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ComcukoB Anekcanap Meanosuu (Aleksandr Ivanovich Somsikov)

AnHOTarus. BeisBieH ¢u3nueckuii CMBICT (JIOTHYECKOE COIEP’KaHUE) MCXOIHBIX
(I)I/IBI/I‘ICCKI/IX HOHATUU — CUjisvl, MdacCcyl, uHepl/;MOHHOIZ cucmemslr omcuema.
[IpunoxxeH nepeBos ¢ pyCcCKOTO SA3bIKA HA aHTJIMHACKUN.

Abstract. The physical meaning (logical content) of the original physical concepts:
force, mass, inertial frame of reference are revealed. Attached is the translation of

the article from Russian into English.

dusnveckoe onpeacJaceHue CHibl 1 MaCChbl

B ¢dusuke cmbicn kaxa0¥ BHOBb BBOJAUMOM BEIMYHMHBI, KPOME MEPBOHAYATIBHBIX,
CUMTAETCAd BBISICHEHHBIM B TOM CIlydae, KOTJla HalI€HO ypaBHEHHE, B KOTOPOM 3Ta
BEJIMUMHA BBIPAXKAETCS YEpPE3 paHEe BBEACHHBIC, NMEPBOHAYAIBHBIC K€ BEIUYUHBI HE
BBIBOJIUMBI U JIOJKHBI UIMETh CJIOBECHBIE OTPEICTICHUS.

Hanpumep, ckopocms omnpenensercs Kak omHouieHue HpOUuOeHHO20 Nymu Ko
8DEeMeHU, 8 meueHue KOMmopoz2o nyme npotideH (MyTb U BpeMsl — IEpPBOHAYAIbHbBIE
MOHATHUS, HE MOAJIAIOIINECS NalbHENUIIEMY Pa3JIOKEHUIO); YCKOpeHue €CTb OMHOUleHUe
GENUYUHbL USMEHEHUS CKOPOCMU KO 6DeMEHU, 6 medeHue KOmopo2o HNPOU3OULILO
usMeHeHue, paboma eCTb npouzsedeHue CUibl Ha NPOUOEeHHbIN NYMb; MOWHOCHb €CTh
OmHOWeHUe pabomul K NPOMENCYMK) 8DeMeHU, 8 medeHue KOmopo2o OHA COBEPUIANLACD
U T.JI.

He Bce BenMuuHBI, OJJHAKO, UMEIOT CTOJIb SICHO ONPEAEICHHbIN usuueckuil cmvici
U TIpeXJie Bcero JiBe (yHIaMEHTAIbHBIE BETMYMHBI KJIACCUYECKON MEXaHUKH — CULAd U
macca.

[TpuurHa cocTouT B TOM, 4TO0 HBIOTOH BBEN OJHOBPEMEHHO 00€ 3TU BEIIMYUHBI B
OJIHOM YpPaBHEHUU BTOPOrO 3aKOHA MEXAHWKH, BCIEJICTBUE YEro OJHA HEU3BECTHAas

BEJIMYMHA — CHJIA OTIPEICIISUIACH Yepe3 IPYTYI0 HEU3BECTHYIO — Maccy U HAa00OpPOT.



Jloeuueckuii kpye MOXET OBITh TIPEOAOJIEH ITyTeM J00aBJICHUS BTOPOTO ypaBHEHUS,
COJIEpPIKAIILIETO T€ K€ HEU3BECTHBIC, UCKITIOUEHUSI OJJTHOM M3 HEU3BECTHBIX U BBIPAXKEHUS
BTOPOW HEU3BECTHOM Yepe3 U3BECTHHIE.

Henocrarormee ypaBHeHHe ObUIO Takke maHO HBIOTOHOM (3aKOH BCEMHPHOTO
TATOTEHUS JIJI1 HETIOABUKHBIX U MEJUICHHO JBUXKYIIUXCS OTHOCUTENLHO CKOPOCTH CBETA
TE€J), TaK YTO MOJHAsl CUCTEMA JABYX YPaBHEHUH €CTh:

F, =kmia,,

mim;

F, =k,

rz '’
rae F; — cuna, nercrByromas Ha Teno 1,
my, M, — MacChl B3aUMOJICHCTBYIOIIUX T 1, 2,
T — PacCTOSIHUE MEXKIY TeJIaMH,
k, k, — k03 dUTIHEHTHI, ONIpeaeIIeMble UCTIOJIB3yEMOU CHCTEMON ¢IMHMII.
Jlns Toro 4ToOBl BBISICHUTH (PU3MYECKUM CMBICT BXOJAIIUX BEIWYMH F U m,
HY>KHO, KaK CKa3aHO, PEIIUTh 3Ty CUCTEMY.
Hrak, mycTh cuia, BhI3bIBAIOIIAS YCKOPEHHOE JBHXKEHHE Tenaa 1 ¢ maccoit my ,

SIBJIISICTCSI CUJION TATOTCHUS:

mim;

kymia, =k, 2

m;
[Tocne cokparenust Ha m, nonyuum: kia; =k, po
: _ 2 _ 2
Otkyma: m, = —art = ka,r<.
2

[TonoxuB  Temneppb k=1 (ro ectp ky=k,), mnOpuxoguMm K
CIIELYIOILEMY Onpedeiienuio Macchl, My = aq12.

Maccou mena 2 mnazwvieaemcs npousgeoeHue YCKOpeHus Qi, Npuoopemaemozo
opyeum menom 1, naxooswumcs Ha 3a0aHHOM paccmosHuU T Om He2o0, HA K8aopam
9IMO20 PACCMOSHUA T MeHCOY MeNaMU.

N3 ¢opmynbl BUIHO, YTO BO3MOXKHO KaK CKalisipHOE€, TaK M BEKTOPHOE

HCTOJIKOBAHUEC MACCHI:

Bropoil 3akoH MeXaHHMKW SIBISIETCA onpedeieHuem cunvl (€CIU  TOJOXKUThH

kl = k2 = 1)
FZ = mzaz = alazT‘Z.

Cuna ecmv npouszgeoenue ycKopenuii a,, A, 63aumooletcmsyrouux mei 1, 2 ua

K8aopam pacCmosuus T MedHcoy meiamu.



U3 ONpCACICHHUA CICAYCT, YTO IIPABUJIBHO I'OBOPHUTH «CHJIa TCJD» BMCCTO «CHJIA,
IMPUIJIOKCHHAA K TCIIY», T.K. CHJIa HC ABJIICTCS CaMOCTOSITEJIbHOM CYHIIHOCTBIO, Morymeﬁ
OBITH HpHHOH(GHHOﬁ, HO JIMIIb YKA3aHHBIM BBIIIC IIPON3BCIACHUCM.

[TonHas cuctema ypaBHEHHU HBIOTOHOBOM JUHAMUKH COCTOUT U3 4-X YPAaBHEHHIA:

F, =myay,

F, =mya,,
__mim,;

F, = —z
FZ == F1 .

U COAEPKUT 4 Heu3BeCTHhIX — F; , F, ,my , m, .

Pernienne »Tol CUCTEMBI €CTh:

mq = a,r-,
my, = aqr-,

F, = F, = aja,r?.

3aMeTHM, 4YTO OTCYTCTBHE WJIM M3MEHEHHE JIO0Or0 W3 NMPUBEICHHBIX YpaBHEHUIN
JIeJ1aeT B IIEPBOM CIIy4ae HEBO3MOKHBIM OJJHO3HAYHOE OIPEAEIICHUE CHIIBI U MACCHI, T.K.
IIPX 3TOM OCTAETCSI TPHU YPaBHEHUS C 4-Ms HEM3BECTHBIMH, & BO BTOPOM PAaBHOCUIIBHO
IIOJTHOMY U3MEHEHUIO CMBICIIA CWIIBI ' 1 Maccel m .

A moromy, ecnu rae-HUOyAp paBeHcTBO F; = F, |, Hampumep, 3ameHseTcs
paBerctBoM F; = fF, (F, # F,), To 31€ech clieayeT HadyaTh C TOTO, YTO HEH3BECTHO,
yTOo Takoe F W m, u TO, 4TO 0003HAUEHO MPEKHEH OYKBOMU, SBISAETCS COBEPIICHHO

HOBBIM ITOHATHUCM.

Cucrema orcuera

Cucrema otrcueTa, B KOTOPOM U3MEPSIOTCA YCKOPEHUSA dq,d,, Ha3bIBACTCS
unepyuanvrou cucmemou omcuema (UCO).

Ocnosnvim ceoticmeom UCO aBnsieTcs HE3aBUCHUMOCTh YCKOPEHHUSA (i OT CAMOTO
Tena 1 (MOCTOSTHCTBO Macchl M, Teja 2 MPU U3MEHEHHH Macchl 1My Tena 1), TOUHO Tak
KE YCKOPEHHUE a, Tena 2 He 3aBUCHUT OT caMoro Tefa 2 (MMOCTOSIHCTBO Macchl 14 Tela
| npu u3MeHeHun Maccbl M, Tena 2).

Ot1o o3navaet, yto B MCO mpupamenue yckopenuss Aa ¢ u3MeHeHueM Ttena |
KaXJbld pa3 OTHOCUTCS K T€Iy 2, COOTBETCTBEHHO C M3MEHEHHEM Tejla 2 CUUTAETCS
OTHOCAIIMMCS K Teny 1.

NubiMu crioBamu, npu u3MmeHenuu tena 1 yckopenue MCO oTHocutensHO Tena 1
He u3Mmensiercs (MCO ocraercss mpexHel), TOYHO Tak K€ C U3MEHEHUEM Tena 2

yckopenue MCO oTHOCUTENBHO TeNa 2 HE MEHSIETCS.



Orcrona caenyet, yto s aro0oi mapel 1', 2' UCO ocraercs Tol ke caMoi, 4To U
s 1, 2.

JIeiCTBUTENBHO, TPOU3BOJIBHYIO TTapy 1', 2' MOKHO MOJYYUTh U3 3aJIaHHOM TapkI 1,
2 mOyreM IMOCIeNOBaTeIbHON 3aMeHbl BHadaie Tena | Ha Teno 1, mpu 3Tom
otHocuTenbHO Tena 1' MCO gBukeTcss ¢ NOpEeKHUM YCKOpPEHHMEM @ , T.. He
U3MEHSIETCSI, a YCKOpeHHEe a, Teina 2 u3mepsiercs B atoi ke MCO; 3arem Tena 2 Ha Teno
2', npu 3ToM oTHOCHTENbHO Tesa 2' MCO ABHXKETCS ¢ MPEKHHUM YCKOPEHHEM a, (He
U3MEHSETCsI), @ yCKOpeHne a; Tena 1' u3Mepsercst oTHocuTenbHO 3Tol sxe UCO.

B wurore, yckopenus ten 1', 2' uzmepsitorcsi otHocutenbHo Tou ke MCO, uyto m
ycKopeHus Ten 1, 2, ¢ TOYHOCThIO JI0 JIFOOOW JPYrod CUCTEMbI OTCYETa, ABMXKYIIEHCS
OTHOCUTEJILHO MEPBOM 0€3 YCKOPEHHUS.

B HUCO yckopenue tena 1 u cBsa3anHoM ¢ HUM cucTteMbl otcueta CO; paBHO a4 ,
COOTBETCTBEHHO YCKOpPEHHE Tena 2 u ero cucreMel otcuera CO, — a,.

B CO; yckopenue UCO paBHO MUHYC @, , a yckopenue CO; paBHO: (a; + a,) .

[Tpucoenuuum K Teny 1 HekoTopoe Teno 3.

ITpu stom yckopeuune CO, B MCO craHOBUTCS paBHBIM a, = a, +Aa (a; ot
no0aBlieHUA Tela 3 HE MEHSIETCS).

B CO; yckopenue CO, craHoBUTCS paBHBIM (a; + a, + Aa) .

Takum o6pazom, npupamienue Aa ot nob6asnenus tena 3 B UCO u B CO; umeer
OJIMHAKOBYIO BEJIMUMHY U, CJIEIOBATEIBHO, €r0 MOKHO onpenenuTs n3mMepenueM B CO; .

Ho »to npupamenne B UCO onHo3HaYHO omnpenensier Maccy Tena 3!

3amMeTHM, YTO KaK TOJIbKO HaleHa macca XOTs Obl OJIHOTO M3 Tell (B JaHHOM
ciayyae — Tena 3), MacChl BCEX OCTaJbHBIX TEJI HAXOMSTCS JIETKO, JJIS YEro CIeAyeT
MOCJIEIOBATEIBHO MMOMENIATh UCCIEAyEeMbIE Tella Ha 33JaHHOM PAcCTOSIHUM OT Tena 3 U
U3MEPATHh YCKOPEHUE UCCIIEYEMBIX TE OMHOCUMENbHO Tea 3.

[Tpu sTom nonyuum: a = Aa + a;,

I7Ie a — YCKOpPEHHe i-ro Tejla OTHOCUTENIBLHO Tela 3,

a; — yckopenue i-ro Tena ornocurensHo MCO,

Aa — yckopenue tena 3 otHocutensHo U CO.

Otkyna: a; = a —Aa, m; = a;r?,

rae m; — Mmacca i-ro teia.

BriieckazanHoe SIBIIIETCS aHATU30M UCTOPUUYECKHU JAaHHOTO MaTepuala.

[IpaBWiIbHBIN TOPSIAOK TOCTPOCHUST (PEHOMEHOJOTUUECKON TEOpUH JUHAMHKU

N(14%00)1117078



HayaJjio nocrpoenust

['eomeTpuyeckoe CpaBHEHHE TEN OCYIIECTBIISIETCS IIyTEM CPABHEHHMS UX Pa3MEPOB;

B (M3HKe Tela CPAaBHUBAIOT MO UX JBWIXKEHUSAM, IPHU STOM XapaKTEPUCTHUKU JIBUKEHUUN
CIIy’aT XapaKTepUCTUKAMH Tell.

