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AHHOTAIUA:

B crathe mpencraBieH Halll HOBATOPCKUM METOJ BbIBOJA MHOTOYHMCIICHHBIX JUHAMUK
B CnernanbHoilt Teopun OTHOCUTENBEHOCTH. DTOT METO/I MO3BOJISET BHIBOAUTH OECKOHEUHO MHOTO
JUHAMUK B PENATUBUCTCKON MexaHuKe. Mbl Moka3zaiu MATh MPUMEPOB TAaKUX BBIBOJOB. Takum
o0pa3zoM, MbI JIOKa3ajiM, 4TO JUHAMHUKA, U3BECTHAs CEroJlHA Kak nuHamuka CrenuanpHou Teopun
OTHOCHTENIBHOCTH, SIBISETCI TOJIBKO OJHOH M3 OCCKOHEYHO MHOTHMX BO3MOJKHBIX. Takike HeT
HUKAaKUX OCHOBAaHWH, HU MO SKCHEPUMEHTAIBHBIM, HH TI0 TEOPETHUYECCKUM MPHUYMHAM, UYTOOBI
CUMTATh ATy, NEUCTBYIONIYIO PEISATUBUCTCKYIO JMHAMHUKY, UCKIIOUUTENbHOU. B cB3uM ¢ 3TUM
pereHue, Kakas W3 BO3MOXKHBIX JTHHAMHUK PEISTUBUCTCKOM MEXaHUKH SIBJSICTCS TMPaBHIIBHOMU,
ocTaéTcsi OTKPBITOM MPOOIEMOI (PU3UKH.

1. BBegenue

Kunemaruka 3aHMMaeTcsi ABM)KEHHEM Tel 0e3 yuéra ux (pu3ndeckux cBoWcTB. OCHOBHBIC
MOHATHS KWHEMAaTUKH: BpeMs, II0JI0KEHHUE, MpeoOpa3zoBaHe, CKOPOCTh U YCKOPEHHUE.

I[I/IHaMI/IKa 3aHUMACTCA ABUMXKCHUCM MATCPUAJIBHBIX TCJI IIPU B03,Z[€I>'ICTBHI/I cuil. I’ maBHBIE
MOHATHS TUHAMUKU: HHEPLIMOHHAS Macca, CHJ1a, UMITYJIbC U KUHETUYECKasi YHEPrHsl.

Kunemaruka u ANHAMHKaA COCTAaBJIAAIOT MCXAaHHUKY. B cTaTtbe MBI OCBCIHIACM PCIIATUBHUCTCKYIO
MEXaHuKy, T. €. CrnennanbHyto Teoputo OTHOCUTENBHOCTH, KOTOPAasi, B OTJIIMYHUE OT KJIACCUYECKOU
MCXaHHKHU, 3aHUMACTCS TaKXKC U 6OJII>H_II/IMI/I CKOPOCTAMU.

B HacTosimee BpeMs HM3BECTHAa TOJBKO oOJHa JuHamuka ChoenuanbHoit Teopun
OtHocutrensHOCTH. B cTaThe npeaAcTaBJICH aBTOpCKI/II\/'I METOA BbIBOJAa MHOT'OYHCICHHBIX AWHAMUK
UIs 3TOM Teopuu. PenaTuBHCTCKas IUMHAMHKA BBIBOJWUTCS HAa OCHOBAaHUU PEISTUBUCTCKON
KMHEMAaTUKH U OJHOTO JOMOJHUTEIBHOTO MPEANONIOKEHHs, KOTOPOE MO3BOJISIET BBECTU B TEOPHUIO
MOHATHUA: MacCCa, UMITYJIbC U KHHCTUYCCKAA SHCPIUs.

2. IlpeanoJioxenusi knHemMaTuku CrnenuajabHoi Teopun OTHOCHTETBHOCTH

Kunematuka CnenuanbHoit Teopun OTHOCHUTEIBHOCTH OCHOBaHa Ha  CIEAYIOIIMX
MIPEATIONOKCHUSIX :
.  Bce nHepUHMOHHBIE CUCTEMbI PABHOLICHHBI.
DTO NPEANnoIoKeHUE 03HAYaEeT, YTO HET TAKOTro (PU3MUECKOTO SIBJICHUS, KOTOPHIM OTINYAIach
Obl Kakas-TuOO0 WHEPLIMOHHAs cucTeMa. B 0coOoM ciydae 3TO O3HA4YaeT, YTO HET TaKOro
SBICHUS, JUISI OOBSICHEHHS KOTOPOTrO HEOOXOAMMO TIOHSATHE aOCOJIFOTHOTO  IOKOSI.
MatemMaTuuecKd #3 OTOr0 MPEINONIOKEHUS CIeAyeT, 4YTo mpeoOpa3oBaHUE BPEMEHH
Y KOOPJMHAT TOJIOKEHUSI MEXIY IBYMsI MPOU3BOJBLHBIMU HMHEPIIMOHHBIMU CHUCTEMaMU HMEET
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WJEHTUYHBIA BUJI, KOTOPBIA 3aBUCUT TOJBKO OT OTHOCUTENBHOU CKOPOCTH 3TUX MHEPILMOHHBIX
CHCTEM.

II. CkopocTh cBeTa ¢ B BaAKyyMe SIBJSIeTCS OJMHAKOBOH B JII00OM HANPaBJIECHUM U B JIHOOOH
HHEPLUUOHHOM cHCTEeMe.

III. IpeoOpa3oBaHue BpeMEHU U KOOPAUHAT IMOJIOKEHUSI MeK1Y HHEPIMOHHBIMU CHCTEMAMHU
SIBJISIETCS JIMHEHOI.

YacTto 31U NpearooKeHNs 3alUChIBAIOTCS B APYTUX PABHOLEHHBIX BUAAX.

Ha ocHOBaHMH IEpeUYMCICHHBIX MPEANOJOKEHUH MOXKHO BBIBECTH IpeoOpa3oBaHue
Jlopenna, Ha kotopoe onupaercs CrnenumanbHas Teopus OtHocutenbHOCTH. CyIIECTBYET MHOTO
pasIUYHBIX METOJOB BBIBOAA 3TOro mpeoOpa3oBaHus. J[Ba MeToJa MpeACTaBIEHbl B MOHOIpapuu
[3].

Jlns Hamero ynoOcCTBa MCIoNb3yeM 0003HauUeHUs, IPUHATHIE HAa pucyHKe 1. MHepiuoHHbIe
CUCTEMBI JBUTAIOTCS BJOJb CBOUX ocell x. CKOPOCTb Vy/1 — 3TO CKOPOCThb cUCTeEMBI U,, n3Mepsiemas
HaOmogateneM wu3 cucrembl Uj. CKOpPOCTb Vi, — 3TO CKOPOCTh cuctembl Uj, u3MepsieMas
Habmonarenem u3 cuctembl U,. B CnenmansHoit Teopun OTHOCHTENBHOCTH CIIy4aeTcs, YTO
V21 = —V1s2.

V21
X2 — UZ

L]
0
j Vi
u <My
} -
0
Puc. 1. OTHOCUTENBHOE MBMKEHUE HHEPIUOHHBIX cucTeM Uy u U, (vy = —vyp).

[IpeoOpazoBanue Jlopenma u3 cuctemsl U, B cuctemy U; MeeT BUJT

1 %
= > (¢, + 2£1 X,) (1)

\/1 = (v, /0) ¢
X, = ! vyt +X,) (2)

(R e S S Vi L] 2
\/1 -, /C)2
V1=V 21 =2, (3)
Ipeo6pazosanue Jlopeniia u3 cucremsl U; B cucremy U, IMeeT BH

! f+ 22 x) 4)

L, = 1
\/1_("1/2/0)2 ¢

1
Xy, =———=Wnfy + X)) ®)
\11 - (v, /C)z

Yo =1s 2, =4 (6)

[IpeobOpazoBanme (1)-(3), a Taxwke (4)-(6), comepXUT TOIHYIO HWHOOPMAITUIO
O PENATUBUCTCKON KHHEMATHUKE.
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3. H30paHHbIe CBOIiCTBAa PeISTHBUCTCKON KMHEMATHKH

[Ipu BbIBOAE NWMHAMHMK HaM OYyAyT HYXHBI JBe (GopMmynbl u3 kuHematuku: (20) u (23).
BriBoguMm ux u3 npeodpazoBanus (1)-(3).

3.1. IIpeoGpa3oBaHue CKOPOCTH

Onpenenum nuddeperimans u3 npeodpazoanus (1)-(3)

1 %
dt, = ———(dt, + 2L dx,) (7)
1 \/1_("2/1/0)2 B
1
dx, = ——(v,,,dt, + dx,) (8)
1 1—(v2/1/c)2 2191, 2
dy, = dy,, dz, = dz, )

W3 uneprmonHoit cuctemsl U; M WHEPIMOHHOW cUCTeMbI U, HAOIOMAETCS ABUXKYIIEECS
tenno Us. B cucreme U; OHO HMMEET CKOPOCTH V3/1, 3aTO B cucTteMe U, €ro CKOpPOCTb V3.
CocTaBIsONIIMe 3TUX CKOPOCTEN MPEACTABICHBI HA PUCYHKE 2.

