TY XK€ «IBUKYLIYIO CUITy» F, KoTOpast pacxoyercst Ha IPE0I0JIEHUE BCEX CHII
COMPOTHUBIICHUSI JBMKCHHUIO B JIaHHOM Cllydyae - CHJIbl CONpOTUBiIeHUs KaueHuto (Ff) u cumsl
compoTuBiieHus Bo3ayxa (Fw). Eciiu Bo Bropom ciiydae aBuraresib aBToMoOuIIst OyneT paboraTh B 4,5
pasza J1oJipliie, YeM B MePBOM, TO, COOTBETCTBEHHO, U CaM aBTOMOOWJIb BO BTOPOM CJIy4yae yeaeT Ha
paccrosiHue B 4,5 pa3za gaJblie.

Bepuémcs k npumepy ¢ tenamu A u B. Ilpennonoxxum, met emoriu 100%-n0 npeobpazoBath
pUOOpPETEeHHOE B pe3yJIbTaTe MaACHUS KOJMYECTBO ABMKEHHS B UMITYJIbC CHIIBI.

BozneiictByem Ha Hekoe mokosimieecs: Teno C maccoid 1 kr teno cuioil, paBuoit 19,81 H B
TeyeHue 1 ceKyHabl (MMIYIbCOM, KOTOPBIA MOYKHO TOTY4UTh Tipu naneHnn tena A = 19,81 kr-m/c).

B pesynbrate Teno C npuoOpeTér CKOpOCTh:

F 19,81
VCA1=V0+at=O+ —t =
mc
COOTBGTCTBeHHO, €ro0 «KHMHCTHUYCCKAA OHCPIrusd HMCHH ﬂeﬁ6HHHa» I10CJIC BOBI[GI‘/’ICTBI/I}I
MMITyJIbCa CUIIBI P4 OyJeT paBHa:

x 1=19,81 m/c

mV2 1% 19,812

2 2
Bosneticteyem Ha Teno C cwtoit 1,0 H B Teuenue 19,81 cexyny (BenmuarHa UMITYJIbCA CHITBI TA
xe — 14,0 kr*m/c.

= 196,2 kr - M?/c?

Kcar =

F 1
Vear=Vo+at=0+ —t =-x%x19,81 =19,81 mM/c
me 1
COOTBETCTBEHHO, €T0 «KUHETHYECKast SHEPTUs» Oy/IeT paBHA TOM K€ BEIUYUHE
mJV? 1x19,812 5 o
Kcpr = > = > = 196,2 kr - M“/c

Kak BumHo, mpuoOpereHHass ckopocTh MaTepuanbHoro Tena C He 3aBHCHT OT crmocoba
nepelayy UMITYJIbCa, OT BPEMEHH B3aUMOICHCTBUS, a 3aBUCHUT TOJIBKO OT BEJTMYHHBI HMITYJIBCA.

Teneps Bo3aeiicTByem Ha Teno C Maccoii | KT Teao UMIYIbCOM, KOTOPBIA MOYKHO TONYYUTh
npu naaeann Tena B = 88,59 kr-m/c, monmyctum, cunoii, paBaoit 88,59 H B Teuenue 1 cekyHmsl. B

pesynbrate Teno C nmpuoOpeTéT CKOPOCTh:
F 88,59
VCB =V0+at=0+ _t=_X1=88,59M/C
me 1
COOTBETCTBEHHO, «KHHETHYecKas »Heprus umeHu JlelOHuma» tema C mocne BO3ICHCTBUS
UMITyJIbCa CUJIBI pg OyJIEeT paBHA:
m.VZ? 1% 88,592

2 2

Kcg = = 3924,1 kr - M?/c?

[Monmyuusiock, uto mpuoOpereHHas Tenam C «KHUHETHYECKas SHEPrUs» BO BTOPOM Ciydae
(3924,1 xr-mM%/c?) B 20 pa3 Gombure, ueM B iepoM (196,2 kr-M?/c?), HecMOTps Ha To, uTo Tena A u B
nepesl HA4yaJloM MajeHUS UMEIH OJHY M Ty K€ «IIOTCHIMAIbHYI0 SHEPIrUio», paBHyw mgh =
= 196,2 kr - M?/c?.

To ecth, 0e3 Kakux-IMOO CEpPbhE3HBIX NPOOJIEM MbI, OJIarofapsi HBIHCUTHEMY «3aKOHY
COXPaHCHHSI SHEPTUH CMOKEM YBEIUYNThH HAYaIbHYI0 MEXaHUYECKYIO SHEPTHIO HU MHOTO HH MaJio,
a B 20 pa3. Ty camyro 3Hepruro, mpo KOTopyio B «DH3MUECKOW SHIIUKIONCIUNY MOJ PEIaKInuei



akanemuka A.M. [Ipoxoposa nanucano: crarbst DJHEPT'US, nutupyto — «uepeus nu 6osnuxaem u3z
HU4e20 U He ucde3aem, OHA MONCEM MOIbKO Nepexooums U3z 00HOU Gopmbl 8 Opy2yro».

Yenyxa kakas-To noayyaercs, peHukca. Honcenc. Komy u uemy Beputh?

Hageroch, mociie 3TOoro HeOONBIIOTO 3KCKypca B MEXaHUKY CTall0 MOHSATHO, YTO K€ TaK
3anyTbiBao yuéHbix XV|| Beka?