ONBITHBIM ITyTEM YCTAHOBJIEHO, YTO T€JIa, MOTYIIIME CBOOOIHO MEePEMEIIAThCs IPYT
OTHOCHTEJILHO JIPYTa, CaMOINPOU3BOJIBHO MPUXOIAT B JABMKCHHUE (83aumoodeticmayiom),
IpUYeM B CUCTEME OTcYeTa, cBsizanHOM ¢ TesioM 1 (CO,) Teno 2 mpruoOpeTaeT yCKOpeHue
a,co1, 3asucsauee ot tena 1 (coorBerctBeHHO B CO, Tenmo 1 umeeT yCKOpeHue ajcosz
TAE Qq1coz = Azc01)-

OnHako 3TO YCKOPEHHUE €llle HE MOXKET CIIYXKUTh XapaKTepUCTUKOHN Tena 1 mpexne

BCCTO IIOTOMY, 4YTO OTO BCJIMYMHA HCOJHO3HA4YHAA, a 3aBHCUT CIIC W OT

1
PaCCTOAHMA: Azc01™~ 75 -

BenuuuHoOi, He 3asucsuyeli OT PACCTOSHUS, SBIAETCS IIPOU3BENEHUE: dpcoiT>.
OnHako M 3Ta BEIMYMHA €€ HE MOXKET CIYXKUTh XapAaKTEPUCTUKOW Tena 1, T.K. oHa
3aBUCHUT HE TOJBKO OT Tesia 1, HO U OT Teja 2, UHBIMU CIIOBAaMHU C U3MEHEHHEM Tela 2
YCKOPEHHUE dycoq MEHSETCA:

Ac01 = Azco1 T Aa.

Crenate 3TO YCKOpPEHHWE He 3aucAwum OT Tela 2 MOXHO IIyTEM Iepexoaa
K IPYroil cucTeMe oTrcuera (Ha3BaHHON uwuepyuanvrou cucmemot omcuema HCO),
JIBWKYIIEHCS YCKOpeHHO OoTHOocuTenbHO CO;, TO ecThb camoro Tena | ¢ HEKOTOpPbIM
YCKOPEHUEM  (4yico-

Haiitu UCO o3HavaeT onpenenurb dqyco,3Hast Aycoq-

Ilycte mansl Teno 1 coBmecTHO ¢ ero cucremon orcyera CO4 u Teno 2.

B CO; yckopeHnue Tena 2 paBHO Qycoq -

B uckomoit UCO yckopenuns ten 1, 2 cOCTaBIAOT: Aqyco, A2Uco -

Hpu sToM: Ao + Aznco = Azco1 -

HenonsmxHo npucoequuum K Teny 1 HekoTopoe Teno 3.

B uckomoit UCO coBmectHoe yckopenue Ten (1 + 3) He 3aBucuT OT Tena 1 u
COCTaBJISIET TMO-TIPEKHEMY a41ico-

Vckopenus tena 2 paBbl Tenieps: B UCO — ajyco , B CO; — aheoq-

Ipu sTOM: @4y1c0 + Aznco = A2c01-

IIyctb: Qjcop = Azco1 + Aa.

NmeeM: aqyco + Aapco = Az2co1 + Aa = Aqyco + Aanco +Aa, T.e.  W3MeHEHHs
yckopenuit Tena 2 B CO;m B HCO ooumaxoswi, paBHBl AU MOTYT OBIThH
HaaeHbl usmepenusamu B CO; .

Y6epem Terneps Teno 1.



B uckomoii MCO yckopeHue ocTaBmIerocsi Teia 3 He u3MeHUumcs i COCTABIISIET
HO-TIPEXKHEMY dqyicO -

Vckopenus Tena 2 paBabl Tenieps: B UCO — ajyco, B CO1 — ajcoq-

Ipn stom: aypco + Azuco = Azco1 -

Ob6a yCKOpEHHS Aypyco M Ayco; U3MEHSATCS B CPABHCHHHU C  dapcos Gpcop HA
OJIMHAKOBYIO BEJIMUUHY, PAaBHYIO Ayyico -

Azuco = amco — G21co = Azuco +Aa — azpco = Aa,

Azc01 = Azc01 — Ganco = @zco1 T Aa — Azuco = Auco + Aa.

3Hast a,cn; U Aa , HaiijeM Tenephb aqyco -

Ayico = dzc01 — Aa.

3Has aqyco » HAUOEM Aypco-

Azuco = Azco1 — A1uco-

[Ipu 3a1aHHOM T YCKOPEHUE Qyyco TENEPh YKE HE 3aBUCUT OT Teja 2, a 3aBUCHUT
TOJBKO OT Tena 1.

B cBOIO ouepelb MPOM3BEICHUE dpycoT? yKe He 3aBUCUT HH OT Tejla 2, HH OT
pPacCTOSHUSL T ¥ TIOTOMY MOMCem CYHCUms OTHO3HAYHON xapaxkmepucmukou tena 1.

DTa XapaKTepUCTUKA MMOJy4Ynsia HAUMEHOBAHUE MACChHL.
_ 2
my = dayco? -

Beibop HMCO, He cBsi3aHHOW HM C OJHUM U3 B3aUMOJCUCTBYIOIIMX TEI,
JIBUXKYIIEHCS YCKOPEHHO OTHOCUTEIIBHO KaXJAOTrO0 M3 TEI W IPUTOM C Pa3HbIMHU
YCKOPEHUSIMU  OOBSACHSIETCS  MMEHHO TE€M, 4YTO TMpPU ITOM  JOCTHTaeTcs

0OHO3HAYHOCMb XAPAKTEPUCTUK KAXKAO0TO U3 ITHX B3aUMOJICUCTBYIOIIMX TEN.
Ko3¢gpunueHTsl

Hcxonuble QopMynbl NpU MOCTPOEHUH CHCTEM €OuHULl JAuHaMuKd HproToHa
CeAyIOLINeE:

F, =kma,,

mim;

F1=k2

r2
B cucreme emunwni, mnpemioxenHo B. Tomconom, ob6a kosddurmenta ky,

k, mpuHUMAIOTCS paBHBIMU €IUHUIIE:
Fir = myray, Fir = mli# ,
Py ATOM CaM 3TaJIOH MacChl OKa3bIBACTCS 6nO.IHe onpedenennvim (~ 15 1, npu
eIMHULIC JJIMHBI — CM M €IUHUIIC BPEMEHHU — C).
[Tokaxem, kak mosBIsIOTCS KO3 dunments! B popmynax HeioToHa B ciaydae, ecnu

9TaJIOH MacCChI BBI6I/Ipa€TCSI npou3eoJIbHO.



HYCTI), Harpumcep, HOBbIlU DTAJIOH MAacChl COCTaBJISICT Y TOMCOHOBBEIX 3TaJIOHOB ()/

HMCCT IMMPOU3BOJIBHOC, OTIIMYHOC OT CAWHHIIBI YU CIIOBOC 3Ha‘-IeHI/Ie).

m
Torma: my = TT

B cucreme enunmi Thna “guHaMmuueckoin” kq = 1.
m F.
FlH = muyaq, = 71Ta1 = % , TO €CTh FlT = ]/F]_H .

. _ MyrtMar _ _ _
Hockomeky: Fip = —z Fir =yFiy um myr =ymyy, Myr =yYMyy,

ymipym
1O mosy4yaeM: YFjy = % wm Fiy=vy

M1gMyy _
2> OTKyzIa k,=vy.
B cucreme enunui Tuna “rpaButaniioHHon” k, = 1:

_ MiyMay _ MytMpr 1 Fir
r2 % y r2 ]/2

Bropoii 3akoH Herotona: F;r = myra; B HOBOHU CUCTEME CIVHULI:
2 — _1 o= 1
Y°Fig = ymya; wm Fiy = S Mandy , OTKYAa: ki, = >

B yvactHOM ciyyae, korja Ko3(p(GUIMEHT Y B TOYHOCTU PaBEH “TPaBUTAIMOHHOU
MIOCTOSIHHOM’, MBI TIOJIydaeM COOCTBEHHO 2pasumayuoHHyl0 WIW OUHAMUYECK)HO
CUCTEMBbI €ITUHHII.

Ecnu HOBBIN 3TaoOH MacChl, U3MEPSIEMBIA B IOJIIX OT TOMCOHOBA 3TajJOHA MACCHI,
COXpAHSICT MPEXKHIO pasmepHocmy [eM°Ic?] , To KOdpGUIMEHT Y ecTh dHCIO,
MOKAa3bIBAIOIIEE BO CKOJIBKO pa3 HOBBIA ATaJOH OOJbIIE WJIM MEHbBIIE TOMCOHOBA
ATajoHa.

Ecnu xe HOBOMY ATalloHy JIaHO W HOBOE Ha3BaHHWE (Hampumep, rpaMm), TO

ko2 PUIMEHT Y npuodpeTaeT pa3MepHOCTh:

CM3
[ ]_ [m-] _[c_z]

T [mgl (7]

I/ITaK, cpasumayuorrasd 1N OuHamu4eckas NoCcmosiHHblie TOSBIIIOTCS BCJICACTBHC
IIPOHU3BOJBHOCTH BI)I60pa 9TaJIOHAa MACChI IIPpU IMOCTPOCHUU CHUCTCM CAMHUI U3MCPCHUA

U He umelom cOOCMEEeHH020 PU3UYEeCKO20 CMbICA.
Cayuaii 001b1IMX CKOpOCTEN

Ecmu cunTaTh yCTaHOBJIECHHBIM CYIIECTBOBAHUE MPEACIBHOW OTHOCUTEIBHOU
ckopoctu V mepemenienns B3auMoIeHCTBYIOMINUX TEN, MPU MPUOIMKEHUHA K KOTOPOH WX

YCKOPEHUS A CTPEMATCA K HYJIO 110 (GopMyJiaM:

a=ay|[1—-—=, (@a—-0 mpu V- UC),

rac dg — YCKOPEHHC IIpH OTHOCHUTCIBHBIX CKOPOCTAX V, MHOT'O MCHBIIUX

ckopoctu C cBeta (V' « C), TO U cujia B3aMMOACHCTBUS



F =F, /1—Z—§,TO€CTB F—->0 mpuV - C.

Boob6mie roBopss, a— 0 w™oxer o3Hauath Ju6o F —= 0 mno dopmye
V2 my

v2
Ji ez

F=F, 1—;, 6o m — oo mo popmyne m =

F
, TIOCKOJIBKY @ = — .

Mamemamuyecku 006a BapuaHTa paBHOLICHHBI.

OnHaKo Gusuuecku M — 0 HEE03MOJICHO, T.K. 5TO O3HAYAET AT — 00, TO €CTh
a— o u lV — oo, qro uckioyaercs, nockonsky a - 0 npu V - C .

ITosTomy mMel ¥ rOBOpUM, 4TO @ — 0 03Hadaetr umeHHo F — 0.

Kpome Toro, mockoineky m = ar?, a — 0 Takxke o3HagaeT m — 0:

VZ
m=m, 1—;.

[Ipu npubmkeHnn K mpeAesnbHOM ckopocth € Macca Kaxaoro U3
B3aMMOJEHCTBYIOIUX TEI CHMPEMUMCS K HYTIO.

Macca 0qHOTO M TOro € Tejaa paBHA HYIKO I TeJl, JOCTUTIIUX IPENeSIbHON
OTHOCUTEIBHOM cKOpocTH C W HE paBHA HYJIO JUIS TeJl, HE JOCTUTLIMX IPEIEIbHOM
OTHOCUTEJIBHON CKOPOCTH, MHBIMH CJIOBAMH 3HAYEHHUE MACCHI SIBISIETCS OMHOCUMENbHOU

BEJIMUYMHOM.

Onpenesienue 3apsjaa

F = q192

3akon Kynona: el

TA€ {4,y — «3apsalb» TEIl.

ITo onpenenenuio B (pU3UYECKON (TOMCOHOBCKOM) cucteMe equnui. F = a a,r?,

rIe a,, a, — yCKOpEHus, mpuodbperacMblie B3auMoeicTByromumu teiaamu (B UCO).

Otkynma: a,a,r? = qigz WM a,a,1°r? = kq,q, .

[Tonmoxxus Teneps k = 1, momyuum:
41 = axr-.
4> = 417",
MHBIMU CIIOBAMH TOHATHE “3apsAzia” mocoecneeHHo TOHSITUIO MaCCHI.
CootserctBenHo. F = a,a,r? = a;q; = a,q, — BTOpoii 3akoH HplOTOHa B
00J1aCTH JIEKTPOCTATUKH.

IIo OIIPCACIICHUIO, HANPANCEHHOCMb 3JIEKNMPOCmMamuiecKozo noJiAi

F
E = o, = 2 ECTb yCKOpeHHe, npuodpeTaeMoe NPOOHBIM TEJIOM.
2
BeKTOpHOE UCTONKOBAHHUE 3apaaa: §; = d,T 2.
IToTeHUATBLHOCTD MOJIS

Ecnu B HampaBieHuWM JEHCTBHS TOJII MPOOHOE TENO ABMKETCS C MPEAEeTbHOU

OTHOCUTEIBLHOU cKkopocThio (', To ero cuna F — 0 wu, cnegoBaTenbHO, padota A — 0.



Eciu B 0OpaTHOM HampaBlI€HUHW TOT K€ IMyTh MPOXOAUTCA C OTHOCHUTEIBHOMN
CKOPOCTBIO MEHbIIIEH MpeaenbHor, To Torna F # 0, cooTBeTCTBEHHO M paboTa A
UMEEeT KOHEYHOE 3HAUYCHHE.

CymmapHas paboTa 1o 3aMKHYTOMY ITyTH OKa3bIBaCTCS He PAGHOU HYIIO.