Y1 h Y2 153

V3o

,,,,,,,,,,,,,,,,,,, LT X
e Vi
X1 3/2 X2

22
U, V2/1 U,

Puc. 2. JIswkenue Tena, HAOI0JaeMOT0 U3 JIBYX HHEPIUOHHBIX cucteM U u U,.

21

Cxopocts Tena Us; B HTHEpIMOHHOM cucteMe U, MMEET CIIeIYIONTNE COCTABIISIONINE

x dx, y oo dy, z dz, (10)
V3o = 5 V3 = 5 Vi =
dt, dt, dt,
Cxopocts Tena Us; B HTHEpIMOHHOM cucteMe U UMEET CIIeIYIONTNE COCTABIISIONINE
. dx, » dy, . dz,
Vipn = 5 Vin = 5 Vi = (11)
dt, dr, dt,

Ecnu B ypaBuenus (11) BcraBum quddepennmans (7)-(9), Toraa noaydum

3 www.ste.com.pl



MeTtoJ1 BBIBOJJa MHOTOYHUCIEHHBIX JuHaMUK B CriennanbHoi Teopun OTHOCUTEIHLHOCTH
Poman [loctak (Roman Szostek)

———(v,,,dt, +dx,)

(VZ/I/C)2
Vi =
—— (dt,+ 2“dxz)
1- (Vz/l/c)2
Vi) = (12)
(dt + 2“dxz)
1- ("2/1/0)2
Vi) =
——(dt, + 2“dxz)
1—("2/1/6’)2
To ectb
. v, +dx,/dt,
Vi = v
1+c2—£1(dx2/dt2)
dy,/dt,
Vi = 1_("2/1/0)2 22 (13)
Yan - (dx, /dt,)
z 2 de/dtz
Vin :\/1_("2/1/0)
Yan (dxz/dt )

Ha ocnoBanum (10) momydaem uckomoe mpeoOpazoBaHUE CKOpOCcTH H3 cucreMsl U,
B cucteMy U

X
v _ VstV
Vi =
Vi,V
3/2Va01
1+—====
C
[ Vi
Vi =4/1— (V2/1/C) - N (14)
3/2V201
1+—====
C
z
P 2 V32
V3/1—\/1_(v2/1/c) —vx N
3/2V201
1+—====
C

B ocobom ciydae, eciu Teno Us ABUTAETCs MapayieIbHO OCH X, TO

=v3,=0, Vi =Vv5, =0 (15)

X — X — y
Vi = Vi V3o = V305 Vi

Torma mpeoOpa3zoBanmne ckopoctd (14) mnpuHUMaeT BuA (QOPMYNIBI CYMMHUPOBAHUS
MapajiebHBIX CKOPOCTEH

Viy TV
3/2v v2/1 (16)
14 -3/2720

2
C

V3 =
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3.2. H3meHeHHMe CKOPOCTH, HAOIIO1aeMOe U3 Pa3HbIX MHEPIUOHHBIX CHCTEM

Teno HaxoAUTCSI HEMOJIBUXKHO B cucTeMe Us M COBEpIIAET BPEMEHHOE YCKOPEHHUE K CUCTEME
Us. JIBmwxkenne storo tena Habmomaercs u3 cucreM U; u U,. CKOpOCTH WHEPIIMOHHBIX CHUCTEM
napajuienbHbI IpYT K apyry. [Ipuaumaem 0003HadeHMs, TOKa3aHHBIE HA PUCYHKE 3.

=V2y1— =V — Var Var ,
Avin=vin—vii dv3n=v3n—vip mo 3V1 V372 [,
dvs;i dvip dviz=vs | my V3L V3 Us
V32| v3pn

v

2/1 U,
V31| V3l Vy/1 = KOHCTaHT

Ui

Puc. 3. [Ipupamienust ckopocTei, HaOII0aeMble B HHEPIMOHHBIX cuctemax Uy u U,.

Onpenenum nuddepenipans U3 popmyisl (16)

V3t Vay Vi v .
L+ (vy00,,0)/ ¢ L 22220 — vy + vy 25
dV3/1 = p dv3/2 = . d\/'3/2 (17)
e V32Vt
1+ .
c
2
1= Y21
2
— c
dvy, =——5dvy, (18)

2
1 V32V
( c?

Ecnu cucrema U; siBnsiercs cuctemor U, TOrJla MHIEKC 3 HYKHO MMOMEHATHh Ha MHIEKC 2.
[Tonygyaem

dvy,, =dv,,, Vv3,=v,,=0, dv;,=dv,, (19)
Ha sTom ocHoBanuu opmyna (18) mpuHUMaET BUI
dv,
20
1= (v, /0) 20

3aBucumocth (20) cBs3bIBaeT ¢ coOOW M3MEHEHHE CKOPOCTH Tefa, HabIogaeMoe
B MHEPIIUOHHOUN cucteme U,, B KOTOPOW Haxomutcs Teno (dvyp), a TakkKe M3MEHEHHE CKOPOCTH,
Ha0It01aeMoe U3 IPYroi HHEepHUOHHOU cuctemsl U; (dvy).

3.3. Ilapanoxkc BpemeHH

Ecnmu B cucreme Uz TCJIO HAXOAUTCA HECIOABUXKHO, TOTAa AJIA €TI0 KOOPpAMHAT CYHICCTBYET
3aBUCUMOCTbB

@,

=0 21
i 1)

Ha ocHoBanuu npeo6pazoBanus BpeMeHu (7) moiydaem
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L

dt,
dt, _ 1 1+ V,,, dx, N dt, 1 (22)
dt,  J1=(v,,/c)

) 1 -
¢ d, dt, J1-(v,,/c)

Ha stom ocHoBanum moiydaeM (opmyiay Mapajokca BPEMEHU Ui Tela, HEeMOABH)KHOTO

B OTHOIIIEHNH cUCTeEMEI U,
%: 0 = dt,=+1-(v,,/c) -dt, (23)
2

4. /Ilunamuku B CnenuanbHoii Teopun OTHOCHTEIBHOCTH

Bce paccyxaenus OyaeM TpOBOAUTH TOJNBKO JJIsi OJHOMEPHOW MOJENH, TO €CTh BCE
aHAJIM3UpyeMble BEKTOPHbIE BEIUYMHBI OynyT mapayiesnbHbl ocu X. JI1o0yio BBIBEIEHHYIO
JUHAMUKY JIETKO MOKHO NIEPEHECTH Ha TPEXMEPHBIE CIy4au.

Uro6er B CnenmanbHoii Teopun OTHOCHTENBHOCTH BBIBECTH JTUHAMUKY, HEOOXOIMMO
MPUHATH JIOMOJIHUTENILHOE MPEANOI0KEHHE, KOTOPOE IO3BOJSET BBECTH B TEOPUIO MOHSTHS:
Macchl, WMITYJIbCa M KMHETHMYECKOW HSHEpPruu. B 3aBUCHMOCTH OT IPHUHATOrO MPEATIONO0KEHUS
MOJIY4aloTCs pa3InyHble TUHAMUKHU TE.

NHepunoHHYI0 MacCy Tella, HaXOIAILIErocs B IMOKOE B MHEPLMOHHOW CHUCTEME OTCUETa,
o0o3HauMM m (Macca TMOKOs). A HWHEPIMOHHYIO MacCy HEMOABMXHOTO Tena B cucreme U,
Ha0Mr01aeMOT0 U3 cucteMbl U, 0003HaUUM my; (pensTuBUCTCKast Macca). HeoOxonmuMo oOpaTuTh
BHMUMaHUE, 4YTO B OSTOM CJydae pEIsATUBHCTCKAs Macca SBIISETCS WHEPLUUOHHOM Maccoi,
BBICTyMaromieln Bo 2-m 3akoHe HproToHa, a He maccoil u3 (HOpMyJbl HUMITYJbCa, KaK MPUHATO
B Crneuuanpaoii Teopun OTHOCHTENbHOCTH. TakuM 00pa3oM, MBI MIPUHSUIA IPYTO€ OIMpeeiIcHHE
PENATUBUCTCKOM Macchl 4eM TO, KoTopoe npuHaTo B CnenuanbHord Teopun OTHOCHTENBHOCTH.
Takoe onpenenenne penssTUBUCTCKON MacChl sIBIsIETCs OoJiee YAOOHBIM MTPH BHIBOJIEC TUHAMUK.

st cuitbl, UMITYJIbCA U KHHETUYECKOM SHEPTUH MPUHUMAEM UJICHTUYHBIE ONPEICIICHUS, KaK
B KJIACCUYECKON MEXaHHKE.