4. B uyeMm HMMeHHO 3akJ/Iouyaercsi omuOka kapresmanueB u lorrdpuaa JleiidHuna
(4acTb 2 — HeBepHoOeE JoNYyIleHue).

Kaxk s1, HakoHe11, pa3o0Opaiics B 3TOM BOMpoce, OMKHOKa 3aKII0YaeTCs B HEBEPHOM JIO0MYIIEHUU
yuénsix XVII Beka, BHOBb nporutupyto ['orrdpuna Jleitbnuma: «kaxk amo odviuno donyckarom, u
npexcoe 6ce20, camu Kapme3uanyvl, 00HaA U mMa rce IHEP2Us NOMPeoOHa 011 NOOHAMUA OOHO20
¢dynma na uemvipe hyma u uemuipex ¢pynmoe na 00un ymy». VImeHHo 31o nomyueHue U ObLIO
MPUHIMIIMATIBHO HEBEPHBIM M HMMEHHO S5TO JONYIIEHHE W OKa3aJlo POKOBOE BIMSHHE Ha BCE
nanbHelee pa3putue Gpu3uku co BTopoit mosoBuHbl X VIl Beka 10 cerogHsIHmX JHEH, TO €CTh Ha
MPOTSKEHUH BOT yxke 350-Tu J1eT.

B mpunHnune, sta ommOKka BHOJMHE OOBSCHMMA. YUYE€HBIE B T€ TOJBl pPEUIAd YHUCTO
MPAKTUYECKHE 3a7aud B O00JACTH «HATypajbHOW ¢unocopum» (Tak TOrAa Ha3blBallach 00JIaCTh
3HAHWI, KOTOpasi BIIOCIEICTBUM cTana (GU3NKOI). A YUCTO NMPAKTHUECKUE 3a/1a4i OBUIM TaKOBBI —
HaJ10 OBUTO JOCTABJISTH TPY3bl, HarpuMmep, V[in] u3 mecra B[ordeau] B ropox P[aris] Ha paccrosinue
6omnee 120 nmpe (mpumepHo 600 KM). A «IBIXKYyIIas CuiIa», KOTOPYIO MOTJIM HCIIOJNB30BaTh B TE
BpEMEHa — 3TO Yallle BCero MYCKYJIbHas CHJIa JIIOJei U Jomaae (Cuily BeTpa i CyA0B HE BCEeraa
OBUIO BO3MOXKHO HCIIOJIb30BaTh, OCOOCHHO HAa PEKax), KOTOpbIE OOBIYHO TAIIMIM 32 COOOH 1o
TPYHTOBBIM U OpycuaThIM JAOpOTraM MOBO3KH, TEJNETH, WIIH, 10 PeKaM M KaHajaMm - OapKu U JIOAKH.
CootBeTcTBeHHO, U paboTa m3Mepsiach B FS B moTpeOHO# «iBmXKymiel cuiey», cuie Taru F B
(dbyHTax a5 mepeBO3KH TOTO WIIM UHOTO Ipy3a Ha CTOIBKO-TO Jibe S

Jpyroi BuA paboT 3aKITI0YaIICS B MOABEME MOJIE3HBIX UCKOMAEMBIX U3 MIAXT U OCYIICHUE STHX
IIaXT — U TYT TOXE Yallle BCEro MCIOJIb30Ballach MYCKYJIbHas cuiia Jitojaed u nomaneil. U gonroe
BpeMs T€ WJIM MHBIE YCTPOWCTBA, HACOCHI PACCUMTHIBAIUCH 110 KOJUYECTBY (DYHTOB, MOJHATHIX HA
BBICOTY B CTOJIbKO-TO (hyToB (MQH). Ha npoTsbkeHnn cTosieTrii, HaunHast C CaMbIX MEPBBIX MAPOBBIX
neurateneii Tomaca HerokoMeHa, TpoIoiKasi MapoOBBIMU JIBUTATENSIMU, YCOBEPIICHCTBOBAHHBIMU
«OTLIOM T'paX/1aHCKOW nHxeHepum» JI>koHoM CMUTOHOM, JIBUTATENSIMU, U3TOTOBIEHHBIMU BEJIMKUM
panmoHanmu3aTopoM U u3oOperatenem JxeiiMcoM YaTTOM W €ro JEJOBBIM MapTHEPOM MOTTHIO
BoaTOHOM OlICHUBAJIHCH 110 MMOKa3aTel o «duty», IBIOTH, — 3TO «KOAUUECMBO Gymo-ghyHmos 00bl,
NOOHAMbIX U3 WAXMBL NAPOBLIM 08USAMENIeM NPU CHCUSAHUU 8 €20 MOonKe 00H020 Oyulens camoz2o
KaueCmeeHHO20 HbIOKACAbCKO20 VeTlsi.

Ho, x coxanenuto, Takoi nmoaxo 0pu1 omimO0yHbIM. JT0 ObUTa Qu3uka XVII Beka, a MbI yxe
xuBéM B XX Beke.

[Ipemiararo mocTpouTh CBOE OOBACHEHHE Ha IpPUMEpPE peIIeHHUs] MPOCTOM (Kak KaXeTcs Ha
NEepBBIA B3MUISI) 3aJayd M3 WHIKOJbHOTO YydeOHuka «®usmka. 10 kmace»: y4eOHHMK Juis
00111€00pa30BaTENbHBIX OpraHU3alluil ¢ TNPUIOKEHHEM Ha 3JIEKTPOHHOM HocuTese: 0a30BbIH
ypoBenb / I'.Sl. Msakumes, b.b. byxosues, H.H. Corckuii; nox pen. H.A. IlappensbtheBoii — M.:
ITpocsemienue, 2014. OTMeuy, yTO HAa y4eOHUK MOTYYEHO MOJOKHUTEIBHOE 3aKITIOUEHHE HAyYHOU
sKcnepTr3sl Poccniickoi akageMuu Hayk.

3amaua Al u3 §45 yueOHuka «3aKOH COXpaHEHHsI SHEPTUU B MEXAHHUKE»:

Teno maccoit 1 kr, OpollleHHOE BEPTUKAIBLHO BBEPX C IMOBEPXHOCTH 3€MIIM, IOCTHUIJIO
MakcuMaiabHOU BBICOTHI 20 M. C Kakoi MO MOAYJIIO CKOPOCTBIO JBUTAJIOCHh TENO Ha BbicoTe 10 mM?
ConpoTHBiIeHHE BO3/lyXa HE YUUTHIBAHTE.