To ectb nomenyuanvrHocms MoOJsI, yCTaHABIMBAaeMasi 10 MPU3HAKY PAaBEHCTBA HYIIIO
paboThl MpHU MEpEeMEIICHUH TPOOHOrO Teja IO 3aMKHYMOMY Hymu, HapylIaeTcs B
oOlmeM ciydae, BKJIIOYAIOMEM TNpPENebHYI0  OTHOCUTENIBHYIO  CKOpOCTh C

IIEPEMEILICHUM.
IHepexox ot UCO k CO4
Ilepenecem Tenepp Teno 2 n3 CO, B CO; , HEMOABMKHO NMPUCOEINHUB €T0 K Teiy 1.
B UCO no mepenoca tena 2: my; > 0, my, > 0, a;yco > 0, |azucol > 0.
B CO; mo mepenoca tena 2: dicor = 0, dzc01 = A1pco + %2uco-
B UCO nocne neperoca tena 2:
my > my +my, my =0, ajyco = 0, Azuco = Auco + Azuco -
Ipu 5TOM @Ajyco — 0 o3magaer: KCO — CO; .

B CO; mocne nepeHoca tena 2:

Aico1 = Aicor = 0,
azco1 =7

[Mockomeky MUCO — CO;, aapco = Azco1 » TO, CIIEIOBATENBHO,

Ac01 = Aanco = duco t+ Aamco-

[Toatomy mepexon or MCO xk CO; paBHo3HaueH nepeHocy B 3ty CO; Ttema 2,
COMPOBOXKIAIOIIEMYCSI CYMMHPOBaHHEM Macc My + M, = m; , a TaKkKe MePEeHOCY B
CO; camoit UCO.

N obpatno, mepexox or CO; x MCO paBHO3HAueH BBIJECNCHUIO U3 Tena 1,
Haxojsmerocst B CO;, HEKOTOPOTro Tena 2 ¢ Maccoit m, = m; — m; .

ITocne nepenoca tena 2 B CO; coBmecTHas macca Tei, Haxoasamuxcs B CO; :

My = Aapuco?” = Azco17”

Hna tena, Haxomsmierocss B CO;, macca myTena 1 Moxker ObITh HaliieHa

m3mepenusmu B camod CO;, MpuU HCMOJIB30BAaHUU B MPOIECCE HU3MEpPEHUN Tena 2

OEeCKOHEYHO MaJsioi (He BO3MYIIIAIOIIEH) Macchl m, (TIpoOHOTO Temna).
B3anmoaeicTBue TeJ ¢ CYIIECTBEHHO PA3JIMYHBIMH MAaCCAMHU

B ugactHOM ClIy4dac B3aUMOJCUCTBHUS Macca Tena 2 MOXeT OBITh MHOT'O MEHBIIIE

macchl Tena 1: m, <« M, , 4To 03HAYACT: AipcoT? K dypco’? WM Aqyco <K Aapco -



Brimonnum nepexon or UCO k CO; a1 1aHHOTO city4dast.

B UCO no nepexona k CO; (nmepenoca tena 2 B CO,):
my >0,my >0, ayyco > 0, [azucol > 0, my KMy, ayyco K Azpco -

B CO; mo mepenoca tena 2: aqicor = 0, Azc01 = Q1uco + A2uco -
BBuny Manoctu a;yco OTHOCHUTENBHO dppco HUMEEM:
aico1 = 0, Azco1 = Azuco -
B HUCO mocne nmepexoma k CO,, coorBercTByromero nepenocy B CO; tema 2 ¢
o . I I ! _ ! —

Maccoi m, : my =my +m, ,my; =0, ayuco =0, azpco = Anco + Aanco -

BBuay Majioctu m, OTHOCHUTENBHO My M Qqpco OTHOCUTENBHO dypco , UMEEM:

I I ! _ ! —

my=my,my =0, ajyco =0, azyco = A2muco -

B CO; mocne nepeHoca B Hee Tena 2:

! — — 0 ! — 4 —
A1co1 = Q1co1 = Yy Azco1 = Q2nco = @2uc0 »

T.€. TIPUCOCIUHEHUE Tella 2 MaJod Macchl M, K Teday | OoibIIOW Maccel m; He
U3MEHSCT Maccy Tena | u yckopenue aycoq , IPUOOpeTacMoe TEIOM OECKOHEUHO MasIoi

Macchl OTHOCUTENBHO CO; .
Jxcnepument ["anuies

NMenHO Takoii citydaili oOHapykeH B dKcriepuMenTe ['anuies, “onpoBeprHyBIIAM”
Te3UC APUCTOTENS O HEPABEHCTBE YCKOPEHUH Tell, 00JaAatouMX pa3IudYHbIMA MACCAMH.

OKcrepuMeHT, BbimojHeHHbIM B CO;, rae tenmo 1 — 3emiust (0OOBEKT C OYEHb
OoJIBbIION Maccoi m,), Telo 2 — JIF00M 00BEKT ¢ MaJlo Maccol m, , IMOoKa3aj, 4To B
npeaenax TOUHOCTU U3MEPEHUN YCKOPEHUE Tela 2 He 3a8ucum OT MacChl M,

B camom pene, npy  my; >> m, NPUCOENMHEHHE MacChl M, K macce my
3apatoiee nepexon ot MCO xk CO;, BBUOY MAJIOCTH M, NPAKTHUYECKU HE U3MEHSET M4 ,
T.e. YCKOpEHHE dypco, TNpHOOpeTaeMoe  “TaaMIeeBCKHUM™  MPOOHBIM  TEIOM
MpPEHEOPEKUMO MajJoll MacChl M, OTHOCHUTEIBHO Teja OOJBIION Macchl My
JNEeUCTBUTEIBLHO HE 3aBUCUT OT M, .

Wrak, pesynbrar ['anuies OTHOCUTCS K 4acmHomy CIy4ar0 B3aUMOJEUCTBUS TEI C
CYILIECTBEHHO HEPaBHBIMHU MaccaMu.

OH ycranaBnuBaeT (aktudecku crocod ompenaenenuss CO; B KauecTBE MECTHOMU
MCO oTHOCUTENBFHO HEKOTOPBIX, BIOJIHE ompenesieHHbIX st gaHHod CO; U naHHOM
TOYHOCTH U3MEPEHUH eanuneegckux 0OBbEKTOB C MOMOIIBIO0 CAMUX ITHX OOBEKTOB.

Ero 3akmtouenue TakoBo:

“/lanublii  9KCnepuMeHm ycmanaeaueaem, 4mo Ol  OAHHLIX — 2ANUIee8CKUX

00bexKmos 0anHoe meno (3emiss) A6asemcsi 00beKmom O00CMAmMoO4HO OOILULOU MACCHL



my , umobwvl eco COq 011 OaHHBIX 2anunee8cKux 0OvbeKmos u npu OaHHOU MOYHOCMU
usmepenul moeaa ovims npunama 6 kavecmee mecmuoii UCO ™.

Jlnst Tema 1 ¢ mMajoil Mmaccol m; WM Tena 2 ¢ OOJBIIIOW Maccol m, OH Ol
MOJIYYHJI JPYTOM pe3yibTaT, 4TOObl KOHCTaTUPOBATh B CBOIO OYEPEb!

“Oxcnepumenm ycmanagiusaem, ymo 0/ OaHHOU napvl 0bvekmos dannas CO; ¢
MOYHOCMbBIO, ONPEOENAEMOU MOYHOCIbIO USMEPEHULL, He MOXHCem CUUMAmbCs MECMHOU
NCO” wnu unaye:

“Hannvie o6vekmor omuocumenvho MUCO = CO; ¢ moynocmsio, onpedensemoi
MOYHOCMbIO  UBMEPEHULl, He MO2ym CUUMAmMbCA  2AIULEe8CKUMU  00beKkmamu,
uMerowuMy OeCKOHeYHO MAiylo Maccy My OMHOCUMENbHO My .

Ecnu tenepp BhIOpaTh B KadecTBE Tela | TeNo NMPEHEOPEKWMO Majoll Macchl
m; <Km,, TO nupu wusMepeHusx B Takoil CO; ranmieeBCKUid OOBEKT Maccoi
mj, = 2m, OelicmeumenvHo 006nanact B 2 pa3a OONBIINM YCKOPEHHEM Ayco; = 2a2C01
B MOJIHOM coomeemcmeuu ¢ “onpogepaaemvim’ MOITOKEHUEM APUCTOTENS.

Wrtak, mnonoxxeHne ApHUCTOTENSI OTHOCUTCA K OpYy2OMY YACMHOMY  CAYHAI0
00paTHOTO COOTHOIIEHUS Macc my <K m, mpu uzMepenusix B CO;.

@aKTUYECKU pe3yJbTaT APUCTOTEIS pealiu3yeTcsl B caMoM skcnepumente [ anmnes
nipu niepexojie ot CO; x CO,, 06pa3zyroiieM CBOEro pojia “UHBEPCUI0” TOUKHU 3PEHHUS.

Takum o0pa3om, o00a moJoXKeHUs: ApUCTOTeNsT —  “yCKOpEHUE Tela
MPONOPLIMOHANIBHO Macce Tena” u [anunes — “yckopeHue Tena He 3aBUCHT OT MAacChl
Telna” JIEUCTBUTEIBHO OTHOCITCA K OJHOMY M TOMY JK€ YaCTHOMY CIIydaro
B3aMMOJEUCTBUA TeN 1, 2 ¢ CYIIECTBEHHO HEPABHBIMU MACCAMH.

IIpu »stOM, omHako, g my > m, pesyiabrar ['amunes peanusyercs B COq, a
pesyabtatr Apucrorens — B CO,.

Oba “B3aMMOMCKIIIOUAIONINE” TIOJOKEHUS OKAa3bIBAIOTCS 8ePHbIMU, OTHOCATCA K
OJHOMY U TOMY K€ YACTHOMY CIIy4ar0 B3aUMOJCHUCTBUS U “NIOATBEPKAAIOTCS OJTHUM U
TEM K€ DKCIIEPUMEHTOM, HO TOJBKO JUIIb B pasubix CO.

B o6mem ke ciyuae BepHbIM siBisieTcs: mnojoxkeHue Hpiorona: “B UCO, mns

JaHHOM mapkI 1, 2, yckopeHue 00beKTa 2 He 3aBUCUT OT €T0 MacChl m, .
Cayuaii Herotona

[TycTh Teneps 06a Tena 1 1 2 UMEIOT He TATUIICEBCKUE OOJBIINE MACCHI.
HazoBewm ux wvromonosckumu oovexramu 1y, 2y -
Mqy = KyMar, May = KyMyr
I'me kq, k, - .
[Iycts mo-nipexxuemy mqy > mypy,a 1 — .,

Toraa mOCKOJIBKY Mqy >> Myy , CIPABENIUBO: Aqyco K Aayco-



C yueroM aqyco = % , Qayco = % U T — 00, MPU HEKOTOphIX 7 > R o00a
YCKOpeHUs Aqyco — 0, azpco — 0, BCe Bpems 0CTaBasCh MPU 3TOM  Aqyco <K Aauco -

[Ipy HEKOTOpOM MOpSAIKE MAaJOCTH, ONPEACISIEMOM 3aJaHHOW TOYHOCTHIO
U3MEpEHUid, 00a YCKOpPEHUs JOCTUTAIOT 3HaYEHUH, MPUHUMAEMbIX 32 HYJIEBbIE, TPUYEM
Aqyco IOCTUTAET 3TOTO 3HAYEHUS MHOTO PAHBIIE dyyco - Aimco = 0, Aapco > 0,
r—o,r>R.

[Tockonbky mpu 3TOM aqpco = 0, To UCO Takum oOpa3oM BHOBb COBMELIAETCS C
CO;. pyrumu cioBamMu IpU B3aUMOJICVCTBUU TEJI C HBIOTOHOBCKMMHU MaccaMu
Mqy, Myy HauMHAs C HEKOTOPOr0 MHUHHUMaIbHOTO 7 > R (Ha30BeM  €ro
MUHUMAJIBHBIM HblomoHosckum pacctosaieM Ry ) HMCO BHOBb, kKak W B Cliydae
rajuieeBCKoro oobekrta m,r mnpuoautcs k CO; .

Wrak, npu B3auMo1eiCTBUH HHIOTOHOBCKOTO U TAJIUJIEEBCKOTO0 OOBEKTOB My , Mr:

my>0, mp>0, mg=kmy, k—->oo, UCO=CO,,npumaodbomr > 0.

[Ipu B3auMOIECTBUU JBYX HBIOTOHOBCKUX OOBEKTOB MMy , My, C CYIIECTBEHHO
HEpaBHBIMHU MaccaMd Myy > Myy .
muyg >0, myy>0, mg>»> myy, pco =0, ayyco >0, UCO =CO4, 7 > Ry,

T.e. UCO = CO; He npu 110060M, a TUITHL HAYMHAS C HEKOTOPOTO HHIOTOHOBCKOTO
pacctosiHusl Ry , ompeaensieMoro 3aJaHHOW TOYHOCTBIO BEIYMCIICHUIM.