Teno ¢ UHEPIMOHHON Maccou my HaxoauTcsa B cucreme U,. Ha Hero Bo3gelcTByeT cuiia
F>pp, BBIBBIBAIOIIAsE yCKOpeHUE dvy/dt,. Otcrona, nns Habmomatens u3 cuctembl U, 2-il 3aKOH
HrroroHa umeer Bu

24)

s HaOmogatess u3 cucteMbl U HHEPIIMOHHAS Macca TOTO JK€ Tea COCTaBISACT My . s
ATOr0 HaOJIIOATENs Ha TENIO BO3ACUCTBYET cuia F, BRI3BIBAIOIIAS YCKOpEeHHe dvy/dt;. OTciona,
IUI HabmrogaTessa u3 cuctemsl Uy, 2-ii 3akoH HproToHA MMeeT BU

dv,,,

dt,

(25)

Fyy=my,-a,,=m,,

s HaGmromarens w3 cuctembl U, M3MEHEHHE HMITYJbCa ITOTO Tejla MOXKHO 3alucaTh
CJIEIYIOLTUM BHUJIOM

dv,,,

dp,,, = F,,-dt,=m,-a,, -dt, =m, dt, =my - dv,,, (26)

2

Z[J'ISI Ha6J'IIOI[aT€J'I$I N3 CHUCTEMBI U1 HN3MCHCHHEC HUMIIYJIbCAa 3TOIO TEJIa MOXHO 3aIlucaTb
CJICAYIOIIUM BUIOM
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dv
ap,, =F,, -dt, =my,, -a,, -dt, =m,, #dtl =my,, -dv,, (27)
1

rue:
- dpyn — U3MEHEHHUE UMITyJIbCa Tejla C MAaccoil MOKOsS mg, HaXOASIIErocs B MHEPLMOHHON
cucTeMe, KOTOPYIO U3MepsieT HaOIro1aTelb U3 TOH ke HHEPIIMOHHOM cucteMbl U,
- dpy) — U3MEHEHUE UMITYJIbca Tella, HAXOAIIErocsi B MHEPLUUOHHOU cucteme U,, KOTOPYIO
u3MepseT HaOIo1aTeNb U3 HHEPLUUOHHOM cuctemsl Uj.

Kunernueckass sHeprusi Teia CpaBHUMa C 3aTpauyeHHON paboToil K ero yckopenuro. s
Habmoaarens u3 cucreMsl U W3MeHEeHHe KMHETHUECKOW YHEPTUU 3TOT0 Tejla COCTaBIIAET

dv dx
_ _ _ 21 _ 2/1 _ ) )
dE,, =F,, -dx,,, =m,, -a,, -dx,,, =m,, ’ dx,, =m,, ’ dv,, =my, vy, -dv,, (28)
1 1

rae:
- dEy; — u3MeHeHNe KUHETUYECKOW SHEPTruu Teja, HaXOJAIIErocs B MHEPIIMOHHON CUCTEMe
U,, xoTopyto n3mepsieT HabJro1aTesb U3 HHEPIMOHHOM cuctemsl Uj.

4.1. JInnamuka moaeau CTO ¢ nocTosiHHO#M cujioi, T.e. Mmogeabr CTO/F

B »stom mompasnene Oyaer BbIBeAeHa MOJAENh JAUHAMUKH T, OCHOBaHHAs Ha
MIPEIOJIOKEHUH, YTO CHUJIA, YCKOpSIoLas Teno (mapajuiesibHas OCH X) SIBJISIETCS OJMHAKOBOM JUIs
HaOII01aTeNsl U3 KaXKI0M MHEPIIMOHHOM cucTeMbl 0TCuéTa (0TCroa 06o3HaueHue F).

4.1.1. PenaruBucrckas macca B moaeau CTO/F

B monenu CTO/F npuHuMaeM NpeanoiioKeHue, 4To
E,=F, (29)
[Tocne noacranoBku (24) u (25) nonyyaem

FoAdvy, —m dv,,,
2/1 =m
dt, dt,

(30)

Ha ocnoBanuu (20) u (23) nonyyaem

Fodvy, _ vy, 1
! dt, ' 1= (v,,/¢)’ \/1—(1/2/1/0)2 -dt,

(31

Otcroga penaTUBHCTCKas Macca Tella, Haxojsmierocss B cucteme U,, HabmogaemMoro us
cucteMbl U], Korja BBIMOTHEHO Mpenonoxenue (29), Beipaxaetcs GopMysioin

3/2

1
"L1- (v, /¢)’

Fo_
my, =m,

(32)

4.1.2. Umnyasc B moaeau CTO/F

Teno ¢ maccoii mokos mg cBsizaHo ¢ cucteMoit U, UTOOBI onpeenuTh UMITYJIbC 3TOTO Tela
OTHOCUTENBHO cucTeMbl U}, moactaBuMm (32) B (27)
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3/2

1

— | dv,, =mc’
1=(v,, /c)2 2/1 ’

F _ _F .
dp,, =my,, -dv,, =m,

dv,,, (33)

2 2 32
(c"=vy)

Nmmynbe Tena sBAsSieTCS CYMMOM MpUpAIIeHUuil 3TOr0 UMITYJIbCA, €CIIA TENO YCKOPSETCS U3
WHEpIMOHHOW cucTtembl U; (Teno mmeeT ckopocTh () K MHEpUUOHHOHN cucteme U, (Temo mMmeeT
CKOpPOCTb V1), T.€.

Vasi 1
pa L =mc’ J —_—

2/1 — 0 2 2 3/2
o (c"=vy)

dv,,, (34)

B pa6ote [1] (popmymna 72, ctp. 167) MOKHO MPOUHUTATH, UYTO
dx 3 X
J.(az —xz)m - az\/a2 -x° ’

Ilocne mnpumenenuss wunHterpana (35) B (34) nomywaem ¢GopMmyny HMITyJabca Tedna,
Haxopsmerocs B cucreme U, , 1 H3MepsAeMOro HabIronaTesaeM u3 cuctems! U; B BUE

a+0 (35)

Vasi _ m,
= v
2\/ 2 2 \/1_ /) 2/
CyC —Vyyy (vy,/€)

Ora ¢Qopmyna wuaeHTH4yHa GopMyle HMITylbca, u3BecTHoro B CneuumansHoil Teopuu
OTHOCUTENBHOCTH. JTO TOTOMY, 4YTO JWHaAMWKa, wu3BecTHas B CnenuansHot Teopun
OTHOCHUTENBHOCTH, BBIBOJAUTCS MMEHHO Tpu mnpeanoyioxkeHuu (29). OHO ObUIO TPUHATO
HECO3HATeNIbHO, TaK KaK CYMTAJIOCh, YTO OHO HeoOxoaumo. Co3HaHHME 3TOr0 MPEeNIoJIOKEHUS
MO3BOJISIET €r0 CMEHUTH U BBIBECTH JIPYTHE TUHAMHKH.

Kak yxe ymnommuHanoch paHee, MPUHATOE HAMU ONPEIECICHHUE PENSITUBUCTCKON Macchl
ABIISICTCA JPYruM, 4eMm onpezencHue, npuHstoe B CnenuanbHoit Teopun OTHOCHTENBHOCTH.
B namem ciydae penITUBHCTCKAash Macca SBJSIETCS TOM, KOTOpas BBICTyHNAaeT BO 2-M 3aKOHE
nuHamuku HeioToHa (25). B 5TOM KOHKpEeTHOM ciy4yae OHA BBIPAXKAETCS 3aBHUCHMOCTBHIO (32).
B Cnemuansuoit Teopun OTHOCHTETBRHOCTH PEISATUBUCTCKAs Macca SBISETCS TOW, KOTOpas
BbICTYyNaeT B popmyie (36) ummynbca.

Fo_ 3
Py =MyC

(36)

4.1.3. Umnyabc B mogeau CTO/F nas manbix ckopocreii

st mMamoil ckopocTu vy << c¢ uMmyibCc (36) CBOAMTCS K UMMYJIbCY M3 KIACCHUYECKOM
MEXaHMKH, TaK KaK

F
Vo <<€ = Py RMGY, (37)

4.1.4. Kunernueckasi 3neprus B mogeau CTO/F

Onpenennm dopMyny KUHETHYEeCKoi sHeprun. B ¢popmyny (28) moacraBiseM 3aBUCUMOCTD
PENATUBUCTCKOM MacChl, yKa3aHHYIO B (32)

3/2

1
1-(v,, /0)2

Van
22 32
(¢ =)

F __F _ _ 3
dE,, =my, v, -dv,y, =m Vydvy, = myce dv,,, (38)

Kunernueckasi sHeprus Tena ABJISETCI CYMMOM MPUPAIICHUN €r0 KWHETHYECKOW dHEPTHH,
KOT'/Ia TeJO YCKOPSETCS M3 WHEPHHOHHOU cucTeMbl U (Teno uMeeT cKopocTh () K MHEPIHOHHON
cucteme U, (Te€I0 UMEET CKOPOCTh Vy/1), T. €.
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Va1 v
Ej, = mc’ j — (39)

) (c? _"22/1)3/2
B pa6ore [1] (popmymna 74, ctp. 167) MOKHO MPOYUTATH, UTO

xdx B 1
_[(az _x2)3/2 - \/az _x2

[Tocne npumenenus unterpana (40) B (39) momydaem (opMyny KHHETHYECKOH SHEPruu
Temna, Haxosmierocs B cucreme U, 1 u3mepsieMoit Habmroiarenem u3 cucteMsl U B BUE

(40)

! - = myC’ 2;—1 :mcz;—moc2 (41)

Fo_ 3
E,,, =myc B c 0 >
cC =X C =V 1=(v,,,/c)

Orta popmyna uaeHTuuHa GopMylie KUHETHUECKON SHEpruu, u3BecTHOW B CrenuanbHOM
Teopun OTHOCUTENHLHOCTH, 1O TEM K€ MPUUNHAM, KaK B CIydae ¢ UMITYJIbcoM (36).