1) 7 m/c 2) 10 m/c 3) 14,1 m/c 4) 20 m/c

Ka)KeTCH, YTO 3aJa4a HE CTOUT BHICICHHOTO SMIIa. OI[HaKO HE BCE TaK IpocCTO.



MHe B KOTOpBI pa3 BCIIOMHUHAIOTCS 3aMeyaTellbHbIe CJIOBA, HAMMCAHHBIE €Ile B KOHIIE
XVII Beka unenom Koponesckoii Akanemun Hayk B [Tapuxke, mpodeccopoM MaTeMaTHKH KOJIIEKa
Maszapunu mcbe [Ibepom BapunbsoHoMm B ero kaure «HoBbie peanonoxenus o Bece» [M. Varignon
«Nouvelles conjéctures sur la pesanteur». Paris, 1690.], s HaTKHYJICS Ha cieayromyto ¢pasy: «Mais
on s'appercoit bientot, que les choses qui nous paroissent les plus simples & les plus aisées a
concevoir, quand on ne les regarde qu'en gros & superficiellement, paroissent tres-difficiles & tres-
composées, des qu'on veut les approfondir & les examiner en détail.»

Bot Moit nepeBoa: «Ho ckope mbl noHuMaem, ymo ewyu, Komopuvle npeocmasiaiuc, Ham
OYeHb NPOCMbIMU U OYEHb JIeeKUMU OJisl NOHUMAHUS, KO20d Mbl CMOMPUM HA HUX 8 YeloM U
NOBEPXHOCMHO, NPEOCMABIAIONMCA 6eCoMA MPYOHLIMU, BECbMA CIONCHLIMU, KAK MOJIbKO Mbl XOMUM
bonee 0emanbHO BHUKHYMb 6 UX CYMb.»

A cytp TtakoBa: H.H. Corckuii, HanucaBmuii pazaen «MexaHHKa» B YINOMSHYTOM BBIIIE
yueOHuke «Dusnka. 10 kimaccy, mocuuTat, 4To JIMIIL OJIMH OTBET — MPABUIIBHBIA. A Ha caMOM Jieie,
€CJIM MOJIONTH K PELICHHIO 3TOM 3aJauu Kak IOJIOKEHO, TaKUX, MPAaBUIBHBIX OTBETOB, TaM LIEJIBIX
Tpu. CMOTPHUM pelIeHUE:

BoiBoa gopmyJt 1is1 pacuéra moabémMa Tejia Maccoii M Ha BuicoTy h

[ToabéM rpysa BKIItOYAET ABa dTama:

e u [Tepssiit aTan — PA3I'OH.

1. OTpeIB Tena oT “cTapToBOW MIOIMATKUA (OT
MOBEPXHOCTH 3€MJIM) M pa3roH Tejla J0 HEeKOeH
CKOPOCTH Vmax MOA JEHCTBUEM “‘MBHMKYILIEH CHIIBI,
CWIBI TSTH F gz > G = MQ, MpOU3BOUMEIN B TCUCHHE
BpEMEHH pas3roHa t, . 3a 3To BpeMs TeJo MOJHUMETCS
Ha HEKOTOPYIO BBICOTY hp M MPHOOPETET UMITYIIBC
(konmmaecTBO ABMKEHUS) P = MVmax .

Bropoii atan — TOPMOXXEHUE.

2. TopmorkeHHe Tena B TCUCHHE BPEMEHH tm C
TeM, 4TOOBI MPU JOCTHKEHUU 3aJaHHON BHICOTHI h,
CKOpOCTh Tela Obula paBHa Hym0. Haubonee
palMOHAIbHBIM  IPEACTABISAETCS  OCYILECTBICHUE
-~ TOPMO>KEHHUS UCKITIOYUTEIBHO 32 CUET CHIIBI TSXKECTH
IIPU MOJHOCTHIO OTKJIFOUYEHHOU cuiie TATH Fmaen = O.
3a BpeMsl TOPMOXKEHHUS TeJIO MOAHUMETCS 3a CUET
HAaKOIUIEHHOTO BO BpeMs pasroHa HuMIyjbca Ha
BBICOTY hj.

OueBHAHO, 4YTO IIOJIHASA BEICOTA IIOABEMA
CKJIAJIBIBAETCS U3 BBICOTHI ITOABEMA 3a BPEMS pa3rOHA

P=mV =10 U BBICOTHI MOABEMA BO BpeMsi TOPMOXKEHHS (CM.
0 puc. 4.1):
h = h,+h, (4.2)

G =mg
Taxxe oueBHIHO, YTO:

Puc 4.1 Pacué€THas cxeMma moabEMa Teja Viax = Vo + (a — g)tp = (a— g)tp 4.2
Maccoit mHa BbicoTy h Vinax — gt: = 0, oTKyz1a
Vm

ax = gtr (4-3)



W3 ypaBuenwuii (4.2) u (4.3) nonydaem:

B pesynbrare:

(a_g)tp =gty
at, — gt, = gt,
atp = gtp + gt;

Kak u3BectHO, mepemernienne S B 00IIeM BUEC paBHO:

[TosTomy

[ToxacraBum B ypaBHenue (4.1) Beipaxkenus (4.6) u (4.7):

t2

S—Vt+a
=1, >

_ (a-9)t}
hy =——
gt?
hT = Vinaxtr —

2

(a-g)th gt?
2 + VmaxtT - T

h =

U noncraBum B ypaBaenue (4.8) poipakenue (4.3):

Torna:
2h = at} — gt; + gt}
2h = (a — gt} + gt?
2h — gt} = (a — 9t}
(a — gty = 2h — gt}
_ 2h— gt}
= 7

2
tp

at? gt? gtz

P P T
=2 =Py gtt, —

22 22+gTT 2

at; g% gt

2 2 2

2h—gt?
t, = f gty
a-g

Emie pa3 nepenuiiem ypapaenue (4.4):