Onpenenum Tenepb Ry Kak (YHKIHIO OT 3aJaHHOTO COOTHOIICHHMS Macc Mgy ,

M,y ¥ 3aJaHHOM TOYHOCTH BBIYMCIICHUM.

miy

[Tyctb myy > myy, (— > 1).

maH
B HUCO yckopenus tein 1, 2 cOCTaBIISIIOT:
A1co1 = A1uco — @uco = 0, Qzc01 = Az1co + Amco-
BugHo, 4T0 ayc01 M Qycor  OTIMYAKOTCA OT Qqpyco M Ayco TOJNBKO Ha
BEJIMYUHY Aqyco > T-€. cama CO; otimuaercs ot MCO B npenenax +aqyco-
Ecomu Tenepp aqyco K Ayyco  (BBULY My >> Myy), TO MNPU  ONPEACICHHOM
TOYHOCTH BBIYHMCIICHUH €0 MOYKHO MPEeHEeOpeYb, T.€. IPUHSTH:
aico1 = 0, azc01 = Aamco -
IIpu »stom: Adico; = Adyco1 = Apco, TA€ Aaqicor, AGycop — TOTPEIIHOCTH
npuOImkeHus, BHocumas 3ameHoi nctuaHot MCO npubnuxennonr MUCO = CO; .

m;

, MMCCM: Aalc()l == Aazcol = —.

ms
[TockonbKy Qqyco = = =

2
OTKyla MHUHUMAJIBHOE€ HBIOTOHOBCKOE paccTosiHue Ry, COOTBETCTBYIOLIEE
JIOITYCKaeMOM MaKCHUMaJIbHOW TOTPENTHOCTH TPUOIMKEHUS Adqco; = Adzco1 = A1ucos

COCTaBJIACT.

my; 05 m; 0,5 m2 0,5
> (—2)0 = (—2)05 = (—)°
Ry = (Aa1c01) (Aazcm) (amco) '



Hanpumep, B HbOTOHOBCKOW cucteme 1, 2, rtme Ttemo 1 — 3emus,

m,; = 5,97810%7r, teno 2 -Jlyna, m, = 7,3510%°r, r = 3,84:10'%wm , umeem:

m 6,67'1078x 7,35:10%5 _3CM
aiyco = —Z = = 3,3210 3 ,
r2 (3,84:1010)2 c2
_my _ 6671078x 59781027 _ 027 ™
Qanco = 72 = (3,84-1010)2 - el

[Tpumem teneps CO, B kauecTBe mpudmmkennoit UCO.
. CM
HOquHM. Adico1 = 0 y Qac01 = A21co = 0'27C_2 .

HpI/I 9TOM IIOI'pCITHOCTD HpI/I6J'II/I}KCHI/I}I COCTaBJIACT.

= — 1n-3 M
Aaycor = Aazcor = Aypco < 3,32°10 =
IIpu 3a7aHHOM MOTPEITHOCTH IPUOIMKEHHS, HATPUMED,

7,351025%6,6710~8
1072

Aaqicor = Aaycor = 1072 umeem: Ry = ( )05 =2,2:100¢m.

C2

ITockonbky peanbHoe 7 = 3,84:10%cM ynoBieTBOpseT 3aJaHHON MOIPEIIHOCTH

npubimxenus, npuHsatue CO; B kadectBe npudbmmxeHHoit MCO B naHHOM ciyyae
JOITYCTUMO.

HpI/I MCHBIICM AOITYCKAaCMOM 3HAYCHHUU ITOI'PCITHOCTH HpI/I6J'II/I)K€HH51, HaIIpHUMCp,

Aaico; = Aayeo, = 1073 i—D: MHHUMAJIbHOE HBIOTOHOBCKOE PACCTOSIHUE JJISl TaHHOM
mapsl 1, 2 HBIOTOHOBCKMX OOBEKTOB cocTaBiseT yxke Ry = 7-10°cM, uro me
oOecrieunBaeTcs B peasibHOW Mape, T.e. B AaHHOM ciydae npunste CO; B KadecTBe
npubmmxenHoit UCO He pomyctumo.

HproTOHOBCKUH BONIPOC, OOBIYHO BBIPAKaEMbI TPUMEPHO TaK:

“UHensemesa au cuna, oeiicmeyrouias Ha paccmosuuu 0o JIyHvl, cunou moeo dice

pooa, umo u Ha nogepxnocmu 3emau”
WJIH, B HECKOJIPKO YTOYHEHHOU (DOPMYITUPOBKE:

“Aensemcsa nu cuna, Oelicmeyowas HA HLIOMOHOBCKUUL “‘Oonbwol” 00vekm,
Haxoosawulici Ha paccmosHuu 00 JIyHvl, cunoti mozo dce pooa, umo u
Oelicmseyrowas Ha 2anuiee8ckull “manviil” 00vexm, Haxo0auWulics, 6000we 2080ps,

Ha 11000M paccmosiHul, 8 MoM YUcie U Ha paccmosauuu 00 Jlynot”,

B (popme Hambojiee oTBeUaroliel CyT MOUCKOB HbIOTOHA, MOXKET BBITIISAETH €IIE U

TakK:

“Aensemcsa au UCO 08yx nHvromonosckux “Oonvuiux” 00bexmos, Haxoo0auuxcs Ha
HbIOMOHOBCKUX “OONbUUX ™ paccmosaHusax opye om opyaa, Mot JHce camou, 4mo u
NCO nvromonoecrkozco u eanuneesckoeo oowekmos, ons komopvix UCO = C npu
I0O0M (2anuneeeckom uiu HblOMOHOBCKOM) pacCmoanuu, 20e 1 - HbIOMOHOBCKUL

0b6vexkm?”.



OTBET TAKOMH:

“,ZZ(J, eciiu Macca 00H020 HbIOMOHOBCKO20 00beKma MHO20 0OJIbULe MACChHI ()pyZOZO

mq > m, , d HbIOMOHOBCKOEe paACcCmosHUe RH ydoeﬂemeopﬂem COONHOWERUIO.

mz 0,5 _ Mz NO,5
> (. M2_yo5 — (M2 yo,
Ry = (Aa1C01) (Aazcm) ’

m.e. OOCMAMOYHO BeIUKO, 4Ymobvl, 6 npeoenax MmoOYHOCMU BbIYUCIEHUL,
onpeoensiemol OonyckaemviMu nozpewHocmamu  Aaqcor, Adycor, MOdHCHO  OBLIO
npuHAmos Ayyco = 0, a camy HCO = CO, ™.

C yka3aHHOW BbIIIE TOYHOCTHIO MMEHHO TaKOM Ciy4ail HMMeeT MeCcTO B
HBIOTOHOBCKHMX OKPECTHOCTAX 3€MJIM, YTO U IMO3BOJIMIO caMoMy HBIOTOHY MOHATH TO
00CTOSITEILCTBO, YTO B3aUMOJICUCTBHE TEJI MPOCTHPAECTCS HAa HBIOTOHOBCKHE
pacCTOsTHUSL.

Crnenyet, 0THaKO, IOMHUTH U APYTHE BO3MOKHBIC BApUAHTHI OTBETA!

“Hem, ecnu 06a HbIOMOHOBCKUX 00beKma Oau3Ku opye Opyey no macce My = Moy
npu J1000M pPAcCmMOSHUU MedHcOy HUMU, Kpome T — 00, K020a 00a YCKOpeHUs.
A1yco, Az2nco — 0, m.e. 83aumoodeticmsue npekpawaemces, 6cieocmaue ye2o 8 Kaiecmae
mecmuoti UCO moorcem 6vimo npunama xax CO4q, max u CO,”.

“Hem, ecnu maccbl HbIOMOHOBCKUX 0OBLEKMOE YOOBIEMBOPAIOM  YCI08UIO
Mmqy > Myy , HO HBIOMOHOBCKOE paccmosanue Ry npu 3adannoii mounocmu uzmepenuil,

onpeodensemoil Adycoq, AAycor, YOOBIEMBOPSAEM COOMHOUEHUIO!

Ru < ()% = ()"

Aaqcoq Aazcoq

[Ipn HamruMyu B HBIOTOHOBCKMX OKPECTHOCTAX Tenla | ¢ Maccod m,; HE OJHOrO
Tena 2, a MHOXKECTBA Tell [ — oo ¢ maccamu m; MectHass UCO moxeT ObITh HakaeHa
110 OTAEIBHOCTH JJIs Kakaou napel 1, 1.

Ecmu nipu stom Teno 1 mmeer maccy my > m;, to ero CO; ¢ yuetom Ry u
3aJIaHHOW TOYHOCTH MPUOIMKEHUS MOXKET OBITh MpUHsTa B KauecTBe MecTHOM MCO mis
Ka)KJI0W 3aIaHHOW TapHl.

I[Ipu »tom CO; saBmsercs coBmecTHOW mpubmmkeHHoi MCO cucmemol,

oOpazoBaHHOM [+ 1 HBIOTOHOBCKMMH B3aUMOJICUCTBYIOIIUMH OOBEKTaAMHU.
Cucrema KonepHuka

HNMeHHO Takoii citydail oOOHapy»KeH B MacIITade COTHEYHON CUCTEMBI, T1ie Teno 1 —
ConHue, 4T0 U 3a(UKCUPOBAHO B 2eIUOYEHMPUUECKOU CUCTEME OMUCAHUS JIBUKEHUIM
HEOECHBIX Tel.

OtkpeiTiie KonepHuka, 10 CMX MOpP BbIpAXKA€MOE B JIOTUUECKH MPOTUBOPEUUBOM
dopme:  “Ilnanemvr  obpawaromcs  eoxpye Coanya”  (MMOCKOJIBKY  JIBUKEHUE

omuocumenvHo U onpeaensercs BeioOpanHon CO), B cBeTe 3akOHOB Hpl0TOHA BBITIISIUT



tak: “ConHye A611emcsi HbIOMOHOBCKUM O0OBLEKMOM, Macca Mg KOMOpPO20 MHO20
bonvuie maccel m; obou naanemsi, nosmomy e2o CO4, ¢ uzgecmuou nozpeuHocmsio
npubnudiceHusi, moxcem Ovimvb npurama 6 kauecmee coemecmuou WCO Conneunoi
cucmemsl’.

JlelicTBUTENBHO, U1 1apbl Connue-Mepkypuid, myc = 1,99:1033r,
Moy = 3,310%°r, r=15,8102cm:

6,67°10"8x3,3-10%6

_ M 6,67'1078x1,99-1033
alI/ICO - (5,8'1012)2 2

= 0, 610_6 Cz y alI/ICO = (5,8'1012)2

=39,46 = .
C
Jis maper  Commme-3emust, rae mp, = 597810°r , r =1,49610" cM,

. _ . -6 CM _ CM‘
AQHAJIOTUYHBIC BBIYMCICHUS AT g, = 1,810 Z o Oouco = O,6c—2, U1l TIapbl

—5CM
-~ ]
c2

Conuue-IOmurep, rie m,,, = 1, 9103°r, r=7,783103cm: a;,, = 2,110

Ayco = 2, 19-10—22—“2“ , M T.IL.

JUis tpex yka3zaHHbIX map npuHsatHe CO; B KadecTBEe NPUOIMKEHHOM MECTHOU

0_5 CM

M CO compoBoxaaeTcst aOCOIIOTHON MOTPEIIHOCTBIO A g1 = Adycor < 371 =

[Ipu 5TOM OTHOCHTENBHASI MOTPEHIHOCTh &a; A JAHHOW Mapbl HHIOTOHOBCKHUX

a )
O00BEKTOB da; = (%)i COCTaBIISIET: Ui Tapsl Connue-Mepkypwuit:
2uco
0,6107° _3 -6
day = ~roas = 1,5107°, mna maper Comane-3emins  daz = 3'107°; misg mapsl

Connue-I0Omurep da;y = 1:1073 .

Opnako, kak Obl HU OblJJa MaJla HMCXOJHAs TIOTPEIIHOCTh MPHUOIUKEHUS,
COOTBETCTBYIOIIAsl €l HAKOTUICHHAsl MOTPENIHOCTh, HAMIPUMEp, MPH pacyeTe TEKYIIEero
MPOCTPAHCTBEHHOTO  TOJOXEHHUS ~ HBIOTOHOBCKUX  OOBEKTOB  OMpenessieTcs
JUTATENbHOCTHIO HAOIIOACHUS U Yepe3 OINpeIeTICHHBIN MPOMEKYTOK BPEMEHH IPEBBICUT
MOTPEIIHOCTh ONpeAeNeHUs] (PAKTUUIECKOrO TMOJOXKEHHS, YTO U OOHAPYKHUTCS B BHUJC
HECOOTBETCTBUS PaCYETHOMY IOJIOKEHHUIO.

[Tostomy uctunnas MCO Bce xe He sBusercs CO; m BCce IUIAaHETHI BOBCE HE
“oopawaromcs eokpye Connwya”, a BMECTE€ C HUM — BOKPYT 00wjeco yeHmpa macc

COJIHEYHOM CHCTEMBI, KaK pa3 u oopasyromiero uctuauywo MCO.
A KaK 3T0 M3J1araercsi B y4eOHMKaX Pu3nKku?

B pabote [1] BhIsIBICHA OMMOOYHOCTH TMOHUMAHMS TEPBOro 3akoHa HbIOTOHA
(3aKoHa MHEPIMH), ONPEICIIAIOLIETO MPAeKMOPU0 NHEPLUUOHHBIX IBUKEHUMN.

[TocmoTpum Temeph, kak (usuka monumaer MCO. IlpuBenem Bcero nuIib OJUH
MIPUMEDP, OTPAXKAIOLINMN 3TO NoOHMMaHue. [{urara:

“U3 onpedenenus MexaHuuecko2o0 OBUNCEHUS KAK NPOCMO20 HnepemelujeHus

Aaecmeyent, 4mo Ino nepemeweHue moaxncent I’lpOUC)COdMI’I’lb AU OMHOCUmMEIbHO

Kakux-1ubo opyaux mamepuanvhvix men. [loomomy ona moeo, umobOvl noayuumeo



B03MOJNCHOCIb XAPAKMEPU308AMb O0BUMCEHUE KAKO20-TUOO0 mend, npedicoe 8ce2o
cneoyem YCl08UMbCs, OMHOCUMENbHO KAKo2o Opy2o2co mena (uiu epynnul
HENOOBUNICHbIX Opye OMHOCUMENbHO Opyea men) Mbvl 0OyoemM Oomcuumvléamso
nepemewjeHue OaHHO20 mena. Imo meno (uiu spynna meun) oopazyem CUCHEM)
omcuema. Taxum o00pazom, Kadxcooe O0BUNCEHUE OOINCHO PACCMAMPUBANBCS
OMHOCUMENbHO KAKOU-TUO0 ONpedeNeHHOU cucmemsl omcyema. B pasnvix cayuasx
cucmema omcyema MOMCem blOUPAMbCA PATUYHBIM 00PA30M, HO ONpeodeleHHO
Xapaxkmepuzoeams OaHHOe OBUIICEHUe Mbl MONCEM, MOJbKO MEepoo 6blopas
cucmemy omcuema. Hanpumep, Opocus «kaxou-1ubo npeomem, Mbvl MONCEM
paccmampusams €20 08UdCEHUe OMHOCUMENbHO KOMHAMbL, 6 OJMOM Clyyde
cucmemy omcuema o0pazyiom CcmeHvl, NO1 U Opyeue yacmu KomMHamel. Mol
ModHceM, 0OHAKO, PACCMAMPUBAMb OBUNCEHUE MO20 dce meld U OMHOCUMENbHO
Connya unu Kakou-1ubo onpeoeneHHolu 36e30bl, MOAbKO Mbl O0JIHCHbL 8nepeo
MOYHO YCOBUMBCS, OMHOCUMENbHO 4e20 UMEHHO Mbl PACCMAmpudaem O08UNCeHUe

Hawezo npeomema” [ 2 ] (c. 17).