4.1.5. Kunerunueckasi 3Heprusi B moaejan CTO/F nisi majibIX ckopocTeil

®opmyny (41) Takyke MOKHO 3aIUcaTh B BUJIE

A=y 1=y, /) T+ 1=(v,, /c)’

Fo_
E,, =myc > > (42)
= /e 14 1=(n,, /)
2
m,v. 2
F_ 0"2/1
E) = 5 ) > (43)
% %
1_ Zél + 1_ Zél
c c
Ha sToM ocHOBaHUHM 11711 MJIBIX 3HAYEHUH V71 << ¢ TIOJIy4aeM
2 2
m,v 2 m,v
v, <<c = EJ ~—2 =02/ (44)

2 141 2

4.1.6. Cunaa B mogeau CTO/F

BBuny mnpeanonoxenus (29), wusmepeHue 3HauU€HUs TOW JK€ CaMOW CHJIBI JBYMs
pa3IUYHBIMU HAOJIOJATEISIMU SBIISETCSA UAECHTUYHBIM.

4.2. JInnamuka moaeau CTO ¢ nocTOSIHHBIM U3MEHEHNEeM UMITYJIbCA, T.e. MOAe/Ib
CTO/Ap

B »stom moxpasnene Oyner BbIBEJACHA MOJETb JIMHAMHUKH T, OCHOBaHHAs Ha
Hpe,Z[HOJ'IO)KeHI/II/I, YTO U3MCHCHHC I/IMHy.Hbca TCI1a (HapaHJICJILHOC ocu X), ABIISICTCA TaKUM XK€ I
HaOII0IaTeNs U3 KKI0M HHEPIIMOHHON CUCTEMBI OTCUYETa (0TCI0/1a 0003HaUYeHHE Ap).

Ora JUHAMHUKAa KaKETCS OCOOCHHO WHTEPECHOH, TaK KaK 3aKOH COXPAHCHHS HMMITYJIbCa
ABIIACTCA q)YHI[aMeHTaHLHbIM 3aKOHOM. HpezmononceHI/Ie, YTO UBMCHCHUC I/IMHyJ'IBCEI TCJIa ABJIACTCA
OJIMHAKOBBIM JUISI Ka)KJIOTO HAOJIFO/IATeIsl, MPEICTABISICTCS €CTECTBCHHBIM PACIIMPEHUEM 3TOT0
3aKOHA.
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Poman [loctak (Roman Szostek)

4.2.1. PeasituBuctckasi Mmacca B mogeaun CTO/Ap

B monenu CTO/Ap npuHrMaeM npearnonoxKeHue, 4o

dpzAfl =dp,,, (45)
[Tocne noacranoBku (26) u (27) nostydaem
myhdv, = mydv, (46)
Ha ocnoBanuu (20) nonydaem
dv
myhdv,,, = 2 (47)

m —_—
“1- (o /C)2

Otcroga penaTUBHCTCKasi Macca Tella, Haxojsmierocss B cucteme U,, HabmogaemMoro us
cucteMbl U}, Kor/a BRIMIOJTHEHO MpeonoxeHue (45), Beipaxaetcs GopMysioin
1

. 48
T o) (48)

Ap
myn =

4.2.2. Umnyasc B mogeau CTO/Ap

Teno ¢ maccoii mokos mg cBsizaHo ¢ cucteMoit U. UTOOBI onpeenuTh UMITYJIbC 3TOTO Tela
OTHOCUTENBHO cucTeMbl U, mojactaBuMm (48) B (27)
Ap 1 2 1

=m,—dv,,, =m,c- ————
0 7 4Vy 0 7 2
1=(v,,,/¢) C — Vo

dv,,, (49)

NMmynbe Tena ABIsSeTCss CyMMOM NPUPALEHUN 3TOTO MMITYJIbCA, €CIIA TENO YCKOPSETCS U3
MHEepUUOHHOW cucTteMbl U; (Teno umeer ckopocTh 0) K MHEpUMOHHOH cucteme U, (Teno MMeer
CKOPOCTH Vy/1), T.€.

Py =M€ 2_—2dvz/1 (50)

B pa6ore [1] (popmyma 52, ctp. 160) MOKHO MPOYHUTATH, UYTO

J. dx 1

2

= , a#0 51
a’—x* 2a Gh

a—Xx

ITocne mnpumenenuss wuntTerpana (51) B (50) momyuaem dopMmyay HUMITyJIbca Tena,
HaxoaAmerocsa B CUCTEME U2 , 1 UBMCPIACMOI'0 Ha6J'IIO,Z[aT€.H€M U3 CUCTEMBbI U1 B BUJC

Van
I |c+x myc, [c+v
p = m0c2—1n| =—"1In 21 (52)
2c |c—x||0 2 c—Vy
4.2.3. Umnyabc B mogeaun CTO/Ap njs MmajbIxX CKOpoOCTei
®opmyny (52) TaxKke MOKHO 3aIllUCaTh B BUAC
/
rp _MyVy)y € CtVon |_ MYy, 1 (A+vy, /o)™
= In = n (53)
) - 2 (1-v,,/c)"
Vo \€~Vap vy, /€)
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/vy

1
1+ ;
ap _ MyVa) €V
21T In =7 (54)
2 1 2/1
1—
c/v,),
Ha sToM ocHOBaHWH 11711 MJIBIX 3HAYEHUH V7)1 << ¢ TIOJIy4aeM
m,v e m,v
Ap P02/ _ "0¥2n 2y
Von <<€ = Do ~Tln(mj —Tln(e )= mgVy, (55)

4.2.4. Kunernueckasi 3neprus B mogeaun CTO/Ap

Onpenennm dopMyny KuHeTH4ecKoii sHepruu. B dopmyny (28) moacraBiseM 3aBUCUMOCTD
PENATUBUCTCKOM MacChl, yKa3aHHYIO B (48)

1 , Vv
_ 21
2 Vv, =myc 2 dv,,, (56)

Ap o AD . _
dEy}, =my), v, -dv,, = mol ) 2
- (v /) C Vi

Kunernueckasi sHeprus Tena ABJISETCI CYMMOM MPUPAICHUN €r0 KHHETUYECKOW IYHEPTHH,
KOT'JIa TeJIO YCKOPSIETCS M3 WHEPHHOHHOU cucTteMbl U; (Teno uMeeT cKopocTh () K MHEPIHOHHOM
cucteme U, (Te€I0 UMeEeT CKOPOCTh Vy/1), T. €.

Vo
A 2 Van
Ey) =myc .[ 5 dvy), (57)

0 € ~hap
B pa6ore [1] (popmyna 56, ctp. 160) MOKHO MPOYUTATH, UTO
X 1
———dx=——Inja’ - x’ 58
jaz —-x’ 2 ‘ ‘ (58)

[Tocne npumenenus unterpana (58) B (57) momydaeM (opMyny KHHETHYECKOM SHEpruu
Tena, Haxomerocs B cucreme U, 1 m3MepsieMol HaOIro1aTesieM U3 cuctemsl U B BUJIE

Van 2 2
Eﬁfl=—moc2%1n\c2—x2\ =—%1n(c2—v§“)+m°c In(c®) (59)
0
2 2 2
By =My © My, b (60)
2 ¢~V 2 1=(v,,/¢)

4.2.5. Kunerundeckasi 3Heprus B moaeau CTO/Ap nist manabIx ckopocTeit

®opmyiy (60) Takxke MOKHO 3alucaTh B BUTIE

EY — moV§/1 c? 1 _ mOV22/1 1 o
2/1 2
e O A (O S
2
myv 1
EzAI/U1 = 022/1 In /) (62)
_
(c/vy,)*

Ha 3ToM OcHOBaHuHU [1J1 MAJIBIX 3HAYEHUH V7)1 << ¢ TIOJIy4aeM
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2 2
MoV, In 1 _Myvy)

Ap
\% <<c¢ = E =
2/1 2/1
2 1/e 2

(63)

4.2.6. Cuna B moaeau CTO/Ap

Teno ¢ Maccoi mokos my CBA3aHO ¢ cucrteMod U,. Ha Hero BO3IEHCTBYET cuia,
BBI3BIBAIONIAS yCKOpeHue. [y Habmromarenss U3 3TOM CHCTEMBbI CHJIa YCKOPEHHUsS, B COOTBETCTBUHU
c (24), umeer 3HaUCHUE

dv
Fyy=my—22 (64)
dt
2
Jist Habmronarenst u3 cucteMbl U) CUila YCKOPEHUsI, B COOTBETCTBHH C (25), UMeeT 3HaYCHUE
dv
FzA/[; = 2A71 2 (65)
dt
1

Ecnu croponsl ypaBaeHus (65) mogenum Ha (64), To Ha ocHoBanu# (20) u (23) momyuaem

J ok Ap Ap
B 2 Lo B _ D1, ) (66)
Fy, my dy o dv,, m

Ha ocHoBanun (48) mnosnydaeM COOTHOLIEHHE MEXAY MU3MEPEHUSIMH TOH K€ CUIBI ABYMS

pa3HI>IMI/I Ha6.]'IIOI[aTeJ'I5[MI/I
FzA/]; :\]1_("2/1/0)2 Fy, (67)

HauGonpinee 3HaueHWe CHIbl H3MEpseT HAOMOIATeNlb W3 WHEPLUUOHHOW CHCTEMBI,
B KOTOPOW HaXOJUTCS TEJIO.