(a —g)t, = gt,

[ToncraBuMm B ypaBHeHue (4.4) Beipaxenue (4.9):

2h — gt2
(a—g9) /W = gt;

V(@ —g)(2h— gt?) = gt,

(a — g9)(2h — gt?) = g7
2

_g°t]
a g_th—th%
a=g+-22

(4.4)

(4.5)

(4.6)
(4.7)

(4.8)

(4.9)

(4.10)



Takum oOpa3oM, 3a1aBasich BpeMEHEM TOPMOXKEHHUs tm, HA BTOPOH 3Tam moabéMa Tena Ha
BBICOTY h (TOpMOKEHHE), MOKHO ONPEEIIHTh, C KAKMUM YCKOPEHHEM J0JDKEH MOJJHUMATHCS TEJIO BO
BpeMs MEpBOro 3Tama NmoabéMa — BO BpeMs Pas3roHa, a, 3HAYHWT, U ONPEACTHTb HEOOXOIUMYIO
BEJIMYMHY «IABHXKYIICH CHJIBD» — CHIIBI TATU:

Frgru = ma (4.11)

A ¢ momompo ypaBHeHUs (9) MOKHO ONpPENeNuTh U TpeOyeMoe BpeMsi ICUCTBUS ITOM CHIIBI,

BpeMs, TpeOyeMoe Ha Pa3roH:

_ [2h-gt?
t, = /—a_g (4.9)

MakcumabHyI0 CKOpOCTh, KOTOPO#i JOCTUTHET TEJIO CIEAYET ONpenesisath o Gopmynam (4.2)
u (4.3) — pe3yabTaThl JOHKHBI COBIAIaTh. ITO OJIHA MPOBEPKA MPABUILHOCTH BBIYMCICHUN.

ITo popmyinam (4.6) u (4.7) onipeaensiroTes BRICOTa MOIbEMA TeJla BO BPEMs Ka)KI0TO U3 ATAIlOB
— BO BpeMsI pa3roHa ¥ BO BpeMs TopMokeHusi. CymMma 3THX BBICOT JOJDKHA paBHATHCS h, B Hameit
3agaue 310 20 MeTpoB. DTO BTOpas MPOBEPKa MPABUIILHOCTH BHIBOJIA (OPMYII JJIsl PEIICHUS 3a1a4H.

Ho ocHoBHOI1 Bompoc 3ajaun U3 yueOHUKA — KakoBa ke OyZeT CKOpocTh Tesa Ha Beicote 10
MeTpoB?

TyT BO3MOHBI 2 BapHUaHTa:

TTEPBBIN — korza BicoTa pasrona Gonbire 10 MeTpos.

Torna:
a—g)t
10 M = ( 9)tio
2
OTcropa.
. 20
0= 7 —g

COOTBETCTBEHHO, CKOPOCTh Ha BbicoTe 10 MeTpoB eciu hpy> 10 M

Vio = (a—g) [2% = /20— 9) (412

BTOPOWU BapuanT — xorna BeicoTa pa3rona mexnee 10 MeTpos.
Torpa:
o /
Vio = Vimax — 9tio (4.13)
Tpebyercs onpenenuTb BpeMs, 32 KOTOPOE TEJIO MPEOAOJIEET OTPE30K MYTH MEXy TOUKOH
3aBeplIeHMsI dTana pa3roHa u Bbicotoit 10 MeTpos.

hio =10mM—h, (4.14)
, , tIZ
hio = Vimaxtio — % (4.15)
. _ gt
10 — hp = Vinaxtio — %

[TonydyaeM «cTangapTHOE)» KBaJIpaTHOE ypaBHEHUE:

12
L8 — Viaxtio + (10— hy) = 0 (4.16)

KopHu 3TOr0 KBagpaTHOro ypaBHEHHs (€CiM KTO 3a0bLI MaTeMaTHUKy Ha ypoBHE 7 Kiacca
CPEIHEH MIKOJIBI):

Vmax + \/(_Vmax)z - 4% (10 - hp)
2 g

2

! —_
ti0 =



Vmax + \/Vrrzlax - 29(10 - hp)
g

[ —

th -

Torna:

Vinax \/Vnzlax - 29(10 - hp)
)
Vllo = Vmax — Vmax £ \/Vrrzlax - 29(10 - hp)

Vllo = Vmax — 9

"o 2
Vip = iJVmax —29(10 — h,)
Pazymeercsi, oTpunareibHble 3HAYCHHS OTOPACBHIBAIOTCS, TaK KaK BpeMsl HE MOXXET OBITh
orpumaresbHbiM. [ToaTomy, eciu hp< 10 M, TO:

Vi = \/V,,%ax —29(10—h,) (4.17)

[ToncraBum B 310 ypaBuenue (17) Boipaxenus (2) u (7):

Vio = \/((a - g)tp)z —2g (10 - (a—z_g)t§>

Ynpoctum:

Vi = J(a — 9)2t2 —20g + g(a — g)t2

Vio = J (a? — 2ag + g?)t2 — 20g + (ag — g)¢2

Vi = J(az —ag)ti — 20g

, 2h — gt?
Vip = \/a(a—g)ﬁ— 209

Vo = Ja(2h — gt2) — 20g (4.18)
VYuuteiBas, uto (cM. ypaBHeHue 10):
_ gy 9t
=9I - gt?
HOJTy4aeM:
: gt
Vip = \/(9 + m) (2h — gt2) — 20g
Yupoctum:

Vio = +/2gh — g2tZ + g*tZ — 20g

Tak kak nonHas BeicoTa h = 20 MeTpoB, MOTy4aeM:
Vio = /29 x 20 — 20g
Vio = /20g = /20 x 9,81 = 14,007 m/c