3nech  kimoueBas  (ppasza “nepemewienue  modncem  HPOUCXOOUMDL  JTUULD
OMHOCUMENIbHO KAKUX-TU00 Opy2ux MamepuaibHulX men”, a KII4YeBOE CIOBO
“lumn”. ITUM BCE CKa3aHoO.

Hpyrumu  cinoBamu, [IBUKEHUE OTHOCUTEIBHO  HEMAmMeEpuanvbHOU mo4Ku
npocmpancmea B TaKOM MHUPOBO33PEHUU Jaxe He mulcaumca. VI 510 ckazaHo uepes
3 Beka nociie Hetorona! YUto o3HavaeT Bce elie He COCTOSBIIEECS TOHMMAHUE CMbICIIA
HBIOTOHOBCKOTO TmepeBopota. He Tompko camum HpOTOHOM, HO OaXe W HAIIMMU
coBpeMeHHUKaMu. Ere nmurara:

“Ocmanasnusasco 0onee nodpobno Ha nepsom 3axone Hviomona, naoo

nocmasums  8ONPOC:  OMHOCUMENbHO KAKOU  cucmemvl omcuema  (Kakou

KOOPOUHAMHOU CUCEeMbl) YCIMAHABIUBAECMC MOM NOKOU UIU MO PABHOMEPHOE U

NPAMOSIUHENIHOE 08UdICEHUE, O KOMOPOM Udem pedb 8 nepeom 3axone Hviomona.

Cam Hbvromon noopasymesan, umo peub uoem o0 HEKOMOPOM abCOIOMHOM

ogudiceHuu 8  abconromnom  npocmpawcmee. Owu  nucan:  “Abconomuoe

NpOCMPAHCmMBo No 8cell c8oell CYWHOoCmU, 0e30MHOCUMENbHO K Yemy Obl mo HU

ObLIO BHEWHEMY, OCmaemcs 6ce20d 0OUHAKOBLIM U HENOOBUNCHBIM ... AbconromHoe

0BUDdICEHUE eCMmb nepemeljenue mena U3 00HO20 aOCONIOMHO20 €20 Mecma 8

opyeoe”. Takas mouxka 3peHus MmemagusuuyHa U He COOMBEemcmeyem

oelicmeumenvhocmu.  Ceolicmea  00bEKMUBHO — CYWECMBYIOWe20  PealbH020
npocmpancmea onpedensiomcs camou mamepueu. Illonosxcenue men u ux

08M9fC€H1/l€, Kak Mbl Yokce nodqepkueaﬂu, mozcym ObImb onpedeﬂeﬂbl JAUULD



OMHOCUMENLHO OPY2UX MAMEPUATIbHBIX MeJl;, N0 OMHOUEHUIO K PA3TUYHBIM Meam
O0O0HO U MO Jice MeJlo MOACEM O8USAMBCSL NO-PAZHOM).

Habniooenus nokasviearom, umo nepegwviti 3akon Hviomona cnpasediusd me no
OMHOWEHUIO K KaxcOou cucmeme omcuema. Paccmompum neckonvko npumepos.
Honooicum, umo cucmemou omcuema AGNAEMC NPAMOIUHEUHO U PABHOMEPHO
osudicywuticsi 6azon. Toeda, eciu omeneuvbcs om COMPSCEeHUll, Nepsvlil 3aKOH
Hbviomona evinonnsemcs: nokoswuecs omHoCUMeNbHO 6420HA meld He NPUX0Oam
8 08udiceHUe Oe3 8030eliCBUsl Ha HUX CO CIMOPOHbL Opyaux men u m.0. Ho cmoum
8A20HY HAYAMb 3A80PAYUBANL, MOPMO3UMb UIU YCKOPSAMb X00, KAK NOAGAMCS
AABHBLE HApYUEHUS nep8o2o 3akoHa Hvlomona: noxouswiuecss 00 mozo mena mo2ym
OMKJIOHUMbC UIU YNAcmb 0e3 GUOUMO20 B030€UCMBUsL HA HUX CO CHOPOHb
oKkpyxcarowux men. Bozvmem 6 kauecmee cucmemvl omcuema 3eMHOU wiap; 8
amom cayuae nepevill 3akoH Hblomoua 6vlnoaHsemcs 2opasz0o mouHee, 4eMm 8
cayuae  OBUNCYULe20Cs 8A20HA, 20e Oadce NpU PABHOMEPHOM — OBUNCEHUU
CKa3bleaemcsi MpAcKa, HO U 30eCb O00CMAMOYHO MOHKUe HAOM00eHUs HAO
HEeKOmMopuIMU npoyeccamu (Kauanue MasmHUuKo8, pacnpocmpanerue 6030YUIHbIX U
OKeaHCKUux meveHuti u m.o.) 8blAG/AI0M OMKIOHEHUs Om nepeo2o 3axona Hviomona
unu, gepree, om cieocmeuti u3 Heeo. Ho eciu moi évloepem 6 xauecmese cucmemvl
omcuema 2eiUoyeHmpuiecKyro cucmemy, Hauanio komopou nomewero Ha Connye,
a ocu Hanpaenewvl Ha onpeodeieHHvle 36e30bl, MO 8 MAKOM Clyiae Nepebvili 3aKOH
Hviomona evinonnsiemcs npakmuuecku enonne mouno. Cucmema omcuema, no
OMHOWEHUIO K KOMOpPOU GblNOJHeH nepevlii 3akoH Hviomona, mnocum
HazeéaHue unepyuanvuou cucmemwvl. Cam nepgvil 3akon Hviomona unozoa
Ha3vl6aemcst RPUHYUNOM UHEPUUU.

Kax ykazano, umnepyuanvhotl cucmemor npakmuyecku 6nOJHe MOYHO S81emcs
2eIUOYEeHMpUYecKkas cucmema, UHepyuaibHot byoem makodice U 8CAKAs cucmema,
OBUINCYUYASACS. OMHOCUMENbHO Hee PABHOMEPHO U NPAMOIUHEUHO.

Bceakas oice cucmema, umerowas OmHOCUMENbHO OOHOU U3 UHEPYUATLHBIX CUCTNEeM

YCKOpeHue, cama He OyOem unepyuanvHou~ (Tam xe, c. 45).

OtBnedyemMcsi OT BBIOPAHHOTO COMHHUTENIBHOIO MpUMEpPA HPAMOJIUHEHHO20
ogudiceHusa, o0OPa3yeMoro 06ymsa 6paujeHuAMU — OTHOCHUTEIILHO IICHTpa 3eMIId U
BMECTE C HEW — OTHOCUTENBHO ConHIA.

A TaxXe U OT TOr0, 4TO SABJISIETCS] OTPULIATEILHON YepTOil HAyKU: €llle HE BBISICHUB
TOJIKOM, YTO 3TO TaKoe, Cpa3y € HAaYMHATh BECTH pPEYb O Pa3HBIX €ro 6udax.
[MpumenurensHo k UCO — paccyxnate o apyrux MCO. Kak 6yaTo TOIbKO 0 HUX €IIe U

OCTaJIOCh 4YTO-TO TaM C€II€ BBIACHHUTD. OTUM HaMCPCHHO 3aTyMaHHUBACTCA BOIIPOC O



He3Hannu cmbiciia camoit UCO, Tto ecte UCO kak TakoBoii. XOTsa Obl OQHOM U3 HUX. UTO
Y Ha3bIBAETCS YXOJUTh OT BOIMpPOCA.

B paccmaTpuBaemom npumepe HHTEPECHO NpuHATHE BaroHa ¢ kavecmee VCO.

Ecnu Ob1 nemo mpoucxoamino B OTKPBITOM IIPOCTPAHCTBE, TO 3TO, BOOOIIE TOBOPS,
MorJio 0wl ObITH Aomyctumo. Eciu, Hampumep, macca Barona 10 T, a macca tena 1 xr u
o0a OHM TMpeACTaBICHbl TOUYCYHBIMH TEJAMHU, PACIOJIOKEHHBIMU Ha HEOOJBIIOM
pPacCTOSIHUM APYT OT Jipyra (a BOBCE HE MOMEIICHUEM MAJIOTO Tejla BHYTPU OOJIBIIOTO,
BO3MOYKHO, BOJIM3M €ro IeHTpa Macc). Tompko mumib B 3ToM ciaydae MCO ¢ m3BecTHOU
TOYHOCTBIO JIEUCTBUTENLHO MOXKET ObITh mipeactaniena CO Barona. Ho neno-to B ToMm,
YTO 3TO MPOMUCXOJUT BOBCE HE B OTKPBHITOM IPOCTPAHCTBE, & HA MOBEPXHOCTU 3EMIIH,
pPOJIb KOTOPOM MOJIHOCTBIO ymylieHa. OnHa ke TtakoBa, yTo MCO sBmgercas CO mMeHHO
3emnu. Kak pa3 moatoMy B OTCYTCTBHE TPEHUS BBIJICPTUBAHHE BaroHa M3-TOJ TeJia HE
m3MeHseT mnojoxkeHnue 3toro tena B HMCO. Uto u oOpasyeT mnepemelieHue Tena,
nokosierocs B MCO, 0THOCUTENBHO BaroHa.

Tak xe HeBepHOo mnpuHiaTHE CO Connuma B kauwectBe MCO. ConHile, KOHEYHO,
ropasjo MacCUBHEH 3eMJIM, HO M PACCTOSIHUE JO HEro HaCTOJIbKO MPEBBIIIACT 3€MHOM
pammyc, 9To co3maBaeMoe MM yckopeHue 0,6 cM/c’ MPeHeOPeKHMO B CPABHEHHH C
yckoperneM 980 cm/c?, co3naBaeMbIM 3eMIICHi.

3/1ech TPaBWIBHBIA OTBET MOXET ObITh TOJAbko oxuH. MCO B nmaHHOM ciydae
saBisieTcst Toabko CO 3emiu, uMenyeMon Takxke nrosiemeeBckoit CO.

O06a >TH HEBEPHBIX YTBEPKACHUSI OCTAIOTCS HE3aMEUEHHBIMH JIUIIL MOTOMY, UTO
HUKOMY WU B TOJIOBY HE MPHUXOJUT IOCMOTPETh HAa HUX IOBHUMATEIIbHEH, a He
BIIOJITJIA3a.

Bort uto enie B 3ToM TekcTe npuBiekaeT BHuMaHue. B kauectse MCO npunnmaercs
To 3emis, a BMeCTe C HeW, cralio ObITh, U cucmema Ilmonemes, Bpone ObI
onpoBepruyTtas Konepuukom, To CoJiHile U BMecTe ¢ HUM cucmema Koneprnuka. Ilpu
ATOM OCTAETCSl COBEPILICHHO HE SICHBIM, KaK M KOT/Ia COBEPIIAETCS MEpPeXoJi OT OJHOU
cucTeMbl K Apyrou. [TockonpKy moOequBIIMMU KOTIEPHUKAHIIAMHU CTPOTO TaOyHpPOBAHO
JaXe YIOMHMHAHUE O TOM, 4TO “‘OmpoBeprHyTas’ cuctema lIltonemas um 10 cux mop
BIIOJTHE ceOe mpuMeHseTcst B MaciTadbe 3emiu, nocturas naxe u 10 Jlyasl. [Iputom uro
u cama cuctema KornepHuka BepHa JUIIb JJIs IUIAHET COJIHEYHOM CHUCTEMBbI, & BOBCE HE
st 3Be3q, B3aumogenctByromux ¢ Comnuem. Mnum [amaktuku, rae CosHile camo
ABJISICTCSI TakoW ke “ruranetoi”. He roBopst yk 00 aTOMapHBIX WM BHYTPHATOMHBIX
NBIKEHUSX, B KOTOopbiXx moHsatue MCO u BoBce HesicHO. TyT gaxke mpuayMaHoO LENOe
“00BsICHEHHE™: B TAKOM MacllTade 3aKOHbI KJIACCUYECKON MEXaHUKHU YXKE MOUYEMY-TO He

NEUCTBYIOT. YTO MOMPOCTY O3HAYAET: cue NOKPbIMO MPAKOM MYMAHQ.



U B 3akioueHue

[Itonemeit u KomepHuk wumenw, B CYHUIHOCTH, 0OUHAKOBOE MUPOBO33PEHHUE,
CBOMCTBEHHOE cBOoeMy BpeMeHH. Ilpuuats nu 3emimo unu ke ConHIE B KadyecTBE
HernoABwxkHOU CO B 00IIEM-TO He cyujecmaeeHHO.

Ho naxe u cam HproToH, QakTruecku yupenuBiunid npuHuunuaisHo uHyro UCO,
TOX€E, KOHEYHO, HE TOHUMAJI PAJANKAIIBHOTO 3HaYEHHUs €€ OTKPbITUS. [[oHATHO ouemy.

[lepBbIil U3 €ro 3aKOHOB MPOCTO HesepeH, BTOPOU €CTh BCErO JIMILb OnpeoeneHue
(U3MYEeCKON BEJIMYMHBI CWIbI, @ TPETUW SBJISIETCS TAaBTOJOTHUEH, COOOUIAIOIEH, 4TO
CUa paBHAETCS caMOl ceOe. 3aKOH K€ BCEMUPHOIO TATOTEHUS CTOUT U BOBCE
OCOOHSIKOM, 0€3 TOHUMAaHUS €ro TeCHEUIIEH CBS3H C TPEMs JPYTUMHU.