4.3. Junamuka moaesu CTO ¢ nocTossHHOM Maccoid, T.e. Mogeab CTO/m

B »sTom noapas3aciic 6y;[eT BbIBCACHA MOACIAb JHUHAMHMKM TCJI, OCHOBAaHHasd Ha
NPEINOI0KEHHH, YTO Macca Tejla SBISSETCS OJWHAKOBOM JUIs HAOMIoJaTenss W3  KaKIou
WHEPIIMOHHOM CUCTEMBI 0TCUETa (0TCIO/1a 0003HAYCHHUE /11).

4.3.1. PeasTuBucrckasg Macca B Moaean CTO/m

B monenu CTO/m npuHrMaeM IpeanoioKeHue, 9To
My, = m, (68)

Ilo »stoit mpuumHe pans HaOmIOAaTenss W3 MHEPUMOHHON cucrembl U] Macca Tena,
Haxozsuerocs B cucreme U, IBISAETCS TAKOU XKe, KAK M Macca IOKOs.

4.3.2. Umnyasc B mogean CTO/m

Teno ¢ maccoit mokost my cBsi3aHo ¢ cuctemMoit U,. UToOBI onpeieIuTh UMITYJIBC 3TOTO Tella
OTHOCHUTENBHO cucTeMbl Uj, moactaBum (68) B (27)

dpy,, =my, -dv,, =mydv,,, (69)
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HNMiynbe Tena sBISETCS CYMMOW MPUPALLIEHUA 3TOTO UMITYJIbCA, €CIU TEJIO YCKOPSIETCS U3
MHepIHOHHOU cuctembl U (Teno umeer ckopocTh () K MHEPIMOHHOU cucteme U, (Teno mmeer
CKOPOCTH V1), T.€.

Vasi

Pan =My JdVZ/l =MyVy ), (70)

0

B »5TOll penaATUBUCTCKONW JAMHAMHKE HMITyJbC HMEET Takylo e QopMmyly, Kak H
B KJIACCUYECKON MEXaHUKE.

4.3.3. Kunernueckasi 3Heprusi B mogesu CTO/m

Onpenenum Ghopmyny KHHETHYECKOU sHepruu. B dopmyny (28) moacrasisieMm 3aBUCUMOCTD
PENATUBUCTCKON Macchl, yKa3aHHYIo B (68)

m _ . m _
dEy,, =my) vy - dvy, = mgy, ,dv, (71)

Kunernueckas sHeprus tena sBISETCS CYMMOM NpPHUpAIEHUH €ro KHHETUYECKON SHEpruw,
KOTJ[a TEJNO YCKOPSIeTCS M3 MHEPUHOHHOU cucteMbl U (Teno mmeeT ckopocTh () K MHEPIIMOHHOMN
cucreme U, (T€I0 UMEET CKOPOCTH Vy;), T. €.

Van
m J— J—
Ey, =m, Ivz/ldvz/l =
0

2
MyVs 1y

(72)

B 310l pensiTUBUCTCKON NMHAMUKE KMHETUYECKAsi YHEPTUsl UMEET TaKylo ke GopMyIy, Kak
U B KJIACCHYECKOW MEXaHUKE.

4.3.4. Cunaa B mogeau CTO/m

Teno ¢ Maccoil mokosi my cCBA3aHO ¢ cucteMod U,. Ha Hero Bo3meicTByeT cuia,
BbI3bIBaIONIast yckopeHue. [y Habmoaarens U3 3TOW CUCTEMbI CHUJla YCKOPEHHsI, B COOTBETCTBHU
c (24), umeer 3HAUCHHUE

dvy,

£y, =my di (73)
2

st Habmomarens u3 cuctemsl U cuita YCKOPEHUs, B COOTBETCTBUU C (25), UMeeT 3HaUCHUE

dv dv
m o .m 21 2/1
Fy), =my), =m

dt, ° dt,

(74)

Ecnu cropons! ypaBaenus (74) moaenum Ha (73), To Ha ocHoBanu# (20) u (23) momyuaem

%:&'M: (1= (v, /€)?)"? (75)
Fy, dty dvy,
Nnu
El =(1-(v,,/¢)’)"?F (76)
2/1 21 2/2

HauOonpiiee 3HaueHwe cuiabl H3MepseT HaOIOAaTeNnb M3 MHEPLUOHHOM CHCTEMBI,
B KOTOPOM HAXOAUTCS TEJIIO.
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4.3.5. JIuckyccus Ha Temy (uHaMuUKH Moaeaun CTO/m

[lonyyeHune peNATUBUCTCKOM TUHAMUKM, B KOTOPOM HE HAOMIONAeTcs peIsITHBHCTCKAs
Macca, a Takke (popMyJibl UMIY/Ibca U KWHETUUECKON SHEPrHH, UJICHTUYHbIE, KaK B KJIACCUYECKON
MEXaHUKE, MOXET OBbITh MOPA3UTEIBHOM, TOTOMY YTO B PEIATUBUCTCKONW MEXaHUKE CUMTACTCS, YTO
TEJIO MOXHO Ppa3orHaTh 10 MaKCUMaJIbHOM ckopoctu c¢. OJHAKo 3Ta JUHAMUKA (HOPMAIBHO
6e3ynpeyHa.

Ecnu ckopocTs vy/; Tena mpubimKaeTces: K 3HaYSHHUIO ¢, TOTJa, B COOTBETCTBHH C (76)

F), :(1_1_)3/2'172/2 ~0 (77)

B unepuumonnoii cucreme U, B KOTOPOH HAXOAUTCS TEJIO, HA HETO MOYET BO3JE€HCTBOBATH
cuia ycKopeHus F,; ¢ NPOU3BOJBHBIM, HO KOHEYHBIM 3HadeHHMeM. OJHAKO € MepPCHEKTHUBBI
WHEPIMOHHOW cucTeMbl U}, IO OTHOIICHUIO K KOTOPOW Telo 00JadaeT CKOPOCThIO ¢, Ta XKe Chja
HMMEET HYJIEBOE 3HaUY€HHME. JTO O3HAYAET, YTO C MEPCIEKTUBbI cucTeMbl U; ¢ TETOM HEBO3MOXKHO
COBEPIIUTH PaboTy, KOTOpas OyAeT yBEIMYUBATh €T0 KHHETUYECKYIO DHEPTHUIO 10 OECKOHEUYHOCTH.
W3 3aBucumoctu (72) cnemyer, 4TO KMHETUYECKasi YHEPTHsl, KOTOPOH 00JIaZjaeT TelIo ¢ Maccou my
1 CKOPOCTBIO ¢ UMEET 3HaUCHUE

myc

E" = 78
max 2 ( )

4.4. JInnamuka moaesm CTO ¢ nocTossHHOM CHJI0# HA BpeMsl €€ BO3/1elicTBHS, T. €.
moaeab CTO/F/At

B »stom monpasmene Oyaer BbIBeA€HA MOJAETb JUHAMUKMA TEJ, OCHOBAaHHAas Ha
IPEIMNOI0KEHNH, YTO CHJIA, YCKOpsIOIlas Teno (MapajulenbHas OCH X), AEJCHHas Ha BpeMs ee
JeUCTBUS SBJISIETCS OJUHAKOBOM JUIsl HAaOMoJaTesst U3 KaXI0W MHEPIUOHHOW CHUCTEMBI OTCUETa
(orcroma obo3naueHue F/Af).

4.4.1. PenstuBucrckas Macca B Moaean CTO/F/At

B monenu CTO/F/At npuHuMaeM mpeAnoaoKeHUE, YTO

in;l/At — F2/2 (79)
dt, dt,
[Tocne moacranoBku (24) u (25) momydaem
mf//lm vy, L = m, dvy ), L (80)
dt, dt, dt, dt,
Ha ocroBanuu (20) u (23) moyqaem
vy,
Frac vy _ 1=y, /)’ (81)

v dtlz " (I=(vy, /C)z)dtl2

Otcroa penaTUBUCTCKas Macca Tena, Haxoxdueroca B cucreme U,, HaOnromaeMoro w3
cuctembl U}, KOTJa BBINOJIHEHO Mpeanoiaoxenue (79), Boipaxaercs Gopmynoi
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2
[ =m{;} (82)

4.4.2. Umnyanc B mogeau CTO/F/At

Teno ¢ maccoii mokos mg cBsizaHo ¢ cucteMoit U, UTOOBI onpeenuTh UMITYJIbC 3TOTO Tela
OTHOCUTENBHO cucTeMbl U, mojactaBum (82) B (27)

1

_— d 83
1_(V2/1/C)2 v2/1 ( )

2
FIN _ _FIN _ _ 4
dp,," =my)\" -dv,, _mo{ } dv,,, =myc

2 2
(" =y

Hmnynbec Tena sSBIsSeTCS CyMMOW HMPHUPALICHUM 3TOTO MMITYJIBCA, €CIIU TEJIO YCKOPSETCA U3
MHEpUUOHHON cucTteMbl U; (Teno umeer ckopocTh 0) K MHEpUMOHHOH cucteme U, (Teno MMeer
CKOPOCTH V1), T.€.