[IpeacraBuM, 4to TENO Maccol 1 Kr Mbl
OyneM MoJHUMATh Ha BHICOTY 20 M TIPH MTOMOIIH
TBEpJOTOIIMBHBIX ~ JIBUTaTelel i MOJee
paker, aHAJIOTMYHBIX U300paXEHHOMY Ha PUCYHKE
4.2 P/I1-10-5. MakcumanbpHasi MacmopTHas Tsra

l
‘,0 4 atux npurareneii — 14 H, cpennsis — npumepHO
D ,,,\»‘* 7,5 H. Ilpennonoxum, y HaC UMEIOTCSI MOJICIIbHbBIC
. »Szf’;" pakeTHbBIC JIBUTATEIIH, «HEBECOMBIEY, c
™~ \4‘#‘;’7 IIOCTOSIHHOW TArod B 5 H, ¢ HeorpaHmdeHHOU
Q%*‘?‘/ MPOJIOKUTEIIBHOCTHIO paOOTHI.
é?‘/ O4eBHUAHO, YTO C€CIU IIOMBITATHLCS MHOMHATH
¢ TEJI0 Maccoy 1 Kr oqHUM ABUTATEIEM C TIrou B 5 H

(0,49 xrc), TO HUUETO HE MOJYUYUTCS, TaK KaK CHJIa
Tsokectd (G = mg = 9,81 H = 1 krc) moutu BaBoe
MIPEBBIIAET “ABMXKYIIYIO CHILYy”, T.€. CHIy TATH,
CO3/1aBa€MYIO OJIHUM JBUTATEJIEM.

Ecnu ke Mbl ucnosib3yeM i ogbEMa Tea
Maccoii 1 Kr OJHOBpeMEHHO JBa U Ooiee
JIBUTATENEH ¢ Tsaroi 5 H, To BeauunHa IBUXKYILIEH
clwibl OyJeT paBHA MPOMU3BEICHUIO KOJUYECTBAa PA3TOHHBIX JBHrateslied N Ha TATY OJHOTO.
Ucnons3ys nBa neuratesnsi, Ml mojydaeM cuity Tsru B 10 H, npu ucnons3oBaHun TpéX — CHILY TATH
B 15 H, wetripéx — B 20 H, nsatu — B 25 H.

Pe3ynbTaThl HEKOTOPEIX PACYETOB MO YKa3aHHBIM BBINIE GopMyliaM CBeICeHBI B TaOimiy 4.1.
Kax MOHO yBHUJIETh, €CTh BAPUAHTHI, IPU KOTOPBIX CKOPOCTH TeJa MPU MPOX0oxkaAeHUU 10-MeTpoBoi
OTMETKH paBHa 7 u 10 METPOB B CEKYyHIY.

Ecnu pasron tena mpoucxoauT ObICTpee, YeM TeJO MmpeojiosieeT OTMETKY B 10 M BBICOTHI, TO
TEJO JOJDKHO TIOWTH 3Ty OTMETKY cO CKopocThio 14,007 m/c. Yka3zaHHOE B yueOHHKE 3HAYCHHE
14,1 m/c — Buaumo, oneyarka. JIomkHO ObiTh 14,01 M/C, €Citd OKpYIIIATH 10 COThIX. ©

Ho nam Gonee uHTEpeCHHI 1Ba IPYrux BO3MOXKHBIX pelieHus. Jleno B ToM, 9YTO B 3aBUCUMOCTH
OT MPUJIOKEHHOW BEIIMYUHBI CUIIBI TSTH, U, COOTBETCTBEHHO, OT BPEMEHHU JIEUCTBUS 3TOI CHUIIBI MBI
MOEM TOJTYUYUTH JIFOOBIE APYTHE CKOPOCTH Teja MPHU MPOXOKIEHUN UM OTMETKH 1) METPOB BBICOTHI
— OT OJIM3KOM K HYJIO 10 MaKCUMalibHO Bo3MoxkHOU 10,007 m/c.

Ecam noTomHo mpoBepsATh 3Ty TaOJIMILY, TO MOKET MMOKA3aThCsl, YTO B HEW 3aKPAIUCh OIITHOKH.
Ho s1o He tak. Pe3ynbTathl, nmpuBeeHHbIe B Tabnuile, moacuutbiBauch B Excel’om. S 3amaBancs
P pacu€Tax BpPeMEHEM TOPMOKEHHSI, BCE OCTAIbHBIEC MapaMEeTPhl BHICYUTHIBAINCH B COOTBETCTBUU
C BBIBeJICHHBIMU BbIlIe popmyrnamu. [lomydeHHbIE pe3yibTaThl OKPYTISUIHCH 10 TPETHErO 3HAKa
MOCJIe 3aMsATOM, O3TOMY, €CIIM PACCUUTHIBATh MOIBEM, 3a/1aBasiCh, HAIIPUMED, CUIION TATH MOMKET
HaOI0/IaThCS HEKOTOPOE HECOOTBETCTBUE B MOCIEAHMX 3Hauammx mudpax. YTto OBLIO 3aMEUYeHO
paHee OJHHMM M3 MOMX YHTaTeleH, KOTOPBIM HACTBHIPHO MBITAJCS JOKa3aTb MHE, YTO S TAE-TO
JIOTIYCTHII OLTUOKY.

Ctpoku ¢ pacy€TamMu BCEX IMapaMETPOB MOABEMA MPU TAKUX BEIMYMHAX CHIIBI TATU Fmaou
npeJcTaBieHsl B Tabauie 1. A Teneps — camoe BazkHoe. Onpenenum oduiee Bpems padoTsl T Beex
ABMUTaTeJieil MPU KasKI0M BapuaHTe.