N3 uX COBOKYIIHOCTH BBITEKaeT, 4TO ucmunnaa HCO e6oeéce He aenaemcs
HENOOBUIICHOU, a4 HA00Opom OeudICyweiica, npuyem yCKOPEHHO, OMHOCUMETbHO
Kai#c0020 u3 e3aumooeicmeyrouiux men!

B 5TOM u COCTOMT BEIMKOE MHPOBO33PEHUYECKOE OTKPBHITUE, TOHUMAHUE
KOTOPOTO 00 CUX nop euie He O0CMUSHYMO.

A “HenonBmkHbIE” 3eMHAs WK k€ conHeyHas CO — 3TO BCEro JMIIb YaCTHBIE
clydau “MpaBUIBLHOTO” COOTHOIIEHUS B3aUMO/ICMCTBYIOIINX Macc u
MPOCTPAHCTBEHHOT'O MaciTaba.

[ItonemeeBckas cucrema 00Opa3oBaHa YacThbIO MPOCTPAHCTBA, MPUMBIKAIOIIEH K
T000MY MaTepuaIbHOMY OOBEKTY.

Ona uMeeTcst Jake y TaIMIIECBCKUX OOBEKTOB, XOTS U BBIPOXKIAETCA B IJICHKY
HYJIEBOM TOJIIIWHBI, TOKPHIBAIOIIEN UX TOBEPXHOCTb.

VY HBIOTOHOBCKHMX OOBEKTOB ATO YK€ HE IJIEHKA, a OKpYXKarolas ux cepudeckas
yacTh npocTpaHcTBa. C NTOJIEMEEBCKUM paauycoM Ry , ONpenensieMblM Maccou
My HBIOTOHOBCKOTO 00BeKTa. PacmosiokeHHOTo B ee IIeHTpE.

B macmtabe Ry AelicTBHE HBIOTOHOBCKMX OOBEKTOB Ha TaJIUJICEBCKHE OOBEKTHI
npesbimaer aeiicteue Connua. IlosToMy 31ech MO-IpeXHEMY BEpHA CHCTEMA
[Tronemes. 1 B aToM MaciiTabe oHa HUKOTIa HE ObLJIa U HE MOXET OBITh OMPOBEPTHYTA
HHUKaknMu KonepHukamu.

N TOuHO TaKk ke B KONEPHUKOBCKOM Oo0jbIIOM MacmTabe Ry (Macmrabe
ConHeyHO! CHCTEMBI), TI€ COJHEYHOE BO3JEHCTBHE MPEBBIIIAET BO3JCHCTBHUE BCEX
MPOYMX HBIOTOHOBCKUX OOBEKTOB, C 3aJJaHHOM TOYHOCTHIO BepHa cucteMa KomepHuka.
U ee ToKE HE ONMPOBEPTHET U HE MOXKET ONMPOBEPTrHYTh HUKaKOM [ITonemen. Ho Tonbko
32 BBIYETOM JIOKQJIbHBIX YacTe€d MPOCTPAHCTBA, MPUMBIKAIOIMIUX K CaMUM

HBIOTOHOBCKUM OOBEKTaM. O6pa3y}01u14x MHOKCCTBO IITOJIEMCCBCKHX 30H.



Hpyrumu  cnoBamu, cucrema KomepHuka HE  ABISETCA  HENPEPHIBHOM.
OxBaThIBaEMOE €0 MPOCTPAHCTBO HAIIOMUHAET TOJOBKY ChIpa, COAEPKALIYIO
MHOXXECTBO IUIaHETapHBIX “JbIp” C IEHTpaMu, OOpPa30BaHHBIMU HBIOTOHOBCKUMHU
oObeKkTamMu. BHyTpeHHee MpOCTPaHCTBO KOTOPBIX OMMChIBaeTcs cuctemamu [Itonemes,
HE3aBUCUMBIMH MEX]Ty COOOI.

B 3TOM ¥ TOJBKO JIMIIB B 3TOM CMBICIIE MOYKHO TOBOPUTH O TOM, YTO CHUCTEMA
Konepuuka  neiictBuTenbHO — ompoBepria  cucremy  I[lromemes.  OmmbGouHO
AKCTPANOIUPYEMYIO B Upe3MepHO OoJbInoi /s Hee Maciutad COJHEYHOW CHCTEMBI.
BOau3u ke HbIOTOHOBCKUX 00BEKTOB cucteMa [ITonemes: HUCKOIBKO HE MOCTpajaia, u
MOXHO JaXe€ CKa3aTb, YTO B TOYHOCTH TakK e omposepraer cucremy KorepHuka.
Jo6aBumM, yto cucrema [ltonemes oOpa3oBaHa MHOXECTBOM JIOKAJIbHBIX ()PArMeHTOB,
MPUMBIKAIOIIMX K KaXJIOMY HBIOTOHOBCKOMY 00BEKTY. OOCTOATENbCTBO, BO3MOXKHO, U
BOBCE HE 3aME€YaeMO€ YYaCTHUKaMH (PU3NUYECKHUX CIIOPOB.

B oOmiem xe ciyuae we npasvl 06a, T.K. uctuaHass UCO He gBisieTcs HU 3eMHOM,
HU conHeyHoit CO.

IToaTomy uctopuueckuii cnop Iltomemes-KonepHruka octaercss He 3aBEpILIEHHBIM
10 BBISICHEHUS JUANa3OoHOB MacC M NPOCTPAHCTBEHHOTO MaciuTaba, B Ipeaenax
KOTOPBIX KaX1asi U3 OTUX CUCTEM C U3BECTHOM TOUYHOCTBIO SABJIACTCS CIIPABEIIINBOM.

OTO BBIACHEHHME CTAaBHUT, HAKOHEL, TOYKY B 3TOM HE B MEpYy 3aTSHYBLIEMCS U HE

BITIOJIHC aACKBATHOM HUCTOPHUYCCKOM CITIOPC.
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HUcropuueckne mnpodaembl ¢usuxku. Cuiia, macca, HHepUHAJBbHAsA CHCTEMAa
orcuera (Historical problems in physics. Force, mass, inertial frame of

reference)

ComcukoB Anekcanap Meanosuu (Aleksandr Ivanovich Somsikov)

AnHOTarus. BeisBieH ¢u3nueckuii CMBICT (JIOTHYECKOE COIEP’KaHUE) MCXOIHBIX
(I)I/IBI/I‘ICCKI/IX HOHATUU — CUjisvl, MdacCcyl, uHepl/ﬁ/lOHHOIZ cucmemslr omcuema.
[IpunoxxeH nepeBos ¢ pyCcCKOTO SA3bIKA HA aHTJIMHACKUN.

Abstract. The physical meaning (logical content) of the original physical concepts:
force, mass, inertial frame of reference are revealed. Attached is the translation of

the article from Russian into English.

Physical definition of force and mass

In physics, the meaning of each newly introduced quantity, except for the original
ones, is considered to be clarified when the equation in which this quantity is expressed
through the previously introduced ones is found, while the original quantities are not
deductible and must have verbal definitions.

For example, velocity is defined as the ratio of the distance travelled to the time
during which the distance was travelled (distance and time are original concepts that
cannot be further decomposed); acceleration is the ratio of the amount of change in
velocity to the time during which the change occurred; work is the product of the force
by the distance travelled; power is the ratio of the work to the amount of time during
which it took place, etc.

Not all quantities, however, have such a clearly defined physical meaning and
above all the two fundamental quantities of classical mechanics: force and mass.

The reason is that Newton introduced both these quantities simultaneously in one
equation of the second law of mechanics, so that one unknown quantity, force, was
defined through another unknown, mass, and vice versa.

The vicious circle can be broken by adding a second equation containing the same
unknowns, eliminating one of the unknowns and expressing the second unknown

through the known ones.



The missing equation was also given by Newton (the law of universal gravitation
for stationary and slowly moving bodies relative to the velocity of light), so the
complete system of the two equations is:

Fy = kimyay,

mim;

F =k,

2
where F; is the force acting on body 1,
m4, m, are masses of interacting bodies 1, 2,
r s the distance between the bodies,
k,, k, are coefficients determined by the system of units used.

In order to find out the physical meaning of the incoming quantities F and m, it is
necessary, as stated, to solve this system.

So, let the force causing the accelerated motion of body 1 with mass m, be the

gravitational force:

mim;

k1m1a1 - k2 2

After reducing by m,, we get: k,a, =k, %
Whence: m, = %alr2 = ka,r2.
2

Now assuming k = 1 (i.e. k; = k,), we arrive at the following definition of mass:
m, = a;r?.

The mass of body 2 is the product of the acceleration a, gained by another body 1
at a given distance r from it by the square of that distance r between the bodies.

The formula shows that both scalar and vector interpretation of mass is possible:
m, = a,r2.
The second law of mechanics is the definition of force (assuming k, = k, = 1):
F, = mya, = a;a,r?.

Force is the product of the accelerations a4, a, of the interacting bodies 1, 2 by the
square of the distance r between the bodies.

It follows from the definition that it is correct to say 'body force' instead of 'force
applied to a body', since a force is not an independent entity that can be applied, but only
the above-mentioned product.

The complete system of equations of Newtonian dynamics consists of 4 equations:

F, =myay,
F, = m,a,,

_mim,;
F, = ——,

r2



FZ == Fl'

and contains 4 unknowns: F,, F,, m;, m,.

The solution to this system is:

m; = a,r?,
m, = a;r?,

Fl == FZ == alazrz.

Note that the absence or modification of any of the above equations makes it
impossible to unambiguously determine the force and mass in the first case, since this
leaves three equations with 4 unknowns, while in the second case it amounts to a
complete change in the meaning of force F and mass m.

Therefore, if somewhere the equality F;, = F,, for instance, is replaced by the
equality F; = fF, (F, # F,), we should start here by saying that it is unknown what F

and m and that what is denoted by the former letter is a completely new concept.

Frame of reference

The frame of reference in which the accelerations a,, a, are measured is called an
inertial frame of reference (IFR).

The main property of the IFR is that the acceleration a, is independent of body 1
itself (constancy of mass m, of body 2 when the mass m, of body 1 changes); similarly,
the acceleration a, of body 2 is independent of body 2 itself (constancy of mass m, of
body 1 when the mass m, of body 2 changes).

This means that in IFR the acceleration increment Aa with a change of body 1 is
each time applied to body 2, respectively with a change of body 2 the acceleration
increment is considered to be applied to body 1.

In other words, as body 1 changes, the IFR acceleration relative to body 1 does not
change (IFR remains the same), similarly, as body 2 changes, the IFR acceleration
relative to body 2 does not change.

It follows that for any pair 1', 2' the IFR remains the same as for 1, 2.

Indeed, an arbitrary pair 1', 2' can be obtained from a given pair 1, 2 by
successively replacing first body 1 with body 1', with the IFR relative to body 1' moving
with the same acceleration a,, that is, it does not change, and the acceleration a; of
body 2 being measured relative to the same IFR; then body 2 with body 2', with the IFR
relative to body 2' moving with the same acceleration a;, (not changing), and the

acceleration a; of body 1' being measured relative to the same IFR.



As a result, the accelerations of bodies 1', 2' are measured with respect to the same
IFR as the accelerations of bodies 1, 2, to the accuracy of any other frame of reference
moving relative to the former without acceleration.

In IFR the acceleration of body 1 and its associated frame of reference FR; is equal
to a,, respectively the acceleration of body 2 and its frame of reference FR, is a,.

In FR4, the acceleration of IFR is equal to minus a,, and the acceleration of FR; is
(a4 + ay).

Let's add some body 3 to body 1.

This makes the acceleration of FR; in IFR equal to aj; = a, + Aa (a; does not
change from adding body 3).

In FR4, the acceleration of FR, becomes equal to (a, + a, + Aa).

Therefore, the increment Aa from adding body 3 to IFR and FR; is of the same
magnitude and can therefore be determined by measuring it in FR;.

But this increment in the IFR uniquely determines the mass of body 3!

Note that once the mass of at least one body (in this case, body 3) is found, the
masses of all the other bodies can be easily found, for which one has to place the bodies
under investigation successively at a given distance from body 3 and measure the
acceleration of the bodies relative to body 3.

We obtain: a = Aa + a;,

where a is acceleration of the i-th body relative to body 3,

a; is acceleration of the i-th body relative to IFR,

Aa is acceleration of body 3 relative to IFR.

Whence: a; = a — Aa, m; = a;r?,

where m; is the mass of the i-th body.

The above is an analysis of historically given material.

The correct order of construction of the phenomenological theory of dynamics is as
follows.

Beginning of the construction

Geometric comparison of bodies is carried out by comparing their dimensions; in
physics, bodies are compared by their motions, with the characteristics of motions
serving as characteristics of bodies.

It has been established by experiment that bodies that can move freely relative to
each other spontaneously come into motion (interact), and in the frame of reference
related to body 1 (FR;) body 2 acquires acceleration a,rr;, Which depends on body 1

(respectively, in FR, body 1 has acceleration a;gg,, Where a; gy, = aypry1)-



However, this acceleration cannot yet characterise body 1 primarily because it is an
ambiguous quantity and also depends on distance: a,pgr;~ riz

A quantity independent of distance is the product: a,rz;72. However, even this
quantity cannot yet characterise body 1 as it depends not only on body 1 but also on
body 2, in other words, the acceleration a,rz,; changes as body 2 changes:

Azrr1 = Gzrr1 E Aa.

We can make this acceleration independent of body 2 by moving to another frame
of reference (called the inertial frame of reference, IFR) moving accelerated relative to
FRy, i.e. body 1 itself with some acceleration a,;zx.

To find the IFR, means to determine a,;zg by knowing a,pg;.

Let body 1 together with its frame of reference FR; and body 2 be given.