Va1 1
F/A 4
Pai = mye £ md"zu (84)

B pa6ore [1] (bopmyna 54, ctp. 160) MOKHO TPOUUTATH, YTO

_[ 2a’x X 1 1|a+x|’ 420 (85)
(a

= n
-x*)’ 2d’(a’-x*) 4a’ |a—x

[Tocnie npumenenus wunHTerpana (85) B (84) momydaem QopMyny wumIyiabca Tena,
HaxoaAmerocsa B CUCTEME U2 , 1 UBMCPIACMOT'0 Ha6J'IIO,Z[aT€.HeM U3 CUCTEMBI U1 B BUJC

1 1 (c+
p;/lm:mof{ ot 31n(c+x)} =m0{ Va L )| g
2¢7(c"=x7) 4c” (c—x) |, 2(c”=vy,) 4 (c—vy)
1 1 c+v,, |Pen
FIM _ oy 2 +1n 2/1 87
Pan ) 1=(v,,/¢)’ C=Vaop &9

4.4.3. Ummnyabc B mogeau CTO/F/At nast MajbIX CKOpocTeil

®opmyny (87) Takke MOKHO 3aIllUCaTh B BUAE

clvap
pé://lAt = mOVZ/l 1 2 +lln((l : VZ/I /C)C/Vz/l j (88)
20=(vy,/0)") 4 \(I=v,/0)

1 /vy }
C ]
F At CIVy
=m,V +—In &9
Pan 0V2/1 2(1—(1}2/1/6)2) 4 1 ) /vy (89)
cl/v,,
Ha sToM ocHOBaHUM 1151 MaJIbIX 3HAYECHUM Vy/; << ¢ MOJy4aeM
1 1 e 1 1
Vo <<€ = P;//lm ~ mo"zn{?"’ Zln(mﬂ = m0v2/1|:5 + Zln(ez)} =Mmyv, ), (90)
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4.4.4. Kunerunueckasi 3Heprusi B moneau CTO/F/At

Onpenennm GopMyny KUHETHYECKO 3Heprun. B ¢popmyny (28) moacraBiseM 3aBUCUMOCTD
PENATUBUCTCKOM MacChl, yKa3aHHYIO B (82)

2

FIN _  FiAt _ 1 _ 4 Van
dE, )\ =my, " vy, -dvy, =my 2 Vy vy, = myce 2 2w v, 91)
1-(v,,/¢) (c"=vy,

Kunernueckas sHeprusi teya sIBJISETCS CYyMMOU NMPUPAIICHUN €ro KHHETUYECKON SHEPruu,
KOT/Ia TeJIO YCKOPSETCS M3 WHEPHHOHHOU cucTeMbl U; (Teno uMeeT cKopocTh () K MHEPIHOHHOM
cucteme U, (Te€I0 UMEET CKOPOCTh Vy/1), T. €.

Vo
F/At _ 4 V2/1
E,\" =my _[ v, 92)

o (¢8 =15,
B pa6ore [1] (dpopmyna 58, ctp. 160) MOKHO MPOYUTATH, UTO

J- xdx 1
(az_xz)z - 2(a2_x2)

(93)

[locne npumenenus unterpaia (93) B (92) monydaem (opMyny KUHETHYECKOH SHEPrUu
Tena, Haxosmierocs B cucreme U, 1 u3mepsieMoit Habmoarenem u3 cucteMsl U B BUIE

Van 4 4
Ey\M = mc! 21 2 = T 2 1 2 o i2 (94)
2(c? - x|, 2 (F=vi) 2 ¢
ZF//IAt _ m0C2 1 . _ mocz _ m0v22/1 1 - (95)
2 1-(v,,/0) 2 2 1-(vy,/0)

®dopmyna kuHeTHYECKON 2Hepruu (95) Obuta BeIBeeHA B paboTte [2], Omaromgaps Tomy, 4TO
aBTOp IIPUHSI TaM APYroe MPEAIoloKEHUE, YEM TO, HA KOTOPOM OCHOBaHA JIWHAMHKA, U3BECTHA
n3 CnenuanbHoi Teopun OTHOCUTEIBHOCTH.

4.4.5. Kuneruueckas 3Heprusi B moaean CTO/F/At njiss ManbIX CKOpocTeit

Jnst Manoil CKOpOCTH Vyp << ¢ KuHeTudeckas 3Heprus (95) cBOAUTCA K KHUHETHYECKOM
SHEPTUH U3 KIACCUYECKON MEXaHUKHU, TaK KaK

2 2
myvy, 1 _ Vs

F /At
v, <<¢c = F ~
2/1 2/1
2 1 2

(96)

4.4.6. Cuna B mogeau CTO/F/At

Teno ¢ Maccol mokos my CBA3aHO ¢ cucrteMod U,. Ha Hero BO3IEHCTBYET cuia,
BBI3BIBAIONIAS yCKOpeHue. J[yisg Habmromarenss U3 3TOW CHUCTEMBI CHJIa YCKOPEHHUsS, B COOTBETCTBUH
c (24), umeer 3HaUCHUE

dv,,,
° dt,

Fy,=m (97)

Jist Habmronarens u3 cucteMbl U) CUila YyCKOPEHUsI, B COOTBETCTBHH ¢ (25), UMeeT 3HaYCHUE
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dv

/ /

sz;l Y= sz/lAt d2/1 (98)
L

Ecnu ctopons! ypaBHenus (98) nogenum Ha (97), To Ha ocHoBanuu (20) u (23) momyuaem

F/At FIn FIn
F _M .dtz ) vy, _m

F), m, dt, dv,, m,

(1= (v, /0)2)3/2 99)

Ha ocHoBanuu (82) mosrydaeM COOTHOIIICHHE MEXAY M3MEPEHHUSMU TOW K€ CHIIBI JBYMS
PasHbIMU Ha6JIIOI[aTeJI$IMI/I

B S
J1=(v,, /¢)?

HauMmenrsmiee 3HaueHue CHIIBI HU3MCPSCT Ha6JIIOI[aTeJIb u3 HHepL[I/IOHHOfI CHUCTEMBI,
B KOTOPOU HAXOJUTCS TEJO.

F/At
F2/l -

'Fz/z (100)

4.5. Junamuxka mogeau CTO ¢ nocTossHHOMH Macco, 1eJJEHHOH Ha BpeMsl pUKcallu B
cucTeMe Habawaareas, T.e. mogeab CTO/m/At

B »Tom nmoapa3aciie 6y,I[€T BbIBCACHA MOJCJIb JWHAMHUKH TC€JI, OCHOBAaHHasA Ha
NpeANOJI0XKCHUHA, YTO Macca TcCJia, JeI€HHas Ha BpeMA (1)I/IK03.LII/II/I B CHCTCMC Ha6JIIOI[aTeJI$I,

SIBIISICTCS OJJMHAKOBOM JIs1 HAOJIIOJATeNs M3 KaKI0W HHEPIMOHHON CHUCTeMbl oTcuéra (OTCroia
o0Oo3HaueHue m/At).

4.5.1. PenaruBucrckas Macca B Mogesu CTO/m/At

B monenmu CTO/m/At npuHrMaeM TPEIoa0KeHNne, 9YTO

m;//lm =ﬂ (101)
dt, dt,
[Tocne noacranoBku (23) nonyyaem
m;n//lAt _ mO (102)

i, i-(v,, /ey -di,

Otcroga penaTUBHCTCKas Macca Tella, Haxojsuierocss B cucteme U,, HabmogaemMoro us
cucteMbl U], Koraa BeImojHeHO npennonoxenue (101), Beipakaetcst hopMynoi

R ——_— (103)

V1= /e)?

4.5.2. Umnyasc B moaeaun CTO/m/At

Teno ¢ maccoit mokost my cBsi3aHo ¢ cuctemoit U,. UToOBI onpeieTuTh UMITYJIBC 3TOTO Tela
oTHOcUTeNbHO cucteMbl Uj, moactasum (103) B (27)

m m 1 1
dpz//lm = mz//lm “dvy, =my———dv,, = ———dv,, (104)
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NmMrtyiibe Tenma sBIsSETCS CYMMOM MPUpPAIIEHUH 3TOTO MMITYIIbCA, €CIIH TEJIO YCKOPSETCS W3
MHEepIHOHHOM cuctembl U (Teno umeer ckopocTh () K MHEpIHHOHHOW cucteme U, (Teno umeer
CKOPOCTH Vy/1), T.€.