Puc. 4.2 TBepaOoTOMIMBHBIN 1BUTaTENb
JUI MoJieliell pakeT

T=nXt,
Kak BHIHO, MpU KCIIONIB30BAaHUU JIBYX Pa3TOHHBIX JBHUTaTeNei OOIIast MpOJOLKUTEIHHOCTh
paboTHI ABUTATENCH paBHA
T, =nXt,=2x14,389 = 28,78 c

COOTBETCTBEHHO

T; =3X% 2,244 =6,73 ¢

T, =4x%x1,386 =554c

Ts =5x%x1,017 =5,08c¢



BapuanTtsl pemienust 3agaun Al §45 yyeOnnka «®u3unka. 10 kiaace»

Tabmuma 4.1

5 €| Cuma Bpemsa Bpems Makc. Beicora Otpesok |CkopocThb = 5 X ,;
& El TATH, pasroHa, | TOPMO- |CKOPOCTb oTpeska TOPMO- | Teja Ha %% = 2
c?: E H c JKeHMSI, C |Telia, M/C pa3£40Ha, PKCHMS, M, | BBICOTE 3 ;H: é %
E 5 F mseu t tm Vimax h; he  |10M, M/c §«§ ga
9,811 | 203,854 0,020 0,196 19,998 0,002 0,139
9,834 | 40,675 0,100 0,981 19,951 0,049 0,695
9,907 20,187 0,200 1,962 19,804 0,196 1,394
2 10,000 14,389 0,278 2,727 19,621 0,379 1,947 28,78
10,211 9,794 0,400 3,924 19,215 0,785 2,831
10,451 7,655 0,500 4,905 18,774 1,226 3,580
10,760 6,196 0,600 5,886 18,234 1,766 4,359
11,150 5,125 0,700 6,867 17,597 2,403 5177
11,636 4,297 0,800 7,848 16,861 3,139 6,044
12,260 3,614 0,903 8,855 16,003 3,997 7,000
12,998 3,077 1,000 9,810 15,095 4,905 7,985
13,950 2,607 1,100 10,791 14,065 5,935 9,099
14,810 2,302 1,173 11,510 13,248 6,752 10,000
3 15,003 2,244 1,188 11,654 13,077 6,923 10,191 6,73
18,890 1,512 1,400 13,734 10,386 9,614 13,476
20,019 1,386 1,442 14,146 9,801 10,199 14,007 5,54
25,000 1,017 1,574 15,441 7,848 12,152 14,007 5,08
33,685 0,699 1,700 16,677 5,825 14,175 14,007
47,763 0,465 1,800 17,658 4,108 15,892 14,007
85,567 0,246 1,900 18,639 2,293 17,707 14,007
127,440 0,162 1,940 19,031 1,540 18,460 14,007
135,848 0,151 1,945 19,080 1,444 18,556 14,007
145,469 0,141 1,950 19,130 1,349 18,651 14,007
156,588 0,131 1,955 19,179 1,253 18,747 14,007
169,584 0,120 1,960 19,228 1,157 18,843 14,007
184,974 0,110 1,965 19,277 1,061 18,939 14,007
203,488 0,100 1,970 19,326 0,964 19,036 14,007
226,184 0,090 1,975 19,375 0,867 19,133 14,007
254,660 0,079 1,980 19,424 0,770 19,230 14,007




O4eBHIHO, YTO €CJIM IBUraTeJ U OJHOTHUIIHBIE, TO KOJUYECTBO 3aTPAYEHHON HA MOAbEM
JHEPIruM NMPSMO MPONOPIHUOHATIBLHO 001Iell BpeMeHH padoThl BCeX PAa3rOHHBIX JBUTaTeJIei.

Takum 00Opa3oM, MBI MPHILIM K COBEPIICHHO HEOXKHIAHHOMY JIJISi BCEX HBIHE XUBYIIUX
(U3UKO-TEOPETUKOB, Ja U TPOCTHIX OObIBAaTENeH, MONYYMBIIUX HOPMAIbHOE IIKOJIbHOE
o0Opa3oBaHue, YTO KOJIUYECTBO IHEPIrUU, KOTOPYIO TpedyeTcs 3aTPATUTh HA MOABEM OJHOTO U
TOI0 ’Ke MaTepUAaJIbHOIO TeJa (B HAIIeM cily4yae Maccoil 1 Kr) Ha OJAHY U TY e BbICOTY (B HalleMm
ciydae — Ha BbIcOTy 20 M) MOKeT CYIIeCTBEHHO Pa3iM4yaThbCsi M 3aBUCHT OT BeJUYHHBI
NOAHLEMHOM CHUJIBI.

A 3TO, €CIM KTO HE MOHSUI, MOJTHOCThIO MPOTUBOPEUYUT TOMY, YTO YTBEPKIAETCS B IIKOJIBHBIX
yu4eOHUKaxX U B Kypcax JIEKIIMH M0 MEXaHUKE — MPOTUBOPEYUT HbIHELIHEMY 3aKOHY COXPaHeHHs
JHEPTruM.

5. BTOpOﬁ BapUaHT pelICcHUs 3a/1aY1 U3 HIKOJIbHOT0 yqeﬁﬂmca.

[Touemy-To Bce He 0OpaIIalOT BHUMAHUS HA MPOCTOM (DaKT: eclii KaKOMy-TO Ty Maccoi M
yKe MpHlaHa Kakasi-To HayabHasi CKopocTh Vo, TO, 4eM 00JIbIle 3Ta CKOPOCTh, TO IIPU OJIHOM U TOM
KE CHUJIe TSATH, paBHOU cuje TsbkecTu Fog., = G = mg KOIUYECTBO 3aTPaueHHOM HA MOABEM Tena
SHEPruM TAK)KE MOXKET OTJIMYaThCs B pas3bl. TyT BcE€ mpenenbHO npocTto. Ecinu Teny ¢ Kakoi-To
HAYalbHOW BEPTUKAJIHLHOU CKOPOCTHIO Vo, HA/IO MOAHATHCS HA BHICOTY 20 METPOB IMpPH YCIOBUU

paBHOMEPHOTO noabéMa (E.,, = G = mg), To Bpems noabéma OyeT paBHo t = h/VO = ZO/VO'

CoOOTBETCTBEHHO, U 3aTpaThl SHEPTUU HA CO3[IaHUE OJTHOM U TOM K€ CHIIBI TSATU OyAyT MPsIMO
MPONIOPIIMOHATIBHBI 3TOMY BpEeMeHH {.