In FRy, the acceleration of body 2 is a,pg;-

In the desired IFR, the accelerations of bodies 1, 2 are: a,;rg, a2jrr-

Thus: ay;pr + Azipr = A2pR1-

Let's attach some body 3 to body 1.

In the desired IFR, the joint acceleration of bodies (1 + 3) is independent of body 1
and is still aq;pg.

The accelerations of body 2 are now equal to a;;zx in IFR and a g, in FRy.

Thus: ayjpr + a3ipr = A2FR1-

Suppose: ajyrr; = Aupr1 + Aa.

We have: a,;pg + a3 pp = Qapr1 + Aa = aqpg + aypg + Aa, i.e. the changes in
the accelerations of body 2 in FR; and IFR are the same, equal to Aa and can be found
by measurements in FR;.

Let us now remove body 1.

In the desired IFR, the acceleration of the remaining body 3 will not change and is
still a; ;.

The accelerations of body 2 are now equal to a3,z in IFR and a3z, in FRy.

Thus: aypr + azirr = Azpg1-

Both accelerations a;,zr, a;rry Will change compared to aj;rr, asrr, by the same
amount equal to a,;pg :

Azirr = Aaipr — Aipr = Agppr + A4 — appp = Aa,

Azrr1 = AFR1 — Q2R = Gopp1 + A4 — Agpp = aqpr + A

Knowing a; g, and Aa, we now find a,zx :

Airr = Azpr1 — A

Knowing a;;rgr, We find a,;pg:

Azirr = Q2FR1 — Q1IFR-



For a given r, the acceleration a,;rz IS no longer dependent on body 2, but only on
body 1.

In turn, the product a,;zz7? is no longer dependent on body 2 or distance r and can
therefore serve as an unambiguous characteristic of body 1.

This characteristic is called mass:
_ 2
my = AzprT".

The choice of the IFR, not related to any of the interacting bodies, moving
accelerated relative to each of the bodies and, moreover, with different accelerations, is
explained by the fact that it achieves the uniqueness of the characteristics of each of

these interacting bodies.
Coefficients

The initial formulas for constructing Newton's systems of dynamical units are as
follows:
Fiy = kymqay,

mim;

F1=k2

rz =’
In the system of units proposed by W. Thomson, both coefficients k,, k, are taken

equal to one:

mqtMmat

Fir = myray, Fir = NCR

and the standard of mass turns out to be quite definite ~ 15 t, with length unit cm
and time unit s).

Let us show how coefficients appear in Newton's formulas in the case when the
standard of mass is chosen arbitrarily.

Suppose, for instance, that the new standard of mass is y of Thomson standards (y

has an arbitrary, numerical value not equal to 1).

Then: my = ?

In a ‘dynamic’ type unit system, k; = 1:

— _ Myt _ FAr . _
FlH = mgaq = _)/ a, = 7, l.e. FlT = yFlH'

- . __ MmytMmpyt _ _ _
Since: Fir = SCR Fir = yFiy and myp = ymyy, myr = ymyy,
we get: yFiy = y—mlil’mm or Fiy = y—m“;TZH, otkyna k, = y.

In a ‘gravitational’ type unit system, k, = 1:

Newton's second law F;t = myra; in the new system of units:



1 1
yzFlH =ymgaq or FlH = ;mlHal, WhenCe kl = ;

In the particular case where the coefficient y is exactly equal to the gravitational
constant, we obtain a proper gravitational or dynamical system of units.

If the new standard of mass, measured in fractions of a Thomson’s standard of
mass, retains the same dimension [cm®/s”], then the coefficient y is a number indicating
how many times the new standard is greater or less than the Thomson’s standard.

If the new standard is given a new name (for example, gram), then the coefficient y

acquires dimension:

cm3

[ ]_ [m.] _[5_2]

C[mal [g]

So, gravitational and dynamic constants appear as a consequence of arbitrariness of
the choice of the standard of mass at construction of systems of units and have no own

physical sense.
Case of high velocities

If we assume the existence of a limit relative velocity IV of moving interacting
bodies, at approaching which their accelerations a tend to zero according to the

formulas:

where a, is the acceleration at relative velocities V much smaller than the speed of

light C (V « C), then the interaction force is:

F=F|1-Lie F>0ifv>c.
Cc

Generally speaking, a — 0 can mean either F — 0 by the formula F = F, [1 ——=

mo

vz’
Ji ez

Mathematically, both are equivalent.

. F
or m — oo by the formulam = since a = —.

However, physically m — oo is impossible, since it means ar? — oo, i.e. a > ©
and V' — oo, which is excluded sincea - 0 if V — C.
Hence, we say that a = 0 means exactly F — 0.

Furthermore, since m = ar?, a — 0 also means m — 0:

V2
m=m, 1—;.

As we approach the limit velocity C, the mass of each of the interacting bodies

tends to zero.



The mass of the same body is zero for bodies that have reached the limit relative
velocity C and is not zero for bodies that have not reached the limit relative velocity, in

other words the value of mass is a relative quantity.

Definition of charge

qd192
r2’

By definition in the physical (Thomson's) system of units: F = a,a,r?, where

Coulomb's law: F = where q,, q, are ‘charges’ of bodies.

a,, a, are accelerations acquired by interacting bodies (in IFR).

Whence: a;a,r? = q;zz or a;a,rr? = kq,q,.

Assuming now k = 1, we obtain:
q, = a,r?.
qz = air?,
In other words, the concept of ‘charge’ is identical to the concept of mass.
Accordingly: F = aja,r? = a,;q; = a,q,, that is Newton's second law of

electrostatics.

By definition, the electrostatic field strength E = qi = a, is the acceleration gained
2

by a test body.

Vector interpretation of the charge: g, = a,r?.
Potentiality of the field

If the test body moves in the direction of the field with a limit relative velocity C,
then its force F — 0 and hence the work A — 0.

If the same distance in the opposite direction travels with a relative velocity smaller
than the limit velocity, then F # 0, hence the work A has a finite value.

The total work along the closed path turns out not to be equal to zero.

That is, the potentiality of the field, established by the sign of equality of work
when moving a test body along a closed path to zero, is violated in the general case

involving the limit relative velocity C of the displacements.
Transition from IFR to FR;
Let us now move body 2 from FR, to FRy, joining it stationary to body 1.
In IFR before the transfer of body 2: m; > 0, m, > 0, a;;zr > 0, |ay;rr| > 0.
In FR; before the transfer of body 2: a;pr; = 0, ayrr1 = Aqirr + A2srr-
In IFR after the transfer of body 2:
my > my +my, my = 0, aypg = 0, Agpg = Aygpr + A2irr-

Whereby aj;rr = 0 means: IFR — FR;.



In FR; after the transfer of body 2:

aipr1 = A1pp1 = 0,
Azrr1 =7

Since IFR — FRy, aypgr = A3pgq, hENCE

Azrr1 = Az1FR = A1rFR T A21FR-

Therefore, transition from IFR to FR' is equivalent to transfer to this FR; of body 2
accompanied by summation of masses m; + m, = m; and also transfer to FR; of IFR
itself.

Conversely, the transition from FR; to IFR is equivalent to the separation of some
body 2 with mass m, = m; — m, from body 1 in FR;.

After the transfer of body 2 to FRy, the joint mass of the bodies in FR:

My = Ay ppT? = Agppi?>.

For a body in FRy, the mass m, of body 1 can be found by measurements in FR;,
while using an infinitesimal (non—perturbing) mass m, (test body) in the measurement

process of body 2.
Interaction of bodies with significantly different masses

In the special case of interaction, the mass of body 2 may be much smaller than the
mass of body 1: m, « my, which means: a,;pp7? < ay;pr7? OF Ay;pr K Azirp-

Let us perform a transition from IFR to FR; for this case.

In IFR before the transition to FR; (transfer of body 2 to FR,):

my >0, my >0, app > 0, [agpr| > 0, my Kmy, ayypp K Azypg-

In FR]_ before the tranSfeI‘ Of bOdy 2 alFRl == 0, aZFRl = alIFR + aZIFR.
Due to the smallness of a,;rr With respect to a,;zg, We have:
airr1 = 0, Qzpr1 = Az prR-

In IFR, after the transition to FRy, corresponding to the transfer to FR; of body 2
with mass m, : m; =my +m,, m, =0, aypr = 0, Ay;pr = Aq1pr + Aoypg-

Due to the smallness of m, with respect to m; and a,;zz With respect to a,;zg, we
have: my = my, m; = 0, aypg = 0, agppg = Azirg-

In FR; after the transfer of body 2 into it:

A1pr1 = Qipr1 = 0, opp1 = Ao1pr = AzipR,

I.e. the addition of body 2 of small mass m, to body 1 of large mass m, does not change
the mass of body 1 or the acceleration a;rr,; gained by the infinitesimal body relative to
FR;.



Galileo's experiment

This is the case found in Galileo's experiment, which ‘disproved’ Aristotle's thesis
about the inequality of accelerations of bodies with different masses.

The experiment performed in FRy, where body 1 is the Earth (an object with a very
large mass m,) and body 2 is any object with a small mass m,, showed that, within the
accuracy of measurements, the acceleration of body 2 is independent of the mass m,.

In fact, at m,; > m,, the addition of mass m, to mass m,, setting the transition
from IFR to FRy, due to the smallness of m, practically does not change m,, i.e. the
acceleration a;;zg, acquired by a Galilean test body of negligibly small mass m, relative
to a body of large mass m, is really independent of m,.

So, Galileo's result refers to the special case of the interaction of bodies with
essentially unequal masses.

It establishes in fact a way of defining FR; as the local IFR with respect to some,
quite certain for a given FR; and a given accuracy of measurement, Galilean objects
using those objects.

His conclusion is as follows:

‘This experiment establishes that a given body (Earth) is an object of sufficiently
large mass m; for the given Galilean objects that its FR; for the given Galilean objects
and for a given measurement accuracy can be accepted as a local IFR.’

He would have a different result for body 1 with a small mass m, or body 2 with a
large mass m, to state in turn:

‘The experiment establishes that a given FR; for a given pair of objects, with an
accuracy determined by the accuracy of measurement, cannot be considered a local
IFR’ or else:

‘These objects with respect to IFR=FR1 with an accuracy determined by the
accuracy of measurements cannot be considered as Galilean objects having
infinitesimal mass m, with respect to m,.’

If now one chooses as body 1 a body of negligibly small mass m; « m,, then
when measured in such FR; a Galilean object of mass m, = 2m, indeed has 2 times the
acceleration ayppy = 2a,pg, in full accordance with the ‘disproved’ Aristotle statement.

So, Aristotle's proposition refers to another special case of the inverse ratio of
masses m; << m, in FR; measurements.

In fact, Aristotle's result is realised in Galileo's experiment in the transition from
FR1 to FR2, forming a kind of inversion of the point of view.

Thus, both Aristotle's (acceleration of the body is proportional to the body mass)

and Galileo's (acceleration of the body is independent of the body mass) statements



really refer to the same special case of interaction of bodies 1, 2 with essentially unequal
masses.

However, for m, > m, Galileo's result is realized in FR; and Aristotle's result in
FR,.

Both ‘mutually exclusive’ statements turn out to be true, refer to the same special
case of interaction and are confirmed by the same experiment, but only in different FR.

In the general case, however, Newton's statement is true: ‘The acceleration of

object 2 in IFR for a given pair 1, 2 is independent of its mass m,.’
Newton's case

Now let both bodies 1 and 2 have non-Galilean large masses.
Let us call them Newtonian objects 1y, 2y :

My = kyMar, Moy = koyMyr
Where k{, k, — oo.
Let still m,y > m,y,ar — oo,
Then since myy > myy, itistrue: aypr K ayypg.

Given aypr = % Ayipr = % and r - oo, at some r > R both accelerations

a7k = 0, aypr — 0, all the while remaining aq;rr < ay pg-

In some order of smallness determined by a given measurement accuracy, both
accelerations reach values taken as zero, with a,;zz reaching this value much earlier
than a,;pr : a1rr = 0, agpg > 0,7 = 00, v > R.

Since in this case a,;zr = 0, the IFR thus coincides with FR; again. In other words,
at interaction of bodies with Newtonian masses m,y, m,y, Starting from some minimal
r > R (let us call it minimal Newtonian distance Ry ), IFR again, as in the case of
Galilean object m,, is reduced to FR;.

So, during the interaction of Newtonian and Galilean objects my, my:

my >0, mp >0, my = kmp, k > oo, [FR = FRy,atany r > 0.

In the interaction of two Newtonian objects m,y, m,y With essentially unequal
masses myy > myy :
myy > 0, myy > 0, myy > Myy, a1rr = 0, aypr > 0, IFR = FR{, 7 > Ry,

i.e. IFR = FR; not at any, but only starting from some Newtonian distance Ry
determined by a given accuracy of calculations.

Let us now define Ry as a function of a given mass ratio m;y, m,y and a given

accuracy of calculations.

Let myy > myy, (=2 > 1).

mzy

In IFR, the accelerations of bodies 1, 2 are:



A1pr1 = Qupr — Qugrr = 0, Gapp1 = Aoppr + Qyypr-

It can be seen that a,pg; and a,pg, differ from a,;zz and a,;zz only by the value
of ay;pg, 1.6. FRy differs from IFR within +a,;p5.

If NnOW ay;pr K aypg (In vView of myy > m,y), it can be neglected with a certain
accuracy of calculation, i.e. accept:

airr1 = 0, Q2pr1 = QaipR-

Thus: Aa;rry = Aaypr1 = Qq1rr, Where Aaqppq, Aa,pgi IS approximation error,
introduced by replacement of true IFR by approximation IFR = FR;.

Since ay;pr = ~2, We have: Ad;pgy = Adgppy = 2.