Van 1
miAt __ 2
Py =M€ > v, (105)
0 VC —Vy

B pa6ote [1] (popmymna 71, ctp. 167) MOKHO MPOUIHUTATH, UTO

IL = arcsinﬁ, a>0 (106)
Val —x* a
Ilocne mnpumenenuss unrerpana (106) B (105) momyuaem Qopmyny wumIyiasca Tena,

Haxojserocs B cucteme U, , 1 u3MepsieMoro HadmoaaTeneM u3 cuctemsl U) B BUJIE

V2

1 .V
0

4.5.3. Umnyasbc B mogeaun CTO/m/At njasi majbIx ckopocTei
®opmymy (107) Takxke MOKHO 3aMKcaTh B BUIE

Y
arcsin —2/-
mi/At __ C
Py =MV, (108)
2/1
c

Ha sToM ocHOBaHUM 1151 MaJIbIX 3HAYECHHM Vy/; << ¢ MOJy4aeM

m/At
Von <<€ = Py BRIV, (109)

4.5.4. Kunerunueckasi 3ueprusi B moaeau CTO/m/At

Onpenenum Ghopmyny KHHETHYECKOU sHepruu. B dopmyny (28) moacrasisieM 3aBUCUMOCTD
PENATUBUCTCKOM Macchl, yka3aHnyto B (103)

1
dEy)\"™ = mj," — =Ly, (110)

Vo dvy = my \/72"2/1‘1"2/1 R A e
1=(vy,/c) € ~Van

Kunernueckas sHeprus tena sBISETCS CYMMOM NPHUpAIEHUH €ro KHHETUYECKON SHEpruu,
KOTJ[a TEJIO YCKOpsIeTCsS M3 MHEPUHOHHON cucteMbl U (Teno mmeeT ckopocTh () K MHEPIUOHHOMN
cucreme U, (T€JI0 UMEET CKOPOCTh Vy;), T. €.

Vasi
miAt Van
E), —moCJ- v, (111)
0 VC —Vy

B pa6ore [1] (dopmyna 73, ctp. 167) MOKHO MPOYUTATH, UTO

I—Tx_ = e (112)

[Tocne mpumenenus: uarerpana (112) 8 (111) momygaem hopmyny KHHETHYECKOW dHEPTUU
Tena, Haxojsmerocs B cucreme U, u m3MepsieMol Habmro1aTesieM u3 cuctemsl U B BUIE
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EJ\M = —myeq]c —v3, Y= —mycqlCt = V3, + mocx/c_2 (113)
0
EJ M =mye® —myerfc® —vi,, =mct(1—l1=(v,,,/¢)?) (114)

4.5.5. Kunernmueckasi 3Heprus B Moaeau CTO/m/At nis manbix ckopocTei

®opmyny (114) Takyxke MOXKHO 3anucaTh B BUJE

myvs . 2¢? ] (1_\/1_ (v, /) ) +\/1_(V2/1 /e)*)

Em/At — (115)
2, 1+ 1= (v, /¢)?
E,,,//Atzmovzz/l.2c2.1—(1—(\/2/1/0)2)=m0\/22/1 2 (116)
2/1
20 v L\ l=(yle) 2 L fl=(n,/c)
Ha 3ToM ocHOBaHuHU [1J1 MJIBIX 3HAYEHUH V7)1 << ¢ TIOJIy4aeM
2 2
2

v, <<c = Ezm//lm ~MoVan 2 _ MoVyy (117)

2 2 2

4.5.6. Cuiaa B mogeau CTO/m/At

Teno ¢ Maccol mokos my CBA3aHO ¢ cucrteMod U,. Ha Hero BO3IEHCTBYET cuia,
BBI3BIBAIONIAs yCKOpeHue. [y Habmromarenss U3 3TOM CHUCTEMBI CHJIa YCKOPEHHUsS, B COOTBETCTBUHU
c (24), umeer 3HaUCHUE

dv
Fyy=my—22 (118)

dt

2
Jlis HaGmronarenst u3 cucteMbl U) CUla YyCKOPEHUsI, B COOTBETCTBHH ¢ (25), UMeeT 3HaYeHUE

m/At _ m/ At dv2/1
By =my), d (119)
tl

Ecnu croponsl ypaBaenus (119) mogenum Ha (118), To Ha ocHoBanuu (20) u (23) monydaem

m/ At m/ At m/ At
Fyn ™ _my, dt, dv2/1=m2/1

1-(v,, /c)*)"? 120
), m, dt, dv,, m, (A= 0an/e)) (120

Ha ocnoBanuu (103) mosryyaeM COOTHOLIEHME MEXIY M3MEPEHUSIMH TOM K€ CHJIBI ABYMSI
Pa3HBIMU HAOIIOATEIIIMH

F2’71/At :(1_("2/1/0)2)'}72/2 (121)

HauOonpiiee 3HaueHwe cuibl H3MepsieT HaOIOAaTeNb M3 MHEPLUOHHOM CHCTEMBI,
B KOTOPOU HAXOAUTCS TEJIO.

5. OO0wmmii BUI THHAMUKH
B mpencraBieHHBIX pUMepax ObLTH MPUHSATHI TPEINOI0KEHUS, KOTOPbIE MOXKHO 3aMucaTh

B Bujae (30), (46), (68), (80) u (101). Ha sToM OCHOBaHMHM BHIHO, YTO MPEANOIOKEHUE IS
peHHTHBHCTCKOﬁ JUHAMUKHU UMECT BU/
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a a
iy Moy dvy),
2/1 =my

dt’ e

, a,beR (122)

Ha ocroBanuu (20) u (23) mosyqaem
_ Ay
{a,b} dvg/l =m (1 — (V2/1 /C)z)a

= 123
oa T (A= (vy, 1 0)?) ] (129
[Ipuaumaem o6o3HaYCHUS
{x}={a,b} A x:a+§eR (124)

Teneps, Ha ocHoBaHuH (123), peNATUBUCTCKAs WHEPIMOHHAS Macca Tela, HaXOJSIIeToCs
B cucreMe U,, HabOmomaemas u3 cucTeMbl U, ecim BBINOJMHSACTCS Tpennonoxenue (122),
BbIpa)kaeTcsl B JMHAMUKe {x} (hopMyioi

1 X
m*=m| ——————— 125
2/1 0 1—(v2/1/c)2 ( )

JIro6ast Takast pesIITUBUCTCKAs Macca ONpeieisieT HHYIO PEISITUBUCTCKYIO TUHAMHUKY.
B cooTBeTcTBHU C MpencTaBIEHHBIMU IIPUMEPAaMH, UMITYJIbC B TUHAMHUKE {X} BBIpaXKaeTcs
¢dbopmyoit (Ha ocHoBaHuU Gopmy (27) u (125))

Vo Vo Va1 1 *
{x}b _ {x}b _ {x} _
pit=[dpii= [m}-dv,,=m, | | ———— | dv (126)
2/1 { 2/1 { 2/1 2/1 0 .([ [1_(‘}2/1/0)2} 2/1
Péﬁ = mOCZXV]‘” 2 1 ) v, (127)
o (c"=vy,)

B cooTBeTcTBHU M MpenCTaBICHHBIMH NIPUMEPAaMH, KHHETHYECKask YHEPTHUs B TUHAMUKE {X}
BbIpakaeTcst popmyioii (Ha ocHoBanuM popmyn (28) u (125))

Vas Van Vasi 1 x
Ez{)/ci = dEz{)/Ci = méﬁ Vo dvy, =my {—} Vydvy,, (128)
'([ '('). E')‘ 1=(v,, /c)z

Van
) _ 2 v
Ezﬂ—mocx.[ T dvy, (129)
o (=)

B cooTBeTCTBUM C TIPEICTaBICHHBIMU IPUMEpPAMH, 3aBUCHUMOCTh MEKY CHJIAMH B JTHHAMUKE
{x} BeIpaxkaetcst hopmymnoit (Ha ocHoBanuu popmyi (24), (25) a Takxke (20), (23))

oy vy ) Ay
El el dt 2 dr m!’!
o 1 ="l (v, feP)Y (130)
F. vy, vy, 1 m
22, m, = 0
dt, 1-(v,,/¢) \/1—(\12/1/0)2 -dt,
Ha ocnoBanuu (125) nmonyyaem
3
(x} ! 2
i z{ 1 2} (1= (v, /e)*)"? :{ 1 2} (131)
1=y /0) 1-(v,,/¢)
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6. CocraBjeHune BLIBEICHHBIX TUHAMUK

CocraBieHue BBIBCACHHBIX (I)OpMy.TI HUMITYyJIbCa U KUHETHYSCKOMN OHCPIUu:

Junamuka x =0

Dy = Mgy, (132)
2
1231=:23%?4L (133)

Hunamuka x =1/2

miAl - Vo _
D>y =myC sarcsin—— = myv,,

c vy, lc

2
2 = me (== (v Jey) =Moo 2 (135)

2 14\ 1-(v,, /)

aresin(v,, /¢) (134)

Hunamuka x =1

c

2v,)
o Mh{MJ - h{mj (136)
2 C—=Vo —Vaou
2 2
Ey ="y 1Moy 12«/y (137)
2 1=(vy,/¢) 2 1=y, /o) T
Jlunamuka x = 3/2
(mpu3HaBaeMas B HacTosiiee Bpems nuHamuka mojaenud CTO)
1
F
Py =MV ————— (138)
\/1 - (v, /0)2
1 mov? 2
E}, =me’ —— —myc’ =221 (139)
\Il_(VZ/l/c)2 2 V22/1 v;/l
=20 1+, 1= 2
c c
Junamuka x =2
1 1 c+v,, |2
F /At 2/1
=myV,, = +1In 140
DPon el 1—(v2/1/c)2 (C_Vz/lj (140)
2
EZF//IAt — m0v2/1 1 - (141)
2 1-(m,/0)
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Ha pucynke 4 cpaBHUBaIOTCS UMITYJIBCBI U3 BHIBEJICHHBIX IUHAMUK.

panl / mo [10° w/c] 455 CTO/F/AL jx—z

van [10° m/c]

-3 -2 -1 0 1 2 3
Puc. 4. Monyns uMmynbsca B JUHaAMUKaX MOJIENIEH:
CTO/m (x=0), CTO/m/At (x=1/2), CTO/Ap (x=1), CTO/F (x=3/2) u CTO/F/At (x=2).