CmotpuMm pucyHok 5.1. OueBUAHO, UTO MPU OJUHAKOBBIX 3aTpaTax 3a CO3/IaHUE CHIIbI TATH,
pu HavanbHOU ckopoctu Vi = 20 M/c KOIMUECTBO 3aTpayeHHON Ha MoAbEM sHepruu Oyzaer B 20
pa3 MeHbIIIe, €CITM HadalbHasi CKOPOCTh Tena Oyzer paBHa Bcero Vz = 1 M/c.

A Bpewms, 3aTpadennoe Ha nogpém 7, =1 ¢
OHeprus, 3aTpa4eHHas Ha NOAbEM E,

Bpewms, 3aTpaueHHOE Ha MOIBEM £, =2 C
DHeprus, 3aTpadeHHas Ha oabeM E, =2F,

Bpewms, 3aTpauenHoe Ha ogbeM 7, = 20 ¢
OHeprus, 3aTpadeHHas Ha noaséM E, =20F,

=
=
o
I
=| A
V,=20-m/c
1 P=G V,=10-m/c
{} @VF 1-m/c
G=mg
y

Puc. 5.1 3atpaTsl 3HEPruu Ha MOIBEM OJTHOTO M TOTO XKeE TeJla Ha OJIHY U TY K€ BBICOTY,
IIPH CUJIE TSTH, PAHOU CHJIE TSXKECTH, 3aBUCST OT Ha4alIbHON CKOPOCTH TeJa.



Ho Beapb, 4To0OBI pa3BUTH 3Ty CaMyl0 Ha4aJbHYIO CKOPOCTB, TOKE HAJ0 3aTPAaTUTh KAaKyIO-TO
sHepruto. [loaToMy maBaiiTe pemmm Ty K€ camylo 3aJady o NoabEMY Irpy3a Maccoi |1 Kr Ha BBICOTY
20 METpOB IpHU CIAEAYIOLINX YCIOBHUIX:

1. Crapr Ha oT™MeTKe B 0 METPOB BBICOTHI.
2. Vckopenue cBo60HOro MmajieHus paBHo 9,81 m/c2,
3. B TeueHne HEKOTOPOTO BPEMEHH Pa3sroHa t, HOXbEMHBII IBUraTeib (3TO MOXKET ObITh

KaK PaKeTHBIN JBUTATElNb, TAK U AJICKTPUUYCCKUN ABUTATEINb JIEOEAKH, CO3AAET CUITY TATH, PABHYIO
YABOEHHOU cuiie TsxecTH F., = 2G = 2mg, nocie 4ero BKIIIOYAETCS «HOPMAJIbHBIM pEexUM»»
TACM, KOTJa CWJS TATM paBHAa cwie Tsokecth Fog., = G = mg, T.e. JAIbHEUIINNA NOABEM
OCYILIECTBIISIETCS] PABHOMEPHO CO CKOPOCTHIO, HAOpaHHO! BO BpeMs pa3roHa.

4. B onpeneneHHbIil MOMEHT JBUTATEIb BHIKIIFOYAETCA M OCTATOK IIYTH TEJIO MPOJ0JIKAET
HaOMpaTh BHICOTY MO MHEPIHHU, TAKKM 00pa3oM, 4TOObI Ha OTMeTKe B 20 M CKOpOCTh Tena craja
paBHotii 0.

Pe3ynbTathl BRIYMCIIEHUH IO JaHHOMU 3aj7jaue CBeJIeHbI B Tabmuiry 5.1.

@opMynbl g pacu€ra JOJKHBI OBITh M3BECTHBI KaXJAOMY, KTO VYCHEIIHO MOJIYYHII
HOpMaJbHOE cpeHee oOpazoBanHue. TeM, KTo He CMOT OCHIIMTH (DU3UKY HA YPOBHE CpPEeIHEN IIKOJIBI,
3Ty CTAThIO Jy4ylllie He unTaTh. [[03TOMY 51 HE CTaHy elle pa3 NePENUChIBaTh B 3Ty CTAThIO (hOPMYJIbI
U3 IIKOJIbHBIX YU€OHUKOB.

Tabmuua 5.1

CpaBHHUTEIbHBIE 3aTPAThl YHEPTHH HA MOABLEM Tesia Maccoii 1 Kr Ha BbicoTy 20 MeTpPOB

5

S 5 2 = =2 8 = £ -

A SIS A = 2 o A = = = OB
: =S | ES. | EET | 5. |EBET|,.3f2
e 2% SO IR XS = HES |CSwae | 288 =
g o = © RS 32 s 3EY | =825 EEER
il S o SRS & mE 2 a8 = ESE|© =30
3 < Z R =8 = =835 "eX | 3E5E5|C8sE

2 &3 - cEf | £z |@BERE| E5

M cmvs = = & = E B = E = 3
0,01 0,098 0,0005 19,9990 0,0005 203,86 203,88
0,02 0,196 0,0020 19,9961 0,0020 101,92 101,96
0,03 0,294 0,0044 19,9912 0,0044 67,93 67,99
0,04 0,392 0,0078 19,9843 0,0078 50,93 51,01
0,05 0,491 0,0123 19,9755 0,0123 40,72 40,82
0,06 0,589 0,0177 19,9647 0,0177 33,92 34,04
0,08 0,785 0,0314 19,9372 0,0314 25,40 25,56
0,10 0,981 0,0491 19,9019 0,0491 20,29 20,49
0,15 1,472 0,1104 19,7793 0,1104 13,44 13,74
0,20 1,962 0,1962 19,6076 0,1962 9,99 10,39
0,25 2,453 0,3066 19,3869 0,3066 7,90 8,40
0,30 2,943 0,4415 19,1171 0,4415 6,50 7,10
0,35 3,434 0,6009 18,7983 0,6009 5,47 6,17
0,40 3,924 0,7848 18,4304 0,7848 4,70 5,50
0,45 4,415 0,9933 18,0135 0,9933 4,08 4,98