Whence the minimum Newtonian distance Ry corresponding to the permissible
maximum approximation error Aa,pr; = Aaypr; = Aqypg IS:

R, > (—22 )05 — (M2 _y0,5 — ™2 105
H= (AalFRl) (AaZFRl) (allFR)

For example, in Newtonian system 1, 2, where body 1 is Earth, m; = 5,978:10%7g,
body 2 is Moon, m, = 7,3510%°g, r = 3,84'10%cm, we have:

m, _ 6,671078x 7,351025

10-3 &
a =—== = 3,32:107° —-
UFR ™ p2 (3,84:1010)2 ’ 52’
_m; _ 6,671078x5,97810%7 0275
Qa1rR =72 = (3,84-1010)2 - el

Let us now take FR; as an approximation of the IFR.
We get alFRl == O, aZFRl == aZIFR == 0,272_7:1

The approximation error is:

— — ) —-3Cm
Aaypry = Adypr1 = aqppr < 3,32°10 —
For a given approximation error, e.g.,

— — —2¢cm .
AalFRl —_ AaZFRl —_ 10 5_2’ we ha.ve

7,351025%6,67-10~8
102

Ry = ( )05 =2,2:101%m.

Since the real r = 3,84-101%m satisfies the given approximation error, accepting
FR; as the approximate IFR in this case is acceptable.

At smaller admissible value of approximation error, e.g, Aa,pr1s = Adypr; =

10732

52’

minimal Newtonian distance for given pair of 1, 2 Newtonian objects is

already Ry = 7:101%m, which is not ensured in real pair, i.e. in this case taking FR; as
approximate IFR is not admissible.

The Newtonian question, usually expressed roughly as follows:

‘Is the force acting at a distance from the Moon of the same kind of force as on the
surface of the Earth?’

or, in a slightly refined formulation:



‘Is the force acting on a Newtonian ‘large’ object at a distance to the Moon a force
of the same kind as that acting on a Galilean ‘small’ object at any distance,

generally speaking, including the distance to the Moon?’,

in the form most appropriate to the essence of Newton's search, may also look as

follows:

‘Is the IFR of two Newtonian ‘large’ objects at Newtonian 'large’ distances from
each other the same as the IFR of a Newtonian and a Galilean object, for which

IFR = C at any (Galilean or Newtonian) distance, where 1 is a Newtonian object?’
The answer is:

‘Yes, if the mass of one Newtonian object is much larger than the mass of the other

m,; > m, and the Newtonian distance Ry satisfies the relation:

mz 05 _ mz2 ~0,5
> ) = — )
Ry = (AalFRl) (AaZFRl) ’

I.e. is large enough so that, within the accuracy of calculations determined by

tolerable errors Aa,ggy, Aa,rry, ONE can take a;rg = 0 and IFR = FR,.’

With the aforementioned precision, this is the case in the Newtonian vicinity of the
Earth, which allowed Newton to understand the fact that the interaction of bodies
extends over Newtonian distances.

Other possible answers, however, should be kept in mind:

‘No if both Newtonian objects are close to each other in mass m,y ~ m,y at any
distance between them except r — oo, when both accelerations a,;z, a,;7r = 0, i.€. the
interaction ceases, due to which both FR; and FR, can be taken as local IFR.’

‘No, if the masses of Newtonian objects satisfy the condition m,y > m,y but the
Newtonian distance Ry at a given accuracy of measurement determined by

Aa,pr1, Aa,pgrq Satisfies the ratio:

Ru < (5 )% = (. )%

Aairr1 AayrRr1

If there is not a single body 2 in the Newtonian vicinity of body 1 with mass m,,
but a set of bodies i — oo with masses m;, the local IFR can be found separately for each
pair 1,i.

If body 1 has mass m,; > m,, then its FRy, given R;y and a given approximation
accuracy, can be taken as the local IFR for each given pair.

In this case, FR; is a joint approximation of the IFR system formed by i + 1
Newtonian interacting objects.



Copernican system

This is the case found on the scale of the solar system, where body 1 is the Sun,
which is recorded in the heliocentric system of describing the motions of celestial
bodies.

Copernicus' discovery, hitherto expressed in a logically contradictory form ‘The
planets revolve around the Sun’ (since the motion is relative and determined by the
chosen FR), in the light of Newton's laws looks like this: ‘The Sun is a Newtonian object
whose mass m is much larger than the mass m; of any planet, so its FR;, with a known
approximation error, can be taken as the joint IFR of the solar system.’

Indeed, for the Sun-Mercury pair, m;. = 1,991033g, m,, = 3,3:10%° g,
r=25,810%cm:

6,67'1078x3,3:10%6 6 cm 6,67'1078x1,99-1033 cm
alIFR - (5,8'1012)2 O 6 10 2, alIFR —_— (5,8'1012)2 _— 39,46 5_2

For the Sun-Earth pair, where m,, = 5,97810%*7g, r = 1,49610'% cm, similar

calculations give: a;;;r = 1,8107 ==, a,;pr = 0, 6 ; for the Sun-Jupiter pair, where

5cm
2!

Zcm

=1,910%r, r=7,783 1013cm ayrr = 2,110" aypr = 2,19:10™

etc.

For these three pairs, the adoption of FR; as an approximation of the local IFR is

accompanied by an absolute error Aa;rr; = Adypp; < 3107° Cc—rzn

The relative error da; for a given pair of Newtonian objects da; = al““’)l
A2uco
day = 0'36:;)5_ =1,51078 for the Sun-Mercury pair; §az = 3-107° for the Sun-Earth

pair; 8a;, = 1:1073 for the Sun-Jupiter pair.

However, however small the initial error of approximation may be, the
corresponding accumulated error, for example, when calculating the current spatial
position of Newtonian objects, is determined by the duration of observation and after a
certain interval of time will exceed the error of actual position determination, which will
appear as a mismatch with the calculated position.

Therefore, the true IFR is not FR1 and all planets do not ‘orbit around the Sun’ at
all, but together with it around the common centre of mass of the solar system, which is

precisely what forms the true IFR.
And how is it stated in physics textbooks?

In [1], a misunderstanding of Newton's first law (law of inertia) defining the
trajectory of inertial motions is revealed.
Let us now see how physics understands IFR. Here is just one example that reflects

this understanding. Quote:



‘From the definition of mechanical motion as simple motion it is clear that this
motion can only occur in relation to some other material bodies. Therefore, in
order to be able to characterise the motion of a body, we must first agree on which
other body (or group of bodies stationary relative to each other) we are going to
count the motion of this body. This body (or group of bodies) forms a frame of
reference. Every motion must therefore be considered in relation to a specific
frame of reference. The frame may be chosen in different ways in different cases,
but we can only definitively characterise a given motion by firmly choosing a frame
of reference. For example, by throwing an object, we may consider it moving about
a room, in which case the walls, the floor and other parts of the room will form a
frame of reference. We may, however, consider the motion of the same body with
respect to the Sun or any particular star, only we must first precisely stipulate in

relation to what exactly we consider the motion of our object’ [2] (p. 17).

The key phrase here is ‘motion can only occur in relation to some other material
bodies’, and the key word is ‘only’. That says it all.

In other words, motion relative to an immaterial point in space is not even
conceivable in this worldview. And this is said three centuries after Newton! Which
means a still incomplete understanding of the meaning of the Newtonian upheaval, not
only by Newton, but even by our contemporaries. Another quote:

‘Stopping in more detail on Newton's first law, it is necessary to put a question:
relative to which frame of reference (which coordinate system) there is that rest or
that uniform and linear motion, which is referred to in Newton's first law. Newton
meant that we are talking about some absolute motion in absolute space. He wrote:
“Absolute space, in its own nature, without relation to anything external, remains
always similar and immovable... Absolute motion is the translation of a body from
one absolute place into another.” This point of view is metaphysical and does not
correspond to reality. The properties of objectively existing real space are
determined by matter. The position of bodies and their motion, as we have already
emphasised, can only be determined in relation to other material bodies; the same
body can move differently in relation to different bodies.

Observations show that Newton's first law is not true for every frame of reference.

Consider a few examples. Let us assume that the frame of reference is a wagon

moving linearly and uniformly. Then, apart from the shaking, Newton's first law of

motion is satisfied: bodies at rest relative to the wagon do not move without being
affected by other bodies, etc. But as soon as the wagon begins to turn, slow down
or speed up, a clear violation of Newton's first law will appear: the resting bodies

can deviate or fall without any visible influence on them by the surrounding bodies.



Let's take a globe as a frame of reference; in this case Newton's first law is
executed much more precisely than in the case of a moving wagon, where even the
uniform motion is affected by shaking, but even here quite delicate observations of
some processes (swinging of pendulums, spread of air and ocean currents, etc.)
reveal deviations from Newton's first law or, rather, from its consequences. But if
we choose a heliocentric system as the frame of reference, the origin of which is
placed on the sun and the axes pointing towards certain stars, then Newton's first
law of motion is fulfilled almost exactly. The frame of reference in relation to which
Newton's first law is satisfied is called the inertial system. Newton's first law is
sometimes called the principle of inertia.

As indicated, the heliocentric system is almost certainly an inertial system; any
system moving uniformly and linearly relative to it will also be inertial.

Any system having acceleration relative to one of the inertial systems will not itself
be inertial’ (ibid, p. 45).

Let us take away the dubious example of linear motion formed by two rotations:
relative to the centre of the Earth and together with it, relative to the Sun.

And also from that what is a negative feature of a science: not having found out at
once what it is, to speak at once about its various kinds. In relation to IFR, to talk about
other IFR. As if only there is still something left to find out about them. This
deliberately obfuscates the question of ignorance of the meaning of IFR, i.e. IFR itself.
At least one of them. Which is what is called avoiding the question.

In the example in question, it is interesting to take the wagon as the IFR.

If the case were in open space, this could, generally speaking, be acceptable. If, for
example, a wagon has a mass of 10 t and a body has a mass of 1 kg and they are both
represented by point bodies located at a small distance from each other (rather than by
placing a small body inside a large one, perhaps near its centre of mass). It is only in this
case that the IFR can really be represented by the FR of the wagon with a certain
accuracy. But the point is that it happens not in open space at all, but on the surface of
the Earth, the role of which is completely missed. It is that the IFR is the FR of the
Earth. Just for this reason, in the absence of friction, pulling a wagon out from under a
body does not change the position of this body in the IFR. Which forms the
displacement of the body resting in the IFR relative to the wagon.

It is also incorrect to take the Sun's FR as the IFR. The Sun is of course much more
massive than the Earth, but its distance is so much greater than the Earth's radius that the
0.6 cm/s® acceleration it creates is negligible compared to the 980 cm/s® acceleration
created by the Earth.



There can only be one correct answer here. The IFR in this case is only the FR of
the Earth, also called the Ptolemaic FR.

Both of these incorrect statements go unnoticed only because it never occurs to
anyone to look at them more closely, rather than with half an eye open.

Here is what else in this text attracts attention. The Earth, and consequently the
system of Ptolemy, seemingly refuted by Copernicus, and then the Sun and the system of
Copernicus are accepted as IFR. Meanwhile, it remains completely unclear how and
when the transition from one system to the other takes place, because the victorious
Copernicans strictly taboo even mentioning that the ‘disproved’ system of Ptolemy is
still quite applicable on the scale of the Earth, reaching even to the Moon. While the
Copernican system is only true for planets in the solar system, not for stars interacting
with the Sun, or the Galaxy, where the Sun itself is the same "planet”. Not to mention
atomic or intra-atomic motions, where the concept of IFR is not clear. There is even a
whole "explanation™ invented: the laws of classical mechanics do not work anymore on

such a scale for some reason, which simply means: this is shrouded in mystery.
Conclusion

Ptolemy and Copernicus had essentially the same worldview, characteristic of their
time. Whether one accepts the Earth or the Sun as a fixed FR is generally not important.

But also Newton, who actually established a fundamentally different IFR, certainly
did not understand the radical significance of its discovery. It is clear why.

The first of his laws is simply wrong, the second is only a definition of the physical
value of the force, and the third is a tautology, informing that the force is equal to itself.
The law of universal gravitation stands apart without understanding its close connection
with three others.

It follows from their totality that the true IFR is not stationary but, on the
contrary, is moving and accelerating, relative to each of the interacting bodies!

This is the great worldview discovery, the understanding of which has not yet been
achieved.

And the ‘stationary’ earth or solar FR are only special cases of the ‘correct’ relation
of the interacting masses and the spatial scale.

The Ptolemaic system is formed by the part of space adjacent to any material
object.

Even Galilean objects have it, although it degenerates into a film of zero thickness

covering their surface.



For Newtonian objects, it is no longer a film but a spherical part of space
surrounding them with a Ptolemaic radius Ry determined by the mass my of the
Newtonian object located in its centre.

On the scale Ry, the action of Newtonian objects on Galilean objects exceeds that
of the Sun, so the Ptolemaic system is still true here. And on this scale, it has never been
and cannot be refuted by any Copernicus.

And similarly, on the Copernican large scale Ry (the scale of the solar system),
where the solar action exceeds the action of all other Newtonian objects, the Copernican
system is faithful with a given accuracy. And it too will not and cannot be refuted by any
Ptolemy. But only after deduction of local parts of space, adjacent to the Newtonian
objects, forming a set of Ptolemaic zones.

In other words, the Copernican system is not continuous. The space it encompasses
resembles a cheese head containing a multitude of planetary ‘holes’ with centres formed
by Newtonian objects, the inner space of which is described by Ptolemaic systems
independent of each other.

In this and only in this sense we can say that the Copernican system really
disproved the Ptolemaic system, erroneously extrapolated to the excessive scale of the
solar system. In the vicinity of the Newtonian objects, however, the Ptolemaic system
has not suffered, and one can even say that it disproves the Copernican system in exactly
the same way. Let us add that the Ptolemaic system is formed by many local fragments
adjacent to each Newtonian object. A circumstance, perhaps, not noticed at all by the
participants of the physical disputes.

In the general case, however, both are wrong, since the true IFR is neither Earth
nor solar FR.

Therefore, the historical Ptolemy-Copernicus dispute remains incomplete until the
ranges of masses and spatial scales, within which each of these systems is fair with a
certain accuracy, are clarified.

This elucidation finally puts an end to this inordinately protracted and inadequate

historical dispute.
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