Ha pucynke 5 cpaBHUBaeTCSl KWHETHYECKAsi SHEPTHS U3 BBIBEJCHHBIX IMHAMHUK.
Es /my [1017 JIx/xr) T
0.9 f-r

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

i [108 M/C]

3

Puc. 5. Kunernueckas sHeprusi B AMHAMUKAX MOJCIICH:
CTO/m (x=0), CTO/m/At (x=1/2), CTO/Ap (x=1), CTO/F (x=3/2) u CTO/F/At (x=2).

Ha pucyHKke 6 cpaBHUBAIOTCS 3aBUCUMOCTHU MEK/1y CHJIAMH U3 BBIBEJIEHHBIX IUHAMUK.
Foy1 | Fop 2

1.8

1.6

14

1.2

CTO/F -x =3/2

1 2 _i ...................
0.8 j A e S S
0.6 i B -;\%;:::*:E:-\ """"
4 ..-...---i...--...-L .................. /' .'.?.-\..EL-.\.‘_,---.
| CTOmIAL =) - NS
Rt Y TN ."",'/""‘. """" KON
0 CTO/m ____ix=0 [ -~ | LSO vy [10° M/e]

0 0.5 1 1.5 2 2.5 3

PI/IC. 6 3aBI/ICI/IMOCTI/I MCIKAY U3MECPCHUAMU OL[P[HaKOBOﬁ CUJIbl IBYMS PA3JIAYHBIMHA Ha6JHOHaTeJ'IHMI/I
B JTMHaAMHKax MO[[eHeﬁl
CTO/m (x=0), CTO/m/At (x=1/2), CTO/Ap (x=1), CTO/F (x=3/2) u CTO/F/At (x=2).

22 www.ste.com.pl



MeTtoJ1 BBIBOJJa MHOTOYHUCIEHHBIX JuHaMUK B CriennanbHoi Teopun OTHOCUTEIHLHOCTH
Poman [loctak (Roman Szostek)

7. Ewmé 0oJee o0uii BUI IMHAMUKH

3aBucumocThb (125), CBSI3aHHYIO C PENIITUBUCTCKON MacCOU, MOXKHO elé 0obIie 0000IIUTS.
[ToTomy 4TO B 00IIEM CiTy4ae MOKHO IPUHSTH, YTO PENIITHBUCTCKAsi Macca BeIpaxkaeTcsi GopMyioi

myf} =my- f(v,,) (142)
rae f(vy1) — MPOU3BOJIbHAS HEMPEePhIBHAS (PYHKIIHSI CO CIEAYIOIIMMHU CBOMCTBAMH
f(vy,,)20 (143)
f0)=1 (144)
S =1(=v,) (145)

JIrobass  ¢ynkums  f(vp) ompenenser wuHyl0 auHamuky —CreuumansHoir  Teopunm
OTHOCHUTEIBHOCTH.

8. OxoHuaTeJbLHBIE BLIBOILI

B crarthe npencTaBiieH Hail aBTOPCKUN METOJ BhiBOoAa ITUHAMUK B CrenuanbHou Teopun
OtHocutenbHOcTU. [T0Ka3aHO MATH MPUMEPOB TAKOT'O BHIBOJIA.

BoiBoag nuHaAMUKK OCHOBBIBaeTCs Ha ABYX (GOpMyJiax, HCIOJB3YIOIIUXCS B KHHEMAaTHKE
mozaenu CTO, t.e. (20) u (23). UtoOsl BeiBecTn nuHamuky mojenu CTO HeoOXOauMO MPHUHSTH
B KMHEMAaTUKE JIONOJHHUTEIBHOE MPEANOJIOKEHUSA, KOTOPOE II03BOJIIET BBECTH B TEOPHIO
CJIeIYIOLME MOHATHUSA: Macca, KHHETUYECKast SHEPT U U UMITYJIbC.

B nactostmee Bpemsi nqunamuka moxaenu CTO/F mpusHaércs auHamukod CreruanbHOM
Teopun OtHocutenpbHOCTH. (OHa OCHOBBIBACTCS HAa NPEANONIOKEHUU, YTO Jr00as cuia,
napajuiefibHasi OCH X, MUMEET TaKoe € 3HAueHus Uid HaOJonaTeNss W3 KaKI0oW WHEpIHOHHON
orcuéra. OHaKO BO3MOXHBI U APYyrHue AUHAMUKH, COOTBETCTBYIOIIME KMHeMaTuke CrenuaibHOu
Teopuu OtHOCUTENBHOCTH. YTOOBI MX BBIBECTH, HY>KHO ONUPATHCS HA APYrO€ MPEANONI0KEHHE.

Pemenue, koTtopoe nu3 Bcex BO3MOXHBIX AMHaMUK CriennanbHoi Teopun OTHOCUTEIBHOCTH
SIBJIIETCS IPABUIILHOW MOJIENIbIO PEATIbHBIX MPOLIECCOB, JOJKHO OBITH OJHON U3 BaKHEHIIMX 3a/1a4
¢dbusuku Oyaymiero. Jlist mpoBepKH Pa3IUYHBIX JUHAMHK MOXKET OBITh MOJE3€H KaTOpUMETp. DTO
0o0Opy/nOBaHUE TMO3BOJISIET M3MEPUTHh KOJIMYECTBO TEIIa, BBIAEISIEMOrO BO BpEMs OCTAaHOBKHU
YaCTHUII, PA30THAHHBIX 10 OONBIIKUX CKOpOCTeil. Ha 3TOM OCHOBaHWU MOXHO MOCTPOUTH TpaduKu
KMHETUYECKOW SHEPruu pa3orHaHHBIX YACTHIl B (PYHKLHU UX CKOPOCTH, QaHAJIOTUYHO MOKA3aHHBIM
Ha pucyHke 5. Taxke MOXHO IIOKa3aTh AMHAMUKY, B KOTOPOM KMHETUYECKas JHEPrus 4acTHUL]
COOTBETCTBYET IKCIIEPUMEHTAM.

®akt, uro B pamkax CneuuanbHo Teopun OTHOCUTENTBHOCTH MOXHO BBIBOJUTH
MHOTOUHCIICHHBIE IMHAMUKH, OYeHb TPOTHBOPEYUT MCTHHHOCTH dopmymbl E =mc’. Tlo Hammm
WCCIICIOBAaHMUSM, Ha OCHOBAaHUU PEIATUBUCTCKOM MEXaHWKH HEJb3s BBIBECTH (OpMyIy,
BBIPKAIOIIYI0 BHYTPEHHIOW 3Hepruto Marepuu [5]. Bce BBIBOABI 3TOM (DOpMYJBI OMIMOOYHEI.
3aBHCHMOCT MEXIy Maccoil u sHeprueil (E =mc’) MoxHO BBectd B Momens CTO kax
HE3aBUCHMOE YCIIOBUE, HO OHA He cJellyeT, Kak u3 npeodpazosanus Jlopenua, Tak u3 ycinosus (29),
Ha Kotopoe ommpaercs nuHamuka Mozenmu CTO. OnmHako, TOrja CyIIECTBYET HEOOXOIUMOCTh
YCTaHOBUTH IKCIIEPUMEHTAIBHO, KAKOH MMEHHO BUJ MIMEET TaKas 3aBUCUMOCTH (HaIpuMep, oYeMy
HeBepHa (Gopmyna E = mc?/2), W SKCIePHIMEHTaIbHO HCCIeI0BaTh, HE 3aBHCHT JM MHOrIA (GopMa
TaKOM 3aBUCUMOCTH OT BHJIa MATEPHUH, K KOTOPOH OHA OTHOCUTCA.

[IpencraBneHHbld METOJ BBIBOJA JWHAMHUK MOKET HCIOJIB30BAaThCA B JAPYIMX TEOPHUSX
KHHEMaTuku Tel. B moHorpaduu [3] MBI KCHONB30BaIM €ro JUisi BBIBOJA YETHIPEX TUHAMUK
B CnemmanpHoit Teopun Ddupa, KOTOpBIC SBISIOTCS MPUEMIIEMBIMH ISl KaKI0W KHHEMATHKH,
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MOJTy4eHHOU B cTaThe [6]. [IpencraBieHHbIl METO/T aHAJIOTUUEH TOMY, KOTOPBIM MOKa3aH B IPyroi
obnactu B cTaThe [4].
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Abstract:

The article presents our innovative method of deriving dynamics in the Special Theory of

Relativity. This method enables to derive infinitely dynamics in relativistic mechanics. We have
shown five examples of these derivations. In this way, we have shown that the dynamics known
today as the dynamics of Special Theory of Relativity is only one of infinitely possible. There is
also no reason to treat this relativistic dynamics as exceptional, either for experimental or
theoretical reasons. Therefore, determination of which possible dynamics of relativistic mechanics
is a correct model of reality remains an open problem of physics.

24 www.ste.com.pl