0,50 4,905 1,2263 17,5475 1,2263 3,58 4,58
0,55 5,396 1,4838 17,0325 1,4838 3,16 4,26
0,60 5,886 1,7658 16,4684 1,7658 2,80 4,00
0,65 6,377 2,0724 15,8553 2,0724 2,49 3,79
0,70 6,867 2,4035 15,1931 2,4035 2,21 3,61
0,75 7,358 2,7591 14,4819 2,7591 1,97 3,47
0,80 7,848 3,1392 13,7216 3,1392 1,75 3,35
0,85 8,339 3,5439 12,9123 3,5439 1,55 3,25
0,90 8,829 3,9731 12,0539 3,9731 1,37 3,17
0,95 9,320 4,4268 11,1465 4,4268 1,20 3,10
1,00 9,810 4,9050 10,1900 4,9050 1,04 3,04
1,10 10,791 5,9351 8,1299 5,9351 0,75 2,95
1,20 11,772 7,0632 5,8736 7,0632 0,50 2,90
1,30 12,753 8,2895 34211 8,2895 0,27 2,87
1,40 13,734 9,6138 0,7724 9,6138 0,06 2,86
1,42 13,930 9,8904 0,2191 9,8904 0,02 2,86

OO111ie OTHOCUTENBHBIE 3aTPAThl TOIJIMBA ONPEAEISUIUCH 110 PopMyIie
E = 2tp +t,
UCXO/s U3 IMPEIIOJIO0KEHUs, YTO MOTpeOIeHUE TOIUIMBA BO BPEMs Pa3roHa BABOE OoOJjblle, ueM
noTpe0IeHne TOIIIMBAa BO BPEMs CIICAYIOMIETO PaBHOMEPHOTO MOABEMA, TaK KaK TATa MOABEMHOTO
JIBUraTellsl BO BpeMsl pa3roHa BJBOE OOJIbLIE TATU BO BpeMsl JaJIbHEHIIEro paBHOMEPHOT'O MOABEMA.

Kak BHIIHO, ¥ B 3TOM CiIy4ae KOJIMYECTBO 3aTPAYEHHOM SHEPrUU Ha MOABEM JaKe OJHOTO H
TOT0 K€ TeJla Ha OJIHY U TY e BBICOTY, BOIPEKHU MTPEANOI0KEHNIO KapTe3uaHLieB 1 JIeliOHu1a, MoKeT
OTJINYATBCSA B IECATKH pa3s.

Taxkum 00pa3oM, s yCTaHOBMJI, YTO, OCHOBBIBAsCh Ha CBOEH BEpe B TO, UYTO «OOHA U ma dice
IHepeUus nompeodHa 0N NOOHAMUA 00HO20 (Pynma Ha uemvipe hyma u uemuvipex QyHmoe Ha 00uH
¢dym» 1, 6y1yuH COBEpLICHHO YOSKAEHHBIM B PUHIIUIIE COXPAHEHUS «KHUBOHM CHIIbI», JIeHOHMI 1
AONMYCTHJI BeJIHYAHIIYI0 OIIHMOKY CO BpeMéH cTaHOBJIeHMs (U3NKH, NMPEeJIOKUB CUYUTATH 32
JHEPIHI0 He KOJINYeCTBO IBHKEHHs, PABHOE NPOU3BEIeHUI0 MAacChl HA CKOpocTh MV, a HeKylo
HOBYIO, IPUIYMAHHYI0 UM BE€JIHYHUHY, PABHYIO IIPOU3BEACHHI0O MACChl HA KBAaJAPaT CKOPOCTH
mV2.

Crnenyer oTMeTuThb, 3TO ObUIO clenaHo JlefiOHuIEM He B CWIIy KakuX-TO HaOJroAeHui,
ONBITHBIX JAHHBIX, 4 YUCTO MATEMaTUYECKH — II0 TOW MPOCTOM NMPUYUHE, YTO B TAKOM CIIydae B
roioBe y JleliOHMIa, YTO HAa3BIBACTCHA, «CPACTAJIOCh». OTHUM, OKA3aBUIMMCS HEBEPHBIM,
npeniaoxxeHueM JIeiiOHMIla KOTHUTUBHBIN TUCCOHAHC, CYIIECTBOBABLIMI B rojloBaX yY€HBIX TOTO
BPEMEHHU («...HEKOMOpble yYeHble MAaK 3Anymajuch...»), M0 MOBOJLY CYIIECTBYIOILETO SKOOBI
MIPOTUBOPEYUS] MEXKAY YCTAaHOBJIEHHBIM OIBITHBIM MyTéM (crapanusiMu J[lekapta u Japyrux
U3BECTHBIX E€CTECTBOUCIIBITATEIEM) 3aKOHA COXPAaHEHUS UMIYJIbCa, C OJHOW CTOPOHBI, U
MIpe/ICTaBICHUSIMU O HEM3MEHHOCTHU BETMYMHBI <GKUBOM CHJIbI», TOTPEOHOM AJ1s1 coBEpILIeHUSs pabOThI
0 MOJIBEMY OJTHOTO U TOTO )K€ KOoJInyecTBa PyTo-(hyHTOB, C APYroi CTOPOHBI, OBLI TUKBUAMPOBAH.

© Hy6posckwuii [1.1. mapt 2018 roga.



Bonpmoe criacu6o!
Bamre o6pamenne B anpec [IpaButenscTBa Poccuiickoit denepaliny moCTyIUIO Ha TIOYTOBBIHN CEpPBEP

1 OyZIeT pacCMOTPEHO OTAENOM 1o pabote ¢ oOpameHusMu rpaxnad. Homep Bamiero obpamenus
1384925.

OK



